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ABSTRACT

This study addresses the necessary relationships (competition and

cooperation) between and among (1) the manufacturers, (2) the customers,

(3) the research organizations, and (4) the government agencies, who are

involved in the development of a high technology product as the product

traverses successfully through its product development life-cycle

(PDLC). The PDLC is composed of three phases (invention, development,

and integration) and each of these phases consists of three stages (idea

generation and assessment, development and testing, and standardization

and launch).

The literature review identified the problem - delay in HDTV

development; the case study analyzed the history of television to

produce a product development model (PDM) which considers the phases,

stages, entities and their relationships; and the field survey validated

the PDM using convergence analysis. Monochrome television (MTV)

represented the invention phase, color television (CTV) the development

phase, and high definition television (HD~~) the integration phase.

The PDM illustrates the following -- The relatioudoip for the

between entities' category changes from competition to cooperation as

the product traverses through the stages, while it remains the same for

the among entities' category; and the relationship for the among

entities' category changes from competition to cooperation as the

product traverses through the phases, while it remains the same for the

between entities' category.
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1.1 Background

Radical changes in the world economy have brought new challenges

and opportunities to industries and organizations in the United States

and elsewhere. Persistent failures of traditional organizations in both

home and abroad, have triggered chain of thoughts to emerge among

scholars and prof3ssionals in the reevaluation of the basic tenet upon

which these industries and organi~ations have been built. It is the

purpose of this dissertation to explore the nature of these challenges

and opportunities, and offer insight into the successful and prosperous

thriving of these entities (Manufacturers, Research Organizations,

Customers, and Government Agencies) through these impediments

(inefficiencies). (Note: See Section 6.2).

1.1.1 Entities Involved

The entities involved in an economy can divided into four broad

categories -- 1. Manufacturers, 2. Research Organization, 3. Customers,

and 4. Government Agencies.

1.1.1.1 Manufacturers

(Note: See Section 6.2).

These are people, groups, organizations, etc. (individual or

collection) who are involved in activities such as producing,

fabricating, building, constructing, casting, setting up, tooling, etc.

(Note: Examples of Manufacturers for television are RCA, Zenith,

Magnavox, etc.). (Note: See Section 6.2.1).



1.1.1.2 Research Organizations

These are people, groups, organizations, etc. (individual or

collection) who are involved in the investigation undertaken in order to

discover new facts and ideas, get additional information or ideas for

the social good, equity and access through the mode of professionalism

and expertise. (Note: Examples of Research Organizations are MIT, David

Sarnoff Research Center, Bell Labs, etc.). (Note: See Section 6.2.2).

1.1.1.3 Customers

These are people, groups, organizations, etc. (individual or

collection) who are involved in buying the products and using it.

(Note: Examples of Customers for television are ordinary television

broadcast viewers, production houses such as ABC, CBS, NBC, etc.).

(Note: See Section 6.2.3).

1..1 . 1 . 4 Government Agencies

These are people, groups, organizations, etc. (individual or

collection) whose interest is in power, efficiency and equity for the

public interest. (Note: Examples of Government Agencies are FCC, NTIA,

DARPA, DOD, etc.). (Note: See Section 6.2.4).

1.2 Competition and Cooperation

1.2.1 Competition

Competition and its different aspects have always maintained the

central place in economics theory and practice for well over two
2



centuries now. Competition has been considered an essentia1 component

to the innovation process on which capita1ism p1aces heavy re1iance.

Competition has been the prime mover of techno10gica1 innovation and

high technology product deve1opment, just as innovation has been the

prime mover of economic progress.

Note: A high techn010gy product is characterized by (Rogers, E.M., &
Larsen, J.K., 1984):
1. The need of high1y ski11ed employees, many of whom are scientists
and engineers;
2. A fast rate of growth;
3. A high ratio of R&D expenditure to sa1e; and,
4. A ripe market for it.

Economists have a1ways recognized the core importance of

techn01ogica1 innovation to economic growth, stabi1ity and we1fare, and

have regarded it to be the very essence of the present capita1istic

economic society. Adam Smith's "Wea1th of NationR drowns itse1f

comp1ete1y when it carries on the discussion of "improvements in

machinery.n Adam Smith (1723-1790), a Scottish Phi1oaopher, in the first

page of nThe Wea1th of Nations,n emphasized the importance of the

deve10pment of machinery and the emergence of a category of workers

whose job is Rnot to do anything, but to observe everything" (McNu1ty,

P.J., 1984). This theme of his came out of an interest in the Rprocess

of production" and its organization. The other theme of his was

dominated by the concept of Rmarket process," in other words the

Rinvisib1e hand. n Kar1 Marx's capita1ist economy mode1 ascribes a

central ro1e to techn010gica1 innovation in capital goods. Pau1
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Samuel.son, in his principl.e text, haa acknowl.edged the im:F'''lrtance of

technol.ogical change (Treece, D.J., 1992).

"Competition" is the rivalry between individuals (or groups), and

it arises whenever two or more parties strive for something that al.l.

cannot obtain (The New Pal.grave: A Dictionary of Economics, l.987). The

Webster's Third New International. Dictionary (1966) defines competition

as na common struggl.e for the same object." Its history can be traced

to the beginning of civilization and sociological order.

In economic theory, competition refers to market conditions in

terms of how much control. sel.l.ers can exercise over the market. The

varieties of competition range from ·perfect competition," in which

numerous firms produce or sel.l. identical. goods or services and have no

control. over the market, to "ol.igopol.y,· in which few J.arge sel.l.ers with

substantial. infl.uence vie with one another for avail.abl.e business and

have some control. over the market, to "monopol.y," in which one sel.l.er

has all the infl.uence and has ful.1 control over the market.

The conditions necessary for perfect competition are --

A. The commodity products must be homogeneous so that the buyer has no
preference for the product of any partiCUlar seller;
B. There must be a large number of both buyers and sell.ers;
C. Al.l. buyers and sellers must be in easy and immediate contact with
each other, so that they have fu11 information of the markets; and D.
There must be no preferential. treatment -- by tariffs, bounties, taxes
and other means (Pass, C., Lowes, B., PendJ.eton, A., & Chadwick, L.,
1991) .

When scanning economic literature competition has been stressed

more in the "the process of market," which covers many of the external.
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activities of a fiDm, than in the ·process of production,· which covers

many of the interna1 activities of a fir.m.

1.2.2 Cooperation

Like competition, cooperation is a1so an important ingredient to

socia1 progress and economic efficiency. The Webster"s Third New

Internationa1 Dictionary (1976) defines cooperation as -the collective

action for common well being or progress." It is the state of being

associated. Competition and cooperation constitute antithetical

approaches to human interaction (Jorge, A., 1978). The importance of

cooperation in today's high ve10city economic and techno1ogical

environment cannot be undermined and understated. The challenge facing

the entities (the manufacturers, the research organizations, the

customers, and the government agencies) in today's economy is largely to

find which mode of relationship -- cooperation and competition, to

implement, espouse and adopt -- when, where and how.

During the ear1y nineteenth centu~y the ideal of cooperation was

put forward as an alternative to competition (Hanson, J.L., 1986). The

earliest attempt of cooperation in production to aChieve a measure of

success was that of Robert Owen (1771-1858) at New Lanark. In general,

cooperation was irr~lemented by organization or individuals who pooled

their resources to buy or sell more efficiently and profitably than ~hey

could separately, and thus for.med cooperatives. Cooperative societies

engaged in the manufacture and the distribution of goods and ran

democratically for the mutual benefit of individual n:embers. The long
5



history of this movement caught significant momentum in 1844, when a

group of unemployed workers belonging to various trades formed a Society

in Rochdale wfor pecuniary benefit and improvement of social and

domestic conditions of their members w (Gilpin, A., 1973). With the

passage of time the total number of membership of this cooperative has

increased from mere 20 in 1844 to over 13 million in 1970 and accounted

for about 9 percent of all retail trade in Great Britain.

Cooperatives were formed to save money by buying or selling

direct, eliminating middlemen or the charges of financial institutions.

Among the many different types of cooperatives possible, some are --

producers' cooperatives, housing cooperatives, farm-marketing

cooperatives, farm-purchasing cooperatives, and consumers' cooperatives

(Bahr, L.S., & Johnston, B., 1991). A brief description of them is

provided beloW'.

Producers' cooperatives -- In this cooperative form, workers pool their
funds and operate the enterprise in which they work. This type has its
greatest strength in France, where a relatively large portion of
industry has been small-scale. As for United States, they have had
little success.

Credit cooperatives -- Through the pooling of savings in credit
cooperatives, or credit union, members are able to borrow small sums,
ordinarily to finance consumption needs, at lower rates than elsewhere.

Housing cooperatives Capital for cooperative housing is supplied
through the purchase of shares by members.

Agricultural Marketing cooperatives -- These are voluntary business
organizations for the collective marketing of members' produce.

Agricultyral Purchase cOQperatives -- These cooperatives buy goods
necessary in farming operations, such as fertilizers, seed~ feed, etc.
Orders of the members are pooled, and the cooperative by buying large
scale is able to save considerably.
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Consumers' cOQperatiyes -- These cooperatives pooled members to bypass
the midclle men.

Besides this, it is a misfortune to discover that the subject of

cooperation has not been treated in depth except in discussion of

successful enterprise such as INTELSAT, INMARSAT, etc., and economic

textbooks, literature and journals do not provide its readers with

extensive information about cooperation and a1most always assume that

the price mechanism, which is the sharpest and the strongest competitive

weapon, can effect whatever coordination tho economic system requires

for economic efficiency and social progress. The ideal tenet of the

published economic literature orthodoxy is that competition drives

resource allocation towards efficient outcomes and social progress.

Since the t~e of Adam Smith, economists have strongly supported the

idea of market mechanism and competition as the necessary and only

ingredient to social progress. Analysts have tended to stress the

values of pluralism and rivalry as being the best and the only mechanism

to promote and enhance innovation. While these are important for

competition which enhances progress, cooperation is equally ~portant.

The overextended belief of certain economists in competition being the

best mechanism of efficient allocation of resources in a world

characterized by ubiquitous uncertainty due to future actions,

preferences and technological state, speaks of their ignorance of the

real world syst~~ (~oopmans, T., 1957). A reconceptualization of

competition and a reassessment of cooperation is a necessity in today's

high velocity economic and technological environment where there is no

arena in which uncertainty is higher than ever before in the past and
7



its magnitude and intensity continues to grow with every passage of

t~e. In today's g10ba1 economic system the correct choice between

competition and cooperation by the entities is vita1 and imperative if

any industry, organization, or country (particu1ar1y the United States)

is to remain an economic 1eader.

There is no doubt that market mechanism process provides

incentives for entrepreneurs and firms to innovate in an attempt to

generate sufficient revenues and profits, but there are severa1 reasons

for going beyond the markets (Fransman, H, 1990).

The first is that, whi1e many of the pressures, incentives and
information f10w that constitute the motive force for technica1 change
originate in the market mechanism process, they do not fU11y determine
the ensuing process of technical change, its form, characteristics and
ev01utionary directions. Technica1 change does not direct1y follow the
market. Organizational structures, institutiona1 practices, and social
norms shape the process.

Second1y, under certain circumstances the market does not provide
adequate guidance for resource a110cation. In Fransman's word "they do
not provide necessary guidance for new technologies of (not for
tomorrow) but the day after tomorrow."

Thirdly, the firms are limited by the bounded visions of for
profit corporations. And finally, market mechanism processes do not
tend to generate an appropriate amount of research cooperation.

The economic models of innovation process and development have

genera11y tended to be non-robust in nature, showing that competition

could lead to provide too 1ittle or too much research and deve10pment

investment because of the fragmented market structure (Baldwin, W., &

Scott, J.T., 1987). In today's environment, market structure failures

can arise from -- 1. The classic problem of free rider, in which firms

are unable to exclude others from using their technologies; and 2.
8



Incentives to invent first and accumulate monopoly rent first gets firms

to apply too much resource earlier on and thus misallocate resources.

It is true that a monopolized industry would avoid both these problems.

(It was this very reason why Bell ~abs flourished under monopoly and

developed the best R&D in the world). But it is hard to say whether

there would be more or less research and development investment

undertaken in monopolized case than in competitive case (Nelson, R., and

Winter, S. 1982). Therefore, the theoretical literature identifies a

wide range of possible outcomes, and thus provides little guide to

policy. Moreover, the economic debate seems to be out of touch with the

real world for practical purposes. Neither perfect competition nor

complete monopoly is observable in any industry today. Even the

telecommunications services industries, which were once considered to be

natural monopolies, are in a process of deregulation worldwide.

Companies that once competed against each other are beginning to

cooperate among themselves by forming alliances. (Note: See Chapter 8).

The global intensification of competitiveness in high

technological firms has placed insurmountable burden on firms and

players within an industry to coordinate their competition and

cooperation to develop profitably commercial new technologies. This has

caused academics, business people, and policy makers, professionals, as

well as independent agencies, to rethink fundamental ideas about

competition and cooperation. This is especially true in the United

States because it is losing its capacity to compete and remain an

economic superpower in the world economy (Scott, B., & Lodge, G.C.,

1984), which is leading, at least in some circles, to the reevaluation
9



of the American institutions, po1icies, and ideologies. It may be

necessary to review and Change some of the economics princip1es and

tenets upon which the capita1istic society has p1aced heavy re1iance.

The semiconductor industry has provided a very good examp1e of

this phenomenon. The high ve10city environment to which the e1ectronics

industry has been subjected has made the reeva1uation acute1y important.

The intense g1oba1 competition of the 1980s and 1990s has forced

many companies in the semiconductor industries to cooperate not on1y in

R&D, but in a wide spectrum of activities. However, it has been

accomplished only in a piecemeal manner and the primary reason for this

has been the existing regulations and practices that prohibit such

activities. Good examples of this new trend are the ~croe1ectronics

and Computer Techno1ogy Corporation (MCTC) (formed in 1983), the

Semiconductor Research Corporation (SRC) (formed in 1ate 1982), and the

Bell Research Laboratory (1984) (Stein, A.J., & Das, S., 1988). But

these ventures have had minimal support from the U.S. government, in

contrast to overseas ventures of other nations. Nevertheless, the

recent formation of SEMATECH by the Semiconductor Industry Association

(SIA) to develop world-class semiconductor manUfacturing technologies

with financial support from the U.S. government is an indication of

retaliatory measures taken up by the U.S. to recuperate its

competitiveness through cooperation.

1.3 Product Development Life Cycle (PDLC)

Traditional economics generally tends to provide treatments and

discussions only after a product has been 1aunched in the market and has
10



been very successful at it. However, treatments before the product have

been launched into the market i~ largely neglected and ignored.

The locus of the Product Life Cycle (PLC) has been the main

trajectory along which traditional economicE has directed its focus.

The economics of the product before its introduction into the market has

largely been neglected and ignored in traditional textbooks. Pre-

product economics is ~portant in today's high velocity economical and

technological environment. Numerous expenditure, in terms of capital,

labor and t~e, is incurred during this period. This period referred to

as the product development period and the cycle called Product

Development Lifecycle (PDLC) can be personified as -the period of a

child when it is in the mother's womb. - (Note: See Section 6.5).

It has been evident according to numerous economic literature that

ideal of competition has been very successfully applied to the PLC.

However, the theories of economics have generally refrained themselves

from dealing with PDLC. Therefore, it is the tenet of this dissertation

to determine when and where the ideals of competition and/or cooperation

among and between entities may be applied while a product traverses

along the Product Development Lifecycle (PDLC) phase and is subject to

treatments at the various stages. Even though PDLC has been largely

ignored, disregarded and neglected in the past, it cannot continue at

the present and the future since it constitutes an ~portant part of the

economic life cycle of a product.

The most ~portant product that is knocking at the door today is

High Definition Television (HDTV). Its history has not been very

pleasant but has been very thought provoking and informative. This is
11



the very :eason why it is an important case from which we can 1earn and

prepare ourse1ves in the development of a high technology product for

the future. The history of television dates well back to over a century

now. It has gone through numerous transitions in the past and is ever

changing at the present, starting from monochrome te1evision to color

television and to high definition television. It is the premise of this

dissertation to look at the various historical and economic aspects of

te1evision and draw ~portant conclusion out of it so that its concepts

can be applied at successfu11y developing other high technology products

in the future.

The de1ay and inefficiency in the implementation of HDTV have

large1y been a consequence of inadequacy. The ideal of competition,

which has been suitable and successfu1 after the product has been

launched, has been app1ied with unsuccessfu1 results to HDTV, a product

that has yet to be launched. Therefore, it is evident that a new

treatment is urgently needed that would he1p not only the successfu1

introduction of HDTV, but other new high technology products that are

being deve10ped and ones that are yet to come in the future.

This dissertation attempts to answer questions such as -- to which

idea1 "competition and/or cooperation" should the various entities

(manufacturers, research organizations, customers, and government

agencies) adhere to -- when, why and how? and elaborate and discuss

issues that are ~uportant in the dey~lopment of a high tec~u~olcgy

product.
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1.4 Overview of Chapters

Chapter 2 discusses the nResearch Design and Methodologies" that

have been used in this study. Chapters 3, 4, and 5 discusses the

nInvention Phasen (History of Monochrome Television), "Development

Phasen (History of Color Television), and "Integration Phase" (History

of HDTV) in detail respectively. In Chapter 6, nHistorical Analysis· is

perfor.med that integrates Chapters 3, 4, and 5. Chapter 7 discusses the

nField Surveyn that has been used to validate the theoretical model

developed through AHistorical Analysis." Finally in Chapter 8

nConclusion," the outcome of the study is presented and future

~plication of the research is discussed.
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CHAPTER TWO
Rl:SJ:ARCB DESIGN um METHODOLOGY

2.1 Introduction

In this study the primary focus of the research has been directed

towards the detection and exploration of the relationship that are

important in the development of a high technology product and

understanding the particular dominance of these factors in the

interactions among the involved entities during the course of

development.

2.2 Chapter Content

In this chapter a detailed discussion of the research design and

methodology is presented. It starts with a discussion of Research

Design in Section 2.3. Three types of designs (Experimental Design,

Quasi-Experimental Design, and Case Study Design) have been discussed.

In Section 2.3.4 the three designs are evaluated and analyzed for the

appropriateness in this stUdy.

Three types of Research Methods (Interviewing, Survey, and

Historical Analysis) that have been used in this stUdy are discussed in

Section 2.4. Sections 2.4.1.1-2 elaborates on the Type I and Type II

questionnaires that have been used in this research. Convergence

Analysis, Survey, and Content analysis are discussed in Sections

2.4.1.1.1-2-3 respectively. Section 2.4.1.3 discusses questionnaire

development.

The research plan is explained in Section 2.5. Sections 2.5.1-2-3

discusses Step 1 (Literature Review and Problem Analysis), Step II
15



(Note

(Historica1 Ana1ysis), and Step III (Fie1d Survey) respective1y.

Section 2.5.1.4 discusses Event IV of Step III nFina1 Mode1

Deve1opment. w

2.3 Research Design

Bouchard, T.J. (1976) has suggested in his research guide1ines

that the researchers should --

1. Choose the design that is most 1ike1y to serve the
purpose rather than the easiest method; and
2. use more than one method.

It is thus imperative to consider the various different research

designs. Three different designs -- Experimenta1 Design, Quasi-

experimenta1 Design, and Case Study Design have been considered.

2.3.1 Experimenta1 Design

To use this design, the study must meet four requirements.

These are 1isted in Kin, R.K., 1993).

1. Have a unit of ana1ysis with a sufficient number of
nsubjects W to produce mu1tip1e data points for any given
variab1e.
2. Have a 1imited number of variab1es of interest -- usua11y
much sma11er than the number of data points avai1ab1e.
3. Have experimenters' abi1ity to control and manipu1ate the
variab2es of interest; and
4. Have random assignment of subjects to the treatment and
contro1 conditions.
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2.3.2 Quasi-Experimental Design

If requirements 3 & 4 are not met another type -- quasi

experimental design becomes relevant. (Note: campbell, D.T., & Stanley,

J.e., 1963, has a very good description of this design). Quasi

experimental designs are used when the researcher cannot control or

manipulate variables and cannot assure that the subjects are assigned to

particular treatments because of real-life settings, in contrast to

experimental laboratory settings.

2.3.3 case Study Designs

There are situations where the number of subjects or data points

is so small that it cannot outnumber the variables of interest

(requirements 1 & 2), and the variables cannot be controlled or

manipulated (requirements 3 & 4). Thus for the purpose of this study

Experimental Design and Quasi-experimental Design cannot be used since

it does not meet the requirements. In such a case, the case Study

Design remains the only choice.

Table 2-1 describes the technique of making choice of designs.
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!rABLZ 2-1 SmdIARY OJ' S:ITtDoT:IONS RZQO:IR:ING POSS:IBLY D:I1TEREN'l' DI:8:IGN8*

-
TYPE or DES:IGN

S:ITtJAT:IOH J:XP~ QtJA8:I- CASE
EXPJ:RIMEN'1'AL STUDY

Sufficient number of xxxxxxx xxxxxxx
RsubjectsR producing
multiple data points
Limited number of XXXXXXX XX'lCl'XXX
variables of interest
(fewer than the data
points)
Experimenter's ability XXXXXXX
to control and
manipulate the
variables of interest

*Source: Yin, R.K., 1993.

2.3.4 Analysis of Design for This Study

In this dissertation the primary concern of the research is to

determine the relationship between the various entities involved in the

development of a high technology product. Being a real-life setting,

the variables cannot be controlled and the samples cannot be subject to

treatments; thus, Requirements 3 & 4 cannot be met. Further, since this

study focusse~J on a single product, Requirements 1 & 2 are also not met.

The only choice, therefore remains -- CASE STUDY DESIGN.

2.4 Research Methods

In this study multiple research methods have been used. Case

study using historical analysis and field studies (interviewing, and

questionnaire administering) was used at various steps. Multiple

18



methods have been used and the most appropriate one has been chosen for

a particUlar inquiry.

2.4.1 Interviewing

Interviewing is a systematic data collection technique that is

widely used in organizational settings. In this study, not much

distinction has been made between interviewing and questionnaire

administering since there is a strong relation between interviews and

questionnaires, and it carries down to their popUlarity also (Bouchard,

T.J., 1976). (Note: The primary reason for this is -- in interviews the

question is asked and received verbally, while in questionnaire the same

question could be administered but would be sent and received on a hard

copy. However, in questionnaire administering, the effects due to non-

verbal clues and cues are eliminated). (Note: See Section 7.2).

A matrix could be created by placing the type of questions along

the 'x' axis and type of response along 'y' axis, as shown in Table 2-2.

TABLE 2-2 TYPES ACCORDDlG TO Qm:S':rZONS AND !Ul:SPOHSES*

OUESTIONS

SatIOcified UnsnflIlcified

RESPONSE Soeci.£ied I III

UnsDf'!cified II IV

·*In this research Type I and Type II were used.
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2.4.1.1 Type I

These are totally structured with closed ended questions and

closed ended response (specified questions and specified response) .

This was used in the factor isolation confirmation survey, pilot survey,

and final survey. The results are analyzed by using statistical

techniques using the mean test and/or the median test. (Note: See

Sections 7.3).

2.4.1.1.1 Convergence Analysis

Convergence analysis is a method of comparing the results of two

methods. It could be a quantitative technique, as well as a qualitative

teChnique. In the quantitative technique, percentage of match

(correlation analysis) is generally used, while in the qualitative

technique, judgments are made about the results. (Note: See Sections

7.2.5 and 7.3.4).

In this stUdy qualitative analysis was performed for convergence

analysis at the RFactor IsolationR comparison stage, in which the

results obtained from historical analysis and results obtained from

field survey are compared to see if both converge. Qualitative analysis

could be perfoDmed since there are not many data points to be compared.

During data comparison (between response and theoretical value) in the

Pilot Survey and Final Survey, quantitative analysis using statistical

correlation analysis has been used. (Note: See Section 7.2.5).
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2.4.1.1.2 Survey

For this study the following definition for Rsurvey· (as provided

by Marsh, C., 1982) has been used.

Survey refers to an investigation where
1. systemat~c measurements are made,
2. the variables in the response matrix are analyzed, and
3. the subject matter is social.

2.4.1.2 Type II

These are semi-structured with open ended response (specified

questions and unspecified response). This instrument has been used

during the first activity of the field research process. The results

have been analyzed by using content analysis. (Note: See Sect~on 7.2).

2.4.1.2.1 Content analysis

RContent analys~sR is a type of analysis used to analyze verbal

material. Content analysis is a technique for making inferences by

objectively and systematically identifying specified characteristics of

messages (Lindzey, G., & Arinson, E., 1968). In recent years content

analysis has undergone extensive growth and is getting more and more

popUlar among researchers (Holsti, O.R., 1968, & carney, T.F., 1972).

In this analysis ~t is necessary to identify, within text, instances of

words and phrases that belong to a category specified by the

investigator and counting their occurrences (Stone, P.J., Dunphy, D.C,

Smith, M.S, & Ogilvie, D.M., 1966-67). (Note: See Section 7.2.3).

In this study the simplest form of content analysis technique has

been used which has been based on classically oriented content analysis.
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(Note: In this type, the recording unit ·word- is used). Content

ana1ysis produces data in answer to a question by focusing the subject.

The question deter.mines the amount of work that wou1d be spent in

ana1ysis. It is thus necessary for the question to be rich and is

possib1e on1y through bri11iant intuition. A content ana1ysis can be

conducted on1y when much is known about the subject matter and

background of the inquiry (Carney, T.F., 1972). The va1idity is

assessed by gathering data through different techniques, and seeing if

those converge. (Note: See Section 7.2.5).

Categories have been formed through historica1 ana1ysis. A

question is formu1ated that focuses the response. Dictionaries and

thesauruses have been used to create a 1ist of words that fa11 in the

particu1ar categories. The tota1 number of occurrences of those words

is recorded. A standard (percentage) is set that springs from re1ated

materia1s (Carney, T.F., 1972). (Note: The standard is based on

intuitive judgment). The resu1ts are ana1yzed and compared with that of

other techniques (for this study, historica1 ana1ysis and other

theories) .

2.4.1.3 Questionnaire deve10pment

In the deve10pment of the questionnaires the fo11owing rules

(Erdos, P.L., 1970, & Payne, S.L., 1951) have been observed --

1. Is the question necessary? If not eliminate them.
2. Is the questionnaire repetitious? If so, remove it.
3. Does the question contain more than one idea? If so break

them.
4. Can the respondent answer the question? If not, don't ask.
5. Cou1d it be made more specific? If so, do it.
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6. Is the question c1ear? If not, make it.
7. Is the response format adequate? If not, simp~ify it.
8. can the item be arranged so that particu1ar answers

preclude the need to answer others? If so, correct it.

The answers to these questions are generally obtained after a

Pi10t Study has been carried out. ·Pi1ot Study· is compu1sory when

using complex questionnaires. A complete1y c1ean questionnaire is

obtained after the above questions have been taken care of. (Note: See

Section 7.4).

2.4.2 Pi10t Surveys

In order to make necessary decisions concerning the

appropriateness of the questionnaire it is necessary for the researcher

to anticipate the distribution of the response (A1reck, P.L., & Sett1e,

R.B., 1985). One way to overcome the problem (of anticipating the

distribution of responses) is to conduct a Pi10t Survey. The questions

are pretested during this phase. In this study, a pi10t survey has been

conducted to get a feel for the distribution, as we1l as to answer the

questions in Section 2.4.1.3. The size of the sample was determined by

using the process of sequentia1 samp1ing. (Note: See Sections 8.4 and

8.5) .

2.4.2.1 Samp1ing

~reck, P.L., & Settle, R.~., in their book "The Survey Resea~ch

Handbook, 1985- have mentioned

The researchers shou1d be advised that there are
statistical for.mulas for the computation of a specific
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sample size to yield a given level of confidence
interval. Unfortunately, they are of little value,
even to the experienced, practicing researchers ••••
because the computations require fairly accurate
estimate of population variance which is seldam known,
••.• the estimation of sample size remains largely an
art.

The use of sequential sampling method is helpful in determining

the sample size. (Note: See section below).

2.4.2.2 Sequential Sampling

To overcome the doubt of an appropriate sample size, the technique

of sequential sampling was used (Alreck, P.L., & Settle, R.B., 1985,

Law, A.M., & Kelton, W.D., 1991). In this technique the researcher

proceeds with prior knowledge of the anticipated distribution from the

Pilot survey and other methods, and analyzes the changes in the

distribution with the addition of samples. When responses are steady,

the researcher may be able to predict quite accurately the points of

interest. The only disadvantage of this method is that it requires

repetitious calculations. (Note: With the use of computers, this

disadvantage seems to be trivial). (Note: See Section 7.5.2).

2.4.3 Historical Analysis

The case study is the method of studying a problem by the detailed

examination of the characteristics of single objects or events (Cherns,

A.B., & Davis, L.E., 1975) and when it concerns development it is a case

history, life history or historical analysis. As a research procedure,

this method has been used by many investigators to obtain detailed
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descriptions. It simplifies the range of data one is asked to consider,

focuses attention and illuminates the meaning, provides "thick

description" and experimental perspective, and is holistic and life-like

(Guba, E.G., 1979).

The essence of a historical analysis (case study), the central

tendency among all types of case study, is that it tries to illuminate a

decision or set of decisions: why they were taken, how they were

implemented, and with what result (Schramm, ·W., 1971). To enhance the

effectivity of "case study," comprehensive, extensive, and historical

information must be incorporated (Haytin, D.L., 1988). (Note: See

Chapter 6).

2.4.3.1 Problems With Case Study

Yin, R.K., 1984, has identified the following problems of Case

Study

1. The lack of rigor;
2. Limitation on generalization; and,
3. Takes too long and results in a massive, unreadable
document.

2.4.3.1.1 Solution to the Problems

The problem of "lack of rigor" has been taken care of by

considering a group of material as shown in Section 2.4.3.2.

The problem of Rgeneralization" has been taken care of in the

study by incorporating other methods (such as field survey) into the
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whole research. The model developed through case study was validated by

field survey using convergence analysis. (Note: See Chapters 6 and 7).

The problem of -takes too long and results in a massive,

unreadable document- could not be taken care of in this research.

Problem I and Problem III act against each other. Therefore, to

o~ercome Problem I, which the author feels more important, Problem III

was of no concern.

2.4.3.2 Materials Used for case Study

The study of HDTV is very new and is at an infant stage. (Note:

It may not be wrong to say it is a mature baby). Hence, most of the

research has had to heavily rely on a limited number of sources.

2.4.3.2.1 Primary Sources

The primary sources for this dissertation were --

1. Documents published by AEA (American Electronics Association),

2. Documents published by ATSC (Advanced Television Systems

Committee),

3. Documents published by EIA (Electronics Industries Association),

4. Documents published by FCC (Federal Communications Commission),

5. Documents on Government (Senate and Congress) hearings on HDTV,

6. Docwuents published by ITU (CCIR) (International

Telecommunications Union),

7. Documents published by the various proponents of HDTV,
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8. Documents published by NAB (National Association of

Broadcasters), and

9. Documents published by NTIA (National Telecommunications and

Information Administration),

2.4.3.2.2 Secondary Sources

The secondary sources were

1. Broadcasting Magazine,

2. Business Week,

3. Cablevision,

4. Electronic Business,

5. Electronic Market Databook,

6. Electronic News,

7. Fortune Magazine,

8. Government Documents,

9. IEEE Transactions on Broadcasting,

lO.IEEE Transactions on Communications,

ll.IEEE Spectrum,

12.SMPTE Journal,

13.Television Factbook,

14.The Wall Street Journal, and

is.The Washington Post.

The primary sources provided an in depth description development,

status, and discourse on HDTV. The newspapers and magazines provided
27



basic day to day infor.mation on the developments of HDTV. Other

magazines and journals provided summarizes of major events, opinions of

various experts, development, and description of systems details. In

addition to these, many other books have also been consulted.

2.5 Research Plan

In this dissertation the research plan has been divided in three

steps: Step I -- Literature review and Problem analysis, Step II

Historical analysis;and Step III -- Field survey. (Note: See Figure 2

1). Steps are further divided into a couple of events. The events are

divided into three operations -- activity, analysis, and result.

2.5.1 Step 1 Literature Review and Problem Analysis

This step consists of only one event. The event consists three

stages -- 1. Literature Review, 2. Qualitative analysis, and 3. Problem

Identification. A number of popular literature in HDTV has been used.

(Note: See Section 2.4.3.2). While performing qualitative analysis, the

premise was to determine some problem areas and narrow it down to one

that required further study. (Note: See Chapters 3, 4, and 5) .

2.5.2 Step II Historical Analysis

This step consists of three events -- 1. Invention Phase

(Monochrome Television) analysis, 2. Devalopment Phasa (Color

Television) analysis, and 3. Integration Phase (High Definition

Television) analysis.
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2.5.2.1 Event 1 -- Invention Phase (Monochrome Te~evision) Ana~ysis

In this event, monochrome te~evision was analyzed in detail.

Chapter 3 discusses in detai~ the history of monochrome te~evision and

begins ri.ght from the very beginning to the very ~ast. Rigorous

qualitative analysis was performed (with the prob~em area identified in

Step I in mind) and various factors were iso~ated. (Note: See Chapter

6). The trends were a~so observed. These trends were compared with

that of Event 2 -- Development Phase (Co~or Te~evision) analysis and

Event 3 -- Integration Phase (High Definition Te~evision) ana~ysis.

2.5.2.2 Event 2 -- Development Phase (Co~or Te~evision) Ana~ysis

This event is similar to Event 1, except that it is for color

te~evision. Chapter 4 describes in detail the history of color

television from its very inception. Rigorous qualitative analysis was

performed (with the problem area identified in Step I in mind) and

various factors were isolated. (Note: See Chapter 6). As with Event 1,

the trends were also observed and compared.

2.5.2.3 Event 3 -- Integration Phase (High Definition Television)

Analysis

Similar to Event 1 and Event 2, in this event high definition

television was analyzed in detail. Chapter 5 describes in detail the

history of high definition t~l~vision from its very inception. Rigorous

qual.itative analysis was performed (with the problem area identified in

Step I in mind) and various factors were isolated.
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6). Similar to Event 1 and Event 2, the trends were compared with that

of Event 1 and Event 2.

2.5.3 Step III-Field Survey

This event consists of four events -- 1. Open ended interview

survey to isolate factors, 2. Closed ended questionnaire survey to

confir.m factors, 3. Closed ended questionnaire survey to confir.m model

and hypotheses (Pilot Survey), and 4. Closed ended questionnaire survey

to confir.m model and hypotheses (Final Survey). (Note: See Chapter 7).

2.5.3.1 Event 1 -- Open Ended Interview

In this event, open ended questions, that were suggested by

literature review (Step I) and historical analysis (Step II), were asked

to various subjects. (Note: The question asked is listed in Appendix

M). A sample of subjects was chosen from the Communication and

Information Sciences (CIS) Department Ph.D. students at the University

of Hawaii at Manoa (UHM), randomly. CIS Ph.D. students were selected

because of their interdisciplinary backgrounds and diverse interests due

to the nature of the CIS program. Further, all of the students have

been associated closely with high technology products, and therefore are

familiar with the topic of stUdy. (Note: The list of subjects is in

Appendix L). Content analysis was used to isolate the important

factors. (Note: See Section 7.2.3). To avoid the passing of non-verbal

clues and cues, telephone and recorder were used. Even though the

researcher felt that the response would be satisfactory Event 2 was used
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to confiDn the results of this Event. (Note: See the following Section

2.5.3.2).

2.5.3.2 Event 2 -- Closed Ended Questionnaire Survey to ConfiDm Factors

After Event 1, a closed ended questionnaire survey was fODmulated

and administered to top level executives of companies involved in the

development of high technology products in Hawaii. "The Hawaii High

TeChnology Business Directory, 1991" compiled by "Hign Technology

Development Corporation" was used to isolate the top level executives

and companies. The questionnaire was administered by fax. (Note: The

questionnaire is listed in Appendix P). (Note: The list of subjects

chosen is listed in Appendix 0). Percentage analysis was used to

evaluate the result. (Note: See Section 7.3)

After the factors were isolated, convergence analysis was

perfoDned with that of the results of Step II "Historical analysis" to

determine the quality of result. (Note: See Section 7.3.4).

2.5.3.3 Event 3 -- Pilot Survey

After the factors were isolated, a questionnaire was developed

that would be used to determine the relationship of the concerned

entities during the various stages and phases of the product

development. The questionnaire was developed by drawing in from

existing models and incorporating observances ~~om Step II. (Note: See

Section 7.4.1 for questionnaire development, and Appendix R for the

questionnaire and Appendix Q for the list of subjects).
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The Pilot Survey was conducted to satisfy the requirements of

Sections 2.4.1.3, 2.4.2, and 2.4.2.1-2. (Note: See Section 7.4) •

2.5.3.4 Event 4 -- Final Survey

After the Pilot Survey, a final questionnaire was developed that

took into consideration Sections 2.4.1.3, 2.4.2, and 2.4.2.1-2. (Note:

See Section 7.5.1 for questionnaire development and see Appendix U for a

sample of the final questionnaire). The questionnaire was distributed

to experts who have been involved in the development of high technology

products throughout the USA, especially the Silicon Valley (Santa Clara

and Santa Rosa) area, because it is where many such products are being

developed (Rogers, E.M., & Larsen, J.K., 1984). (Note: See Section 7.5

for the description of the Pilot Survey and Appendix T for a list of

subjects participating in it).

2.5.4 Event 3/Step III -- Final Model

The data obtained from Section 2.5.3.4 were subject to heavy

statistical analysis. Convergence analysis and hypotheses testing were

performed to check the results with that obtained from Sections 2.5.2,

and 2.5.2.1-2-3. Both quantitative analysis and qualitative analysis

were performed to obtain a final model. (Note: See Section 7.6).
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CBAP'1'EJl TBRJ:J:
:INVl:NTZOH PHASE -- IlZS'l'Ola' OF~ TJ:LZVI:SZOH

3.1 Background

When man realized that he could send meaningful dots and dashes

through space, his quest to send voice grew. Due to this irresistible

chagrin he accomplished something, something that would change the

course of history and alter the image of the world; and that something

was being able to send voice through space. If it was possible to send

voice through space, there seemed to be no question (or reason) for not

being able to send vision simultaneously through space with voice. This

attracted many enthusiastic inventors, but the journey would be long and

difficult. Some would be destined to succeed and prevail, while others

would be doomed to failure and face extinction.

In spite of all odds, the thirst would be quenched and sending

vision, as well as voice simUltaneously, would be possible. It would be

possible to see and hear through barriers, and it would be possible to

bring home live scenes thousands of miles across the horizon, and even

from other planets.

It is very difficult to state exactly when and where the history

of television began. Some historians have gone to such an extent as to

state Biblical times (Stanley, K., 1965). However, in my opinion, as

well as many others in the literature, the discovery of photosensitivity

of selenium marks the correct starting date of the history of

television.
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The history of te1evision can be divided into three distinct

Phases (Note: See Section 6.6). They are:

1. The Invention Phase (monochrome television),
2. The Deve10pment Phase (co1or te1evision), and
3. The Integration Phase (high definition te1evision) •

In this chapter, we wi11 discuss the Invention Phase (i.e.,

history of monochrome te1evision).

The Invention Phase can be further divided into three stages

(Note: See Section 6.5). They are:

1. the Idea Generation and Assessment Stage,
2. the Deve10pment and Testing Stage, and,
3. the Standardization and Launch Stage.

3.2 Idea Generation and Assessment Stage

The discovery of the photosensitivity property of the e1ement

selenium in 1873 prompted unaurmounted impetus and momentum to the

search of ways of transmitting and receiving pictures through space, in

other words being able to see through distance. During that period

se1enium was being used as high resistances for continuity checks of the

At1antic cab1e by Wi11ioughby Smith, who was the chief e1ectrician of

Te1egraph Construction Company in Va1entia, Ireland (Smith, W., 1873,

1891). However, se1enium proved to be unsuitable for this purpose due

to its 1arge and unsuspected variations in resistance. Smith

investigated this variabi1ity and sent a report to the Society of

Te1egraph Engineers giving details of the test and resu1ts (Smith, w.,

1873). This 1etter 1ater appeared in the American Journa1 of Science

and Arts (Smith, W., 1873). In the letter Smith reported: nWhen the
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bars were fixed in a box with sliding cover, so as to exclude all light,

their resistance was the highest, and remained very constant .••• , but

~ediately when the cover of the box was removed, the conductivity

increased from 15% to 100%, according to the intensity of the light

falling on the bar. w In official circles smith is credited and given

full honor for the discovery of photosensitivity property of selenium,

however, it was Joseph May, a subordinate of smith, who conducted all

the experiments at smith's request (Shiers, G., 1977).

The idea of the photosensitive property of selenium did not give

any thought to transmitting pictures, messages, or images over a wire

during the initial stages of its discovery. The fascinating idea that

selenium could serve as a visual pickup device (the counterpart of a

microphone) and the astounding disclosure of a working telephone by

Alexander G. Bell in 1876 provided the initial impetus for early

enthusiastic inventors. However, other factors, particUlarly

telegraphic practices and devices and scientific discoveries in the

field of optics entered into the early schemes and provided the momentum

for research (Sheers, G., 1977, Bell, A.G., 1880).

In 1843, ~exander Bain, a Scottish clockmaker had patented the

first copying telegraph (Bain, A., 1843). Many other methods for

sending graphic materials along a telegraph wire had been demonstrated

by many individuals by the turn of that decade. However, Bain's method

embodied certain very vital principles that would be the guiding force

in the development of television -- automatic synchronous control,

sequential scanning line by line, and transmission by a single wire with

a ground return. A more compact machine for the reproduction of
38



handwriting was invented by Fredick Co~~ier Bakewe~~ of London in 1848

(Bakewe~~, F.C., 1848) and Giovanni case~li of France devised an

electromechanical system in 1850 (casel!i, G., 1861).

Among the very notable discoveries made during that time was

Michael Faraday's discovery of rotation of p~ane polarized light, called

Faraday's effect in 1845 and John Kerr's discovery of a similar effect

whereby the p~ane of polarized light is rotated by reflection from the

polished poleface of an electromagnet in 1876 (Sheers, G., 1977). These

discoveries would prove very important in the later stages.

The proponents of transmitting infor.mation during that era were

quite wel~ equipped with resources and had a rich storage of tools

available at their disposal. The psychophysica~ phenomenon of the eye,

such as the persistence of vision was well founded. The function of the

retina and the laws of optics were wel~ advanced. The principles of

photography, synchronism, scanning, electric circuits, wire connections

were all availab~e. With the well-founded resu~ts of telegraphy, it

would not be surprising if its theory would be further refined and

proposed by many early proponents.

During that time, there were two primary ways to accomplish the

transmission of images -- the serial transmission and the parallel

transmission. The most straightforward solution was to reject serial

transmission outright and try to transmit with a massively parallel

system uti~izing a ~arge array of sensors, each focused on a very small

portion of the image to be transmitted (Sweeney, D., 1987). Naturally,

the more the amount of sensors, the better the resolution. This became
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quite unfeasible because of the incomprehensib1e amount of sensors

required for even a low resolution picture.

Later on proponents advocated another system, the scanning system

that used the serial transmission and it really worked. In this

scanning method, the image is registered a point or a line at a time by

the scanner, and a multitude of light values corresponding to the

particular point or line as scanned by the scanner, is transmitted one

by one serially, and then assembled into a likeness of the original

image by a reverse-scanning mechanism.

One of the earliest proponents of television was George carey of

Boston who used the parallel system of image transmission. In 1875,

Carey proposed a system consisting of circular mosaic of selenium as the

transmitter, connected by separate wires to the electric filaments at

the receiver (carey, G. R., 1895). By 1875, the practice of sending

messages over telegraph wires and through submarine cables was well

established and the desirability and commercia1 value of being able to

transmit both spoken words and visual images were the theme of many

proponents. The payoffs were high and the stakes were well worthwhile.

In 1878, an ~portant discovery that would later have important

bearing on the picture transmission concept was made. Sir William

Crookes discovered the cathode ray which by the turn of the century was

shown by Thompson to be a beam of high speed electrons (Thompson, J.J.,

1897) •

There were many other proponents who turned their thoughts toward

the problems, possibilities and techniques of electric vision during

this era. Adriano de Paiva, a Portuguese Professor of physics at the
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Academia Po~ytechnica in Porto brought forward the idea of electric

te~escope in 1878 (Paiva, A., 1878). In his p~an, se~enium was scanned

by meta~lic p~ate and had a moveable incandescent ~amp at the receiver.

This sing~e circuit arrangement required synchronization, a prob~em that

would e~ude and defeat many inventors for many years.

During this period the re~ationship between the structure of the

ear and ita telephone model and the comparab~e imitation of the eye in

possib~e apparatus for electric vision began to emerge (Shiers, G.,

1970).

Denis D. Redmond, of Be1mont Lodge, Sanford, Dub~in in 1879 came

out with an idea of transmitting ~uminous image by electricity (Redmond,

D.D., 1880). He used a number of circuits containing selenium and

p~atinum arranged in mosaic pattern. During this period Redmond

realized the inertia effect of selenium and its sluggish property in

response to light.

The works and the developments that were taking p~ace in Europe

aroused the interest of A1exander Graham Bel~. Working with his

coworker Sumner Tainter with selenium ce~ls, they came out with a visual

telegraph, the photophone in 1880 (Bell, A.G., 1880).

During that same year, in April 1880, John Perry and William

Edward Ayrnton of London advanced their ideas on seeing by electricity

and suggested a multicircuit scheme (Perry, J., and Arynton, W.E.,

1880). They proposed two schemes. For one, they suggested an apertured

mosaic with magnetically operated shutters for controlling the light

amount, and in their alternative, they suggested making use of the Kerr
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effect with polarized light reflected from poles of magnet cores viewed

through an optical analyzer.

William Edward Sawyer, an electrical engineer of New York studied

the plans of carey critically, analyzed it and evaluated it. He

suggested spiral scanning by means of a rotating light pipe between the

image plane and a selenium coil, with a similarly rotating spark gap fed

by induction coil at the receiver (Sawyer, W.E., 1880).

Constantin Senlecq, a lawyer of Adres, near calais was also among

the initial proponents. He proposed various systems, which he continued

to change and refine with the course of time. In 1879 he discussed

about the concerned apparatus intended for graphical recording. In

1881, he discussed synchronism and its effect in picture transmission

(Selnecq, C., 1881). During this year Shelford Bidwell described to

members of the Royal Institution and other British organizations a

facsimile scanner that moved a selenium element system systematically

over the target image area (O'Brien, R.S., & Monroe, R.B., 1976).

Late in the 80s, Maurice Leblanc of Paris came open with a wealth

of ideas on problems of transmitting images by electricity (Leblanc, M.,

1880). His most important contribution is the use of a single mirror

vibrating on two axes at different rates for analyzing an object and

recomposing the image, arranged to give a back and forth linear scan.

He also proposed a method of color transmission by using seven selenium

cells. However, the concrete suggestion of a receiver c~~ from Willia~

Lucas of London in 1882 (Lucas, W., 1882). In his proposal, light was

modulated by a crossed pair of Nicol prisms operated by incoming signals

via an electromagnet. The modulated beam was then deflected by vertical
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and horizontal prisms to cast a moving spot of light that traced a

horizontal scanning pattern on the screen. He came out with the concept

of back and forth linear scanning and flyback. This was an optical

equiva1ent plan of a cathode ray tube. The problem however was of

scanning.

This classical answer to the scanning problem was solved by Paul

Nipkow, a 23 year old physics student in Berlin, Germany in 1883. His

answer was spinning a perforated disc in front of the image (Nipkow, P.,

1883). Jean Lizare Weiller, also in Germany proposed another scanning

mechanism in 1889 (Weiller, J.L., 1883). He proposed a revolving drum

carrying a series of tilted mirrors as a scanning device. Another kind

of scanner was proposed by Louis Marcel Brillouin in 1890, which

consisted of lensed discs rotating at different speeds (Brillouin, L.M.,

1890) .

The introduction of a scanning process reSUlted in significant

simplification of the image transmis~ion system, but at the same time it

had the associated limitations of a single-channel system, which

subsequently led to delays in development of television (Gorokov, P.K.,

1961) .

In 1892, the first photoelectric cells were made by Elster and

Geital for measurement purposes (Glover, A.M., 1941). This would change

the orientation of many proponents. (In 1906, Rignoux and Fournier in

France assembled an experimental system along the lines of carey's idea;

but with only 64 selenium photocells, the system could produce only

simple patterns (O'Brien, R.S. & Monroe, S.C., 1976».
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Leon Le Pontois, in 1893, described an apparatus for transmitting

pictures of moving or stationary objects at great distances (Pontois,

L.L., 1893). His -te1ectroscopeR emp10yed Nipkow discs, pu1sating

current motors, and tuning forks. (The word -te1evision- was coined in

1900 by a Frenchman named Perski (Wilson, J.C., 1937». That same year

(1893) George H. Morse put forward another idea (Morse G.H., 1893). He

proposed using selenium surface at the end of a cab1e made up of many

thousands of sma11 wire that was enclosed in an evacuated glass cylinder

with a mesh electrode placed in front of the selenium both for

transmitter and receiver. The only difference between transmitter and

receiver was the 1ens and eyepiece respectively. This was a parallel

transmission scheme.

In 1894, Char1es Francis Jenkins proposed his phantoscope

(Jenkins, C.F., 1894). In his system he had a mosaic of selenium and a

mosaic of filaments. A cable connected the mosaics.

In 1897, the most well known -telectroscope" was invented by

Sczczepanik, a school master of Krosno, Poland (Szczepanik, J., &

Kleinberg, L., 1898). His most remarkable claims were voice

communication and reproduction of images in natural color. Sczczepanik

was the first inventor of telectroscope to avail widespread publicity as

well as a handsome financial support. Mark Twain called him the

"Austrian Edison" (Twain, M., 1898). The apparatus was put in

exhibition at the International Exposition in Paris i~ 1900. During

this year, 1897, Professor Karl Ferdinand Braun created means of

focusing and deflecting Crookes' cathode ray, creating the basis of

modern cathode ray oscilloscope and picture tubes (Braun, F., 1897).
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In 1898 an entirely different system called the wTeleoscopen was

proposed by a Swiss physicist, Franz Dussaud, in France. His technique

combined cameras with lanterns for large screen projection (Scientific

American Supplement, 1898). Also during this year M. Vol' fke obtained

a patent for his system that used Nipkow discs and included radio

transmission and a gas discharge tube (Vol'fke, M., 1898).

3.3 Development and Testing Stage

The early years of the twentieth century (between 1901 and 1920)

saw notable developments in television engineering. During this period,

proponents added numerous devices to the inventories. The method of

disclosure also changed as inventors realized the potential commercial

value of their ideas (Shiers, G., 1981).

December 12, 1901, was the day when GUlglie~o Marconi and his

associates succeeded in the historic first wireless transmission across

the Atlantic. This was the first effort to apply the electromagnetic

waves predicted by James Clerk Maxwell in 1873 and proven experimentally

by Heinrich Hertz in late 1880s.

Otto von Brook also made a good start in 1901 with a proposal

based on the recent invention of RTelegraphonew by Valdemar Poulsen.

His proposal was radical and included intermediate magnetic signal

storage, a rotary magnetic distributor and the conversion of

simUltaneous signals from the camera mosaic into sequential signals for

single-line transmission (Shiers, G., 1977).

The missing element that impeded implementation of many proposed

systems, both mechanical and electronic, was a mean of amplifying the
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very weak signals that were obtained from any scanning Bystem. The

-Edison effect- of 1883 had been put to use in the Fleming valve of 1904

for wireless signal detection. Amplification was shortly made possible

by the invention of the 3-electroda Audion tube by Lee DeForest in 1906.

In 1904, Arthur Korn, a German Professor, successfully transmitted

a recognizable photograph of the French President Fallieres from Berlin

to Paris by wire (Sweeney, D, 1987). Korn's system was never really

adaptable to television transmission, largely because of its reliance on

selenium cells; but it was still a milostone in the development of

television.

In 1906, Max Dieckmann and Gustav Glage applied a Braun tube for

visually displaying graphic patterns. It was a system that was a half

way step towards television. Later in 1907, Boris Rosing at the

Technological Institute of St. Petersburg, combined an opto-mechanical

transmitter with a display tube (Rosing, B., 1923). He introduced a new

scanner with polyhedral mirror drums of phototubes instead of selenium

cells. Rosing claims to have transmitted moving images on May 9, 1911.

The images were not recognizable as representations of objects, but

geometric forms.

In 1910, A1fred Ekstrom, of Sweden introduced spotlight scanning

of transparencies by a rotary motor with a cam operated motion. In

1914, Samuel Hart employed a turret-type lens drum designed for

interlaced line or group scan and a linea~ discha~ge tube with magnetic

deflection.

In 1911, A. A. Campbell Swinton saw possibilities of television

communication with a variation of Rosing's scheme with cathode ray tubes
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at both the transmitter and receiver (Swinton, A.A.C., 1912). He

actually predicted television apparatus as is used today. Litt~e

progress was made with his suggestion.

A scheme that was all electronic except for an oscillating mirror

was disclosed by Alexander McLean Nicolson in 1917. His specification,

titled Wtelevision- was assigned to Western Electric, and included newly

developed radio circuits and picture tubes.

World War I (1914 - 1918) broke in Europe. Numerous developments

took place during that period. The electron tube technology was applied

to radio transmission during that period and there was a rise in general

interest in the progress made in science and the advantages it provided.

Using advances in radio circuits and improved phototubes, the

transmission of graphic messages and photographs in facsimile became

commercially feasible. The rapid progress in transmission of still

pictures and the unprecedented success of commercial radio broadcast

st~ulated vigorous interest in television.

In 1919, Denes Von Mihaly started experiments on phototelegraphy

in Hungary and in 1923 he developed a ·Telehor· system with a

galvanometer scanner operated by a phonic wheel and tuning fork (Mihaly,

D.V., 1923).

In 1920, in spite of the revolution, S.N. Kakourin of the Soviet

Union, brought forward a two-channel system with Nipkow disks, phototube

and electron tube circuits (Gorokov, P.K., ~951). In 1922, Boris

Ritcheouloff came out with two systems, one with vacuum tubes containing

vibrating photoelements, the other a magnetic recording system in which
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a moving iron strip, disk or drum served as storage medium. This

described the recording and playback of visual signals and sound.

The first post-war regular broadcasting began in 1920, and by the

end of 1922, there were well over 500 radio broadcasting stations on air

in the United States (O'Brien, R.S., & MOnroe, R.B., 1976). It was

expected that television would take t.he same pattern but television was

just a mere collection of ideas and proposals.

While Baird, Jenkins and Mihaly were getting ready with their

mechanical systems, Vladimir K. Zworkin, working at Westinghouse filed

for a patent on December 29, 1923, for an all electronic system

employing an electronic scanned c~~ra pickUp tube and a cathode ray

display tube (Sweeney, D., 1988). A laboratory demonstration of his

system in 1924, produced crude, shadowy pictures of a s~le crossed

pattern. In 1929, he demonstrated his system to the Institute of Radio

Engineers on a kinescope display tube. During that year he moved to RCA

where he devoted much of his time perfecting his system.

In England, John Logie Baird was bUSy working with his system. In

1925, he demonstrated shadowgraphs in public and finally obtained real

images with light and shade in his London laboratory. That same year,

Charles Francis Jenkins sent moving outline images of model windmill and

silhouette figure8 from motion pictures by radio over six miles in

Washington D.C. (Jenkins, C.F., 1929).

During those momentous years, numerous patents were lodged.

Mechanical systems such as disks, drums, and vibrating mirrors were

generally preferred for scanning. Jenkins employed his prismatic disk

and rings, a new optical scanner, then a lens drum, and a lens disk and
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mirrors. Baird adopted Nipkow's aperture disk. Se1enium ce11s were

being supp1anted by new phototubes and 1ight-va1ves were in more

frequent use.

In 1921, John B. Johnson of the Be11 System described a sea1ed,

10w-v01tage tube with gas focusing. This opened the way for commercial

instrumentation and also brought the sma11 picture tube to rea1ity

(Shiers, G., 1977).

In 1925, captain Richard Randger contributed to photoradio or

picturegram (Dun1ap, O.E., 1971). On May 7,1925, he sent war game

pictures and maps 5,136 mi1es in 20 minutes from New York to Honolulu.

However, it was on1y the demonstration done by Baird in 1926 that

marked the end of the 10ng and specu1ative search for ways to see by

e1ectricity and the beginning of a new era of telecommunications and the

age of information science. Other systems were a1so proposed during

that period but none of them caught any attention. The Baird system

received massive pub1ic attention (Sidey, P., Longman, B., G1encross,

D., and Pi1grim, T., 1981).

In 1927, having distance in mind, Baird sent pictures between

London and G1asgow by wire, a distance of 692 kilometers. Another long

distance transmission f01lowed by sending images between London and

Leeds, a distance of 274 ki10meters (O'Brien, R.S., & Monroe, R.B.,

1976, and Sweeney, D., 1988).

During this same year, 1927, at the Bell Te1ephone Labor"tory, a

team headed by Herbert E. Ives undertook simi1ar developments. A public

demonstration was he1d by transmitting pictures from Washington D.C. to

New York, and a1so from New York City to New Jersey a 20 mile radio
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link. Color was demonstrated by Bell in 1929 (O'Brien, R.S., & Monroe,

R.B., 1976).

3.4 Standardization and Launch

The exper~ental broadcasting demonstrated by Baird and Mihaly led

to a surge in public interest. In 1927, the first license W3XK was

given to Jenkins. In 1928, Ersnt Alexanderson at the General Electric

began experimental transmission over W2XAD, Schenectady. During that

same year, RCA started operating an experimental 250 watts television

station, W2XBS, in New York City (O'Brien, R.S., & MOnroe, R.B., 1976).

During 1928, interest in television rose steadily. More than 30

companies were engaged in television ventures and a dozen radio stations

started experimental broadcasting in the United States. Numerous

apparatuses were displayed at radio shows in United States, Britain and

Germany.

In 1928, it became evident that television had finally arrived.

It took only a few years for a corporate expansion of broadcast and

manufacturing companies. However, the proliferation of different

apparatus raised the question of engineering standards. Baird had

earlier adopted 30 line images with 12.5 pictures (frames) per second,

vertical scanning, and aspect ratio of about 3:2. The Germans adopted

similar standards as Baird but preferred aspect ratio of 4:3 and

horizontal scarUling. Jenkins, in the United States adopted 4e lines

image with 15 frames per second in October 1928, but in mid 1929, he

adopted 60 lines image, 20 frames per second, and aspect ratio 5:6.
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Rapid use of air waves also provided constraints to the Federal Radio

Commission in the United States.

In 1929, arrangements were made between, BBC (British Broadcasting

Corporation) and the Baird Television Company for regular exper~ental

broadcast. The telecast lasted for ninety minutes, five days a week and

had a definition of 30 lines and frame repetition of 12.5 per second

(Sidey, P., Longman, B., Glenncross, D., and Pilgr~, T., 1981).

Baird continued to exper~nt with television transmission and

broadcast. In 1928, he transmitted television signals between London

and New York by short wave radio. In 1930, he demonstrated color

television, three ~ensional television, theater projection, infrared

pickup, and had made television recordings on phonograph records.

In JUly 1930, NBC took over operation of RCA's W2XBS. A new one

kilowatt transmitter, with a studio, was located in the New Amsterdam

Theater building near Times Square in New York. In July 1931, CBS

started operating from W2XAB, a 500 watts transmitter and studio located

at 485 Madison Avenue, in New York City. It operated two bands in 1929.

W2XBS in the band 2.0 to 2.1 MHz and W2XAB in the band 2.75 to 2.85 MHz,

both with 60 lines per frame and frame repetition of 24 per second

(Sweeney, D., 1988).

In England, the contest between the Baird system and the new

system developed by EMI (Electrical and Musical Industries) was reaching

its climax. Beginning November 2, 1936, and continuing fox thxee

months, BBC broadcasted programs using the Baird system and EM! system

on alternate weeks. The Baird system had 240 lines resolution, and

repetition rate was 25 frames per second. The EMIT system had 405 lines
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resolution, 50 fields, and 25 frames per second repetition rate. The

EMI system was designed under the leadership of Isaac Schoenberg.

Britain shortly resorted to the EMI system (Sidey, P., Longman, B.,

Glenncross, D., & Pilgrim, T., 1981).

Similar to the standards controversies in Britain, standards

controversies in the United States also were taking place. Each

broadcast station had its own standard. In 1940, the FCC established

the National Television Systems Committee (NTSC) to review and recommend

a unified standard. The NTSC proposed 525 lines resolution and 30

frames per second standard to FCC in March 20, 1941. In May, FCC

announced its approval and by July 1941, one unified standard was

implemented (O'Brien, R.S., & Monroe, R.B., 1976).

Even though NBC initiated television broadcast by taking over

RCA's W2XBS in JUly 1930 and CBS started operating W2XAB in July 1931,

commercial broadcasting was only fully authorized by FCC after the

establishment of technical standards for broadcasting and reception in

1941 (Garrison, C. & Willis, E., 1963). During that period there were

only six commercial broadcasting stations in operation, which were all

located in the metropolitan New York Area. (Only later did the activity

center shift to Chicago). Most of the television receivers were semi-

professional mostly made at home by individuals. World War II suddenly

halted the ambitious onset of the television industry. It did not get

much attention (or any) during the ~ar, but the spillovers of technology

due to the developments in warfare technology (radar and

telecommunications technology) during that period provided the

television industry with some remarkable rewards. Developments would be
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cutting edge in the te1evision techn010gies. Hence after the Wor1d War

II, the deve10pments in te1evision proceeded with astonishing vigor

(Wooster, J.H., 1985).

Tab1e 3-1 provides data on the number of monochrome te1evision

receivers in use and graphica11y it is presented in Graph 3-1. Tab1e 3

2 provides data on market for monochrome te1evision from 1947 to 1991.

The growth in monochrome te1evision production is i11ustrated in Graph

3-2. It can be seen from the graph, that the ear1y years are

characterized by exp10sive growth. In 1946, 6900 sets were produced and

made avai1ab1e to u.s. consumers. The factory va1ue of this initial

production run was just over $1 mi11ion (Nathan, R.R., 1989). In 1947

there were 1ess than 200,000 sets. By 1949, there was a 15 f01d

increase, and by 1959, there were over 50 mi11ion sets in use. Graph 3

3 i11ustrates the price of the sets. It can be seen that the price

steadi1y dec1ined. There were basica11y two reasons for this. One was

economy of sca1e, and the other was efficiency in production.
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!rABLE 3-1
~~SIOH RECZIVI:RS :m USB: :IN ~m: U.S. *

Year Humber mill:i.ons o~ Y~ Humber m:i.ll:i.ona o~ UD:i.t:.
un:i.t:.

