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Preface  

Writing this book has been an odyssey which has occupied over twenty 
years of my professional career. 

The most indelible impression of my early professional career was 
that society constantly promotes and adjusts to technological change. 
As the engineer officer of a destroyer escort, I supervised major ship- 
board modifications to accommodate new military technology. Later as 
an aerospace engineer, I developed an optimal trajectory program which 
was used to analyze the performance of the SIVB stage of the rocket 
which sent man to the moon. My experiences in the military and in the 
aerospace industry made me keenly aware of the importance of techno- 
logical change in society. 

Deciding that while moon walks were interesting, they would do little 
to alleviate social problems here on earth, I endeavored to become an 
economist and use my math and computing skills in development eco- 
nomics. In pursuing my PhD degree I was stunned to find that although 
earlier economists such as Marx and Schumpeter were deeply interested 
in technology, the mainstream economics taught by the faculty assumed 
tastes and technology as given and thus had almost nothing to say about 
how society promoted and adjusted to technological change. At that 
point, I decided to pursue my own research agenda. 

As an academic, I decided to write the minimum number of techni- 
cal articles in prestigious journals to gain tenure and devote the major- 
ity of my energies to constructing an utopian design for the emerging 
microbinics technology. The writing of this book turned out to be a 
gargantuan task. To clearly state what I wanted to say required expand- 
ing the scope of the manuscript to cover most aspects of the political 
economy. And, the more I expanded the manuscript's scope, the more 
voluminously I had to read to gain an understanding of existing social 
arrangements. In some cases writing ten pages of text required reading 
hundreds of pages of material. Not only that but in rare cases where 
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no theories existed upon which to base my utopian design, I had to con- 
struct them. Writing the early drafts of the manuscript took about three 
years each. 

With each revision my thinking progressed requiring more reading. 
For example, at first I envisioned communication technology making gov- 
ernment at all levels direct democracy. Later I realized that as govern- 
ment became more and more complicated, the average citizen would have 
no interest in participating in issues which did not directly affect him or 
her. 

The final draft presents a utopian design for society in approximately 
the year 2050. The purpose of this design is to promote discovery, in- 
vention and innovation which have become the principal aspects of na- 
tion state competition. Because the design requires major institutionM 
changes which would require a long period to gain even partial public 
acceptance, the design had to be is presented in the future. The future 
design is based on technology coming into existence. 

This book is an academic book; nevertheless, it should be of interest 
to a broader audience than simply academics. The manuscript was used 
as a text for many years in my upper division course, Informational So- 
ciety. With each revision I had my best students review a chapter. Any 
paragraph or sentence which they said was incomprehensible was rewrit- 
ten. The book should be accessible to intelligent adults who have had 
some training in undergraduate economics and political science. Techni- 
cal references are directed towards social science readers; however, as the 
technology is changing so quickly, they are merely a snapshot in time. 

I will consider this book a great success if it convinces its readers 
that the technology of the next century will create vast social changes 
which will require major institutional changes. While the reader may not 
agree with my proposed utopian design, in fact he or she may strongly 
disagree, the book is a success if at least the reader recognizes that major 
institutional changes are required to achieve better social performance. 

I would like to thank my family, especially my wife, Noreen, for en- 
during the years of frustration while I wrote this book and went through 
the rejection process of trying to find a publisher for an unusual book. 
I also would like to thank my colleague, Dan Slesnick for his encour- 
agement. I thank my editor, Mary Trachsel, for demonstrating to me 
the standards of English to write a readable book are much higher than 
the standards of English to string equations together in a publishable 
technical article. Moreover, I would like to thank the numerous graders 
in Informational Society who helped me make this book more readable. 
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In this regard, I am especially grateful to Jenny Womack, Darrin King 
and John Lubrano. Finally, I would like to thank Dave McConnell, Rose 
Antonelli and Zachary Rolnik at Kluwer Academic Publishers whose en- 
thusiasm made the final push to organize the manuscript into camera 
ready format enjoyable. 



Chapter 1 

Discovery, Invention and 
Innovation 

Introduct ion 

This book proposes major changes in the United States' government. Be- 
cause these changes would require a long gestation period to gain public 
acceptance, they are proposed for a forecast of the United States' polit- 
ical economy in the middle of the 21st century. During this period, the 
United States and other advanced societies will complete the transition 
from industrial to informational societies. Consequently, the goal of the 
new governmental design will be to promote the political economy of 
informational society. 

The magnitude of the changes in the political economy in the transi- 
tion from industrial to informational society will be as great as that of the 
previous changes which took place in the transition from mercantilist to 
industrial societies. In this transition the central concern in the study of 
political economy shifted from trade regulated by mercantilism to pro- 
duction of goods and services regulated by laissez faire. For example, 
Adam Smith in his Wealth o f  Nations 1 proposed first, the elimination of 
the trade and other economic restrictions proposed by the earlier mer- 
cantilists, and second, the promotion of a competitive political economy 
as the ideal social arrangement to prosper in an industrial society. In 
the shift from industrial to informational society, the central concern in 
the study of political economy will shift from production to discovery, 
invention and innovation. 

In the post World War II world, nations must achieve a rapid rate 
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of discovery of new knowledge and a rapid development of the associ- 
ated inventions and innovations to compete politically and economically. 2 
For example, prior to the current slowdown in the arms race, military 
competition between the superpowers has been a race to apply science 
to gain a technological advantage such as first strike capability or Star 
Wars defense 3. Economic competition has also been directed toward 
technological supremacy by applying science in product function and 
production efficiency 4. For example, the strategic element in the compe- 
tition for microelectronics markets is the striving by electronics firms for 
efficient production of ever more powerful memory chips. As the US is 
learning through competing with the Japanese, competition involves not 
only inventing a stream of new products, but also innovating a stream 
of improved procedures to produce ever more reliable products at lower 
costs. 

Most attention of social observers is focused on the immediate prob- 
lem of US manufacturing innovation 5. While US research universities are 
productive and US firms inventive in creating new products, US manufac- 
turing firms lag in innovations in manufacturing in such areas as quality 
control and robotics. Numerous remedies have been suggested including 
placing greater emphasis on manufacturing in lieu of finance, educating 
a more technologically competent workforce, and placing much greater 
emphasis on long time results in decision-making. The author assumes 
that over the next decade or so many of these suggestions will be adopted 
and the US manufacturing will regain an internationally competitive rate 
of innovation in manufacturing. 

However, attention solely to manufacturing innovation is far to nar- 
row to make the US more competitive. This is because a national po- 
litical economy which wishes to maintain an internationally competitive 
position must also generate a correspondingly rapid rate of governmental 
and individual innovation to advantageously cope with the rapid rate of 
private invention and innovation. Government must innovate to cope 
with a rapid rate of technological change which embodies both new 
opportunities for increased governmental efficiency and new problems 
which frequently will require new regulation. For example, federal, state, 
and local governments must innovate to apply advances in office automa- 
tion technology to reduce administrative costs. Also, new technologies 
frequently create new hazards with which government must innovate a 
socially efficient regulatory mechanism. 

In addition, the successful incorporation of new technology into soci- 
ety requires innovation by individuals and groups in a far broader scope 
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than just manufacturing innovation. Individuals will not use new tech- 
nology unless it can perform some social function better than older tech- 
nology, And the development of successful applications of new technol- 
ogy by individuals and groups is a form of innovation. Consequently, 
innovations are required in all aspects of daily life from business deci- 
sions to personal lifestyles. For example, currently individual experi- 
ments with telecommuting lifestyles will determine the conditions under 
which telecommuting is desirable to the individual and simultaneously 
improves economic efficiency. 6 

The reason for considering government central to the promotion of 
discovery, invention and innovation is that  government through such fac- 
tors as decentralization, intellectual property law, regulation, research 
funding and tax incentives creates the institutional framework for dis- 
covery, invention and innovation. We shall argue that  the 18th century 
governmental design for a primitive agricultural country is now hope- 
lessly inadequate to cope with the problems of the 21st century dis- 
covery, invention and innovation. Major governmental changes will be 
proposed. But in as much as these changes would require voter ap- 
proval they would require a long gestation period to be adopted even in 
modified form. Thus the governmental design is based on a forecast of 
informational society, the political economy in the mid next century. 

A requirement to achieve a good governmental design for informa- 
tional society is a theory of discovery, invention, and innovation. Un- 
fortunately, mainstream economics is not focused on these activities. 
Microeconomics T for example, considers the impact of price changes on 
supply and demand for fixed, given technology. And in standard mi- 
croeconomics the problems of discovery, invention, and innovation are 
considered external to price theory. Moreover, while numerous investi- 
gators have individually proposed discovery, invention, and innovation 
theories, none of these are widely accepted. To provide a theoretical 
basis for a revised political economic design, the first step is to present a 
theory for the design. From this theory it will be apparent the improving 
the rate of innovation, broadly defined, is an extremely difficult problem. 

Definitions: Discovery, Invention, and Innova- 
tion 

The starting point in developing such a theory is to define terms, which 
will be indicated by italics if they recur throughout the book. The first 



4 CHAPTER I. DISCOVERY, INVENTION AND INNOVATION 

two definitions to consider are discovery and knowledge. A discovery is 
a new increment to knowledge s which is defined as understanding the 
behavior of observable natural phenomena as well as understanding the 
structure of logical relationships. These observable natural phenomena 
consist of all physical, biological, and social processes which can be di- 
rectly or indirectly observed. Logical relationships, on the other hand, 
are described by the study of pure logic, mathematics, statistics and 
computer science. 

Knowledge of behavior can be further partitioned into theoretical 
models and empirical relationships. Theorists create models to explain 
and forecast behavior and empiricists observe behavioral relationships. 
Their pursuit of knowledge varies from the most theoretical to the most 
practical, or alternatively, from deep to surface. For example, theorists 
create models which vary from intuitive qualitative models to formal 
mathematical models, whose predictive capacity depends on how well 
the behavior being modeled is understood. Similarly, empiricists make 
observations using methodology which varies from carefully controlled 
experiments to casual unstructured observations. 

With definitions for discovery and knowledge, the relationship be- 
tween these two concepts can be clarified. Some examples of discoveries 
are the creation of a new theory, the observation of a new behavioral 
relationship or the development of a new skill. Current knowledge is 
the sum of prior discoveries which are stored either in human memory 
or on a human record such as printed material. Thus, not all prior 
discoveries are part of current knowledge because some discoveries are 
forgotten. Examples of forgotten discoveries are skills associated with 
obsolete technology such as the techniques for constructing stone-age 
tools, which modern archaeologists are trying to recreate 9. 