1956 37.6 1971 61.6
1957 42.7 1972 62.5
1958 46.8 1973 64.4
1959 49.7 1974 64.5
1960 52.9 1975 64.0

1961 55.1 1976 66.0
1962 57.5 1977 68.3
1963 60.2 1978 70.2
1964 62.4 1979 72.6
1965 64.1 1980 75.8

1966 64.8 1981 79.0
1967 64.8
1968 63.7
1969 62.7
1970 61.9

*Source: Telev1sion Factbook (as mentioned in Electronic Market
Databook), Electronics Industries Association, 1982.
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~LJ: 3-2
~ TJ:LJ:VJ:SIOH RZCEIVI:RS PRODUCTION Dl TBJ: U. S. *

Yaar UIU.~. Dollars Ye&2: UIli~. Dollars
Xl,OOO Xl,OOO,OOO ][1,000 Xl,OOO,OOO

1947 179 50 1971 7,260 488
1948 970 226 1972 8,239 649
1949 2,970 574 1973 7,297 560
1950 7,355 1,397 1974 6,868 543

1975 4,418 371
1951 5.312 944
1952 6.194 1,064 1976 5,937 528
1953 6,807 1,170 1977 6,090 542
1954 7,405 1,040 1978 6,733 572
1955 7,738 1,068 1979 6.575 565

1980 6,729 599
1956 7,351 934
1957 6.388 831 1981 6.056 539
1958 5,051 686 1982 4,922 437
1959 6,278 806 1983 5,647 459
1960 5,709 750 1984 5.194 431

1985 3,620 304
1961 6,168 757
1962 6,696 851 1986 3,975 330
1963 7,236 841 1987 3,650 296
1964 8,360 1,210 1988 2,365 149
1965 8,753 910 1989 1,720 120

1990 1,425 100
1966 7,702 756
1967 5.907 494
1968 7,160 566
1969 7,265 523
1970 7.253 505

*Source: Electronic Market Databook, Electron~cs Industries ASsoc1ation,
1969, 1982, 1989, 1992.
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The rapid sales growth attracted many firms. Entry was relatively

easy and inexpensive. By early 1950s, there were as many as one hundred

and forty producing firms (Wooster, J.H., 1985). Small firms bought

components and assembled them, while big producers like RCA, GE,

Sylvania, westinghouse, and Zenith produced their own components.

Initially~ the production was very labor intensive requiring fairly

experienced workers. However, the learning curve was steep, and with

the added momentum of marketing, prices began its rapid downturn. By

1970, monochrome receivers had penetrated a1most 95% of American homes

(See Graph 3-4 and Table 3-3).

~3-3

PERCENTAGZ or n.S. BOtJSI:BOLDS M~~ Rl:Cl:ZVI:RS*

Year Percentaa'll!ll of Households

1950 12
1960 88
1965 93
1970 95

*Source: Electron1cs Market Databook, Electronics Industries Association
1969, 1982.

57



2000

1800

1600

1400

~ 1200

... 1000
0
Q

800

600

~

200

0

1950 1955 1960 1965 1970

YEAR

1975 1980 1985

taAPH 3-3 PR:ICI: or N IU:CII::IVI:RS*
*Source: E~ectronic Market Databook, E~ectronics Industries Association,
1969, 1982, 1989, 1992.

100

90

80

70
w

60e
~ 50w

~
w 4011.

30

20

10

0

1950 1960 1965 1970

YEAR

GRAPH 3-4p~ 01' BOOSB:BOLD WZTB MONOCImOME TV RECEZVERS*
*Source: E~ectronics Market Databook, E~ectronics Industries Association
1969, 1982.

58



Graph 3-1 and Graph 3-2 reveals that growth began to level off in

the 1950s. The recession of 1957-1958 and the weak recovery the

following two years 1958-1960 revealed the sensitivity of the television

industry to the overall economic conditions. This dilemma was further

worsened because the catastrophe occurred at a time when capacity

expansion programs of various producers had just came on line (Wooster,

J.H.,1985). Total units declined from 7.738 million units to 5.051

units during 1955 to 1958. It was not until almost ten years later in

1964, that the 1955 mark was surpassed.

During the following years, intense competition between firms

resulted in an extended period of slowdown. Various price cutting

strategies and struggle for market share led firms with conflicting

goals. Firms tried to keep inventories lean and mean, while maintaining

adequate supplies to meet the nationwide demand. They also tried to

operate plants at technically efficient levels of operations and

maintain adequate cash flows for repayment of debt financing that

resulted from recent capacity expansion programs -- a pursuit to strive

to excellence. The result however was negative and backfired. It

caused irreparable damage to the industry. The inventory levels started

swelling at unexpected rates, plants tended to operate much below

technical level of efficiency, and debts began growing with every

passage of time. The results were evident. Price increase was

announced by traditional industrial leaders like RCA and Zenith.

Respected firms like DuMont were a target for acquisition and outright

financial failure. Of the one-hundred and forty firms in the industry
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at the dawn of the decade, fifty remained in 1956, and only twenty-seven

survived by the dusk, i.e., 1960 (Hall, M., 1957).

International trade in the television industry did not occur in

the fifties or the early sixties. Europe and Japan were bUsy

reconstructing their nations due to the destructions from World War II.

Export of television receivers to those countries by United States was

severely restricted due to trade barriers resulting from high tariffs.

Japan opted for licensing agreements with the United States to fulfill

its national demands. By 1968 the domestic markets of Japan had

saturated and 88% of Japanese households had televisions in their homes

(Electronics Industry of Japan, 1981). Due to excess capacity of

production, sales were geared towards export, and United States was the

prime target since it was a very viable and potential market.

The Japanese opted to use transistors and printed circuit design

for its receivers that permitted simplification in design and made the

receivers smaller, lighter, and cheaper, which made it very attractive

to the u.S. market. Table 3-4 provides the overall import penetration

in the U.S. It illustrates that before 1965 imports were minimal, but

by 1977 it was more than four and a half times the domestic production,

and accounted for over 80% of domestic consumption.
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TABLJ: 3-4
ZKPOIrer 01'~ TELZVJ:SI:OH RJ:CI:rvERS*

Year :IDIDorta IX 1. 000) Dcme8~i.C Produ.~i.on IX 1.000)

1965 1.061 7.692
1966 1,195 6,507
1967 1.290 4,697
1968 2,043 5,197
1969 3,121 4,243

1970 3,596 3,732
1971 4,165 3,220
1972 5,056 3,125
1973 4,989 3.173
1974 4.659 2,633

1975 2,974 1,557
*Source: Un~ted States Industr~al Trade Comm1ss~on, 1977, 1980, 1981.
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GRAPH 3-5 :IMPORT DOMJCSTI:C PRODUCTI:OH or MOHOCBRONI: TV RECEJ:VERS*
*Source: United States Industrial Trade Commission, 1977, 1980, 1981.

The shift from domestic receivers to imported ones was mainly due

to price, which was a result of low production cost. Viability of

offshore assembly was demonstrated by companies like Texas Instruments

during the 60s. Between 1966 and 1971, six U.S. fir.ms began production
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offshore in Taiwan, four in Mexico, and one in Hong Kong (Wooster, J.H.,

1985). A substantial portion of import penetration was due to these

offshore productions.

Many domestic firms were debilitated due to this evolution and

survival was the prime motive of many firms. Globalization of

production process enabled only firms with large capital and ability to

withstand seismic shocks of economic cycle to thrive and survive within

the industry.

The history of television does not end here. The hunger for more

and the thirst for the better is a basic instinct built by nature in the

hearts of humans. The next chapter discusses the history of color

television.
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CBAPftlIl FOUR
DZVELOPNI:N'.r PHASE -- Ju:SroRY or COLOR TJ:LEVl:SXOH

4.1 Background

Color television system is a development over monochrome

television. It was the complexity of its technology and system that

impeded the development of color television. The initial idea of

transmitting in color is as old as monochrome television. In fact

monochrome television may be considered as a color television that uses

only one color, black but in various shades (gray scale). Similar to

the development of monochrome television, color television can be

divided into three stages. (Note: See Section 6.5). They are

1. Idea generation and preliminary assessment stage,
2. Development and testing stage, and
3. Standardization and launch.

4.2 Idea Generation and Preliminary Assessment Stage.

In natural vision the brain perceives the scene through the optic

nerve that is connected to the millions of retinal element in the eye

with parallel fibers. (Note: This is parallel transmission as discussed

in Chapter 3). The scenes are continuously projected on the eye. In

artificial medium, such as celluloid pictures or television, the scenes

are projected in rapid succession of still pictures. The perception to

the eye however is continuous projection since the rate of rapid

succession is higher than the critical refresh rate of the retina.

But, in contrast to celluloid fi~ in which the whole of each

picture is projected at once, television transmits the picture

sequentially. (Note: This is serial transmiSSion as discussed in
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Chapter 3). At any particular instance of time only infor.mation

relevant to only one element of the whole picture is transmitted through

a channel. This is accomplished through the process of scanning. The

resolution (number of pixels required for the summation of a picture)

determines the scanning frequency. The scanning frequency in turn

determines the total bandwidth required for transmission.

In monochrome television systems the channel comprises mainly of

the luminous intensity level of the particular pixel and the location of

the infor.mation. Synchronicity in pickup and display is thus a very

important and critical issue since the whole scene needs to be

reproduced with duplicate temporal and spatial information.

In color television additional infor.mation of color needs to be

incorporated into the system. At first, this seems to be a formidable

task, since thousands of different hue and saturation values need to be

merged with the luminous information. However, this task is fairly

simplified by the fact, established in Newton's time, that a color can

be very closely represented by combining just three colors, known as

primary colors (Shiers, G., 1977). Television uses red, blue, and green

as primary colors in contrast to bluish red (magenta), greenish blue

(cyan), and greenish yellow used in printing. In color television,

three separate images, one in each of the primary colors, must be

dissected in a particular sequence at the pickup stage and compiled in

the same sequence at the display stage. An important implication of

this is that all things being equal, the bandwidth of the color signal

is three times that of monochrome television.

68



There are other difficu1ties that are exist in c010r te1evision

systems. Firstly the three separate images must be synchronous1y

registered. Use of the fie1d sequential system revea1s better

performance in overcoming this hurd1e in contrast to the dot sequential

system and the line sequentia1 system. (Note: This is discussed in

detai1 1ater in the chapter).

Secondly, rooted in the sequenti.al nature and color system is the

difficu1ty of a concept known as ·color breakup.- The successive fie1ds

of the screen occupy s1ightly different positions on the retina.

However, this is present only in the field sequentia1 system and viewers

soon acquire a substential to1erance of this effect under normal

conditions.

Third1y, since rapid motion of the picture causes rapid changes in

information, the three images may not be properly registered causing

what is ca11ed -color fringing.- This effect a10ng with the second one

is taken care of by the tolerance effect. It is of paramount importance

to faithfu11y reproduce the original image by taking care of c010r

rendition and ba1ance. So 10ng as the dots, lines, and fie1ds occur in

the proper places and proper sequence, and as 10ng as color rendition

and balance are maintained, it is possible to produce high standard

color images.

The reproduction technique employed in color television can in

some way be related to color print reproduction, where pictures are

reproduced by four impressions, one for each primary co1or and the

fourth one for black.
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The above attributes are related to the technical aspects of the

development of color television. However, some other properties of a

less fundamental technical nature, but of great economic importance need

to be addressed. The transitional properties of the color system are

compatibility, adaptability, and convertibility (Shiers, G. 1977).

Compatibility -- A compatible color system is one capable
of producing monochrome television on existing monochrome
receivers without modification. (Note: See Appendix)

Adaptability -- An adaptable color system is one in which
existing monochrome receiver can be modified to receive
color transmission in monochrome.

CQnvertibility -- A convertible color system is one in
which existing monochrome receivers can be modified to
receive color transmission in color.

The color system also needs to be judged according to the fOllowing

characteristics.

Resolution -- The amount of detail the picture contains.

Flicker-brightness relationship -- The rate at which
successive fields are scanned, which determines the
brightness of the picture. This needs to be greater than
that which can be perceived by the eye.

CQntinuity of mptiqn -- The number of fields scanned per
second which determines the continuity.

Efficient channel utilization -- The amount of information
per Hz of bandwidth.

CQlQr fidelity -- The faithfulness of reproductiQn Qf the
Qriginal ~~ge.

Defects due tQ sl~erimpQsitiQn -- The Qvercoming of
registration, color breakup, and color fringing.

~ - This is the underlying factor.

70



Co~or te~evision, a great achievement, was indeed a technical

triumph. Baird, J.L., in England and Ives, H., in U.S. Bell Labs

experimented with color in ~ate 1920s, reviving ambitious schemes for

color that was proposed from 1880 onwards (Kel~, R.D., 1946). Baird

continued his work throughout the war independently and had achieved

experimental color transmission in 1938 over a ten mile path in London

from the Crystal Palace to Dominion Theater (Osborne, B.W., 1968). He

worked with a two-color 120 line picture on the red-cyan axis, using a

line sequential signa~ and a large screen projection display. This was

a significant improvement over his 1928 version and Ivesws 1929

demonstration at Bell Laboratories.

4.3 Development and Testing

By 1949, there were three color television systems were being

developed and tested in the United States. They were --

1. Color Television Inc. -- Line-Sequential System;

2. Columbia Broadcasting System

3. Radio Corporation of America

Field-Sequential System; and,

Dot-Sequential System.

Intensive development of color television was undertaken by CBS

under the direction of Dr. Peter Goldmark (Fink, D.G., 1944). CBS

began its color broadcast ~ediately after World War II using wide-band

transmission techniques that had developed during the war. In 1946, RCA

demonstrated a simultaneous three channel system that was compatible
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with the existing monochrome system but was quite unstable at that time.

In March 1947, FCC made its decision that television should continue

under existing monochrome standards, i.e., 6 MHz channel. in the already

assigned VHF spectrum. By September 1949 with the entry of CTI, there

were three proponents of color television systems.

In other parts of the world other systems were being developed.

They were -- 1. Germany's PAL system, and 2. France's SECAM system.

4.3.1 CTI Line-Sequential System

The essential attributes of this system were as fol.lows --

1. It was a compatible system, employing the same number of lines per
picture and same number of fields per second as the monochrome
television. It permitted color images to be produced on a monochrome
receiver in monochrome without modification.
2. Its resolution and large-area flicker perfor.mance were equivalent to
that of the monochrome system. However, vertical resol.ution and small
area flicker were quite inadequate.
3. It suffered from registration difficulties.
4. Channel efficiency was not effective.

4.3.2 CBS Field-Sequential System

The essential attributes of this system were as follows --

1. It was not compatible with the existing monochrome television.
2. The vertical resolution was poorer than that of existing monochrome
television receivers.
3. However, the col.or fidelity of this system was superior to other
color systems.
4. The channel. utilization of this system was satisfactory.
5. Conversion costs from existing monochrome receivers were significant.
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4.3.3 RCA Dot-Sequential System

The essential attributes of this system were as follows --

1. This system was compatible with the existing monochrome system.
2. The resolution of this system was comparable to the existing
monochrome television receivers.
3. The large-area flicker and continuity of this system was comparable
to the existing system.
4. The color fidelity of this system suffered to a certain extent from
uneven color balance in large areas.
5. The channel utilization of this system was the highest.
6. Substantial cost is incurred while converting.

4.3.4 PAL System

In England, in 1954, compatible NTSC transmissions were broadcast

by the BBC on 45 MHz from Alexandra Palace and later from Crystal Palace

(Osborne, B.W., 1968). These exper~ntal transmissions used a Marconi

adaptation of the NTSC system to the 405 line standard. The 405 line

compatible NTSC color signal made full use of all the available picture

definition of the shadow mask display tube (Pantchett, G.N., 1956). But

after thirteen years in 1967, color transmission was switched to PAL

(Phase Alternate Line) 625 line standard. The German system was adopted

as an alternative color system for Europe by the CCIR decisive meeting

on Oslo in July 1966 (Ho~, W.A., 1968).

The PAL color system is a variant of NTSC in that it uses a

constant luminance signal in which the luminance infor.mation is

transmitted as amplitude modulation of the vision carrier, the two

components of chrominance information being carried, within the

bandwidth, as quadrature amplitUde modUlation of a suppressed sub-

73



carrier. However, one of these components is transmitted with a phase

reversa1 on a1ternate 1ines (Osborne, B.W., 1968). PAL, compared to

NTSC, offered easier receiver design to1erances, the e1imination of hue

contr01 in the receiver, and immunity from the effects of 1eve1

dependent phase distortion (EBU, 1965).

4.3.5 SECAM

In 1958, Henri de France pub1ished information on his Systeme de

Television En Cou1eurs Sequentiel-Simu1tane, an important proposa1 for

transmitting only one of two c010r difference signa1s at one time and

thus e1iminating design problems re1ating to the interaction of two

simu1taneous1y transmitted c010r signa1s. It was an effort to reduce

the technica1 comp1ications of the NTSC system by using memory to store

color information. The sequentia1 Cou1eurs a Memoire or SECAM c010r

system was deve10ped from that of de France by campagnie Francaise de

Television (Osborne, B.W., 1968). During the course of deve10pment

there have been many versions of the SECAM system such as -- SECAM II,

SECAM III, SECAM IV, and SECAM V (Reed, C.R.G., 1969).

4.4 Standardization and Launch

In the United States in 1950, the Federa1 Communications

Commission (FCC) approved the RCA system. This was ca11ed the National

Television Syst~" Committee (~~SC) c010r standard. Ten years previously

this committee had set up the monochrome te1evision standard approved by

FCC in 1941 (Reed, C.R.G., 1969). The recommendations of the NTSC for

commercia1 c010r te1evision were adopted by FCC in December 1953. NBC
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carried the 1954 New Year's Day Tournament of Roses Parade in Pasadena,

California in color (Fink, D.G., 1955). The NTSC system consisted of

525 lines with an associated color subcarrier frequency of approximately

3.58 MHz.

The development of the color television industry in the U. S • has

transformed the nature of consumer electronics industry. It has also

changed the American home and the very lifestyle of individual

Americans. The Electronic Association of America (EIA) reports that in

1991, 98% of the American homes owned a television set, and more than

60% had two or more (EIA Electronics Market Data Book, 1992). In 1954,

after the approval by the FCC of the NTSC color television standard,

color television started its way into the American homes elevating the

expectations of every individual. With the introduction of color

television, a new era in the civilization of human beings that would

bring social prosperity was observed in the horizon. The whole of the

entertainment industry, information industry, and to some extent all

other industries were significantly effected.

The color television industry has been very vibrant and has been a

significant part of the American economy. Since 1980, its total

contribution to the economy has grown 17.5%, from $15.4 billion to $18.1

billion. The industry employed over 240,00 employees in 1988 and

contributed tax revenues in excess of $1.5 billion (Nathan, R.R., 1989).

Color television started making its ?ay into the American homes

only after the establishment of the color television standard NTSC by

FCC in 1954. RCA, the proponent of the NTSC system, was the only

domestic firm producing color receivers from 1954 to 1961. NBC which
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started its co1or transmission by broadcasting the Tournament of Roses

Parade in 1954, was the on1y network transmitting color during those

years with limited hours of programming (Fink, D.G., 1955).

Due to the shake up in the monochrome market, the survivors

shifted their efforts to production of costly and sophisticated color

receivers. Even though these firms established some innovations of

their own, most of the technology was licensed from RCA, and most of the

key components like picture tubes and chroma circuits were purchased

from RCA.

Table 4-1 and Graph 4-1 illustrates the number of color television

receivers in use in the U.S. Table 4-2 illustrates the development of

color television market and Graph 4-2 depicts it in a pictorial form.

It can be observed that the price of the receivers continued to steadily

decline. It can be observed that explosive growth in the co1or

television industry started at about 1962. This was the time when the

monochrome industry was facing dire problems with significant

competition from the Japanese making itself felt. The growth has

continued ever since, even to the present day.
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TABLI: .-1
NDNBZll or COLOR RI:CE:IVZRS IN USE :IN '.raJ: U. S • *

Year HumbeJ: (1Ii11i.one of Ye;u: Humbcu: (141111.0118 c)f
Uni.t:s) Uni.t:s)

1956 - 1971 31.6
1957 .1 1972 38.2
1958 .2 1973 45.4
1959 .3 1974 52.6
1960 .4 1975 57.0

1961 .5 1976 59.3
1962 .7 1977 63.2
1963 1.0 1978 68.0
1964 1.7 1979 73.1
1965 3.1 1980 80.0

1966 5.8 1981 83.5
1967 10.0
1968 15.3
1969 20.9
1970 26.4

*Source: Television Factbook as mentioned in Electronic Market Data
Book, Electronics Industries Association, 1982.
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*Source: Television Factbook as mentioned in Electronic Market Data
Book, Electronics Industries Association, 1982.
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~"-2
COLOR TELZVJ:SIOH RZCI:IVJ:R PRODUC':IOH IN TBJ: 0. S •*

Yea: t7DJ.t:. Va1.ue Year Unit. Va1.ue
Xl 000 $XlOOOOOO Xl.OOO $X1000000

1954 5 2

1955 20 10 1975 6,219 2,121
1956 100 46 1976 8,194 2,860
1957 85 37 1977 9,341 3,269
1958 80 34 1978 10.674 3,736
1959 90 37 1979 10,042 3,615

1960 120 47 1980 11,803 4,339
1961 147 56 1981 12,423 4,683
1962 438 154 1982 11. 484 4.288
1963 747 258 1983 14,034 5,047
1964 1,404 488 1984 17,190 5,896

1965 2,694 959 1985 16,905 5,629
1966 4,707 1.549 1986 19,010 6,268
1967 5,042 1,643 1987 19,847 6,470
1968 5,982 1,806 1988 20,147 5,923
1969 5,803 1,653 1989 23,139 6,919

1970 5,303 1,428 1990 20,840 6,335
1971 6,338 1.853 1991 20,118 6.204
1972 8,845 2,825
1973 10,071 3,097
1974 8,411 2,658

*Source: Electron1cs Market Databook, E1ectron1cB Industr1es
Association, 1969, 1982, 1989, 1992.

78



20000

z 15000

fl
S
~10000

.11

• NUMBER oo.ooo UNITS)

o DOllARS (XJ.(XlO,OOO)

GRAPH 4-2 COLOR TV RJ:CJC:tVJ:R PRODUC'l'IOH DI TBJ: n.s , *
*Source: Electronics Market Databook, Electronics Industries
Association, 1969, 1982, 1989, 1992.

From 1965 to 1969, RCA and Zenith accounted for 48% of the total

number of color television receivers. Table 4-3 illustrates the

cumulative color television receiver production by manufacturers from

1965 to 1969. There were no significant threats from foreign

manufacturers during that period. European countries did not even begin

color broadcasting until 1968 or later adopting the PAL (initiated by

Germany) or SECAM system (initiated by the USSR and France). In 1960,

Japan became the second country to start color broadcasting adopting the

American NTSC system with licensing agreements with RCA. The growth of

color television in Japan only started with the Tokyo Olympics Games in

1964. However, in the United States the burden of excess capacity was

being felt. But due to difference in standards in the world television

industry and trade barriers due to tariffs, export of color television
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receivers never conceptualized. Another problem was marketing. A

strong presence in foreign market with targeted knowledge was necessary

for foreign trade, because having lost the competition in monochrome

television, the market presence was stolen by foreign competitors,

especially the Japanese. Even before the Kennedy round of GATT

negotiations for trade liberalization, foreign competitors had already

established competitive edge. The U.S. presence in foreign market was

only limited to licensing.
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'DBLE 4-3
JAHOI'AC'1'tlRZRS or COLOR 'DLIWJ:SZOH RZCI::IVERS 1965-1969*

bDk J&an~actw:er UlUt. (X 1,000) Percentage of
Total

1 RCA 5,863 27.1
2 Zenith 4,743 22.0
3 Maqnavox 1,982 9.2
4 Motorola 1,563 7.2
5 Warwick 1,550 7.2
6 Admiral 1,484 6.9
7 GE 1,417 6.6
8 Svlvania 1,101 5.1
9 Philco-Ford 913 4.2
10 Westinqhouse 331 1.5
11 Emerson 307 1.4
12 Packard Bell 228 1.1
13 Olvmpic 110 0.5

*Source: Television Digest, February, 1970.

With the rapid expansion of the Japanese color television industry

after 1964 and growing problems in the domestic market after 1967, the

u.s. color television industry was being crippled with the passage of

t~e. Between 1966 and 1973 Japanese production and consumption of

color television took a mammoth leap, and Japanese producers like

Matsushita supplanted leading U.S. producers. Japanese producers

started catering to international needs by producing PAL and SECAM sets.

In 1980, the U.S.accounted for 12.3% of Japan's exports, Europe

accounted for 20.8%, and the rest of the world accounted for 55.6%

(Electronics Industry Association of Japan, 1980).

Table 4-4 illustrates the import penetration of color television

receivers into the U.S. Graph 4-3 depicts domestic production and

imports.

81



TABId: 4-4
DGIORE' OJ' COLOR n:LEVXSION RECZZVER Df '.rill: U. S • *

Year :Imports eX 1,000 urdta) Dcmest.ic Product.ion ex
1,OO.N

1964 17 1,387
1965 43 2,651
1966 266 4,441
1967 318 4,724
1968 666 5,366
1969 913 5,803

1970 914 4,441
1971 1,281 5,398
1972 1,318 6,816
1973 1,399 7,828
1974 1,282 6 ... 813

1975 1.215 5,389
1976 2,834 5,870
1977 2,539 7,005
1978 2.775 8,282
1979 1,369 9,012
1980 1,288 10,660

*Source: United States Industrial Trade Commission, 1977, 1980.
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The decade of the seventies and later part of the sixties was a

period of crisis for the U.S. color telovision industry. Rapid progress

in technology, unstable global economy, and varying patterns in

international trade all accentuated the crisis. Towards the beginning

of the eighties, the television industry was a mouse compared to the

giant during the initial years of introduction of color television.

Like the fate of the monochrome industry, the color television industry

was destined to failure and an unexpected demise.

During that era, the basic design of the color television was

undergoing rapid changes. Starting from vacuum tubes, the technology

progressed towards transistorization, printed circuit boards, integrated

circuits, and many more. This caused the receivers to be more reliable,

of better quality, more durable, cheaper, and more portable. In general

foreign manufacturers, especially Japanese, made this progression more

rapidly than any U.S. firms. Japanese firms were much more advanced

than U.S. firms in the adaptation of these new technologies of the color

television receivers (Japan Economic Journal, 1971).

The mini-recession had caused a drop in sales and profits in 1967.

The recovery of 1968 did not have any significant effect. During the

period of 1971 to 1973, Nixon's New Economic Policy (NEP), which tried

to ease off inflation by wage and price controls were in effect.

Further a 10% ±mport surcharge introduced on foreign trade caused sales

and profits to reach record level. Table 4-5 illustrates the profits of

television receivers. The recession of 1974-1975 again tapered the

profits and caused the firms to be preys for takeover. Magnavox was

purchased by Philips, Quasar was purchased by Matsushita, Philco-Ford
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so1d its trademark to GTE-Sy1vania, and Admira1 was purchased by

Rockwell. Overcapacity and keen competition still plagued the industry.

The Ford-Carter eApansion tried to st~ulate the industry, but no

observable effect was noticed. This caused extreme financial distress

to many fi:rms and construed them to fail and leave the industry. This

problem was further exacerbated due to Japanese manufacturers like

Hitachi, Toshiba, and Sharp opening production faci1ities in the U.S.

(Wooster, J.H., 1985). Philips, Matsushita, and Sanyo were the most

powerful firms, leaving Zenith and RCA behind (The New York Times,

1981) • In 1976 Andrea Radio Corporation left the industry, followed by

Rockwe11-Admira1 in 1978, GTE in 1981, and Sy1vania se11ing off to

Phi1ips, whi1e Zenith undertook massive restructuring with massive

1ayoffs, divestiture, and decrease in wages (Business Week, 1981).

TABU 4-5
PROFZTS Dr TELJ:VXSZON RZCJ::IVER PROD~:ION*

Year Net Operati.nq Profi.t8 Percentage
$ X 1.000.000

1966 181 7.5
1967 66 2.8
1968 155 6.5
1969 134 6.3
1970 22 1.2

1971 183 8.7
1972 214 8.6
1973 159 5.8
1974 (31\ (1.2)
1975 13 0.6

1976 96 3.7
1977 81 2.8
1978 45 1.5
1979 24 0.8
1980 67 1.9

*Source: United States Industr~a1 Trade Comm1ss10n, 1977, 1980.
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The tur.moi1 in the U.S. te1evision industry was a direct

consequence of the changes in the Japanese industry, and their

commitment to enter the U.S. markets. The Japanese domestic co1or

television market became saturated quite abrupt1y (Note: See Table 4-6) .

The expanded capacity drive of the 1960s now posed a severe problem.

The Japanese Economic Journa1 reported other prob1ems. Increase in

wages from 157 Yen in 1964 to 590 Yen and appreciation of the Yen by

about 19 percent against the do1lar were major problems (Japan Economic

Journal, 1974). The response to these problems was automation that

resulted in 10w operation cost, improvements in quality, and

manUfacturing efficiencies. To secure the U.S. markets the Japanese

firms also started opening manUfacturing facilities in the U.S. The

direct consequence of this was a surge in imports, which resulted in the

imposition of quotas in 1977 (USITC, 1981). Before the imposition of

the quotas, there were two opposing views. One advocated that

protectionism only promised increase in prices, whi1e the other

advocated protectionism to counter unfair trade practices. The Treasury

Department began formal hearings in 1968. At the end of 1970, the

Treasury Department discovered unfair trade practices on the part of the

Japanese. They were accused and found guilty of dumping (USITC, 1981).

The consequence of this was that the Japanese firms came under close

scrutiny of the Tariff Commission.
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w.m.z 01-6
PDCI:H'.rAGI: or JAPAHZSJ: IIOt7SJ:BOLDS m:m COLOR RJ:CEZVJ:RS*

Year Percentaae

1968 7.0
1969 16.6
1970 31.8
1971 42.3
1972 55.6
1973 65.3
1974 73.1
1975 69.3

*Source: Economic Industry Association of Japan, 1976.

During the mid-seventies the Committee to Protect American Color

Television (COMPACT) was organized comprising of members such as Corning

Glass, Sprague Electric, GTE-Sylvania, etc., to weaken the Japanese

presence in the U.S. market. RCA and GE did not join in because they

expected to compete due to their high multinational bias. In the

beginning of 1977, the International Trade Commission of the U.S.

recommended a 25% duty increase, but negotiations between the Japanese

government and the U.S. government resulted only in quotas on export

during the carter administration (Wooster, J.H., 1985).

The protectionism did not result in any concrete benefits. U.S.

fi~ did not have the export orientation to cater to international

demands. Meanwhile, Japanese fiDns almost wholehearted1y concentrated

their efforts to exports and invasion of international markets. The

U.S. fi~s further laid down their technical leadership to the Japanese

fi~. Being unable to follow the tracks of the Japanese, the U.S. fi~s

finally yielded to the Japanese firms.

Graph 4-4 illustrates the number of U.S. color television

manufacturing industries. A rapid rise can be observed beginning 1981
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(Source: RRNA, 1989). However, it reaches to its peak in 1984 and then

starts decreasing in 1987. Graph 4-5 indicates a slight increase in the

number of units produced from 1980 to 1987 (Source: RRNA, 1989). The

factory value however increased at a greater proportion in comparison to

the number of units produced in the same period (See Graph 4-6) (Source:

RRNA, 1989). Graph 4-7 illustrates that there has been a1most an inverse

relation between the factory value per employee and factory value per

unit (Source: RRNA, 1989). The main cause of this is automation that has

been brought into factories. Graph 4-8, Graph 4-9, Graph 4-10, and Graph

4-11 illustrate the economic contribution of U.S. color television

manufacturing.
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:IHTI:GRAT:IOH PBASJ: - HZSTORY or BJ:GB DUDI:I~:IOH ':rI:LI:V:IS:IOH

5.1 Background -- HDTV: What is it?

High Definition Television (HDTV) is the next generation (third

generation or somet~es called fourth generation) of television

technology being developed by various organizations around the world.

(Note: The first generation of television was monochrome television, the

second generation was color television, and the third generation is

HDTV. Sometimes HDTV is divided into two generations. The analog HDTV

is referred to as third generation, and the digital HDTV is referred to

as fourth generation). HDTV promises to bring sharper images to the TV

screen, as well as superior digital stereo sound (s~lar to compact

disc) and a wide screen picture to the audience. It is an attempt to

create an electronic image equivalent to a 35 mm film production. High

definition can be measured by the resolution of the picture or the

number of active horizontal or vertical lines scanned on the television

screen (generally referred to as the television raster). HDTV and

Advanced Television (ATV) are sometimes used synonymously. ATV refers

to any system that results in improved television audio and video

quality, whether the methods employed improve or enhance the existing

National NTSC transmission system, or constitute an entirely new system

(FCC Notice of Inquiry, 1987). The present TV standard being used in

th~ United States is a 40 year old ~XSC standard that has 525 horizontal

scanning lines with field rate of 60 Hz. This corresponds to

approximately 350 lines of vertical resolutions and 350 lines of

horizontal lines. With the increment of active lines on the raster,
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HDTV wi11 scan many more 1ines and provide a c1arity, sharpness, and 10w

1eve1 of distortion that is avai1ab1e on1y on fi1ms. HDTV provides

better motion picture, i.e., the wagon whee1s don't go backwards

anymore. It is not possib1e to increase the size of disp1ays in

conventiona1 receivers because as disp1ays using non-HDTV techn010gy get

1arger, the viewer notices more defects and artifacts in the picture

such as - inter1ine f1icker, 1ine craw1, vertica1 a1iasing, static

raster, and cross c010r. CD qua1ity audio is avai1ab1e with the use of

digita1 stereo sound system in HDTV system. (Note: See Appendix A).

Ear1y research on visua1 perceptions discovered that the qua1ities

advocated by HDTV cou1d on1y be rea1ized when viewers sat c10ser to the

screen than they do with conventiona1 te1evisions. This resu1ted in a

wider fie1d of view which in turn increased the sense of presence of the

audience viewing the picture. But in doing so the viewers were ab1e to

see the scanning 1ines on the raster, which resu1ted in a very

disturbing picture often causing vertigo. To overcome this effect, the

number of 1ines scanned had to be a1most doub1ed. To further increase

the sense of presence, researcher discovered that the aspect ratio

(width of the picture compared to height) had to be increased. The

fo11owing are five features that define the main areas of HDTV - High

Reso1ution Disp1ay, Wider Aspect Ratio, Viewing Conditions, C010r

Rendition, Compact Disc Qua1ity Sound.
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Simi1ar to the history ~f monochrome te1evision and co1or

te1evision, the history of HDTV can be divided into three stages. They

are --

1. Idea Generation and Preliminary Assessment Stage;
2. Deve10pment and Testing Stage; and,
3. Standardization and Launch.
(Note: See Section 6.5).

5.2 Idea Generation and Preliminary Assessment Stage

This stage can be further divided into three sections

1. Before European Opposition;
2. European Opposition; and,
3. u.S. Initiatives.

5.2.1 Before European Opposition

The Japanese Broadcasting Corporation (Nippon Hyoso Kyokai) (NHK)

started work on High Definition Television since 1968 which was

initiated by Dr. Takahasi Fujio of NHK. On February 6-7, 1981, NHK

demonstrated its 1,125 1ine system to more than 800 engineers attending

the San Francisco SMPTE conference (Broadcasting, February 16,1981).

By using twice the number of scanning line and six t~es the bandwidth,

the system produced cinema qua1ity pictures. Among the viewers was,

Francis Ford Copolla, who remarked that he envisioned making extensive

use of the techn01ogy.

The Japanese HDTV was intended for DBS (Direct Broadcast

Sate11ite). In February 1981, CBS brought together the art to show

officia1 Washington, not only that HDTV was possible, but that it was

not all that far away. CBS's main purpose was to drum up support to
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reserve DBS frequencies by impressing federa~ regu~ators and ~egis~ators

(Broadcasting, March 2, 1981). In the U.S., there was a debate going on

about how the DBS would be used. STC, CBS, and NTIA, along with FCC

were all involved.

On April 28, 1981, SONY demonstrated its ful~ HDTV system. The

previous demonstration did not include the video tape recorders. The

aspect ratio of the television was the same 4:3. However, SONY claimed

that it could easily demonstrate a better panoramic television with a

different aspect ratio (Broadcasting, May 4, 1981).

In the September meeting, SMPTE had a discussion session for

discussing the problems and prospects of HDTV. The session was to

answer questions -- How, Why and When (Broadcasting, September 14,

1981). By now it was evident that the Japanese were pushing forward to

establish their HDTV standard as the international standard.

During September 1981, Compact Video demonstrated its HDTV system

in Los Angeles to the press and SMPTE. Its system ImageVision used 655

vertical scanning lines, an extra wide aspect ratio and 24 frames per

second (Broadcasting, November 2, 1981). The heart of the ImageVision

was the Phase Alternate Line Alternate Frame (PALAF) scheme that

eliminated the phase error of NTSC.

In Spring 1983, ATSC was for.med with a mandate to explore

technology promising to improve the quality of video and, where

possible, develop industry standards so the technology could be put to

work (Broadcasting, April 30, 1983). It consisted of three groups --

1. The "Improved NTSC" group was to address the ongoing and evolutionary
improvements in picture generated by NTSC standard through improvements
in studio and transmission equipment and television receiver;
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2. The "Enhanced Te1evisiona group was to investigate new production and
transmission systems that retain the 525-line format and 4:3 aspect
ratio; and,
3. The aHDTV" group was to look at systems like NHK HDTV systems and was
to come up with a U.S. recommendation of a worldwide HDTV standard,
(Note: See Appendix D)

From May 28 to June 2, 1983, proponents of high definition

television production standard were pushing for a world HDTV standard at

the International Television Symposium and Technical Exhibition in

Montreux, Switzerland (Broadcasting, June 6, 1983). Japan demonstrated

its HDTV system and was pressing for its standard to be adopted. (Note:

Proponents at this early period were interested in adoption of their own

standard so that they could lock in their customers and earn monopoly

rent). Philips demonstrated its "Hi-Fi Zero" prototype PAL receiver.

The system enhanced the picture quality by increasing the field rate to

100 fields per second. The C-MAC system developed by IBA of Britain was

a very talked about issue. This was the standard that was going to be

adopted by the European Broadcasting Authority for direct broadcast

satellites in Europe. During this symposium, the CCIR Director Kirby

announced that HDTV standard would be taken up in the interim CCIR fall

meeting in Geneva. (Note: See Appendix D for a discussion on nHDTV

Proposals in the United Statesa ) .

In September 1983, CBS announced its HDTV system that was

compatible with existing television sets, in accordance to the

recommendation of the ATSC (Advanced Television Systems Committee). In

its system the first channel would carry a 525-1ine signal and a second

channel called the augmentation channel would carry additional 525-1ine

signal with 5:3 aspect ratio. This was a 1,050-line system. It used
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the TMC (time mUltiplex component) video processing scheme for

tran~J.6sio~ (Broadcasting September 26, 1983). (Note: See Appendix I).

In March 1984, ATSC came up with three key parameters for a

worldwide HDTV production standard (Broadcasting, March 19, 1984). The

parameters were -- 1,125-lines, 5:3 aspect ratio, and 80 per second

field rate.

By June 1984, there were three systems competing head on

(Marketing and Media Decisions, June 1984). The two channel compatible

system was proposed by CBS. A semicompatible extended definition

television system was proposed by Philips. Finally a single channel

non-compatible system was proposed by NHK. (Note: See Appendix D).

At the International Broadcasters Convention held in London,

England on September 25, 1984, NHK announced the NHK MUSE system to

squeeze the 24 MHz or 27 MHz DBS channel to 8 MHz (Broadcasting, October

1,1984). NHK also informed the convention that due to the failure of

two of the three tubes of NHK's BS2A DBS satellite launched in January,

its HDTV program was being delayed.

By January 1985, the U.S. ATSC supported 60 per second field rate,

even though the EBU (European Broadcasting Union) and others were

skeptical about converting 60 field to 50 fields (Broadcasting, January,

28, 1985). The race to aChieve a worldwide HDTV production standard

would be taken up in the CCIR October 1985 meeting. ATSC was going to

make two proposals -- the first proposal was the 1970;s NHK 1,125 lines,

60 fields, and 2:1 interlace scanning; and, the second was RCA's 750

lines, 60 fields, and progressive scan.
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On March 19, 1985, the ItHDTV TechnoJ.ogylt group of ATSC approved a

document specifying an internationaJ. HDTV studio standard using NHK

deveJ.oped 1,125 J.ines, 60 fieJ.ds per second, and 2:1 interJ.ace scanning

teChnoJ.ogy, by a three to two margin (Broadcasting, March 25,1985).

(Note: This was a premature decision as wiJ.l. be shown J.ater on in this

chapter). The committee also recommended the standard be based on a

temporal rate of 60 Hz, an aspect ratio of 5.33:3, and a separate

J.uminance and two coJ.or difference component signals. This proposaJ.

wouJ.d be submitted to the plenipotentiary meeting of CCIR in Geneva from

October 16 to November 1, 1985.

During the biennial Montreux Television Symposium heJ.d from June 6

to June 12, 1985, many developments were recognized. The two decisions

made by EBU were weJ.J. elaborated (Broadcasting June 17, 1985). One key

EBU decision made in the spring was to hold off making any specific

recommendation on HDTV production standards until further stUdy on the

problem of standards conversion was conducted. A second ~portant EBU

decision made ear~ier that year was to complete standards for

transmission from direct broadcast satellite systems projected for

launch by several countries over the next two years. The standard was

for a family of MAC. Further, the Soviets, who were expected to be in

favor of the NHK standard, announced that they had submitted their own

separate HDTV proposal on the 50 Hz based system to the CeIR.

In September 1985, the EBU faiJ.ed to approve the NHK offered

parameters in its meeting in Tunisia (Broadcasting, September 30, 1985).
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5.2.2 European Opposition

At a meeting in Geneva from September 30 to October 2, 1985, the

interim working group of the CCIR agreed to forward to the next decision

level group documentation of the HDTV production system developed by the

NHK. However, a footnote was added by some European members expressing

reservations.

The interunion meeting of nine international broadcast unions

garnessed support for the NHK system held in Prague from February 17 to

23, 1986. The North American National Broadcasters Association (NANBAl,

the Asia Pacific Broadcasting Union (ABU), the Iberian Peninsula South

American Television Organization, the Inter American Broadcasting

Association and the caribbean Broadcasting Union endorsed the CCIR

proposed HDTV parameters (Broadcasting, March 3,1986). However, the

European Broadcasting Union (EBU), Eastern Bloc countries represented by

the International Radio and Television Organization (OIRT), and the Arab

States Broadcasting Organization noted that they required extra time for

additional studies. The union representing African countries abstained

form voting.

In March 1986, the French government appealed to postpone the

standardization of HDTV studio technology (Broadcasting, April 14,

1986). The HDTV studio standardization was to be taken up in the

plenary session of CCIR in Dubrovnik, Yugoslavia, in May 1986. The

French emerged as the most vocal oppositionist to the 1,125 line

proposal, because of its interest in version of MAC transmission and

component display technology developed by Dutch manufacturer Philips.
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German manufacturers, at a press conference in Da11as on Sunday,

Apri1 14, 1986, announced that it would join France and the Nether1ands

in submitting a joint proposa1 to the wor1d standard body CCIR asking

that efforts to standardize HDTV studio signa1s be de1ayed for further

study (Broadcasting, April 21,1986).

In a major setback to HDTV studio standardization the CCIR agreed

to de1ay standardization for at ~east four years in May 1986

(Broadcasting, May 19, 1986). The U.S., Canada, and Japan backed the

1125/60 standard that was opposed by majority of West European

countries. In a strong showing of opposition one week prior to the

opening of the CCIR p1enary, 12 nations of the European Economic

Commission (Be1gium, Denmark, France, Germany, Greece, Ire1and, Ita1y,

Luxembourg, Nether1ands, Portuga1, Spain, and the United Kingdom),

unanimous1y agreed that a choice on standards was premature and a

further study period of at 1east two years was required.

At the biennia1 International Broadcasting Convention in Brighton,

Eng1and on September 1986, an experimenta1 HDTV system was first

demonstrated by Phi1ips of the Nether1ands and a disp1ay by BBC of a

signa1 compression tectrnique now under deve10pment at its 1aboratories

(Broadcasting, September 29, 1986). The Europeans opposed the 1125/60

HDTV standard and inclined to their 1250/50 HDTV standard.

5.2.3 American Initiatives

In October 1, 1987, NBC announced at a press briefing that it had

developed an advanced te1evision system for terrestria1 broadcasting

(Broadcasting, October 5, 1987). NBC said its advanced compatible
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television or ACTV was jointly developed with the David Sarnoff Research

Center and General Electric/RCA Consumer Electronics. It would provide

a picture with double the current 525 scanning lines and fewer of the

imperfections of today's NTSC color TV transmission standard, all within

the current 6 MHz channel allocation.

In October 1987, the FCC fODmed the Rblue ribbonR advisory panel

on advanced television consisting of top executives from throughout the

television industry including the chief executives of the three major

networks, the country's second largest multiple cable system operator,

the largest pay cable service and consumer receiver manufacturers

(Broadcasting, October 12, 1987). The panel would recommend policies,

standards and regulations to facilitate the orderly and timely

introduction of ATV (Advanced Television) services in the U.S. (Note:

See Appendix B).

In this same month (October 1987), the U.S. Congress declared

itself in on HDTV (Broadcasting, October, 12, 1987).

By October 1987, there had been a number of HDTV proposals. They

were -- NHK's MUSE system, NYIT's VISTA, North American Philips' HD

NTSC, NBC's ACTV, and Del Rey Group's HD-NTSC (Broadcasting, January 12,

1987). (Note: See Appendix D).

In a vote that took place at the ATSC -- the result was 26 were

for HDTV 1,125/60, 16:9 aspect ratio production standard based on the

system developed by Japan's NHK; 11 were against; and, 8 abstained. The

voters included NAB, NCTA, EIA, IEEE, ABC, CBS, NBC, HBO, GE, AT&T, PBS,

etc. (Broadcasting, January 11, 1988).
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On January 27, 1988, the Europeans detailed the research on 1,250

line, 50 Hz frame rate production and transmission system by Eureka, a

consortium of 18 European countries that had ear.marked $180 million for

HDTV research, during a tutorial sponsored by FCC entitled WHigh

Definition Television: A European View. R It was pointed out that

although FCC and its HDTV industry advisory committees were primarily

interested in finding ways of terrestrial broadcasting, Eureka's highest

priority was finding a system for direct satellite broadcasting

(Broadcasting, Feb~uary 1, 1988).

On February 1988, ABC, CBS, NBC, NAB, AMST, AITS, and to a lesser

degree PBS, in partnership in formed the ATTC, which was a non-profit

organization governed by a board of directors with representatives from

each founding contributor, and its main objective would be to perform

comparative laboratory and field tests for each advanced television

proposal and make subjective quality comparisons and spectrum

alternatives (Broadcasting, February 22, 1988). It was to function nas

a service to the television industry and assist the FCC Advisory

Committee and the ATSC.w

5.3 Development and Testing

At the NAB convention of ATV at Las Vegas in April 1988, the

proponents of HDTV gave their demonstrations (Broadcasting, April 18,

1988). The Japanese NHK's system was demonstrated. In response to

demand for compatibility and to build a bridge of time NHK demonstrated

six new Muse variations -- three 9 MHz or MUSE-9 systems and three 6 MHz

or MUSE-6 systems. NBC demonstrated its ACTV I and ACTV II. NYIT
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demonstrated its prototype of HDTV transmission system.

Appendix D) •

(Note: See

The Del Rey Group was also present at the convention. Other

proponents were Faroujda Laboratories Inc., which showed what it called

SuperNTSC.

TwO other proponents of ATV systems were missing. One was

Philips' NTSC compatible, two channel system employing progressive

scanning scheme, and the other was MIT's two step transmission standard.

In July, 1984, Tele-Communication Inc. (TCI) announced that it

would back the Faroudja Labs SuperNTSC HDTV approach (Cablevision, July

4,1988). In the agreement TCI would allow Faroudja to use its

facilities in Pacifica and Sunnyvale, california for its on-site

testing.

On August 15, 1988, Broadcasting announced that the second stage

in the development of HDTV transmission standard by the FCC advisory

committee began in Wednesday, August 10 in Washington. After having

spent several weeks reviewing the ATSC's first interbn report, drafted

by the planning subcommittee, the systems subcommittee began preparation

for the second report, tentatively due February 1, 1989, which would

provide further recommendations to the FCC. The first report, which was

approved by the ATS blue ribbon committee and sent to FCC in June 1988,

identified some attributes of the various advanced TV systems that

should be tested and some of the tests that should be performed

(Broadcasting, August 15, 1988). The second report would provide a

"characterization of the proponent systems and some outlook on the

testing phase." The third report would provide the test results. The
105



fina1 report wou1d recommend to the FCC a satisfactory te1evision

transmission system or systems. Eighteen proponents had stated their

intent to take part in ATS testing process. (Note: See Appendix I) .

The test was to be perfoDmed by six task forces --

1. A group that
2. A group that
3. A group that
4. A group that
5. A group that
6. A group that

wou1d deve10p terrestria1 test po1icies and procedures;
wou1d decide what kinds of equipment wou1d be needed;
wou1d procure needed equipment;
wou1d decide source materia1 to be used;
wou1d decide test procedures for a1ternative media; and,
wou1d decide test procedures for subjective assessment.

Zenith E1ectronios Corporation in August moved to secure its p1ace

in the HDTV race (Broadcasting, September 5, 1988). It proposed an

ana1og-digita1 system SC-HDTV for broadcasting HDTV over unused VHF and

UHF channe1s without interfering with existing NTSC stations.

See Appendix D) •

(Note:

On September 2, 1988, USSR's chief techno1ogist, Henrikas

Yushkiavitshus, ca11ed on engineering e1ites to a set wor1d production

standard (Broadcasting September 12, 1988). In the meeting it was

pointed out that USSR p1anned to organize tests in Moscow of various

HDTV systems -- principa11y three. One wou1d be NHK's 1125/60, another

Eureka's 1250/50, and the third USSR's 1350/50.

On September 1, 1988, FCC tentatively decided to require HDTV

broadcast to be compatible with conventiona1 and ubiquitous NTSC sets in

the same way NTSC color broadcasts were compatib1e with black and white

sets (Broadcasting, September 5,1988). And although it also

tentative1y decided that it would not make additional spectrum outside

VHF and UHF bands available for HDTV, it said that there was enough

spectrum within the broadcast bands to accommodate the enhanced service.
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FCC also launched an inquiry from broadcasters on the relative

advantages of three allocation schemes --

1. that no additional spectrum be made available;
2. that a 3 MHz channel, not necessarily contiguous be made available to
augment the main channel; and
3. that a 6 MHz channel, not necessarily contiguous, be made available
to augment the main channel or to simulcast HDTV during transition
period.
(Note: See Appendix I).

To generate interest in Washington for a national policy regarding

the development of HDTV in the U.S., the House Telecommunication

Subcommittee brought together several competing HDTV broadcasting

systems in capitol Hill in September 1988 (Broadcasting, September 12,

1988). The competitors were David SaL~off Laboratories (ACTV), Del-Rey

Group (HD-NTSC), Faroudja Laboratories (SuperNTSC), New York Institute

of Technology (VISTA), NHK (MUSE), North American Philips (HDS-NA) and

Zenith (SC HDTV). There were eleven additional systems under

consideration by the FCC HDTV advisory committee.

On September 12, 1988, the FCC heeded to intense pressure from

broadcasters and tentatively conclUded that advanced television systems

should be compatible with present day receivers but that any additi.onal

spectrum needed for its provision should be squeezed out of the current

VHF and UHF bands.

The major HDTV contestants as of September 21, 1988, as reported

in New York Times, September 21, 1988, were -- NHK MUSE, ACTV, VISTA,

HDS, HD-NTSC, and SC HDTV.

The schedule for testing HDTV systems at Advanced Television Test

Center (ATTC) Alexandria, Virginia were announced by ATS as given in

Table 5-1 (Broadcasting, October 2,1989).
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TABLE 5-1 SCB1I:DtJLJC FOR TZSTZNG BY AT'rC

Mav 25, 1990 SuperNTSC developed bv Faroud;a Laboratories
Julv 17, 1990 Genesvs Transmission Svs. bv Production Sys.·
September 5, 1990 ACTV I bY David Sarnoff Research Center
October 25. 1990 Narrow MUSE by NHK
December 13, 1990 MUSE 6 bv NHK
Februarv 1L 1991 Spectrum Compatible HDTV by Zenith
April 2, 1991 ACTV II bv David Sarnoff Research Center
Mav 21, 1991 HDS-NA by North American Philips
Julv 12, 1991 Channel compatible system by MIT

On October 1989, Electronics magazine published that digitized

HDTV was turning the heat. The advent of multimedia was the main magnet

for this development (Electronics, October 1989). Further, computer

industries and telephone industries were pressing this further.

On September 4, 1989, Faroudja Laboratory announced the first

advanced television broadcast to be viewed by the public within six

weeks (Multichannel News, September 4, 1989). This would be the first

transmission in the SuperNTSC format.

In a last minute entry into the FCC sponsored HDTV trials, New

York City based General Instruments Corporation proposed an all digital

broadcasting scheme called DigiCipher for the U.S. HDTV standard

(Electronic Business, August 20,1990). The benefit of digital signal

is that it can be of lower power than analog. This meant that co-

channel interference could be reduced, if not eliminated. Error

correction is an added advantage. This added an extra dimension to the

FCC testing. Further there would be closer integration of television

and computers.

In December 1990, Zenith announced an all digital HDTV system

(Broadcasting, December 24, 1990). The all-digital Spectrum Compatible
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(HDTV) SC-HDTV would employ an 787.5 line, 59.94-field, progressive scan

format. It was scheduled for test in October 1991. Zenith developed

this system in partnership with AT&T Bell Laboratories and AT&T

Microelectronics. In November 1990, The Advanced Television Research

Consortium (ATRC) composed of NBC, Thomson Consumer Electronics, North

American Philips, and David Sarnoff Research Center announced its all

digital system. This brought three of the six proposals to be all

digital. The other proponent MIT was underway to have an all digital

system. The fifth proponent NHK Narrow-MUSE announced that it would not

convert its all analog system. The sixth proposal backed by ATRC, the

ACTV, was to remain analog.

In January 30, 1991, two competitors in the effort to develop a

standard for transmitting HDTV, MIT and General Instruments Corporation,

announced that they would work together to develop an all-digital

technology (The New York T~s, January 31,1991). This meant that all

but one of the proponents had digital systems.

On April 3, 1991, the FCC Advisory Committee announced that there

would be a delay in starting the testing of the six proposed designs and

they would not begin until July 1991 (Los Angeles T~es, April 3, 1991).

The delay was primarily due to the design modifications of the

proponents from analog to digital. The competitors were -- a

partnership between AT&T and Zenith Electronics, another partnership

between General Instruments Corporation and MIT, a consortium of

Philips, NBC and David Sarnoff Research Laboratory, and the Japanese

broadcaster NHK.
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In October 1991, the FCC voted 5-0 to propose awarding new

channels for broadcasting HDTV only to existing broadcasters, reserving

the benefits of HDTV broadcasting for the current generation of TV

stations (Wall Street Journal, October 25, 1991, Washington Post,

October 25, 1991). The agency would provide a separate channel to

broadcasters to simulcast its conventional TV signal.

In December 1991, GI demonstrated its prototype of HDTV to

reporters (New York T~es, December 3, 1991). In March 12,1992, Zenith

Electronics and AT&T gave their first public demonstration of their

digital HDTV system (Wall Street Journal, March 13, 1992).

Testing of the six proposed systems began on July 1991 in

Alexandria, Virginia (The New York Times, August 18, 1991). Five of the

systems were true HDTV, which provides wide screen picture with twice

the resolution, and sound as clear as CD. The sixth provides modest

improvements using current broadcast· standards to transmit improved

pictures. The test would be used to answer the following questions

1. can the signal fight statics?
2. Will the signal reach outlying suburbs? and,
3. Will the screen pick up interference from adjacent channels?

The testing was to be conducted in the following manner. The

proponents would supply transmitters and receivers. Technicians would

connect them with wire. The broadcast test bed would simulate distance.

The torture chamber would subject the signal to a wide range of

interference (noise). The signal would then be recorded in a videotape.

These tapes would be viewed by a panel of non-experts in canada, who

would rate the quality of the pictures
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richness of c010r, detai1s in moving picture, and crispness of sound.

The key to success for each system wou1d be its abi1ity to generate

signa1s that wou1d be robust enough to trave1 10ng distances and benign

enough to keep from generating too much of their own interference.

During that period of 1991, the Japanese fe1t pessimism with their

new system. Their system designed mainly for sate1lite broadcasting

cou1d become obs01ete before it even took off (Business Week, Apri1 1,

1991). It was expected that the Japanese wou1d 10se more than the $1

bi11ion that they spent on deve10ping HDTV for 20 years. NHK, aided by

two ministries and eleven technica1 firms, had 1ed Japan's effort to

invent and promote HDTV. The techn010gy offers denser res01ution, wider

screen, richer c1arity; but the obstac1es have been -- weak start on

deve10ping programs, rapid improvements of techno1ogy, competing digital

systems deve10ped in U.S., and internationa1 opposition on agreement of

standards (The Christian Science Monitor, March 16, 1992).

5.3 Standardization and Launch

Trade was the major issue in the Washington Conference nHDTV and

Business of Te1evision of 1990's· sponsored by the Denver-based 1aw firm

of Davis, Graham & Stubbs in September 1988 (Broadcasting, September 19,

1988). This was a shift from engineers and executives who have been

concentrating on what shou1d be the standard to how the decision will

affect the American Economy. Earlier in the year the National

Telecommunication and Information Administration, an arm of the Commerce

Department, had released a report showing that the advent of HDTV in the

U.S. cou1d provide a shot in the arm for nation's trade and economic
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policies (cablevision, September 26,1988). The study said that if the

u.S. gets its foot in the door early, potential sales of HDTV equipment

could top $150 billion by the beginning of the 21st century and a spark

of welcome explosion in the American job market.

E, F, and G).

(Note See Appendices

Prior to this in June 1987, the issue had drawn attention in

Capitol Hill in hearings by House Telecom Subcommittee (TV Digest, June

27, 1986). The highlights were -- networks' pleas on spectrum to be set

aside, economy and security, free market forces not being enough, and

distinct U.S. standards. To fuel up the HDTV program several

alternatives were suggested

1. Government should decide as soon as possible on HDTV standards;
2. Government should partially fund HDTV research;
3. Government should make its own HDTV relevant research available;
4. Government should provide antitrust immunity to allow companies to
cooperate on HDTV research;
5. Government should provide tax incentives for research; and,
6. Congress should fund nationwide procurement program such as
committing to buy HDTV for every classroom, military installation, or
PBS station.
(Note: See Appendix H).

As HDTV approached, the questions of programming came into the

arena. The fancy technology was not enough by itself. Without programs

to watch, nobody would buy the new sets (The Economist, October 1,

1988). Without an audience to watch them, no producers would make HDTV

programs. How could this HDTV circle be broken? Japan and Europe came

up with two different answers. Japan planned to sell the equipment to

program makers first; to begin with, it did not plan to use HDTV for

broadcasting at all, but to make fi~ for cinema. Europe's plan seemed
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to be more logical -- to introduce HDTV for television audiences

gradually, by making it compatible with existing television sets.

However, Japan's plan was not foolish as it sounds. An HDTV film is

cheaper to make than a celluloid because easy-to-use electronics lowers

production costs and wage costs also.

At the IBC in Brighton, England, during September 23-27, 1988, the

European alliance, the Common Market sanctioned Eureka, led by Philips,

Thomson, and Bosch, showed for the first time its working HDTV system

with all the basic elements of the chain, all based on 50 Hz using 1250

lines on a screen with an aspect ratio 16:9 (Broadcasting, October 3,

1988). Only 14 months ago at the International Television Symposium in

Switzer-land at June 1987, the group had only a black and white

progressive scan HDTV studio camera and a wide screen receiver to show.

At the convention Eureka announced that it planned to propose the

1250/50 progressive scan production standard at meetings in 1990 of the

world standards body CCIR.

Broadcast and cable television experts, appearing at November 10,

1988 at the Electronics and Aerospace Convention in Arlington, Virginia,

expressed consensus of opinion on several key elements --

1. A mix of HDTV transmission systems must initially be put into
practice;
2. The transmission standards adopted by the FCC must allow quality
crossover to all other delivery Bystems~

3. Standard setters must aim for the highest end of enhanced or advanced
resolution because true HDTV video disk and video cassette would raise
consumer expectations; and~

4. Widespread consumer marketing of HDTV could be much as a decade away.

In December 1988, another participant in the development of HDTV

technology stepped in -- the U.S. Department of Defense. The Pentagon's
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Defense Advanced Research Project Agency (PARPA) said that it planned to

solicit proposals from video display manufacturers and research labs for

the twin purposes of development of low cost resolution displays for

defense application and the perpetuation of vital video display and

semiconductor manufacturing industries in US (Broadcasting, December 26,

1988). The defense department saw video display for a number of

different applications -- training s~ulators, and mobile command

centers. The other goal of the Pentagon was that the vital American

electronics industries produce HDTV equipment.

On June 1989, DARPA announced that it would award five companies

contracts to develop HDTV (Broadcasting, June 19, 1989). It selected

Texas Instruments Inc. of Dallas, NewCo Inc. of San Jose, Rachem Corp.

of Menlo Park, and Projectvision Inc. of New York to receive awards to

pursue proposals dealing with projection display technology. A contract

to develop gas plasma flat panel was given to Photonics Technology Inc.

of Northwood, Ohio. The original Broadcast Agency Announcement (BAA)

release said that DARPA indicated that half of $30 million would

Ultimately go to video processing development. More than 80 companies

applied for the award. Among foreign companies to apply were Japan's

Sony Corp., France's Thomson, and Dutch Philips.

On September 11, 1989, the National Advisory Committee of

Semiconductors made an interim recommendation to President Bush to

launch a national HDTV initiative to sustain competitive position in the

industry (Electronic News, September 11, 1989). It mentioned that a

robust HDTV industry could provide an ~portant element in a successful

reentry into consumer electronics industry. This sparked additional
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policy debates on HDTV funding (Multichannel News, September 18,1989).

The American Electronic Association was appealing for a billion-dollar

federal investment in HDTV to retaliate against the Japanese, while free

market conservatives adhered to market forces to shape the future of

HDTV. The Department of Commerce announced that it decided against

nurturing HDTV as a key industry on September 18, 1989.

During this period Japan had made considerable progress in HDTV.

Japan had launched an experimental hour long broadcast bounced daily by

satellite BS-2 to prototype HDTV sets (about 80 locations) scattered

throughout the country on June 2, 1989, using MUSE signals (IEEE

Spectrum, October 1989). Europe had planned experimental broadcast in

1991. Meanwhile, the U.S. was bogged down trying to determine a

standard and the economic importance of HDTV. The National Space

Development Agency, Tokyo, had planned to launch broadcast satellite BS

3a in 1990 and BS-3b in 1991. With the launch of BS-3a full HDTV

broadcast was planned in late 1990. Ml?T, Tokyo had heavily promoted

HDTV in 1988 during the Seoul Olympic games, by installing 208 prototype

HDTV sets at 81 locations.

In October 23, 1989, Rep. Edward Markey (D-MA), Chairman of the

House Telecommunications Subcommittee, speaking to members of the

Federal Communications Bar Association announced that he would introduce

a bill to the Congress that would help the U.S. industries compete by

pooling grant money for research and development, and provide temporary

antitrust-law exemptions for coneoxtd.uma dedicated to develop emerging

technologies (Multichannel News, October 23, 1989). This step was in
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retaliation to the Bush Administration's backing away from substantial

government involvement in nurturing this fledgling HDTV industry.

Just as important as the standards for transmission and studio,

was the technology for the display of this HRS. To date most of the

displays are big and bulky. Five new display technologies are competing

for. success. They are Active Matrix LCD, Plasma Techllology,

Electroluminescence (EL), Vacuum Microelectronics, and Deformable

Mirrors (Business Week, February 26, 1990). (Note: See Appendix J) .

During the 17th Plenary Assembly of the International Radio

Consultative Committee (CCIR) held in Dusseldorf, Germany, during May 21

to June 1, 1990, no final decision cou~d be reached on HDTV standards

(Broadcasting, June 4, 1990). The assembly officially approved 23

separate HDTV system parameters, including a 16:9 aspect ratio and color

characteristics, but there was still disagreement on matters of scanning

parameters that govern picture resolution and the rate at which the

picture is changed. Therefore there seemed three scenarios possible

1. No world HDTV production standard would be set (most likely outcome);
2. A compromise format would be adopted, in which most but not all
parameters would be agreed upon (most desirable outcome); and,
3. A world standard would be approved (quite impossible outcome). The
question would not be discussed until the CCIR plenary session in 1994
or later.

There was a minor setback for HDTV standard setting efforts in

September 1990, when the house legislation containing FCC funding for

evaluation ran aground (Broadcasting, October 1, 1990). The Commerce

Committee removed the bill (H.R. 4933) due to the Foreign Affairs
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Committee's effort to review it, killing its chances for passage during

the 101st Congress.

The fiery destruction of the Atlas/Centaur rocket in April 1991

caused a set back in Japan's ambitious plan to begin the world's first

commercial broadcasting of HDTV (Wall Street Journal, April 22,1991).

The mishaps would delay plans by Japanese government and industry

officials to introduce a new satellite channel by November that would

deliver eight hours a day HDTV programs.

During July 1991, Japanese fir.m Sanyo Electric Company and

California semiconductor maker LSI Logic Corporation agreed to team up

to design electronic chips for HDTV (New York Times, July 16, 1991, Wall

Street Journal, July 16, 1991). This would boost the Silicon Valley

chip maker's share of the Japanese consumer electronic market. In

August 1991, three Japanese companies (Fujitsu Ltd., Sony Corp. and

Hitachi Ltd.), announced that they were pooling their resources and

technology with Texas instruments Inc. to develop microchips for HDTV

(New York Tbmes, August 16, 1991, Wall Street Journal, August 16, 1991).

This provided a further boost to the American consumer electronic

business. On June 14, 1991, Eastman Kodak had announced that it would

work with BTS Broadcast Television Systems GmbH of Germany to jointly

develop and market a way to convert film reels so that it could be

played on HD1V (Wall Street Journal, June 14,1991). Meanwhile Motorola

and Toshiba Corporation were already working together on IIDTV chips.

A fourth consortium between Japanese companies and American

companies to develop HDTV was formed in November 1991. Eight Japanese

companies led by NEC Corp., Matsushita Electric Industrial Co., and
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~tsubishi Electric Corp., and two American companies, LSI Logic Corp.

and VLSI Technology, announced that they would join together to design

semiconductors for HDTV (Wall Street Journal, November 18, 1991). The

other consortiums are Motorola Inc. and Toshiba Corp., LSI Logic and

Sanyo, and Texas Instruments, Fujitsu, Hitachi and Sony.

In November 25, 1991, NHK launched a daily eight-hour test program

on HDTV (HiVision) (New York Times, November 26, 1991, Wall. Street

Journal, November 26,1991, Washington Post, November 26, 1991). There

had been delay due to the failure of launching of broadcast satellite of

Japan earlier.

During the WARC that was held in February-March 3, 1992 new

spectrums was allocated to HDTV (The Economist, March 7, 1992).

However, HDTV ran into some problems. Europe and Japan wanted the 21

GHz band, which America uses for research. America wanted the 17 GHz,

which Europe uses for fixed telephone links. Therefore, it was decided

that different regions would have different frequencies.

In April 1992, FCC took a decision that it would give TV stations

five years to broadcast in HDTV once the agency approves a standard and

makes channel available. FCC also proposed 15 year time period for

total HDTV conversion (Broadcasting, April 13, 1992). Broadcasters did

not take this decision to be favorable and blasted the FCC decision.

Some thought that this was a good decision by giving the nation a new

standard and a deadline.

On March 23, 1992, GI broadcasted from WETA-TV's transmission

tower on River Road in Maryland to a five foot wide video screen in the

u.S. Capitol, the world's first over the air digital signals (Washington
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Post, March 24, 1992). The demonstration was intended to show that

digital TV works.

On March 24, 1992, The Wall Street Journal announced that the

ACTV, proposed by ATRC consisting of David Sarnoff Research Center, NBC,

Philips, and Thomson, was quietly dropping out (Wall Street Journal,

March 24, 1992). This caused the number of contestants to decrease to

five. This same day the advisory group of FCC conducting the tests

announced that there was a five months delay. Hence the results could

not be out until late 1993 (New York T~es, March 25, 1992).

The FCC outlined a broad regulatory framework on April 9, 1992.

Under the plan, companies that own ordinary television stations would be

given a second channel to broadcast HDTV. This two channel arrangement

would be maintained during a 15 year transition in which the consumers

would have a choice between the conventional TV system and HDTV. At the

end of the transition, the broadcasters would relinquish one channel

(The New York T~es, April 10, 1992, Washington Post, April 10, 1992).

Under the plan, broadcasters would have a five-year period, starting

1993, to apply and build an HDTV station and no more than four years

after that initial period to program the HDTV channel as they wanted

(Wall Street Journal, April 10, 1992). By 2008, the agency proposed,

broadcasters would have to turn in their conventional channels and

broadcasts solely in HDTV. FCC also mentioned that HDTV would not

constitute a new service but an improvement on an existing one. The

agency voted 5-0 to reserve new HDTV stations for existing broadcasters

for at least two years, effectively blocking new entrants into the HDTV

broadcast market (Wall Street Journal, April 10, 1992). This action by
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the FCC received criticisms from the broadcasters who complained that

FCC did not take the cost o£ ~plementation into account (Broadcasting

13, 1992). The FCC did indicate that it was willing to take comments

from broadcasters who were the ones to be affected at grass roots level.

By April 1992, the ATTC in Alexandria, Va., had already tested the

NHK HDTV system (Business Week, April 27, 1992). The other four

remaining digital systems only differed slightly. Two of them were

interlaced systems, and the other two were progressive systems.

It was announced in May 7, 1992, that two of the four rival groups

agreed in principle to hedge their bets by splitting royalties if either

of them won the competition (New York T~es, May 8,1992). The new

alliance would unite two groups, one consisting of General Instrument

Corporation and MIT and the other consisting of Zenith Electronics

Corporation and AT&T. The pact was for.med to reduce financial risks.

The Wall Street Journal reported that the winning group would get about

two-thirds of the royalties, while the losers would collect about one

third (The Wall Street Journal, May 8,1992). This was a good sign and

a positive development because more companies would be backing up a

single standard. Further the groups would work together to refine the

selected system.

On May 29, 1992, Zenith Electronics and AT&T sent HDTV signal 75

miles, in the first long distance test of digital transmission (The Wall

Street Journal, May 29, 1992). This indicated that the system could

cover the distances required for conventional television.
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The test showed that --

1. Digital TV signals did not suffer from ·cliff effects·;
2. Programming carried out on a low powered digital signal could produce
near perfect, interference free images even when a higher power signal
is sharing the same channel from a nearby transmitter; and,
3. Shots taken with standard TV equipment could be upgraded to be shown
on a HDTV system (Chicago Tribune, May 31, 1992).

In May 1992, the broadcasters presented a unified front opposing

the FCC's fifteen years deadline for conversion into HDTV. However,

other players such as AT&T and Land Mobile Communication Council (LMCC)

supported FCC's plan, since they agreed that tieing up frequency

spectrum uselessly was not prudent. The NTIA therefore suggested a

review process at the end of 1998 (Broadcasting, July 27,1992).

In the Baltimore Convention Center, GI demonstrated its DigiCipher

HDTV system using the Ku-band SBS-6 system in the first week of August

1992 to several thousand Satellite Broadcasting and Communication

Association (SBCA) members (Broadcasting, August 10, 1992).

The HDTV race had penetrated the IC design market. Numerous

companies were trying to develop ICs that would be integrated into the

HDTV system. VRAM (Video random access memory) chips that would store

and retrieve segments of the whole image were being developed by TI,

Hitachi, Toshiba, and NEC. ICCs (image compression chips) that would

delete all but the most crucial data from a picture were being developed

by Intel, AT&T, C-Cube, and Sony. GCs (graphic controllers) that would

help create or alter image on a display, even spinning on an axis in

three dimensional space were being developed by AMD, Intel, Integrated

Device Technologies, and LSI Logic. DVPs (digital video processors) that
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wou1d mix video, graphics, and text for use in video-conferencing or

mu1t~edia presentations were being developed by Cirrus Logic, Phi1ips,

Chips & Techn010gies, Brooktree, and Sierra Semiconductor (Business

Week, August 24, 1992).

During that period digita1 television posed a new prob1em to the

broadcasters. According to the FCC, the broadcasters wou1d be 10cked

into the HDTV system. However, other de1ivery systems, such as cab1e

and other mu1timedia channe1 competitors could exploit two paths -- 1.

the HDTV path; and, 2. the NTSC digita1 path. It was realized that if

digita1 NTSC pre-empts HDTV and dominates the market the broadcasters

are disadvantaged. If both digita1 NTSC and HDTV survive, the

broadcasters sti11 have a prob1em, but if consumers embrace HDTV, the

broadcasters have at least a path (Broadcasting, August 24, 1992).

It was announced by the ACATS that it wou1d se1ect a fina1ist for

fie1d testing on February 8,1993 (Broadcasting, September 28,1992).

In May 1993, the four competing systems agreed to join in to form

a Grand Al1iance, and present a unified system (Broadcasting and Cable,

Ju1y 12, 1993). The primary reason for doing so was that their systems

were quite similar to each other. It was expected that a system should

be ready by May 1994.

In June 1993, the FCC got ita first officia1 100k at the specifics

of the HDTV grand a11iance's proposed system. The alliance 1aid out a

detailed plan for developing and constructing its joint systQU, and

promised that pending details, such a transmission method would be

ironed out by November 30, 1993. Other critical items, such as the

audio and digital compression systems would be worked out that summer
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(Broadcasting and cab1e, Ju1y 12, 1993). The FCC was pressing the

a11iance to adept 1,080 X 1,920 pixe1 system to make it compatib1e with

overseas systems. The FCC committee consisted of four working groups

scanning for.mat, data transportation, transmission, and audio. The

fifth group would study the details of the system. The a1liance would

test and verify itself before turning the prototype to the committee.

In October 21, 1993, the Broadcast caucus (group of industry trade

and major networks) acknowledged the major victory for broadcasters with

the unveiling of the details of the Grand ~liance system (Broadcasting

& Cable, October 25, 1993). The a1liance committed to support the

emerging MPEG-2 compression system and sett1ed on the six MHz channel,

and CD-quality Dolby AC-3 music system. Most of a11 they agreed to use

the 1920 X 1080 1ine inter1aced system. The FCC a1so announced that it

hoped to have a fu1l HDTV broadcast standard by the end of 1994.

With the announcement in February by The Grand ~liance that it

was closing in on the 1ast portion of its terrestrial standards (HDTV

Report, February 2, 1994) and TI's announcement that it planned to offer

DMDs (digital micrometer devices) to replace the CRTs, it was evident

that HDTV was finally coming to fruition. On February 16, 1994, the

transmission scheme (VSB) that was proposed by Zenith was recommended as

the new standard for HDTV (Business Week, March 7, 1994).
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6.1 Background

This chapter draws together the contents of Chapter 3, Chapter 4,

and Chapter 5. As mentioned in Chapter 2, Section 2.5.2, this chapter

discusses Step II of the Research Design, which is "Historical

Analysis." The contents are analyzed,and the entities involved in the

history of television are identified and isolated. This is discussed in

Section 6.2. The relationships between and among these entities are

discussed in Section 6.3. Trend analysis is performed in Section 6.4.

The Stages and Phases in the development of a high technOlogy product is

described in Sections 6.5 and 6.6 respectively. In Section 6.7, the

stages, the phases, the entities, and their relationships are put

together. Section 6.8 discusses the changes in the relationships among

and between entities in the various segments of the phase-stage matrix.

Section 6.9 integrates all the above section to come out with a Product

Development Model. Finally in Section 6.10, hypotheses are formed to

that would be used to validate the model.

(Note: In this study "among entities· refers to between manufacturers,

between research organizations, between customers, and between

government agencies; and "between entities" refers to between

manufacturers and research organizations, between research organizations

and customers, between customers and government agencies, between

government agencies and manufacturers, between manufacturers and

customers, and between research organizations and government agencies).
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6.2 Entity Identification

In this study entity has been identified as ·something that has

rea1 existence· (Hornby, A.S., Gatenby, E.V., & Wakefie1d, H., 1972).

Only entities that have occupied prominent positions in the te1evision

race have been considered.

The entities have been iso1ated through historica1 ana1ysis.

Other 1iterature and pub1ications dwelling upon the premises of high

techno1ogy have been coherent with the iso1ation made in the study. The

entities identified through historical ana1ysis are as fo11ows -- 1.

Manufacturers, 2. Research Organizations, 3. Customers, and 4.

Government Agencies (Note: See Chapter 3, Chapter 4, and Chapter 5).

Mosco, V., in his book -The Pay-Per Society: Computer and

Communication in the Information Age- has identified some six dimensions

of po1icy ana1ysis, among which four are directly re1evant to this study

Markets (Customers), Industria10rganizations (Manufacturers),

Bureaucracy (Government), and Audience (Research Organizations) (Mosco,

V., 1989). The other dimensions -- time and space, have been taken into

consideration in an indirect manner. For examp1e, time has been taken

into consideration whi1e traversing through the various phases and

stages in the deve10pment of high techno1ogy product. Others in the

literature have identified the four entities as -- Providers, Users,

Regu1ators, and Civic Organizations, which corresponds to -

Manufacturers, Customers, Government Agencies, and Research

Organizations respective1y.
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The definitions of the entities in this study are provided in the

following sections.

6.2.1 Manufacturers

These are people, groups, organizations, etc. (individual or

collection) who are involved in activities such as producing,

fabricating, building, constructing, casting, setting up, tooling, etc.,

in the development of a high technology product. (Note: See Chapter 1

for the definition of ahigh technology producta). Their main interests

are profits and efficiency and they do so through competition and

cooperation with the various entities. Examples of manufacturers

involved in our study are given in Table 6-1. The list contains

manufacturers that have made the news, i.e., ones that have been active

participants in television history, however, it is not exhaustive.

6.2.2 Research Organization

These are people, groups, organizations, etc. (individual or

collection) who are involved in the investigation undertaken in order to

discover new facts and ideas, get additional information, and come out

with additional information or ideas for the social good, equity and

access through the mode of professionalism and expertise (The Advanced

Learner's Dictionary of Current English, 1972). Examples of Research

Organizations involved in our study are given in Table 6-1. Similar to

Section 6.2.1, the list contains research organizations that have made

the news, i.e., ones that have been active participants in television

history, however, it is not exhaustive.
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6.2.3 Customers

These are peop1e, groups, organizations, etc. (individua1 or

collection) who are invo1ved in buying the products and using them.

Their interests are access, efficiency, and va1ue, and they avai1 it

through the means of competition and/or cooperation with other entities.

Literature and also the historica1 ana1ysis has revealed two 1eve1s of

customers. Examp1es of Customers invo1ved in our study are given in

Table 6-1. (Note: They have not been classified as Leve1 I or Level

II) .

6.2.3.1 Level I Customers

These are peop1e, groups, organizations, etc. (individual or

collection) who purchase the products and use it to de1iver some other

product to Leve1 II customers. NBC, CBS. and ABC are some examples of

this type of customer. They purchase broadcast and te1evision equipment

from various manufacturers to produce programs that are meant for the

use of Leve1 II customers. They are sometimes referred in the

telecommunications 1iterature as ·suppliers.-

6.2.3.2 Level II Customers

These are peop1e, groups, organizations, etc. (individual or

collection) who purchase the products from manufacturers and use it for

their own end use. In other words, these are the fina1 consumers.

132



(Note: Though most products have two levels of customers, there are some

that have only one level. For example, when television products

manufacturers such as Zenith, RCA, Magnavox, etc., are considered, they

have two levels of customers -- Level I: ABC, CBS, NBC, etc., and Level

II -- Ordinary viewers of television programs. On the other hand if

television program producers such as ABC, CBS, NBC, etc., are

considered, they have one level of customers -- Ordinary viewers. In

this study, both the levels of customers have been integrated into one

unit for the simplicity of analysis and also to make the end model more

generic). This leads to an assumption made for this study.

Assumption: Both Levels of Customers, Level I and Level II can be

represented as elements of the same entity set.

6.2.4 Government Agencies

These are people, groups, organizations, etc. (individual or

collection) whose interest is in power, efficiency and equity for the

public interest through regulations advocating and adhering to certain

policies. Telecommunications literature use the ter.m "regulators" in

place of "government agencies." Examples of Government Agencies inVOlved

in our study are given in Table 6-1. (Note: It can be seen that semi

government agencies have also been included in this entity set. Also

other non-government agencies, such as standards organizations, have

been included in this entity set. The reason for this is "all these

organizations are bureaucratic in nature"). This leads to an assumption

made in this study.
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Assumption: Bureaucratic organizations can represent elements of a

common entity set called the government agencies.

(Note: Same of the organizations are elements of different entity sets

simultaneously, and thus have been placed in more than one column. All

of the elements are not mutually exclusive and may fall in the

intersection of the sets formed by the entities). This leads to an

assumption made for this study.

Assumption: Each element of an entity set at any particular instance in

development of a product belongs to only one entity set at any

particular instance of time even though even though the element may lie

in the intersection of two or more entity sets.
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TABLE 6-1
J:N'.r:ITIES :tNVOLVED IN TBJ:S S~y

ImNtJI'AC. RZSUJU:B ORG. CUS'rClO:RS GOVD.NMI:NT
AGJCHCIJJ:S

Admiral SMPTE ABC U.S. CONGRESS
(LEGISLATIVE)

Emerson NHK (JAPAN) CBS WHITE HOUSE
(EXECUTIVE )

GE ITU NBC SUPREME COURT
(JUDICIARY>

Maanavox NANBA (INT) * NHK (JAPAN) FCC
Motorola ABU (INT) GENERAL NTIA

AUDIENCE
Olympic David Sarnoff IEEE ATSC

Research Center
Packard Bell Del Rev Group HBO ITO (INT)
Philco EUREKA lINT) PBS EBU lINT)
RCA AMST NANBA (INT)
Svlvania NAB ABU (INT)
STC AEA OIRT (INT)
Warwick EIA ASBO (INT)
Westinqhouse ATTC ATTC
Philips NYIT NTSC
SONY Faroudja Labs DOD
GI MIT

DOD
DARPA

*Note: INT refers to international organizations. (The list is not
exhaustive) •

6.3 Entity Relationship

In section 6.2, entities were classified into four divisions

1. Manufacturers, 2. Research Organizations, 3. Cuetomers and 4.

Government Agencies. These entities are organic structures (Ronen, S.,

1986) and therefore have relationships among themselves (between

manUfacturers, between research organizations, between customers, and

between government agencies) and between themselves (between

manufacturers and research organizations, between research organizations
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and customers, between customers and government agencies, between

government agencies and manufacturers, between manufacturers and

customers, and between research organizations and government agencies)

during the course of a product development. Figure 6-1 illustrates this

diagramatically.

1'I:GtmJ: 6-1 ~Xft ma..eI:ONSlUP

In Chapter 1, it was discussed that competition and coope~ation,

which are antithetical approaches, are the two most important

relationships among entities. Others in the literature have also

pointed out ·competition" and ·cooperation- as being important in
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analyzi.ng discourse and controversies. Throughout the history of

television, competition and cooperation have affected the development of

television. Competition occupied a very important role in the

development of monochrome television. The manufacturers (RCA, Zenith,

Magnavox, etc.) were competing throughout. The research organizations,

which were represented by individuals, were also in this mode of

relationship. There were not many government agencies and customers,

and thus their relationship is not very distinct. The manufacturers and

research organizations were also competing during the early period, but

cooperated towards the end (i.e., during standardization and launch).

(Note: See Chapter 3 for detail. See also Section 6-7).

In the development of color television these two relationships

also appear. But in comparison to monochrome television where the

elements of the entity sets were few, color television had a significant

number of elements. The relationships among them were also complex.

(Note: See Chapter 4 for detail. See also Section 6-7).

In the development of high definition television, these two modes

of relationship have occupied the c~ntral stage. The reason for this

will be more clear in Section 6-7.

In Figure 6-2, relationships between entities are imposed on

Figure 6-1. The relationship is on a scale from 1. to 5. Scale 1

indicates full competition, Scale 2 indicates more competition than

cooperation, Scale 3 indicates neutral, Scale 4 indicates more

cooperation than competition, and Scale 5 indicates cooperation. Figure

6-2 illustrates this diagramatically.
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6.4 Trend Analysis

We can observe a number of trends from the historical analysis of

television. They are as follows

1. Technology Complexity -- With the passage to time, the product

technology is becoming more and more complex. One of the factors that

has contributed to the technology complexity is that with the passage of

tbme, the technology has shifted from mechanical to anaiog electronics,

and is finally shifting from analog electronics to all digital

electronics. See Table 6-2.
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2. Participant Increment -- With the passage of time (monochrome

color -- high definition), the number of individuals involved in an

entity set is increasing.

3. Shift In Market -- With the passage of time, markets have shifted

from national to international, and finally it is shifting to global.

4. Complementary Products -- With the passage of time, the number of

complementary products are increasing.

6.4.1 Technology Complexity

Table 6-2 illustrates the changes in technology that has taken

place in the history of television.

Gil DU
1 _

1l5U~ uuwR ar J:NI:TION

Radio tech. + Monochrome + Color +

Video Displav tech. Color COIDPuter tech.

MECHANICAL + ANALOG ANALOG ELECTRONICS DIGITAL ELECTRONICS

ELECTRONICS

1 _

6.4.1.1 Monochrome Television

Monochrome television system technology was fairly simple. It

consisted of only two parts. The first one waudio R could easily be

incorporated in the television system because the radio system was
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a~ready quite deve~oped and its manufacturing and marketing foundations

were fair~y we~~ estab~ished. The on~y addition was the component

nVideo R or the ~uminescence signa~. Video signa~ was different from

audio sigIla~ because two components -- ~uminescence info~tion and

spatia1 infor.mation, were embodied in it. The ~uminescence information

cou~d be incorporated within the system in a simi~ar manner as audio

information. Bright scenes meant higher amp~itude signal and dark

scenes meant sma~1 amp~itude signa~. The biggest difference between

audio signa~ and 1uminescence signa~ was the bandwidth. This was due to

the great amount of information that had to be conveyed by the

~uminescence signa~ in contrast to the audio signa~. The bandwidth of

the ~uminescence signa~ was about 6 MHz while the bandwidth of the audio

signa~ was about 10 kHz. Accommodating the third component, the spatia~

information, was a big techno~ogica1 accomplishment (Note: See Chapter

3). To incorporate the spatial information, the concept of

synchronization system had to be devised which read and wrote the

picture much faster than the eye could distinguish.

6.4.1.2 Color Te~evision

Color television system had a fourth component incorporated in it.

(The first component was audio information, the second was 1uminescence

signa~, the third component was spatial infor.mation and the forth

component was co~or information). Further co1or information was itself

made up of three primary colors -- red, blue, and green, which were

combined in various ways to yie~d all possible combination of co~or.

Therefore, the fourth component brought along with it added information
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on hues and also the saturation of each color. Thus the amount of

information that had to be transmitted and received in color television

was a~ost doubled. Further, since monochrome televisions had already

established quite an acceptance in the marketplace, it was very

necessary to have the new color television system to be compatible with

the existing monochrome television. Therefore, another factor that

complicated the technology -- the compatibility issue -- was introduced

by the advent of color television. The technology of color television

was similar to monochrome except it was more elaborate (audio circuit,

luminescence circuit, and color circuit) and complex.

6.4.1.3 High Definition Television

Development of HDTV had been instigated basically by two pr~e

motives. The first was the desire for higher resolution resulting in

crisper pictures that could display fine details with rich colors. (The

present TV is considered inadequate because it is generally compared to

the 35mm celluloid pictures and is considered far inferior). The second

motivator was the desire for a wider screen. This would enhance the

sense of presence of the viewers thus creating an illusion for the

viewer to be more participatory. (With the present TV if the screen

width is increased, grains tend to appear causing deterioration of the

picture and the wheels of the wagon move backward). But most of all

HDTV is an integration of computer technology and television technology.

The forthcoming digital HDTV integrates the available digital

technology, display technology, signal processing technology, memory

141



technology, with other technologies that are still being developed in

various laboratories around the world.

6.4.1.3.1 Bandwidth Requirements

The challenge for the engineers and designers was therefore

accommodating enhancements that required greater bandwidth to

accommodate the increment in information. The number of scanning lines,

aspect ratio, frame or fields per second called the repetition rate, and

the scanning methods (progressive or interlaced) are determinants of the

bandwidth requirements. (Note: Interlaced scanning is less suitable for

computer displays. Interlaced scanning was adopted by the conventional

TV system to have a reduction in the bandwidth of the signal).

The bandwidth required and number of scanning lines is determined

by the relation y = f(x2), where 'y' is the bandwidth and 'x' is the

number of lines. This relates to squaring the bandwidth with doubling

the number of lines. The present 525 lines/60 HZ NTSC system (which

uses interlaced scanning) requires 4.2 MHz of bandwidth to accommodate

the video signal (which takes into account both the chrominance and

luminance signal). Actually, if each of the three primary colors which

(red, blue and green) are accommodated without any technique for

bandwidth reduction, 8.4 MHz would be needed for each coler. Therefore

the total bandwidth would be 8.4 MHz + 8.4 MHz + 8.4 MHz - 25 MHz.

However matrix encoding of the color signals using phase-encoding

reduces the bandwidth to 4.2 MHz. This is a significant reduction. The

forthcoming HDTV signal may (the word may has been used, because the
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final format has yet to be decided upon) comprise 525 X 2 ~ 1050 lines.

This would cause the bandwidth to be squared, i.e., 4.2 X 4.2 - 18 MHz.

Change in the aspect ratio from the present 4:3 to the proposed

16:9 would increase the bandwidth to approximately 24 MHz. If

progressive scanning is used instead of the present interlaced scanning,

the bandwidth would be doubled to approximately 48 MHz. This bandwidth

is eight times the present bandwidth allocated to various television

broadcasting stations which is 6 MHz. Without some technique for

compression this would be beyond the range for broadcasting.

6.4.1.3.2 Compression
Compression and bandwidth reduction are possible by taking

advantage of the psycho-visual and statistical attributes of the
picture. With proper signal processing considerable bandwidth reduction
is possible. Among the attributes are -- 1. The color resolution
perceived by the eye is low; 2. The resolution of moving pictures as
perceived by the eye is low; and, 3. There is a high correlation between
adjacent pixels (both vertical and horizontal) and adjacent frames.
(Note: Advances in digital compression techniques enable further
compression).

The raw data from the camera may contain data rates of the order

of 1 giga bps. Taking the above into consideration and combining it

with modulation techniques, bandwidth compression of the order of 30 to

40 is possible, which would bring the signal bandwidth to 6 MHz.

6.4.2. Participant Increu~nt

Table 6-3 illustrates the increment in participants. (Note: Only

the important ones have been considered.
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w.BLI: 6-3
PARrXCIPANTS

MONOCIIRa«!: COLOR BXGB DJCJ'XNl:TXON

Manufacturer. Nanufactuz:ers Manufacturers
Zenith Zenith Zenith
RCA RCA RCA
GE GE GE
Sears Sears GI
Panasonic Panasonic Panasonic
Motoro1a {Ouasar) Motoro1a Motoro1a
SonY Sony Sony
Sanvo Sanvo Sanyo
Ward Emerson BTA
Adrnira1 Admira1 GENESYS
Phi1co Phi1co-Ford De1 Rev Group
Sv1vania Sv1vania Cox Enterprises
Sham SharP Sharp
Hitachi Hitachi Hitachi
Maqnavox Maqnavox Maqnavox
Toshiba Toshiba Toshiba

Westinqhouse Scientific Atlanta
Olvmpic AT&T
Phi1ips Philips
Warwick INTEL

IBM
APPLE
Ave1ex
Fuiitsu
MaqnaScreen
Ovonic
Photonic~

Research OrC1'3Diz Research Oraanb:. Research Oraaniz.
Wi1libouah Smith Jenkin Labs. Genesvs Labs
Joseph Mav RCA Labs RCA Labs
A1exander Be1l CBS Labs. NBC Labs
A1exander Bain NBC Labs NBC Labs
Frederick Bakewe11 David Sarnoff Labs David Sarnoff Labs
Georae Swaenev Sony Labs Sony Labs
Wi11iam Crookes Zenith Labs Zenith Labs
Adriano de Paiva Panasonic Labs Panasonic Labs
Denis Redmond GE Labs GE Labs
John Perry Sanvo Labs Sanvo Labs
Wi11iam Arvnton Sharp Labs Sharp Labs
Wi11iam Sawver Hitachi Labs Hitachi Labs
Constantin Sen1eca Maqnavox Labs Maqnavox Labs
Maurice Leb1anc Toshiba Labs Toshiba Labs
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Paul Niokow NHK Labs Del Rev GrouD Labs
Marcel Brillouin Avelex Labs
Charles Jenkins MIT
John Baird NYIT
David Sarnoff MaanaScreen Labs
Vladmir Zworkin Ovonic Labs

Photonics Labs
NHK Labs
Faroud;a Labs
TI Labs
ATRC (Consortium)
ATA (Consortium)
GE/AT&TCConsortium)
Grand Alliance

Cus~omers Cust:auera Cust:omers
See Chaoter 3 See Chaoter 4 See Aooendix
GovermDel1t: Aaen. GovermDent: .aa.m. GovermDent: Aaen.

FCC FCC FCC
NTSC NTSC NTSC
ITU ITU ITO
ISO ISO ISO
ANSI ANSI ANSI
IEEE IEEE IEEE
NAB NAB NAB
SMPTE SMPTE SMPTE

ABU ABU
EBU EBU
EIA EIA
AEA AEA

ATSC
ATRC
NTIA
NANBA
AMST
DOD
DARPA
NASA
DOC
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6.4.3. Market Shift.

Table 6-4 illustrates the shift in market.

NOHOCBBOMJ: OOLOR. UGH DD'nuT:ION

Markets are national Markets are Markets are global
and only some of the international and and a1most all the
developed countries most of the developed countries in the
are involved countries are active world are involved

participants

6.4.4 Complementary Products.

Table 6-5 illustrates the number of complementary products.

MONOCBItCMI: OOLOR UGH DEr:IN:IT:ION

No complementary Video recording and Video recording and
product reproduction systems - reproduction systems

- VTR & VDP -- VTR & VDP
Electronic Video Games Electronic Video
(anaj.oe) Games (diaital)

Comp1ementary
Products of
Computers

(Note: The above trends have been drawn through historical analysis of

television. See Chapter 2, Chapter 3, and Chapter 4).

6.5 Stages in Development of a High Technology Product

Literature has identified the stages in the development of a high

technology product by the "Product Development Lifecycle." There have
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been numerous stages that have been identified in the Product

Development Life Cycle by various experts. Ronkainen has suggested five

stages of a product development process consisting of -- concept,

feasibility, product and process development, scale-up, and

standardization (Ronkainen, I, 1985). Cooper has identified a seven

stage cycle consisting of -- idea, preliminary assessment, concept,

developments, testing, trial and launch (Cooper, R.G., 1983). Hill,

Alexander and Cross have described a five stage process consisting of

preliminary appraisal, product and market research, process research,

prototype testing and production, and commercialization (Hill, R.M.,

Alexander, R.S., & Cross, J.S., 1975).

Analysis of the previous chapters and the literature on PDLC, the

stages can be appropriately depicted as follows

Stage 1

Stage 2

Stage 3

Idea Generation and Assessment;

Development and Testing; and,

Standardization and Launch.

(Note: Others have used many stage models. However, for s~plicity the

study has shrunk the stages into just three. Use of more than three

would make the analysis fairly cumbersome (as will be evident in the

next Chapter) and would hamper availing deep insight into the process).

This leads to an assumption made for this study.

Assumption: Three stages (which has shrunk other stages into them) can

depict the development of a high technology product.
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6.5.1 Idea Generation and Assessment

This is where the process of development of a high technology

begins. An idea results when technological possibilities are matched

with an expected market demand. Ideas of a new product may come out

through internal dynamics of an organization and they may be subject to

the external dynamics between various entities -- among manufacturers,

among research organizations, among customers, among government

agencies; or between various entities -- between manufacturers and

research organizations, between. research organizations and customers,

between customers and government agencies, between government agencies

and manufacturers, between manufacturers and customers, and between

research organizations and government agencies. Ideally, it may be

spotted in the marketplace: a competitor's idea, and recognition of

customers needs (both direct and implied). Market pull results in the

generation of many ideas for a high technology prOduct, but technology

"push" ideas -- where the idea comes from basic research or technology

discovery -- also play an important role, particularly in the case of

radical innovations or breakthrough products (Cooper, R.G., 1983).

However, due to diversity in the market brought about by globalization

and availability of many products it is difficult to detect the specific

market pull. Considerable research and resource, both capital and

labor, may be necessary to pin-point the specifics.

During this stage the v~ability of the idea is considered. This

stage is highly correlated with complexity of technology. Tentative

decisions are made during the evaluation of the idea and tentatively
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positive ones are forwarded. The decision is tentative because of the

lack of infoDmation necessary to take a committed decision. Questions

such as the following are brought out in this stage (Michaels, E.A.,

1989) --

1. Does the idea cohere with the industry's policy, mission, plans,
philosophies, strategies, current products/services, organization
structure, and operating methods?
2. Does the company have the resources, facilities, and expertise?
3. Is it do-able?
4. Is it feasible?

After a tentatively positive decision is made, the idea is subject

to an assessment. Both market assessments and technical assessments are

made during this stage. Information about the market -- via quick

market stUdy using in-house information and relying on secondary data,

is used to determine the attractiveness and the prospects of the idea.

In-house opinions, as well as those solicited from outside, are used to

further strengthen the assessment. The decisions are mainly

qualitative.

6.5.2 Development and Testing

In this stage the exact concept and strategy are formulated. The

definition of what the product is, who is it aimed at, and how is it

positioned is necessary in this stage (Kotler, P., 1988). Understanding

the link between the product and its value is of pr~e interest. Cooper

R.G. (1988) has elaborated the link as illuatrated in Figure 6-3.
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ATTRIBUTE BUNDLE

FEATURES ------------> OF ----------> VALUE

DESIGN BENEFITS

rzGORZ 6-3 LDIK Bm'9IED DESIGN .AND VALUE

Source: Cooper, R.G., 1988.

The value is perceived differently with respect to each player.

The reason for this is primarily becauae of the lens through which each

of the players observes the product. An important tool useful in this

stage is the development of product protocol (Crawford, C.M., 1984).

The protocol is an all party agreement on what the product will be.

This stage determines whether the product will be a win.~er. It is

necessary to understand whether the product will be accepted in the

market. It is also necessary to determine whether the product is in

accordance to what it was designed for. Both marketing aspects, as well

as the technical aspects, are crucial in this stage .
.

The actual product development ,:begins in this stage. Resources

engaging R&D, engineering, and industrial are mobilized. To validate

the product's design, tests are performed. Prototypes are tested to

determine any flaws and bnprovements. (Note: Most of the testing is

done in house). Consumer acceptance tests are performed to identify any

defects and modifications that are necSSsary. With respect to HDTV this

stage would determine compatibility, interoperability, scalability, and

harmonization (Liebold, M., May 21, 1991). Also, questions regarding
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statics, coverage, interference, etc., would be determined in this

stage. It is important to avoid Rfeature creep,~ i.e., continually

adding new design elements causing delays (Michaels, E.A., June 1989).

6.5.3 Standardization and Launch

The existence of standards (or lack of them) can greatly affect

consumer behavior and the efficiency within which the economy operates

(Bensen, S.M., & Johnson, L.L., November 1986). Standards allow

compatibility among different manufacturers, which allows mass

production, economies of scale in manUfacturing and marketing, VLSI

implementations, and other benefits that decreaae price and further

increase acceptance. Further, there are standards that are enforceable

by law. It is imperative that the product meets those standards.

This is the final stage and therefore activities border around the

market. The consumers are the primary focus group during this stage.

The final market assessment and acceptance are made in this phase.

6.6 Phases in the Development of a High Technology Product

In perfor.ming historical analysis of the development of television

from monochrome television, to color television, and finally to high

definition television, three distinct phases can be observed.

See Section 6-4). They are as follows--

1. Invention Phase;
2. Development Phase; and,
3. Integration Phase.
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6.6.1 Invention Phase

"Invention" is an object that has been created and does not exist

before (Hornby, A.S., Gatenby, E.V., & Wakefie1d, H., 1972). The period

in which the above occurs or takes p1ace is ca11ed the "Invention

Phase." It is when the product is first introduced.

The product is novel during this phase. However, the components

of the product need not necessarily be novel. Generally, most of the

components are quite familiar and popular. But the combination itself

is not. An example will illustrate this. The example is drawn from

historical analysis of television.

Monochrome television, which can be associated with this phase, is

very illustrative. (Note: See Section 6.4.1.1). Radio technology,

which made it possible to listen through space, was fairly well

established during this phase. The technology of converting electrical

energy to optical energy with the means of CRT was also fairly well

established. Combination of the above two technologies, with a few

improvements, would enable transmission of both audio and video

information through space. Thus monochrome television was invented.

From Section 6-4, the following deductions for this phase can be

made

1. Technology during this phase of product development is rather simple.
Only the bare minimum to accomplish the task is incorporated;

2. The number of elements is the entity set in the product development
is considerably low;

3. The market for the product is basically national; and,

4. The number of complementary products associated with the product is
almost non-existent.
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6.4.2 Deve10pment Phase

During this phase some modifications are made to the product

genera11y in teDmS of additions. These are minor enhancements to the

a1ready existent product.

Ana1yzing the history of te1evision it can be observed that the

attribute of co1or was added to monochrome television. Monochrome

television integrated transmission of audio information with video

information. However, the video information on1y consisted of

luminescence information and the hue and saturation infor.mation was

missing. In color te1evlsion this was an added component to the

monochrome television. Addition of this component did not imp1y

addition of comp1ex techno1ogy, or the adoption of comp1etely new

techno1ogy. Monochrome television had one circuit and system for

luminescence signal, and color television was just a monochrome

te1evision that had three para1le1 circuits and systems, one for each of

the primary co1ors -- red, b1ue, and green.

From Section 6-4, the fo1lowing deductions for this phase can be

made

1. Techno1ogy during this phase of product deve10pment is simp1e but
more elaborate;

2. The number of elements is the entity set in the product development
is higher than that of the -Invention PhaseR ;

3. The market for the product is international; and.

4. The number of comp1ementary products associated with the product is
few but significant.
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6.4.3 Integration Phase

During this phase two different products, and hence technologies,

are brought together and merged into one completely new product.

AS for television, it is being integrated with computers.

Therefore, both television technology and computer technology are being

integrated in high definition television.

From Section 6-4, the following deductions for this phase can be

made

1. Technology during this phase of product development is very complex
and elaborate since it draws from two completely different technologies;

2. The number of elements is the entity set in the product development
is lot higher than that of the -Invention Phase- or -Development Phase. n

It draws from two different products;

3. The market for the product is global; and,

4. The number of complementary products associated with the product is a
lot since complementary products from both the products that are being
integrated is drawn in.

6-7 Stage, Phase, Entity and Relationship Diagram

From Section 6-5 and 6-6, it can be deduced that each phase

consists or the three stages. Therefore, the stages and phases can be

arranged as a matrix with the ordinate being phase and abscissa being

the stages. Figure 6-4 illustrates this matrix. The matrix thus has

nine segments. The entity relationship diagram of Figure 6-2 can be

placed in the segments.
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6.8 Changes in Entity Relationship

6.8.1 Classical Economics

In Chapter 1, it was deduced that classical economics espoused

competition as its the strongest weapon.

Therefore, the relationship for the namong entitiesW categories,

i.e., between manufacturers, between research organizations, between

customers, and between government agencies, is competition; and the

relationship for -between entities· categories, i.e., between

manufacturers and research organizations, between research organizations

and customers, between customers and government agencies, between

government agencies and manufacturers, between manufacturers and

customers, and between research organizations and government agencies,

is also competition. This is true for all the three stages -- idea

generation and assessment stage, development and testing stage, and

standardization and launch stage, as well as for all the three phases

invention phase, development phase, and integration phase.

These relationships can be superimposed on Figure 6-4 to obtain

Figure 6-5. Figure 6-5 depicts the Product Development Model according

to classical economics.
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6.8.2 Historical Analysis

While performin~ historical analysis of television, it can be

observed that Figure 6-5 needs to be modified.

It can be observed that "competition" was most pronounced during

the "Idea Generation and Assessment Stage" of the "Invention Phase"

(Monochrome television) between and among entities. However, during the

"Standardization and Launch Stage" it can be observed that there was

considerable "cooperation" between entities (between manufacturers and

research organizations, between research organizations and customers,

between customers and government agencies, between manufacturers and

customers, and between research organization and government agencies.

Numerous literature and publications on "Standardization and Marketing"

have identified that "cooperation" is most important between entities

during this stage. However, looking at the entities and their

relationship among themselves (between manufacturers, between research

organizations, between customers, and between government agencies), it

can be observed that their relationship remains to be competitive.

(Note: This had been a result of the anti-trust law that restricted

entities from getting together (especially manUfacturers». During the

"Development and Testing Stage," the relationships between the entities

remain "neutral." This is largely due to the transition of relationship

from "competition" to "cooperation" from "Stage 1" to "Stage 3." It can

be observed that the relationship bet~ean themselves changes from

"competition" to "cooperation" as it traverses from "Idea Generation and

Assessment Stage" to "Standardization and Launch Stage." It remains

"neutral" in the "Development and Testing Stage." This is also due to
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the result of the entities being organic (Ronen, S., 1986). Being

organic they respond to external stimulus. However, their inertia and

momentum restrict rapid responses. Thus the neutrality in relationship

between entities in the "Development and Testing StageR can be largely

attributed to the consequence of this phenomenon since the transition in

relationship is from competition to cooperation.

From the above analysis the following can be deduced --

1. The relationship among entities in any phase does not change from
"Stage 1" to MStage 2 M to ·Stage 3. M (As for the Invention Phase it is
competition); and,

2. The relationship between entities in any phase changes from
"competitive- to -neutral- to -cooperativeM from -Stage I" to "Stage 2"
to "Stage 3. M

When traversing from -Phase 1- to -Phase 2- to -Phase 3" it can be

observed that -Phase 3,- i.e., -Integration Phase- (HDTV) is most

tumultuous. The delay in the development of HDTV has meant stagnation

in economy and relates directly to inefficient allocation of resources.

(Note: It has been more than 20 years since HDTV was first conceived).

The primary reason of this was the subscription to "competition" as the

relationship mode. It can be observed that during the initial years of

HDTV, the elements of the entities were competing among and between

themselves head on. It was only after detection of delay and its

discovery by the entities, did the relationship mode begin to change

from "competition" to -cooperation.- (Note: See Section 6.8.2.1 for a

detailed discussion on the position taken by various entities during the

development of HDTV).
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The relationship for -among entities- thus changed from

"competition- during the -Invention Phase· to "cooperation- during the

"Integration Phase.~ The relationship is "neutral" during the

"Development Phase," largely due to the entities being organic in

nature. (Note: See discussion above).

From the above analysis the following can be deduced --

1. The relationship among entities in any stage changes from
"competitive- to -neutral- to ·cooperative- from -Phase 1- to "Phase 2"
to "Phase 3-; and,

2. The relationship between entities in any stage does not change from
"Phase 1- to "Phase 2- to -Phase 3.-

6.8.2.1 Position Taken by Various Elements of the Entities in the

Integration Phase (High Definition Television)

6.8.2.1.1 Manufacturers Position

During the early stages of the development of high definition
I

television, the manufacturers of television competed among themselves.

The manufacturers of computers were not at all involved. After a long

period of time it was discovered that this head on competitive

relationship was only detriment to the industry. The computer industry

also felt the dire need to actively participate in the HDTV race.

Zenith Electronic Corporation~hadbeen the most vocal

manufacturer. It has brought out discrepancies in U.S. industrial

policies. Jerry Pearlman, Chairman and President of Zenith, mentioned,

"Cooperation should be fostered in our market between manufacturers of

electronics products so that they can became more be competitive in the
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global market (Pear1man, J.K., March 22, 1989).w The manufacturers have

recently advocated --

1. R&D must be supported through cooperative met~ods for multiple years;
3. The standard setting process should not be subvb~ted by relentless
pressures;
4. Government must provide funding, modify antitrust and tax codes, and
encourage and direct relevant government procurements;
5. Manufacturers should be permitted to cooperate among themselves; and,
6. Manufacturers should serve their customers and the customers in
return should suggest their expectations.

Today, after the formation of many consortiums, one final mammoth

consortium the wGrand AllianceA has been formed between the final

proponents of the HDTV system. It is thus evident that the relationship

that is most suited in this phase is cooperation among the elements of

the entities.

6.8.2.1.2 Research Organization Position

The main objective of most of the HDTV proponents was to reap

profits from sales of patents. They provided various arguments in favor

of their system and appealed to the public to adopt their system. They

were all subscribing to the doctrine of competition.

During the early phases of HDTV development, the various

proponents were not able to design a system that was feasible. Further,

the designers of the two products that were being integrated (computer

and television) were not getting together. They were following their

own paths. Only after discovering that this was a fatal attempt, did

the research organizations begin to form consortiums culminating in the

Grand Alliance.
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During the early years Professor W.F. SChreiber of MIT was a very

vocal advocate and mentioned that "NHK-HUSE system was s~ply a scaled-

up version of the existing analog NTSC system, with all its shortcomings

except composite video (Schreiber, W.F, May 31, 1989)." It took no

advantage of the enor.mous progress in cheap and powerful integrated

circuits and digital technology. The researchers at MIT viewed that the

Dmportant goal of obtaining maximum quality with allowable spectrum

would only be facilitated by abandoning the NTSC system and developing a

totally new system that does not have to be decodeable by NTSC

receivers. However, they felt that the new system needed to be channel

compatible so that realignment of channel assignments would not be

necessary. Further, they advocated receivers with open-architecture to

provide max~um flexibility in receiver design. (Note: The other type

of receiver that was being advocated was the "multiport receiver."

(Collins, J., June 23, 1988). MOreover, the MIT researchers made clear

that their support was against the adoption of NHK system. But their

point was drowned in the midst of controversies. However, after the

formation of the Grand Alliance, their point of view was taken

seriously.

6.8.2.1.3 Customers Position

It can be observed that during this phase the customers were

competing during the early period. They wanted to gain the advantage

for themselves. They wanted HDTV to serve their own needs. The total

number of customers far surpassed that of the other sets, but their

voice when divided resulted in no more than a Whisper. Realizing this,
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representative organizations were fODmed through cooperation. Presently

through this mode of relationship "cooperation," they have been able to

participate actively in the HDTV development.

6.8.2.1.4 Government Agencies Position

The government's position has been very controversial. This has

been largely the consequence of the political influence of the rUling

party. The Republicans believed, advocated, and strongly practiced the

"hands off policy." There were two distinct schools of thought -- the

"Activists," and the "Skepticists." (Note: See Appendix H for a detailed

discussion of the position taken by the two schools). During the

initial years of the development of HDTV the government agencies took a

rather adversarial stance. It was later, after the Democrats took

power, did the government fODm partnerships. The mode of relationship

has thus been cooperative.

6.9 Product Development Model

Taking the above changes of relationships among entities and

between entities while traversing through the Stages and Phases into

consideration and modifying Figure 6-5, we get Figure 6-6 which is the

Product Development Model. (Note: The thin line indicates competition,

the medium line indicates neutral relationship, and the thick line

indicates cooperation).
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6.10 Hypotheses FODmulation

The hypotheses are fODmed by taking the following deductions made

in Section 6.8 into consideration.

Deductions made are as follows --

1. The relationship among entities in any phase does not change from
nStage 1n to -Stage 2- to -Stage 3.- (As for the Invention Phase it is
competition);

2. The relationship between entities in any phase changes from
ncompetitive- to -neutral- to -cooperativen from ·Stage 1- to -Stage 2n

to -Stage 3";

3. The relationship among entities in any stage changes from
ncompetitive- to -neutral- to -cooperative- from -Phase 1" to -Phase 2
to "Phase 3"; and,

4. The relationship between entities of any stage does not change from
nPhase 1- to -Phase 2- to -Phase 3.-

The hypotheses are --

1. Research hypothesis: Relationship among entities in -Stage
1" IS SAME AS Relationship among entities in -Stage 2- IS
S~~ AS Relationship among entities in ·Stage 3."
(Note: For the same phase);

2. Research hypothesis: Relationship between entities in
nStage 1- IS NOT SAME AS Relationship among entities in
nStage 2" IS NOT SAME AS Relationship among entities in
"Stage 3."
(Note: For the same phase);

3. Research hypothesis: Relationship among entities in -Phase
1" IS NOT SAME AS Relationship among entities in ·Phase 2n
IS NOT SAME AS Relationship among entities in "Phase 3. n
(Note: For the same stage); and,

4. Research hypothesis: Relationship between entities in
-Phase 1" IS SAME AS Relationship between entities in nPhase
2n IS SAME AS Relationship between entities in "Phase 3. n
(Note: For the same stage).
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(Note: Stage 1 is Idea Generation and Assessment stage, Stage 2 is
Development and Testing stage, and Stage 3 is Standardization and Launch
stage. Phase 1 is Invention phase, Phase 2 is Development phase, and
Phase 3 is Integration phase).

The above research hypotheses can be broken down for each entity.

Appendix K illustrates the null hypotheses and alternate hypotheses.
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CBAPTI:R SZVI:H
rIJCLD SORVJ:!' .aND~ AlmLYSIS

7.1 Background

This chapter discusses Step III, -Field Survey· of the Research

Design and Plan. (Note: See Chapter 2, Section 2.5.3). The first four

sections discuss

1. Open ended interview survey to isolate factors (Section 7.2);
2. Closed ended questionnaire survey to confir.m factors (Section 7.3);
3. Closed ended questionnaire survey to test model and hypotheses (Pilot
survey) (Section 7.4); and,
4. Closed ended questionnaire survey to test model and hypotheses (Final
survey) (Section 7.5).

They are arranged in accordance to the four events of Step III of

Chapter 3 (Research Design and Methodology). Finally Section 7.6 (Event

4/Step III) discusses the outcome of the results of the Surveys.

7.2 Open Ended Survey

This survey, along with others, was conducted in parallel with

Step II "Historical Analysis M (Note: Sections 2.4.3, Sections 2.5.2, and

Chapter 6). The primary purpose of this survey was to solicit factors

that are important in the development of a high technology product. The

factors were isolated independently through historical analysis also.

(Note: See Section 6.3). The survey consisted of an open ended

question. The questionnaire was suggested through historical analysis.

(Note: See Appendix M for the question). The questionnaire was

administered to eight Communication and Infcr.mation Sciences (CIS) Ph.D.

students. (Note: See Appendix L for a list of the subjects). The
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answers to the questiof~,airewere analyzed through ·content analysis."

(Note: See Section 2.4.1.2.1).

7.2.1 Questionnaire Development

Historical Analysis (Chapter 6) suggested the question for this

survey. It was evident during the historical analysis that a product

goes through three distinct phase~ -- Invention Phase (Chapter 3),

Development Phase (Chapter 4), and Integration Phase (Chapter 5). To

elucidate some of the concepts investigated in this study, it was

necessary to associate these phases with some product. Since this study

focuses on television, its association with the phases as an

illustrative example seems most relevant. Therefore, in the development

of the questionnaire for this survey, monochrome television was

associated with the winvention phase,- color television was associated

with the -develOPment phase,w and HDTV was associated with the

"integration phase. w The questionnaire consisted of two sections

(Section 1 and Section 2).

7.2.1.1 Section 1

Section 1 was included to explain the concepts and terminology

that were being advanced in the questionnaire. Basically its purpose

was to focus and guide the responses of the subjects. (Note: This is a

very necessary and important step when content analysis is being

incorporated as a tool for isolating factors because it determines the

complexity in analysis (carney, T.F., 1972».
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7.2.1.2 Section 2

Section 2 included the real question. The question was formulated

to obtain constrained and focused, yet comprehensive responses. (Note:

This is very important, because it determines largely the outcome of the

content analysis). This section also solicited questions that the

subjects thought were most relevant along with the factors that they

deemed as most critical in the development of a high technology product.

The word -most- had to be explicitly included to restrict the responses

to only the very important ones.

7.2.2 Questionnaire Administration

The questionnaire was administered to eight CIS (Communications

and Information Sciences) Ph.D. students at the University of Hawaii at

Manoa (UHM). (Note: See Appendix L for a list of subjects). CIS Ph.D.

students were selected because of their interdisciplinary backgrounds

and diverse interests due to the nature of the CIS program. Further,

all of the CIS Ph.D. students have been associated closely with high

technology products, and therefore are familiar with the topic of study.

The questionnaire was administered through the telephone. The responses

(audio) were recorded in the answering machine of the telephone in five

of the eight cases. In t!lree of the eight cases, the subjects preferred

to hand in a hard copy of their responses. Among the three hard copies,

two were handed in person, while one was sent through the fax.

(Note: The questionnaire was administered by telephone to remove any

non-verbal clues or cues that could be passed on in recording the
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responses. This would confound the result and complicate the analysis.

(Note: See Sections 2.5.3.1».

7.2.3 Content Analysis

The most simple fo~ of content analysis was used in this study

(Carney, T.F., 1972). It was not necessary to have an elaborate

analysis because the factors that were isolated during this survey would

be compared through convergence test with the results obtained through

the historical analysis. Further a separate survey was conducted to

confi~ the factors. (Note: See Sections 7.3).

Two categories of word listing were established for the purpose of

content analysis. One category was under ·competition- and the other

was under -cooperation.- The following sources were used to establish

the list of words in the categories --

1. The Random House Dictionary of the English Language, 1987,
2. The American Heritage dic.tion.ar.y of the English Language, 1992,
3. Webster's Third New International Dictionary of the English Language,
1976,
4. Roget's II The New Thesaurus, 1988, and
5. The Advanced Learner's Dictionary of Current English, 1972.
(Note: See Appendix N for the list of words) •

After the categories were formed, ·word count n was used to compute

the number of occurrences of those wqrds during the responses. This was

compared to the total number of respdnse words and a percentage was

calculated. The standard that was established was 5% of occurrence.

(Note: This standard was established through intuitive reasoning).

Adjectives, articles (definite and indefinite), common adverbs, common

verbs (transitive and intransitive), conjunctions, interjections,
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prepositions, and pronouns were not included in the total number of

response words count. Appendix N illustrates the word counts and

percentage.

7.2.4 ReSUlts

From Appendix N, it can be seen that there are 32 words in the

category ·Competition· and 35 words in the category ·Cooperation." The

response percentages in both the categories are well above 5% except for

two cases in the ·cooperation· category. One hundred percent of the

responses in the category ·Competition· were above the standard, i.e.,

5%, while 75% of the responses in the category ·Cooperation" were above

the standard. Competition and cooperation were thus isolated as being

the most important factors in the development of a high technology

product.

(Note: One very interesting observation of the survey was that -- all of

the subjects wanted some time to think over the question before they

provided their responses.)

7.2.5 Convergence Analysis

This analysis is rather simple since only two relationships

"competition" and ·cooperation- are being compared. Both were isolated

through historical analysis and this survey. The results of the two

studies thus converge.
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7.3 Factor Confir-mation

·Competition" and ·Cooperation" as two modes of re1ationships were

isolated through the ·Open ended survey· which inc1uded the responses of

subjects who were fami1iar but were not direct1y re1ated with the

development of high technology product. They were on1y associated with

it indirectly. The next event in the "Research Design" was to confirm

these relationships by asking "Closed Ended" questions to subjects

direct1y involved with the deve10Pment of high techno1ogy product.

7.3.1 Questionnaire Deve10Pment

The questionnaire develoPment was a rather simp1e process. The

question asked if the subjects "agreed" or "disagreed" with iso1ation of

·competition" and "cooperation.· The subjects were asked to mark the

respective area. They were a1so asked to provide any comment they

deemed appropriate. (Note: See Appendix P for the questionnaire).

7.3.2 Questionnaire Administering

The questionnaires were administered to Subjects se1ected random1y

through "The Hawaii High Techno1ogy Business Directory, 1991. n The

subjects were either the president, vice-president, director, or

manager. They were directly involved in the development of a high

technology product. (Note: See Appendix 0 for a list of subjects). The

questionnaire was sent and received through fax. The process of

sequential sampling was used. Sequentia1 samp1ing was possib1e because

of the knowledge of anticipated responses. The response variation was

limited to 5%, and when steady state response was observed,
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questionnaire administering was terminated and resu1t ana1ysis was

performed.

7.3.3 Results

Out of the ten subjects, eight responded. Out of the eight

responses, everyone except one agreed with the is01ation of

"competition- and -cooperation.- However, the subject who did not agree,

commented that ·competition and cooperation are not on1y the most

important ones, but there may be others too depending on the situation."

The -Closed Ended- survey resulted in the confirmation of the

isolation ·competition- and ·cooperation.-

7.3.4 Convergence Ana1ysis

The results obtained from Chapter 6 -Historical Ana1ysis,"

Sections 7.2, and this section all converge to ·Competition- and

"Cooperation."

7.4 Pilot Survey

To get a fee1 for the response distribution, to answer the

questions in Sections 2.4.1.3, and to determine the appropriateness of

the questionnaire, the pilot survey was conducted (A1reck, P.L., &

Settle, R.B., 1985).
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7.4.1 Questionnaire Development

The questionnaire consisted of three sections --

1. Section 1
2. Section 2
3. Section 3
for a sample

Personal information and comments of the subjects;
Explanation of the study and survey; and,
Questions in a Likert Type scale. (Note: See Appendix R

questionnaire).

7.4.1.1 Section 1 -- Background

This section asked for personal information such as -- name,

major, address, telephone numbers and comments. The comment section was

the most important since it would be used to determine the fODmat of the

final questionnaire.

7.4.1.2 Section 2 -- Explanation

This section provided a brief description and explanation of the

concepts and terminology that was involved in this stUdy. Example

illustration was used for clarification. The dynamics of product

development were also illustrated. Finally, the technique for marking

the subjects' responses was presented. For the sake of brevity and

efficiency, the total explanation was accommodated in a single page.

7.4.1.3 Section 3 -- Questions

This section contained the questions to be answered by the

subjects. The questionnaire was based on the RProduct Development

Model. R (Note: See Sections 6.9).
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This section consisted of three pages, one for each phase --

Invention Phase, Deve10pment Phase, and Integration Phase. Each of the

pages (phases) was div~ded into three c01umns--

1. C01umn 1
2. C01umn 2
and,
3. C01umn 3

Idea Generation and Pre1iminary Assessment Stage;
COnceptua1ization, Deve10pment, Testing, and Tria1 Stage;

Standardization, Launch and Commercia1ization Stage.

Each of the c01umns (stages) was divided into ten rows. Each row

consisted of the possib1e interactions between the entities --

1. Row 1 Between Manufacturers and Research Organizations;
2. Row 2 Between Government Agencies and Research Organizations;
3. Row 3 Between Customers and Research Organizations;
4. Row 4 Between Research Organizations;
5. Row 5 Between Government Agencies;
6. Row 6 Between Manufacturers and Government Agencies;
7. Row 7 Between Customers and Government Agencies;
8. Row 8 Between Manufacturers;
9. Row 9 Between Customers and Manufacturers; and,
10.Row 10 -- Between Customers.

Each of the entity re1ationships consisted of a Likert Type Scale

consisting of five boxes. It ranged from "fu11 competition" on the

extreme 1eft to ·~u11 cooperation- on the extreme right. The

intermediate boxes consisted of "more competition than cooperation" to

"neutra1" to "more cooperation than competition." The subjects were

asked to mark the box that they deemed most re1evant.