The next definition to consider is an invention. An invention is a new 
manmade device or process. A new device which qualifies as an invention 
may take such forms as a new physical product, a new biological lifeform 
or a new piece of software. A process, on the other hand, is a chemical, 
physical, or biological chain of events that produces a product or service. 
To be patentable, an invention must meet a test of originality. But the 
fact that an invention may qualify for a patent, does not guarantee that 
the invention will be profitable to produce. Each year inventors create 
numerous inventions, of which only a small percent will be profitable to 
produce. Corporations, in fact, focus much inventive effort on making 
improvements to existing products and processes. These improvements 
will be considered minor inventions, regardless of whether or not they 
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could be patented. 
Finally, we must define innovation which simply put, will be defined 

as a better way of doing things. Individuals and institutions innovate 
in all their goabdirected behavior w which is defined as an effort of an 
individuals or an institutions at achieving performance as measured by a 
criterion, whether objective or subjective. An example of goal-directed 
behavior is the effort of a firm to maximize profits. Another example 
would be the striving of a politician to obtain re-election. A third exam- 
ple, based on a subjective criterion, is the effort of a consumer to select a 
purchase most agreeable to his or her tastes. Thus, goal-directed behav- 
ior and consequently, innovation encompass a broad range of economic, 
political and social behavior. With respect to such goal-directed behav- 
ior, a formal definition of an innovation is the creation or implementation 
of a new alternative which achieves higher performance as measured by 
the respective criterion. 

Goal-directed behavior provides numerous opportunities for innova- 
tion because one aspect of almost all such behavior is selecting between 
alternatives to achieve the goal. A manager of an existing product line 
might consider producing the product line at the firm's current plant, 
contracting the product line to be produced in the Far East, or construct- 
ing a new plant which would implement new automation technology. If 
the manager implements the new automated plant and. achieves higher 
profits, the implementation of this alternative would constitute an inno- 
vation. 

Generally, an innovation is required in order to make an invention 
profitable. The invention of spreadsheet software, for instance, became 
profitable as businessmen innovated a large number of applications for 
spreadsheet analysis. But, an innovation does not necessarily need to be 
based on an invention. For example, the development of the assemblyline 
in manufacturing is an innovation which is based on the organization of 
production rather than a specific invention. 

Since the decision to develop a successful invention by a firm is the 
selection of an alternative which improves profit-striving performance, 
inventive activity by firms can be considered a special category of in- 
novation. A point made throughout the book is that invention is quite 
different from other categories of innovation. For example, property 
rights for invention differ markedly from property rights for other types 
on innovation. To keep the terminology as simple as possible, innova- 
tion, in all subsequent discussion, will refer to all categories of innovation 
other than invention. 
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Interactions and Knowledge Accumulat ion 

Once discovery, invention, and innovation have been defined, the next 
step is to describe the interactions among these activities. An important 
empirical fact to be considered is that the interactions between these 
activities are two way. For example, discoveries frequently lead to inven- 
tions, but in many cases the full economic development of an invention 
requires major new discoveries. Also, invention and innovation can lead 
to a large increase in knowledge accumulation. Fortunately, because the 
knowledge required for invention is specialized, a successful inventor has 
to understand only a portion of this knowledge accumulation. 

To illuminate these relationships, let us start with the interactions 
within the process of discovery itself. An important component of discov- 
ery is the direct pursuit of basic knowledge by scientists and mathemati- 
cians. Science has become a specialized activity which advances through 
the interactions of specialists such as empiricists, theorists, mathemati- 
cians and engineers. Empiricists discover new phenomena, which stim- 
ulate theorists to explain with new models and theories. Theorists then 
use formal mathematical methods to deduce the implications of their 
models. Empiricists either confirm or reject these implications on the 
basis of experiments and hypothesis testing. In addition, engineers using 
new discoveries create new instruments such as new observation devices 
and computers, which in turn promote further empirical and theoretical 
studies. Similarly, mathematicians in discovering the structure of formal 
relationships, create new tools which theorists can use in constructing 
formal models of behavior. Through the interactions of specialists, then, 
new formal models for explaining and predicting behavior are created 11. 

The next step is to describe the interactions between discovery and 
invention. Discovery frequently creates opportunities for invention; how- 
ever, the development of an invention generally requires further discovery 
specific to that invention. Inventors can rarely invent a fundamentally 
new product as a pure exercise in engineering. That  is, they can rarely 
design a product purely from known principles, since theory rarely pro- 
vides answers to all the design questions which are likely to arise during 
the process of invention. For example, in designing the airplane, the 
Wright brothers had to conduct wind tunnel experiments to design an 
efficient airfoil. They could not simply apply the nascent aerodynamic 
theory which existed at that time. 

The relationship between theoretical discovery and invention is two 
way. An example of a theoretical advance which led to invention is the 
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case of nuclear power. With Einstein's development of a theory to explain 
the relationship between mass and energy, physicists and engineers made 
numerous applied discoveries first to build the atomic bomb and then to 
create atomic power. In contrast, the advance of the economic usefulness 
of an invention from satisfying the legal definition for patentability to 
widespread economic application frequently requires a major investment 
in theoretical discovery 12. The development of commercial aviation and 
military airforces, for instance, stimulated the advance of theoretical dis- 
coveries in aerodynamics. In like fashion, the current efforts to develop 
superconductivity will undoubtedly generate major new theoretical mod- 
els of superconductivity. 

Moreover, discovery to develop the inventions associated with a new 
technology and its applications frequently leads to a significant accumu- 
lation of knowledge in many fields. Consider, for instance, the inventions 
associated with integrated circuits, computers and software. Crowding 
more and more components into an integrated circuit advances knowl- 
edge of materials at the atomic level, and designing integrated circuits 
advances knowledge of silicone compilers, software used in the design 
process. Reducing the production cost of computers requires discoveries 
to create new production techniques such as surface mount technology. 
One aspect of software discovery are advances in artificial intelligence to 
make programmers more efficient. The development of new applications 
software is frequently based on discoveries in the respective applications 
discipline. For example, the development of the mathematics of linear 
programming led to the development of software for applications. 

If inventors in an industry had to understand all the knowledge accu- 
mulated in the development of technology in that industry, the process 
of invention would be severely hampered by the knowledge requirements. 
But, because technology generally has a modular structure, the process 
of invention requires specialized knowledge and discovery. Consider, for 
instance, the new central processor unit, the 80486 chip, created by In- 
tel. An inventor using this chip to invent a new computer workstation 
needs to know only the operating characteristics of the 80486 chip and 
not the knowledge needed to design the chip, crowd the components onto 
the chip, or obtain economic yield rates. Similarly, the developer of the 
operating system needs only to know the operating characteristics of the 
new computer rather than information about how it is designed. Fi- 
nally, the developers of applications software knowledge of the computer 
are limited to knowing the software language and the operating system. 
This modular specialization of technology greatly facilitates invention by 
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limiting the knowledge requirements for invention. 
Within the modular structure of technology the depth of knowledge 

required for effective invention varies greatly. An inventor has an incen- 
tive to understand theory to the extent that this knowledge reduces the 
applied empirical research needed to perfect an invention. Some inven- 
tive activity takes place by inventors who understand how the modules 
work and creatively combine them. One example is the creation of the 
Apple II personal computer by Steve Wozniack who used a microproces- 
sor designed for intelligent appliances as one of his modules 13. On the 
other hand, it is doubtful that a quantum effects transistor could be de- 
veloped by an inventor without a considerable formal study in quantum 
mechanics 14. 

Next we shall consider the interactions between discovery and inno- 
vation. Innovation, like invention, can involve a two-way interaction with 
theoretical discovery. One example of a theoretical discovery promoting 
innovation is the development of the theory of statistical quality control. 
The applications of this theory to production have led to a significant de- 
crease in the number of rejects. Innovation can also promote theoretical 
discoveries. The series of innovations in the automation of manufacturing 
is stimulating all types of discoveries in machine intelligence. 

Much innovation involves the interaction of invention and surface 
discovery in the form of the development of new skills. Consider, for 
instance, the innovations in processing paper in modern offices. The 
innovation of wordprocessing as a displacement of typing required the 
development of wordprocessing skills and their dissemination through 
instruction manuals and training courses. The diffusion of stand alone 
wordprocessors set the stage for numerous inventions such as storage 
devices, laser printers, and local area networks to improve the flow of 
paperwork in the office. In addition, new inventions linking the office 
equipment together electronically promoted numerous innovations such 
as electronic filing of documents and electronic ma~l. New software such 
as desktop publishing programs generate new skills in creating docu- 
ments, and these skills in turn become the basis for a round of innova- 
tions in the use of desktop publishing in business. 

The activities of invention and innovation, then, have a multiplier ef- 
fect on knowledge accumulation. As was previously mentioned, the drive 
to obtain the full economic impact of an invention stimulates discovery. 
In addition, by definition an invention requires an innovation to become 
profitable. This innovation generally includes a significant increase in 
practical knowledge about how to produce, use, and repair the new in- 
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vention. But, as a new technology displaces an old technology some of 
the practical knowledge of the old technology is lost. 

This knowledge multiplier can be very large, as inventions and inno- 
vations frequently have a cascading effect. For example, industrialization 
started with inventions in textile machinery and innovations in textile 
production. Subsequently, by attracting a large number of workers to 
a central location, industrialization created an urban workforce. By ex- 
tension, industrialization generated innovations both in lifestyles and in 
city government in the sense that it created the need for providing pub- 
lic services such as clean water. Fully realizing the social implications 
and economic advances of a discovery in basic knowledge, then, generally 
requires a major increase ill practical knowledge. 

Improving Performance: Discovery and Inven- 
tion 

A discussion of the factors promoting discovery, invention and innova- 
tion is needed in order to evaluate the current political economy and in 
order to propose improvements. As was discussed in the previous section 
discovery, invention, and innovation are highly interactive activities. Ef- 
fective promotion of these activities therefore requires the development 
of institutions and incentive systems to promote the interactions. Let 
us start the discussion by focusing on discovery, invention and their in- 
teraction. For now, the discussion of discovery is limited to the types of 
discoveries which promote invention. 

The promotion of discovery and invention requires the resolution of a 
conflict between the free flow of ideas and economic incentives. Discov- 
ery is based on prior discovery and is consequently promoted by rapid 
dissemination of new results which anyone can use without charge. Sim- 
ilarly, rapid dissemination of the complete specifications of new inven- 
tions, available to anyone without charge, would promote inventive ac- 
tivity directed towards making improvements in the original invention. 
Suppose the promotion of discovery and invention were advanced solely 
by the pursuit of fame, tile term "the pursuit of fame" meaning that dis- 
covery and invention are usually intrinsically interesting activities which 
provide the successful researcher or inventor with public recognition. If 
the pursuit of fame were the sole incentive in promoting discovery and 
invention, then researchers and inventors would be rewarded for making 
discoveries and the specifications of new inventions known immediately 
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to all interested parties free of charge. 
While the pursuit of fame provides an excellent incentive system for 

the free flow of ideas, it does not provide an adequate financial incentive 
to promote discovery and inventive activity. The economic incentive, of 
course, is the profit from the sale of an invention. But if everyone could 
freely use the specifications of new inventions, there would be little profit 
in making large investments to develop a new invention which others 
could quickly produce. Thus, the pursuit of fame leads to economic 
incentives which are inadequate for achieving a high rate of discovery 
and invention. 

In market societies intellectual property in the form of patents, trade 
secrets, and copyright have been developed to create better economic 
incentives for inventive and artistic endeavor. A patent gives an inventor 
exclusive use of an invention for a finite period of time. A trade secret 
enables a firm to sue for damages if an employee reveMs economic secrets 
of the firm, and a copyright provides writers and musicians exclusive use 
of their creations for a finite period of time. Over time, innovations are 
needed to adjust these intellectual property rights to fit the changing 
needs of the politicM economy is. For example, in recent years copyright 
protection has been extended to software and integrated circuit masks. 

The creation of intellectuM property rights, however, conflicts with 
the free flow of ideas. Inventive activity, whether protected by patents, 
trade secrets or copyrights, generally requires directed discovery. As was 
pointed out, the full economic development of an invention generally 
promotes considerable discovery. Private funding for the profit motive 
provides managers no incentive for allowing researchers to disseminate 
results which might be of benefit to rivals. Accordingly, while property 
rights promote economic incentives for discovery and invention, they also 
tend to inhibit discovery by checking the free flow of ideas. 

Promoting a high rate of discovery and invention requires the de- 
velopment of an efficient set of intellectual property rights le. Histori- 
cMly, no property rights were created for discovery in the form of theory, 
theorems or ideas. GenerMly the more theoreticM the discovery, the 
less obvious the potentiM economic applications. For example, George 
Boole, the 19th-century mathematician, created Boolean algebra as an 
intellectual exercise. But not until a century later has Boolean algebra 
become an important tool for the anMysis and design of electronic cir- 
cuits. Discoveries such as Boole's, because their economic applications 
are not immediately obvious, are unlikely to be promoted by property 
rights. In fact, the attempt to create property rights for discovery would 
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probably reduce the rate of discovery by greatly inhibiting the free flow 
of ideas. 

The development of efficient intellectual property rights in order to 
promote invention must also take into account the adverse economic 
incentives created for rivals of the one who holds intellectual property 
rights. Patents create incentives for firms to perform research that will 
enable them to circumvent the patents of their rivals. While this research 
effort may increase the profits of the firm, it is less likely to produce a 
significant new invention. Such behavior is discouraged by laws and legal 
precedents that make the patent infringement suits more likely to collect 
damages. If, on the other hand, the laws and legal precedents make the 
successful pursuit of patent infringement suits too easy, large firms will 
use the legal costs of such suits as a competitive weapon to intimidate 
small inventive firms. 

Another example of adverse incentives of intellectual property is the 
fact that trade secrets encourage firms to reverse engineer other firms' 
products. For example, before integrated circuit masks were protected 
by copyright, rival firms would construct the designs for other firms' in- 
tegrated circuits from the product. While changes in the law modify 
economic incentives, it is, for the most part, the courts that determine 
the economic incentives of intellectual property law by setting precedents 
in cases. For example, software copyright provides a software inventor 
property rights to "the look and feel" of a copyrighted program. How 
this ambiguous phrase is defined by court precedents will determine the 
economic incentives created by this right. Because discovery must nec- 
essarily precede invention, efficient intellectual property rights indirectly 
create economic incentives for discovery. In considering the finance of dis- 
covery, then, the first question is whether firms and individual inventors 
will devote sufficient resources to promote discovery. As the economic 
value of an invention is difficult to predict, the economic value of invest- 
ment in discovery which might lead to invention is even more difficult to 
predict 17. Without analytical techniques for predicting the profit from 
an investment in discovery, businessmen determine the amount of such 
investment by rules of thumb learned over time. Through competition 
and imitation, the amount of such investment in most industries has 
gradually risen over time. 

Given the cognitive limitations of managers, firms favor applied re- 
search wherein the managers can reasonably expect profits within a lim- 
ited time horizon. The appropriate time horizon at which efforts at dis- 
covery can be expected to yield profits has sparked a fierce debate. Be- 
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cause American managers are pressured by pension funds, their bottom 
line mentality tends result in rules of thumb favoring immediate profits 
at the expense of long run competitiveness TM. In this regard Japanese 
firms are reputed to have better rules of thumb than their American 
counterparts. 

Regardless of how this debate is settled, firms are unlikely to engage 
in enough basic research to promote long term invention. First, because 
the results of basic research are in the public domain, firms have no 
mechanism for obtaining the economic value of their efforts other than 
beating their rivals in a race to create the implied inventions. Second, 
the profitable implications of basic research are often very difficult to 
forecast; and third, the time horizon for obtaining profits from basic 
research can be long. 

Government investment is therefore essential to the funding of ba- 
sic research which is not likely to yield a payoff within a moderately 
short time horizon. The public funding of basic research promoting pure 
discovery tends to partition discovery and invention into two diverse cul- 
tures. Publicly funded basic research generally takes place in research 
laboratories where the incentive system is the pursuit of fame, and thus 
promotes the free flow of ideas. The private promotion of discovery 
leading to invention, on the other hand, is motivated by potential profits 
from inventions and generally takes place in an atmosphere of secrecy. 

The discrepancy between incentive systems for these two types of 
knowledge accumulation creates two important problems. First, the vast 
difference between the incentives for basic research and those for inven- 
tion creates a serious gap in knowledge accumulation. The incentive 
structure for basic research is based on the production of original, pub- 
lishable results, whereas the incentive structure for invention is based on 
promoting those discoveries for which potential economic applications 
can be reasonably predicted. Between these two lies a gray area of re- 
search which is not prestigious enough to be considered a topic for basic 
research and which lacks the immediately perceivable economic payoff 
which is required to promote inventive discovery. An example of this 
gap can be seen in the development of nuclear power, which required the 
motivation of World War II to prompt the funding of enough applied 
research to first harness nuclear power to destructive purposes. 

Second, the gap between basic research and market cultures does not 
create strong incentives for the transfer of ideas from pursuit of fame 
researchers to pursuit of profits promoters. The pursuit of fame promotes 
communication among other researchers and not between researchers 
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and promoters of market applications. The promotion of a rapid rate 
of discovery and invention requires specific consideration of this transfer 
problem. 

Because of the gap between the pursuit of fame and the pursuit of 
profit, government has incentives to fund some applied research as well 
as basic research. The creation of government support for research raises 
many difficult questions. A political mechanism is needed to select be- 
tween competing research projects. This means that the research award 
mechanism must be able to decide not only between competing research 
projects, but also decide the boundary between applied research which 
should be funded by government and the applied research which should 
be funded by private parties. Because this boundary is fuzzy, government 
funding of applied research creates incentives for private parties to ma- 
nipulate government into funding projects which otherwise would have 
been funded by the private parties themselves. FinMly, public funding 
of applied research raises the question of who should own the property 
rights to the resulting inventive activity. 

Having considered the factors which promote discovery and innova- 
tion, let us now consider the factors which promote innovation. In the 
next two sections we shall provide a more detailed definition of innova- 
tion and then discuss the factors which promote innovation. As we shall 
see the problems of promoting innovation are more difficult to solve than 
the problems of promoting invention. 

B o u n d e d  Rat ional  M o d e l  of  Innovat ion 

A discussion of the factors which promote innovation by individuals or 
institutions requires a more detailed description of innovation. Because 
innovation has been defined as the selection or creation of a new Mter- 
native which leads to improved performance in a goal directed behav- 
ior, such a description requires a model of goM-directed behavior. In 
this book the model of goM-directed behavior will combine aspects from 
bounded rationMity and cognitive decision theories 19. Also, the model 
will be based on the empiricM fact that decision-makers expend resources 
in making decisions. 

A basic tenet of these theories of behavior is that humans have limited 
cognitive skills. While the advance in computer technology has initiated 
an increase in the analytic component of decision making, most aspects 
of purposeful behavior are still intuitive. Intuition, moreover, is largely 
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a product of the individual's personal history. Individuals perceive se- 
lectively, based on prior experience, and given their limited ability to 
integrate facts, they are sequential problem solvers. To solve a complex 
problem, then, they must simplify the problem by using heuristics, that 
is generalizations which enable them to construct a simple model of be- 
havior. In constructing such a model which accounts for prior experience, 
individuals must mentally reconstruct prior events. 

Because of these limitations, individuals approach purposeful behav- 
ior as a hierarchy of tasks to be performed in sequence. For example, 
a consumer performs the weekly task of grocery shopping by driving to 
the grocery store, selecting the items sequentially one by one, checking 
out, and driving home. Such tasks may occur at regular or irregular 
intervals. An example of the latter would be career choice decisions. 

All such tasks, however, whether undertaken at regular or irregular 
intervals, are assumed to consist of five steps, each of which are affected 
by man's cognitive limitations. The first is to generate the objective; 
the second is to determine the alternatives; the third is to evaluate these 
alternatives; the fourth is to select from the alternatives; and the fifth 
is to execute the selected alternative. In this work, the first four steps 
are considered the choice or decision problem. The last step, however, 
requires action to achieve the goal. The delineation of task behavior into 
five steps is not meant to imply that these steps are executed in a rigid, 
sequential order. For example, consumers recursively selecting items for 
their shopping baskets in a grocery store tend to combine steps. 

Because of cognitive limitations, individual task performance will 
generally be less than optimal. Indeed, faced with a complex task in- 
volving a large number of alternatives, bounded rational individuals will 
seek the satisficing rather than the optimal alternative 2°. Simply put, 
individuals will seek a good, but not necessarily the best, alternative. 

Numerous factors limit the performance of satisficing behavior. Psy- 
chological research has catalogued numerous defects in individuals' in- 
tuitive judgment and choice processes 21. With respect to the five step 
task model, judgment is required in the third step: evaluating the alter- 
natives. For most tasks individuals must forecast the future behavioral 
consequences of selecting an alternative. These forecasts are generally in- 
tuitive judgments or estimates. Human judgment, however, is dependent 
upon the order in which data  are presented. Confronted with apparently 
complete data presentations, humans will tend to overlook critical data 
omissions. Similarly, too much data can overload human mental capac- 
ities, thereby reducing consistency of judgment. Also, humans are poor 
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at making nonlinear forecasts such as predicting the social implications 
of the advances in computation. 