7.4.2 Questionnaire Administering

The questionnaire was administered to nine subjects. (Note: A

tota1 of ten subjects were inc1uded in the samp1e for the Pilot survey.

However, one of the subjects fai1ed to return the questionnaire). The

subjects were CIS Ph.D. students and Engineering Ph.D. students at the
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University of Hawaii. Engineering Ph.D. students were included to make

the sample more representative of the total population involved in the

development of high technology product. The questionnaire was either

hand delivered or sent through fax. The reply was received in a similar

manner. (Note: See Appendix Q for a list of the subjects).

7.4.3 Results

Appendix S presents the results of the Pilot survey. The table

also contains the analysis of the obtained data. The subjects are

arranged from 1 to 9. The appendix contains seven tables as follows

1. Table S-l
2. Table S-2
3. Table S-3
4. Table S-4
5. Table S-5
6. Table S-6
7. Table S-7

Idea Generation and Assessment Stage;
Development and Testing Stage;
Standardization and Launch Stage;
Invention Phase;
Development Phase;
Integration Phase; and,
Notes for Tables S-l to S-7.

The Tables S-l to S-6 consist of various relationships of the

entities, which are --

1. Manufacturer-Manufacturer;
2. Research Organization-Research Organization;
3. Customer-Customer;
4. Government Agency-Government Agency;
5. Manufacturer-Research Organization;
6. Research Organization-Customer;
7. Customer-Government Agency;
8. Government Agency-Manufacturer;
9. Manufacturer-Customer; and,
lO.Research Organization-Government Agency.

The response means, modes, medians, and the theoretically

determined values are illustrated sequentially in the tables (Note: See
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Section 6.9). The percentage change of the response means, modes,

medians, and theoretically deter.mined values are also illustrated.

Correlation coefficients have been calculated for the response means,

modes, and medians with the theoretically deter.mined values, and also,

for the percentage change for the response means, modes, and medians

with the percentage change of the theoretically determined values, which

are illustrated in Table S-8.

It can be seen that there is a positive correlation between the

columns. The correlation of the response means with the theoretical

values is more than 60%. Positive correlation implies that the data

sets are moving together (Hildebrand, O.K., & Ott, L., 1983, Spiegel,

M.R.,1961). The correlation between percentage change of mean with the

percentage change of the theoretical value is about 80%. (Note: The

percentage change correlation is very ~ortant for this study, because

this study concentrates on the changes in relationship between entities

when a product traverses through various stages and phases). High

positive correlation helps in proving the following -- The response of

the sample is coherent with that of the theoretical values (Zeller,

R.A., & car.mines, E.G., 1978). However, it should be pointed out that

conClusions cannot be put forward with high level of confidence.

7.4.4 Outcome

Due to the coherence of the data, as is evident from the positive

significant correlation coefficient, the following deductions can be

readily produced --
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1. Re~ationship among entities remains the same in Stage 1, Stage 2,
and Stage 3 for the same Phase. (In other words, it does not change).
The re~ationship for Phase 1 remains more competition than cooperation,
for Phase 2 remains neutra~, and Phase 3 remains more cooperation than
competition.

2. Re~ationship between entities does not remain the same in Stage 1,
Stage 2, Stage 3 for the same Phase. The relationship for Stage 1 is
more competition than coope~ation, for Stage 2 is neutra~, and Stage 3
is more cooperation than competition.

3. Re~ationship among entities does not remain the same in Phase 1,
Phase 2, and Phase 3 for the same Stage. The relationship for Phase 1
is more competition than cooperationp for Phase 2 is neutral, and for
Phase 3 is more cooperation than competition.

4. Re~ationship between entities remain the same in Phase 1, Phase 2,
and Phase 3 for the same Stage. The re~ationship for Stage 1 it is more
competition than cooperation, for Stage 2 is neutral, and for Stage 3 is
cooperation than competition.

To increase the confidence of the outcome, it is necessary to

perform more rigorous statistica~ tests and ana~ysis. However, the

Pi~ot Survey was conducted primari~y to the answer the following

questions (See Sections 2.4.1.3)

1. Is the question necessary?
2. Is the questionnaire repetitious?
3. Does the question contain more than one idea?
4. Can the respondents answer the questions?
5. Could it be made more specific?
6. Is the question clear?
7. Is the response format adequate?
8. Can the items be arranged so that particular answers can preclude the
need to answer others?

The questionnaire consisted of a Likert type sca~e ranging from

full competition to full cooperation in five jumps only once for each

relationship between the entities for each stage and for each phase.

Therefore, there are no redundant questions.
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cooperation have been placed at the two ends of the Likert type scale,

the number of questions has been halved.

Due to some very constructive comments, very significant changes

and developments had to be incorporated into the Final Survey.

Some of the important comments were as follows --

Comment 1 -- The questionnaire is confusing because it contains three
pages. (Note: Some subjects felt comfortable in moving between Stages,
others felt comfortable in moving between Phases, while others felt
comfortable in moving between entity relationships). Since the
questionnaire moved through Stages in one page of the questionnaire and
moved through Phases between pages of the questionnaire, it seemed
uncomfortable to answer the questions to some subjects due to the
constraint imposed by the format of the questionnaire.

Comment 2 -- The explanation of the questionnaire was not very simple.
Some of the subjects found it difficult to imagine a product moving
through the stages and phases. (Note: The explanation section of the
questionnaire had to be made more simple to enable respondents to
concentrate on the relationships).

Comment 3 -- Tabular formatting of the questionnaire constrains the
process of thinking. (Note: The format forced the subjects to think in
only a certain manner. It demobilized their comparative answering).

While developing the final questionnaire, all the above questions

and comments were considered.

7.5 Final Survey

(Note: See Section 7.5).

The results of the Pilot Survey were incorporated in forming a

completely clean and error free questionnaire which the Subjects would

find convenient in answering, as well as enjoy it. There were changes

made in all the sections of the questionnaire.
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7.5.1 Questionnaire Development

The questionnaire put forward the same questions as the Pilot

Survey (Section 7.4), but there were major changes made in accordance to

the short-comings of the Pilot Survey. The Final Survey consisted of

three sections.

questionnaire).

(Note: See Appendix U for a sample of the

7.5.1.1 Section 1 -- Background

This section was similar to the Pilot Survey with only two minor

changes (Section 7.4.1.1). -Major- was changed to -Title.- (Note:

"Major" was used in the Pilot Survey because the subjects were students.

"Address" was used in the Final Survey because the questionnaire was

distributed to subjects that were directly involved in the development

of high technology product). Another change made was in the address

section. Full address was provided in the Final Survey to enable the

subjects to mail back (or Fax back) their response.

7.5.1.2 Section 2 -- Explanation

There were major changes that were made in this section. This was

very important since many of the subjects commented on the complexity of

the explanation of the Pilot Survey. The length of the explanation was

increased from one page for the Pilot Survey to two pages for the Final

Survey.

The process, concepts, and terminology of a high technology

product development were illustrated diagramatically. There were two

diagrams presented. Diagram 1 explained the movement of a high
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techno1ogy product through the various stages and phases. Diagram 2

exp1ained the re1ationship between the entities.

The exp1anation was divided into three parts. The first part was

provided to thank the subjects. The second part -The Study· exp1ained

the process, concepts and teDmino1ogy used in this study. The third

part ·The Survey· exp1ained the technique of answering the questions.

This section was great1y changed because the question format for the

Fina1 Survey was very different from that of the Pi10t Survey. The

Likert type sca1e was changed from square to ova1 for the Fina1 Survey.

7.5.1.3 Questions

The questions were a11 accommodated in one page. This was to

offset the constraints that some of the subjects of the Pi10t Survey

observed whi1e trying to move within stages and phases. It further

enabled ease in comparative answering. The questions were presented

diagramatica11y.

The x-axis consisted of the three phases and the y-axis consisted

of the three stages. A matrix was thus formed consisting of nine

e1ements, which fe11 in the respective intersections of the Phases (1,

2, & 3) and Stages (1, 2, & 3). Each element of the matrix contained an

entity relationship diagram (Section 6.3) with a Likert type scale in

each segment of the re1ationship. The path of the product development

was also indicated. The names of the stages were changed from ~Idea

Generation and Preliminary Assessment Stage, Conceptua1ization,

Development, Testing, and Tria1 Stage, and Standardization, Launch, and

Commercia1ization Stage~ to -Idea Generation and Assessment Stage,
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Development and Testing Stage, and Standardization and Launch StageR to

narrow down the focus. (Note: See Section 6.5).

7.5.2 Questionnaire Administering

The questionnaires were administered to people who were directly

involved in the development of a high technology product. (Note: See

Appendix T for the list of participants). Since the subjects needed to

be experts they were isolated through the means of personal contacts.

(Note: Personal contacts had to be used to ensure that they were

involved directly in the development of high technology product. Some

companies involv~d in high technology product development have a policy

of not discussing the specific areas of involvement of its various

employees. Most of the participants were from Silicon Valley area,

which is the cradle of high technology product development). The

particip<lnts were from high technology companies such as -- Advanced

Design Systems, DELL Computers, HAL Computer Systems, Landis & Gyr

Systems, VLSI TeChnology Inc., 3M, SITE Services, etc.

status was verified through the AEA Directory (1990-1).

The companies'

The process of selective sequential sampling was used. (Note: See

Section 2.4.2.2). Sequential sampling was used because the responses

were anticipated prior to the data analysis. A total of twenty-five

subjects was used for the study. The questionnaire was administered and

extra effort was made to ensure its return. This was done primarily to

for two reasons --

1. The questionnaire was quite complex consisting of four pages and a
total of ninety questions to be answered. This required a considerable
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,
t~e (approximately 45 minutes) and effort on part of the subject, which
at times tended to cause the su~jects to procrastinate and not respond.

2. Not being able to get back some responses would confound the analysis
of the data, since one extra variable would be brought forward.

Appendix V illustrates the responses of the Field Survey. It

consists of six tables, one for each stage and one for each phase. The

table lists sequentially -- the relationships, and the responses of the

twenty-five subjects. The overall mean variation with the addition of

each sample is illustrated graphically in Appendix W in accordance to

the various elements of the matrix. (Note: See Section 7.5.1.3).

The values reach steady state at around 18 for Graph W-1, 10 for

Graph W-2, 9 for Graph W-3, 8 for Graph W-4, 12 Graph W-S, 14 Graph W-6,

6 Graph W-7, 8 Graph W-8, and 18 for Graph W-9. A sample of 25 is

therefore a safe value.

7.5.3 Result

Appendix X illustrates the analysis of the obtained data. It

consists of six tables. The table lists sequentially -- the

relationships, the mean of the responses, the mode of the responses, the

median of the responses, the theoretically determined values, the

standard deviation of the responses, the pooled standard deviation, the

test statistics, hypotheses test for 2T test, hypotheses test for 1T

test, and the p-values.

Correlational analyses were performed for the response means,

modes, and the medians with the theoretically determined values and are

listed in Appendix Y.
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7.5.3.1 Correlation Analysis

From Appendix Y, it can be observed that there is a strong

correlation of the response means, modes, and medians with the

theoretical determined values. Table 7-1 illustrates the correlation of

the response means, modes, and medians with the theoretical determined

value.

TABLE 7-1 C'OR:REL&TXOH OF HEAH, 1dDD1:, »m MJ:DJ:AH 1IJ:TB TBII: TBI:ORETXCAL
VALUE

RESPONSE MI:AH RESPONSE 11:)1)1: RESPONSE MIl:DIAN

DIVISION 1
Part 1 .968 .973 .957
Part 2 .957 .945 .994
Part 3 .973 .985 .981
DIVISION 2
Part 1 .963 .994 .98
Part 2 .984 .947 .99
Part 3 .975 .959 .943
AVERAGE .97 .967 .974
CORRELATION

The use of correlation coefficient helps in determining the

movement of the two data sets, but does not enable determination of

precise data association (Zeller, R.A., & carmines, E.G., 1978). From

the computed correlation coefficient it can be concluded that the

response value is similar to that of the determined theoretical values

due to high positive correlation. The correlation coefficients of the

mean, mode, and the median are all greater than .95. All three of the

data sets (mean, mode, and median) can therefore considered as good
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predictors or estimators of the theoretical value. Mean Test, Mode

Test, and Median Test have been used to analyze the data.

7.5.3.2 MEAN Test

The mean test was used for testing hypotheses. In other words,

whether to reject or not reject the null hypotheses, and in turn accept

or reject the research hypotheses.

7.5.3.2.1 Hypotheses Testing

The hypotheses were tested using one and two tail t-test. The

two tail test was used to deteDmine the equality or non equality of the

sample means, and the one tail test was used to determine whether the

anticipated sample mean was greater than the other.

The following t-test was used since the population standard

deviation was unknown.

HYPOTHESIS TEST

Ha:Y1-Y2>DO (One tail)
:Yl-Y2<=>Do (Two tail)

TS:t~«Y1-Y2-DO)/(Sp(SQUARE-ROOT(1/n1+1/n2»

where Sp= SQUARE-ROOT«(nl-1)s1s1+(n2-1)s2*s2)/(n1+n2-2»

In this study n1=n2=n=25
RR:t>ta

:l tl>ta / 2
where a = significance level.
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The significance ~eve~ for the t-test has been estab~ished to be

.05. The rejection region for two tai~ test is therefore 2.02 and for

one tail test is 1.68.

The anticipated results of the hypotheses are i~~ustrated in

Appendix Z. In the anticipated results, the ones that were not

supporting the research hypotheses have been marked with ·x. n The

appendix consists of seven tables. Tab~es Z-l to Z-6 i~~ustrates the

hypotheses tests. There are six tables (t), each tab~e consists of ten

relationships (r), and each relationship consists of three segments (s).

Therefore there are a total of (t x r x s) - (6 x 10 x 3) = 180

hypotheses that are being tested once through the two tail t-test and

again through one tail t-test. OUt of the 180 hypotheses 25 could not

support the research hypotheses in the two tail test, and 34 could not

be supported by the one tail test. Therefore, 86.11 percent of the

research hypotheses were supported and 13.89 percent were not supported

by the two tail t-test. 81.11 percent of the research hypotheses were

supported and 18.89 percent were not supported by the research

hypotheses by the one tail test. Table 7-2 illustrates the refuted

research hypotheses categorized according to Stage, Phase, and Entity

relationships.
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STAG!: 2T 1T PHASE 2T 1T
IDEA GEN. & ASSESS. 4 6 INVENTION 2
DEVELOP. & TEST. 5 6 DEVELOPMENT 4 4
STAND. & LAUNCH 4 8 INTEGRATION PHASE 8 8

13 20 12 14
AM:mG I:H'.rZTZES BI':'.l'DIJ:J:H I:H'.rZT:tZS

MANUFACTURERS 3 5 MANUFAC.-RESEARCH ORG. 4 4
RESEARCH ORG. RESEARCH ORG. CUSTOMER 5 5
CUSTOMERS 2 2 CUSTOMER-GOVT. AGENCY 3 4
GOVT. AGENCIES 3 3 GOVT. AGENCY-MANUFAC. 4 6

MANUFAC. -CUSTOMER 1 4
RESEARCH ORG. -GOVT. AGEN. 1

8 10 17 24

From Tab1e 7-2, it can be observed that 13/20 (2T/1T) (two

tai1/one tai1) research hypotheses are refuted whi1e traversing between

phases, whi1e 12/14 (2T/1T) are refuted whi1e traversing between stages.

Also 8/10 (2T/1T) research hypotheses are refuted in the "among

entities" categories and 17/24 (2T/1T) research hypotheses are refuted

in the "between entities" categories.

From Appendix Z it can be observed that the 3/5 Refuted Research

Hypotheses (RRH) for Manufacturer-Manufacturer (M-M) is 1/2 for

traversing between Stage I (SI) and Stage II (SII) and 2/3 for

traversing between Stage II (SII) and Stage III (SIll). There are no

RRH for Research Organization-Research Organization (RO-RO). For

Customer-Customer (C-C) the 2/2 RRH are 1/1 for SI-SII and 1/1 for 511-

5111. For Government Agency-Government Agency (GA-GA) the 3/3 RRH are

2/2 for SI-SII and 1/1 for SII-SII1. For M-RO the 4/2 RRH are 2/2 for

Phase II to Phase III (PI-PII) and 1/1 for SI-SII. For RO-C 5/5 RRH are

0/1 for PI-PII, 2/2 for PII-PIII, and 1/1 for 51-511. For C-GA 3/4 RRH
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are 1/2 for PI-PII, 1/1 for PII-PII, 1/1 for SI-SII. For GA-M 4/6 RRH

are 0/2 for PI-PII, 2/2 for PII-PII, and 1/1 for SI-SII. For M-C 1/4

RRH are 1/2 for PI-PII, and 0/2 for PII-PIII. For RO-GA 0/1 RRH is 0/1

for PII-PII.

(Note: The 4/2 RRH for PIlI-PI are not important for this study since

the concentration is between PI-PII-Plr and SI-SII-SIII) •

Most of the RRH are associated with Customers and Government

Agencies. The reason of this was clarified after performing in-depth

analysis and inquiries. Most of RRH are associated with the quadrant

SII and PII, i.e., the intersection formed by Development and Testing

Stage, and Development Phase. This is evident because this quadrant is

subject to and experiences a two dimensional transition. Since the two

transition vectors (Stage vector and Phase vector) intersect at this

point, the effect is mUltiplicative.

From Appendix X it can be observed by looking at the P-Value that

a number of RRH are very sensitive to the changes in significance level.

If the significance level is altered by a slight amount 19/27 RRH of the

total 25/34 RRH will not be refuted. 5/4 RRH for PIlI-PI and SIII-SI

are not important as mentioned above. Thus only 20/30 RRH needs

explanation.

7.5.3.2 MODE Test

Comparison of mode and the theoretical value reveals that there is

a strong correlation between the two. Appendix Y lists the correlation
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coefficients. They are as fo11ows .973, .945, .985, .994, .947, and

.959. When such strong corre1ation is observed, the best fODn of

analysis is visual comparison. (Note: See note below).

From Appendix X it can be observed that 18 modes out of a total of

180 differ from the theoretical value. It can be a1so be observed that

most of these differences are associated with the quadrant formed by SII

and PII, Customers, and Govel~nment Agencies.

7.5.3.3 MEDIAN Test

Simi1ar to the MOde Test, visua1 comparison test is best suited

for analysis of the data because of the high correlation of the median

with the theoretical value. The correlation coefficients are .957,

.994, .981, .98, .99, and .943.

(Note: Visual comparison can be performed when the data points meet the

fo1lowing conditions -- 1. The number of data points are small; and, 2.

The steps of the data point are limited and few. For the Mode Test the

steps of the data are 1, 2, 3, 4, 5, and for Median Test the steps are

1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, 5. The number of steps for the Mean is

infinite. Thus Visua1 comparison is futile for the Mean Test).

From Appendix X it can be observed that 42 Medians of the total

180 differ from the original. However, if values 1-1.5 are assigned 1,

values 2.5-3.5 are assigned 3, and values 4.5-5 are assigned 5 a totally

different result is obtained. (Note: Values as above can be assigned,

because values less that 1.5 implies strong support for competition and

values above 4.5 imply very strong support for cooperation. Values from
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2.5 to 3.5 ±mp1y strong support for neutra1ity). If va1ues as above are

assigned, on1y 10 out of 180 differ. The differences can be associated

with Quadrant SII-PII, Customers, and Government Agencies.

7.5.3.4 Explanation of Data Differences

It has been made vivid from the above data ana1ysis, that the data

differences can be associated with quadrant SII-PII, Customers, and

Government Agencies.

7.5.3.4.1 Quadrant SII-PII

Most of data differences are associated with this quadrant SII and

PII, i.e., the intersection fODmed by Deve10pment and Testing Stage, and

Development Phase. As mentioned above, this is evident because this

quadrant is subject to and experiences a two dimensiona1 transition.

Since the two transition vectors (Stage vector and Phase vector)

intersect at this point, the effect is mu1tiplicative. Quadrants SII-

PI, SII-PII, and SII-PII are subject to one dimensiona1 transition

vector the "Stage Vector." Quadrant SI-PII, SII-PII, and SIII-PII are

subject to the transition vector the RPhase Vector.- The directions of

the vectors are a10ng the ordinate and abscissa axis. The determination

of the magnitude of the vectors is beyond the scope of this study. It

can however be concluded that the effect of the intersection of these

vectors at quadrant SII-PII is multiplicative.

Thus the differences in the data va1ues in this quadrant are only

an effect resulting from the two transitional vectors. Hence data

differences can be attributed to the entities Customers and Government
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Agencies. It can fairly well be stated that these entities are

responsible for the data differences.

7.5.3.4.2 Customers

The errors due to Customers can be attributed to the confusion in

associating with ter.m "Customers." It was pointed out in Section 6.2.3,

that there are two levels of customers. It was ascertained after

perfor.ming some inquiry, responses varied with respondents who

differentiated the levels and those who did not. The differentiation

was due to awareness. It was assumed that clarification of this concept

would focus and direct the attention of the subjects to a constrained

answer. Therefore, questionnaire did not differentiate the different

levels of customers. This effect was noticed in the Pilot Survey Phase

also.

7.5.3.4.3 Government Agencies

The errors due to Government Agencies can be attributed to the

confusion in associating with "Government Agencies." Though there are

many government agencies, they all fall under the same umbrella of one

government. With that respect, one can expect the policies and actions

of the various agencies to be coherent with the policies of actions of

the central system. Thus the policy and action of anyone agency is

assumed not independent of each other. Therefore, responses included

those that were biased to a certain relationship (Competition or

Cooperation). Thus effect is largely due to the subscription to a

particular type of the political doctrine. It relates to outcomes which
192



considers the other re1ationship void, i.e., if cooperation exists

competition is void, and if competition exists cooperation is void.

(Note: See Appendix H for a discussion on this issue).

7.6 Fina1 Mode1 Deve10pment

Taking the above discussions in Sections 7.5.1 to 7.5.2, and

Chapter 6 into consideration the outcome of this study the fina1 mode1

for high techno1ogy product development can produced. Figure 7-1

illustrates the PRODUCT DEVELOPMENT MODEL. (Note: The thin 1ine

indicates competition, the medium 1ine indicates neutra1 re1ationship,

and the thick 1ine indicates cooperation).
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8.1 Background

In this Chapter, the summary of the study is provided in Section

8.2. In Section 8.3 the history of a product is discussed. This is

followed by a discussion on the implications of this study in Section

8.4. The utility of the Product Development MOdel is illustrated in

Section 8.5. The limitations of this study are explained in Section

8.6. The chapter concludes with a final statement in Section 8.7.

8.2 Summary of the Study

This study began (in Chapter 1) by introducing, developing and

elaborating the concepts of the two modes of relationships between

entities, viz. competition and cooperation in the development of high

technology product and identifying the entities. The concepts were

discussed in the light of economic theories. The chapter illuminated on

the ideas to be presented and forwarded in the following chapters.

In Chapter 2, the research design and the methodologies that were

used in this study were explained and discussed. Even though many

methods were discussed in the chapter, only the methods that were most

relevant for this study were discussed in detail. The research plan for

carrying out the study was also presented.

case study using historical analysis was one of the most important

methods that were used in this study. Therefore, Chapter 3, Chapter 4,

and Chapter 5 furnished materials that were necessary for Chapter 6

where the history of a television was analyzed to develop the Product
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Development Model. It was discovered that a product goes through three

phases -- Invention Phase (where the product is initially conceived);

Development Phase (where the conceived product undergoes Bome

modifications); and, Integration Phase (where the product is combined

with some other product). In each of these phases the product goes

through three stages -- Idea Generation and Assessment Stage (where the

product is in the minds of people and in paper); Development and Testing

Stage (where the product is in the laboratories); and, Standardization

and Launch Stage (where the product is brought out in contact with the

consumers) •

The four entities -- manufacturers, customers, research

organizations, and government agencies are responsible in the successful

development of a high technology product were iSOlated. Their mode of

relationship is either competition, or cooperation. Historical analysis

revealed that the mode of relationship changes and is different at the

various positions of the product development. To successfully develop a

product it is necessary to subscribe to the correct mode of

relationship. The PDM illustrates this diagramatically.

In Chapter 7, field survey is discussed which was used to validate

the PDM. Statistical analyses were used to reinforce and support the

model.

8.3 Product Life History

Figure 8-1 illustrates the history of a product diagramatically.

It consists of the various phases and stages.
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PRODUCT LIFE HlSTORY
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The figure consists of boxes arranged in co~umns and rows forming

a matrix. The first three co~umns (with so~id boxes) are associated

with Product 'A.' The first, second, and third co~umns of boxes in the

matrix represent the Phases, viz. Invention Phase, Deve~opment Phase,

and Integration Phase, respective~y. Rows one, two, and three (from

bottom to top) of the matrix represent the Stages, viz. Idea Generation

and Assessment Stage, Deve~opment and Testing Stage, and Standardization

and Launch Stage, respectively.

The product development lifecycle of a product (in this case

Product 'A') commences at the lower ~eft corner of the box matrix,

Invention Phase/Idea Generation and Assessment Stage. The commencement

is indicated by a glowing ~ight bulb. The product then proceeds along

the direction indicated by the arrow. After the product passes through

the upper box on the left corner, i.e., Invention Phase/Standardization

and Launch Stage, it -- 1. follows the arrow pointing upwards (which

indicates Rentry into the market-), and/or 2. follows the arrow looping

downwards to the middle box at the lower end, i.e., Development

Phase/Idea Generation and Assessment Stage. The arrow that leads the

product into entry to the market subjects the product to remain in its

existing state, while the arrow that leads to Development Phase subjects

the product to undergo enhancements. (Note: The product path decision

need not be made synchronously. It is often possib~e for the product to

follow the downward path to Development Phase after it has entered the

market and remained there for some time, i.e., decision is made

asynchronously). Similar to the Invention Phase, the arrow in the

Development Phase directs the product through treatments as it traverses
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the various stages. The upward arrow after the Standardization and

Launch Stage indicates entry into market. The other arrow however 1eads

to another glowing 1ight bu1b. At this point another Product 'B' which

has also undergone s~lar treatments as Product 'A' is brought together

and integrated to for.m Product 'C.' This phase is the Integration Phase

for both Product 'A' and Products 'B,' but s~ultaneously it is the

Invention Phase for Product 'C,.' The dotted boxes at the right side

indicate the product development lifecycle for Product 'c' which is

undergoing s~lar treatments as Product 'A' and Product 'B.'

The above proceedings are possible only through the interactions

of entities that are involved in the development of the product. The

entities can be categorized into four groups -- manufacturers, research

organizations, customers, and government agencies. The relationships of

the entities at the various stages and phases therefore occupy an

important position in the development of a product. In the course of

subjecting the p~oduct through treatments the entities may either

compete, cooperate, or remain neutral. In this study it was discovered

that the relationship changes at each point of the matrix. It commences

with competition between all entities (Invention Phase/Idea Generation

and Assessment Stage) and conc1udes with cooperation between all

entities (Integration Phase/Standardization and Launch). While

traversing through the stages, the relationships between entities change

from competition to cooperation, while relationships among entities

remain competition. However, as traversing through the phases, the

relationships among entities change from competition to cooperation,

while, the relationships between entities remain the same.
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8.4 Imp1ications of the Study

At the present, HDTV has occupied the center stage in the arena of

high techn010gy product deve10pment for we11 over a decade now. This

has been main1y due to the grandeur of opportunities that it presents.

Thus in this research, te1evision was taken up as the product of study

to ana1yze the scenario. The study was sparked off 1arge1y to

understand the dynamics of a high techn010gy product deve1opment. The

idea was conceived initia11y by the observation of the da1ay noticed in

its deve10pment. The United States, which had occupied the crad1e of

product deve10pment in recent years, was fa1tering behind in the HDTV

race. It seemed that the U.S. was incompetent. Numerous de1ays were

observed at every step and de1ay portrays inefficiency in a110cation of

resources. However, unexpected1y the U.S. has now taken up the 1ead,

over-taking its competitors (Europeans and Japanese). The reasons for

this outcome are evident through the findings of this stUdy.

The Europeans and the Japanese dwe11ed on the premise of HDTV

being a deve10ped form of te1evision, i.e., deve10pment over c010r

te1evision which in turn was a deve10pment over monochrome te1evision.

The U.S. however dwe11ed on the premise of HDTV being an integration of

te1evision with computers. But, the entities inv01ved in the

deve10pment of HDTV in the U.S. subscribed to the re1ationship mode of

competition during the ear1y pericd of P~TV deve10pment, with fragmented

cooperation. However, 1ater on the entities concurred with each other

and adopted the re1ationship of cooperation by forming a11iances (Grand

A11iance). (Some of the a11iances are forma1 whi1e others are informa1.
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But the cooperative effort is a landmark in the history of technology

development. It is a lesson learnt late, but it is a lesson well

learned). It was only then that the possibility of U.S. companies being

able to develop HDTV seemed visible at the horizon. In no t~e, its

competitors had to yield and recognize the success of the U.S.

It can be observed from the discussion above that it is necessary

to properly identify the Phase and Stage for a product in its

development. (Note: This was the mistake that the Europeans and the

Japanese committed). After proper identification it is necessary to

subscribe to the proper mode of relationship between and among entities.

(Note: This was the mistake that the U.S. committed in the early

period). The Product Development Model developed in this study helps to

guide entities in this process, as well as provide insights into product

development.

Largely due to the integration of many products in recent years,

entities have started forming alliances to remain competitive. It has

been therefore been necessary to cooperate to remain competitive.

8.5 Utility of the Model

The PDM illustrates diagramatically the relationship that is

necessary at the various stages and phases of a product development.

The most common and obvious choice for is "competition,n since it is

still considered as the strongest, and most competitive weapon of

capitalistic economy. However, as has been discussed and explained in

this study, competition could be the wrong relationship and may lead to

failure. This was evident in the development of HDTV.
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It is therefore necessary to identify the particular stage and the

particular phase and subscribe to the correct relationship to

successfully develop a high technology product. The most common error

occurs at the Integration Phase. During this phase, cooperation is

supposed to be the necessary relationship. But, elements of the

entities continue to subscribe to competition which results in delays,

inefficient allocations of resources, and in most cases -- failure.

The development of global cellular radio is the drawing the

central attention among high tech developers. MCI and AT&T are moving

along fast to acquire and capture the market (Indepth, April 1994).

The PDM reveals the necessary relationship to successtUlly develop

the global cellular system. According to the model, it is necessary to

identify the correct stage and correct phase. Global cellular

integrates -- telephone system, satellite system, mobile radio system,

computer system, etc. Therefore, the phase in -- Integration Phase.

During this phase cooperation needs to be fostered among entities. And

that is what is exactly what is happening. It is due to this reason why

Nextel, Motorola, British Telecom, Comsat, Northern Telecom, and Mcr are

joining together and fostering cooperation. On the other hand, McCaw,

AT&T, and Viacom are fostering cooperation among themselves. Because of

the cooperative efforts, global cellular system is already on the

horizon. Had it not been for cooperation, it would not be possible to

realize the dream of global cellular system.
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8.6 Limitations of the Study

In this study, the analysis approach has been more holistic than

fragmented and in doing so the effects due to small and minor fragments

have not been taken into account. Some of them are -- the resources

(the human resources, the financial capital, and the technological

capabilities of the organization); the structure (size and the level);

and, the culture (leadership, group dynamics, and employee behavior) of

the individual elements of the entity set. It is beyond the scope of

this study to take into account all of the above factors. To overcome

the above constraints all of the elements in the entity sets have been

assumed to be homogeneous.

This stUdy has concentrated only in the product development

lifecycle of one product -- television. It has been pointed out in this

study that the product development lifecycle of a product is only one

branch of the many branches. To understand the product development

lifecycle (PDLC) it is necessary (at least) to consider the product

development lifecycle (PDLC) that immediately precedes it as well as the

one that immediately succeeds it. In this stUdy, even though it would

have been possible (to some extent) to consider the PDLC that

L~ediately preceded the PDLC of television, it would be impossible to

consider the PDLC that immediately succeeds it, since the PDLC doesn't

yet exist.
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8.7 Fina1 Statement

The basic intent of this study has been to provide the various

entities involved in the deve10pment of a product with a description of

the various treatments that a product is subject to in the PDLe, as well

as provide a guide to the mode of relationships. This work is by no

means exhaustive, and is part of an ongoing process. It is therefore

hoped that subscribers be aware of this fact while ~1ementing the

outcomes.
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APPEND:IX A
BJ:GB DEI'J:HJ:UON TELEVJ:SJ:ON

A.1 HDTV: What is it?

High Definition Television (HDTV) is the next generation (third

generation or somet~es called fourth generation) of te~evision

technology being deve~oped by various organizations around the wor~d.

(Note: The first generation of te~evision was monochrome television, the

second generation was co~or television, and the third generation is

HDTV. Sometimes HDTV is divided into two generations. The analog HDTV

is referred to as third generation, and the digital HDTV is referred to

fourth generation). HDTV promises to bring sharper ~ges to the TV

screen, as we~l as, superior digita~ stereo sound (simi~ar to compact

disc) and a wide screen picture to the audience. It is an attempt to

create an electronic ~ge equiva~ent to a 35 mm fi~ production. High

definition can be measured by the resolution of the picture or the

number of active horizontal or vertical lines scanned on the television

screen (generally referred to as the television raster). HDTV and

Advanced television (ATV) are sometimes used synonymously. ATV refers

to any system that results in improved television audio and video

quality, whether the methods employed improve or enhance the existing

National Television System Committee (NTSC) transmission system, or

constitute an entirely new system (FCC Notice of Inquiry, 1987). The

present TV standa~d being used in the United States is a ~O year old

NTSC standard Which has 525 horizontal scanning lines with field rate of

60 Hz. This corresponds to approximately 350 lines of vertical

resolutions and 350 lines horizontal lines. With the increment of
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active lines on the raster HDTV will scan many more lines and provide a

clarity, sharpness, and lesa distortions that is available only on

films. HDTV provides better motion picture, i.e., the wagon wheels

don't go backwards anymore. It is not possible to increase the size of

displays in the conventional receivers because as the displays using

non-HDTV technology gets larger, the viewer notices more defects and

artifacts in the picture such as -- interline flicker, line crawl,

vertical aliasing, static raster, and cross color. CD quality audio is

available with the use of digital stereo sound system in the HDTV

system.

Early research on visual perceptions discovered that the qualities

advocated by HDTV could only be realiz2d when viewers sat closer to the

screen than they do with conventional televisions. This resulted in a

wider field of view which in turn increased the sense of presence of the

audience viewing the picture. But in doing so the viewers were able to

see the scanning lines on the raster, which resulted in a very

disturbing picture often causing vertigo. To overcome this effect, the

number of lines scanned had to be almost doubled. To further increase

the sense of presence, researcher discovered that the aspect ratio

(width to height ratio) had to be increased. The following are five

features that define the main areas of HDTV (Donow, K.R., & Sonne,

M.L.De., 1988, Flaherty, J.A., 1987) --

1. High Resolution Display,
2. Wider Aspect Ratio,
3. Larger Viewing Angle,
4. Greater Color Rendition, and
5. Digital Sound.
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A.1.1 High Resolution Display

HDTV will use at least twice the NTSC scanning rate (525 lines)

resulting in a system with about at least 1,000 scanning lines. (Note:

The FCC Advisory committee of HDTV made the following point -- The HDTV

system should provide an image quality equal to that of 35 mm film with

no fewer than 1,000 active lines resolution (FCC Interim Report, 1988».

Combined with a wider screen, HDTV will de1iver about five times as many

picture elements (pixels) increasing resolution considerably as compared

to the NTSC system. (See figure A-1).

STANDARD
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A.1.2 Wider Aspect Ratio

The aspect ratio of NTSC standard is 4:3. HDTV will have an

aspect ratio of 16:9. This will result in a wider screen which results

in a perceptible increase in picture quality. Enlargement of the

display screen would be the most effective technological method for

creating psychological effect on feeling, reality and powerful

impression (Fujio, T., 1978). (See Figure A-2).

STANDARD HDTV

3 3

~

~

4 5

209



A.1.3 Viewing Conditions

Research had concluded that the ideal viewing conditions for a

NTSC-standard receiver with an aspect ratio 4:3 is a 10 degree field-of

vision, which is accomplished by seating the viewer at a distance of

about seven screen-heights away from the TV receiver. When seated

closer, the lines on the raster becomes visible. With HDTV (aspect

ratio 16:9), the ideal condition is three screen-heights away from the

TV receiver. This results in a 30 degrees field-of-vision. To take the

max~um advantage of high definition, the HDTV screens will have

significantly larger display screens (at least 40-50 inches diagonal).

(See figure A-3).
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A.l.4 Color Rendition

HDTV system will provide an approximate lO-fold increase in color

information as compared to the current NTSC system by using more

bandwidth for color encoding. This wi:Ll allow a more thorough

resolution of hue and saturation on small details on video picture

allowing more realistic reproduction of colors of the original scene.

(See Figure A-4).
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A.l.S Compact Disc Quality Sound

Since the audio component will be digital and stereophonic, the

sound reproduction will be similar to CD quality. (See Figure A-S) •
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The development of high definition te1evision (HDTV) or advanced

te1evision (ATV) represents the convergence of video, computer, and

communications techno1ogies (Note: See Appendix B). HDTV is a

revo1ution that wi11 e1iminate the barriers between now-disparate

techno1ogies (Business Week, January 30, 1989). HDTV embraces both old

and new techno1ogies. Much of the potentia1 for new video and advanced

imaging products is drawn fODm developments in computer sciences -

components, software and systems (NTIA, U.S. DOC, 1989). Thus, some of

the same techno1ogical deve10pments that have made possib1e we1l-known

and dramatic advances in telecommunications and data processing -

higher capacities, higher speeds and 10wer costs -- are being applied to

creating, recording, processing, storing, distributing and displaying

visual images. HDTVs must process huge quantities of information at

speeds approaching those of today's supercomputers in order to display a

real time, ful1-co1or, high definition video and audio signa1, which

would be on1y possib1e through the use of relative1y 10w cost

specia1ized task circuitry.
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High Definition Television (HDTV) is the most advanced for.ms of

Advanced Television System (ATV), as defined by a classification scheme

adopted by the Advanced Television Systems Committee (ATSC) (Darby, L.,

1988, u.s. Congressional Budget Office, 1989). The ATSC taxonomy

includes --

1. Improved Definition Television (IDTV),
2. Enhanced Definition Television (EDTV), and
3. High Definition Television (HDTV)

B.1 Improved Definition Television Systems (IDTV)
These are available in retail stores. By definition, these

operate wholly within the current broadcast technical standards.
Improvements are made possible by ·combing- interspersed signals at both
the transmitter and the receiver; by converting to progressive from
interlaced scanning through the use of memory device in the receiver;
and, by interspersing more video information throughout the normal six
megahertz channel. In the receivers the signal is digitized, processed,
stored in memories, and displayed to improve picture quality. The
combined effect of these and numerous other technical improvements to
double (roughly) the picture ~erfections of traditional systems by
embodying only internal modifications, involves no change in
broadcasting equipment or radio spectrum allocation. These systems are
generally compatible with both existing channel allocations and the
embedded receiver base.

B.2 Enhanced Definition Television Systems (EDTV)
These systems could, theoretically at least, incorporate many of

the techniques available for upgrading present systems. It involves
further receiver improvements including wider screens, and perhaps more
horizontal lines of resolution than is currently used. In addition,
through a form of time divided, multiplexed packet transmission, signal
quality and information quantity are appreciably enhanced. The
transmission would remain within the 6 MHz per channel allocated to
broadcasters and much of today's broadcasting equipment would be
unaffected.

B.3 High Definition Television Systems (HDTV)
These systems involve an increase in the number of lines of

reSOlution, to perhaps twice that available today, to achieve picture
quality comparable to that of 35 mm film, along with CD quality digital
sound. These improvements would require more complex receivers, new
program production and broadcasting equipment, and more radio spectrum
space.
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APPENDIX C
APPLICATION or HDTV

C.1 Background

The deve10pment of HDTV or ATV represents the integration of

video, computer, and communications technologies (Note: See Appendix B).

HDTV is a revo1ution that will eliminate the barriers between now-

disparate technologies (Business Week, January 30, 1989). HDTV embraces

both old and new techno1ogies. Much of the potential for new video and

advanced imaging products is drawn form deve10pments in computer

sciences -- components, software and systems (NTIA, u.S. DOC, 1989).

HDTVs must process huge quantities of information at speeds approaching

those of today's supercomputers.

C.2 App1ications of HDTV

HDTV connotes app1ications which initia11y are 1arge1y consumer

oriented, principa11y, the de1ivery of entertainment te1evision to

homes. But despite this consumer product orientation, the

nonentertainment applications of HDTV are both 1ikely to be substantial

and quite diverse. HDTV would drive the state-of-the-art in a number of

technologies that wou1d be very vita1 to some industries 1ike future

generation computers and communications equipments -- digita1 signa1

processors for real time video signa1s; high performance displays or

HRS; fast, high density magnetic, optica1 data storage and semiconductor

memories such as DRAM; technologies for packaging and interconnecting

various e1ectronics components; and improving manufacturing

217



efficiencies. Some of the areas where HDTV cou1d be app1ied are as

f0110ws (OTA, 1990):

C.2.1 Entertainment

Theater qua1ity movies can be viewed in home thus creating a

persona1 theater. It wou1d be possib1e to take a video str011 through

mountain resorts that the viewer is considering on vacation. It wou1d

be possib1e to watch a footba11 game, where c1arity and wide picture

wou1d enab1e the viewer to watch the entire game unf01d. It wou1d be

possib1e to have c10se-ups of quarter back, defensive back, etc., on a

window (subpicture) on the screen contr011ing what the viewer wou1d 1ike

to see.

C.2.2 Te1emedicine

Due to its high res01ution and true rendition of c01or, HDTV cou1d

be used to transmit medica1 images such as x-rays, CAT scans, etc., to

1eading experts to avai1 critica1 advice thus creating interactive

network serving medica1 community. This wou1d provide benefit to areas

where expertise may be non-existent (Kemezis, P., 1988), offering the

highest qua1ity video for remote diagnostic capabi1ity for more cost

effective services (Newman Jr., L.S., & Jennings, T.B., 1987).

Southwestern Be11 Te1ephone Company demonstrated at a hospita1 in Texas

the big r01e that cou1d be played by HDTV in remote medical diagnosis

and treatment (Bushaus, D., 1990).
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C.2.3 Education

By manipu1ating digital video data, the viewer wou1d be able to

observe a painting in a museum, perform dissection, bui1d models, or

a~ail information as required. Great work of arts can be easily viewed

from the home. Multidimensional libraries cou1d be created where it

would be possible to stroll through a stored record of an ancient city

displaying the desired audio and video signals in response to the given

direction. An electronic version of a newspaper edited according to

particular choice cou1d be easily availed (Valentine, T., 1991). This

ability to interact makes HDTV far more important to education.

C.2.4 Simulation

Engineering simulation, including computer aided design (CAD) of

structures, e1ectronic circuits and a host of other things could be

possib1e with the use of this new technology. Recent advances in

computer generated images could extend simulations to enab1e viewers to

walk through the image.

C.2.5 Photography

Pictures taken by electronics camera could be used in conjunction

with editing to obtain pictures that cater to the taste of diverse

audience. HDTV is a1ready in use of motion picture production due to

its efficiency and simplification in editing while saving production

costs by about 15% (Investor's Daily, March 23,1989).
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C.2.6 Te1ecommunications

A host of new services, ranging from videophones and

te1econferencing to te1emarketing cou1d be made avai1ab1e.

C.2.7 Pub1ishing

Advanced video techno1ogies wou1d acce1erate desk-top pub1ishing

by a110wing the transmission and disp1ay of high qua1ity video images.

HDTV pictures have photographic qua1ity and have the advantage of being

e1ectronica11y edited causing reduction of working time (Hatori, M, &

Nakamura, Y., 1989). In the advertising industry, the electronic

processing of HDTV signa1s is a1ready rep1acing the editing of 35 rom

fi~ as a way to produce printed materia1 because of the significant

productivity improvements, even though such HDTV work stations costs

hundreds of thousands of do11ars (Be11ision, J.A., 1989).

C.2.8 Defense

Use of e1ectronic camera for reconnaissance wou1d e1iminate delay

in processing fi~. High reso1ution maps and improved cockpit displays

would enhance mi1itary efficiency. HDTV displays playa centra1 ro1e in

the highest-payoff defense programs Buch as -- command and contro1,

batt1e management, and training and simulation (Young, W.R., 1989).

HDTV wi11 enable the mi1itary to fUl1y exp10it the next generation of

cockpit automation. HDTV can be used in tanks as well as command and

control fie1d equipment. HDTV cou1d be used in shipboard command and

contro1 systems (SAC) and cou1d be used for map disp1ays in Army command

and control centers where, for the first time, it wi11 be possib1e to
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see legibly whole map sheets and battlefield overlays. (Note: HDTV

systems will be installed for U.S. traffic control by the Federal

Administration (FAA) in the very near future).

Figure C-l illustrates a diagram describing the various

applications of HDTV, which is excerpt from a Japanese promotional

document of HDTV system.
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APPJ:NDDC D
BD'rV PROPOSALS :tH TID: UNITED STA'1'I:S

0.1 Background

There have been nwnber of proposals made for HDTV system in the

United States. The primary reason for this has been the huge market

that has been predicted by various analysts (Note: See Appendix E). A

brief review of the major proposals is provided in this chapter. While

some of the efforts are indigenous to the United States, others have

been offshore.

0.2 Proposals

The proposals can be divided into four groupings
1. 6 MHz NTSC-Compatible Systems;
2. 6 MHz NTSC-Incompatible Systems;
3. NTSC-Compatible Systems using the existing 6 MHz television channel,
plus a separate channel of 6 MHz or less (augmentation channel), to
carry the extra information needed to provide high definition pictures;
and,
4. NTSC-Incompatible Systems using more than 6 MHz bandwidth.

0.2.1 6 MHz NTSC-Compatible Systems

These systems permit HDTV operation on existing VHF and UHF

spectrum allocated to television without disruption to existing

services. Since these are compatible with existing receivers, it will

not be necessary to replace the color TV receivers. The only question

is -- Do these systems provide picture improvements comparable to full

high definition television systems?

The advantages of this system are as follows --
1. All existing broadcasters would be able to upgrade to HDTV;
2. FCC involvement and other regulatory constraints would be minimized;
3. There would be no significant disruptions; and,
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4. There woul.d be continuaJ. support by the deJ.ivery system (Over-air
transmission, VCRs, etc.)

D.2.1.1 ACTV I (Advanced Compatible TeJ.evision)

The proponents of this system was a consortiwu comprising of David

Sarnoff Research center (for.merly known as RCA) located in Princeton,

New Jersey, NBC (NationaJ. Broadcasting Center), and RCA (Radio

Corporation of America) which is now a part of GE (GeneraJ. EJ.ectric)

(The New York Times, 1990).

The ACTV I enhanced picture is deJ.ivered within the existing 6 MHz

broadcast channel. Existing NTSC receivers with an aspect ratio of 4:3

wiJ.J. be abJ.e to dispJ.ay the Advanced CompatibJ.e TeJ.evision I signaJ..

ACTV I is a 1,050 J.ines per frame, singJ.e channeJ. NTSC compatible

system. Its J.uminance resolution is 410 horizontaJ. J.ines and 480

verticaJ. J.ines and is chromdnance resoJ.ution is the same as ~ITSC. The

aspect ratio is 16:9. Figure D-1 provides a schematic bJ.ock diagram of

ACTV I.
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The ACTV was initially proposed by NBC on October 1, 1987

(Broadcasting, October 5, 1987). In the following week, a computer

s~ulation was presented in the Ottawa canadian HDTV conference

(Broadcasting, October 26, 1987). The general impression was that the

picture was better than NTSC. In April, 1989, an over the air

demonstration of AVTC was carried out on WHEC-TV in New York (Television

Digest, April 24, 1989). Even though regular TVs could receive the

signal, only David Sarnoff Center could receive the enhanced television

picture.

D.2.1.2 EDTV System I

This system was proposed by Broadcast Technology Association. The

EDTV System I was intended to improve picture quality of the present

NTSC system by introducing progressive scan (in place of interlaced

scan) display with three dimensional Y/C separation, higher resolution

signal sources, and modifying the signal parameters. The ~provement in

picture quality was expected to be about +1.5 grade compared with

conventional NTSC pictures (EIA HDTV Information Center). The aspect

ratio was the same. Since no changes to the present NTSC system were

made on the aspect ratio, the frequency spectrum and bandwidth, and

sound channel, the system was fully compatible with the current NTSC

receivers, broadcasting networks, and CATV system, ~plementation could

be easily done. Laboratory tests and field tests showed promising

results (Multichannel News, March 13, 1989).
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D.2.1.3 GENESYS

This system was proposed by Production Services, Inc. The GENESYS

Transmission System was a single 6 MHz system that was fully compatible

wi.th the current NTSC system. It was capable of delivering the SMPTE

240M 1,125/10/2:1 interlace standard, as well as the 1,050/59.94 format

(EIA HDTV Infor.mation Center). GENESYS consisted of four different

consecutive processes. The first process applied modified delta

modulation techniques for analog to digital conversion of HDTV signal.

The second process used a type of wavefor.m modulation which modified the

digitized HDTV signal, not as FM (Frequency Modulation), AM (Amplitude

ModUlation), or PCM (Pulse Code Modulation), but as the shape of the

carrier (Tobing, E.H.C., 1989). The same carrier was used to transmit

vestigial side band (VSB) NTSC signal. Finally, the signal was

demodulated and the digital signal was converted into analog form

(Hopkins, R., & Davies, K.P., 1989). The audio was transmitted as four

discrete channels with 60 KHz sampling rate. The equipment requirement

at the TV station were minimal and a single IC (Integrated Circuit) chip

with no memory was all that was required for the TV receiver.

D.2.1.4 HD-NTSC (High Definition NTSC)

This system was proposed by Del Rey Group, a small company located

in California of Richard Del Ray.

The Del-Ray GIOUp pIoposed a system which was b~sed on the

intrOduction of a subsampling technique called TriScan. TriScan took a

high definition monochrome signal and compressed it down to NTSC format

(SMPTE Journal, March 1988).
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This system was NTSC compatible and could be accommodated in the

present 6 MHz broadcast channel. The resolution was adjustable up to a

limit of 700 horizontal lines and 700 vertical lines. It was able to

accept 900, 1,050, 1,125 or 1,500 line studio standard. It had an

aspect ration of 16:9. It was compatible with consumer VCRs and most

station equipment. The system would provide a very large, sharp, and

wide picture which was free from current conventional artifacts. It

would be accompanied with a CD quality audio. The most interesting

characteristics of this system was that performance could be gradually

increased over time to full HDTV level without additional spectrum and

receiver upgrades. Figure D-2 provides a picture of HD-NTSC process.
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A limited partnership under the name Compatible Video Consortium

(CVC) was for.med between Cox Enterprises Inc., Atlanta, Tribune

Broadcasting Co., Chicago, Marina Del Ray, california, Cox cable and

Group W (Broadcasting, February 29, 1988).

HD-NTSC was tested through two thresholds. First, HD-NTSC was

s~ulated on a VAX 8600 using monochrome images. Second, in December

1987, tests were with color images. The group reported that they have

been encoding high definition color images into composite HD-NTSC and

back again (NAB, 1988).

D.2.1.5 High Definition & High Frame Rate Compatible NTSC Broadcast

Television System

This system was proposed by Avelex. This was a method of

terrestrial broadcast and cable transmission of HDTV with high frame

rate in the basic NTSC format using a single 6 MHz. channel. Sub-

Nyquist sampling was used with an eight field sequence (Aoki, K., 1990).

The transmitted signal was appropriate for display on present NTSC

receivers and would generate a wide screen display on new high

definition receivers with 1,500 pixels horizontally on each of the 966

lines in a 16:9 or 5:3 aspect ratio format (EIA HDTV Information

Center). The transmitted aignal permitted display at 60 frames per

second at a receiver, each virtually independent of one another, and

thus permitted smooth high speed motion without studder or jerkiness.

None of the NTSC active frame area was required to be given up to

accommodate the new expanded video and audio data. The system provided

a method of motion compensation with receiver verification of motion
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vector data for the high resolution and a method for transmitting new

side wwings" video data on a quadrature component of the visual RF

carrier.

D.2.1.6 MIT-RC

This system was proposed by Massachusetts Institute of Technology.

MIT-RC was compatible with 6 MHz channel and was receiver compatible.

It was an enhanced-definition (EDTV) system featuring improved

resolution on special receivers. It provided satisfactory reception on

existing receivers. It had freedom from NTSC cross-effects and had

digital audio. This system masked the top and bottom of the picture by

a process known as "letter box· processing (Hopkins, R., & Davies, K.P.,

1989). The luminance infor.mation was carried by the top and bottom

bars. To double the horizontal resolution, the chrominance frame rate

was decreased to 15 frames per second.

D.2.1.7 NTSC MUSE 6

The MUSE-6 system was announced by NHK in early 1987 as a

suggested transitional system in the movement from NTSC to a full-

fledged HDTV MUSE system (NAB, 1988). This system was compatible with

existing channel and television sets. It was an enhanced definition

transmission system. MUSE 6 used conversion of scanning lines by

converting 1,125 lines to 750 iinas at the t~answitte~ and changing it

back to 1,125 at the receiver. Two of the MUSE-6 systems compressed

picture for NTSC sets, displaying a 16:9 picture with black strips

across the top and bottom of the screen. The other MUSE 6 system croped
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the sides of the picture on NTSC screens (EIA Information Center). The

resolution of the picture was 750 lines by 600 lines. High resolution

data was inserted into the 4.2 MHz TV video baseband using MUSE

compression techniques. Higher compression to the 6 MHz required

complex technology. The system also incorporated two digital audio

channels (Hopkins, R., & Davies, K.P., 1989).

D.2.1.8 SuperNTSC

This system was proposed by Faroudja Laboratories, which was owned

by the French born inventor Yves Charles Faroudja (Tobing, E.H.C.,

1989).

This system combined pre-processing at the transmitter and post

processing at the receiver (TV set). It ran on a single 6 MHz channel

and was fully compatible with the current NTSC receivers. According to

Faroudja, all that was needed to receive the improved picture was a

"comb" filter in the receiver, Which was already included on most

present high quality televisions (Tilles, A.S., & Weisman, D.E., October

1988). SuperNTSC was a system that doubled the number of scanning lines

to 1,050 and the frame rate was 59.94 per second. The system expanded

the capability of NTSC almost to its theoretical limits, rendering full

color images indistinguiShable from source images after transmission

over a standard NTSC 6 MHz channel (NAB, 1988). This was accomplished

by use of filters that do not allow the luminance signals to interfere

with the color signal (Donahue, H.C., 1989). Faroudja Labs introduced

its SuperNTSC system at the November 1987 SMPTE Conference in Los

Angeles (NAB, 1988).
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D.2.2 6 MHz NTSC-Incompatible Systems

The 6 MHz NTSC-Incompatible Systems approach was based on the idea

that it would make more short-ter.m and long-ter.m sense to reject the

NTSC constraints, and design and entirely new 6 MHz system (NAB, 1988).

D.2.2.1 MIT-CC

This system was proposed by MIT (Massachusetts Institute of

Technology). It was a one channel (6 MHz) incompatible system featuring

resolution and digital audio/data capabilities comparable to the

Japanese HDTV transmission systems, but on special receivers only (EIA

Information Center). The coding technique used in this system was the

sub-band coding (Tobing, E.H.C., 1990). It was developed specially for

cable use, but was also applicable to the eventual incompatible

broadcasting system. In that application, it also featured reliable

perfor.mances in degraded channels, by means of suppressing ghosts,

random noise, and mutual interference between TV transmissions.

(Note: Both the MIT-RC and MIT-CC systems were folly compatible with
terrestrial, satellite, and cable channels and could achieve higher
performances with additional spectr\Dn, either in contiguous or
noncontiguous bands. A concept being studies in connection with the MIT
TV systems was the AOpen-Architecture Receiver- since MIT believed in
the probability that mu~tiple TV standards would prevail in the future.
Using digital signal processing and modern solid-state components, all
kinds of input signals would be converted in low-level digital hardware
and displayed at a single high-definition standard. The architecture
was bus-oriented to facilitate interconnection with a large variety of
other devices and communication lines. MIT believed that such an
approach would permit evolutionary Xmprovement in performances by adding
software and/or hardware modules at a later date (EIA Information
Center).
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D.2.2.2 Narrow MUSE

NHK proposed this 6 MHz NTSC-incompatible system. Narrow-MUSE

used identical bandwidth compression algorithms as the standard MUSE

format to compress the base-bandwidth to 5 MHz rather than 8.1 MHz (NAB,

1989). Narrow-MUSE used a converter for use with existing TV sets and

allowed transmission of 4-channel digital sound signals. Narrow-MUSE

was itself a transitional system on the way to a full MUSE

implementation. Narrow-MUSE offered picture qualities that were two

grades better than present NTSC video, but still one grade level less

than full MUSE.

D.2.2.3 SC-HDTV (Spectrum-Compatible HDTV System)

This system was proposed by Zenith. SC-l~TV used 6~ulcast

transmission system which elimdnated most interference with NTSC by

employing double sideband suppressed carrier modulation for analog video

components and digitized low frequency video and audio. The more than

90 percent power reduction realized by the transmission system and the

inter-leaving of NTSC and HDTV spectrum reSUlting from encoding enabled

the use of otherwise unusable taboo channels of UHF and VHF broadcast

spectrum for s~ulcast HDTV (EIA Information Center). Although the

transmitted HDTV component encoded si~~l would resemble NTSC 525-line

interlaced transmission for spectrum compatibility, the HDTV display on

home receivers would be a 787.5 line, progressively scanned 59.94 Hz

display comparable to 1,000 plus-lines interlaced display (Broadcasting,

September 5, 1988). As a source for these 787.5-1ine HDTV

transmissions, broadcasters could use either a 787.5 line, 59.94 Hz
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format in a 30 MHz RGB signa~, or a 1,050 ~ine, 59.94 Hz progressively

scanned format which was then electronically compressed to be compatible

with the 787.5 ~ine display. The system was capable of providing TV

images with aspect ratios such as 16:9, 5:3, or 4:3.

D.2.3 NTSC-Compatible Systems using an existing 6 MHz television

channel, plus a separate channel of 6 MHz or less, to carry the extra

information needed to provide a high definition picture

D.2.3.1 MOSE-9

This system was proposed by NHK. It had 3 variations, but all

required 9 MHz of channel bandwidth and therefore co~d be transmitted

only via satellite, cable, or an expanded broadcast television channel.

MUSE-9 was compatible with the existing NTSC sets using a 3 MHz

augmentation channel. It provided an aspect ratio of 16:9, twice the

static resolution of the NTSC system and allowed transmission of 4

channel digital sound signals.

D.2.3.2 Philips HDS-NA (High Definition System for North America)

This system was proposed by Philips Laboratories. HDS-NA was

designed to be comparable in quality to HDTV systems which would be

adopted elsewhere in the world and would be usab~e on an equal basis by

all modes of television delivery -- terrestrial broadcasting, cable

television, direct broadcast satellite (DBS) and fibre optics cables.

HDS-NA was characterized by --
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1. A wide screen (an aspect ratio of 16:9 rather than the conventional
4:3);
2. HDTV resolution and picture quality free from motion artifacts,
flicker, and line structure (more than 400,000 picture elements rather
than the 145,000 associated with conventional NTSC receivers); and,
3. Multichannel compact disc (CD) quality digital sound.

The system was compatible with the existing NTSC receivers and did

not cause degradation in quality (EIA Infor.mation Center). There were

two type of HDS-NA systems being proposed. These were as follows

1. HDMAC-60, and

2, HDNTSC.

D.2.3.2.1 HDMAC

HDMAC-60 was a 60 Hz adaptation of its 50 Hz European MAC system

designed for HDTV satellite transmission which carried infor.mation from

the program source to a terrestrial broadcast system, a cable headend~

or directly to the viewer's home.

D.2.3.2.2 HDNTSC

HDNTSC was a terrestrial distribution system derived from HDMAC-60

with a transcoder that would carry information from a terrestrial

broadcast system or a cable headend to a viewer.

HDMAC-60 was a 1,050/59.94/2:1 interlace scan system with aspect

ratio of 16:9. The signal had a base bandwidth of approximately 9.5

MHz. Upon reception of the HDMAC-60 signal, it was demodulated and

divided into two signals, each which Zitted into a 6 !~z band. The

first was the traditional NTSC signal in all ways. The augmentation

channel contained all of the extra information needed to deliver HDTV

including the side panels necessary for widening the picture, the extra
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HDTV resolution, the improved color rendition, and the data necessary to

achieve CD quality digital stereo (NAB, 1986). This system was

demonstrated in April 1967 (Hecht, J., 1969). The most important

feature of this system was that it made the most out of the "taboo"

channels (Hopkins, R., & Davies, K.P., 1969). Philips presented the

first demonstration of HDTV hardware for U.S. satellite transmission in

December 1966 (Television Digest, 1966).

D.2.3.3 VISTA

This system VISTA (Visual System Transmission Algorithm) was

proposed by New York Institute of Technology (Glenn, W., & Glenn, 1988).

This system was developed under the guidance of William Glenn. This

system was compatible with the NTSC receiver. It was based on the use

of the existing 6 MHz channel, plus a second 3 MHz "detail" augmentation

channel. The resolution of static images in this system was extremely

high. To squeeze high picture information into a 3 MHz augmentation

channel, fine details were transmitted at a slower rate of 7.5 frames

per second. The technique for NTSC was to break the signal into low

spati~l and high temporal resolution components, while for the

augmentation signal its was the opposite, high spatial and low temporal

resolution components. This system employed temporal filters and

diagonal filters (Glenn, W.E., & Glenn, K.G., 1988). The system was

given a closed-circuit tests at the 1986 and 1987 NAB conventions NAB,

1988). Figure A-3 illustrates the block diagram of the NYIT Compatible

System.
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D.2.3.4 ACTV II (Advanced Compatible Television)

The proponents of this system was a consortium comprising of David

Sarnoff Research Center (formerly known as RCA) located in Princeton,

New Jersey, NBC (national Broadcasting Center), and RCA (Radio

Corporation of America) Which is now a part of GE (General Electric).