Moreover, most judgment situations involve uncertain phenomena for 
which man lacks the neurological circuits for optimal intuitive processing. 
One of the many defects in handling uncertain phenomena, for instance, 
is that man tends to assume erroneously that the characteristics of a 
small sample are characteristic of the general population. Furthermore, 
in combining uncertain data, humans tend to favor the concrete over 
the abstract. Also, in judgment situations where they should combine 
new data with old data, humans will frequently ignore the old data. 
When they do combine the two, they are generally more conservative 
than optimal. 

To illustrate the problems individuals have in combining uncertain 
data, consider the problem of forming a judgment concerning the reli- 
ability of a new automobile. If a friend has recently bought a model 
which turned out to be a lemon, this concrete data will tend to be given 
much more weight than a previously conducted study indicating that the 
model, on average, is reliable. The individual may, in fact, ignore the 
statistical study altogether. To illustrate the conservative nature of data 
on judgment consider the forecast that in the 90's US automobiles should 
become as reliable as the Japanese automobiles. But because Americans 
are likely to rely more on experience than statistical studies, there will 
be a time lag before the public acquires the general perception that US 
automobiles are as reliable as the Japanese. 

In addition to affecting human judgment,  cognitive limitations also 
affect the ability of individuals to make choices. Two aspects of mak- 
ing choices in the task model are generating the objective and selecting 
among alternatives, steps one and four. Individuals must constantly ad- 
just the objectives of their tasks to new conditions in a political economy 
with a rapid rate of discovery, invention, and innovation. The basic as- 
sumption underlying these adjustments is that the objectives generated 
by individuals are in fact, only estimates of the true objectives. More- 
over, experimental evidence demonstrates that individuals do not form 
consistent objectives 22 and tend to confound their beliefs about behav- 
ior with their preferences or tastes. In making choices man uses rules of 
thumb- simple common sense rules to select alternatives-to reduce the 
mental effort. 

IndividuM task performance is also limited by the costs of performing 
the various steps. For example, determining the attributes of products 
in the marketplace can be vary expensive. Recently, it became public 



16 C H A P T E R  I. DISCOVERY,  I N V E N T I O N  AND INNOVATION 

knowledge that some brands of latex paint contain mercury and arsenic. 
Yet because of the cost involved, individual consumers almost never con- 
sider performing chemical analysis of the products they buy, assuming, 
sometimes erroneously, that they will be protected by government agen- 
cies or the product liability laws. 

Because of the costs of decision-making and the cognitive limitations 
of humans, individual satisficing performance can be prone to serious 
errors. For example, humans can make make errors in judgment in pre- 
dicting future behavior involving such factors as reliability and safety. 
These errors can have dire consequences. For example, consumers who 
bought three wheeled recreational vehicles have tragically lost children 
in accidents when these vehicles turned over. 

The model of goal-directed behavior which we have now developed 
for individuals will also be applied to institutions. For tile purposes of 
this book, an institution is a group of individuals with a common goal 
organized in a computer-communlcations network and bound together 
by an incentive system. Because of cognitive limitations, institutions 
also approach goal-directed behavior as a sequence of tasks, which can 
be broken down into the five steps listed for individuals. Although insti- 
tutions generally expend much greater resources in decision-making than 
individuals do, institutions are also prone to serious errors in satisficing 
performance. Witness, for example, IBM's disastrous introduction of the 
PCjr to the home computer market. 

Because both individuals and institutions are prone to making se- 
rious errors in decision-making, what constitutes an innovation is far 
from obvious. Innovation is not synonymous with the selection of a new 
alternative. To determine what constitutes an innovation requires a pro- 
cedure for judging whether the selection of a new alternative improves 
performance. The problem is to determine the objectives for which per- 
formance is to be measured. Because individuals, firms and the gov- 
ernment face constant technological change, their respective generated 
objectives are assumed to be only estimates of their true objectives. This 
creates a problem because innovation should be defined as the selection 
or creation of a new alternative which improves the performance of a 
goal-directed task as measured against the true, but unknown objective. 

Let us start to solve this problem by considering the properties of the 
true, but unknown objectives. In this book it is assumed that the true, 
but unknown objective of a firm should be to maximize profits. The true, 
but unknown objective of government will be given the archaic term, "to 
promote the common wear', in order to distinguish the concept from con- 
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temporary social welfare theory based on utility theory 23. The task of 
government to promote the common weal involves the responsibility to 
deal with external threats, maintain internal order, promote prosperity 
and ensure the quality of life. No agreement, however, exists in identify- 
ing the basic elements of the common weal or in estimating the tradeoffs 
between them. In the case of the individual even less can be stipulated. 
It can only be said, at this point, that the true, but unknown objective 
of individuals is not considered to be equivalent to the desires of the 
individual. 

Because true objectives can not be precisely defined, criteria are 
needed by which to judge whether the creation and implementation of a 
new alternative by an individual, firm, or government is an innovation. 
For the firm, the selection of a new alternative can be considered an 
innovation if the change increases profits. In a competitive market, then 
changes which persist and are imitated can be considered innovations. 
Similarly, for activities in which governments compete such as efforts to 
attract investment in their jurisdictions, change will be considered an 
innovation if the change persists and is imitated. 

Not all criteria for judging whether change is an innovation are based 
on competition. In general, the selection of a new alternative by gov- 
ernment can be considered an innovation if the new alternative has the 
properties of consistency, general benefits, and efficiency. It will be 
argued in Chapter 2 and 8 that the extent to which these properties can 
be achieved depends on the system of checks and balances. Change in 
individual tasks can be considered an innovation if it persists, is imi- 
tated and does not diminish the common weal. The final requirement 
of not diminishing the common weal is needed to eliminate pathological 
behavior. 

Now having defined criteria for determining what is an innovation, 
let us consider some specific cases. Examples of innovation by firms in 
the task of production are the development of interchangeable parts in 
the 19th century and more recently statistical quality control. The cre- 
ation of an organizational structure with fourteen levels of management 
at General Motors as compared with five at Toyota would not, however, 
be considered an innovation ~4. In the realm of government, an example 
of innovation in the task of distributing social security checks is direct de- 
posit into the bank accounts of the recipients for the sake of convenience 
and security. A new tax loophole, however, would not be considered an 
innovation since such a loophole would lack general benefits. An exam- 
ple of individual innovation in the task of working is telecommuting by 
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professionals, whereby professionals perform their work from their homes 
or local offices through a computer communications network instead of 
having tO travel to the central workplace 25. The emergence of a lifestyle 
based on smoking crack would not be considered an innovation, however, 
as the common weal is diminished by the loss of productive capability 
and the increased likelihood of crime and child neglect. 

Because tasks have a hierarchical structure, innovation can also take 
place in the decision-making process and in the execution of a task. 
The model of goal-directed behavior implies that each of the steps in a 
task can, in itself, be considered a subordinate task. For example, as a 
consumer can expend considerable time and resources in determining his 
alternatives, this step can be considered a task subordinate to the task 
of consumption. Thus, an innovation in the task of consumption can be 
a new, superior way to determine alternatives. In general, innovations 
in the first four steps of a task can be classified as innovations in the 
decision process, and innovations in the fifth step can be described as an 
innovation in the execution of a task. A recent example of innovation in 
the decision process in the task of maintaining a financial assets portfolio 
is the use of personal computers together with information services, such 
as the Dow Jones Information Service, to identify, evaluate, and buy and 
sell alternative financial assets. 

Innovation in the decision-making process can also occur in the first 
step-generating the objective. For example, the framers of the constitu- 
tion incorporated checks and balances into the governmental design in 
order to achieve a good estimate of the common weal. Subsequently, in 
the 20th century the political reforms, such as direct election of sena- 
tors, campaign finance laws, and the principle of one-man one-vote, have 
sought to make the political process more representative. These changes 
have had a profound effect of the estimate of the common weal. Many 
social observers consider these changes innovations 26. 

Innovations which improve all aspects of task performance are fre- 
quently new forms of organization and incentive systems. The original 
form of the manufacturing corporation was called a functional organiza- 
tion. Coordination of the firm took place between the president and the 
vice presidents in charge of manufacturing, finance and other functions of 
the firm. Managers below the level of the vice presidents were specialists 
such as accounting managers. As manufacturing firms increasingly began 
to manufacture multiple products this form of organization exhibited a 
growing defect-that managers were more sharply focused on their func- 
tional specialties than on the profits of the various products and product 
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lines. The resulting shift from functional organization to profit-oriented 
divisional organization in the 1920's was a change which more sharply 
focused managerial attention on the profits of each product by coupling 
managerial rewards to the profits of their respective productsY.  Since 
profit-oriented divisional organization has persisted and has been widely 
imitated, this change is an innovation. 

Improving Performance: Innovation 

The factors promoting innovation are not intellectual property rights but 
rather steps which will improve innovation-related discovery. One factor 
is a socially adequate level of funding for innovation-related research. 
A second factor is an appropriate resolution of the conflict between ob- 
servations for research and concerns for privacy, proprietary rights and 
secrecy. A third factor is providing sufficient variation in goal-directed 
behavior to be able to study the performance of alternatives. A final 
factor is improving the strategy for implementing an innovation. 

Before considering the four factors promoting innovation, let us ex- 
plain why it would be difficult to promote innovation by intellectual 
property rights and discuss the implications of this difficulty. Currently, 
invention is promoted by intellectual property, whereas most aspects of 
innovation are not. Intellectual property rights for innovation are limited 
to trade secrets which protect some aspects of innovation in a firm, but 
as much of this innovation cannot be kept secret, even this protection is 
limited. Moreover, it is doubtful that an intellectual property right in 
the form of a patent could be created for innovation, since innovation is 
not a precisely defined object but rather the implementation of a concept 
by an individual, firm, or government. Frequently, each implementation 
of the concept is specific to the implementor. Moreover, advances in 
innovation are generally incremental. This means that few innovations 
would have such clear definition and originality to merit the equivalent 
of a patent. 

The fact that most innovation is not protected by property rights 
means that the motivation for innovation is to improve the performance 
of a goal-directed task itself rather than to sell innovation as a product 
on the market. Because innovation lacks intellectual property rights, any 
success by an innovator will be rapidly imitated 2s in a competitive mar- 
ket. In addition, for many types of innovation, the innovator has positive 
incentives to promote imitation. For example, innovations by govern- 
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ment are imitated by other governments at the same level, and officials 
responsible for the innovation enhance their reputations by providing the 
details to interested imitators. A business innovator can obtain finan- 
cial rewards for promoting imitation of an innovation by establishing a 
consulting service or by writing a how-to book. 