(Note: See ACTV I above).

ACTV II was meant to augment ACTV I, elevating the resolution of

ACTV I to true high definition with the use of an additional channel.

It was a 1,050 lines per frame system which was compatible with both

NTSC and ACTV I. It used two channels with a total bandwidth of 12 MHz.

The luminance resolution was 650 horizontal lines (in contrast to 410

for ACTV I) and 800 vertical lines (in contrast to 48~ for ACTV I). The

chrominance resolution was double that of NTSC (it was the same for ACTV

I). The aspect ratio was 16:9.

This system was first demonstrated at the NAB convention in April,

1988. The ACTV II would be the second phase of implementation of HDTV

after adopting ACTV I, according to the consortium (Broadcasting, April

18, 1988). ACTV-E (entry level) was also introduced by the consortium

to enable broadcasters to have a smooth progression at minimal cost

(Television Digest, October 24, lS88).
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D.2.4 Systems That Are Incompatible with NTSC-Standards and Using More

Than 6 MHz Bandwidth

D.2.4.1 HOB-MAC

This system was proposed by Scientific Atlanta. HOB-Mac was

intended for satellite distribution to broadcast stations and cable head

ends, as well as satellite broadcasting direct to homes. The signal

would pass through cable systems using two contiguous 6 MHz channels.

The signal was not directly compatible with NTSC receivers, and required

a MAC decoder to generate NTSC signals. To display HOB-MAC signal on an

NTSC receiver, it was necessary to use a set-top converter with an NTSC

output (EIA Infor.mation Center). A progressive scanning process was

applied and the system used a diagonal filter. The system occupied a

bandwidth of 10.7 MHz. The aspect ratio were 4:3 and 16:9. These could

be achieved by using pan and scan technique. The system had six digital

audio channels (Hopkins, R., & Davies, K.P., 1989). A spectrum folding

technique was used to achieve horizontal resolution of 950 lines with a

525 lines progressive scan.

D.3 HDTV Systems Submitted For Final Evaluation to the FCC

There were six proposals under consideration by the ATTC by March

1, 1991 (ATTC, March 1, 1991) which is illustrated in Table D-1.
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~J)-1

PROPOSlI:D ADV.UiCZD ~SIOM ~SSZOH SYSTEMS
BI:I'ORZ TBI:.I'CC JU)VJ:S01a' c:cHaftD".

(MaRCH 1, 1991)*

A'1!V SYSD:N DaD: 5 TXPZ DKCL&lU:D SZGNAL
PIU)P()HZH'1'S (.in scum:tRG FORMAT
alphabe~icaJ. order of! I'ORKU'
1IV.~em\

1 AC1!V Enhanced NTSC 525/59.94, Analog
David Sarnoff Research 1:1
Center/ATRC (Advanced
Television Research
Consortium)

2 ADTV Simulcast HDTV 1050/59.94 Digital
North American , 2:1
Ph.iliDS/ATRC

3 AnA Progzeee.i.". System Simulcast HDTV 787/59.94, Digital
MIT/ATVA (Advanced 1:1
Television Alliance)

4 Diqic.ipbez: Simulcast 1050/59.94 Digital
GI/ATVA . 2:1

5 Narrow KDSZ Simulcast 1125/60, Analog
NHK 2:1

6 DSC-BDTV Simulcast 787.59.94, Digital
Zenith/AT&T 1:1

*(Note: The scanning format is number of scanning lines per
second/frames per second, interlaced (2:1) or progressive (1:1».
Source: Advanced Television Testing Committee, March 1, 1991.

D.4 Selection Criteria

Ten selection criteria and associated target values were set by

the FCC Advisory Committee SS/WP4 (Systems Sub-committee/Working Party

4) (ATTC, March 1, 1991). They are as follows

1. Coverage area -- Comparable to NTSC.

2. Accommodation percentage -- 100% of currently authorized full service
stations and pending applications for full service stations. It is
desirable to accommodate all noncommercia'.l vacant allotments.

3. Audio/video ~alit~ -- The CCIR has defined HDTV in ter.ms of current
television systems. That definition, applied to NTSC, leads to the
following target value. The resolution should be twice that of NTSC in
both vertical and horizontal directions, the temporal resolution should
not be less than NTSC, the color rendition should be superior to NTSC,
any artifacts should be less objectionable than are NTSC artifacts, the
aspect ratio should be 16:9, and the subjective sound quality should be
comparable to compact disc.

4. Transmission robustness -- Better than NTSC ~ithin the defined
coverage area.
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5. Scgpe of services and features -- When compared with NTSC, increased
capabi1ity and f1exibi1ity in the abi1ity to provide audio, captioning,
data services, etc.

6. Extensibi1ity -- A new service must provide 10ng 1ife, just as NTSC
has provided a 10ng 1ife, by supporting future enhancements and future
techno1ogy advances.

7. Intergperabi1ity -- A new service shou1d be ·friend1y· to alternate
de1ivery media. Interoperabi1ity with cab1e TV is mandatory.
Interoperabi1ity with VCRs, sate11ite, computer, data communications,
telecommunications app1ications with simp1e interfacing hardware is also
an objective.

8. Cgst tg brgadcasters.

9. Cgst tg alternative media.

lO.Cgst tg cgnsumers.

It is difficu1t to estab1ish target va1u9a for cost issues.

Furthermore, cost is a function of market conditions and production

volume. Key issues for broadcasters and cab1e operators would be cost

to ·pass· programming. Key issues for consumers wou1d be cost of a

receiver and a VCR after five years of production.

(Note: In a 1ast minute decision ATRC dropped out their analog ACTV

(Advanced Compatib1e Te1evision) from the race. ThuB on1y five

proposals remained with the FCC). The proposals are discussed below.

D.5 Final Proposals Description

Many of the features and elements are common to a11 of the

proposed systems with a some variations. Tab1e D-2 compares the final

four proposals that are in the race.
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SYSTDi DIGI- DeS AM!V CCDC
CIPm:R

SCAN LINES/FRAME 1050 787.5 1050 787.5
FRAMES/SECOND 29.97 59.94 29.97 59.94
SCAN FORMAT 2:1 Inter Proer 2:1 Inter Proer
HOR. LUM PIXELS 1408 1280 1440 1280
VERT LUM PIXELS 960 720 960 720
HOR. CHROM PIXELS 352 640 720 640
VERT. LUM PIXELS 480 360 480 360
LUM BW MHz 21.5 34 23.6 34
CHROM BW 5.4 17 11.8 17
VID SAM FREO. MHZ 53.65 75.3 56.64 75.5
VIDEO DATA RATE 17.47/ 17.1/ 17.73 18.88/
Mbos 12.59 8.6 13.60
AUD SAM!? FREQ.kHz 48 47.203 48 48
AUD DATA RATE Mbos 0.503 0.5 0.512 0.755
AUDIO DYN RANGE dB 85 96 96 94
ERROR CORRECTION 6.17 1.3/2.4 5.64 6.54
OVERHEAD MbOB
TRANS DATA RATE 24.39/ 21.0/ 24.0/ 26.43/

19.51 11.1 4.8 21.25
PROPONENTS GI.MIT ZENITH, THOMSON, GI, MIT

AT&T, PHILIPS,
SCIENTIFC NBC, DAVID
ATLANTA SARNOFF

RESEARCH
CENTER,
COMPR.
LABS.

*Source: Harris, A., May 1993.

The section below discusses each of the proposed systems in

detail.

D.5.1 AD-HDTV (Advanced Digital High Definition Television)

(Note: For a detailed description of this proposal please see
RAdvanced Digital High Definition Television: System Description,n
January 20, 1992. The description that is to follow has been taken from
that report.)

ADTV (Advanced Digital High Definition Television) has been

developed by the ATRC (Advanced Television Research Consortium) at David
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Sarnoff Research center, Princeton, New Jersey and Philips Laboratories,

Briarcliff Manor, New York. AD-HDTV has several unique attributes that

contribute to its superior performance, flexibility and cost

characteristics --

1. MPEG (Motion Picture Experts Group) video and audio compressi.on;
2. Flexible video formats that provide choices of interlaced or
progressive scan with rectangular or square pixels;
3. Separate video, audio and data packaging, that allow flexible mix of
services;
4. A data format that is well-suited for both broadcast and data
networks;
5. Receivers that disregard unorganized types of data;
6. Two separate data carriers with different power levels;
7. A spectrally-shaped signal that avoids NTSC interference; and,
8. A high 24 MBPS (Mega bits per second) total data rate.

These unique attributes combine in a powerful way to give AD-HDTV

~portant advantages in many important dimensions in which an HDTV

system must be evaluated --

1. Superior HDTV picture and sound quality;
2. Highly reliable and robust performance for broadcasting;
3. Lowest interference with existing NTSC service;
4. Coverage better than or equal to rrrsc and high accommodation;
5. Most flexible scope of service;
6. Greater interoperability and extensibility for future growth; and,
7. Lower cost for broadcasters, alternative media and consumers.

AD-HDTV consists of MPEG++ video compression, MUSlCAM (YJasking-

pattern-adapted Universal Subband Integrated Coding and Multiplexing)

audio compression, PDT (Prioritized Data Transport) format and SS-QAM

(Spectrally-Shaped Quadrature Amplitude Modulation), integrated to

operate in uni.son as an effective s~ulcast system. Figure D-4

illustrates an archi~ec~ural view of AD=HDTV, Which ~~S b2en designed as

a system with mUltiple layers, each having a clearly defined function

and interface.
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COMPRESSION LAYER
- InpuVOutput Pre-/pcm-processing
- Data Compression/Decompression

PRIORITIZATION LAYER
- Separation (merging) of data to (from)

standard and high priority

TRANSPORT LAYER
- Service multiplexing/demultiplexing
• Error control .
Video-specific adaptation control

TRANSMISSION LAYER
- Physical level moctJlation
• Adaptive equalizing
• Freqliency translation to/from r.f.

Source: ATRCv 1992.
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The compression 1ayer performs the tasks of video pre/post

processing and the MPEG compression/decompression. The prioritization

1ayer has the task of assigning priorities to video data at the encoder,

and combining the data e1ements of different priority into coherent data

streams for decompression at the decoder. The data transport layer is

layer is responsib1e for service-independent data mu1tip1exing, ce1l

formatting, error detection, error correction, as wel1 as service

specific 1ogica1 error recovery. The transmission 1ayer performs the

tasks of modu1ation, channe1 equalization, and frequency translation. A

high 1eve1 b10ck diagram of the AD-HDTV systems is shown in Figure D-5

below.
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~D-3

AD-IIDTV' SYSft:N SPZCIrI~IOH

SERVXCES NCHtHAL MODI: JUmITXODL MODE

Video 1 HDTV video signal video cap. may be
traded for aditional
audio and data cap.

Raster format 1050 scan lines 1050 scan lines
2:1 interlaced 1:1 proq. scan
16:9 aspect ratio 16:9 aspect ratio

Field/Frame rate 59.94 fiel.ds/s 29.97 frames/s or
24 framea/s

Pixel format 1440X960 lum 1440X960 lum/
720X480 chroma 207X480 chroma

Sampling rate 54 MHz (27 MHz
chroma)

Video bandwidth 24.4 MHz (12.25 Up to 27 MHz
chroma)

Resolution 730 TVL/PH UP to 810 TVL/PH
365 TVL/PH chroma

Compression techniaue MPEG++
Compressed video bit 17.73 Mbps
rate
Audio 2 stereo pairs UP to 72 stereo pairs
Sampling rate 48 kHZ, 16

bits/sample
Audio bandwidth 23 kHz
Compression techniaue MOSlCAM
Compressed audio bit 256 kbps per stereo
rate pair
Auxiliary data 256 kbps Up to 18.5 Mbps
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D. 5.2 CCDC-HDTV (Channe~ Compatib~e DigiCipher HDTV System)

(Note: For a datai~ed description of this system p~ease see -- "Channel
Compatible DigiCipher HDTV System- submitted by Massachusetts Institute
of Technology on behalf of American Television A1liance, May 14, 1992.
The description be~ow has been taken from that report).

The CCDC-HDTV (Channel.-Compatibl.e DigiCipher HDTV) system is an

all.-digital HDTV system devel.oped by Massachusetts Institute of

Technol.ogy and General Instrument Corporation. The CCDC-HDTV system is

an all digital system which has a number of important features. The

system is channel compatible and will fit within the channels currently

being used for terrestrial. broadcast transmission. A high resolution

progressively scanned basel.ine video signal of 1280 X 720 picture

elements, 59.94 fps, and 16:9 aspect ratio, and four channels of compact

disc quality audio can be transmitted within a single 6 MHz channel.

The system is source adaptive. The system can recognize and adapt

itself to the particular characteristics of the source format so that

the highest video quality can be reconstructed. The system is also

extensible and scalable, so that future improvements can be accommodated

and receivers of different price/complexity/per-for.mance classes can be

accommodated.

The system is resistant to channel impairments. Very high quality

video can be delivered to the home despite substantial channel

degradations. Because of this resistance to noise, high picture quality

can be achieved with the same coverage area as the current NTSC service

at substantially lower power, thereby making the use of taboo channels

possible.
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The system has been designed to be modular. Video processing,

audio processing, and transmission systems are separated and largely

independent of each other. This has the advantage that the video and

audio processing systems can be used for other applications and will not

require significant changes when other media are used for transmission.

Modularity also leads to reduced hardware complexity which will lead to

signif~cant reduction in development and production cost of VLSI chips.

The system uses motion compensated transfo~ coding for video

processing, adaptive tranafor.m coding for audio processing and

quadrature amplitUde modulation with Reed-Solomon coding, trellis coding

and adaptive equalizer for transmission. Figure D-6 illustrates the

CeoC-HDTV high level systems block diagram.
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VIDEO
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SYSTEM:
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AUDIO

CCDC TRANSMmER
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TRANSMITTER
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TUNER
DEMODULATOR

CCOC SPEAKERS

CCDC RECEIVER

Source: American Television Ailiance, 1992.
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OPJ:RAT:mG NODE 32-aaM 16-QAM

VIDEO
Scanninq Proq Proq
Aspect Ratio 16:9 16:9
Frame rate 59.94 Hz 59.94 Hz
Bandwidth
Luminance 34 MHz 34 MHz
Chrominance 17 MHz 17 MHz
Active oixel.s
Luminance 1280 CH) X720 CV) 1280 CH) X720 (V)
Chrominance 640 CH)X360 CV) 640 CH)X360 CV)
Samol.inq freauencv 75.5 MHz 75.5 MHz
Col.orimetrv SMPTE 240M SMPTE 240M
Horizontal. l.ine time 21.18 micro sec. 21.l.8 micro sec.
AUDIO
Number of channel.s 4/6 4/6
Bandwidth 24 kHz 24 kHz
Samol.inq freauencv 48 kHz 48 kHz
Compression techniaue MIT-AC MIT-AC
DATA
Video data 18.88 Mbps 13.60 Mbps
Audio data 755 kbos 755 kbps
Asvnc data and text 126 kbps 126 kbps
Control. channel. data 126 kbps 126 kbps
Total. data rate 19.89 Mbos 14.60 Mbos
TRANSMISSION
FEC data 6.54 Mbps 6.54 Mbps
Data transmission rate 26.43 Mbps 21.15 Mbps
QAM svmbol. rate 5.287 MHz 5.287 MHz
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D.5.3 DigiCipher HDTV System

(Note: For a detailed description of this system please see -
RDigiCipher HDTV System Description,· submitted by General Instrument
Corporation on behalf of American Television A11iance, August 22, 1991).

The DigiCipher BDTV system has been developed by General

Instrument Corporation and Massachusetts Institute of Technology. It is

an all digital system that can be transmitted over a single 6 MHz VHF or

UHF channel. It provides full HDTV performance with virtually no

visible transmission impairments due to noise, multipath, and

interference. It offers high quality, while the comp~exity of the

decoder is low. The low transmitting power is ideal for simulcast using

the unused taboo channels. The system can also be used for cable and

satellite transmission.

To aChieve full HDTV performance in a single 6 MHz bandwidth, a

highly efficient, unique compression algorithm based on DCT (Discrete

Cosine Transfor.m) coding is used. For error free transmission of the

digital data, powerful error correction coding combined with adaptive

equalization is used. The system provide two distinct modes, 32-QAM and

l6-QAM. At a carrier-to-noise ratio above 16.5 dB, essentially error

free transmission can be achieved. Figure D-7 shows the overall system

block diagram.

253



HDTVVIDE
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Source: American Television Alliance, 1992.
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Figure D-8 shows the bJ.ock diagram of the encoder. The digital

video encoder accepts YUV inputs with 16:9 aspect ratio and 1050 line

interlace at 59.94 field rate. The digitaJ. video encoder impJ.ements the

compression aJ.gorithm and generates a video data stream.

y

U

V

DIGITAL
VIDEO
ENCODER

CONTROL
CHANNEL
DATA

DIGITAL
AUDIO
ENCODER

DATAITEXT
PROCESSOR

CONTROL
CHANNEL
PROCESSOR

FEC
ENCODER

16/32-Q.AM
MODULATOR

IF
OUTPUT

Source: American TeJ.evision A1J.iance, 1992.
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Figure D-9 shows the block diagram of the decoder. The 32-QAM

demodulator receives an IF signal trom the tuner and provides the

demOdulated data at 24.39 Mbps.

3:i
u. 1S/32-Q.AM DIGITAL VIOEOOUT.. DEMODU- -.. FEC ~ SYNc/DATA VIDEO -

LATOR DECODER SELECTOR
r-+'

DECODER

ost

AUDIO OUT

DIGITAL
AUDIO
DECODER -

CHANNEL SELECTOR DATAOUT

• DATAITEXT
DECODER

i--""? USER
RCU MICRO-

PROCESSOR I--

L

R

Source: American Television A11iance, 1992.
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OPJ:RAT:EHG MODE 16-QU1 32-<W1

VIDEO
Raster format 1050/2:1 interl.aced 1050/2:1 interl.aced
Aspect Ratio 16:9 16:9
Frame Rate 29.97 Hz 29.97 Hz
Bandwidth
Luminance 21.5 MHz 21.5 MHz
Chrominance 5.4 MHz 5.4 MHz
Active Pixel.s
Luminance 960(VlX1408lHl 960lVlX1408lHl
Chrominance 480lVlX352lHl 480 lVlX352 lH)
Horizontal. resol.ution
Static 660 l.ine/picture 660 l./p height

heiqht
Dvnamic 660 • 660 ..
Samplinq frequencv 53.65 MHz 53.65 MHz
Colorimetry SMPTE 240M SMPTE 240M
Horizontal line time
Active 26.24 micro sec 26.24 micro sec
Blankina 5.54 micro sec 5.54 micro sec

AUDIO
Number of channels 4 4
Bandwidth 20 kHz 20 kHz
Samplinq frequency 47.2 kHz 47.2 kHz
Dvnam:lc ranae 90 dB 90 dB
DATA
Video data 12.59 Mbps 17.47 Mbps
Audio data 503 )cbps 503 ]Wps
Asvnc data and text 126 )cbps 126 ]Wos
Control channel. data 126 )cbPB 126 )cbps
Total data rate 13.34 Mbos 18.22 Mbps

TRANSMISSION
FEC data 6.17 Mbps 6.17 Mbps
Data transmission rate 19.51 Mbos 24.39 Mbps
QAM svrnbol. rate 4.88 MHz 4.88 MHz
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0.5.4 Narrow MUSE (Narrow MUltiple Sub-Nyquist Sampling Encoding)

(Note: For a detailed description of this system please see -- wNarrow
MUSE System Description,- NHK Japan Broadcasting CorPOration, April 22,
1991)

Narrow-MUSE is a s~ulcast system that can transmit a full HDTV

picture and four digital audio signals within a 6 MHz channel. It

employs Multiple Sub-Nyquist Sampling Encoding (MUSE) scheme for video

and Near-Instantaneous Companded DPCM (DANCE) scheme for audio signals.

Digital audio signals and ancillary data are multiplexed during the

vertical blanking interval using ternary code. In order to transmit the

Narrow-MUSE signal through terrestrial channel without causing

interference, a new modulation scheme is used.

Narrow-MUSE employs advanced digital technology for the baseband

encoding and decoding, and also for signal processing in the modulator

and demodulator.

Narrow-MUSE uses the same coding scheme as the full-band MUSE

signal, which is designed for satellite HDTV broadcasting and has a

bandwidth of 8.1 MHz.

(Note: This system will not be discussed further because it is analog

system and was dropped out of the race).
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TABLJ: D-6
SPlI:CIrI~IQHSor RUtROIr-1mS1I:

VIDEO
Scanninq rate Source: 1125/60/2:1

Transmissi.on: 750/60/2:1
Dj,splav: 1125/60/2:1

Aspect rati.o 16:9
RF bandwidth fi MHz
Baseband width 4.86 MHz (-6 dB)
NTSC compatibility Simulcast
Colorimetrv SMPTE 240M
Temporal effects The spatial resolution of moving

portions becomes one half of stationary
portions.

AUDIO
Number of channels Mode A: 4 channels

Mode B: 2 channels
Siqnal bandwidth Mode A: 15 kHz

Mode B: 20 kHz
Dvnamic ranae Mode A: 90 dB or over

Mode B: 96 dB or over
Coding scheme DPCM, Near-instantaneous companding with

8 ranges for Mode A, 6 ranges for Mode
B.

Modulation scheme Encoded signals are multiplexed in the
vertical blanking interval of the video
sianal.
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D.5.5 Digita1 Spectrum Compatib1e HDTV

(Note: For a detai1ed description of this system p1ease Bee -
nTechnica1 Detai1s : Digita1 Spectrum Compatib1e HDTV,· submitted by
Zenith Corporation and AT&T, September 23, 1991).

Zenith and AT&T have developed this a11 digita1 HDTV simu1cast

system that combines powerfu1 video compression techno1ogy and a unique

simu1cast transmission system. It provides fu11 high definition

reso1ution -- perceived to be equal to studio origina1 -- even after

compressing the wide bandwidth signa1 into a 6 MHz channe1. The system

digita11y transmits the compressed signa1 on current1y unusab1e taboo

channels with on1y minima1 interference to or from NTSC channe1s.

Figure D-10 and Figure D-11 shows a b10ck diagram of this system's

transmitter and receiver respectively.
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The DSC-HDTV system's high perfoDnance compression and RF

transmission technologies provide transparent picture quality utilizing

a maximum video data rate (up to 17 Hbps) and provide noise-free and

ghost-free terrestrial broadcast reception throughout a broad service

area. DSC-HDTV is compatible with other media, including cable,

satellite, studio VTRs, home VCRs, video disc, fibre, etc. The system's

787.5-line progressive scanning £ODmat eliminates artifacts of

interlaced systems, provides full motion rendition and promotes HDTV

compatibility with current and future computer and digital

communications technologies.

!rABLJJ: D-7
DSC-BDn' SYSTDI PARAMZTDS

PARAMETERS VALUE

VIDEO
Aspect ratio 16:9
Raster format 787.5/1:1 proaressive
Frame rate 59.94
Bandwidth
Luminance 34 MHz
Chrominance 17 MHz
Active Video nixel
Luminance 1280 tHlX720 tVl
Chrominance 640 (H) X360 tVl
Samplina freauencv 53.65 MHz
Colorimetrv SMPTE 240M

AUDIO
Number of channels 4
Samplinq freauencv 75.3 ;.Hz
Bandwidth 20 kHz
Dvnamic zanere 96 dB

DATA
Vi.dec data Autcmati.cally veri.es from 8.6 to 17.1

HbPB

Audio data .5 HbPB
Control data 40 kbps
Total data rate 11.1 to 21 HbPB
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E.1 Background

The future growth and the ultimate size of various HDTV related

markets are unknown. As with most products that are yet to be

introduced in the market, HDTV markets also depends on many complicated

and unpredictable factors. No one knows how the HDTV market will

develop. On one hand, it could be very possible for HDTV to become

irresistible to the consumers and the market might grow at unprecedented

rate, while on the other hand, HDTV market might grow slowly -- growing

only after much larger and improved display teChnologies are available -

- after consumers are sensitized to the value of its higher picture

quality and after quality programming is available (FCC, 1989). It is

also very possible for less advanced version of ATV like IDTV or EDTV to

prove to be more favorite to the consumer, limiting HDTV to a small

market.

HDTV market research has been very ambiguous and contradictory.

Despite the lack of concrete audience based HDTV market research, a

number of analysts have projected HDTV markets in the United States.

Their forecasts have been made by analogy modeling HDTV penetration

rates after black and white TV, color TV, VCR etc. These models

implicitly assume that HDTV will eventually be successful. There have

been numerous products such as videodisks, quadraphonic sounds, stereo

AM radio etc. that have been marketing disasters (Schnaars, S.P.,

1988). The HDTV models project market penetration rates which follow

the traditional S-shaped curve and neglect the inverted U-shaped curve
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for unsuccessful products (OTA, 1990). A1l of them assume that the

high-end markets will provide economies of scale to reach the middle

level and lower level income consumers. They ignore substitutes such as

IDTVs and EDTVs. Some have suggested that HDTV markets will be a big

flop (Davis, B., 1989), emphasizing the high initial price of HDTVs and

questioning whether consumers see enough additional value over their

current sets to justifying paying the difference. Among the ~portant

analysis that has been perfor.med is the RAmerican Electronics

Association Report= prepared by Advanced Television Task Force Economics

Impact Team (November, 1988), RElectronics Industries Association

ReportR prepared by Robert R. Nathan Associates Inc. (February, 1989),

and RNational Telecommunications and Information Administration Report"

prepared by Darby Associates (April, 19S8}.

E.2 American Electronics Association

(Note: This report was prepared by ATV Task Force Economic Impact Team
for the American Electronic Association in November, 1988. The title of
the report was RHigh Definition Television (HDTV): Economic Analysis of
Impact. R) .

The reports objectives were --

1. To identify trends in potential worldwide and U. S. markets for HDTV
and related products by 2010;
2. To give a perspective on the impact of HDTV on U.S. economy; and,
3. To give some idea of the cost of new entrant.

The report recognized that economic competitiveness has become the

national security issue. Further, it mentions that ATV is a fundamental

new imaging technology with enormous capability to effect not only most
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electronics industry segments but the balance in end-use markets between

cable, broadcasters, etc. It is therefore, vital for the U.S. to

participate actively in HDTV.

The sources of infor.mation for the report were leading U.S.

research companies (Dataquest, Semiconductor Industry Association (SIA),

Larry Darby Associates, and BIS Machintoah), the U.S. Department of

Commerce (DOC), the Office of U.S. Trade Representative, Berkeley

Roundtable on International Economics, top executives from former U.S.

manUfacturing firms, etc. The worldwide sales of HDTV projected,

according to the report, is listed in Table E-l and Table E-2.

268



~ 1:-1
BM'V' RI:CJ:ZVEBS

IICmLDWD)I: SALII:S I'QRJ:CAS'l'*
(III 'l'BOUSAHDS 01" ma'rS)

DATI: u.s. EUROPE JAPAN R.O.W. ~ COMDL.

1990 1 1 20 1 23 23

1991 5 2 80 3 90 113
1992 7 2 150 3 162 275
1993 10 3 260 5 278 553
1994 20 5 350 6 381 934
1995 30 5 450 10 495 1429

1996 80 10 620 15 725 2154
1997 100 50 800 20 970 3124
1998 250 150 1000 30 1430 4554
1999 500 300 1200 100 2100 6654
2000 1000 1000 1600 700 4300 10954

2001 1600 1500 2000 1200 6300 17254
2002 2600 2400 3000 1900 9900 27154
2003 4900 3000 3500 2500 13900 41054
2004 6500 4500 4500 3400 18900 59954
2005 6700 5000 5000 4000 20700 80654

2006 6800 5500 5000 4700 22000 102654
2007 6900 6500 4800 5300 23500 126154
2008 7900 7000 4000 5500 24400 150554
2009 8900 8000 4500 5800 27200 177754
2010 11000 8500 4500 6000 30000 207754

*Sourc~: American Electronic Association, November 1988.
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DBLIl: 1:-2
BDTV'~

1IC.mLD'IIZDJ: 8&LU 1'ORZCAS'r*
(DI IaLLIORS or u. s . I)()T.T,IIU)

DATI: u.s. EUROPE JAPAN R.O.•. TO'J!AL COMDL

1990 4 4 80 4 92 92

1991 18 4 280 10 314 406
1992 25 7 480 10 522 928
1993 29 9 754 15 806 1734
1994 54 14 945 16 1028 2762
1995 75 14 1125 25 1238 4001

1996 176 22 1364 32 1594 5595
1997 200 100 1600 40 1940 7535
1998 450 270 1800 54 2574 10109
1999 800 480 1920 160 3360 13469
2000 1500 1500 2400 1050 6450 19919

2001 2080 1950 2600 1560 8190 28909
2002 2860 2640 3300 2090 10890 38999
2003 4900 3000 3500 2500 13900 52899
2004 5850 4050 4050 3060 17010 69909
2005 5360 4000 4000 3200 16560 86469

2006 5100 4125 3750 3525 16500 102969
2007 4830 4550 3360 3710 16450 119418

119418
2008 5135 4550 2600 3575 15860 135279
2009 5563 5000 2713 3625 17000 152279
2010 6600 5100 2700 3600 18000 170279

*Source: American Electronic Association, November 1988.

The figures of Table E-1 and Table E-2 do not include EDTV or

IDTV. The projections are very close to the historical take-up rates

for color TV. The pricing was estimated to start at $4,000 in 1990 for

the early units, dropping to $2,500 in the year 1995, $1,500 in the year

2000, $800 in the year 2005, and $600 in the year 2010. (Note: Due to

the delay in the decision of the FCC, it is expected that HDTV will be

introduced only around 1995. Thus the projections made above will be

shifted).

The conclusions that were reached in the report were as follows
For the United States to re-enter the consumer electronics market via
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HDTV -- a new teChn010gy with a huge market opportunity -- it wi11 need
the following --

1. A legis1ative agenda that supports/encourages reentry into consumer
electronics by U.S. corporations;

2. Investment of capital that measures success as growth of marketshare;

3. Development of a new licensing of a proven receiver technology that
is equal or superior to that of foreign manufacturers;

4. Establishment of U.S. manUfacturing capability for production of TV
displays and for assembly of receiver components;

5. ~plementationof a creative marketing strategy that convinces
consumers to bUy HDTV and the value of buying American product, along
with a pricing strategy that recognizes the Japanese Wstaying power"
when it comes to buying marketshare;

6. Adaptation of a distribution strategy based on capturing shelf space
current1y dominated by foreign manufacturers and underpinned by
competitive pricing, better product performance and features, and a
reliable service; and,

7. U.S. enforcement of anti-dumping laws.

E.3 Electronic Industries Associates

(Note: This report was prepared by Robert R. Nathan Associates, Inc.,
Economic and Management Consultants, Industry Research and Analysis
Group, Washington, D.C. for the Electronics Industries Association in
February 1989. The title of the report was WTe1evision ManUfacturing
in the United States: Economic Contributions -- Past, Present, and
Future. W) .

The report mentions that the development of HDTV wi1l affect the

nature of U.S. c010r television manufacturing industry significantly.

The new technology will have an effect on virtua1ly a11 segments of the

television industry: television program and software production,

transmission system, the reception and display equipment.

The purpose of the report was to estimate the tangible

contributions oZ color television wanufactu~ing in the United States

since 1980. Second1y, the purpose of the report was to determine the

likely future of HDTV and its impact on the domestic c010r television

manUfacturing industry and its contribution to the U.S. economy.
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There were three methods that was employed to achieve these

purposes. First, a mail aad a telephone survey of industry experts and

curr~nt manufacturers of color televisions in the United States was

conducted to determine historical production volumes~ factory value of

production, prices, major television components, and, for each

component, the percentage sourced overseas. Next, the Multi-Regional

Policy Impact Simulation (MRPIS) model, which was developed at the

Social Welfare Research Institute (SWRI) at Boston College, was used to

estimate the direct, indirect. g and :i,nducE\d impacts on the economy of

color television manufacturing. Lastly, an economic forecasting model

developed by RRNA was used to predict HDTV production and sales.

The findings of the report was as follows --

The production and sale of high definition television will have
substantial effects on color TV manufacturing in the United States. In
the year 2003, 13 million HDTV units will be sold, a fraction less than
the number of color TVs produced and sold in the United States in 1987;
more than 12 million of the 13 million HDTVs will be manufactured in the
United States. Sales of U.S.~de HDTV will ~enerate more than 3.6
times retail value of U.S. production in 1987; and about 3.3 times the
industry's contribution to GNP. Household penetration will reach 25
percent by the beginning of 21st century.

The HDTV forecast results are given in Table E-3. It illustrates

the number of units, as well as the dollar value.
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'DBLI: 1:-3
I'ORI:C&ST 01' BIm7*

(maTS Dr KtLLIOHS AHD DOLT,IPS Dr BILLIOHS)

YJ:AR 'fO'.rAL maTS 'rO'.9L I)()I.LARS

1989 21.3 9.9
1990 22.4 10.6
1991 23.6 11.3
1992 24.6 12.0
1993 26.0 13.9

1994 27.3 15.7
1995 28.6 18.1
1996 29.9 19.8
1997 31.3 21.6
1998 32.7 23.6

1999 34.1 24.8
2000 35.6 26.2
2001 37.1 26.0
2002 38.6 26.0
2003 40.2 27.7

*Source: Electronics Industries Association, February 1989.

E.4 National Telecommunications and Information Administration

(Note: This report was prepared by Larry Darby, Darby Associates for
National Telecommunications and Information Administration in April 7,
1988. The report title was ~Economic Potential of Advanced Television
Products.").

The purpose of the report was to analyze some potential economic

impacts of the introduction of new video and related products into the

u.s. market and to assess in a preliminary way the implications for the

u.s. economic development and other national goals. The overriding

purpose was to set forth reasonable views of the market ±mplications of

advanced television (ATV) technologies, systems and products.

The methodology used in the report was the traditional method of

inference of a potential growth path indirectly from the history of

other product innovations and applying it to the diagonalS-curve growth

path. The products analyzed were (CTV) Color Television Receivers,
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(VCR) Video cassette Recorders, (TVRO) Television Receive-Only Earth

Stations, Projection Television Receivers, Home Computers, and Audio

Stereo Component Systems. The Stages of Growth were identified as Stage

1 -- The Innovation Stage, Stage 2 -- Growth and ~tation Stage, and

Stage 3 -- Mat'.lrity Stage. Two scenarios ·Scenario 1- -- Sluggish

Diffusion and ·Scenario 2- -- Rapid Product Diffusion ~ara created.

The conditions for ·Scenario 1m -- Sluggish Economy is as follows

1. Continuing uncertainty of spectrum constraints and receiver
standards;
2. Delay in R&D programs directed to competing technologies, systems and
products;
3. Periodic and prolonged domestic macroeconomic conditions involving
some Combination of slow growth, substantial government deficit
reduction programs, flattening or declining real consumer spending and
unfavorable employment conditions;
4. High and rigid ATV product prices; and,
5. Weak revealed household preferences for ATV products.

The conditions for ·Scenario 2· -- Rapid Product Diffusion is as
follows --

1. Timely and decisive regulatory action respecting receiver standards
and spectrum limitations;
2. Accelerated R&D programs leading to product diversity and active
price competition;
3. Sufficient sales in the first ten years to avail producers the
opportunity to exploit scale and learning economies; and,
4. Rapid deveJ..opment of high quality, moderately priced, compatible
supply sources.

"Scenario 1· FOkecasts -- If the conditions for ·Scenario 1- prevails,

the report concludes that it is quite conceivable that one percent

household penetration threshold would not be realized until well after

the year 2000, replicating the historic growth of projection TV sets.

Depending upon the pattern of product prices over that period cumulative

value of sales could be in the $3 to $5 billion range.
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RScenario 2- Forecasts -- If the conditions for Scenario 2 prevails, the

report concludes the market value to be as in Table E-4. Table E-4

combines the result of receivers and VCRs and values unit sales by

applying a range of hypothetical product prices.

~ Z-4
1'ORZC&S!t' OJ' A.'J!V PWJDUC!t'S

(tJRI:!t'S DI IaLL:IOHS DID J)()I YnaRS Dr BD.L:IOHS) *

YEAR COM. COM TOr
SALI: ULZ

TV VCR
NOlI. VAL. VAL. HtD4. UL. VAL. VAL.

B:IGB LOW Bl:GB LOW II:IGB LOW
1997 1.0 .8 .4 1.0 .6 .3 1.4 .7
1998 2.6 2.0 1.0 2.6 1.5 .75 3.5 1. 75
1999 5.2 4.2 2.1 5.2 3.1 1.5 7.3 3.6
2000 9.3 7.4 3.7 9.3 5.6 2.8 13.0 6.5
2001 15.9 12.7 6.4 15.9 9.5 4.8 22.2 11.1

2002 26.4 21.0 11.5 26.4 15.8 7.9 36.8 19.4
2003 37.9 30.3 15.6 35.6 21.4 10.7 51.7 25.3
2004 50.6 40.5 20.2 45.8 27.4 13.7 67.9 33.9
2005 64.6 51.6 25.8 57.0 34.2 17.1 85.8 42.9
2006 80.0 64.0 32.0 66.2 39.7 19.8 103 51.8

2007 96.9 77.5 38.6 76.3 45.8 22.9 123 66.6
:;:~008 115 92.4 46.2 87.5 52.5 26.2 144 72.4

Source: National Telecommunications and Infor.mation Administrat10n,
April 7, 1988.

The conclusions that was reached by the report was as such --

The potential wealth that may be generated in world markets for ATV over

the next twenty years is astounding. The future development of thio

technology may offer both enormous opportunity and significant risk to

u.S. interests.

E.5 Analysis of the ~ports

The forecasts have been made by analogy, i.e., modeling HDTV

penetration rates after successful consumer products like monochrome TV,
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color TV, VCRs, etc. The forecasts therefora ne~CE to be taken with a

grain of salt because there are many products that were marketing

blunders like videodisk, AM stereo radio etc. (Schnaars, S.P., 1988).

Further, the projections rely on the high-end markets driving the cost

reduction from economies of scale to reach lower levels. Without a

strong audience-based HDTV market research this logic seems quite

vulnerable to wide criticism. The projections have inherently assumed

that KDTV will b~ a great success. Substitute products such as EDTV or

IDTV could dampen the HDTV markets significantly. Further several

factors will combine to determine the rate of diffusion of HDTV related

products (NTIA, 1989). Key elements underlying consumer demand include

prices, quality and introductory timeliness of new HDTV product lines;

consumer income and their general acceptance of new HDTV products; the

availability, quality, and pricing of compl~entary products/services

(software, programming, distribution media, and the like); and, very

importantly, the content and t~ng of equipment and spectrum standards

adopted by the relGv~nt gcverr~nt entities.

The traditional inclined S-curve growth rate seems to be the locus

of product development that the projections have relied on. This method

which is non-contradictory relies on three general variables -- 1. the

Take-off point, 2. the Rate of Take-off, and 3. the Tapering rate. The

projections have determined these variables quite indiscriminately by

using similar products as their benchmarks. All three projections have

a different take-off point. The Electronics Industries Association

(EIA) assumes the year 1994, the National Telecommunications and

Information Agency (NTIA) assumes 1997, and the American Electronic
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Association (AEA) assumes 2000. (Note: These projection were made

during the end of eighties, when HD'l'V was expected to be introduced

around 1992. Due to the de1ay in the decision making of FCC, the

introduction of HD'l'V may not begin even as ear1y as 1994. In such a

case, the projections wi11 have to be re1ative1y disp1aced to take into

consideration the de1ay factor). However, a11 three have simi1ar take-

off rates (See Graph E-1). The variab1e -tapering rateD has not been

taken into consideration by any of the projections. There have been

some products who have had rapid take-off rates, but have tapered off

rapidlya1so (Schnaars, S.P., 1988).
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The HDTV ma~ket pots~tia1 projected by the three reports are very

1arge, but they do not cohere with one another. In 2003 EIA estimates

the market to be $12 billion, NTIA estimates between $8 to $16 billion,
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and AEA estimates $8 billion in the United States and $32 billion

worldwide.

The reports (Graph E-2) provide a wide range of market size and

timing. Darby's high-growth and EIA forecast predict the market size to

become comparable to the market size of color television in 1980 within

15 years. EIA and AEA predict a market size for HDTV to be as large as

current VCRs market within the next 15 to 20 years. Darby's high growth

scenario rises almost continuously, while others tend to peak off at the

1987 VCR and TV market size ($11.5 billion in 1987 (EIA Market Data

Book, 1988). Graph E-3 shows the price assumption of each report.

Darby's low-growth scenario's prices remain at about fairly constant at

$2,500 and high growth remains fairly constant at about $600. The EIA

and AEA prices continuously tend to decrease.
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The forecasters in the report have compared the relative

importance of the HDTV market by --

1. projecting constant growth rates into the future,

2. comparing the component demands for assumed market sizes, and

3. comparing ultimate market penetration and corresponding needs per

user (OTA, 1990).

E.5.l Extrapolating Current Growth Rates

Extrapolating current or expected growth trends at the same

compound annual rate far into the future for making projections can lead

to highly exaggerated claims. The introduction of high technology

consumer products is usually followed by a lengthy trial period in which

consumers, producers, and providers of ancillary services group toward a
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definition of the product (Reischauer, R.D., 1989). These projections

ignore the simple point that sales cannot grow exponentially forever

because markets eventually saturates and the take-off rates begin to

taper.

E.5.2 Comparing the Component Demands for Assumed Market Sizes

This technique compounds the uncertainties of market growth rates

with a lack c~ regard for relative importance of various type of

components. For example, the memory chips in HDTV are widely used in

other products, so the contribution is fairly complicated to predict.

E.5.3 Comparing Ultimate Market Penetration Rates and Corresponding

Needs per User

With the technological progress the total volume of HDTV will slow

down to only replacement levels. At that time the number of such

devices used per person will dete~ne the importance of the industry.

The market for HDTV, as envisioned mayor may not develop at all.

HDTV might see unforeseen success or it may prove to be a big flop.

However, the ~ortance of technology should not be understated. With

the embracement of digital technology important technological spillovers

can be envisioned. Technological linkages between components and market

segments are undeniably important and not easily quantifiable. Linkages

are usually more subtle and their impact on other industries and markets

is often slow to develop. In spite of significant uncertainty about how

might this market develop, moat analyses indicate that the potential
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market is quite 1arge and that, given the right conditions, market

penetrations might be noticeab1y rapid.
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APPJ:NDXX r
:IMPO~ANCI: or BD'rV

HDTV means more to the U.S. electronics industry and in turn to

the U.S. economy than just re-entering the consumer market. HDTV will

drive leading edge technologies, such as advanced semiconductors. Some

experts have forecasted that HDTV will be the consumer electronics

product of the 1990s, much as the video cassette recorder (VCR) and the

compact disc (CD) were the products of the 1980s (Sikes, A.C., 1989).

Unless the U.S. industry can get a lion's sha~e of the domestic HDTV

market, the U.S. will not only miss the coming HDTV wave, but even risk

losing the present share of the highly prized telecommunications and

computer market (Lankford, 0.5., 1989). Access to and significant

involvement in the development of critical technologies involving HDTV

products has the potential to confer significant advantages in a broad

range of upstream, downstream and collateral product and service lines

(NTIA,1989). It is very important for the U.S. to get actively

involved in the core technology (Jussawalla, M., & Rana, S., 1994). HDTV

poses both critical challenge to the U.S. economy as well as

opportunity. HDTV is more than a single new consumer electronics

breakthrough, it is more than a single technology. The markets of HDTV

will bring with it new wealth for the U.S. and directly impact its

national economy, international trade, competitiveness, and national

security. Today, the U.S. consumer electronics marketplace is heavily

dependent on imports. However, changes in manUfacturing technology,

improvements in productivity, and a low dollar exchange rate give rise

283



to the possibility of a ·second chance· for U.S. manufacturing in the

HDTV era (FCC Interim Report, 1988).

Electronics is now the largest durable goods manufacturing

industry in the United States and is growing three times faster than all

other manufacturing (Elkus, R., Jr., 1988). Over 2.6 million American

Workers are directly employed in electronic manufacturing. This is more

than three times the size of the auto industry, and nine times the size

of steel fabrication industry (Rosenzweig, R., 1989) (See Graph F-l and

Graph F-2). The U.S. electronics industry accounts for more than one

million jobs since 1976 (Hubbard, p.a., 1989). The electronics

industry's nearly $250 billion in annual domestic sales translates into

one U.S. job for every $100,000 in sales.
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Worldwide, the electronics market enjoys a compound growth rate of

nearly 9 percent. Over the last decade electronics industries in the

aggregate posted compounded annual growth rate (CAGR) in excess of 13

percent. Consumer electronics surpassed even that rate (NTIA, 1989).

The United States accounts for 40 percent or more of the total demand

for consumer electronics (Sikes, A.C., 1989). In 1987, $235 billion

dollars of electronics goods were sold in the United States. In 1988,

the United States incurred a consumer e~ectronics trade deficit of about

$10.2 billion, or about 8 percent of its total 1988 international

deficit of $129 billion for manufactured goods (NTIA, 1989). Overall,

the U.S. market share of consumer electronics manufacturing has declined

from 100 percent in 1970 to lesa than 5 percent today. Between 1984 and

1987, the United States' share of world electronics production slipped

from 50.4 percent to 39.7 percent (EIA, 1989). (Note: During that same

period, Japan's share of world production increased from 21.3 percent to

27.1 percent, Western Europe's output share grew from 23.5 percent to

26.4 percent, and the so-called -Four Tigers· -- Hong Kong, South Korea,

Singapore, and Taiwan rose from 4.9 percent to 6.8 percent of the

world production (Sikes, A.C., 1989». Consumer electronics has been a

major contributor to the trade deficit problems. (Note: The U.S. could

face an annual trade deficit of more than $225 billion in electronics

and lose more than two million jobs a year by 2010 if it fails to

develop HDTV (Cohen, R.B., & Donow, K., 1989». Losses in the consumer

electronics have had a pervasive impact throughout the electronic

industry and economy as a whole. Unlike most other industries, the

electronics industry is composed of interdependent segments which cross
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sell within a complex, interrelated organizational matrix. This

technological chain is much like the biological food chain. The

survival of each unit in the chain -- materials, manufacturing

equipment, semiconductors, circuit boards, computers, systems, software,

etc. -- is critical to all of the other elements in the chain.

weakening or destruction of one link causes injury to all other parts of

the chain (See Figure F-1). If the U.S. tails to research, develop,

design, engineer and manufacture BOTV products and services, U.S. as a

whole is likely to ezperience a continuing decline in world marketshare

of automated manufacturing equipment, personal computers, and

semiconductors. In addition, telecommunications and other significantly

critical industries would follow (Rosenzweig, R., 1989).

AUTOS

I-FI, AUDIO, CD

VIDEO RECORDING

SIMILAR MATERIALS, COMPONENTS
SUBASSEMBLIES, AND MANUFAC1lJRlNG
TECHNOLOGY SERVES MOST LOWCOST
ELECTRONIC PRODUCTION
CIVILIAN AND MILITARY
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HDTV has a tremendous potential of economic enhancement due to its

nripple effect- on non-consumer electronics segment such as

semiconductor manufacturing, software, telecommunications, computers,

etc. Access to and significant involvement in the development of

critical technologies involving HDTV products has the potential to

confer significant advantages in a broad range of upstream, downstream

and collateral product and service lines (NTIA, 1989). HDTV R&D

expenses could be leveraged across broad range of products. HDTV will

absorb numerous quantities of semiconductors. The typical home HDTV set

may contain some 30 time the memory chip capacity of today's personal

computer (Sikes, A.C., 1989). Huge profits generated through the sales

of HDTV products and licenses would allow unprecedented amounts of R&D

dollars to be spent in furthering the electronics technologies.

Finally, HDTV will drive information and knowledge technology;

information is the key to a bright future -- it is a capital asset and

the currency of national progress (Staelin, D.H., 1991).
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APPENDl:X G
I:MPAC'.r OF BD'1'V

G.1 Background

The impacts of HDTV can be categorized along four divisions --

1. Potential Commercial and Industrial Impacts,
2. Potential Impact on International Trade,
3. Potential Impact on National Security, and
4. Potential Impact on employment (NTIA, 1989).

G.2 Potential Commercial and Industrial Impacts

G.2.1 Impact on the Semiconductor Industry

The technologies now being developed and applied to HDTV products

are semiconductors intensive and will consume large quantities of

semiconductors. HDTV will create a huge demand for a new generation of

sophisticated semiconductors, including DRAMs (dynamic random access

memory chips), specialized video chips or VRAMs (video random access

memory chips) (Markey, E.J., 1989) and specialized digital signal

processors (DSPs) (Eebre, P.C., 1989). «Note: The NEC prototype HDTV

receiver contains five chips for analog and digital signals conversion;

six processing chips; and, eighteen memory chips (NTIA, 1989». (Note:

Dr. Craig I. Fields, Director of DARPA, said in his testimony to the

"Hearing Before The Research and Development Subcommittee and The

Investigations Subcmnmittee of the Committee on Armed Services House of

Representatives," One Hundred First Congress, First Session, May 10,

1989, that report from the Electronics Industry Association of Japan, a

Statement on Semiconductors dated 21 November, 1988 mentioned "Japanese
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investment p~ans (for DRAM production faci~ities) in the near future

have sharp~y increased. This does not ref~ect predatory intent but

rather a conviction that demand -- especia~~y for memory chips -- will

grow and stabi~ize with the introduction of new end use products using

much ~arger quantities of DRAMs)·. BOTV market dominance, or even ~arge

sca~e participation, wi~~ confer significant advantages in the

production of current and future generations of semiconductors. These

indicators are significant because there are a variety of important

synergies between the ~eve~ of HDTV-related products manufacturing,

upstream sca~es of semiconductors and, further upstream, semiconductor

materia~s and manufacturing processes. The fol~owing re~ationships can

be documented (NTIA, 1989) --

1. Sca~e economies in semiconductor production are more readily
attainab~e in the presence of high volume demand from the consumer
electronics sector;

2. To the extent that common production processes are used, the cost of
semiconductors for other uses wi~l be lower as a resu~t of the high
volume demand from the consumer product sector;

3. The cost of ~D for a wide range of commercial, industrial and
governmental applications can be amortized across the consumer
electronics driven base;

4. The fairly stable demand for consumer electronics products can
provide insul.ation from the more volatile demand of semiconductors from
other sectors;

5. Cost advantages wi~l accrue to favorably positioned suppliers by
virtue of both economies of vertical integration and economies of scope;

6. Horizontally diversified and vertically integrated firms can use
revenues from the consumer products and semiconductor ~ines to
contribute to the development of new processes and new products both
upstream and downstream;

7. High volume production of semiconductors gives rise to -learning"
economies which increase the proportion of circuits that function,
thereby driving down the average cost and price of aalab~e output.
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G.2.2 Impact on the Computer Industry

The U.S. enjoys significant wor1d-wide advantage in computer

hardware and software, but a11 these companies~ even IBM, depend on

foreign competitors, especia11y Japanese firms, for the supp1y of

substantia1 number of key components ~uch as DRAMs which threatens the

independence and competitiveness of the U.S. computer industry. (Note:

The DRAM shortages in 1988 forced computer production cuts and

substantia1 price increases (NTIA, 1989). Lack of U.S. participation in

the HDTV markets wi11 exacerbate the prob1ems of U.S. computer industry

and threaten its hardware because dependency in key components such as

integrated circuits, ana10g to digita1 converters, microprocessors and

10w-noise, fast ga11ium arsenide 10gic devices, etc. will only continue

to increase eroding the foundations of U.S. semiconductor industry.
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G.3 Potential Impact on International Trade

The potential size of HDTV product market in the U.S. makes it

potentially a very substantial entry into future trade accounts. The

tremendous strategic importance of HDTV market has been recognized by

U.S.'s closets trading allies the European Economic Community (EEC) and

the government of Japan. Both these entities are competing vigorously

in order to gain advantage in the enoDmOUS and pivotal U.S. HDTV

marketplace. The extent to which ATV products are produced in the U.S.,

rather than offshore and imported, could have a significant influence on

the size and composition of the trade balance.

G.4 Potential Impact on National Security

There are several specific defense applications of HDTV

technologies, including: intelligence images and high quality dynamic

displays; high fidelity s~ulator displays; large command center

displays; multimedia systems including television as a data type; and, a

variety of classified display systems whose supply dependence on foreign

firms could prove detrimental to the national security. The Department

of Defense (DOD) and Defense Advanced Research Projects Agency (DARPA)

is well aware that dependency on foreign sources for state-of-the-art

electronics technology is completely an unacceptable situation --

national security would require an adequate supply of the highest

technology (Fields, C.!., 1989). U.S. national security is currently

driven by the quest for qualitative rather than quantitative superiority

in the defense system (Rosenzweig, R., 1989). The food chain analogy is

specially important when considering the impact of HDTV upon national
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defense. Techno~ogica~ leadership in a~~ of the interconnected segments

of the e~ectronics industry is critica~ if the U.S. is to maintain its

qua~itative edge, particu~ar~y in an era of dec~ining bUdgets (Young,

W.R., ~989). If the civilian industria~ base moves offshore, the risks

for defense and nationa~ security Sharp~y increases. It is hard to

separate nationa~ security from nationa~ economy (Fie~ds, C.I., 1989).

Techno~ogica~ leadership of a~~ the e~ements of the e~ectronics industry

food chain is critical if the U.S. is to maintain its qualitative edge.

G.5 Potential Impact on Employment

The Darby Report submitted to NTrA contains an analysis of

potential impact on employment uti~izing mUltipliers for domestic

production of consumer electronics products taken from a study conducted

by Arthur D. Little for the ·Consumer Electronics Groupft of the

Electronics Industries Association. According to the report, if HDTV

does achieve a high consumer acceptance rate in the U.S., the extent or

pattern of utilizing U.S. labor force is assured to change. Between

10,000 and 25,000 jobs will be created by HDTV-related industries for

every $1 billion in final sales of HDTV products, according to

Department of Commerce estimates (NTrA, 1989). The EIA report suggests

that 130,000 jobs will be created through direct employment, while

another 103,000 will be created through secondary effects. Darby's

high-growth scenario presents a similar increase of 240,000 jobs.

Cohen, R.B. and Donow, K. of the Economic Po~icy Institute mention "The

U.S. could face an annual trade deficit of more than $225 billion in
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e1ectronics and 10se more than two mi11ion jobs a year by 2010 if it

fai1s to develop HDTV (Cohen, R.B., & Donow, K., 1989)."
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APPEND:IX H
GOVERNMENT RELATIONSHIP

H. 1 Background

The letter dated October 9, 1989, from business, labor, and

congressional leaders warned the President and Congress that nHDTV has

become a s}wbol of our national willingness to compete in the strategic

industries and technologies of the 1990s, and our failure to develop it

could have alarming implications for our economic future (Rebuild

America, October 9, 1989).R It is thus evident that HDTV has been

fostering numerous support among government circles and affiliated

agencies. However, the camp is distinctly divided into two distinct

groups. One that advocates support from the government (the activists),

and the other, advocates laissez faire solution (the skepticists).

H.2 Activists

Activists have argued that United States cap~ot afford to remain

passive, particularly in the high-paced high-tech sector, where the

initial advantage is believed to have enduring commercial importance and

when other governments are targeting industries such as HDTV for

promotion (Beltz, C.A., 1991). They press their arguments further by

mentioning that U.S. policies must be geared up for the coming century

and must be matched to that of foreign competitors. They mention that

the issue is not whether, but rather how the government will be

involved. Skepticists have argued that the government has a role to

play but disagree on the form that this support should take, they

believe more on the market mechanism. They believe the primary reason
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for this is the difficu1ty in picking up the right industry and

deteDmining the type of support (Note: This is quite a va1id argument).

Technica11y, HDTV represents the next generation of te1evision and

economica11y, HDTV represents -To !!liss out on IIDTV is to miss out on the

21st century (Ritter, D., Ju1y 10-16, 1989).- HDTV activist in the u.s.

have argued that -America cannot afford to sit on the side1ines and 1et

other nations deve10p an HDTV industry without our participation. n

These activist have right1y pointed out the 1ead of foreign competitors

like Japan and Europe and have made the 1ack of U.S. competitiveness

c1ear by pointing to the only remaining TV manufacturing company Zenith.

They have contended that the U.S. is fa11ing further and further behind

and time is not in favor of U.S. but its competitors (Japan and Europe).

They have made it clear that the market for HDTV and related products

is enor.mous, and development of HDTV wi11 foster productivity

development which will help strengthen national economy and security.

The competitiveness of the whole of the electronic food chain will be

strengthened. HDTV will enab1e the U.S. economy to breathe a new life

(Gore, A., August 1, 1989). They further their argument by saying that

HDTV should be viewed not as a single industry, but an essential link in

the electronic food chain that wil1 he1p a wide range of U.S. firms

capture productivity-enhancing benefits that would not otherwise be

captured from the deve10pment of advanced digital technologies and

components (Beltz, C.A., 1991). They contend that HDTV is a rare market

opportunity to stimu1ate consumer electronics production in the U.S. and

thereby generate improvements in the poo1 of manufacturing knowledge

(Hart, J., & Tyson, L., Summer, 1989). The greater the U.S.
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participation in HDTV, the greater will be the upstream, downstream, and

manufacturing benefits for the rest of U.S. economy. HDTV will function

as a pump that will speed the unraveling of network design problems and

the creation of the electronic highway for information industries of the

fl1ture. HDTV means new markets for the components industry such as,

semiconductors, fiber optics, flat screen displays, etc. These markets

will bring with them new wealth for the United States and directly

impact our national economy, international trade, competitiveness and

national security (Roe, R.A., March 22, 1989). Due these special

reasons for importance of HDTV, compounded by strengthened aggressive

targeting programs for abroad, it seems necessary that the U.S. support

for HDTV should have to be different and especial. HDTV shOUld be the

model for developing all other key strategic industries of the future

(Bran£man, F., 1989). The suggestions made by the activist include

grants, guaranteed loans, special taxes, infant industry nurturing,

procurement contracts, etc. There have been numerous HDTV related

legislations that have been introduced.

H.3 Skepticists

The above position of the activists have been countered by

skepticists. They argue that the strategic ~ortance of HDTV has been

overstated and the threat from foreign competitors have been

exaggerated. They maintain that the market predictions made by various

experts is flawed in that the predictions take into consideration that

HDTV will be a big success. MIT research suggest that the success of

HDTV will depend on the relative size of the viewing screens and also on
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the content of the programs (Solamon, R.J., August 1, 1989).

Skepticists also suggest that the linkages or interdependencies between

HDTV and other related technologies have fostered inconsistent opinions

among experts and there is no consensus as yet (Beltz, C.A., 1991).

Vigorous competition between rivals in the television industry and

between those in computers has generated vast improvements surprising

even experts. Among the prominent skepticist was the OTA. It argued

that -it is often impossible to be certain which application is ahead,

or will remain ahead, as the driver of many technologies •• and that .•

technological spillovers among different branches of electronics cannot

be pinned down or forecasted with precision (Office of Technology

Assessment, February 1990).- They argue that the threat from foreign

competitors is negligent. The analog based HDTV manufactured abroad

will have no effect on the digital HDTV manufactured in the U.S.

Gilder, a prominent advocate, suggests that -Rather than industrial

targeting, the government's role should be limited to setting the

parameters, such as eliminating unnecessary regulations that discourage

firms from tying high teChnologies together (Gilder, G., May 28, 1989).°
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APPENDIX I:
S~ANDARDS

I . 1 Background

The existence of product standards (or the lack of them) can

greatly affect consumer behavior and the efficiency within which economy

operates (Bensen, S. M., & Johnson, L.L., 1986). Standards allow

compatibility among different equipment manufactured by same or

different manufacturers, which leads mass production, economies of scale

in manufacturing and marketing, VLSI implementations, and other benefits

that decrease price and further increase acceptance. For manufacturers,

standards provides guidelines for designing products that meet industry

and market needs. For consumers, standards provides convenience in the

procurement and use of equipment. Lack of standards renders costly

inconveniences to both the manufacturer and the consumer. With

standards, however, costs and uncertainty could easily be avoided, while

compatibility and services could be readily assured (Cohen, E.J., &

Wilkens, W.B., 1985). Standards assure the following--

interoperability, extensibility, scalability, and harmonization

(Liebold, M., May 21, 1991). As for HDTV it would mean the following

InterQperability -- The capability of operations between different video
and image formats.

Extensibility -- Ability of a video standard to incorporate extended
functions over time.

Scalability -- The degree video and image formats can be combined in
systematic proportions for distribution over communication channels of
varying capacities.

Hapnonization -- The organization of different standards into order.
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CCIR provides a definition of the te~ compatibi1ity, since the

te~ is wide1y used and cou1d carry different meaning (CCIR, Ju1y 1987).

The proposed definition of ·compatibi1ity· is as fo110ws:

Broadcasting service A or its signa1 are said to be compatib1e
with broadcasting service B, when signals of service A can be received
and used by receivers designed for service B; without the use of
adapters, the perfo~nce of receiver B shall be essentially equivalent
to that resulting when receiving a normal service signal B signal.

The CCIR documents mentions ·Six Leve1s of Compatibi1ity.n They
are as follows --

LEVEL 5 -- This 1eve1 is :represented by a system whereby HDTV
transmission are received on a receiver which disp1ays the picture in
high definition.

LEVEL 4 -- This level represents a system whereby a receiver accepts
HDTV transmission and disp1ays the picture with same quality as it
displays a normal transmission.

LEVEL 3 -- This 1evel is represented by a system whereby a receiver
accepts HDTV transmissions and disp1ays the picture with somewhat
reduced performance compared with a normal transmission.

LEVEL 2 -- This 1eve1 is represented by a system whereby a current
receiver requires an inexpensive adapter box to display HDTV
transmission in the current standard format.

LEVEL 1 -- This leve1 is represented by a system whereby the adapter box
is expensive.

LEVEL 0 -- This 1eve1 is a non-compatible system.

Standards fall into two distinct categories -- de facto and de

jure. De facto standards are those that have just happened, without any

fo~l plan (Tannenbaum, A. S., 1989). (Note: IBM PC and its

successors are de facto standards because dozens of manufacturers have

chosen to copy IBM's machine very closely). De jure standards are

formal, legal standards adopted by some authorized body.
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There are three types of process through which standards may be

developed and adopted (Bensen, S.M., & Johnson, L.L., 1986). They are-

- Noncooperative, Cooperative, and Government imposed.

NoncoQperative -- This is the marketplace approach in which the
marketplace decides which standard to adhere to. There is no binding
agreement between the various players, and therefore, they adapt to the
environment in which they are operating. In this method the actions of
various players are plagued by uncertainty. Uncertainty is reduced and
avoided by big players by flooding the market which their proprietary
standards.

COQperative -- In this approach formal procedures are established by the
various players. Representatives from the various organizations get
together for committee meeting, voting, developing, recommending, and
finally adopting a unifor.m standard. Various organizations are
available to set a unifor.m platfor.m. The standards that is set is
voluntary, i.e., any of the players, if it so desires, may agree not to
adhere to the adopted standard. Doing so increases the risk to the
player due to uncertainty of market acceptance of its standards, and the
player does so at its own discretion.

Government Imposed -- Government agencies sometimes mandate the adoption
of particular standard, due to safety, environmental, defense, or other
reasons. These standards are protected by law, and each player must
abide with it or face dire consequences of legal prosecution.

The time at which standard is established is absolutely critical

for its success. David Clark of M.I.T. has a theory of standards that

he calls the apocalypse of two elephants (Tannenbaum, A.S., 1989) (See

Figure I-1).
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The figure illustrates the amount of activity surrounding a new

subject. At its discovery, lot of research activity is present. Soon

it subsides, and the actj.vity centers around investment. It is

essential that the standards be written in the trough because if written

to early, the subject may be underdeveloped leading to bad standards.

On the other hand, if written to late, heavy investments already

committed may lead to the standard being ineffective.

I . 2 HDTV Standard

HDTV standard can be divided into three categories (Landau,S.,

March 1989) --

1. Production standard,
2. Transmission standard, and
3. Display standard.
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I.2.1 Production Standard

This is related to the number of scanning lines, field rate, and

other specifications related to program production. The value of HDTV

has been recognized by the program production industry. They have

advocated unifor.m standard throughout the world. The need for

international agreement on production standard is very important, since

it affects international trade (Schreiber, W.F., 1989). However, it is

expected that most of the future systems will be entirely ~gital and

programmable and therefore will be able to deal with a wide variety of

input sources.

I.2.2 Transmission Standard

This standard is related to the bandwidth of the signal,

modulation method etc. The Japanese system uses MUSE, the European uses

MAC, etc. Transmission standard is technically the most difficult.

Different medias have their own constraints and own benefits with

regards to this issue.

I.2.3 Display standard

This standard is related to aspect ratio, number of pixels, etc.

According to Professor Schreiber, this should be let to the industry to

decide. He makes this argument saying, wThe sharper the image, the

better the picture. Freezing this would greatly inhibit the growth of

ATVSn (Schreiber, W.F., 1989).

The issue of single standard is extremely important for the U.S.

The new HDTV has the potential of replacing the current 35 rom film de
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facto standard. This would have a potential ~pact on the $2.8 billion

trade surplus in export of movies and television which the U.S.

currently enjoys (Landau,S., 1989). Worldwide HDTV standard would

facilitate lower costs due to economies of scale, and would enable U.S.

industries to enter the markets, which would otherwise be impossible.

I.3 Standard-Making Organizations

There are a handful of standard-making organizations. Some only

make recommendations, while others have legislative powers to enforce

standards. Standards-making organizations can be divided into -

International Standard-Making Organizations and National Standard-Making

Organizations.
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I.3.1 International Standard-Making Organization

I.3.1.1 International Organization for Standardization (ISO)

International standards are produced by ISO, a voluntary,

nontreaty organization founded in 1946. Its members are the national

standards organizations of the 89 member countries such as ANSI (U.S.),

BSI (Great Britain), AFNOR (France), DIN (West Germany), etc.

(Tannenbaum, A.S., 1989). Its primary objective is to deal with the

development of standards for the facilitation of goods and services. It

issues standards on a vast number of subjects, ranging from nuts and

bolts to telephone pole coating organizations. It has almost 200

Technical Committees numbered according to the order of creation. The

real work of OSI is however, done by over 100,000 volunteers worldwide,

who come from diverse backgrounds.

OSI is comprised of two tiers. One is the tier consisting of

active group of members, while the second, consists of correspondent

members. Active members have a great representation in the

organization, have a voting right in any technical committee, and have

seats in the General Assembly. Correspondent members do not directly

participate in any of the activities of OSI, but are informed of the

proceedings. The U.S. representative in OSI is ANSI (American National

Standards Institute), which is a private, nongovernmental, nonprofit

organ~zation.

The procedure for standard-making in the OSI is designed to

achieve as broad a consensus as possible while working in preparing the

standard. The process is initiated when one of the members feel the
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need for standard. A working paper is prepared and distributed to the

technical committees. After maturity, the WP (Working Paper) becomes a

DP (Draft Proposal). The DP is circulated to all member bodies who get

six months to criticize it. The revised document called DIS (Draft

International Standard) is circulated for comments and voting. If 75%

approval is received during the voting the DIS is turned to final text

of IS (International Standard).

I.3.l.2 International Telecommunication Union (ITO)

The ITO, which is an organ of the UN (United Nations), is an

intergovernmental organization headquartered in Geneva, Switzerland and

was founded in Paris in 1865. During its founding it was called the

European Telegraph Union. In 1936, it was renamed International

Telegraph Union. Finally, in 1947, the Atlantic City ITO conference

thoroughly reorganized the ITO's structure and function and brought it

into the UN system (Coding, G.A., 1980).

The functions of the ITO are - making regulations regarding

telecommunications, setting standards regarding telecommunications,

frequency management, and development assistance. Its members (Which

total 175 States (ITU, 1993»are drawn from the telecommunications

administrative organizations and recognized private companies of

respective countries. The State Department has designated International

Division of FCC to ~ep~esents the United States in the lTU.

The branches of ITU include -- the Plenipotentiary Conferences,

the Administrative Conferences, the Administrative Council, the General

Secretariat, the International Radio Consultative Committee (CCIR), the
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1nternationa1 Te1egraph and Te1ephone Consu1tative Committee (CC1TT),

the 1nternationa1 Frequency Registration Board (1FRB), and the

Te1ecommunications Deve10pment Bureau (BOT).

The CC1R is responsib1e for HDTV, and therefore wi11 be discussed

in some detai1.

1.3.1.2.1 The 1nternationa1 Radio Consu1tative Committee (CC1R)

(Note: The lTU has restructured after the Additiona1 P1enipotentiary
Conference of the lTU he1d in Geneva fram December 7-12, 1992. See the
note be1ow. During the ear1y period of HDTV deve1opment, the ITU
structure be10w was responsib1e, and thus a discussion is carried about
it).

The CC1R, which is a per.manent organ of the ITU, is designed to

study technical and operating questing regarding radio communications

and issue recommendations, which are non mandatory. The CCIR

recommendations and reports provide the main technical basis for 1TU

administrative radio conferences which allocate and regulate the

frequency spectrum usage. The resu1ts are used further for the

internationa1 coordination and p1anning of frequency assignments, and

for nationa1 planning (Kirby, R.C., January 1985).

The CCIR has several working groups which inclUde --

1. Spectrum utilization and monitoring;
2. Space research and radio astronomy;
3. Fixed service at frequency below 30 MHz;
4. Fixed-sate1lite service;
5. Propagation of non-ionized media;
6. Propagation in ionized media;
7. Standard frequencies and t~e signals;
8. Mobile, radiodeterrnination and amateur services;
9. Fixed service using radio-relay systems;
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10.Broadcasting services -- sound; and,
11.Broadcast services -- television; Joint Study Group CCIR/CCITT for
television and sound transmission (ITO, 1993).

The involvement of CCIR in the development of HDTV standards began

in early 1970s. HDTV had been the prominent issue in the CCIR since

1983 when the Study Group 11 (Broadcast services (television»

established a specialist group to undertake the task to develop a

recommendation on HDTV standard. It was agreed, during that t~, that

a draft proposal of single worldwide HDTV standard would be brought

forward in the 1986 plenary assembly in Dubrovnik, Yugoslavia, and

transmission and display standard would be finalized ill the work cycle

1986-1990. In September 1984, the U.S. supported the CCIR

recommendation of 1125/60 production standard, which was overwhelming

supported by U.S. industries. In October, 1985 StUdy Group 11 meeting,

the Europeans blocked the effort of passage of the 1125/60 production

standard. The May 1986, CCIIR Plenary Assembly in Dubrovnik failed to

get the passage of the 1125/60 production standard. Realizing, that one

standard would not be adopted worldwide, the U.S. also withdrew its

support for the 1125/60 standard. The CCIR Extraordinary Meeting (May

10-16, 1989) resulted in the following outcomes (McKinney, J.C., May 31,

1989)

1. No selection of any single worldwide HDTV production standard;
2. No selection of regional standards (e.g. -- 1250/50 in Europe,
1125/60 in Japan);
3. Approval of 18 of 34 basic video parameters for the future HDTV
production standard;
4. Establishment of a stUdy program for the concept of aCommon Image
Format" and "Common Data Rate" as a means for transferring programs in
the event that more than one HDTV production standard is eventually
approved; and,
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5. Technical documentation of both 1250/50 and 1125/60 as Rcandidates n

for a future single worldwide HDTV production standard without adoption
of a recommendation for either system.

The global approach of the CCIR Study Group 11 was oriented

towards determdning the role of HDTV in the Information Society of the

21st century, and included the ha~onization of standards and operating

practices for HDTV production, emission and transmission, as well as for

no broadcast HDTV equipment intended for consumer applications

(Nickelson, R.L., September 1989).

(Note: The Additional plenipotentiary Conference of the lTU, held in
Geneva from December 7-22, 1992 made revolutionary changes in the
structure of the lTU which was construed by the following events: the
marriage of telecommunication and computer technologies; the appearance
of a multitude of new telecommunication services and a willing market
for those services; the deregulation and privatization of many PTTs; the
appearance of regional standardization organizations; and, the
developing country taking advantage of its superior voting power in the
ITU (Coding, Jr., G.A., February, 1994).

The new structure consists of three sectors and the General
Secretrait. The three sectors are --

1. The Telecommunication Standardization Sector comprising of fifteen
study groups;
2. The Radio Communication Sector; and,
3. The Telecommunication Development Sector).

I.3.2 National Standard-Making Organizations

I.3.2.1 The American National Standards Institute

ANSI (American National Standards Institute) is a private,

nongovernn~ntal, nonprofit organization. It was first established in

1918 as the American Engineering Standards Committee. Ten years later,

in 1928, it was reorganized and named the American Standards

Association. It underwent another reorganization in 1966, after which
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it was named the U.S. Standards Institute. Finally in 1969, it got its

present name - the American National Standards Institute (ANSI).

The members of ANSI comes from other standards organizations,

trade associations, Federal and State government agencies, professional

people, business people, etc.

The jobs of ANSI includes -- coordination of private sector

activities in the development of national standards; provide rules on

the eligibility of standards; and, manage, coordinate and provide

financial and administrative support for U.S. participation in

nongoverment international standard bodies. U.S. is represented by ANSI

in ISO.

1.3.2.2 The Federal Communications Commission (FCC)

Founded in July 1934, the FCC is an independent regulatory agency

of the Federal government responsible for the communications activities

in the U.S.

The FCC is made up of three bureaus (Office of Federal Register,

1989/90) --

1. the Mass Media Bureau;
2. the Common carrier Bureau; and,
3. the Private Radio Bureau.

The standards put forward by the FCC is enforceable by law. The

decisions to be taken by FCC regarding HDTV is very crucial because it

will determine the course of HDTV industry.
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The FCC began its activities in HDTV on February 13, 1987, when

the commission received a petition ·Petition for NOI (Notice of

Inquiry)" by 58 broadcast organizations and companies (Jurgen, R.K.,

October, 1989). On November 17,1987, the FCC initiated an Advisory

Committee on Advanced Te1evision Services with the f0110wing objectives

(Wi1ey, R.E., September 7, 1989)

The Committee wi11 advise the FCC on the facts and circumstances
regarding advanced te1evision systems for Commission consideration of
the technica1 and pub1ic po1icy issues. In the event that the
Commission decides that adoption of some fODn of advanced broadcast
te1evision is in the pub1ic interest, the committee wou1d a1so recommend
p01icies, standards, and the regu1ations that wou1d facilitate the
orderly and t~e1y introduction of advanced te1evision in the United
States.

The advisory committee was made up of three subcommittees --

1. Planning Subcommittee;
2. Systems Subcommittee; and,
3. Implementation Subcommittee.

The Planning Subcommittee consisted of several working parties

(Wiley, R.E., September 7, 1989).

Working Party 1 -- ATV Attributes: This party was assigned the task of
defining the attributes which characterize all ATV systems and which
will permit a comparison of proposed systems.

Working Party 2 -- ATV Testing and Evaluation Specifications: This party
was asked to estab1ish specifications for the testing and eva1uation of
proposed ATV systems and to develop a draft schedu1e for the actual
testing and eva1uation of the systems.

Working Party 3 -- Spectrum Uti1ization and Alternatives: This party was
assigned the task of investigating the availabi1ity of spectrum for
broadcast of ATV.

Working Party 4 -- Alternative Media Technology and Broadcast
Interference: This party was given the task of deve10ping a point of
reference or baseline for designers of broadcast ATV systems so that
user friendly interface would be achieved whenever broadcast signals
interface with a1ternative distribution media.
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Working Party 5 -- Economdc Factors and Market Penetration: The
objectives of this party was to ~ook into and ana~yze economic and
business aspects of ATV.

Working Party 6 -- Subjective Assessment of ATV Systems: The task of
this party was to recommend test methods to be used in the subjective
assessment of the proposed ATV distribution systems.

I.3.2.3 The Advanced Te~evision Systems Committee (ATSC)

In late 1982, the Joint Committee on inter-Society Coordination

(JCIC) established the ATSC to coordinate and develop voluntary national

technical standards for advanced television systems (McKinney, J. C., May

31,1989). The ATSC is a group made up of broadcasters, cable

operators, satellite operators, consumer electronics manufacturers,

professional equipment manufacturers, motion picture industry and other

professionals. The JCIe members are -- Electronics Industries

Association (EIA), the Institute of Electrical and Electronics Engineers

(IEEE), the National Association of Broadcasters (NAB), the National

Cable Television Association (NCTA), and the Society of Motion Picture

and Television Engineers (SMPTE) are charter members of the ATSC.

The ATSC is also charged with making recommendations for

presentation to the u.S. Department of State for its use in developing

the U.S.'s positions on various standards issues that are considered

from time to t~e by CCIR and other international organizations. The

other areas of responsibility include (McKinney, J.C., May 31, 1989)
1. development of HDTV standards,
2. coordination of HDTV standards with other organizations,
encouragement of private sector participation by u.S. government
agencies in the work of the ATSC,
3. technical review of proposed voluntary standards, and
4. recommendations of standards to the appropriate agencies or
organizations.
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APPlCNDDC J
BD'rV DISPLAY TECBHOLOGII:S

To date most of the displ.ay were big and bulky. Five new display

technol.ogies are competing for success. They are Active Matrix Liquid-

Crystal Display, Plasma Technol.ogy, Electrol.uminescence (EL), Vacuum

Microelectronics, and Deformabl.e Electronics (Business Week, February

26, 1990).

Active Matrix Liqyid-C~stal Displays -- These are being devel.oped at
Sharp, Hitachi, Matsushita, Sarnoff Research, Toshiba, IBM, MagnaScreen,
and Ovonic Imaging. The principle used is: When a transistor at each
dot (or pixel) on the screen is turned on, it causes a 1iquidcrystal to
twist, allowing light to pass through.

Plasma Technology -- These are being developed by Photonics Technol.ogy,
NHK, Matsushita, Sharp, Toshiba, and Hitachi. The principl.e used is: An
electric current to each pixel causes a gas to gl.ow and the light beam
then stimulates a phosphor coating on the screen to produce the image.

Electroluminscence (EL) -- These are being developed by Planar Systems,
Sharp, and Hitachi. The principl.e used is: An el.ectric current causes
the phosphor coating at each pixel. to glow.

Vacuum Microelectronics -- These are being developed by Col.oray Display,
and Thomson. The principle used is: Unlike a conventional TV, in which
a single beam sweeps back and forth, this technol.ogy uses a microscopic
electronic source, or cathode, for each pixel..

Deformable Mirrors -- These are being devel.oped by Texas Instruments.
The principle used is: This relies on tiny movable mirrors on a sheet of
sil.icon whose angle of reflection control.s each pixel..
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APPI:HD:IX It
IIYPOTBJ.:SJ:S
TABLE K-l

HULL AND ALTERNATE IlYPO'.rBESZS

CHANGES IN STAGE
1 Ho Relationship value among manufacturers in Stage 3 --Relationship value among manufacturers in Stage 2 ......

Relationship value amona manufacturers in Staae 1
Ha Relationship value among manufacturers in Stage 3 =/=

Relationship value among manufacturers in Stage 2 =/=
Relationship value amona manufacturers in Staae 1

2 Ho Relationship value among research organizations in Stage
3 -- Relationship value among research organizations in
Stage 2 -= Relationship value among research
oraanizations in Staae 1

Ha Relationship value among research organizations in Stage
3 =/= Relationship value among research organizations in
Stage 2 =/= Relationship value among research
oraanizations in Staqe 1

3 Ho Relationship value among customers in Stage 3 --Relationship value among customers in Stage 2 ==
Relationship value amonq customers in Staqe 1

Ha Relationship value among customers in Stage 3 =/=
Relationship value among customers in Stage 2 =/=
Relationship value amonq customers in Staae 1

4 Ho Relationship value among government agencies in Stage 3
== Relationship value among government agencies in Stage
2 == Relationship value among government agencies in
Staae 1

Ha Relationship value among government agencies in Stage 3
=/= Relat;l.onship value among government agencies in Stage
2 -/- Relationship value among government agencies in
Staae 1

5 Ho Relationship value between manufacturers and research
organization in Stage 3 -= Relationship value between
manufacturers and research organization in Stage 2 ==
Relationship value between manufacturers and research
oraanization in Staqe 1

Ha Relationship value between manufacturers and research
organization in Stage 3 > Relationship value between
manufacturers and research organization in Stage 2 >
Relationship value between manufacturers and research
oraanization in Staqe 1

6 Ho Relationship value between research organization and
customers in Stage 3 =c Relationship value between
research organization and customers in Stage 2 ==
Relationship value between research organization and
customers in Staqe 1

Ha Relationship value between research organization and
customers in Stage 3 > Relationship value between
research organization and customers in Stage 2 >
Relationship value between research organization and
customers in Staae 1
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7 Ho Relationship value between customers and government
agencies in Stage 3 -- Relationship value between
customers and government agencies in Stage 2 c=

Relationship value between customers and government
aaencies in Staae 1

Ha Relationship value between customers and government
agencies in Stage 3 > Relationship value between
customers and government agencies in Stage 2 >
Relationship value between customers and government
aaencies in Staae 1

8 Ho Relationship value between government agencies and
manufacturers in Stage 3 -- Relationship value between
government agencies and manufacturers in Stage 2-=-
Relationship value between government agencies and
manufacturers in Staae 1

Ha Relationship value between government agencies and
manufacturers in Stage 3 > Relationship value between
government agencies and manufacturers in Stage 2 >
Relationship value between government agencies and
manufacturers in Staae 1

9 Ho Relationship value between manufacturers and customers in
Stage 3 -- Relationship value between manufacturers and
customers in Stage 2 -- Relationship value between
manufacturers and customers in Staae 1

Ha Relationship value between manufacturers and customers in
Stage 3 > Relationship value between manufacturers and
customers in Stage 2 > Relationship value between
manufacturers and customers in Staqe 1

10 Ho Relationship value between research organizations and
government agencies in Stage 3 -= Relationship value
between research organizations and government agencies in
Stage 2 -- Relationship value between research
orqanizations and qovernment aqencies in Staqe 1

Ha Relationship value between research organizations and
government agencies in Stage 3 > Relationship value
between research organizations and government agencies in
Stage 2 > Relationship value between research
orqanizations and qovernment aqencies in Staae 1
CHANGES IN PHASE

11 Ho Relationship value among manufacturers in Phase 3 =
Relationship value among manufacturers in Phase 2 =
Relationship value amona manufacturers in Phase 1

Ha Relationship value among manufacturers in Phase 3 >
Relationship value among manufacturers in Phase 2 >
Relaticmship value amona manufacturers in Phase 1

12 Ho Relationship value among research organizations in Phase
3 -- Relationship value among research organizations j.n
Phase 2 ~ Relationship value among research
orqanizations in Phase 1

Ha Relationship value among research organizations in Phase
3 > Relationship value among research organizations in
Phase 2 > Relationship value among research organizations
in Phase 1

320



DBLJ: It-I (CONTDmJ:D)
NOLL AND AL~ Bbo;rauzs

13 Ho Relationship value among customers in Phase 3 -=
Relationship value among customers in Phase 2 --Relationship value amonc:r customers in Phase 2

Ha Relationship value among customers in Phase 3 >
Relationship value among customers in Phase 2 >
Relationship value amona customers in Phase 2

14 Ho Relationship value among government agencies in Phase 3
-- Relationship value among government agencies in Phase
2 -- Relationship value among government agencies in
Phase 1

Ha Relationship value among government agencies in Phase 3 >
Relationship value among government agencies in Phase 2 >
Relationship value amonc:r c:rovernment aaencies in Phase 1

15 Ho Relationship value between manufacturers and research
organization in Phase 3 -- Relationship value between
manufacturers and research organization in Phase 2 z=

Relationship value between manufacturers and research
orqanization in Phase 1

Ha Relationship value between manufacturers and research
organization in Phase 3 -/- Relationship value between
manufacturers and research organization in Phase 2 =/=
Relationship value between manufacturers and research
orqanization in Phase 1

16 Ho Relationship value between research organization and
customers in Phase 3 -- Relationship value between
research organization and customers in Phase 2 ==
Relationship value between research organization and
customers in Phase 1

Ha Relationship value between research organization and
customers in Phase 3 -/- Relationship value between
research organization and customers in Phase 2 =/=
Relationship value between research organization and
customers in Phase 1

17 Ho Relationship value between customers and government
agencies in Phase 3 -- Relationship value between
customers and government agencies in Phase 2 ==
Relationship value between customers and government
aqencies in Phase 1

Ha Relationship value between customers and government
agencies in Phase 3 -/- Relationship value between
customers and government agencies in Phase 2 KO/=
Relationship value between customers and government
agencies in Phase 1

18 Ho Relationship value between government agencies and
manufacturers in Phase 3 -- Relationship value between
government agencies and manufacturers in Phase 2=
Relationship value between government agencies and
manufacturers in Phase 1

Ha Relationship value between government agencies and
manufacturers in Phase 3 -1- Relationship value between
government agencies and manufacturers in Phase 2 =/=
Relationship value between government agencies and
manufacturers in Phase 1
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DBLJ: It-l (CQHTDmZD)
ROLL .IlHD AL~ mPOJ:HliSES

19 Ho Re~ationship va~ue between manufacturers and customers in
Phase 3 -- Re~ationship va~ue between manufacturers and
customers in Phase 2 -- Re~ationship va~ue between
manufacturers and customers in Phase 1

Ha Re~ationship value between manufacturers and customers in
Phase 3 _1m Re~ationship value between manufacturers and
customers in Phase 2 -1- Relationship value between
manufacturers and customers in Phase 1

20 Ho Re~ationship value between research organizations and
government agencies in Phase 3 -- Relationship value
between research organizations and government agencies in
Phase 2 -= Re~ationship va~ue between research
oraanizations and aovernment aaencies in Phase 1

Ha Re~ationship value between research organizations and
government agencies in Phase 3 -/~ Relationship value

Ibetween research organizations and government agencies in
Phase 2 -1- Relationship value between research
orqanizations and qovernment aqencies in Phase 1
RELATIONAL VALUE: 1 -- FULL COMPETITION, 2 -- MORE
COMPETITION THAN COMPETITION, 3 -- NEUTRAL, 4 -- MORE
COOPERATION THAN COMPETITION, 5 -- FULL COOPERATION.
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APPJ:NDIX L
LIST 01' SUB.:J'ZCTS FOR TBJ: OPJCH I:NDED gUESTIONNAl:R!: SURVEY

1. Aoki, Kumiko.

2. Burke, Kelly.

3. Busch, Mathias.

4. Garrett, Leann.

5. Halverson, Richard.

6. Nahl-Jakobovits, Diane.

7. Ono, Ryota.

8. Pai, Sunyeen
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APPENDIX III
Qm:s~I:ON II'OR I:SOLA~I:OH 01' I'ACTORS

There are three distinct phases in the development of a product - the

Invention Phase, as associated with monochrome television, the

Development Phase, as associated with color television, the Integration

Phase, as associated with high definition television.

In your opinion, what questions are moat rolevant and Khat factors are

most critical during those phases?
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APPJ:ND:IX H
COHTI:NT ANALYSIS

TABLE H-l
CON'rI:N'1' AHALYS:IS ~R ce»aPII:TITXON AND COOPERA'rXON

1 2 3 4 5 6 7 8 1 2 3 4 5 6 , e
1 COMPETITION 3 2 4 COOPERATION 2 2
2 Adveraary Accord

3 Advertising 1 1 Affiliation

4 Antagoniam Agreement 2 1 2 2 3
5 Bid Alliance

6 Bout Arrangement 1 2 2
7 Clash Association 2
8 Combat Bloc

9 Conflict Brotherhood

10 Contention Cartel

11 Conte8t Co-op

12 Diacord Coalition

13 Differ 3 2 3 Collaboration

14 Diaputant Company

15 Effort Concert

16 Enemyship Concord

17 Exertion Conaortium 2
18 Foeiam Contract

19 Game Corporation

20 Hoatility Coterie

21 Marketing 3 3 5 2 3 4 1 2 Deal 2
22 Match Fe1lowahip

23 Oppoaition Fraternity

24 Price 1 4 4 5 6 2 3 Group 3 2 3
25 Race Harmony 1 2 2
26 Rivalry Merger

27 Sport Organization 3
28 Standard 3 4 2 1 3 1 2 Pact

29 Strife Partnership

30 Struggle Settlement

31 Trial Syndicate 2
32 Vying Teamwork 4 2
33 Understanding 1
34 Union

35 Unity

7 14 7 11 13 13 7 11 3 15 6 6 4 5 4 7

TOTAL WORDS 48 164 44 241 33 72 57 210 48 164 44 241 83 72 57 210
SPOKEN
PERCENTAGE 15 8.5 16 4.6 16 18 12 5.2 6.3 9.1 14 2.5 4.8 6.9 7 3.3
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APPEND:IX 0
NAME, i\HD ADDRESS 01' SOBJJ:C':rS FOR rACTOR CONI':IRMA'r:ION

1. Badley, Kim

2. Bass, William M.

3. Gouveia, Mike

4. Ikehara, Curtis

5. McCord, Carol

6. Nakamura, Lance

7. Platz, Judi A.

8. Rustik, Randy

Facility Manager,
DYNCORP,
233 Keawa Street,
Honolulu, HI 96813.

Executive Director,
High Technology Development Corporation,
300 Kahelu Ave., Suite 35,
Millilani, HI 96789.

Vice President,
Adetch Inc.,
1814 ligaroba,
Honolulu, HI 96826.

President,
Applied Computer Electronics,
PO Box 665,
Aiea, HI 96701.

Vice President,
SETS, INC.,
Millilani Technology Park,
300 Kahelu Ave., Suite 10,
Millilani, HI 96789.

Verifone, Inc.,
Millilani Technology Park,
100 Kahelu Ave.,
Millilani, HI 96789.

Site Manager,
Computer Dynamics, Inc.,
680 Iwilei Road, Suite 400,
Honolulu, HI 96817.

Vice President,
Computer Training Institute,
820 Millilani Street, Suite 123,
Honolulu, HI 96813.
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.APPENDIX P
QUESTION FOR THE CLOSED ENDED QtJJ:STION SURVEY TO CONJ'Im4 ..ACTORS

Dear Sir/Madam,

Please could you spare some of your invaluable t~e and answer the

following question.

QUESTION

Literature has suggested that COMPETITION and OOOP~IOH (which are

antithetical approaches) are the two most ~portant types of relational

dynamics involved between entities developing a high technology product.

AGREE DISAGREE

Do you have any other suggestions.

1.

2.

Name:

Title:

Company:

Thank you very much for your kind cooperation.

Sincerely yours,
Shakti S. Rana
CIS Ph.D. Candidate
University of Hawaii
FAX - (808)955-0979
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APPI:NDU Q
LJ:S~ OF SOBJl:CTS FOR PZLC1.r 8TtJDY

1 . Aoki, Kumiko,
Ph.D. CIS.
University of Hawaii at Manoa.

2. Garrett, Leann,
Ph.D. CIS.
University of Hawaii at Manoa.

3. Hope, Beverly,
Ph.D. CIS.
University of Hawaii at Manoa.

4 . Makkad, Satwinder,
Ph.D. Engineering.
University of Hawaii at Manoa.

5. Nahl-Jakobovits, Diane,
Ph.D. CIS.
University of Hawaii at Manoa.

6. Ono, Ryota,
Ph.D. CIS.
University of Hawaii at Manoa.

7. Pai, Sunny,
Ph.D. CIS.
University of Hawaii at Manoa.

8. Spencer, Mark,
Ph.D. Engineering
University of Hawaii at Manoa.

9. Varahasamy, Murali,
Ph.D. Engineering.
University of Hawaii at Manoa.
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APPENDIX Il
gm:STZONNAIRJ: roll orBl: PILOT Stm.VEY

PILOT STUDY

NAME

MAJOR

ADDRESS

PHONE

COMMENTS (IF ANY)

(RES)

(BUS)

THANK YOU VERY MUCH FOR YOUR KIND COOPERATION.

SHAKTI S. RANA
(PHONE - 9550979)
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Between Manufacturers
Compttilion !III:IJ Cooperaiion

BetwaenGovernment Agencies
andR~zations

Competition~ Coopertuion

Dear Siror Madam:

Thank you very muchfor agreeing to participate in this study. It should take no longer
than aboutone-half of an hourto complete.

In thisstudy we are attempting to modelthedynamics of competition and cooperation
between(a) the research organizations (e.g.,BellLabs),(b) government agencies (e.g.,
FCC). (c) miJIIu/acrwers and (d) customers for thesuccessfuldevelopmentof high
technologyproducts. In our model. a "product". refers to a "type" of product (e.g.•
"cellular telephones"),not a particularmodelor brand(e.g.,"NokiaPT612").

Ourmodelconsiders three different"phases"of a product's life. The invention phase
is the period when the type of product is firstintroduced. Thedevelopment phase is the
periodwhen improvements arebeing made to the product. The integration phase is the
period when the productis beingintegratedwithotherproductsto create new types of
products.

For example, when the cellular telephonewasfirst introduced (i.e.• when in its
inventionphase), they werelarge,margina1ly portable and usersexperiencedhigh
disconnect rates. During thedevelopmentphase,we witnessed improvements such as
minialurization. improvedreceptionand enhanced services. In the integration phase we can
expect to seecellular technology combined withotherproductsto offernew types of
products thatwere previously unavailable. Notice thaIthecellulartelephonein its invention
phase representedthe inugralion of conventional telephone andcellularr.tdiotedmo.Iogy.

Alsoin this study. weareinterested only in the stages (withina phase)which take place
beforea product is first availableto customers. In our three stagemodel. the idea
gen.erazion andpreliminary assessment stagerefers to theperiodwhenthe idea of a product
occurs and its feasibilityanalyzed. In theconceplUiZlizmion. development. testing and trial
stage, theproduct featuresaredefined, implemented andtested. In the standardlzasian,
launch andcommercialization stage. the productis preparedfor production and introduced
to the customers.

In the followingpagesyou will find three separate pages;one foreach of the three
phases. Each page showsthe threedifferent stagesfor that respective phase. In each of
the stagesyou will find thepairingbetweentheentities. For each relationship pair in each
stage for each phase. pleasemark what you believeis best:Q full competition.Q more
competition than cooperation.lJ neutral. lJ morecooperationthancompetitioe,or 0 full
cooperation. For example.ifyou believefor a particularstage in a particularproduct phase
that therelationshipbetweengovernment
agencies and research organizations should
be morecooperative thancompetitive.you
would marie an X in the fourth box. Ifyou
believe that for a panicular stagein a
particularphase that manufacturers should
compete fully, you wouldmarie an X in the
flI'St box.
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INVENTION PHASE

Idea Generation and Conceptualization, Standardization, Launch
Preliminary Assessment Development, Testing and Commercialization

Stage and Trial Stage Stage

8~n M8nufKturara end B..-n Mlnufacturarelllld B~n Mlnufaclura,.. ....d
RaSNrChOrganlDtlona ReMatCh~genlzatlone Re_areh OrgenlZlltlona

Cornpc.iliOft I I I I I I Cocpe'ahon Complt/ilioft I I I I ! I CDCpItTaIiOII CotIIpIt/iliorJ CI I I D CDCpItTa/iIm

~nGov_ntAge~e SatwNn GovammantAgenclee Batw..n Government AgellCle.
and ReMan:h mlzatlone end RG_h or~enlullone and R_arch Organlzatlone

COtrIpItliliOft I I I I I I CDCpItTa/u",COIfI(HIiliOft 0 I CocpG'Dlu", COIrIpItIiIioft LJ I I 0 CDCpItTalUm

B~n Customsra and Re-.rch BalWMn Cultomara end ReSNrch ~n Customers and Ra_rch
aanlDtlon. Canlzallonll (jllnlzallone

Comp./ilim I I ! I CoopItTaliDft CotIIpItlilUm I I I I CDCpItTaIiOII CotIIpItlilioft I I I I COCf1ItTa/icft

BalWMnR_llwch Organlzatlone BalWHll R...arcll Xanlzatlona BalWHn R_arch Orgmntzatlona
CornpcliliOft I I I I I I CoopItTQ/ilHl CotIIpItIilioft I I ! I I I COCf1ItTa/iOftCompelilioft! I I I I CDCpItTDlWA

BalWMnGovernmentAgencla ~nGoftmment Aganc:ln ~n Government Allenc:ln
CornpctiliOtl I I I I ! I COCFC'cuibI'J COtIlp«IiliOtll I I In CDCpItTalWA C~1ilioft I I ! I U COCf1ItTaIiOII

BalWMn Manufactunlrs and ~n Ibnulactura,.. and BalWHn IlIanulactunlra and
GovarnmentDie. GovernmentAfincln

•
GovemlMlnt ADncletI

CornpcliliOtl I I I I COCf1ItTalibI'J CompeliliolJ I I I I CocpG'alu", CotIIpItlililJl'l [I I I COCf1ItTalu",

Batw..n Culltlllllllrs .nd BetwMn Customersand BalWHn Custlllllllfl!and
Govern-me•• GonmmentCflnc:ln GoYe:nrnentArencln

CompItIilim i I I Coop<trahon CompelilUm I I ! I Coopt:ralWA Comp./iliorJ I ! I I I COCf1ItTalu",

Batw"n Manufacturers BalWNn ManufacturafIB BaIW"n ManutaCturafIB
CornpcliliOtll I I I !J Coop<trQ/ibI'J CompcliliDrt IT! I I I CocpG'alWA CompItlilioft I I I I 1 I Cooperalicft

Betw..n CustlllllllfIB and Batwwn Cultomare and BaM"" Custlllllllfll and
Manuillcturare MIInulaclurara MIInu!acturarll

Cornpcliljm I I I I ! I Cooptralibl'J CompItIilicR Q] I I I CDCpItTalicft CompItlilion I I I I U Cooptr41u",

BolW..n Customere Batw..n CUstOl'llflrs 8<ttw..n Customera
C""'Pt.iJ;"" I I I J 1JCoop<tralu", CornpctiliOtl\ \ I \ \ RCooptralioft Compelilion I I I I I I C."'?ptralioft
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DEVELOPMENT PHASE

IdeaGeneration and
Preliminary Assessment

Stage

BetwMn ......ulKtul'lra ...d
Ra..lrcII OrganlDltlonl

COttIpClihat I I I I I I Coor-QlioII

BetwNn GovImll1llntAg.nclel
and Rauarch OrSlnlUtlona

COttIpCliJiotI U ! ! I I CCICp6Q1io11

S•.-nCull_ra and R...arch
~Inlzatlonl

COttIpCliJiotI U I I I I Coor-QlioII

BelwNn R_rch Organlzal!onl
C""'fnJiJiotIl I I I T I Coor-Qlioft

Be~n Governll1llntAg.ncln
C"'"iH1iJion I I I I I I Coor-aliDfl

BelwHn ManulKturar'lnd
Govlrnmlnt Ail!..nclIa

C"'"iH1iJiotIl I ! I 1..1 CocperQlioll

BolWalnCuSlomara and
Govlrnm.nt A~claa

Comp~liJiotI! I I I U CtNJPtrQlioll

setwlen ManufllCturara
C""'IU1ihat I I I I ! I CoopaQljDfl

eot'"_.~ CU=;;n;;"Q G.,d
MIInutactulllr.

Comp~liJiotI I I l I lJ Coor-QljtHI

BotwNn Cullomlra
C~liJiotIU I I I I Coor-atitHO

Conceptualization,
Development, Testing

and Trial Stage

BelWMn ....nufacturera and
Ra_rch Organlzatlona

C~lihat IT I I I I Coor-Qlioft

BltwNn Government Agenclea
and n.llIarch Organlzatlonl

CompDiliotl I I I I ) I Coor-Qlioft

BllwHn CUIIOllllI'8 Illd Ra_elI
~Inlzatlona

COtrf{1£IiJiotI U I ! I I CocperQlioll

BalwHn R_arch Orglnlzatlon.
C~ihat I ! ! I I I Coor-atitHO

Be""n Government Ag6ncln
Competilioft LI I I LJ CODpDalitHO

BatwHn UIlnulactullra and
GovemllMlnt Ar,nc1a8

C~ I I I II CODpDDIMm

BetwHn CustOlllilfland
GovemllMlnt A~loa

C~lihat I I I I U COOfHTalioII

BltwNn MlnulaclUrl,.
C~ I I I I I I CoaptralitHO

DeiwNn CuIlOlllllrlend
Monulactunlnl

COtrf{1£Iihat I I I I I I Coor-mioll

Between CUBtDl1lml
ComptliJiotl I I I I !J CODpDalitHO
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Standardization, Launch
and Commercialization

Stage

BetwMn Manufacturera and
R....rch Organlzatlonl

C~liljOll I I I I ! I Coor-al j""

Batw"n GovernlMnt Ag.ncles
and AI.lrch Org8nlzatlona

C~liliotI LLI I J I CooptrQlioll

Betw..n CUIt_ra and Raaaardl
~nlzatlonl

Comp.tilioll u::: I I I I Coor-atio...

IlelWettnRIM.rch Orglnlzatlona
C~liliotI I I I I I I Cooptrazioll

BalWHn Government Aganclaa
C~tiJiotl I I , I I I Coopcazit»o

BalWHn Manufactul'lrs and
, Governmlnt~cIaa

CompeliljOllI I I !.:J..I CoopcaliDn

ellW"n CUIIOfNlra and
Govammant Af'R":b'

C~ljliotl I J I I I Coor-al j01l

ElalWlOft Man~f~ral'l
ComptIiliotI LL Ii! I Coor-al ioII

Iletwlln Customerland
Manufacturera

C~tjliOll I ! , ! I I Coor-al ioII

Batween Customer.
CompcIiJiotI I I I I I I G";,,,aaliotl



INTEGRATION PHASE

Idea Generation and
Preliminary Assessment

Stage

B-'-n MMulKtul1Iralllld
ReMarch Organization.

C""¥'CIiIiaI! ! ! [D C"""",ation

BelWeOn Govemmont Agone••
and fIe_n:ll Qrglnlzatlona

C""'I¥liJiaI! ! CTI , Coopoation

eltwMn CU8tomeraInd ReMarelt
~anlzatlona

Comp<tilias U ! ! I I CoopoatitJra

BatwMn R_llrch Organizations
C~! ! I ! I 'Coopoation

BcltwMn Govamment Ag.ne'n
CorRpdiJim! ! I ! I I CoopaatitJra

BatwMn Manufllcturarllnd
Government A~ell.

ComptliliDn! ! I ! 1..1 Coopercsion

BetwHn CU8torner. and
Governmll~lIIa

C""'I¥lilias 0 J.J-LJ Cooperation

BetwHn Ulnufactur.,.
C""'I¥UbonI I I ! I I Cooperation

BatwHn CUlltomeraand
Manufllctulllra

Comp<tiliDn I I I I I I Coopaation

B8lwHn CUstomera
Comptlilias! I I ! I I Cooperation

Conceptualization.
Development. Testing

and Trial Stage

e~n M8nulacturaralllld
lIe.lrch Organlzatlona

Competiliolt CI I I I I Coopoation

BatwoenGovernmentAg_nebll
lIRlIfIe..lrch ranlzatlona

CompdiliDrt I I II I Coopoation

ellWHn CU8tomara and ReMardl
~Izatlonl

Compelilicra UJ I I I CCCfJDation

BelWHn R_areh Organlzatlonl
C"""miIioItI I I I I I Cooperation

e.lWMn Gov.mlMllt Agancln
Comp<liliolt I I ! I I I Cooperation

BelWHn Manulacturarll and
GoVltrnmtlnt~ellB

CompeliliDrt I ! I LU Cccperation

Between Cu8tomaraand
Gov.rnme~laa

Comp<IiIioIt D I L..U Coopoation

BalwMn MsnullCtUrafa
Compdiliolll I I I I I COOfa~

8IItw..n Cu8tomaraand
Manuf;)cturar.

Comptliliolt I I I ! I I CCC(I6atUHa

BelWMnCulltomera
CompdiliDrt! I i I U Cooperation
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Standardization, Launch
and Commercialization

Stage

eetwMn Manulacturala and
Rlealreh OrganIzationa

C""'I¥lilioll0 I I I JCooperation

SalweenGovarnmtlnt Ag.nela.
and R....rch Organlzatlona

C""'l¥'ilioII! I I U JCoopoation

ealWlln CU8tolMra and fIe_relt
~anlmtlona

C""'I¥lilioII U I I I I CoopoDlion

Botweln R.selrch Org.nlzatlon.
Compelilioll I I ! I I I Coopoation

Batwlln Govlmment Ag.nel"
CompeliJioII I I I I I I CoopoatiOll

BalwHn Manulacturora and
GovernmentAOellll

I Compelilion I I I I CoopuDl;on

eatwHn CUBlomor. and
GovClrnm.nt~clal

Comptlilicra U I Cu CoopUDl;on

e.twHn Manu'~rara
Comptl;lioIt I I I I I I CoopuDlion

Batwllln CU8tornarallnd
Manufacturera

C""'I¥liJioII I ! I I ! I C~Glion

Satw.lln Cus10mera
Compel;I;"" WI I I I CoopUGlion



APPJCNDDC S
DATA ANALYSI:S FOR TiD: PI:LCY.r StJRVZY

TABLE S-l
XDr:A GENERATI:ON AND PItJ:L:tMI:NARY ASSII:SSMI:N'r STAG!:*

Sl MIl: I«) NO TB %ME %NO %NO %TB

N-M VL VL

1 P1 1 1 1 3 5 4 2 2 3 2 1 2 1 -19 -67 -33 -80

2 P2 1 1 2 3 5 5 2 2 3 3 2 2 3 9.09 100 0 200

3 P3 1 3 3 3 5 5 2 2 3 3 3 3 5 12.5 50 50 66.7

RO-RO
4 Pl 1 1 1 4 2 2 1 1 2 2 1 1 1 -52 -75 -75 -80

5 P2 1 1 2 4 5 5 2 4 4 3 4 4 3 86.7 300 300 200

6 P3 1 3 3 4 5 5 2 4 4 3 4 4 5 10.7 0 0 66.7

C-C
7 P1 1 2 1 3 1 2 3 3 3 2 3 2 1 -30 0 -33 -80

8 P2 1 2 2 3 1 5 3 5 4 3 1 3 3 36.8 -67 50 200

9 P3 1 3 3 3 1 5 3 5 3 3 3 3 5 3.85 200 0 66.7

GO-GO
10 Pl 1 1 1 3 4 4 2 1 5 2 1 2 1 -33 -67 -33 -80

11 P2 1 1 2 5 4 5 5 5 4 4 5 4 3 45.5 400 100 200

12 P3 1 3 3 3 5 5 5 5 3 4 3 3 5 3.13 -40 -25 66.7

M-RO
12 Pl 1 1 1 5 3 3 2 2 3 2 1 2 1 -25 -67 -33 -80

14 P2 1 1 2 5 3 5 2 2 5 3 2 2 3 23.8 100 0 200

15 P3 1 3 3 5 3 5 2 2 4 3 3 3 5 7.69 50 50 66.7

RO-C
16 Pl 1 2 1 5 3 4 3 2 4 3 1 3 1 -3.8 -67 0 0

17 P2 1 2 2 5 3 3 3 2 4 3 2 3 1 0 100 0 0

18 P3 1 3 3 5 3 3 3 2 3 3 3 3 1 4 50 0 0

C-GA
19 P1 1 2 1 3 5 4 2 2 3 3 2 2 1 -15 -33 -33 0

20 P2 1 2 2 3 5 5 2 2 3 3 2 2 1 8.7 0 0 0

21 P3 1 3 3 3 5 5 2 2 3 3 3 3 1 8 50 50 0

GA-M
22 Pl 1 2 1 3 3 4 2 1 4 2 1 2 1 -19 -67 -33 0

23 P2 1 2 2 3 3 5 3 1 3 3 3 3 1 9.52 200 50 0

24 P3 1 3 3 3 3 5 4 1 3 3 3 3 1 13 0 0 0

M-C
25 P1 1 1 1 1 5 4 2 1 4 2 1 1 1 -20 0 -67 0

26 P2 1 1 2 1 5 5 2 1 5 3 1 2 1 15 0 100 0

27 P3 1 3 3 1 5 5 2 1 4 3 1 3 1 8.7 0 50 0

RO-GA
28 Pl 1 2 1 3 2 4 2 2 3 2 2 2 1 -17 -33 -33 0

29 P2 1 2 2 3 2 5 2 2 4 3 2 2 1 15 0 0 0

30 P3 1 3 3 3 2 5 2 2 3 3 3 3 1 4.35 50 50 0

*For notes see Table 5-7
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82

14-14 HI!: J«) 1m TB .ua: %II:) lUm %TB
31 Pl 1 1 1 2 1 4 1 1 2 2 1 1 1 -42 0 -50 -80
32 P2 1 1 2 2 4 4 1 2 1 2 1 2 3 28.6 0 100 200
33 P3 1 5 4 2 1 4 1 5 1 3 1 2 5 33.3 0 0 66.7

RO-IU>

34 Pl 1 1 1 4 2 2 1 1 2 2 1 1 1 -52 -75 -75 -80

35 P2 1 1 2 4 3 5 1 1 4 2 1 2 3 46.7 0 100 200

36 P3 1 4 4 4 3 5 2 4 4 3 4 4 5 40.9 300 100 66.7

c-c
37 Pl 1 2 1 3 1 3 3 3 3 2 3 3 1 -41 -40 -25 -80
38 P2 1 2 2 3 3 3 3 5 3 3 3 3 3 25 0 0 200
39 P3 1 5 4 3 3 5 5 5 3 4 5 4 5 36 66.7 33.3 66.7

GO-GO

40 Pl 1 1 1 5 2 3 2 2 5 2 1 2 1 -37 -80 -50 -80
41 P2 1 1 2 5 4 5 2 5 5 3 5 4 3 36.4 400 100 200
42 P3 1 5 4 5 4 5 2 5 4 4 5 4 5 16.7 0 0 66.7

N-RO
43 Pl 1 1 1 5 3 5 4 3 4 3 1 3 3 -10 -75 -25 0
44 P2 1 1 2 4 3 5 4 4 4 3 4 4 3 3.7 300 33.3 0
45 P3 1 2 4 4 3 5 4 3 4 3 4 4 3 7.14 0 0 0

RO-C
46 Pl 1 2 1 5 4 5 5 4 3 3 5 4 3 -3.2 0 0 0
47 P2 1 2 2 5 4 5 5 4 3 3 5 4 3 3.33 0 0 0
48 P3 1 2 4 5 4 5 5 2 3 3 5 4 3 0 0 0 0

C-GA
49 Pl 1 2 1 3 4 5 5 4 4 3 4 4 3 0 100 33.3 0
50 P2 1 2 2 3 4 5 5 4 3 3 2 3 3 0 -50 -25 0
51 P3 1 2 4 3 4 5 5 2 3 3 2 3 3 0 0 0 0

GA-N
52 Pl 1 2 1 4 3 5 4 4 4 3 4 4 3 -3.4 0 0 0
53 P2 1 2 2 4 3 5 4 4 3 3 4 3 3 0 0 -25 0
54 P3 1 2 4 4 3 5 4 2 4 3 4 4 3 3.57 0 33.3 0

M-C

55 Pl 1 1 1 5 3 5 4 5 3 3 1 3 3 0 -50 0 0
56 P2 1 1 2 5 3 5 4 5 5 3 5 4 3 10.7 400 33.3 0
57 P3 1 2 4 5 3 5 2 2 4 3 2 3 3 -9.7 -60 -25 0

RO-GA
58 Pl 1 2 1 4 4 5 5 4 4 3 4 4 3 -6.2 0 0 0
59 P2 1 2 2 4 4 5 5 4 4 3 4 4 3 3.33 0 0 0
60 P3 1 2 4 4 4 5 5 3 4 4 4 4 3 3.23 0 0 0

*For notes see Table 5-7
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83 lID: HI) ME> !l'B %III: %HI) um SIlTS

la-II

61 P1 1 1 1 2 1 4 1 1 4 2 1 1 1 -53 -75 -75 -80

62 P2 1 3 3 1 3 4 1 4 4 3 1 3 3 50 0 200 200

63 P3 1 5 4 5 3 4 4 4 4 4 4 4 5 41. 7 300 33.3 66.7

RO-RO
64 P1 1 1 1 4 2 2 1 1 4 2 1 1 1 -48 -75 -75 -80

65 P2 1 3 3 5 5 4 2 4 4 3 4 4 3 82.4 300 300 200

66 P3 1 4 4 5 5 4 2 4 4 4 4 4 5 6.45 0 0 66.7

C-C
67 P1 1 2 1 3 1 3 3 3 3 2 3 3 1 -38 0 0 -80

68 P2 1 3 3 3 3 5 3 5 3 3 3 3 3 45 0 0 200

69 P3 1 5 4 3 3 5 3 5 3 4 3 3 5 10.3 0 0 66.7

GO-GO

70 Pl 1 1 1 5 2 3 2 2 5 2 1 2 1 -41 -80 -60 80

71 P2 1 3 3 5 5 5 5 5 5 4 5 5 3 68.2 400 150 200

72 P3 1 3 4 5 5 5 4 5 5 4 5 5 5 0 0 0 66.7

M-RO
73 P1 1 1 1 5 5 5 4 5 3 3 5 4 5 -21 0 -20 0
74 P2 1 3 3 5 5 5 4 4 3 4 3 4 5 10 -40 0 0
75 P3 1 5 4 4 5 5 5 5 4 4 5 5 5 15.2 66.7 25 0

RO-C
76 t'1 1 2 1 5 5 5 4 5 3 3 5 4 5 -11 0 0 0
77 P2 1 3 3 3 5 5 4 5 3 4 3 3 5 3.23 -40 -25 0
78 P3 1 4 4 3 5 5 5 5 3 4 5 4 5 9.38 66.7 33.3 0

C-GA
79 P1 1 2 1 3 5 5 5 4 3 3 5 3 5 -15 0 -25 0
80 P2 1 3 3 3 5 5 5 4 3 4 3 3 5 10.3 -40 0 0
81 P3 1 3 4 3 5 5 5 5 3 4 5 4 5 6.25 66.7 33.3 0

GA-M
82 P1 1 2 1 4 5 5 5 4 4 3 4 4 5 -14 0 0 0
83 P2 1 3 3 5 5 5 4 4 4 4 5 4 5 9.68 25 0 0
84 P3 1 4 4 5 5 5 4 4 4 4 4 4 5 5.88 -20 0 0

H-C
85 P1 1 1 1 3 1 5 4 5 3 3 1 3 5 -29 -75 -25 0
86 P2 1 3 3 5 1 5 5 5 3 3 5 3 5 29.2 400 0 0
87 P3 1 4 4 3 4 5 5 5 3 4 4 4 5 9.68 -20 33.3 0

RO-GA
88 P1 1 2 1 5 5 5 2 5 5 3 5 5 5 -18 0 0 0
89 P2 1 3 3 5 5 5 4 5 4 4 5 4 5 12.9 0 -20 0
90 P3 1 5 4 5 5 5 5 01, 4 4 5 5 5 8.57 0 25 0

*For notes see Table 5-7
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PI Ia: 16') 1m TB .. UIO lUG) %TB

M-M
91 51 1 1 1 3 5 4 2 2 3 2 1 2 1 37.5 0 100 0
92 52 1 1 1 2 1 4 1 1 2 2 1 1 1 -36 0 -50 0

93 53 1 1 1 2 1 4 1 1 4 2 1 1 1 14.3 0 0 0
w)-lU>

94 51 1 1 1 4 2 2 1 1 2 2 1 1 1 -12 0 0 0

95 52 1 1 1 4 2 2 1 1 2 2 1 1 1 0 0 0 0

96 53 1 1 1 4 2 2 1 1 4 2 1 1 1 13.3 0 0 0

C-C
97 51 1 2 1 3 1 2 3 3 3 2 3 2 1 -5 0 -33 0
98 52 1 2 1 3 1 3 3 3 3 2 3 3 1 5.26 0 50 0
99 53 1 2 1 3 1 3 3 3 3 2 3 3 1 0 0 0 0

Gi\-GA

100 51 1 1 1 3 4 4 2 1 5 2 1 2 1 0 0 0 0
101 52 1 1 1 5 2 3 2 2 5 2 1 2 1 0 0 0 0
102 53 1 1 1 5 2 3 2 2 5 2 1 2 1 0 0 0 0

M-RO
103 51 1 1 1 5 3 3 2 2 3 2 1 2 1 -30 -80 -50 -80
104 52 1 1 1 5 3 5 4 3 4 3 1 3 3 28.6 0 50 200
105 53 1 1 1 5 5 5 4 5 3 3 5 4 5 11.1 400 33.3 66.7

lU>-C
106 51 1 2 1 3 5 4 2 2 3 3 2 2 1 -26 -60 -50 -80
107 52 1 2 1 3 4 5 5 4 4 3 4 4 3 26.1 100 100 200
108 53 1 2 1 5 5 5 4 5 3 3 5 4 5 6.9 25 0 66.7

C-GA
109 51 1 2 1 3 5 4 2 2 3 3 2 2 1 -21 -60 -33 -80
110 52 1 2 1 3 4 5 5 4 4 3 4 4 3 26.1 100 100 200
111 53 1 2 1 3 5 5 5 4 3 3 5 3 5 0 25 -25 66.7

GA-M

112 51 1 2 1 3 3 4 2 1 4 2 1 2 1 -32 -75 -50 -80
113 52 1 2 1 4 3 5 4 4 4 3 4 4 3 33.3 300 100 200
114 53 1 2 1 4 5 5 5 4 4 3 4 4 5 10.7 0 0 66.7

M-C
115 51 1 1 1 1 5 4 2 1 4 2 1 1 1 -17 0 -67 -80
116 52 1 1 1 5 3 5 4 5 3 3 1 3 3 40 0 200 200
117 53 1 1 1 3 1 5 4 5 3 3 1 3 5 -14 0 0 66.7

RO-GJl

118 51 1 2 1 3 2 4 2 2 3 2 2 2 1 -35 -60 -60 -80
119 52 1 2 1 4 4 5 5 4 4 3 4 4 3 50 100 100 200
120 53 1 2 1 5 5 5 2 5 5 3 5 5 5 3.33 25 25 66.7

*For notes see Table 5-7
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P2 MIl ~ 1m 'rB %NI: %I«) %MD %'rB

H-M
121 51 1 1 2 3 5 5 2 2 3 3 2 2 3 0 100 -33 0
122 52 1 1 2 2 4 4 1 2 1 2 1 2 3 -25 -50 0 0
123 53 1 3 3 1 3 4 1 4 4 3 1 3 3 33.3 0 50 0

RO-RC
124 51 1 1 2 4 5 5 2 4 4 3 4 4 3 -9.7 0 0 0
125 52 1 1 2 4 3 5 1 1 4 2 1 2 3 -21 -75 -50 0

126 53 1 3 3 5 5 4 2 4 4 3 4 4 3 40.9 300 100 0

C-C
127 51 1 2 2 3 1 5 3 5 4 3 1 3 3 -10 -67 0 0
128 52 1 2 2 3 3 3 3 5 3 3 3 3 3 -3.8 200 0 0
129 53 1 3 3 3 3 5 3 5 3 3 3 3 3 16 0 0 0

GA-GA
130 51 1 1 2 5 4 5 5 5 4 4 5 4 3 -14 0 -20 0
131 52 1 1 2 5 4 5 2 5 5 3 5 4 3 -6.2 0 0 0
132 53 1 3 3 5 5 5 5 5 5 4 5 5 3 23.3 0 25 0

M-BO

133 51 1 1 2 5 3 5 2 2 5 3 2 2 1 -21 -33 -50 -80
134 52 1 1 2 4 3 5 4 4 4 3 4 4 3 7.69 100 100 200
135 53 1 3 3 5 5 5 4 4 3 4 3 4 5 17.9 -25 0 66.7

RO-C
136 51 1 2 2 5 3 3 3 2 4 3 2 3 1 -22 -33 0 -80
137 52 1 2 2 5 4 5 5 4 3 3 5 4 3 24 150 33.3 200
138 53 1 3 3 3 5 5 4 5 3 4 3 3 5 3.23 -40 -25 66.7

c-ca
139 51 1 2 2 3 5 5 2 2 3 3 2 2 1 -22 -33 -33 -80
140 52 1 2 2 3 4 5 5 4 3 3 2 3 3 16 0 50 200
141 53 1 3 3 3 5 5 5 4 3 4 3 3 5 10.3 50 0 66.7

GA-M

142 51 1 2 2 3 3 5 3 1 3 3 3 3 1 -32 -40 -25 -80
143 52 1 2 2 4 3 5 4 4 3 3 4 3 3 21.7 33.3 0 200
144 53 1 3 3 5 5 5 4 4 4 4 5 4 5 21.4 25 33.3 66.7

M-C
145 51 1 1 2 1 5 5 2 1 5 3 1 2 1 -26 -80 -33 -80
146 52 1 1 2 5 3 5 4 5 5 3 5 4 3 34.8 400 100 200
147 53 1 3 3 5 1 5 5 5 3 3 5 3 5 0 0 -25 66.7

RO-GA

148 51 1 2 2 3 2 5 2 2 4 3 2 2 1 -34 -60 -50 -80
149 52 1 2 2 4 4 5 5 4 4 3 4 4 3 34.8 100 100 200
150 53 1 3 3 5 5 5 4 5 4 4 5 4 5 12.9 25 0 66.7

*For notes see Table 5-7
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!rABLJ: 8-6
~IOH PBASI:*

P3
II-I( Ja: m lID !L'B lUa: .l!lIIO lUG) %TB

151 Sl 1 3 3 3 5 5 2 2 3 3 3 3 5 -21 -25 -25 0
152 S2 1 5 4 2 1 4 1 5 1 3 1 2 5 -11 -67 -33 0

153 S3 1 5 4 5 3 4 4 4 4 4 4 4 5 41. 7 300 100 0

RO-IIO
154 Sl 1 3 3 4 5 5 2 4 4 3 4 4 5 -6.1 0 0 0

155 S2 1 4 4 4 3 5 2 4 4 3 4 4 5 0 0 0 0

156 S3 1 4 4 5 5 4 2 4 4 4 4 4 5 6.45 0 0 0

C-C
157 Sl 1 3 3 3 1 5 3 5 3 3 3 3 5 -16 0 0 0
158 S2 1 5 4 3 3 5 5 5 3 4 5 4 5 25.9 66.7 33.3 0
159 S3 1 5 4 3 3 5 3 5 3 4 3 3 5 -5.9 -40 -25 0

GA-GA
160 Sl 1 3 3 3 5 5 5 5 3 4 3 3 5 -11 -40 -40 0
161 S2 1 5 4 5 4 5 2 5 4 4 5 4 5 6.06 66.7 33.3 0
162 S3 1 3 4 5 5 5 4 5 5 4 5 5 5 5.71 0 25 0

N-IIO
163 Sl 1 3 3 5 3 5 2 2 4 3 3 3 1 -26 -40 -40 -80
164 S2 1 2 4 4 3 5 4 3 4 3 4 4 3 7.14 33.3 33.3 200
165 S3 1 5 4 4 5 5 5 5 4 4 5 5 5 26.7 25 25 66.7

RO-C
166 Sl 1 3 3 5 3 3 3 2 3 3 3 3 1 -26 -40 -25 -80
167 S2 1 2 4 5 4 5 5 2 3 3 5 4 3 19.2 66.7 33.3 200
168 S3 1 4 4 3 5 5 5 5 3 4 5 4 5 12.9 0 0 66.7

C-GA
169 Sl 1 3 3 3 5 5 2 2 3 3 3 3 1 -21 -40 -25 -80
170 S2 1 2 4 3 4 5 5 2 3 3 2 3 3 7.41 -33 0 200
171 S3 1 3 4 3 5 5 5 5 3 4 5 4 5 17.2 150 33.3 66.7

GA-M
172 Sl 1 3 3 3 3 5 4 1 3 3 3 3 1 -28 -25 -25 -80
173 S2 1 2 4 4 3 5 4 2 4 3 4 4 3 11.5 33.3 33.3 200
174 S3 1 4 4 5 5 5 4 4 4 4 4 4 5 24.1 0 0 66.7

M-C
175 Sl 1 3 3 1 5 5 2 1 4 3 1 3 1 -26 -75 -25 -80
176 S2 1 2 4 5 3 5 2 2 4 3 2 3 3 12 100 0 200
177 S3 1 4 4 3 4 5 5 5 3 4 4 4 5 21.4 100 33.3 66.7

RO-GA
178 Sl 1 3 3 3 2 5 2 2 3 3 3 3 1 -37 -40 -40 -80
179 S2 1 2 4 4 4 5 5 3 4 4 4 4 3 33.3 33.3 33.3 200
180 S3 1 5 4 5 5 5 5 4 4 4 5 5 5 18.8 25 25 66.7

*For notes see Table S-7
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~8-7

IIOTZS roa TaBID 8-1 '1'0 8-6

M Manufacturers

C Customers

RO Research Oraanizations

GA Government Aaencies

P1 Invention Phase

P2 Develooment Phase

P3 Inteqration Phase

Sl Idea Generation and PreliminarY Assessment Staae

S2 Development and Testina Staae

S3 Standardization and Launch

ME Mean

MO Mode

MD Median

TH VL Theoretical Value

%ME Percentaae Chanqe of Mean

%MO Percentaae Chanae of Mode

%MD Percentaae Chanqe of Median

%TH Percentaqe Chanqe of Theoretical Value

%Rl «Rl-R3) /R3) *100

%R2 ( (R2-Rl) /Rl) *100

%R3 «R3-R2) /R2) *100
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UBLJ: 8-8
CORRELAT:IOH AlmLY8:IS*

81
ME M) 1m TB VL tiD: lU8) 5MD %TB

ME 1 %MIl 1

MO 0.6642 1 %I«) 0.678 1

NO 0.8245 0.7276 1 tim 0.8709 0.6533 1

TB 0.6848 0.5025 0.4876 1eB 0.7941 0.5981 0.5516 1

82
ME lei) 1m TaVL lWI: ..., SND %TB

ME 1 ltia: 1
M) 0.749 1 tMO 0.4441 1

NO 0.8993 0.8718 1 tim 0.8221 0.6171 1

TB 0.6717 0.3746 0.4866 11lrTB 0.8425 0.3021 0.7629 1

83
MB: Ie) HI) TB VL lkNI: %NO 5MD %TB

ME 1 tiC!: 1

Me> 0.7971 1 lUfO 0.6991 1

NO 0.8659 0.7921 1 %MD 0.8061 0.571 1

TB 0.7865 0.6457 0.6521 1 %TIl 0.8645 0.4929 0.776 1

P1
MIC N) NO TB VL %Ia: %NO 5MD %TB

ME 1 %MI: 1

Me> 0.7352 1 %M:) 0.4902 1

Me 0.9121 0.8216 1 %NO 0.8804 0.4417 1

TB 0.8255 0.7059 0.7929 1 %TB 0.8118 0.5493 0.8218 1

P2
ME MO HI) Til VL %MI: SWO SMD %TH

MIC 1 %MZ 1

NO 0.7938 1 Ill!«) 0.6247 1

!lID 0.8086 0.8065 1 ~ 0.7719 0.6915 1

TB 0.6305 0.4394 0.4431 1 %TB 0.692 0.4831 0.6558 1

P3
MIl: 1«) Me TB VL %ME %NO SMD %TH

MIl: 1 %ME 1

Me> 0.8005 1 %Me) 0.7188 1

NO 0.8505 0.8682 1 lliMD 0.8525 0.8651 1

TB 0.6744 0.4533 0.4365 1 %TB 0.6461 0.3259 0.4933 1

*For notes see Table 5-7.
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l.
Alexander, David

2.
Baseer, Nadeem

3.
Co~e, Rob

4.
Ha~verson, Richard

5.
Hamre, John D.

6.
Hester, Dee

7.
Hi~~, Doug

8.
Huddle, Joe

9.
Ittner, Will

APPJ:ND:IX '1'
NAWE OJ' SUBJEC'rS !'OR FINAL SURVEY

Applications Engineer,
SITE,
690 Aldo Av.,
Santa Clara, CA 95051.
(Electronic equipment development).