Also, because innovation lacks intellectual property rights, business- 
men have mixed motives concerning the dissemination of innovation. 
Firms generally prefer to maintain secrecy about innovations which give 
them an advantage over their rivals, unless, of course, there are consid- 
erable profits to be made from creating a consulting service to sell their 
expertise in creating the innovation. Firms also have a great incentive to 
disseminate knowledge about innovations based on inventions they are 
selling, and the extension of copyrights to software provides similar in- 
centives for software firms to disseminate information about innovations 
based on their software. 

While the promotion of innovation through new intellectual property 
rights may not be feasible, the promotion of innovation indirectly by pro- 
moting discovery leading to innovations is both feasible and desirable. 
The first factor to consider which will promote innovation indirectly is 
adequate funding for innovation-related discovery. Innovation-related re- 
search requires public funding for the same reasons that were discussed 
for invention-related research. As they lack intellectual property incen- 
tive, business innovators have few incentives to invest in making discov- 
eries leading to innovations which will be immediately imitated. 

Adequate funding for discoveries in the social sciences, the business 
disciplines, and the industrial and systems engineering disciplines can 
promote innovations in two ways. First, discoveries can improve the 
ability of decision-makers to forecast the consequences of selecting new, 
untried alternatives. Thus, decision-makers striving to innovate are likely 
to make fewer mistakes. Second, new discoveries in these areas result in 
innovations in many areas such as incentives, decision-making, organiza- 
tion, and production. 

A second factor which will promote innovation-related discovery is 
increasing the extent to which investigators can make detailed observa- 
tions of the phenomenon they are studying. Empirical science requires 
the researcher, at the very least, to be able to observe the respective 
phenomena by obtaining a representative sample. Today, however, the 
ability to obtain representative samples is greatly restricted by propri- 
etary rights, government secrecy, and personal privacy. For example, for 
many studies of firms, the only data available is aggregate data  which 
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masks the behavior of individual firms and subunits within the firms. 
Innovation-related discovery would be promoted by the creation of a 
scientific information policy which bMances the need for observations 
for empirical science against the needs for privacy, proprietary rights or 
secrecy. 

But a carefully crafted information policy alone is insufficient to 
provide useful observations of behavior. In most empirical studies of 
the political economy, the researcher does not perform experiments but 
rather observes the consequences of the alternatives selected by political- 
economic agents. For example, a researcher studying the profitability of 
mergers can observe the impact of mergers on overall corporate profits. 
With this type of data, sufficient variation in the data to test hypotheses 
depends on agents changing policies over time or variation in the poli- 
cies of agents in similar situations. Such data may contain insufficient 
variation to test hypotheses as, for example, all firms in an industry may 
adopt the same alternative in a task or the national government may 
maintain the same policy over an extended period of time. 

A third factor which promotes innovation-related discovery is the pro- 
motion of variation in public and private goal-directed behavior. Simply 
put, if all firms (individuals or governments at the same level) adopt 
the same policy in a task, nothing empirically will be learned about the 
possible performance of other alternatives. One approach to increase 
empirical learning is the promotion of political economic experiments by 
individuals, firms, and government. Such experiments have been per- 
formed since World War II. Another approach in political behavior is 
to decentralize government policies. Because lower levels of government 
vary in their political philosophies, decentralization would generally in- 
duce more variation than a single policy at a higher level. 

The final factor to consider which promotes innovation-related dis- 
covery is improving the strategy for implementing an innovation. Be- 
cause the theory rarely enables an innovator to accurately predict the 
consequences of the proposed new alternative, an innovator must impro- 
vise in creating his innovation. For example, a manufacturer installing 
a new production process frequently has to improvise for several years 
before the new plant becomes profitable. The successful implementation 
of an innovation generally requires much applied discovery if the perfor- 
mance of the new alternative is to improve sufficiently to be classified as 
an innovation. 

Generally, discovery for innovation takes place in a very different 
learning environment than discovery for invention. In most invention 
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situations, inventing is a separate task in which the inventor can usually 
conduct experiments to perfect a design. In contrast, the cost of ex- 
perimentation in innovation is so great that the innovator can generally 
try only a single alternative. Moreover, applied discovery to perfect an 
innovation is rarely a separate task, but rather this applied discovery is 
subordinate to the goal-seeking behavior. 

Consider, for instance, the innovation in automation in manufactur- 
ing. In the 1980s General Motors built a sequence of new and renovated 
plants such as Hamtramck, Saginaw Vanguard, and Saturn. Each plant 
was a pilot project for a new technological advance such as MAP, machine 
automation protocol, a specification to link machines in manufacturing 29. 
Furthermore, these plants have been operated to produce products for 
sale not simply as laboratories to test automation advances. 

The fact that much innovation is based upon a single alternative with- 
out experimentation creates a problem: how can the innovator perform 
the applied discovery necessary to perfect the implementation of the new 
alternative? What makes applied discovery possible at all is that indi- 
viduals, firms, and government have much greater incentives to innovate 
in repetitious tasks than unique tasks. Consequently, applied discovery 
takes place each time the new alternative is employed to perform the 
task. This basic strategy for innovation used by most innovators will be 
defined an improvisatory strategy. 

With this strategy the innovator uses this acquired knowledge to 
revise the new alternative to improve the performance. Without the 
constant stream of revisions the performance might not reach the level of 
efficiency necessary for it to be classified as an innovation. Indeed, in the 
GM example above, GM seriously underestimated the amount of applied 
discovery needed to make the advances in automation an innovation and 
scaled back the technological advances implemented in the Saturn plant. 

From the perspective of the previously discussed task model of goal- 
directed behavior, an innovator can make applied discoveries in all as- 
pects of the hierarchy of tasks subordinate to the new alternative. For 
a concrete example, consider the implementation of a new, more auto- 
mated plant to assemble a product. The process of achieving improved 
performance through discovery and revision is variously called the expe- 
rience curve or learning by doing. Specifically, performance improves as 
workers sharpen their skills at performing their tasks in the new plant. 
Design defects are discovered and corrected. Bottlenecks, for example, 
in the delivery of parts are discovered and remedied. In Japan, this 
learning by doing has been institutionalized into quality circles. 
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While individuals do indeed improve their performance by learning 
by doing and imitation, man is not an optimal learner 3°. Besides his 
previously mentioned limitations in combining data, man tends to make 
spurious correlations and to seek data to confirm hypotheses rather than 
to test them. Given the limitations of man's cognitive capabilities, the 
prospect of achieving near-optimai performance would appear slight. For 
repetitive production tasks with a given technology under competitive 
conditions, however, man appears to have the learning capacity to ap- 
proximate optimal behavior, given sufficient time 31. 

The rate at which performance in a repeated task improves depends 
on the strategy for implementing an innovation. With the improvisatory 
strategy most learning takes place through experience or through the 
need to solve obvious problems. Innovators perceive little need for sys- 
tematic variation of variables to obtain empirical discoveries that im- 
prove performance. Performance can be improved in many cases by the 
adoption of an innovation-implementation strategy which incorporates a 
more systematic approach to learning. 

To illustrate the limitations of the improvisatory strategy, we may 
suppose an innovator uses a cutoff, such as a minimum score on a test 
or a minimum grade point average as a condition of employment at his 
plant. As a consequence, the innovator will never observe the perfor- 
mance of potential employees below that cutoff and hence cannot draw 
any conclusions concerning the validity of the cutoff 32. With an impro- 
visatory strategy, this cutoff remains fixed until the innovator perceives 
the cutoff to be a problem. With no policy for systematic variation of 
such a variable, the innovator cannot develop a systematic innovation- 
implementation strategy to improve the performance of the chosen al- 
ternative. 

Another factor which influences the rate of applied discovery in im- 
plementing an innovation is the number of imitators involved. With 
competition any new alternative which produces much better results 
than current practice will be imitated immediately. Because imitators 
are likely to evaluate the factors contributing to the success of an inno- 
vation differently, imitators are likely to make numerous modifications in 
imitating an innovator. The more competing imitators generate greater 
variation, the more empirical knowledge is gained contributing to refine- 
ments to a successful innovation. 

The creation of a more systematic approach to learning for innova- 
tion is far from simple. With a single implementation of an alternative, 
most aspects of innovation do not constitute a large enough sample for 
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a statistical design. Moreover, variation through imitation is not con- 
trolled, and variation in variables over time may require too long a time 
horizon to be considered worth the effort. Finally, mathematical mod- 
els of learning subordinate to performance are very difficult to solve. 33. 
This means that the innovator mentioned above has no simple way of 
determining how hiring a sample of workers below the cutoff will improve 
the performance of his chosen alternative. Because systematic variation 
presents so many problems, it is assumed in this book that generally 
the improvisatory strategy, even with imitation, introduces far too little 
variation for optimal innovation performance. 

Nevertheless, the strategy for implementing an innovation can be 
improved in some circumstances. In tasks common to a large number 
of individuals or institutions with similar goals, there are economies of 
scale 34 in specializing the learning activity. This strategy will be called 
a separation strategy. In other words, learning for innovation, like in- 
vention, becomes a separate task. Where learning is a separate activity, 
performance in learning can be achieved through improved methodolo- 
gies such as statistical procedures and experimental designs. Once the 
performance of an innovation has been established through experimen- 
tation, the innovation will be adopted to improve performance. This 
strategy is used in agriculture in advanced nations, where research sta- 
tions experiment with new types of seeds and production techniques and 
transmit the results to the farmers. 

An important factor which will promote applied discovery to improve 
innovation performance is to shift from an improvisatory strategy to a 
separation strategy in those tasks for which there are a large number of 
participants. To adopt such a separation strategy, private firms must 
create an institutional arrangement, such as a consortium, to perform 
the research as a separate task. For governmental innovation the ability 
to implement such a strategy is dependent on how far government tasks 
are decentralized to lower levels of government. 

C o m m e n s u r a t e  R a t e  o f  I n n o v a t i o n  

Because of difficulties in evaluating new alternatives and in developing 
a good innovation-implementation strategy, the promotion of innova- 
tion is more difficult than promoting invention. Nevertheless, having a 
rate of innovation commensurate with the rate of invention promotes 
the common weal. As was pointed out, an innovation is required for an 
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invention to become profitable. However, a commensurate rate of inno- 
vation is more than the minimum rate needed to make new technology 
profitable. It is the rate which promotes international competitiveness, 
balances public and private interests and promotes a positive adaptation 
of new technology into lifestyles. 

To promote the international competitiveness of private firms, firms 
need to innovate in all their activities, not such in manufacturing produc- 
tion. For example, currently new hardware and software in computing 
and communication provide firms opportunities to innovate new proce- 
dures and organizations to more rapidly react to changing market con- 
ditions with less cost. One specific example here is the the substitution 
of teleconferencing for business travel. International competitiveness de- 
pends on firms developing a rate of innovation to rapidly exploit all the 
new opportunities made possible by new inventions. Also, international 
competitiveness requires government innovation in those services pro- 
moting business competitiveness. For example, government must con- 
stantly innovate to educate an internationally competitive workforce, 
With a rapid rate of private invention, government needs a commensu- 
rate rate of innovation to absorb the new technology into government 
services. 

In addition, with a high rate of private invention, government must 
make a correspondingly high rate of public innovation to balance pub- 
lic interests against private interests. For example, private incentives to 
produce and use DDT spread its use quickly over the globe. Increas- 
ing concentrations of DDT in the higher levels of the food chain created 
major ecological damage such as depleting bird populations prior to pub- 
lic recognition of the problem and the resulting governmental efforts to 
cope. Currently advances in computation and communication are ad- 
vancing the explosion of private data  bases on households to make pri- 
vate market decisions. While such data  bases do improve the efficiency 
of the market,  they create a heretofore unforeseen and not well under- 
stood risk to individual privacy. Judges and legislators are struggling 
to balance private interests for ever increasing household data  against a 
public need for privacy. A rapid rate of public innovation is required to 
expeditiously balance public and private interests when there is a rapid 
rate of private invention. 

Finally, individuals absorb new technology into their daily lives. For 
example, child care frequently suffers currently when both parents work 
fixed schedules in offices and factories. Technology such as automation,  
telecommuting, and teleconferencing offer parents the possibility of much 
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more flexible work organization to promote better child care. In addi- 
tion, with most women working more child care needs to be provided 
in the workplace. Innovations in life and work styles based on emerging 
technology are needed to promote child care given the assumption that 
most married women are unlikely in the foreseeable future to return to 
the role of full-time housewife. 

Book Organization and Main Themes  

One purpose of developing a theory of discovery, invention and innovation 
is to analyze in Chapter 2 the development of the United States from 
the 1780s to the present. It will be shown that much progress has been 
made in accelerating the rate of discovery and invention, but that much 
less progress has been made in accelerating the rate of innovation. For 
example, the current information policy inhibits rather than promotes 
innovation. In addition, the growth of the federal government has lead 
to poorer quality estimates of the common weal and has decreased the 
variation in governmental innovation strategy. Thus, the capacity of 
current government to innovate is deficient. 

Correcting the defects in the governmental design in order to pro- 
duce a higher rate of innovation will require fundamental changes in 
government. Since a major governmental redesign will take a long time 
to gain sufficient public support for implementation, the design must be 
based on the implications of technology which is coming into existence 
while the proposed design is gaining acceptance. The technology most 
important to the proposed design involves advances in microbinics, that 
is microelectronics involved in computation and communication. The 
current advances in microbinics are discussed in Chapter 3. 

The forecast of the implications of advances in microbinics is pre- 
sented in Chapter 4. One major impact of this technology will be the 
gradual advance of automation in both manufacturing and services. This 
advance of automation will gradually reduce the work week and require a 
new mechanism for maintaining a politically stable income distribution. 
In addition, the advances in microbinics will create a social nervous sys- 
tem, or a communication network capable of manipulating, storing and 
transmitting all text, data, symbols, voice, and images. This means that, 
increasingly, activities can be conducted from any terminal connected to 
the social nervous system. The locus of market activities will accordingly 
shift from physical locations to this social nervous system. Consequently, 
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the advance of automation and the development of the social nervous 
system will give individuals increasing freedom of location. 

With automation increasing leisure time, individuals will need an in- 
stitutional arrangement for organizing their leisure activities. Because 
individuals can meaningfully participate in only a small subset of all 
possible leisure activities, they must make mutually exclusive choices. 
Moreover, as individuals in informational society will have increasing 
freedom of location in making such choices, individuals will tend to se- 
lect communities specializing in the subset of activities which they desire. 
To promote this selection process, the role of the town in the governmen- 
tal design is to support the lifestyle of the majority. This will lead to 
increasing community specialization, which will be discussed in Chapter 
5. Two advantages of a system of specialized communities supporting 
individual lifestyles are a more personal social structure and less energy 
consumption. To properly select among thousands of smaller specialized 
communities and among large numbers of alternatives in other types of 
economic, political and personal decisions, individuals will need detailed 
data specifying the features of their alternatives. The advances in the 
social nervous system and terminal organization will promote the cre- 
ation of an increasing number of decision-support systems for making 
all types of decisions. These systems will provide large databases and 
numerous software tools for improving decision making. 

The use of decision support systems will affect economic, political and 
social behavior. The widespread use of economic-decision-support sys- 
tems is considered in Chapter 6. The development of the social nervous 
system will promote the development of information service firms pro- 
viding households with decision-support systems for making household 
consumer decisions. These systems will make markets more efficient and 
will create strong incentives for producers to make continual improve- 
ments in quality including the reduction in safety hazards. Producers 
will make even greater use of such systems than they do currently in or- 
der to more rapidly respond to changing market conditions. An example 
of a more rapid response to market conditions will be the greater use of 
the network form of organization. 

The widespread use of decision-support systems will make informa- 
tion policy a heatedly debated public policy issue. Chapter 7 addresses 
the important question of just what information each decision maker 
should be able to access for each type of decision. This problem can be 
considered in the context of the social nervous system which enables all 
individuals to sit down at their terminals connected in a giant database. 
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In such a system who should have access to what data? This question 
must be considered in three parts. First, what data should be available 
for operational decisions? Second, what data should be available for 
scientific studies? And third, how should individuals, firms, and govern- 
ment be protected from the misuse of information? 

While decision-support systems and an appropriate information pol- 
icy will make individuals better informed citizens, such support for polit- 
ical decisions is insufficient to achieve a better estimate of the common 
weal without a major governmental redesign. In Chapters 8 and 9 a 
new governmental design based on a strengthened concept of checks and 
balances is proposed. The concept of a judicial review is expanded to 
the concept of a professional review and major changes are proposed in 
all three branches of government to create better incentives. In Chapter 
9 a decentralization criterion is proposed to achieve a better strategy for 
implementing governmental innovation. 

Finally, the increasing use of decision-support systems to improve 
personal decision-making will be considered in Chapter 10. The social 
structure of informational society is such that striving for individual 
success should promote social progress. 

The main theme which recurs in a variety of forms throughout the 
book is innovation. First is the expansion of decision-support systems 
for all types of decisions. Second is the proposal for information policy. 
Third is the effort to shift from an improvisatory strategy to a separation 
strategy for implementing innovation where ever possible. Fourth is the 
proposed revision in the system of checks and balances to achieve a better 
estimate of the common weal. And last is the proposed decentralization 
criterion to achieve greater decentralization and consequently greater 
learning in government. 
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Chapter 2 

T h e  Pas t  

Introduction 

The starting point to consider a governmental design for informational 
society which meets the proposed criterion of promoting a high rate of 
discovery, invention and innovation is to examine the evolution of the 
political economy since 1790. In this examination a consideration of the 
development of incentives and institutional arrangements for discovery, 
invention and innovation is important in order to forecast future ad- 
vances. Hence, the new governmental design should focus on making 
improvements which are unlikely to evolve from the current design. 

The examination of our political economy will be divided in three 
periods: 1780-1789, 1790-1889, and 1890-1989. To establish the govern- 
mental design of the Constitution as a reference point, discussion will 
start with the 1780-1789 period. Because the Progressive period, start- 
ing in 1895, marks the beginnings of major modifications in government, 
the period from 1790-1889 will be considered separately from the period 
1890-1989. In order to provide background material and to point out to 
the reader the magnitude of change over time, the principle features of 
the political economy will be summarized for each time period. 

The fundamental concern of the founding fathers in writing the Con- 
stitution was to solve the problem of creating an effective government 
which had limited powers. As the United States could adapt technology 
from the more advanced Great Britain, discovery, invention and inno- 
vation were very secondary considerations. With the exception of the 
establishment of a system of copyrights and patents, discovery, inven- 
tion and innovation were not considered in the Constitution. 

33 
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In the first hundred years, 1790-1889, while manufacturing became a 
major economic activity, the government remained consistent with the 
original design. The central government remained limited, regulation of 
business was by common law, and there were few public goods. Also, 
until the end of the first one hundred years, universities did little research, 
inventors used largely trial and error methodology, and innovators used 
intuitive improvisatory strategies. 

In the second hundred years, 1890-1989, services have become the 
dominant economic activity. Secondly, the government has progressively 
deviated from the original design as government has become much larger 
and much more centralized. Much of this growth has been the provision 
of an increasing array of public goods. At the same time, regulation has 
shifted from common law to administrative agencies. Also, in the second 
hundred years, the rate of discovery has accelerated with the creation of 
increasing numbers of research universities, which have received public 
funding for research since World War II. In addition, the creation of 
corporate laboratories and increasing applied research have led to a more 
systematic approach to invention. 

As the United States political economy has advanced from agriculture 
to manufacturing and then to services, discovery, invention and innova- 
tion have become progressively more important factors in national and 
international competition. The basic thesis of this chapter is that in- 
novations in incentives and institutions have greatly increased the rate 
of discovery and invention but have not increased the rate of innova- 
tion nearly as much. First, current information policy does not provide 
observations for innovation-promoting discovery. Second, in most cases 
there has been no advance in the strategy for implementing innovations. 
Third, governmental innovation is hindered by the failure of the system 
of checks and balances to encourage the selection of alternatives with the 
properties of general benefits, consistency and efficiency. Moreover, the 
current governmental design is unlikely to eliminate all these defects. 

Original Design 
In considering our country's original governmental design an obvious 
fact must be emphasized: the Constitution and the Bill of Rights were 
written for the political economy of the 1780s, not the 1980s. Therefore, 
to understand the governmental issues from a perspective of the 1780s, 
a brief review of the 1780s is in order. 
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Two important factors shaping the development of the colonial econ- 
omy were cheap land and expensive transportation 1. Most Americans, 
given the availability of cheap land, were members of small farm house- 
holds. And as these households were linked to the towns by very poor 
roads, internal land transportation was very expensive. Water trans- 
portation was cheaper, but given the existing technology and the long 
distances between settlements even this transportation was costly. With 
high transportation costs, most goods were produced in the farming 
household or locally by artisans. In the early American economy, then, 
much less activity took place through markets than today. The US, 
rather than constituting one national economy linked to the world econ- 
omy, consisted of numerous semi-isolated economies, each connected to 
one another and the world by water travel. 