Director Engg.,
SITE Services,
Santa Clara, CA 95051.
(Semiconductor equipment manufacturing).

System Analyst,
Landis & Gyr Systems,
1730 Techno~ogy Drive,
San Jose, CA 95110.
(Semiconductor component development) .

CIS Ph.D. candidate,
University of Hawaii,
Honolulu, HI 96822.
(Design of functional memory computers) .

Principle Engineer,
Network Systems Corp.,
7600 Boone Av. N.,
MPLs, MN 55428.
(Computer network designer).

Manager,
SITE Services Inc.,
690 Aldo AV.,
Santa Clara, CA 95054.
(Semiconductor equipment marketing)

Analyst,
Landis & Gyr Systems,
1730 Technology Drive,
San Jose, CA 95110.
(Semiconductor component development) .

Quality Assurance Manager,
3M Center:
EIC Bldg. 235-2G-24,
St. PaUl, MN 55144.
(Product quality control).

Operations Manager,
SITE,
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10.
Je:r:ve, Mark

11.
Kattak, Riaz

12.
Logatan, John

13.
Menon, Karumakar

14.
PhalLl, Dan

15.
Sarvakar, Sunil W.

16.
Savel, Barat B.

17.
Schmidt, Vincent

625 cartsbad CI,
Milpilas, CA 95035.
(Semiconductor manufacturing process).

Senior Engineer,
Network Systems Corpoaration,
4050 Blaisdell Ave. S.,
MPLS, MN 55409.
(Computer network designer).

Sr. Systems Analyst,
SCADA Supervisory control and data
aquisiton) Fi~are for systems,
Landis & Gyr Systems,
1901 Halford Av. f109,
Santa Clara, CA 95051.
(Semiconductor component design).

Logic Designer,
Network Sys. Corp.,
7600 Boone Ave.,
Brookyln Park., MPLs, MN 55428.
(Semiconductor component design).

Verification Engineer,
Hal Computer Systems,
Campbell, CA 95008.
(Computer hardware appraisal) .

Mechanical Design Engineer,
SITE,
690 Aldo AV.,
Milpilas, CA 95035.
(Computer aided design and computer ai.ded
manufacturing specialist).

Member, Technical Staff,
DELL Computers,
1315 Dell Av.,
Campbell, CA 95008.
(Compuer har&Jare development) .

Design Verification Engineer,
DELL Computers,
1315 Dell EV.,
Campbell, CA 95008.
(Computer hardware design).

Engineering Manager,
Network Systems Corp.,
7625 Boone Avenue North,
Minneapolis, MN 55423.
(Computer network design).
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18.
Seaburn, Scott

19.
Singley, Donald N.

20.
Sinha, Sunil

21
Sirhan, Amro

22.
Standish, Pete

23.
Turumella, Babu

24.
Vivek, Vibhu

25.
Weling, Milind

President,
Advanced Design Systems,
300 Kahelu AV., Suite 40,
Mililani, HI 96789.
(Electronic product design).

Software Specialist~

3M Center,
Bldg. 235-2G-25,
St. Paul, MN 55144-10025.
(Software product development).

Software Engineer,
EScan Inc.,
1944-C Lazzini AV.,
Santa Rosa,
CA 95407.
(Software product development) .

Verification Engineer,
DELL Computers,
1315 Dell Ev.,
campbell, CA 95008.
(Computer hardware design).

System Analyst,
Landis & Gyr Systems,
1730 Technolog}· Drive,
San Jose, CA 95110.
(Semiconductor component development).

Project Leader,
HAL Computer Systems,
1315, Dell Av.,
campbell, CA 95008.
(Computer hardware development).

Software Engineer,
The Human Software Company,
4409 Big Basin Way,
Saratoga, CA 95070.
(Software product development) .

Senior Process Development Engineer,
VLSI Tec~_~ology Inc.,
11.09 McKay Drive, MS02,
San Jose, CA 95131.
(Electronic equipment development).
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APPr.NDIX 17
Qt1J:STZONmURJ: FOR TBJ: F:INAL SORVJ:Y

PRODUCT DEVELOPMENT MODEL SURVEY

NAME:

TITLE:

ADDRESS:

PHONE:

COMMENTS (IF ANY)

TIlANK YOU VERY MUCHFOR YOUR COOPERATION

SHAKT/ S. RANA

EWCBOX 1625

1777 EASTWESTROAD

HONOLULU, HI 96848

(808) 955-0979
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DearSiror Madam:

Thank you very muchfor agreeing to participate in thisstudy. It should lake no longer
thanone-halfhour tocomplete.

The Study
In this studyweare attempting to model thedynamicsof competition and cooperation

between(a) research organizations (e.g., BellLabs), (b) government agencies (e.g., FCC),
(c)manufacturers, and (d) customers. In our model,"product",refers to a "type" of
product (e.g.,"cellular telephones"),not a particularmodelor brand(e.g., "Nokia
PT6l2").

Our modelconsidersthreedifferent"phases" of a product's life. The invention phase
is the period whenthe type of product is first introduced. The developmem phase is the
periodwhen improvements are being made to theproduct The integration phaseis the
periodwhen the productis being integrated withother products to create new typesof
products.

For example,whencellular telephones (e.g., ProductA in Figure 1) were first
introduced (i.e., in theirinventionphase), they were large,marginally portable,and users
experienced highdisconnect rates. During the development phase, improvements were
madesuch as miniaturization, improvedreception,and enhanced services. In the
integration phasewecan expect to see cellulartechnology combined with other products
(e.g.,ProductB in Figure I) to offer new typesof products thatwere previously
unavailable (e.g., ProductC).
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FIGURE I. PRODUCT DEVELOPMENT MODEL
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In this study, we are interestedonly in the stageswithina phase which take place
beforea product is first available to customers. Inour three stage model, the idea
generation andassessment stage refers to the periodwhen the ideaof a product occurs and
its feasibilityanalyzed. In the development andtesting stage, the product features arc
defined, implemented and tested. In the standardization andlaunch stage, the product is
preparedfor production and introducedto the customers.

The Survey
The questionnaire on the followingpage illustrates the three stages and three phases of

a product. For each relationship pair in each stagefor each phase. please shade in thecircle
which represents what you believeis best: e:oox!XD for full competition.~ for
more competition than cooperation,~ for neutral.~ for more cooperation
than competition, or~ for full cooperation. (Note there there arc a total of 90
relationships to shade.)

Forexample. if you believe for the development andtesting stage in the invetuion
phase, the relationship betweengovernment agencies and research organiuuions should be
morecooperative than competitive,you wouldshadein the founh circle on the line between
the two, as shown below.

For the same stage and phase, if you believethat manufacturersshould compete fully
betweeneach other, you would shade in thefirstcircle. (Note that there arc eight other
relationshipsin the figure that haveyet to be filledin.)

InventionPhase

On the next page, pleaseshade in the circleswhichyou believe best represent the
necessaryrelationships between theentities for all three stages and phases. Note that
withineach stage and phase (i.e., in each of the nine boxes), there arc ten circles to shade.

Thank you very much for participatingin thisstudy. If you have any questions or
comments,please feel free to call me at yourconvenience. You will be notified of the
results as soon as they are available.

Sincerely,
Shakti Rana

EWe Box 1625
1777East West Road
Honolulu, HI 96848
(808) 955-0979
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APPlCNDIX V
RESPONSES or FINAL StJRVJ:Y

~ABLJ: V-l
:IDEA GENERAT:ION AND ~SESSM!:NT STAGE

.-c-~.-c 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Invention Pha•• 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 3

Deve1oplle.nt Pha•• 4 2 3 2 3 2 2 2 3 2 3 3 2 3 2 3 2 3 4 2 3 3 3 1 4

XntegratJ.on Pha•• 5 5 5 3 5 3 4 3 4 5 5 5 4 4 3 5 4 5 4 3 5 5 5 4 5

-OOV--oz,g
Invention Phe•• 4 2 2 2 2 2 2 1 2 2 3 1 1 1 1 3 2 1 1 1 2 1 1 2 3

oe_1opIIe.nlo Pha•• 4 2 4 3 4 2 4 2 3 3 3 3 2 4 2 4 2 2 4 3 3 3 3 2 4

Inteqration Ph ••• 5 5 5 3 5 3 4 4 4 5 4 5 4 5 3 5 4 5 4 4 5 5 5 3 5

~--
Invention Phaae 4 3 3 1 4 2 2 1 3 2 1 3 1 1 1 4 1 1 1 1 4 1 1 4 3

oe~1opIIe.nt Pha•• 4 4 4 4 4 2 4 2 3 3 3 3 2 4 2 3 2 3 4 4 3 3 3 2 4

Integration Pha•• 5 5 5 3 4 3 4 3 4 4 5 5 4 5 6 4 .. 5 4 3 5 5 5 3 5

_.~-_.~

Invention Ph ••• 4 2 1 1 4 2 1 1 2 4 1 1 1 1 2 4 1 1 1 1 4 1 1 3 3

Deve1CJ1:m811t Phaae 4 4 3 2 3 3 2 2 3 2 2 1 2 4 3 4 2 3 4 4 4 3 3 4 4

Intoqration pu.. 5 5 5 3 3 3 4 4 4 3 5 5 4 4 4 5 4 5 4 4 5 5 5 3 5

---oov·
Invention Pha... 4 3 3 1 4 2 3 1 3 1 1 3 5 1 1 1 1 1 2 1 1 1 1 5 1

Devel.opwnt Pha•• 2 2 1 2 1 1 1 1 2 1 1 1 1 2 1 2 1 1 2 1 1 1 3 4 2

Inteqrat10n Pha•• 2 1 1 3 1 1 1 1 3 1 1 1 2 2 1 1 1 1 4 1 2 1 5 3 5

-Clo:q-~

Invention Pha•• 4 3 3 1 4 2 3 1 3 3 1 3 3 1 1 1 1 1 3 1 1 3 1 4 1

Dove1opment PUII8 2 2 1 2 1 2 1 1 2 1 1 1 1 2 1 2 1 1 2 1 1 1 3 .. ~

xntograt1.on Phaa.. 2 1 1 :3 1 2 1 1 3 1 1 1 2 2 2 1 1 1 4 1 2 1 4 4 5

Ol>ft..- -_. -.,y

Invention Pha•• 2 3 3 1 2 1 3 3 1 3 1 1 1 1 2 1 1 1 3 1 1 3 1 4 1

OGve1opmant Pba•• 2 1 1 2 1 1 1 1 2 2 1 1 1 1 2 1 1 1 2 1 1 1 3 4 2

Integration Fh ••e 2 2 1 3 2 2 1 1 3 2 1 1 2 1 2 2 1 1 4 1 2 2 4 .. 5

_. JlQo8G}'-~-

InvllimtioD. PhallQ 2 2 2 1 2 1 3 3 1 3 1 1 1 1 1 1 1 1 3 1 1 3 1 4 1

Devc1op::umt Pb.". 2 1 1 2 1 1 1 1 2 1 1 1 1 1 1 1 1 1 2 1 1 1 3 4 2

xntQqratlon PUI. 1 1 1 3 1 1 1 1 3 1 1 1 2 1 1 1 1 1 4 1 2 2 4 4 5

--~
Xnvantl.on Pb.aso 1 1 1 1 2 2 4 2 4 2 1 1 1 2 1 1 1 1 2 2 1 1 1 " 1

Devo1opllllnt Pheae 1 1 1 2 1 2 2 2 2 2 2 1 1 1 1 1 2 1 2 1 1 1 3 4 2

Integration Pha•• 1 1 5 3 1 2 2 2 3 2 1 2 1 1 2 1 1 2 3 1 1 1 4 3 5

~~e::;. -~. ~.ll

Invention PheDD 1 2 1 1 2 2 " 2 4 1 1 1 1 4 4 1 1 1 3 2 1 1 1 " 1

Deve1os-ent Phaae 1 2 1 2 1 1 2 2 2 1 1 1 1 1 2 1 2 1 2 2 1 1 3 4 2

Intec;ratlon Pha•• 1 1 5 3 1 1 2 2 3 1 1 2 1 1 1 1 1 2 3 2 1 1 4 4 5
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TABLI: V-2
DEVI:LOP!dEN'.r AND '.rESTING STAGE

1 2 3 • 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 2. 25-----xnvantlon Pha•• 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 3

oe_loI-nt PhaJI. 3 2 • 2 3 2 1 3 • 2 3 3 3 3 2 3 2 3 • 2 3 3 3 1 •
:Intoqration P!1aaQ • 5 5 3 5 3 • • 5 5 5 5 5 5 • • 3 5 • • 5 5 • • 5

-o.v--o.v
Invention Pha•• 2 2 2 1 2 1 2 1 2 2 1 1 1 1 1 3 1 2 1 1 2 1 1 2 3

DevoJ.opaent Pha•• • 2 • 3 • 2 2 3 • 2 3 3 3 3 2 3 2 3 • 2 3 3 3 3 •
IntOCJration PU.Q • 5 5 • 5 3 • • 5 5 5 5 5 5 • • 3 5 • • 5 5 • 3 5---
~n-..nt1on Pha•• • 3 3 1 • 2 2 1 3 • 1 1 1 1 2 • 1 1 1 1 • 1 1 • 3

oe_lopraent Pha•• • • • 2 • 2 2 ;) • 2 3 3 3 2 2 3 2 3 • 2 3 3 3 2 •
IntegratJ.on Pha.$ • 5 5 5 5 3 • • 5 5 5 5 5 5 • • 3 5 • • 5 5 • 3 5-. ......,.-_.~
Invention Ph ••• 2 2 3 2 3 2 1 1 2 • 1 1 1 1 2 • 1 1 1 1 • 1 1 3 3

oev.lopaent Pha •• • • • 3 • 2 1 3 • 2 3 • 3 2 2 2 2 3 • 2 3 3 3 2 •
Integration Ph••• • 5 5 5 5 3 • • 5 3 5 5 5 5 3 • 3 5 • • 5 5 • 3 5

~---o.v.

Invention Pb•• • 2 3 1 3 2 • 2 • 1 3 2 5 3 1 3 1 3 3 1 2 3 3 • 3

08ve1qaant PhaDQ • 2 3 2 • 2 3 2 3 2 3 3 • • 2 3 2 3 • 3 3 3 3 3 3

Integration Ph••• 3 3 • 2 • 3 3 2 3 2 3 3 • 3 2 • 2 3 4 • 3 3 • 3 5

-aov-~

Invention Phal. • 2 3 2 • 2 • 2 • 2 1 2 3 3 1 3 1 3 3 1 2 • 3 • 3

Developraent PIla•• • 2 3 2 • 2 3 2 3 3 3 3 • • 2 3 2 3 • 3 3 3 3 4 3

Int09ration Ph••• 2 2 • 2 • • 3 2 3 3 3 3 • 3 2 • 2 3 • • 3 3 • • 5---. .toa-GJ'

Invention Ph••• 5 2 3 2 5 2 5 2 5 2 3 3 3 3 2 3 1 3 3 1 2 3 3 • 3

Developua.nt Pha•• • 2 3 2 • 2 3 2 3 3 3 3 • • 3 3 2 3 4 3 3 3 3 • 3

Intcqrat1.on Pha•• 2 2 4 2 • 2 2 2 3 2 3 3 • • s • 2 3 • 4 3 3 • • 5

_.~----

Invention Pha•• • 2 3 1 • 2 • 2 4 1 1 3 3 3 2 3 1 3 3 1 2 3 3 4 3

DevalOlDGnt Ph••• • 2 3 3 • 2 3 2 3 2 3 3 • • 2 3 2 3 • 3 3 3 3 4 3

Integration Ph••• 3 3 • 3 4 3 3 2 3 3 3 3 • 3 2 4 2 3 • 4 3 3 • 4 5---
Invention Ph••e 5 2 3 1 • 4 • 2 • 2 3 3 3 • 2 3 • 3 3 1 2 3 2 • 3

Developaont Ph ••• • 2 3 2 3 2 • 3 3 3 3 3 3 • 3 3 2 3 4 3 3 3 3 5 3

Integration Phaae 3 2 4 2 3 3 • 3 3 2 • 3 3 2 3 • 2 2 4 • 2 3 4 3 5

-Oq.--.~

Invont1on Pha•• 5 2 2 3 3 • 5 2 5 2 3 3 • 4 2 3 4 3 • 1 2 3 2 4 3

Doval.op:.ant Phase • 2 3 2 3 2 • 3 3 2 3 3 3 4 2 3 2 3 • 3 3 3 3 4 3

Intograt1on Phalle 3 2 4 2 3 3 • 3 3 3 4 3 3 2 2 • 2 2 • 4 2 3 • 4 5
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TABLE V-3
STJUmARD:IZAT:ION AND LAUNCH sorAGE
1 2 3 <I 5 6 7 8 9 10 11 12 13 It IS 16 17 18 19 20 21 22 23 2. 25

~----
lD.V'm1tj,on I'ba•• 1 1 1 1 1 1 1 1 2 2 1 1 2 1 1 1 2 1 2 2 2 1 1 1 2

Deva1os-oD.t Pha•• 3 2 3 3 3 3 • • • 2 3 2 3 3 3 • 2 3 • 2 3 • 5 1 5

Intoqr.'c.ion PhaDo 5 5 5 • 5 3 5 5 5 • 5 5 5 5 • 5 • 5 <I 4 5 5 • <I 5

- 010II - - 010II
Inv.ntion P~. 2 2 2 1 3 1 1 1 2 1 1 1 2 1 1 1 2 1 2 2 2 1 1 3 2

oe_l.op>ant Pha•• • 2 <I 2 3 3 5 • <I 2 3 2 3 3 3 <I 2 3 <I 2 3 2 5 3 5

Inteqration Pha•• 5 5 5 5 5 3 5 5 <I <I 5 5 5 5 <I 5 <I 5 <I <I 5 5 <I 3 5---
InVWltion Pha•• 2 1 3 1 3 2 3 1 2 1 1 1 2 1 1 1 2 1 2 2 <I 1 1 • 2

oeva1.op>ant P~. <I 3 <I 2 3 3 5 2 <I 2 3 <I <I 3 3 <I 2 3 <I 2 3 <I 5 2 5

Integrat1.on Ph••• 5 5 5 <I 5 3 5 5 5 • 5 5 5 5 <I 5 <I 5 <I <I 5 5 <I 3 5

_.~-_.~

Invantlon Pha•• 1 2 1 1 3 2 1 1 2 2 1 1 2 1 2 1 2 1 2 2 2 1 1 • 2

DevoJ.opment PhA•• 5 3 <I 5 3 3 <I 2 <I 2 3 <I <I 3 3 <I 2 1 <I 2 3 2 5 • 5

:Int.egration Pha•• 5 5 5 5 5 3 5 5 <I <I 5 5 5 5 <I 5 <I 5 <I <I 5 5 <I • 5---010II.
Invwntlon Pha•• 3 3 <I 1 5 3 5 3 5 2 3 2 5 3 2 5 2 5 5 5 5 5 5 3 5

DovoJ.opment Pa-a 5 3 5 5 <I 3 • 2 5 5 5 5 <I 5 3 5 2 5 <I <I 5 5 <I 3 5

Intograt.1on Pha•• 5 5 5 5 5 3 <I <I 5 5 5 5 5 3 <I 5 5 5 <I <I <I 5 <I 3 5

-010II--

Invantion Pha•• 3 3 <I 3 5 3 5 3 5 <I 5 5 5 3 2 5 2 5 5 5 5 <I 5 • 5

oevaJ.opment Ph ••• 5 3 5 5 • 3 • 2 5 5 5 5 <I 5 3 5 2 5 • 5 5 5 <I • 5

Inteqratlon Phaao 5 5 5 5 5 3 • • 5 5 5 5 5 3 • 5 5 5 <I • <I 5 <I • 5--_.~
Invention Pba•• • 3 • 3 5 3 5 3 5 • 5 5 5 3 2 5 2 5 5 3 5 5 5 • 5

Deval0pm0nt Ph.so 5 3 5 3 • 3 • 2 5 5 5 5 5 5 3 5 2 5 • <I 5 5 <I • 5

IntQ()ration PhlUla 5 5 5 5 5 3 <I • 5 5 5 5 5 3 • 5 5 5 <I <I • 5 • • 5

-.~----
Invention Pha•• • 3 • 2 5 3 5 3 5 3 5 5 5 3 2 5 2 5 5 3 5 5 5 • 5

oe_l0pu0nt Pha •• 5 3 5 • • 3 • 2 5 5 5 5 5 5 3 5 2 5 • 5 5 5 • • 5

Inteqration PhaaQ 5 5 5 5 5 3 • • 5 5 5 5 5 3 • 5 5 5 • <I • 5 • • 5---
Invant10n Ph••• 5 3 5 3 5 3 5 3 5 • 5 5 5 • 2 • 2 5 5 2 5 5 • 5 5

Oovalopuant Pha•• 5 5 <I 3 5 3 5 2 5 3 5 5 5 • 3 5 2 5 • • • 5 <I 5 5

Intoqrat1on Pha•• • <I • • • 3 5 5 5 • 5 5 5 5 <I 5 5 5 • <I 5 5 • <I 5

~OIOII. -_. aa-aY

Invont1on Ph ••• 5 3 5 3 5 3 5 3 5 3 5 5 5 <I 2 <I 2 5 5 3 5 5 <I • 5

Development Ph••• 5 5 5 3 5 3 5 2 5 5 • 5 5 <I 3 5 2 5 <I <l • 5 <I • 5

Integration Phaso • • <I <I • 3 5 5 5 5 5 5 5 5 • 5 5 5 <I <I 5 5 <I • 5
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'rABLI: V-4
I:HV!:N'l'ZON PHASE

1 2 3 • II G 7 8 ~ 10 11 12 13 14 15 1G 17 18 U 20 21 22 23 2 • 25

.... - .............
Idsa Gen. 6: ~•••• 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 3

Develop. , 'l' ••t1n\l 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 3

standard. , LAunch 1 1 1 1 1 1 1 1 2 2 1 1 2 1 1 1 2 1 2 2 2 1 1 1 2

-e.v--e.v
Idea Gen. , Aa •••• • 2 2 2 2 2 2 1 2 2 3 1 1 1 1 3 2 1 1 1 2 1 1 3 3

Develop. , 'l'••t1n\l 2 2 2 1 2 1 2 1 2 2 1 1 1 1 1 3 1 2 1 1 2 1 1 2 3

standard.. II Launch 2 2 2 1 3 1 1 1 2 1 1 1 2 1 1 1 2 1 2 2 2 1 1 3 2---Idea Gen. , M •••• • 3 3 1 • 2 2 1 3 2 1 3 1 1 1 • 1 1 1 1 • 1 1 • 3

o."~op. II '1"••tinq • 3 3 1 • 2 2 1 3 • 1 1 1 1 2 • 1 1 1 1 • 1 1 • 3

standard. , Launch 2 1 3 1 3 2 3 1 2 1 1 1 2 1 1 1 2 1 2 2 • 1 1 <I 2_._--.-
Idea Gen. , .a.•••• • 2 1 1 • 2 1 1 2 • 1 1 1 1 2 • 1 1 1 1 • 1 1 3 3

Develop. , OZ••tug 2 2 3 2 3 2 1 1 2 • 1 1 1 1 2 • 1 1 1 1 • 1 1 3 3

standard. , Launch 1 2 1 1 3 2 1 1 2 2 1 1 2 1 2 1 2 1 2 2 2 1 1 • 2

---OZV·
ldoa Gon. , AoICUUI • 3 3 1 • 2 3 1 3 1 1 3 5 1 1 1 1 1 2 1 1 1 1 5 1

DoV01op. II T ••t.1nq • 2 3 1 3 2 • 2 • 1 3 2 II 3 1 3 1 3 3 1 2 3 3 • 3

standard.. II Launch 3 3 • 1 II 3 5 3 II 2 3 2 5 3 2 5 2 II 5 II 5 5 II 3 II-ozv--
Idea Oren. • .a..•••• • 3 3 1 • 2 3 1 3 3 1 3 3 1 1 1 1 1 3 1 1 3 1 • 1

DeV81op. , 'l' ••t1.nq • 2 3 2 • 2 <I 2 <I 2 1 2 3 3 1 3 1 3 3 1 2 • 3 • 3

standard.. " Launoh 3 3 • 3 5 3 5 3 5 • 5 II II 3 2 5 2 5 5 5 II • 5 • 5

--_.~

ldoa Gen • .. Aa•••• 2 3 3 1 2 1 3 3 1 3 1 1 1 1 2 1 1 1 3 1 1 3 1 • 1

Dovolop. , T••ting 5 2 3 2 II 2 5 2 5 2 3 3 3 3 2 3 1 3 3 1 2 3 3 • 3

standard. , z..unch • 3 • 3 5 3 5 3 5 • 5 5 5 3 2 5 2 II 5 3 II 5 5 • 5_.AQeDay---
Idea Gem. II .a.a•••• 2 2 2 1 2 1 3 3 1 3 1 1 1 1 1 1 1 1 3 1 1 3 1 • 1

Develop. , Testing • 2 3 1 • 2 • 2 • 1 1 3 3 3 2 3 1 3 3 1 2 3 3 4 3

standard. , Launoh • 3 • 2 5 3 5 3 5 3 5 5 5 3 2 5 2 5 5 3 5 5 5 • 5----
Idea OlIn. II .a._GI. 1 1 1 1 2 2 • 2 • 2 1 1 1 2 1 1 1 1 2 2 1 1 1 • 1

DCllvelop. , Teatuq 5 2 3 1 • <I <I 2 <I 2 3 3 3 <I 2 3 <I 3 3 1 2 3 2 <I 3

standard. , Launch 5 3 5 3 5 3 5 3 5 <I 5 5 5 <I 2 • 2 5 5 2 5 5 <I 5 5-ozv·-_·~
IdIwl Gen. , b ••al 1 2 1 1 2 2 <I 2 <I 1 1 1 1 <I <I 1 1 1 3 2 1 1 1 <I 1

Develop. , To.ting 5 2 2 3 3 • 5 2 5 2 3 3 • <I 2 3 • 3 <I 1 2 3 2 • 3

standard. , Launoh 5 3 5 s II 3 5 3 5 3 5 5 II <I 2 <I 2 5 5 3 5 s • • 5
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'rABLJ: V-5
DEVELOPMJCN'1' PHASE

1 2 3 .. 5 .. 7 e , 10 11 12 13 14 15 lG 17 18 19 20 21 22 23 2 .. 25------
Idea GaD.. , .b.... .. 2 3 2 3 2 2 2 :5 2 3 3 2 :3 2 3 2 3 .. 2 3 3 3 1 ..
De....lop. • To.t1n<;/ 3 2 .. 2 3 2 1 3 .. 2 3 :5 3 3 2 3 2 3 .. 2 3 3 3 1 ..
stand4rd•• Launch 3 2 3 3 3 3 .. .. .. 2 3 2 3 3 3 .. 2 3 .. 2 3 .. 5 1 5

-0Illr--0Illr
Idoa oeD. .. A.a•••• .. 2 .. 3 .. 2 .. 2 3 3 3 3 2 .. 2 .. 2 2 .. 3 3 3 3 2 ..
lAvelop. • To.t1nq .. 2 .. 3 .. 2 2 3 .. 2 3 3 :3 3 2 3 2 j .. 2 3 3 3 3 ..
standard. • L&unch .. 2 .. 2 3 3 5 .. .. 2 3 2 3 3 3 .. 2 3 .. 2 3 2 5 3 5---
Idea Qe.n... ~•••• .. .. .. .. .. 2 .. 2 3 3 3 3 2 .. 2 3 2 3 .. .. 3 3 3 2 ..
OGvdop•• To.t1nq .. .. .. 2 .J 2 2 3 .. 2 3 3 2 3 2 3 2 3 .. 2 3 :5 :5 2 ..
standard. II LGunob .. 3 .. 2 3 :5 5 2 .. 2 3 .. .. :5 3 .. 2 3 .. 2 3 .. :I 2 5

-.~-_.~

ldoaa Oen. .. .a. •••• .. .. 3 2 3 3 2 2 3 2 3 1 2 3 3 .. 2 .. .. .. .. 3 3 .. ..
Develop. • To.t1nq .. .. .. 3 .. 2 1 3 .. 2 3 .. 3 2 2 3 2 3 .. 2 2 3 3 2 ..
standard. .. Launch 5 3 .. :I 3 3 .. 2 .. 2 :5 .. .. :I 3 .. 2 1 .. 2 3 2 5 .. 5

---0I0g.
Idea Gen. , Mil••• 2 2 1 2 1 1 1 1 2 1 1 1 1 2 1 2 1 1 2 1 1 1 3 .. 2

Develop•• To.t1n<;/ .. 2 3 2 .. 2 3 2 3 2 3 3 .. .. 2 3 2 3 .. 3 3 3 3 3 3

standard•• Launch 5 3 5 5 .. 3 .. 2 5 5 5 5 .. 5 3 5 2 5 .. .. 5 5 .. 3 5--azq--
Idea Gen. .. As••BS 2 2 1 2 1 2 1 1 2 1 1 1 1 2 1 2 1 1 2 1 1 1 3 .. 2

DoV81op. " '.la.tag .. 2 3 2 .. 2 3 2 3 3 3 3 .. .. 2 3 2 3 .. 3 3 3 3 .. 3

standard. , Launch 5 3 5 5 .. 3 .. 2 5 5 5 5 .. 5 3 5 2 5 .. 5 5 5 .. .. 5

--_. .--..r
Idea Gen. , As"l•• 2 1 1 2 1 1 1 1 2 2 1 1 1 1 2 1 1 1 2 1 1 1 3 .. 2

Deva1op. " T••ting .. 2 3 2 .. 2 3 2 3 3 3 3 .. .. 3 3 2 3 .. 3 3 3 3 .. 3

Btandard.6Launoh 5 3 5 3 .. 3 .. 2 5 5 5 5 5 :I 3 5 2 5 .. .. :I :I .. .. :I

_.~----

Idea Gen... .a.•••a 2 1 1 2 1 1 1 1 2 1 1 1 1 1 1 1 1 1 2 1 1 1 3 .. 2

Dovelop. • To.tinq .. 2 3 3 .. 2 3 2 3 2 3 3 .. .. 2 3 2 3 .. 3 3 3 3 .. 3

standard. .. Launch 5 3 :I .. .. 3 .. 2 :I 5 :I :I 5 5 3 5 2 5 .. :I 5 5 .. .. 5

~---
Idea GaD.. Ii AlIso•• 1 1 1 2 1 2 2 2 2 2 2 1 1 1 1 1 2 1 2 1 1 1 3 .. 2

De"1op. " T••ting- .. 2 3 2 3 2 .. 3 3 3 3 3 3 .. 3 3 2 3 .. 3 3 3 3 :I 3

standard. " Launch 5 :I .. 3 :I 3 5 2 5 3 :I 5 5 .. 3 5 2 5 .. .. .. 5 .. 5 5

-- ~. - _. aquay

IcSoa Gen... As•••" 1 2 1 2 1 1 2 2 2 1 1 1 1 1 2 1 2 1 2 2 1 1 3 .. 2

o-veJ.op. .. Tasting .. 2 3 2 3 2 .. 3 3 2 3 3 3 oil 2 3 2 3 .. 3 3 3 3 .. 3

Btan~rd. .. Launch 5 5 5 3 5 3 5 2 5 5 .. 5 5 .. 3 5 2 5 .. .. .. 5 .. .. 5
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TABLE V-6
IN'1'J:GRATION PHASE

1 2 3 4 5 Ii 7 8 g 10 11 12 13 14 15 16 17 18 U 20 21 22 23 24 25

- .......'*ftZlDI:

IcIAa Gen. , ~.... s s s 3 /; 3 4 3 4 s s /; .. 4 3 s 4 /; 4 3 s /; s 4 /;

oe....J.op. , Teatlllq 4 s 5 3 /; 3 4 .. /; s s /; /; 5 4 4 3 /; 4 4 /; s 4 4 5

standard. , Launch s s /; .. /; 3 /; s s .. s /; /; /; 4 /; 4 s 4 • /; s 4 .. s

- OIIQ' - - OIIQ'

Idaa Gen. &I Aa•••• 5 5 5 3 /; 3 4 4 4 s 4 5 .. s 3 /; 4 5 4 4 s 5 5 3 s

oeveJ.op. , T.atlllg 4 s s 4 s 3 4 4 s /; /; 5 5 /; .. • 3 5 4 4 /; 5 4 3 /;

standard. 'Launch s 5 5 5 5 3 /; 5 4 4 5 s s /; .. /; 4 5 4 .. 5 5 4 3 s

~--
Idea Gan. II A8 •••• /; s 5 3 4 3 4 3 4 4 s 5 4 5 4 4 4 5 4 3 s /; s 3 /;

DClveJ.op. , Teatillq 4 /; 5 s /; 3 4 4 s /; 5 s s s 4 4 3 s 4 4 s /; 4 3 s

standard. II t..unob /; s s 4 5 3 s s s 4 s /; /; /; 4 s 4 s 4 4 /; 5 4 3 5

_. ae.e-Y - _. AQeBaF

Idea Gen. II b .... 5 5 s 3 3 3 4 • .. 3 5 /; 4 4 4 5 4 5 4 4 5 5 5 3 5

oe....J.op. , Teatlllq 4 /; s s s 3 4 4 s 3 s s s /; 3 4 3 s 4 4 s /; 4 3 s

BtandArc1. , Launch /; /; /; 5 /; 3 s 5 4 4 s /; /; /; 4 /; 4 /; 4 4 5 /; 4 .. s

~---OIIQ'.

Ic10a Gon. , klae•• 2 1 J. 3 1 1 1 J. 3 J. 1 1 2 2 1 1 1 J. 4 1 2 1 5 3 5

De~1op. , T••t1.ng 3 3 4 2 4 3 3 2 3 2 3 3 .. 3 2 4 2 3 4 4 3 3 4 3 5

standard. II Launch s 5 s s s 3 4 4 5 s s 5 /; 3 4 /; 5 /; 4 4 4 s 4 3 s

-OIIQ'-~

IeWa Gen. II Aa ..... 2 1 1 3 1 2 1 J. 3 J. 1 J. 2 2 2 1 1 J. 4 1 2 J. 4 4 5

Deve1op. , oz..tug 2 2 4 2 4 4 3 2 3 3 3 3 4 3 2 4 2 3 4 4 3 3 4 4 5

standard. II Launch 5 s s 5 s 3 4 4 s s 5 s 5 3 4 s s 5 .. 4 4 /; 4 4 5

--_.~

Idea Gan. Ii b •••• 2 2 J. 3 2 2 1 1 3 2 1 1 2 J. 2 2 1 J. 4 1 2 2 .. 4 s

DeV'8~OP. , T••ting 2 2 4 2 4 2 2 2 3 2 3 3 4 4 S 4 2 3 4 4 3 3 4 4 s

standard. " Launch s s 5 s 5 3 .. .. 5 5 s 5 s 3 4 s /; 5 4 4 4 /; 4 4 5

_ • .IgomaJ'---

Idea (]en. , A.- ••ea 1 1 J. 3 1 1 1 1 3 1 1 1 2 J. 1 1 1 J. 4 J. 2 2 4 .. 5

Deva1op. II Te.ting .. s 5 s /; 3 4 4 s 3 5 /; s 5 3 4 3 /; 4 4 5 s 4 3 s

standard. Ii Launch s 5 5 /; /; 3 4 4 5 /; /; 5 /; 3 4 /; s s 4 4 4 /; 4 4 s

~---
Idea Qon. , AB•••• 1 1 /; 3 1 2 2 2 3 2 1 2 J. J. 2 1 1 2 3 1 1 1 4 3 5

Deve1op. " Te.t1.nq 3 3 4 2 4 3 3 2 3 2 3 3 4 3 2 4 2 3 4 4 3 3 4 3 /;

Btandarc1. Ii 1Aunch 4 4 4 4 4 3 5 /; /; 4 5 /; /; /; 4 /; /; /; 4 4 /; /; 4 4 /;

-OIIQ'. - _.-.,y
IcSc.a Gen. , Aa.'ula 1 J. 5 3 1 1 2 2 3 1 J. 2 J. J. 1 1 1 2 3 2 1 1 4 4 /;

o.vel.op. 6 T••t1.ng 3 3 4 2 4 3 3 2 3 3 3 3 .. 3 2 4 2 3 4 4 3 3 4 4 /;

standard. II x..unoh 4 4 4 4 4 3 /; /; 5 /; 5 /; /; /; 4 5 /; /; .. .. 5 /; 4 .. 5
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APPI:HDZX X
DAD AHALYSZS FOR 1':mAL SURVEY (BYPO'.rBI:SES D:ST)

TABLI: X-l
:mEA GENERATZON AND ASSESSMENT STAGJ:- NJDJ: Ia:DII TaM lI'mZV IIplI'mZV T8 Mla-.05)

..... - .-...:e.at..... VAI» 2 T-2.02 IT-l.68 P-VAL

Invention Pha•• Ya 1.16 1 1 1 0.5 0.62 12 RZJZC':f 80 RZJZC'1' 80 <.001

Dol_J.opIant Pluue n> 2.6~ 3 3 3 0.7 0.76 11 RZJZC':f Do RZJZC'1' Bo <.001

Int~r.t1on Pha•• Yo 4.32 5 ~.5 5 0.8 0.64 24.5 RZJZC':f 80 RZJZC'1' ae <.001

-aq--aq
Inv'el),t1.on Pallo Ya 1.8 2 2 1 0.8 0.8 7.5 RZJZC'1' So RZJZC'1' Bo <.001

Dol....l_t Phll•• n> 3 3 3 3 0.8 0.77 8.81 RZJZCT So RZJZCT Eo <.001

Inteqrat10n Pha•• Yo 4.36 5 ~.5 5 0.7 0.77 16.6 RZJZC':f 80 RZJZC'1' ae <.001---
XllgelltJ.on Pha•• Ya 2.12 1 1.5 1 1.2 1.02 5.1 IlZJZCZ So RZJZC'1' So <.001

OowlopEent Pha•• n> 3.16 ~ 3 3 0.8 0.77 6.98 REJZC'1' So RZJZCT ae <.001

Int-;rat1.on Phillie Yo ~.2~ 5 ~ 5 0.8 1.01 10.5 RJ:.nCr 80 RZJEC'r no <.001

- . .--.,y - _. ae.-aY

Inwnt1.on Pba•• Ya 1.~2 1 1 1 1.2 1.06 5.11 REJZC'1' Bo REJECT Bo <.001

oeftlos--nt Pha•• n> 3 ~ 3 3 0.9 0.83 7.46 RJ:.nCr So RZJZC'1' ae <.001

Integrat1.on Pha•• Yo 4.2~ 5 ~ 5 0.8 1 11.6 RZJZCT So RZJZC'1' Bo <.001

~---aq.

Invention Pha•• Ya 2.0~ 1 1 1 1.3 1.09 -2.4 RZJZC'1' Bo CAlmO'r <.025

Developaant Phalle 1tb 1.52 1 1 1 0.8 1.04 1.55 CAIDlO'r CAmlO'r

Integration Phaso Yo 1.e~ 1 1 1 1.3 1.3 -0.8 CA!lNO'1' CARNO'r-Clo:V--
Invcmtlon Pha.e Ya 2.12 1 1.5 1 1.1 0.97 -2.9 RI".JEC'1' Bo CAlmO'r

DevelOJ:8AZlt Phaao n> 1.56 1 1 1 0.8 1 1.8 CA!lNO'1' RZJZC'1' ae <.005

Integration Pha•• Yo 1.~2 1 1 1 1.2 1.17 -0.9 Cl\IDlOT CANNOT

---. aa-a:r
Invontion Pha•• Ya 1.8 1 1 1 1 0.87 -1.8 CANNOT CANNO'r

Dol_lopllont Pluue 1tb 1.48 1 1 1 0.8 0.96 3.13 RJ:.nCr Bo RJ:JZC'1' ae <.025

IntClqrat1.on Pha•• Yo 2.08 2 2 1 1.1 1.06 1.32 CAmIO'1' CANNOT

-.~--
Invention 1'114•• Ya 1.68 1 1 1 0.9 0.84 -1.7 ClIIlNO'l' CAN!lOT

Developaent PhallO n> 1.4 1 1 1 0.7 1.02 1.96 CAN!lO'1' RZJZCT ae <.05

Integration Pha•• Yo 1.0 1 1 1 1.2 1.09 0.55 Cl\NNO'1' CAlmOT---
InVODt1on Phall. Ya 1.64 1 1 1 1 0.87 -0.2 Cl\NNO'1' CAlmOT

Orevel.op.ent Ph••• 1tb 1.6 1 1.5 1 0.7 1.01 2.18 IlZJZC'1' ao RZJZC'1' ae <.026

Int~::.:.tio::l Ph:l,CQ ~o 2.0' 1 :: 1 1.2 1.1 1.81 c.-"':;;V',;' R;.r..cl' se <.05

- aq. --. ae.-aY

In~tJ.on Pha•• Ya 1.08 1 1 1 1.2 0.99 -1.4 Cl\IDlOT ClUlNOT

DovelOJBOnt Pha•• 1tb 1.6 1 1.5 1 0.7 1.06 1.89 CANNOT RZJZC'1' ae <.05

Int-Jratlon Pha•• Yo 2 1 1.5 1 1.3 1.24 0.48 CAmIO'1' CANNOT
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~LE X-2
DEVELOPMJCN'l' AND RS~ING STAG!:- IIOIlI: ~ TIIJt'r nDl:V BpnDleV ft B(a••051--- VALU 2 ~2.02 IT-l.~8 P-VAL

Invent1.on PhaIi_ Ya 1.16 1 1 1 0.5 0.67 11.7 UJZCT Do IlI:JEC1' 80 <.001

o._~t PU-Q n> 2.72 3 3 3 0.8 0.76 11 IIZJZC': Do JU:JJ:C'J' 80 <.001

Int"'1ration PIla.a Yo ".4 5 5 5 0.7 0.59 27.5 RZJZC"l JIo RI:JZC'r 80 <.001

-o.g--o.g

Invant.1on Phae. Ya 1.56 1 1 1 0.6 0.68 10.3 UJZCT Bo RI:JZC'r Bo <.001

Dove1.cJlaent Pha•• n> 2.g6 3 3 3 0.7 0.71 10.2~Do IlI:JEC1' So <.001

Integration Phaa. Yo 4.4 5 5 5 0.7 0.67 21.3 ~Do IlI:JEC1' I!o <.001---
InVtmtion Pha•• Ya 2.1G 1 1.5 1 1.3 1.05 3.62 IlJ:JIIC': Do IlI:JEC1' Do <.001

DeV81.qaeDt Pha•• n> 2.i2 2 3 3 0.8 0.75 10.2 ~JIo IlI:JEC1' Bo <.001

Integration Pha•• Yo 4.44 5 5 5 0.7 1.02 11.2 1lEJJ:C': Bo RI:JI:CT Bo <.001

_.~-_.~

Inv-ntJ.oD Pball. Ya l.g2 1 1.5 1 1.1 0.98 5.12 Il&JZC'Z Do IlI:JEC1' Bo <.001

oev.lop.ent Pha•• n> 2.g2 4 3 3 0.9 0.84 8.33 REJJ:C'l' JIo IlI:JEC1' So <.001

Integration Pha•• Yo 4.32 5 5 5 0.8 O.~3 12.9 ~JIo IlI:JEC1' JIo <.001

---OZV.
ID.vw::Lt1.on PhaDe Ya 2.G4 3 3 3 1.1 0.91 1.53 <:;\Iii;O'1' c:aIIIIiO"Z

DoveJ.opDent Pha•• n> 2.g2 3 3 3 0.7 0.74 1.63 CAIlIlO'1' CANNOT

Integration Pha•• Yo 3.1G 3 3 3 0.8 0.95 2.74 REJJ:C'l' Jlo IlI:JEC1' Be <.005

-ozv--
Invant1.on Pha•• Ya 2.64 3 3 3 1 0.87 2.07 ~Bo RI:JI:CT Be <.025

oe....1.opaant Pha•• n> 3 3 3 3 0.7 0.77 1.29 ClUlIIO'? CAImOT

IntOCJratlon Pb••• Yo 3.2 4 3 3 0.8 0.94 2.99 IIJ:JEC'r JIo JU:JJWr Be <.005

-- - _. AQaIGlr

Invention Pha•• Ya 2.92 3 3 3 1.1 0.93 0.65 CAHIilln CANNOT

oeve1.qaeDt Pha.s. n> 3.04 3 3 3 0.7 0.79 0.5 CAIIIHOT CAIIlNOT

Int~r.t.ion Pheao Yo 3.12 4 3 3 0.9 1..02 0.98 CIIlmO': CANNOT

_.~---

Invant1.on Pha•• Ya 2.6 3 3 3 1 0.87 2.29 ~Bo RI:JJ:CT Bo <.025

Dovalopmant Pha•• n> 3 3 3 3 0.7 0.71 1.98 Q.HIi'OT RI:JJ:CT Bo <.05

Integration Pha•• Yo 3.26 3 3 3 0.7 0.88 3.85 REJ:CT Bo REJZC"l" ae <.001---
Invent1.on Pha..~ Ya 2.96 3 3 3 1 0.86 0.7 CJUlBOT CAHIlO'.r

DovcalopMl.D.t Pha•• n> 3.08 3 3 3 0.7 0.77 o CAI>IIroT CAIlNO'Z

Int-.qrat1on PhA•• Yo 3.08 3 3 3 0.8 0.93 0.65 CA>lIIOT CJUIIIIO'r

--'ozv·--.~

Invention Ph ..... Y" 3.12 3 3 3 1.1 0.89 -0.9 CAIDIOT CAHIlO'.r

Developumt Ph••e n> 2.96 3 3 3 0.7 0.77 1.04 CUDlOT CAUNar

Integration Phase Yo 3.12 3 3 3 0.9 0.97 o CAHN<l'l ClINUOO"
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TABLE X-3
STAHDARDZZATXOH AND LAONCB STAGE- ICODE KEllIII ~J1R7 S'l'DEV BpS'l'DEV 'rS Mla••05)---- VllL'O' 2 ~2.02 l.~l..68 50-VAL

Invention Pbaa. Ya 1.32 1 1 1 0.5 0.75 12 IlEJEC'r 80 IlEJEC'r 80 <.001

oeVlll._t Pha.. D> 3.12 3 3 3 1 0.78 9.45 IlEJEC'r 80 RZJEC'l Bo <.001

Integrat10n Pha•• Yo 4.6 5 5 5 0.6 0.52 31.6 R&JECT Bo RL:lZC'1' JIo <.001

_ClIllI'-_Ololr
Invention Phil •• Ya 1.56 1 1 1 0.6 0.83 9.92 IlEJEC'r 80 IlEJEC'r 80 <.001

oeVlll.oplAnt Phaa. D> 3.2 3 3 3 1 0.83 8.23~Bo RL:lZC'1' 80 <.001

:t>l.tgqratl.on Phaa" Yo 4.56 5 5 5 0.6 0.64 23.5 R&JECT 80 RL:lZC'1' 80 <.001---
Illvention Pha•• Ya 1.8 1 1.5 1 0.9 0.95 7.97 R&JECT Bo RL:lZC'1' Bo <.001

Oe"'l.oJaant pu•• 1tI> 3.32 4 3 3 1 0.82 7.56 REJEC'Z 80 RL:lZC'1' Bo <.001

InteqratioD PhA•• Yo 4.56 5 5 5 0.6 0.8 17.2 REJECT 80 RL:lZC'1' Bo <.001

-.~ - _. aa-aY

Invontion PUla Ya 1.U 1 2 1 0.7 0.93 9.22 REJECT 110 REJECT 110 <.001

Development PM.. 8 D> 3.36 4 3 3 1.1 0.87 7.13 REJECT 110 REJECT Bo <.001

Intoqration Pha•• Yo 4.6 5 5 5 0.6 0.66 22.4 REJECT Bo REJECT SO <.001---0Ilg.
InV'eJ1tlon Pha•• Ya 3.76 5 4.5 Il 1.3 1.15 1.91 CAIiDIO'1' RL:lZC'1' Bo <.05

Dovelos-ent Pha•• 1tI> 4.2 5 ..5 5 1 0.85 1.64 CA!ml7.r CAHHO'l

Integration Pha•• Yo 4.48 5 5 5 0.7 1.05 3.44 IlI:JEC'1' Bo RL:lZC'1' 80 <.001-0Ilg--
Invention Phaaa Ya 4.12 5 5 5 1 1 0.8 CllH!!O'l' ClI!IIIO'r

o.ve~t Pha•• 1tI> 4.28 5 5 5 1 0.82 1.47 CARROT CAIlHOT

Integration Pha•• Yo 4.52 5 5 5 0.6 0.86 2.33 REJECT 80 RL:lZC'1' Bo <.025

--_.~

In~tlon Pha•• 1'" 4.12 5 5 5 1 1.01 0.4 CNmO'Z CAIDI07

Do'9'elos::-ant Pha•• 1tI> 4.2 5 4.5 5 1 0.83 1.93 CIWlIO'r REJECT Bo <.05

Intoqrat1on Ph:lSQ 1'" •• 52 5 5 :; 0.6 0.86 2.33 REJI'Cl' 110 IIEJEC'r Bo <.025

Cib9t.~ - ...",.....at1lZWlZ'

IDV'aDtlon Ph.a. Ya 4.04 5 5 5 1.1 1.04 1.15 CJUiN07 CAIDI07

Devolopaosnt PUIIO 1tI> •• 28 5 5 5 1 0.82 1.47 CJWIII<n CAHHO'l

Integoratlon Pha•• Yo 4.52 5 5 5 0.6 0.91 2.64 REJECT Bo REJEC'l' ae <.01---
Invont1on Ph&,. Ya 4.16 5 5 5 1.1 1.03 0.19 CJUiN~ CAIDIO'r

[)Qvelop;w:ant Ph••a 1tI> •• 2 5 4.5 5 1 0.8 1.74 CAlilNO'1' RL:lZC'1' Bo <.05

Xnteqratlon Pha•• Yo 4 ••8 5 5 5 0.6 0.87 1.85 CAIIlIlOT RL:lZC'1' Iio <.05

-... 0Zq. - _. lIQoaIGy

Invant10n Pha.ClI Ya ••12 5 4.5 5 1 0.99 0.6 CAmIQT CANIlO'1'

oa....l.opaant Pha." 1tI> 4.24 5 4.5 5 0.9 0.78 1.78 CJIIlIlO'1' IU:JEC':r 110 <.05

Integration Pha•• Yo 4.52 5 5 5 0.6 0.84 2.39 R=Bo REJECT Bo <.025
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TABLJ: X-4
INVENTION PHASE- lUll: KI:I* TBJlT rmlCV BpB'rD1CV T8 IlRla~.051--- VJ!'I'.J:t 2 ~2.02 l~l.Ill P-VAL

Idea Gen. , ~.... Ya 1.16 1 1 1 0.5 0.46 o CAIIIIIO'r Cl\SIlO'Z

Deve1op. I 'lllotinq lb 1.16 1 1 1 0.5 0.46 1.72 C".AIIIIO'1' ~Ilo <.05

standard. , Launch Yo 1.32 1 1 1 0.5 0.46 1.72 CAIDIO'Z ~Bo <.05

- 0Illr - - 0Illr
Idea QeD.. Ai b •••• Ya 1.81 2 2 1 0.8 0.74 -1.9 Cl\SIlO'Z Cl\SIlO'Z

Deve1op. , Taatinq lb 1.56 1 1 1 0.6 0.64 o CAmlOT ClUlNO'Z

standard. Ai t..unoh Yo 1.56 1 1 1 0.6 0.74 -1.9 CAIIIIIO'r CAHHO'Z---
Idea Glen. Ii All .... Ya 2.12 1 1.5 t 1.2 1.23 0.16 CAJIIIO'l CAIDIO'Z

Deve1op. , Ta.tinq lb 2.16 1 1.5 1 1.3 1.11 -1.6 CAIIIIIO'r c:AmlO'r

standard. , Launch Yo 1.8 1 1.5 1 0.9 1.08 -1.5 CAIIIIIO'r CAmI<n

_.~ - _. llOIlAaJ'

Idea GIn. , All•••• n 1.92 1 1 1 1.2 1.13 o CJlIINO'1' CAIDIO'l

o.V'Ol.op. Ai lJ'••tinq lb 1.92 1 1.5 1 1.1 0.91 -1.5 CJlIINO'1' CAHHO'Z

Btandard.6Launoh Yo 1.64 1 2 1 0.7 1 -1.4 CAHHO'Z CAHHO'Z

_-_0Illr.
Ics.a GaD.. , Aa •••• Ya 2.01 1 1 1 1.3 1.22 2.45 ~20 ~Ilo <.01

DeV'O.l.op. " oz••t1D.q lb 2.11 3 3 3 1.1 1.2 4.66 IlICJZC'1' JIo ~Ilo <.001

Btandard.'Launoh Yo 3.76 5 4.5 5 1.3 1.32 6.5 IlICJZC'1' 110 ~Ilo <.001

-0Illr--
Idea Qan. " All .... Ya 2.12 1 1.5 1 1.1 1.08 2.41 IlICJZC'1' 110 ~Ilo <.025

DeVlllop. , Taatinq lb 2.61 3 3 3 1 1.02 7.23 IlICJZC'1' Ilo ~Ilo <.001

BtancSard.ltLaunoh Yo 4.12 5 5 5 1 1.09 9.18 IlICJZC'1' 110 ~Ilo <.001

-- - _. JlQaDaJ'

Idee. Qe.D.. , AII••ae Ya 1.8 1 1 1 1 1.06 5.3 IlICJZC'1' 110 REon:C'r Ilo <.001

Develop. " T••ting lb 2.i2 3 :I 3 1.1 1.08 5.55 IlICJZC'1' ae ~Ilo <.001

stDIld4rd. & Launch Yo 4.12 5 5 5 1 1.01 11.5 REJEC'I' 80 RJ:JZC'T Bo <.001

_. Jlgaaay---

Idea Gen. " Aaaus Ya 1.18 1 1 1 0.9 0.97 4.72 R&JZC'r Ilo REJJ:C'1' Bo <.001

Deve1op. , or.atinq lb 2.1 3 3 3 1 1.07 6.75 ~110 RJ:JICC'r Ilo <.001

Btanc!ar4. , Launch Yo 1.01 5 5 5 1.1 1.02 11.5 ~Do ~Bo <.001

~---
Idea QQn. 6 baG•• Ya 1.61 1 1 1 1 0.99 6.69 IlEJItC'l Ilo ~Ilo <.001

Deve1op. , Taatinq lb 2.96 3 3 3 1 1.04 5.76 R&RC'l' ae ~80 <.001

standard. , t.unch Yo 4.11 5 5 5 1.1 1.03 12.2 IlICJZC'1' Bo RJ:JZC'1' 110 <.001

-os:v. -_. aa-ar
ldoa Gen. , JU.... Ya 1.88 1 1 1 1.2 1.12 5.51 UJU:'r Ilo IlICJZC'1' Bo <.001

oave1op. , T...tinq lb 3.12 3 3 3 1.1 1.05 4.76 ~no RJ:JEC'r 110 <.001

atandard.. .. LaU!loh Yo 1.12 5 4.5 5 1 1.11 10.1 IlICJZC'1' 110 RJ:JEC'r Ilo <.001
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TABLZ X-S
DEVI:LOPMENT PBASI:- MOO!: IIJ:OlI TOT lI"mJ:V spIl'mJ:V T8 M(.-.05)

_ .......at..,., VAUJ 2 ~2.02 n'-1.~8 P-VJIL

Idea oen. I: ........ Y. 2.U 3 3 3 0.7 0.78 0.51 CAIIJI02' CAlDI02'

De_lop. , :r..tu.q no 2.72 3 3 3 0.8 0.89 2.25 ItJ:JI'.Cr 110 JIJ:01J:C2' 80 <.025

3tan<Ia:rd. , Launch Yo 3.12 3 3 3 1 0.85 2.81 JIJ:01J:C2' Do ilJ:JJ:C'l' ae <.005

- ea:v - -- ClOg
Idea Gen. I: .a.•••• Ye 3 3 3 3 0.8 0.76 -0.3 CAIlIII02' CAHIIlO'r

DeVll1op. , T••tall no 2.9~ 3 3 3 0.7 0.86 1.4 CAIIIlO':r CAJIlR02'

lltanda:rd. , Launch Yo 3.2 3 3 3 1 0.89 1.12 CAmIO'l' CJUDilO2'

011&"--_
Idea QeD.. Ii .a.•••• Y. 3.1~ 4 3 3 0.8 0.79 -1.5 CAIIIlO':r CAlDI02'

Develop. , 'I'••tinq no 2.92 2 3 3 0.8 0.89 2.26 ilJ:JJ:C'l' ae UJZC'1' Bo <.025

standard. " t..unoh Yo 3.32 4 3 3 1 0.88 0.91 CA>IJI02' CAmIO'l'

- ..--aY-_.~
Idea. oan. Ii All.... Y. 3.04 4 3 3 0.9 0.88 -0.7 CJIIIlItO':r CAHN02'

DeVlllop. , :ra.tall n> 2.92 4 3 3 0.9 1 2.21 RltJI".C".1' Bo REJJ:C2' Ho <.025

standard. Ii x.u.noh Yo 3.36 4 3 3 1.1 0.99 1.62 CAJI502' CAIl!lO'%

--ClOg.
leMa 0Gn. , A.•••• Y. 1.52 1 1 1 0.8 0.72 9.69 RJ:Jv.::r Do REJJ:C2' 110 <.001

De'ftlop. Ii '1'••t1nq yo; 2.92 3 3 3 0.7 0.85 7.56 JIJ:01J:C2' Ito REJECT Bo <.001

standard.. , I.unc.b Yo 4.2 5 4.5 5 1 0.87 15.3 JIJ:01J:C2' Ho ilJ:JJ:C'l' ae <.001

-ClOg--
Idea Gan. Ii AlII•••• Y" 1.56 1 1 1 0.8 0.72 9.95 MJJ:C2' ae REJJ:C2' ae <.001

Develop. , 'l'••tinq no 3 3 3 3 0.7 0.84 7.65 JaJZC'1' Bo REJJ:C2' Ho <.001

standard. Ii :r..unob Yo 4.28 5 5 5 1 0.86 15.8 RlI:JJ:C2' Do RJ:JJ:C'r Ho <.001

~--.aa-ay

1"!..24 Gon. " A.•••• Y. 1.48 1 1 1 0.8 0.71 11 RI:oJJ:C2' 110 RJ:.:n:..'"2' 110 <.001

Develop. Ii ~••t1n9 no 3.04 3 3 3 0.7 0.84 6.94 ilJ:JJ:C'l' 110 IlJ:JZC'r 110 <.001

standard. Ii Launoh Yo 4.2 5 4.5 5 1 0.87 15.6 IlE.JEC2' .lIo REJJ:C2' 110 <.001

_.~----
Idea oen. , ABa••• Y. 1.4 1 1 1 0.7 0.72 11.1 IUCJJ:C'r Ho REJECT Bo <.001