The significant market activities of the 1780s were commercial farm- 
ing and trade. Larger farmers, such as the Southern plantation farmers 
who grew tobacco, rice and indigo as cash crops, were more market 
oriented. But even the Southern plantations were self sufficient in most 
staples, with the cash crop sold to England in order to buy luxury goods. 
In the middle Atlantic states smaller commercial farmers produced live- 
stock and grain for market. Lacking an abundance of good agricultural 
land, and with plentiful fish off the coast, New England developed fishing, 
ship building and world trade. But even in New England most people 
were small farmers. 

The political economies of the various states were very different from 
the national political economy of today. First, almost all businesses were 
sole proprietorships or partnerships, thus very few corporations existed. 
In fact, a legislative bill was required in order to obtain a charter for 
a corporation, an institutional form opposed by agrarians. Second, few 
of the current government activities existed at that time. For example, 
at that time social welfare was the province of the extended family not 
the government. As life expectancy then was much less than today, the 
burden of the aged on their extended families was slight. Nor was the 
environment an issue as it is today. Although agricultural practices did 
result in topsoil erosion, as long as land seemed unlimited no action was 
deemed necessary. 

During the period from the first settlements to the 1780s, economic 
expansion was primarily the result of the increase in land under cultiva- 
tion and not the advance of technology. During this period knowledge 
accumulation was slow; with the exception of funds for exploration, no 
money was spent on basic research. Harvard was a college educating stu- 
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dents to be clergymen, not to be research scientists. Because England 
was much more industrially advanced than the United States, the most 
effective means for technological progress was to adapt English knowl- 
edge to American conditions rather than to devote major resources to 
new inventive activity. With a slow rate of technological change, the 
correspondingly sluggish rate of innovation was not perceived to be a 
problem. Moreover, with a small knowledge base and no urgent need for 
inventive or innovative activity, the need for extensive formal education 
was not apparent. For the most part education was acquired through 
experience, such as growing up on a farm or serving an apprenticeship. 
What formal education most people received took place in the home or 
local community. 

In the confederation as is the case currently, both monetary and trade 
policies were controversial. Then as now, people debated the value of an 
expansionary monetary policy. State legislatures dominated by agrarians 
created paper money to produce an expansionary money supply favoring 
the debtor, and legislated restrictions on the foreclosure of farms for bad 
debts. Such policies were bitterly opposed by the economic elite, the 
creditors. Similarly, trade controversies arose because economic policy 
was the sole province of the sovereign states. Trade policy of the time 
reflected mercantilism rather than free trade, with each state promoting 
its industries at the expense of its neighbors. 

The most important problems of the 1780s, however, were political 
rather than economic. The confederation was designed to minimize the 
transfer of power from the sovereign states to the central government, 
which consisted of a congress, a weak executive and an adequate court. 
This government was indirectly responsible to the people through the 
state governments. Its congress had no power to tax, to raise troops, or to 
regulate commerce; the individual states retained these powers normally 
associated with a sovereign nation. Thus the confederation government 
lacked any means of enforcing its laws in the states. Many perceived it 
as too weak to either maintain internal order or to promote external 
security. Shay's Rebellion, an armed tax revolt of Western farmers, 
accentuated its weakness in maintaining internal order 2. 

A growing perception of its weaknesses motivated the Confederation 
congress to convene a Constitutional Convention in 1787 which exceeded 
its mandate to create a new government. The Constitution created an 
effective federal government which was directly responsible to the people 
through the popular election of congressmen. The issue of sovereignty 
was resolved by making the federal government supreme, but dividing 
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the acknowledged powers of government between the federal and state 
governments. The federal government was granted authority for defense, 
foreign affairs, and foreign and interstate commerce and was given some 
other minor powers such as control over territories. To fulfill these re- 
sponsibilities, the federal government had the power to tax, to raise an 
army and to take whatever action was deemed "necessary and proper" 
to fulfill its specifically assigned duties. 

While creating a stronger central government was a central concern 
of the framers of the Constitution, promoting discovery, invention and 
innovation were minor concerns. Nevertheless, as these three activities 
are central concerns of this book, an examination of how these three 
activities are addressed in the Constitution is important to establish a 
base point from which to study their subsequent evolution. Invention- 
promoting discovery was considered a private matter  not to be discussed 
in the Constitution. In regards to observations necessary for innovation- 
promoting discovery, the Constitution did establish a nascent informa- 
tion policy. The one active requirement for observations was a census 
taken every ten years as a basis for representation. Also, implicit in 
the original design is the basis for political economic observations. To 
formulate policy a legislator implicitly had the power to investigate po- 
litical economic conditions. This right stems from the right of the British 
Parliament to investigate established in the 17th century 3. As this mat- 
ter was not an issue in state governments, no mention was made in the 
Constitution. 

While the implicit power of Congress could thus be used to promote 
discovery to improve policy, the founding fathers' explicit concerns about 
information policy are more directly expressed in the Bill of Rights. In 
this document information policy is primarily directed toward protecting 
individuals from the potential abuse of power by government: the First 
Amendment denies prior restraint in speech, the Forth requires probable 
cause for searches of papers, and the Fifth prevents self-incrimination. 

Currently, in view of the numerous data bases and the mass of trans- 
actions data being analyzed, the lack of privacy alarms many individuals. 
Yet, in the 1780s the current privacy issue did not exist; much less ac- 
tivity took place through the market, and the keeping of records was so 
expensive that few records were actually kept. Consequently, the indi- 
vidual did not need a Bill of Rights protection for privacy. 

With regards to invention, the Constitution authorized the creation 
of a federal system of patents and copyrights to provide economic incen- 
tives for invention. With regards to private innovation, the Constitution 
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is silent. Private innovation is left to private initiative. 
Although the framers of the Constitution did not explicitly consider 

public innovation as defined i n  Chapter One, they did create a gov- 
ernment which promoted such innovation. The applicable criterion for 
governmental innovation is the selection of a new alternative which has 
the properties of general benefits, consistency, and efficiency. First, let 
us examine how the property of general benefits was defined by the 
framers of the Constitution. Second, let us consider what institutional 
arrangements were made to achieve the property of general benefits in 
the selection of an governmental alternative. And third, let us consider 
the properties of consistency and efficiency. 

To understand how general benefits were defined by the framers of the 
Constitution, it is necessary to consider the political theory upon which 
the Constitution is based. The framers of the Constitution were spokes- 
men for the politically conservative economic elite, the large planters 
and merchants, and as practical men of affairs they discussed the polit- 
ical issues using conventional wisdom rather than the abstract concepts 
of theorists 4. During the l?th and 18th centuries, these theorists, such as 
Hobbes, Locke and Rousseau 5, developed social contract theory to dis- 
place religious arguments as the accepted political basis for government. 
Social contract theory derives from the question: Under what conditions 
would a rational man in a state of nature enter a contract to create a 
government? 

In Locke's model, the most widely accepted version of social contract 
theory, the individual's goal is to enjoy his property-that  is his life, 
liberty, and his estate earned by his labor. According to Locke, a rational 
man would give up some of his freedom to better enjoy the remainder 
in an ordered political society. As Madison subsequently pointed out 
in number 10 of Tile Federalist Papers, the purpose of government is 
to grant the individual the right to enjoy his property. To the extent 
that individuals have different abilities to acquire property, then, the 
purpose of government is to preserve inequity. From the perspective of 
the framers of the Constitution, the resulting design problem was to limit 
government's scope in order to allow the individual the right to acquire 
and enjoy property, but at the same time to create a stronger government 
in order to reduce external threats and preserve internal order. 

Thus, in creating an effective federal government, the framers of the 
Constitution were concerned that this government not exceed its spec- 
ified powers. Consequently, a condition that the selection of a govern- 
mental alternative have general benefits is that the selection not exceed 
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Constitutional limits. The main problem in meeting this challenge, ac- 
cording to the framers is that in a representative government, the less 
successful majority tend to interfere with the property rights of the more 
successful minority. Restrictions on foreclosure of farms in states con- 
trolled by agrarians had made this particular concern concrete rather 
than abstract to the framers. 

One device the framers employed to achieve these desired govern- 
mental limitations was the system of checks and balances. Proposed by 
Montesquieu and made explicit in the construction of several of the state 
governments, this system was designed to place checks on the tendencies 
of the three government branches to exceed the prescribed boundaries 
of their authority. The President was given the power of veto, and the 
Congress could overturn the veto with a two-thirds vote. The Presi- 
dent also could appoint judges who were to be confirmed by the Senate. 
The most interesting type of check was the concept of judicial review 6 
spelled out by Hamilton in the Federalist Papers and first asserted by 
Chief Justice Marshall in the 1803 Supreme Court decision, Marbury 
vs. Madison. This concept gives the court the power to limit the other 
branches of government to powers expressly granted or implied by the 
Constitution. Passage of the Bill of Rights placed further limits on the 
power of the government. 

A second device to limit government was the imposition of specific 
restrictions on the state governments. The states could not exercise 
powers granted the federal government, such as the power to coin money, 
In addition, the states were prohibited from interfering with contracts. 
In strengthening the right of contracts, the framers of the Constitution 
ensured that state governments would not interfere with the individual's 
quest to acquire property. As a consequence, the economy would evolve 
through market mechanisms based on individual property rights. 

While the framers of the Constitution had a clearly articulated con- 
dition for general benefits, they did not even consider such properties as 
efficiency and consistency in government. This is not surprising because 
when government is severely limited in its scope and is a very small com- 
ponent of political economic activity, neither governmental consistency 
nor efficiency are very important. However, we shall subsequently ar- 
gue that as the size and scope of government increased, governmental 
efficiency and consistency become more important. 

In summary, two features of the original governmental design which 
promoted innovation were tile system of checks and balances and the 
restrictions on state legislatures. These design features promoted the 
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selection of new alternatives which would remain within the scope of 
Constitutional restrictions, a condition of general benefits as envisioned 
by the framers of the Constitution. At the same time the framers of the 
Constitution did not consider the conditions of efficiency and consistency 
worthy of incorporation in small government. 

An additional feature of the original government which promoted 
its innovation was the decentralization of its powers. By defining the 
powers of the federal government explicitly, the framers meant to leave 
the implicitly defined residual to the states and the people. Later this 
division was confirmed by the 10th amendment. Because most govern- 
ment activities were decentralized to the state and local governments, 
the governmental design meant that initially most governmental innova- 
tion would take place below the federal level in an atmosphere of political 
economic competition and imitation. 