Dove1op. , T".tall no 3 3 3 3 0.7 0.84 7.65 RI:JJ:C'r Ho RJ:J£C"1' Bo <.001

standard. " LIlunoh Yo 4.28 5 5 5 1 0.86 16.7 RZJZC'l' So RJ:JI:C'l' ae <.001----
Idea Gen. , Aeaess Y. 1.6 1 1.5 1 0.7 0.72 10.3 REJU."T Bo REJJ:C2' Bo <.001

De'nlop. Ii T••ting no 3.08 3 3 3 0.7 0.85 6.61 R:JJ:C2' Ho RI:JlOC'r ae <.001

stanc1ard. I: Launch Yo 4.2 5 4.5 5 1 0.87 14.9 ilJ:JJ:C'l' ae RJ:JJ:C'.r ae <.001

-- ClOIg. - _.~

Idoa oem. Ii ba••• Y.. 1.6 1 1.5 1 0.7 0.71 9.62 IUCJJ:C2' Ho RJ:JJ:CT ae <.001

o.velop. I: '1'••thq no 2.96 3 3 3 0.7 0.82 7.82 RJ:JJ:C'1' 1Io REJECT Bo <.001

standard. Ii Launoh Yo 4.24 5 4.5 5 0.9 0.86 15.4 REJECT 110 RJ:JJ:CT ae <.001
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TABLI: X-6
l:NTJ:GRATl:OH PRASE- NlDJ: Ja:IlIII 71iA'.r B'mEV Bplr.D&v 711 M(.-.05)

-" 7 at-_ VALtJ 2 7-2.02 17-1.68 P-VAL

Ies- 0-. • • Ali•••• Y. •• 32 II •• 11 II 0.8 0.74 0.54 CAIIIIIO'1' CAIIll<71'

DeveJ.cp. , ftst1.n1l Yl> .., II 5 5 0.7 0.63 1.58 Cl\1DlO7 ClIIIRO':r

ataAdard. , Launoh Yo •• 6 II 5 II 0.6 0.68 2.04 IIJ:Jz= .Bo IIJ:,)z= So <.025

-OZV--CIIlr
Idea Glen. , All.... Y. •• 36 5 ••5 5 0.7 0.72 0.28 CAIIIIIO'1' CAIDlO':r

DeveJ.cp. , 7aat1.n1l Yl> ••• 5 5 5 0.7 0.67 1.2 CAIIIIIO'1' CAllliO':r

standard. 'Launch Yo •• 56 5 5 5 0.6 0.69 1.45 CAImO'Z CAIDlO':r---
Idea Gen. , All •••• Y. •• 2. 5 • 5 0.8 0.73 1.37 CAIIlIIO':r CAIDlO':r

DeVlllop. , 7.at1.n1l Yl> •• U 5 II 5 0.7 0.67 0.9 ClIJIIIO'1' CJWNO':r

standard. 'Launch Yo ••56 5 5 5 0.6 0.7 2.28 RJ:JECl 110 RJ:JJ:C'r 110 <.025

_.~ - _. aa-aY

Idea oen. , A8 •••• Y. •• 2. 5 , 5 0.8 0.77 0.52 CAImO':r CIllIllO':r

DeVlllop. , 7.at1.n1l Yl> •• 32 5 II II 0.8 0.68 2.04 RJ:JECl ao Rr.JZC'l' Bo <.025

standard. , Launch Yo •• 6 5 5 5 0.6 0.67 2.68 RJ:JECl ao RJ:JJ:C'r 110 <.01

--CIIOg.
Ies- 0-.. 6; All•••• Y. Let 1 1 1 1.3 1.05 6.31 RlCJZCT ao RJ:JJ:C'r 110 <.001

DeVlllop. , 7.at1.nq Yl> 3.16 3 3 3 0.8 0.14 8.88 CAIIIIIO'1' CAIDlO':r

standard. , Launch Yo •••8 5 5 5 0.7 1.02 13 RlCJZCT 110 REJECl' So <.001-ozv--
Idee Gen. , All •••• Ya 1.92 1 1 1 1.2 1.04 6.17 RJ:JlI:C'Z 110 R:JEC'r 110 <.001

Dev.lop. " -:..t1.no Yl> 3.2 • 3 3 0.8 0.75 8.78 CAJlIIO'1' CAHIlO':r

Btandard.lLaunch Yo 4.52 II II 5 0.6 0.96 13.5 RJ:.Jz= So ItJ:JJ:C'1' 110 <.001

---_.~

Idea o.n. II AJlaGCa Y. 2.0a 2 2 1 1.1 1.02 5.08 RJ:JZC'l' 110 RJ:JJ:C'r ao <.001

Devel.op. , T••tUq Yl> 3.12 4 3 3 0.9 0.79 8.91 CAIIIIIO'1' CI\IIII9O'r

BtD.Ilc1Drd.. , Launch Yo •• 52 5 5 5 0.6 0.92 13.3 IUCJZC'r 110 RJ:JJ:CT ae <.001

_.~---

Idea Gem. , blle.1f Y. 1.8 1 1 1 1.2 1.03 12.2 111:= ae 111:= ae <.001

DeVll1op. , 7aat1.n1l Yl> 4.32 5 5 3 0.8 0.72 1.4 ClIJIIIO'1' CAIiIlO':r

standard. • Launch Yo ••52 II 5 5 0.6 0.98 13.8 JIJ:JZC'Z ao RJ:JJ:C'r 80 <.001-----
ldAa Qen. , All•••• Ya 2.0. 1 2 1 1.2 1.02 5.47 UJItC'l" 110 Rl<oJEC'1' 110 <.001

De'Nlop. " '1'e8t1nq Yl> 3.16 3 3 3 0.8 0.69 9.61 IlJ:JEC'r So RJ:JJ:CT 110 <.001

standard. , Uunch Yo 4.4a 5 II II 0.6 0.95 12.8 RJ:JJ:C'r So RJ:JJ:C'r 110 <.001

__ CllOQ'. - _. aa-aY

Idea Glen. , b •••• Ya 2 1 1.5 1 1.3 1.06 5.83 RJ:JECl P..n F~no <.001

Devel.op. , T••ting' Yl> 3.2. 3 3 3 0.8 0.68 9.48 RJ:JECl So IlJ:JZC'r "0 <.001

standard. , X.unch Yo 4.52 5 5 5 0.6 1 12.6 IlJ:JZC'r 110 RJ:JJ:C'r 110 <.001
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APPENDIX Y
DATA AHALYS:IS FOR r:INAL SOR'"n:Y (CORRELAT:IOH TEST)

TABLE Y-l
CORRELAT:ION COEITICII:NT*

51 P1
ME MO MD TH ME MO MD TH

ME 1 ME 1

MO 0.95 1 MO 0.96 1

MD 0.95 0.97 1 Me 0.96 0.99 1

TH 0.97 0.97 0.96 1 TH 0.96 0.99 0.98 1

52 P2
ME MO MD TH ME MO Me TH

ME 1 ME 1

MO 0.92 1 MO 0.96 1

Me 0.97 0.94 1 Me 0.98 0.94 1

TH 0.96 0.94 0.99 1 TH 0.98 0.95 0.99 1

S3 P3
ME MO Me TH ME MO Me TH

ME 1 ME 1

MO 0.97 1 MO 0.98 1

Me 0.97 0.96 1 Me 0.99 0.96 1

TH 0.97 0.98 0.98 1 TH 0.97 0.96 0.94 1

*For notes see Table 5-7
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APPJCHDZX Z
ANTI:CZPATI:D itESUL'.rS AND OB'1'AI:HED USUL'.rS OJ' IIrPO'.rBl:SES

'.rABLJ: Z-1
I:DEA G!:N!:RA'.rXOH AND ASSI SSMIl:N'.r S'.rAGI:

S'.rAGE
IDEA GEN. & ASSESSS. STAGE
Manufacturer-Manufacturer
Invention Phase a REJECT

Deve100ment Phase b REJECT

Intearation Phase c REJECT

Research Ora-Research OrlY
Invention Phase a REJECT

Deve100ment Phase b REJECT

Intearation Phase c REJECT

Customer-Customer
Invention Phase a REJECT

Deve100ment Phase b REJECT

Intearation Phase c REJECT

Go'vt. - -Govt:.
Inventi.on Phase a REJECT

Deve100ment Phase b REJECT

Intearation Phase c REJECT

MAnufacturer-ReseRrch Ora
Invention Phase a DO NOT :a:

REJECT

Deve10pment Phase b DO NOT
REJECT

Integration Phase e DO NOT
REJECT

Resaarch Ora--Custamer
Invention Phase a DO NOT :a:

REJECT

Deve10pment Phase b DO NOT :It
REJECT

Integration Phase c DO NOT
REJECT

Custcmer-Govt:.
Invention Phase a DO NOT

REJECT

Deve10pment Phase b DO NOT :a: x
REJECT

Integration Phase c DO NOT
REJECT

Go'vt. -=- -Manufacturer
Invention Phase a DO NOT

REJECT

Deve10pment Phase b DO NOT :It
REJECT

Integration Phase c DO NOT
REJECT

Manufacturer-Customer
Invention Phase a DO NOT

REJECT

Deve10pment Phase b DO NOT :a: :a:
REJECT

Integration Phase c DO NOT :It
REJECT

R~8e~~oh O~n-Go?t. Arn:!!le!r

Invention Phase a DO NOT
REJECT

Deve10pment Phase b DO NOT X
REJECT

Integration Phase c DO NOT
REJECT
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TABLE Z-2
DZVELOPMEN'l' ANJJ TESTING STAGE

DEVELOP & TEST. STAGE
~roLL

HYPOTHESIS

Manufacturer-Manufacturer
Invention Phase a REJECT

Develocment Phase b REJECT

Intearation Phase c REJECT

Research Ora-Research Ora
Invention Phase a REJECT

Develocment Phase b RE.7ECT

Intearation Phase c REJECT

Custamer-Cuat;omer
Invention Phase a REJECT

Develocment Phase b REJECT

Intearation Phase c REJECT

Govt:. - -Govt:.
Invention. Phase a REJECT

Develocment Phase b REJECT

Intearation Phase e REJECT

Manufacturer-Research Ora
Invention Phase a DO NOT

REJECT

Development Phase b DO NOT
REJECT

Integration Phase c DO NOT X X
REJECT

ReseArch Orn-Cuatomer
Invention Phase a DO NOT X X

REJECT

Development Phase b DO NOT
REJECT

Integration Phase c DO NOT X X
REJECT

Custamer-Govt:.
Invention Phase a DO NOT

REJECT
Development Phase b DO NOT

REJECT
Integration Phase c DO NOT

REJECT

Govt:. -Manufacturer
Invention Phase a DO NOT :I[ X

REJECT
Development Phase b DO NOT %

REJECT
Integration Phase c DO NOT :I[ X

REJECT

Manufacturer-Customer
Invention Phase a DO NOT

REJECT
Development Phase b DO NOT

REJECT
Integration Phase c DO NOT

REJECT

Research Ora-Govt:. Aaencv
Invention Phase a DO NOT

REJECT
Development Phase b DO NOT

RF.,T8C'I'
Integration Phase c DO NOT

REJECT
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TABLE Z-3
STANDARDI:ZATI:OH AND LAUNCH STAGE

...,sTAND. & LAUNCH STAGE
NOLL
HYPOTHESIS

Manufacturer-Manufacturer
Invention Phase a REJECT

Deve10pment Phase b REJECT

Inteqration Phase c REJECT

Research Ora-Res.arch Ora
Invention Phase a REJECT

Deve10pment Phase b REJECT

Intearation Phase c REJECT

Customer-Customer
Invention Phase a REJECT

Deve10pment Phase b REJECT

Intearation Phase c REJECT

Govt:. -Gave. -
Invention Phase a REJECT

Deve10pment Phase b REJECT

Inteqration Phase c REJECT

Manufacturer-Research Ora
Invention Phase a DO NOT X

REJECT

Deve10pment Phase b DO NOT
REJECT

Integration Phase c DO NOT X X
REJECT

Research Ora-Customer
Invention Phase a DO NOT

REJECT

Deve10pment Phase b DO NOT
REJECT

Integration Phase c DO NOT X X
REJECT

Custamer-Govt.
Invention Phase a 00 NOT

REJECT

Deve10pment Phase b DO NOT X
REJECT

Integration Phase c DO NOT X X
REJECT

Gave. -Manufacturer
Invention Phase a DO NOT

REJECT

Deve10pment Phase b DO NOT
REJECT

Integration Phase c DO NOT X X
REJECT

Manufacturer-Customer
Invention Phase a DO NOT

REJECT

Deve10pment Phase b DO NOT X
REJECT

Integration Phase c DO NOT X
REJECT

Research Ora-Govt. ~

Invention Phase a DO NOT
REJECT

Deve10pment Phase b DO NOT
REJECT

Integration Phase c DO NOT
REJECT
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TABLE Z-4
:INVENTION PImSJ:

PHASE

INVENTION PHASE
NULL HYPO 2 ~ 1 ~

Nanufact:urer - Nanufact:urer
:dea Generation & Assessment a DO NOT

REJECT

Deve10pment & Testing b DO NOT ]I:

REJECT

Standardization & Launch c DO NOT ]I:
REJECT

Research Ora-Research Orty
Idea Generation & Assessment a DO NOT

REJECT

Deve10pment & Testing b DO NOT
REJECT

Standardization & Launch c DO NOT
REJECT

Cust:omer-Cust:cmer
Idea Generation & Assessment a DO NOT

REJECT

Deve10pment & Testing b DO NOT
REJECT

Standardization & Launch c DO NOT
REJECT

Govt:. -GcIVt.
Idea Generation & Assessment a DO NOT

REJECT

Deve10pment & Testing b DO NOT
REJECT

Standardization & Launch c DO NOT
REJECT

MAnufact:urer-Research Orty
Idea Generation & Assessment a REJECT

Deve100ment & Testinq b REJECT

Standardization & Launch c REJECT

Research Ora-Cust:cmer
Idea Generation & Assessment II REJECT

Deve100ment & Testinq b REJECT

Standardization & Launch c REJECT

Cuat:cmer-Govt:.
Idea Generation & Assessment a REJECT

Deve100ment & Testina b REJECT

Standardization & Launch c REJECT

Govt:. -Manufact:urer
Idea Generation & Assessment a REJECT

Deve100ment & Testina b REJECT

Standardization & Launch c REJECT

~ufact:urer-Cust:omer

Idea Generation & Assessment a REJECT

Deve100ment & Testinq b REJECT

Standardization & Launch c REJECT

Research Ora-Govt:.
Idea Generation & Assessment a REJECT

Deve100ment & Testinq b REJECT

Standardization & Launch c REJECT
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TABLE Z-5
DEVELOPMI:N'1' PHASE

DEVELOPMENT PHASE
NULL
HYPOTHESIS

Manufacturer - Manufacturer
Idea Generation & Assessment A DO NOT

REJECT

Development & Testing b DO NOT X X
REJECT

Standardization & Launch c DO NOT X X
REJECT

Research Ora-ReDearch Or~

Idea Generation & Assessment A DO NOT
REJECT

Development & Testing b DO NOT
REJECT

Standardization & Launch c DO NOT
REJECT

Customer-Customer
Idea Generation & Assessment a DO NOT

REJECT

Development & Testing b DO NOT Z X
REJECT

Standardization & Launch c DO NOT
REJECT

Govt. ~ -Govt.
Idea Generation & Assessment a DO NOT

REJECT

Development & Testing b DO NOT X X
REJECT

Standardization & Launch c DO NOT
REJECT

Manufacturer-Research Or~

Idea Generation & Assessment a REJECT

Develocment & Testina b REJECT

Standardization & Launch c REJECT

Research Ora-Customer
Idea Generation & Assessment a REJECT

Develocment & Testina b REJECT

Standardization & Launch c REJECT

Customar-Govt.
Idea Generation & Assessment a REJECT

Develooment & Testinq b REJECT

Standardization & Launch c REJECT

Govt:. - -Manu:facl:urer
Idea Generation & Assessment a REJECT

Develocment & Testina b REJECT

~~andardization& Launch c REJECT

~ufBcturer-Custamer

Idea Generation & Assessment a REJECT

Develocment & Testina b REJECT

Standardization & Launch c REJECT

Research Ora-Govt.
Idea Generation & Assessment a REJECT

Develooment & Testinq b REJECT

Standardization & Launch c REJECT
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~Z-6

IN'.rEGRA'l'XOH PBASlI:
INTEGRATION PHASE

NULL
HYPOTHESIS

Manufacturer - Manufacturer
Idea Generation & Assessment a DO NOT

REJECT

Development & Testing b DO NO:r
REJECT

Standardization & Launch c DO NOT X X
REJECT

Research O~ResearchOra
Idea Generation & Assessment a DO NOT

REJECT

Development & Testing b DO NOT
REJECT

Standardization & Launch e DO NOT
REJECT

Customer-Customer
Idea Generation & Assessment a DO NOT

REJECT

Development & Testing b DO NOT
REJECT

Standardization & Launch c DO NOT X X
REJECT

Govt:. - -Govt:.
Idea Generation & Assessment a DO NOT

REJECT

Development & Testing b DO NOT X Jl:
REJECT

Standardization & Launch c DO NOT X X
REJECT

Manufacturer-Research Ora
Idea Generation & Assessment a REJECT

Develooment & Testinq b REJECT :: Jl:

Standardization & Launch c REJECT

Research Ora-Customer
Idea Generation & Assessment a REJECT

Develooment & Testinq b REJECT % X

Standardization & Launch c REJECT

Custcmer-Govt.
Idea Generation & Assessment a REJECT

Develooment & Testinq b REJECT X X

Standardization & Launch c REJECT

Govt::. Aaent"V-Manufacturer
Idea Generation & Assessment a REJECT

Develooment & Testinq b REJECT X X

Standardization & Launch c REJECT

Manufacturer-Customer
Idea Generation & Assessment a REJECT

Develonment & Testina b REJECT

Standardization & Launch c REJECT

Research Orcr-Gov1:. Ora
Idea Generation & Assessment a REJECT

Develooment & Testina b REJECT

Sta!ldardizat; on t: T·aunch c REJECT
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TABLI: Z-7
BYPOTm:SZS TB:STS tNOT SUPPOla'ING m:SEARCB 1U'P00HZSI:S\

STAGE

IDEA GEN. & ASSESSS. STAGE
NULL HYPO 2 ~ 1 !r

Mmnufacturer-Reeearch Ora
1 Invention Phase DO NOT X

REJECT

Research Ora-Custaml!!lr
2 Invention Phase DO NOT X

REJECT

3 Development Phase DO NOT X
REJECT

Custamer-Govt:.
4 Development Phase DO NOT X X

REJECT

Govt. -Manufacturer
5 Development Phase DO NOT X

REJECT

Manufacturer-Customer
6 Development Phase DO NOT X X

REJECT

7 Integration Phase DO NOT X
REJECT

Research Ora-Govt:.
8 Development Phase DO NOT X

REJECT

DEVELOP &: TEST. STAGE
Manufacturer-Research Ora

9 Integration Phase DO NOT X X
REJECT

Research Orn-Customer
10 Invention Phase DO NOT X X

REJECT

11 Integration Phase DO NOT X X
REJECT

Govt:. -Manufacturer
12 Invention Phase DO NOT X X

REJECT

13 Development Phase DO NOT X
REJECT

14 Integration Phase DO NOT :II: X
REJECT

STA...."O • & LAUNCH STAGE
Manufacturer-Research Ora

15 Invention Phase DO NOT :II:
REJECT

16 Integration Phase DO NOT X X
REJECT

~search Ora-Customer
17 Integration Phase DO NOT .. .... -REJECT

Customer-Govt:.
18 Development Phase DO NOT :II:

REJECT

19 Integr.ation Phase DO NOT liI: X
REJECT

Govt:. AtNlJlnt'"V-Manufacturer
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TABLJ: Z-7
BYPO'l'BESZS TESTS (NOT SOPPOR!l'ZNG RJCSEARCB BYPOTBESIIlSl OOHTZ

20 Integration Phase DO NOT X X
REJECT

Manufacturer-Customer
21 Development Phase DO NOT X

REJECT

22 Integration Phase DO NOT X
REJECT

PBASZ

INVENTION PHASE
NULL HYPO 2 ~ 1 ~

Manufacturer - Manufacturer
23 Development & Testing DO NOT X

REJECT

24 Standardization & Launch DO NOT X
REJECT

DEVELOPMENT PHASE
25 !!Dnufacture: - MDnufActur~ DO NOT X X

REJECT

26 Development & Testing DO NOT X X
REJECT

Standardization & Launch
27 Customer-Customer DO NOT X X

REJECT

Development & Testina
28 Govt. Agency-Govt. Agency DO NOT X X

REJECT

Development & Testina

INTEGRATION PHASE
29 Ksnufacturer - Manufacturer DO NOT X :II:

REJECT

Standardization & Launch
30 CwltCllller-Custcmar 00 NOT X X

REJECT

Standardization & Launch
31 Govt. Agency-Govt. &ge!1cy DO NOT X X

REJECT

32 Development & Testing DO NOT J: X
REJECT

Standardization & Launch
33 Manufacturer-Research Orn REJECT X x

Development & Testina
34 Research Ora-Customer REJECT X X

Development & Testina
35 CustClDler-Govt. REJECT X x

Develooment & Testina
36 Govt. - -Manufacturer REJECT x :It

Development & Testina

374

NUED)



B:IBLXOGRAPBY

Advanced Learner's Dictionary of Current English, The, 2nd edition, Eds.
Hornby, A.S., Gatenby, E.V., and Wakefield, H., Oxford University Press,
1972.

Advanced Television Research Consortium, -Advanced Digital High
Definition Television: Systems Description,- January 20, 1992.

Alreck, P.L., and Settle, R.B., -The Survey Research Handbook," Richard
D. Irwin, Inc., 1985.

American Electronics Association, -1990-91 Directory: America's Pr~~er

Electronics Companies,- AEA, CA., 1990.

American Electronics Association, ATV Task Force Economic Impact Team,
"High Definition Television (HDTV): Economic Analysis of Impact,"
November, 1988, Material Submitted to "Prospects for Development of a
U.S. HDTV Industry" Hearing Before the Committee on Governmental
Affairs, U.S. Senate, One Hundred First Congress, August 1, 1989.

American Heritage dic.tion.ar.y of the English Language, The, 3rd
edition, Ed. Soukhanov, A.H., Houghton Mifflin Co., 1992.

Aoki, K., Master's Thesis "High Definition Television: A Struggle for a
World Standard," University of Wisconsin-~lwaukee, 1990.

ATTC, FCC Advisory Committee, ·Proposed Television Transmission Systems
Before the FCC Advisory Committee,· March 1, 1991.

Backwell, F.C., British Patent 12352, December 2, 1848, June 2 1849
(mentioned in Shiers, G., 1977)

Bahr, L.S., and Johnston, B., -Collier's Encyclopedia,s Macmillan
Educational Company, 1991.

Bain, A., British Patent 9745, May 27, November 27, 1843 (mentioned in
Shiers, G., 1977)

Baldwin, W., and Scott, J.T., -Market Structure and Technological
Change,· Harwood Publishers, Chur, 1987.

Bell, A.G., ·On the Production and Reproduction of Sound by Light : The
Photophone,· Proocedings American Association of Advnced Science, vol.
29, 1880

Bellision, J.A., Te8t~ony to -High Definition Television· Hearing
Before thE~ Committee on Science, Space, and Technology, U.S. House of
Representatives, One Hundred First Congress, March 22, 1989.

Beltz, C.A., "High-Tech Maneuvers: Industrial Policy Lessons of HDTV,"
The AEI Press, Washington, D.C., 1991.

Bensen, S. M., and Johnson, L. L., "Compatibility Standards,
Competition, and Innovation in the Broadcasting Industry," RAND,
November 1986.

Bouchard, T.J., "Field Research Methods: Interviewing, Questionnaires,
Participant Observation, Systematic Observation, Unobstrusive Measures,·
In Handbook of Industrial and Organizational Psychology.

375



Bran£man, F., Rebui1d America, "u.s. Congress, House Subcommittee on
Telecommunications and Finance of the Committee on Energy and Commerce,
Hearing on High Definition Television," 101st Congress, pp. 193-204.

Braun, F., "Ueber ein Verfahren zur Demonstration und zum Studium des
zeilllchen Verlaufs variabler Strome," Ann Phys. und Chemie (Wied.
Ann) New Series, vol. 60, pp. 552 1897 (mentioned in Lankes, L.R.,
1848)

Brillouin, L.M., "La Photographic des Objects a tres Grande Distance,
"Revue Generale des Sciences, 2 : 33-38, January 1991 (mentioned in
Shiers, G. 1981)

Broadcasting, February 16, 1981, "Clear Advantage to High Resolution."

Broadcasting, March 2, 1981, "HDTV: The Look of Tomorrow Today."

Broadcasting, May 4, 1981, "Sony Does It Again in HOTV.R

Broadcasting, September 14, 1981, "Talking Seriously About HOTV."

Broadcasting, November 2, 1981, "Compact Video's Contribution to HDTV
State of the Art. R

Broadcasting, June 6, 1983, "The Mood of Montreux: Pressing for a World
HDTV Standard."

Broadcasting, September 26, 1983, "CBS Breakthrough on HDTV
Compatibility."

Broadcasting, March 19, 1984, "ATSC Comes Up With Parameters For HDTV
System. II

Broadcasting, April 30, 1984, "Improving the Look of Television Through
HDTV. "

Broadcasting, October 1, 1984, "HDTV, DBS Standards Dominate Discussion
at IBC."

Broadcasting, January 28, 1985, "Step By Step to World HDTV Standard."

Broadcasting, March 5, 1985, "U.S. Industry Adopts NHK Parameters for
HDTV. !II

Broadcasting, June 17, 1985, "Small Formats and HOTV Highlight Monteux."

Broadcasting, September 30, 1985, " EBU LukewaDm on HDTV Standard."

Broadcasting, March 3, 1986, "HOTV In Sharp Focus at Prague Meeting."

Broadcasting, April 14, 1986, "French Government Throws Wrench in HDTV
Works."

Broadcasting, April 21, 1986, "Europeans Want More Time to Study HDTV."

Broadcasting, May 19, 1986, "CCIR Puts End to Hope for HDTV Standard."

Broadcasting, September 29, 1986, "IBC Provide Forum for Technical
Growth Areas."

376



Broadcasting, January 12, 1987, "Terrestrial HDTV Broadcasting Debuts in
Washington."

Broadcasting, October 5, 1987, "NBC's One-Channel Solution to HDTV."

Broadcasting, October 12, 1987, "ATSC Group Endorses HDTV Production
Standard."

Broadcasting, October 12, 1987, "Congress Declares Itself in on HDTV."

Broadcasting, January 11, 1988, "HDTV Production Standard Approved. n

Broadcasting, February 1, 1988, Step by Step to HDTV Standard.·

Broadcasting, February 22, 1.988, NAB Gets Help With Planned Technical
Center.·

Broadcasting, April, 18, 1988, "All Eyes on HDTV at the NAB Convention."

Broadcasting, August 15, 1988, "Search for HDTV Transmission Standard
Shifts Into Second Gear."

Broadcasting, September 5, 1988, "FCC Writes a First Draft for HDTV.n

Broadcasting, September 5, 1988, ·Zenith Enters the HDTV System Race."

Broadcasting, September 12, 1988, "A Bold Initiative to Set HDTV
Standard. "

Broadcasting, September 12, 1988, "Fritts Warns Broadcasters: The Telcos
Are Coming."

Broadcasting, September 19, 1988, "Bottom-line Impact on HDTV.n

Broadcasting, September 19, 1988, "HDTv Takes the Stage at IBC. n

Broadcasting, October 3, 1988, "Eureka HDTV System Unveiled at IBC
Conference.·

Broadcasting, October 17, 1988, "HDTV Production: The Future is A~ost

Now.·

Broadcasting, December 26, 1988, "Defense Department Wants in the HDTV
Picture."

Broadcasting, June 19, 1989, "The HDTV Sights and Digital Sounds of
CES.R

Broadcasting, October 2, 1989, "Testing, Testing••. HDTV.n

Broadcasting, June 4, 1990, "CCIR Sets Some HDTV Parameters, World
Production Standard Fails to Emerge."

Broadcasting, October 1, 1990, "HDTV Bill Tabled~ Closed captioning Law
Likely.n

Broadcasting, December 24, 1990, "Zenith Proposes All-Digital
Transmission System.·

Broadcasting, April 13, 1992, "HDTV: Too Close For Comfort?n

377



Broadcasting, July 27, 1992, wHDTV Time-Table Gets Support."

Broadcasting, August 10, 1992, "SCBA Glimpses Light and Haze in Future."

Broadcasting, August 24, 1992, "HDTV's Multipuzzled Prospects."

Broadcasting, September 28, 1992, WHDTV Field Tests: Pieces Fall Into
Place for a 'Drive Around the Block.'-

Broadcasting, September 5, 1988, "NBC's One Channel Solution to HDTV,"
pp. 35.

Broadcasting, October 26, 1987, "Reaction to NBC's ACTV."

Broadcasting, February 29, 1988, ·Cox and Tribune Focusing on HDTV,"
pp. 64.

Broadcasting, September 5, 1988, "Zenith Enters the HDTV System Race,"
pp. 33.

Broadcasting, April 18, 1988, ·All Eyes on HDTV at The NAB Convention,"
pp. 48.

Broadcasting & Cable , July 12, 1993, RGrand Alliance Lays Out Its
Battle Plan. R

Broadcasting & Cable, October 25, 1993, "Broadcasters Applaud New HDTV
Standard.-

Bushaus, D., wSW Bell Tunes Hospital Into HDTV,· Telephony, March 12,
1990.

Business Week, February 26, 1990, "Bigger, Wider, Flatter, Brighter: The
Key to Making it in HDTV."

Business Week, April 1, 1991, -Japan's HDTV What's Wrong With This
Picture?"

Business Week, April 27, 1992, RHDTV Hames in on the Ultimate Test: The
Market."

Business Week, August 24, 1992, "The Blazing Business in Video Chips."

Cablevision, July 4, 1988, "Tel Takes HDTV Initiative."

Cablevision, September 26, 1988, "HDTV As Trade Policy.a

Campbell, D.T., and Stanley, J.C., aExperimental and Quasi-exper~ental

Design for Research,· Rand McNally, Chicago, 1963.

Carey, G.R., "Transmitting, Recording and Seeing Pictures by
Electricity," Electrical Engineer, January 16, 1895.

Carney, T.F., "Content Analysis: A Technique for Systematic Inference
from Communications," B. T. Batsford Ltd., London, 1972.

Caselli, G., British Patent 2532, 1855, 2395, 1861 (mentioned in Shiers,
G., 1977)

378



CCIR Study Groups, wThe Concept of Compatibility and Evolution,
Document 11, July 1987.

Cherns, A.B., and Davis, L.E., §Status of the case as Science,n in The
Quality of Working Life, Vol. II: cases and Commentary, The Free Press,
1975, pp. 20-26.

Chicago Tribune, May 31, 1992, -Public Test of HDTV Comes ~ n Homes Loud
And C1ear.-

Christian Science Monitor, The, March 16, 1992, -HDTV Stumbles in
Japan."

Codding, G.A., Jr., -Three Times Forty: The ITO in a Time of Change,~ in
Finkelstein, L.S., ad., ·Politics in the United Nations System,n Durham:
Duke University Press, pp. 328, 1980.

Codding, G.A., Jr., "How the Telecommunication Development Bureau Fits
Into the 'New- ITO.w in -Closing the Telecommunication Gap,n a StUdy
Paper prepared in advance (February 1994) of the ITO World
Telecommunications Deve10pment Conference, International Institute of
Communications, Buenos Aires, Argentina, March 21-29, 1994.

Cohen, E.J., and Wilkens, W.B., -The IEEE Role in Telecommunications
Standards,- IEEE Communications Magazine, January 1985, Vol. 23, no. 1,
pp. 31.

Cohen, R.B., and Donow, K., "Telecommunications Policy, High Definition
Television, and U.S. Competitiveness,- Economic Policy Institute, 1989.

Collins, J.J., Chairman, American Television and Communications
Corporation, test~ony to the -Hearings Before the Subcommdttee on
Telecommunications and Finance of the Committee on Energy and Commerce,
House of Representatives, One Hundredth Congress,- June 23, 1987.

Cooper, R.G., nA Process Model for Industrial New Product Development,n
IEEE Transaction on Engineering Management EM-3D, February, 2-11, 1983.

Crawford, C.M., ·Protoco1: New To01s for Product Innovation," Journal of
Product Innovation Management 2, 85-91, 1984.

Darby, L.F., "Economic Potential of Advanced Te1evision Products,n
Prepared for National Te1ecammunications and Information Administration,
Materia1 Submitted to RProBpects for Deve10pment of a U.S. HDTV
IndustryR Hearing Before the Committee on Governmental Affairs, U.S.
Senate, One Hundred First Congress, August 1, 1989.

Davis, B., "Wi11 High-Definition TV Be A Turn Off?- Wa1l Street Journal,
January 20, 1989, pp. Bl.

Donahue, H.C., "Choosing the TV of the Future," Technology Review, April
1989, pp. 34.

Donow, K.R., and Sonne, M.L., wHDTV: Planning for Action," National
Association of Broadcasters, 1988.

Dunlap, O.E., -The Out100k for Television," Harper and Brothers
Pub1ishers, 1932

Dunnette, M. (ed,), Rand McNa11y College Pub1ishing, pp. 363-415.

379



EBU, European Broadcasting Union, Ad-Hoc Group on Color Television, 2nd
ed., February 1965, also Amndments to the Reports of the Ad-Hoc Group,
2nd ed., February, 1965.

Economist, The, October 1, 1988, -High-Definition Television - Do Not
Adjust Your Set.-

Economist, The, March 7, 1992, -Tug of WARe.-

Electronic Business, August 20, 1990, -u.s. Struggles to Establish HDTV
Agenda.-

Electronic Business, August 20, 1990, -Europe's 1995 HDTV Goal: A
Standard of Its Own."

Electronic Business, August 20, 1990, Japan is Ready for HDTV, But the
Rest of the World Isn't."

Electronic News, September 11, 1989, -Panel Urges HDTV Initiative."

Electronics, October 1989, "Digitized HDTV Turns Up the Heat."

Electronics Industries Association, -Electronic Market Data Book 
1989,· EIA., 1989.

Electronics Industries Association, -Summary of Advanced Television
Systems Proposal,1989,- EIA, 1989.

Electronics Market Databook, Electronics Industries Association,
Washington, D.C., 1969.

Electronics Market Databook, Electronics Industries Association,
Washington, D.C., 1980.

Electronics Market Databook, Electronics Industries Association,
Washington, D.C., 1982.

Electronics Market Databook, Electronics Industries Association,
Washington, D.C., 1992.

Erdos, P.L., "Professional Mail Surveys," McGraw Hill, NY, 1970.
Federal Communications Commission, "Notice of Inquiry," MM Docket No.
87-268, 2 FCC Rec. 5125, Par. 19., August 20, 1987.

Federal Communications Commission Advisory Committee on Advanced
Television Service Inter±m Report, Material submitted to Subcommittee on
Telecommunications and Finance of the Committee on Energy and Commerce,
House of Representative, One Hundredth Congress, September 7, 1988.

Federal Communications Commission Advisory Committee on Advanced
Television Services, Planning Subcommittee Working Party 7: Audience
Research, Report, February 14, 1989.

Fields, C.l., Testimony to ~High Definition Televisionw Hearing Before
the Committee on Science, Space, and Technology, U.S. House of
Representatives, One Hundred First Congress, March 22, 1989.

Fields, c.r., Testimony to "High Definition Television" Hearing Before
the Subcommittee on Telecommunic~tionsand Finance of the Committee on
Energy and Commerce, U.S. Houae of Representatives, One Hundred First
Congress, March 8 & 9, 1989.

380



Fie1ds, C.I., Test~ny to -High Definition Te1evision- Hearing Before
the Research and Deve10pment Subcommittee and the Investigations
Subcommittee of the Committee on Armed Services, U.S. House of
Representatives, One Hundred First Congress, May 10, 1989.

Fink, D.G., -C010r Television Standards,- McGraw Hill Book Company, New
York, 1955.

Fink, D.G., -Television Broadcasting Practice in America - 1927 to
1944,- in Shiers, G., -Technica1 Development of Te1evision,- Arno Press,
New York, 1977.

F1aherty, J.A., Testimony to -High Definition TelevisionR Hearing Before
the Subcommittee on Telecommunications and Finance of the Committee on
Energy and Commerce, House of Representative, One Hundredth Congress,
October 8, 1987.

Fransman, M., -The Market and Beyond: Cooperation and Competition in
InfoDnation Techn010gy Deve10pment in the Japanese System, cambridge
University Press, 1990.

Fujio, T., -A Study of HDTV in the Future, IEEE Transaction on
Broadcastingu V01. 24, No.4, December 1978.

Garrison, C., and Wi1lis, E., -Television and Radio,- New York, 1963.

Genera1 Instruments and Massachusetts Institute of Techn010gy,
"DigiCipher HTDV System Description,- August 22, 1991.

Gilder, G., -Forget HDTV, It's Already Outmoded,- New York Times, May
28, 1989.

Gi1pin, A., -Dictionary of Economic Terms,- London Butterworths, 1973.

Glenn, W.E., and G1enn, K.G., -HDTV Compatible Transmission Systems,"

Glenn, W.E., and G1enn, K.G., -Signal Propagation and Interference
Studies for Compatib1e HDTV Transmission System,- Nationa1 Association
of Broadcasters Engineering Conference Proceedings, 1988, pp. 406.

G10ver, A.M., -A Review of the Deve10pment of Sensitive Phototubes,"
Proceedings of IRE, 29 : 413-423, August 1941

Gore, A., Senator, Comment to "Hearing on Prospects for Development of
U.S. HDTV Industry, U.S. Senate, Subcommittee on Science, Space, and
Techn010gy of the Committee of Commerce, Science, and Transportation,"
One Hundred First Congress, 1st Session, August 1, 1969.

Gorokov, P.K., aHisto~J of Modern Television,· Technica1 Development of
Television, editor Shiers, G., Arno Press, 1977

Guba, E.G., -Naturalistic Inquiry,- Improving Hl=~n Performance
Quarterly, 1979, 8, 4, 268-276.

Ha11, M., "Made in New York: case Studies of Metropolitan
ManUfacturing," Harvard University Press, 1957.

Hammar, P., The Birth of Helical Scan Videotape Recording, Broadcast
Engineering, May 1985

381



Hanson, J.L., "A Dictionary of Economics and Commerce," P,;,tman
Publishing Limited, UK., Sixth Edition, 1986.

Harris, A., "The New World of HDTV," Electronics Now, May 1993.

Hart, J., and Tyson, L., "Responding to Cballenges of HDTV,,, california.

Hatori, M., and Nakamura, Y., IEEE Transactions on Broadcasting, Vol.
35, No.3, September 1989.

Haytin, D.L., "The Validity of case Study: Deviance and Self
Destruction,~ American University Studies, Peter Lang Publishing, Inc.,
1989.

HDTV Report, Philips Business Information, Inc, February 2, 1994.
Hecht, J., "American Defense Fears Trigger Television Drama," New
Scientist, April 8, 1989, pp. ~1.

Hideldrand, D.K., and Ott., L., "Statistical Thinking for Managers," PWS
Publishers, 1983.

Hill, R.M." Alexander, R.S., and Cross, J.S., "Industrial Marketing,"
Fourth Edition, Richard D. Irwin, Homewood, IL, 1975.

Ho~, W.A., "Colour Television Explained," Philip Technical Library,
1968.

Holsti, O.R., "Content Analysis," in Lindzey G., and Aronson, E.,
(Eds.), "The Handbook of Psychology," Vol. II, Adison-Wesley, 1968

Hopkins, R., and Davies, K.P., "Development of HDTV Emission System in
North America," IEEE Transactions on Broadcasting, Vol. 35, No.3,
September 1989, p. 267.

Hubbard, P.H., Testimony to "High Definition Television" Hearing Before
the Research and Development Subcommittee and the Investigations
Subcommittee of the Committee on Armed Services, u.s. House of
Representatives, One Hundred First Congress, May 10, 1989.

IEEE Spectrum, October 1989, "HDTV Displays in Japan: Projection-CRT
Systems on Top."

Iredale, R., "A Proposal for a New High Definition NTSC Broadcast
Protocol," SMPTE Journal, Vol. 96, No. 10, October 1987.

ITU, "International Telecommunication Union: An Overview," Press and
Public Relations, ITU~ Geneva, 1993.

ITU, "International Telecommunication Union: An Overview," Press and
Public Relationa, ITO, Geneva, 1993.

Jenkins, C.F., "Transmitting Pictures by Electricity," Electrical
Engineer, 18: 62, 63, July 25, 1894

Jenkins, C.F., "Radiomovies, Radiovision, Television," Jenkins
Laboratory, Washington D.C., 1929

382



Jorge, A., ·Competition, Cooperation, Efficiency, and Socia~

Organization: Introduction to a Po~itical Economy,· Associated
University Presses, Inc., Cranbury, N.J., ~978.

Jurgen, R.K., ·Chasing Japan in the HDTV Race,· IEEE Spectrum, October,
~989, p. 59.

Jurgen, R.K., "Consumer E~ectronics," IEEE Spectrum, Vo~. 25, No.1,
January 1988.

Jussawa~la, M., and Rana, S., ·competition/Cooperation, High Definition
Television and the East Asian Newly Industrialized Economies," Pacific
Telecommunications Council Sixteen Annual Conference, January 16-20,
1994.

Kell, R.D., "An Experimental Color Television System,· RCA Review,
7:141-154, June 1946.

Kemezis, P., "HDTV S~owly Moves Into Medical Applicati.ons," New
Technology Week, August 15, 1988.

Kempner, S., ·History of Television,· Television Encyc~opedia Press,
1965

Kirby, R.C., ·International Standards in Radio Communication,· IEEE
Transactions on Broadcasting, vol. 23, no. 1, pp.250, January 1985.

Koopmans, T., "Three Essays in the State of Economic Science," McGraw
Hill, New York, 1957.

Kotler, P., " Marketing Management: Analysis, Planning, Implementation,
and Control,· Prentice Ha~l, NJ, 1988.

Landau, S., ·Towards a Global High-Definition TV Production Standard,n
U.S. Department of States, Bureau of Public Affairs, Washington D.C.,
March 1989.

Lankes, L.R., Historical Sketch of Tel~vision Progress, vol. 51, Journal
of SMPE, September 1948.

Lankford, D.S., Testimony to "High Definition Television" Hearing Before
the Subcommittee on International Scientific Cooperation of the
Committee on Science, Space, and Technology, U.S. House of
Representatives, One Hundred First Congress, May 31, 1989.

Law, A.M., and Kelton, W.D., ·Simulation Modeling and Analysis, MCGraw
Hill Inc., 1991.

Liebold, M., Manager, Media Architecture Research, Advanced Technology
Group, App~e Computer Inc., testimony to "Hearing Before the Committee
on Science, Space, and Technology, Subcommittee on TecllIlology and
Competitiveness, U.S., House of Representatives,· May 21, 1991.

Lindzey, G., and Aronson, E., ~Handbook of Social Psycho~ogy,W Addison
Wesley, 1968.

Los Ange~es Times, Apri~ 3, 1991, Testing of High-Definition TV Standard
Is Delayed."

383



Lucas, w., "The Telectroscope, or Seeing by Electricity,· English
Mechanic and World of Science, 35 : 151, 152, April 1882
Management Review, Summer 1989, pp. 132-45.

Marketing and Media Decisions, June 1984, "Further Down the Road - High
Definition Television."

Markey, E.J., Opening Statement to "High Definition Television" Hearing
Before the Subcommittee on Telecommunications and Finance of the
Committee on Energy and Commerce, House of Representative, One Hundredth
Congress, March 8 & 9, 1989.

Marsh, C., "The Survey Method: The Contribution of Surveys of
Sociological Explanation,· George Allen & tJnwin (Publishers) Ltd., UK.,
1982, p.6.

Massachusetts Institute of Technology and General Instrument, "Channel
Compatible HDTV System," May 14, 1992.

Mccarroll, T., ·War of the Wireless," Indepth, 1994.

McKinney, J.C., Chairman, United States Advanced Television Systems
Committee, testimony to "Hearing Before the Subcommittee on
International Scientific Cooperation of the Committee on Science, Space,
and Technology, U.S. House of Representatives," One Hundred First
Congress, May 31, 1989.

McNUlty, P.J., "On the Nature and Theory of Economic Organization: The
Role of the Fir.m Reconsidered," History of Political Economy, 1984,
16.2, pp. 233-53.

Michaels, B.A., "New Product Development," small Business Report, June,
1989, pp. 61-66.

Morse, G.H., "Seeing by Electricity," English Mechanics and World of
Sciences, 58: 258, 259, November 1893

Mosco, v., "The Pay-Per Society: Computers and Communication in the
Information Age," Ablex Publishing Company, NJ, 19~9

Multichannel News, September 18, 1989, RHDTV Funding Sparks Policy
Debate."

Multichannel News, October 23, 1989, "Markey Plans Bill to Spur New
Technology."

Multichannel News, October 23, 1989, "GOP Charged With Backing Away From
HDTV Policy."

Multichannel News, "Other ATV NTSC In Development," March 13, 1989, pp.
32.

Nathan, R.R., "Television Manufacturing in the United States: Economic
Contributions -- Past, Present, and Future," Prepared for Electronics
Industries Association, Robert R. Nathan Associates Inc., Economic and
Management Consultants, Industry Research and Analysis Group,
Washington, D.C., February 1989.

National Association of Broadcasters, nHDTV Planning for Action," April
1988.

384



National Association of Broadcasters, llMany Roads Home: The New
Electronics Pathways,· April 1988.

Nelson, R., and Winter, S., "An Evolutionary Theory of Economic Change,"
Harvard University Press, 1982.

Neufeldt, V., IIWebster's New World Dictionary, II Warner Books, 1990.

New York Times, The, October 16, 1981, pp. D-1.

New York Times, The, September 21, 1988, IIHDTV: Will U.S. Companies Be
in the Picture."

New York Times, The, January 31, 1991, 112 Competitors in Pact On
Advanced TV Plan.-

New York Times, The, August 16, 1991, - Advanced TV Collaboration."

New York Times, The, July 16, 1991, ilLSI and Sanyo In Chip Deal."

New York Times, The, August 18, 1991, IISix Systems in Search of Approval
As HDTV Moves to the Testing Lab."

New York Times, The, November 26, 1991, IIFew See Japan Make TV History."

New York Times, The, December 3, 1991, IIA Milestone in High-Definition
TV."

New York Times, The, March 24, 1992, IIDelays Seen In Testing HDTV
Plans."

New York Times, The, April 10, 1992, ·Transition To HDTV Is Outlined."

New York Times, The, May 8, 1992, "Two Rivals For.m Pool For HDTV.n
New York Times, The, ·Consortium Set Up for New TV,II January 26, 1990,
pp. C1.

Newman Jr., L.S., and Jennings, T.B., Testimony to IIHigh Definition
Television- Hearing Before the Subcommittee on Telecommunications and
Finance of the Committee on Energy and Commerce, House of
Representative, One Hundredth Congress, October 8, 1987.

NHK (Japan Broadcasting Corporation), IINarrow-MUSE: System Description,"
April 22, 1991.

Nickelson, R.L., liThe Evolution of HDTV in the Work of the CCIR,- IEEE
Transactions on Broadcasting, vol. 35, no. 3, pp. 250, September 1989.

Nipkow, P., "Elektriches Teleskop,· German Patent 30105, January 6,
1884, January 15, 1885 (mentioned in Shiers, G., 1977)

O'Brien, R.S., and Monroe, R.B., 11101 Years in Television Technology,"
SMPTE Journal, vol. 85, July 1976

Office of Federal Register, "The FCC Organizational Chart,· The United
States Government Manual, National Archives and Records Administration,
PPM 568, 1989/90.

Office of Technology Assessment, RMaking Things Better," U.S. Congress,
February 1990.

385



Osborne, B.W., -Color Television Reception and Decoding Technique,·
Maclaren & Sons, London, 1968.

Paiva, A.de., -A Telephonia, A Telegraphia E A Telescopia,- 0 Instituto
25 : 414-421, University Press Coimbra, March 1878 (mentioned in Shiers,
G., 1977)

Palgrave, -The New: A Dictionary of Econamics,R Ed. Eatwell, P.,
Milgate, M., Newman, P., Vol. 1, The Macmillian Press, 1987.

Panchatt, G.N., -Color Television,- Journal of British IRE, 16:591-620,
November 1956.

Pass, C., Lowes, B., Pendleton, A., ,and Chadwick, ·Collins Dictionary of
Business,"Harper Collins Publish~rs, 1991.

Payne, S.L., -The Art of Asking Questions,- Princeton University Press,
1951.

Pearlman, J.K., Chairman and President of Zenith Electronic Corporation,
Testimony to -Hearing before the Committee on Science, Space, and
TeChnology, U.S. House of Representatives,- One Hundred and First
Congress, First Session, March 22, 1989.

Perry J., and Ayrton, W.E., ·Seeing by Electricity,· Nature 21, no 547,
April 22, 1880

Pontis, L.L., ·The Telectroscope,· Scientific American Supplement, 35:
14546, 14547, June 10 1893

Random House Dictionary of the English Language, The, 2nd Edition,
Unabridged, Ed. Flexner, S.B., Random House Inc., NY, 1987.

Reed, C.R.G., -Principles of Color Television Systems,· Sir Isaac Pitman
& Sons Ltd., London, 1969.

Reischauer, R.D., Testimony to "Prospects for Development of a U.S. HDTV
IndustryR Hearing Before the Committee on Governmental Affairs, U.S.
Senate, One Hundred First Congress, August 1, 1989.

Ritter, D., Co-Chairman of the House HDTV caucus, Roll call
Competitiveness Policy Briefing, "To Miss Out on High Definition TV Is
to Miss Ou~ on the 21st Century," JUly 10-16, 1989, pp. 16-17.

Roe, R.A., Chairman, Opening Statement to -Hearing before the Committee
on Science, Space, and Technology, U.S. House of Representatives,· March
22, 1989.

Rogers, E.M., and Larsen, J.K. 6 -Silicon Valley Fever: Growth of a High
Technology Culture,R Basic Books, Inc., Publishers, New York, 1984.

Roget's II The New Thesaurus, Expanded Edition, The American Heritage
Dictionary, Houghton Mifflin Co., 1988.

Ronen, S., ·Comparative and Multinational Management,· John Wiley &
Sons, New York, 1986.

Ronkainen, I., ·Using Decision System Analysis to Formalize Product
Development Process,R Journal of Business Research 13, 97-106, 1985.

386



Rosenzweig, R., Testimony to "High Definition Television" Hearing Before
the Committee on Science, Space, and Technology, U.S. House of
Representatives, One Hundred First Congress, March 22, 1989.

Rosing, B.L., "Electrical Telescope (Sight at Distance). The
Approaching Problems and Prospects, Academy, Petrograd, 1923

Sawyer, W.E., ·Seeing by Electricity," Scientific American, 42, June 12,
1880

Schramm, w., "Notes on case Studies of Instructional Media Projects,n
Working Paper for Academy for Educational Development, 1971.

Schreiber, W.F., ~Testimony to "Hearing before the Subcommittee on
International Scientific Cooperation of the Committee on Science, Space,
and Technology," U.S. House of Representatives, 101st Congress, May 31,
1989.

Scott, B.R., and Lodge, G.C., ·U.S. Competitiveness in the World
Economy," Harvard Business School Press, 1984

Selneq, C., Le Telectroscope, H d'Homont, Saint-Omer 1881 (mentioned in
Shiers, G., 1981)

Shiers, G., "Early Schemes for Television," IEEE Spectrum, May 1970

Shiers, G., "Historical Notes in Television Engineering Before 1900,
SMPTE Journal, vol. 86, March 1977

Shiers, G., Ed., "Technical Development of Television,- Arno Press, 1977

Shiers, G., -The Rise of Mechanical Television: 1901-1930," SMPTE
Journal, June 1981.

Sidey, P., Longman, B., Glencross, D., & Pilgrim, To, ~A History of
British Television,· SMPTE Journal, December 1981.

Sikes, A.C., Testimony to "High Definition Television" Hearing Before
the Committee on Science, Space, and Technology, U.S. House of
Representatives, One Hundred First Congress, March 22, 1989.

Smith, W., "Letter on Action of Light on Selenium,· Jour. Soc. Telegraph
Engineers, 2: 31, 1873.

Smith, w., "Effect of Light on Selenium During the Passage of an
Electric Current," American Journal of Science and Arts, 5: 301,
January-June 1873.

Smith, W., "The Rise and Extension of Submarine Telegraphy,n JoSo Virtue
and Co., London, 1891.

Solomon, R.J., Testimony to -Hearing before the Committee on
Governmental Affairs, United States Senate -- Prospects for Development
of a U.S. HDTV Indus~ry,- One Hundred First Congress, First Session,
August 1, 1989.

Spiegel, M., R., "Theory and Problems of Statistics," Schaum's Outline
Series in Mathematics, McGraw-Hill Book Company, 1961.

387



Stae1in, D. H., Testimony to -High Definition Te1evision- Hearing
Before the Subcommittee on Techn010gy and Competitiveness of the
Committee on Science, Space, and Techn010gy, U.S. House of
Representatives, One Hundred Second Congress, May 14, 1991.

Stan1ey, K., WHistory of Te1evision 600 B.C - 1890, Part I: Scientific
Background,- Television Encyc10pedia Preas, March 15, 1965.

Stein, A.J., and Das, S., -Sustaining and Augmenting Competitive
Advantage in Emerging Industries in a G10ba1 Environment,- in
-Cooperation and Competition in G10ba1 Economy,- edited by Furino, A.,
Ba11inger Pub1ishing Company, 1988, PPM 157.

Stone, P.J., Dunphy, D.C, smith, M.S, and Ogi1vie, D.M., -A Computer
Approach to Content Ana1ysis,- MIT Press, cambridge, 1966.

Sweeney, D., -The Te1evision Chronic1es : The Age of Mechanica1
Te1evision, Part I,· The Perfect Vision, V01. 1, Issue 3, Summer 1987.

Sweeney, D., -The Te1evision Chronicles: E1ectronic Television Comes to
Age, Part II,· The Perfect Vision, V01. 1, Issue 4, Spring/Summer 1988

Swinton, A.A.C., -Distant Electric Vision,- Nature 78, no. 2016, June
18, 1908.

Swinton, A.A.C., -Presidentia1 Address,- Journa1 of Rontgen Society 8,
no. 30, January 1912.

Tannenbaum, A.S., -Computer Networks,- Prentice Ha11 Inc., 2nd Edition,
1989.

Te1evision Digest, -HDTV Test Center Gears Up,- December 12, 1988, PPM
4.

Te1evision Digest, -HDTV Stea1s Show,5 October 24, 1988, p. 6.

Te1evision Digest, -WNBC-TV Carries ATV,B Apri1 24, 1989, p. 6.

Te1evision Factbook, RTota1 Number of Monochrome Te1evision Receivers in
Use in the United States,· as mentioned in Electronic Market Databook,
Electronics Industries Association, 1982.

Television Factbook, -Tota1 Number of Color Te1evision Receivers in Use
in the United States,· as mentioned in E1ectronics Market Databook,
Electronics Industries Association, 1982.

The Dussaud Te1eoscope, Scientific American Supplement, 46 : 18793,
Ju1y, 1898.

The Hawaii High Technology: Business Directory,- High Technology
Development Corporation, Hawaii, 1991.

The TelectroBcope~ English Mechanic and World of Science; 28: 509,
January 31, 1879. .

Thompson, ,i.J., nCathode Rays,R Phi1 Magazine, vol. 44, 1897 (mentioned
in Lankes, L.R., 1848).

Tilles, A.S., and Weisman, D.E., -HDTV: Worm in the Spectrum Apple?",
Communications, October 1989, PPM 65-66.

388



Tobing, E.n.C., Master's Thesis "Implications for High Definition
Television Standards in the United States," University of Colorado,
1990.

Treece, D.J., ·Competition, Cooperation, and Innovation: Organizational
Arrangements for Regimes of Rapid Technological Progress,· Journal of
Economic Behavior and Organization 18 (1992) 1-25.

TV Digest, June 27, 1988, "HDTV Draws capitol Hill Attention.·

Twain, M., "The Austrian Edison Keeping School Again," Century, 34: 630,
631, August 1898

U.s. Congress, Office of Technology Assessment, "The Big Picture: HDTV
and Resolution Systems~· Washington D.C., June 1990.

U.s. Congress, Office of Technology Assessment, "The Big Picture: HDTV
and Resolutilon Systems," Washington.,D.C., June 1990.

U.S. Congressional Budget Office, Staff Working Paper, "The Scope of
High Definition Television Market and its Implications for
Competitiveness," Washington D.C., July 1989, Material Submitted to
"Prospects for Development of a U.S. HDTV Industry" Hearing Before the
Committee on Governmental Affairs, U. S. Senate, One Hundred First
Congress, August 1, 1989.

U.S. Department of Commerce, National Telecommunications and Information
Administration, "Advanced Television, Related Technologies, and the
National Interest," Material Submitted to the Subcommittee on
Telecommunications and Finance of the Committee on Energy and Commerce,
U.S. House of Representatives, One Hundred First Congress, March 8 & 9,
1989.

U.S. Department of Commerce, National Telecommunications and Information
Administration, "Advanced Television, Related Technologies, and the
National Interest, March 3, 1989, Material Submitted to the Comnittee on
Science, Space, and Technology, U.S. House of Representatives, One
Hundred First Congress, March 22, 1989.

United States Industry Trade Commission, "Television Receivers, Color
and Monochrome, Finished or Unfinished, and Subassemblies Thereof,"
Publication Number 808, Washington, D.C.,. March 1977.

United States Industry Trade Commission, -Television Receiving Sets from
Japan," Publication Number 1153, Washington, D.C., 1981.

United States Industry Trade Commission, "Television Receivers, Color
and Monochrome, Finished or Unfinished, and Subassemblies Thereof,"
Publication Number 808, Washington, D.C., March 1977.

United States Industry Trade Commission, "Color Television Receivers and
Subassemblies Thereof," Publication 1068, Washington, D.C., 1980.

valentine, T., Opening Statement to "High Definition Television" Hearing
Before the Subcommittee on Technology and Competitiveness of the
Committee on Science, Space, and Technology, U.S. House of
Representatives, One Hundred Second Congress, May 14, 1991.

Vol'fke, M., Russian Patent 4498, November 24,. 1898 as mentioned in
Sheirs, G. 1981

389



Wall Street Journal, The, April 22, 1991, "General Dynamics, Japan's
HDTV Plan Hurt by Atlas/Centaur Rocket Failure."

Wall Street Journal, The, June 14, 1991, ~Kodak Sets Venture With BTS."

Wall Street Journal, The, July 16, 1991, "LSI to Develop Chips With
Sanyo Electric For HDTV Decoder. s

Wall Street Journal, The, August 16, 1991, "Texas Instruments Confir.ms
Discussing HDTV Joint Venture With Japan Firms."

Wall Street Journal, The, October 25, 1991, "FCC Proposes to Award HDTV
Channels To Existing Outlets, Spurning Start-Ups."

Wall Street Journal~ The, November 18, 1991, "LSI Logic, VLSI Join Japan
Firms In HDTV Design."

Wall Street Journal, The, November 26, 1991, "High-Definition TV In
Japan."

Wall Street Journal, The, March 13, 1992, "Zenith Electronics, AT&T
Unveil Digital TV System."

Wall Street Journal, The, March 24, 1992, "Race to Develop HDTV Narrows
to Five Plans."

Wall Street Journal, The, April 10, 1992, "FCCls Proposal for HDTV May
Restrict Broadcasters."

Wall Street Journal, The, May 8, 1992, "Two HDTV Rivals to Share
Royalties If Either Team's Technology Is Chosen."

Wall Street Journal, The, May 29, 1992, "Zenith, AT&T Send HDTV Over 75
Miles In Long-Distance Test."

Washington Post, The, October 25, 1991, "FCC: HDTV Rights to Existing
Stations First."

Washington Post, The, November 26, 1991, "Japan Turns On High-Definition
TV -Public Station Starts Full-Time Broadcast in New Technology."

Washington Post, The, March 24, 1992, "Tuning In to a Trophy
Technology."

Washington Post, The, April 10, 1992, "FCC: Existing Stations To Get
HDTV Channels."

Webster's Third New International Dictionary of English Language,
Unabridged, Ed. Gave, P. B., G & C Merriam Company, Springfield, Mass,
U.S.A., 1976.

Weiller, L., "Sur la Vision a Distance par l'Electricite," Le Genie
Civil~ 15: 570, 1889 (mentioned in Shiers, G., 1981).

Wiley, R.E, "Iriter~ Report of the FCC Advisory Committee on Advanced
Television," Testimony to RHearings Before the Subcommittee C~

Telecommunications and Finance of the Committee on Energy and Commerce,"
House of Representatives, 101st Congress, September 7, 1988.

Wilson, J.C., Television Engineering, London: Pitman, 1937.

390



Wooster, J.H., -Industria1 Po1icy and Internationa1 Competitiveness: A
case Study of U.S. -- Japanese Competition in the Television Receiver
Manufacturing Industry,C Ph.D., Dissertation, University of
Massachusetts, February 1986.

Yin, R.K., -case Study Research: Design and Methods,· App1ied Socia~

Methods Series, SAGE Pub~ications, vo1. 5, 1984.

Yin, R.K., -App1ications of case Study Research,- App~ied Socia1
Research Methods Series, SAGE Pub~ications, Vo~. 34, 1993

Young, W.R., Testimony to -High Definition Te1evision- Hearing Before
the Research and Deve10pment Subcommittee and the Investigations
Subcommittee of the Committee on AImed Services, U.S. House of
Representatives, One Hundred First Congress, May 10, 1989.

Ze~1er, R. A., and carmines, E.G., ·Statistical Ana1ysis of Socia~ Data:
Laboratory Manua1,- Rand McNa11y:Co11ege Pub1ishing Company, Chicago,
1978.

Zenith Corporation and AT&T, -Digita1 Spectrum Compatib~e High
Definition Te1evision,- September 23, 1991.

391