First  H u n d r e d  Years: 1790-1889  

In its first hundred years, the United States progressed from a second 
tier agricultural nation to the most advanced manufacturing nation in 
the world. By strengthening the concept of property rights, the Consti- 
tution promoted the growth of the economy through market mechanisms. 
The major impediments which were overcome in the transformation were 
the high cost of transportation and capital, not an inadequate rate of 
discovery, invention, and innovation. As most of the governmental inno- 
vations which were responses to industrialization occurred at lower levels 
of government and in the courts, few federal-government changes were 
required. 

The first step in analyzing the first hundred years is to present a 
brief summary of the transformation of the political economy during 
this period. By 1890 the frontier had disappeared from the continental 
United States and with the expansion of the United States to the Pa- 
cific the population had increased from approximately 4 to 62 million. 
Because of continual improvements in transportation and communica- 
tion, the United States changed from a collection of small, semi-isolated, 
regional economies into a single, national market. This transformation 
meant that economic activity became increasing specialized. Farming, 
for instance, became more commercial, with the farmer selling a cash 
crop to satisfy a larger portion of his needs through the market rather 
than from home manufacturing. Towns, cities and regions also became 
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progressively specialized in their economic activities. The type of adap- 
tation which created the greatest change in the political economy was 
the growth of manufacturing, which began as a regional specialization of 
New England. 

The transformation of the economy can be seen in the value added 
data available starting in 18397 . From 1839 to 1889 the gross national 
product expanded by a factor of about 7.6, whereas manufacturing and 
construction increased by a factor of 15.1. Manufacturing and construc- 
tion increased from 31% of the output to 61% of the output during this 
period. 

Manufacturing started with the processing of raw materials, such as 
lumber, and consumer goods, such as textiles. Over time, however, capi- 
tal goods, for example machinery and steel, became ever more important. 
As manufacturing developed, the size of the industrial firm expanded and 
provided jobs for a growing portion of the population. By 1890 less than 
half of the workers were employed in agriculture. 

Concurrent with the development of markets and manufacturing was 
the development of financial services and commerce. The first bank 
was incorporated in 1781 in Philadelphia and by 1890 there were over 
8000 American banks with over $8 billion in assets. As more and more 
goods were produced by factory organization, the volume of goods be- 
ing shipped longer distances to markets for final consumers increased. 
Entrepreneurs created new marketing institutions such as jobbers, de- 
partment stores and catalog sales. 

The development of manufacturing also modified social organization 
as individuals and households moved from farms to the cities. In 1790 
about 5% of the population lived in towns and cities with over 2500 in- 
habitants, but by 1890 about 35% of the population was urban. During 
the period from 1790 to 1860 New York grew from only 33 thousand to 
over 1 million inhabitants. Not surprisingly, the fastest growing com- 
ponent of government in the first hundred years was city governments 
which were needed to provide municipal services. 

In addition, the growth of the cities created a new lifestyle. Instead 
of the entire family working as a production team on the farm, the male 
became the laborer, the wife the shopper, and the children students. The 
family, rather than being isolated on the farm, lived in a neighborhood 
linked to the metropolitan world by newspapers. Because the industrial- 
ization which promoted urbanization also made the income distribution 
less even, these urban neighborhoods became income stratified. 

The second step in analyzing the first hundred years is to exam- 
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ine the the transformation of the political economy in greater detail. 
The most important factor promoting the growth of manufacturing was 
the improvement in transportation. While a rapidly growing popula- 
tion creates a growing demand for goods which favor mass production, 
industrial production will not displace handicraft production unless the 
cost of the former is less than the cost of the latter. In order to meet 
this requirement industrial production generally must proceed on a much 
larger scale of operations than handicraft production; hence, to be prof- 
itable manufacturing generally requires a much larger market. Whether 
a market for manufactured products is sufficiently large depends on the 
cost of transporting raw materials and finished products; the higher the 
transportation cost, the smaller the area over which a manufacturer can 
successfully compete with local handicraft producers. 

If transportation costs had remained at the levels of 1790, manu- 
facturing would have grown much more slowly if at all. Throughout 
the nineteenth century, however, transportation costs fell continually 
because of various improvements in transport systems s. The first of 
these were in water transportation. In the East, the state of New York 
built the Erie Canal linking New York with the Midwest, and subsequent 
canal construction linked the Great Lakes to the Mississippi River. In the 
Mississippi Valley river boats were constantly undergoing improvements. 
With the introduction of the railroad after 1830, ground transportation 
also improved dramatically . By the time of the Civil War, the East 
Coast was linked to Chicago, and after the Civil War the entire nation 
was spanned by railroads. 

Because of these and other improvements in technology and because 
of increasing competition among transport systems, in most cases freight 
rates decreased throughout the first one hundred years by over an or- 
der of magnitude. For example, railroad freight rates gradually fell by a 
factor of ten from 1830 to 1890. The year round travel of the railroads 
permitted a better matching of supply and demand of manufactured 
goods in remote markets which had formerly relied on water transporta- 
tion. Railroads are much faster than water travel, and in the North 
water travel is interrupted in the winter. 

Other important factors promoting the growth of manufacturing were 
improvements in communication and finance. Communications improve- 
ments facilitated the control of enterprises spread over great distances. 
The fall in the cost of transportation and the increase in speed vastly im- 
proved the mail service, for instance, and the invention of the telegraph in 
1839 created instantaneous communications over long distances. Along 
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with these technological improvements the development of banks, the 
stock market and other more specialized financial intermediaries reduced 
the cost of capital by increasing the efficiency of channeling savings from 
rising incomes into investments. Another mechanism to funnel savings 
into investment was the adoption of a corporate form of organization 
first in the railroads and then in manufacturing. 

The third step in analyzing the first hundred years is to consider the 
role of discovery, invention and innovation in the transformation of the 
political economy. Obviously, this transformation was based on a large 
number of discoveries, inventions and innovations. Even so, during this 
period there was little concerted effort to deliberately accelerate the rate 
of discovery, invention, and innovation. 

One factor which was not necessary at the beginning of the first 
hundred years in order to promote a rapid economic advance was a 
large investment to promote basic research. As long as manufacturing 
could rapidly advance through intuitive trial and error experimentation 
to adapt English technology to American conditions, there was little need 
to consider creating new ideas that  would lead to new inventions. 

But as the US caught up to England technologically, the need to 
increase the rate of discovery gradually became a policy objective. The 
first step in this direction was a by-product of creating an educated 
workforce for a manufacturing society. As they industrialised, states de- 
veloped a system of public education. At the federal level, the Morrill 
Act in 1862 promoted the creation of public universities. Up until this 
time the only basic research conducted in this country was exploration 
such as the Lewis and Clark expedition. But in the latter part of the 
nineteenth century, the major universities began to emulate the German 
model of a university by emphasizing research as an important univer- 
sity goal 9. Moreover, a number of individuals founded new universities, 
such as John Hopkins, specifically for the purpose of promoting research. 
Thus, in the first hundred years the creation of public education and the 
research university laid the foundation for the subsequent acceleration 
in discovery. 

During the early development of manufacturing in the US, most man- 
ufactured items were adaptations of British technology rather than devel- 
opments from new discoveries. Slater, a British mechanic, in conjunction 
with Brown, a Providence businessman, set up the first textile mill in the 
United States in 1793, but it wasn't until the 1820s, when improvements 
were made to the designs copied from the mills around Manchester that 
textiles became consistently profitable in the United States 1°. Further- 
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more, the mechanical skills used in developing textile machinery were 
transferable to the development of machinery for the factory production 
of other goods 11. 

The development of new products in the first hundred years generally 
required very little resources and very few people. Inventors created most 
inventions using only an empirical trial-and-error development procedure 
without extensive applied research. The classic example of this method 
is the folklore surrounding Edison's development of the electric light 
bulb. With this methodology, inventors during the first hundred years 
created a high rate of adaptations, inventions, and improvements simply 
by intuitively exploiting surface knowledge. 

However, the folklore surrounding Edison's achievements is mislead- 
ing in two aspects. First, as educational levels rose throughout the first 
hundred years, inventors increasingly had engineering or scientific train- 
ing. Second, Edison himself, in developing a research and development 
facility at Menlo Park, was a forerunner to the development of a more 
systematic strategy for invention in the second hundred years. 

Besides invention, the private sector made numerous innovations cru- 
cial to the transformation of the political economy. In the United States, 
labor was more expensive than in England; hence, successful adaptation 
of technology mandated using less labor than the original English tech- 
nology. One American contribution to manufacturing in this period was 
the concept of interchangeable parts in mechanical equipment. This in- 
novation reduced labor both in assembly and in subsequent repair. A 
second major American innovation in manufacturing was assembly-line 
production, which increases efficiency of labor by greater specialization. 
Cyrus McCormick had employed both concepts in the production of 
reapers by 185012. 

In addition, private innovators improved the organization of man- 
ufacturing firms by creating the manufacturing corporation organized 
by functions 13. The corporation was a desirable institution for raising 
capital, as it limited the liability of the stockholders to the value of the 
corporate assets. The functions of the corporation, such as production, 
marketing, and finance were departmentalized, and each department was 
headed by a vice president managing a specialized staff. The methodol- 
ogy of innovation with respect to business organizations was an intuitive, 
improvisatory strategy with imitation. The corporate form for manu- 
facturing is, in fact, an adaptation of the corporate form developed to 
promote railroads, and this organization, in turn, was an adaptation of 
the joint stock trading companies. 
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In order to discuss public innovation, one fact must be emphasized. 
During the first hundred years government was highly decentralized. The 
promotion and regulation of the economy of each state was the province 
of the respective state government. Moreover, in each state most regula- 
tion of the economy was performed by state courts under common law. 
Also, most of the problems of coping with urbanization were delegated 
to municipal government, The fact that government was highly decen- 
tralized meant that both public and private innovators used an intuitive, 
improvisatory strategy with imitation by competitors. 

From the beginning, government innovated new tasks in order to 
promote development. The first such task was the promotion of trans- 
portation to spur development faster than market incentives alone could 
do 14. As financial markets developed and private firms were able to 
finance larger projects, government promotion shifted from direct own- 
ership of projects, such as the Erie Canal, to subsidies, such as those 
paid by various levels of governments to promote railroads. 

In addition, state governments had to innovate to provide public 
goods necessary for industrialization. For example, consider education. 
With industrialization, urbanization and commercialization of agricul- 
ture, the need for better education for all segments of society increased, 
and as both market incentives and charity funds were insufficient to 
create mass education, the states, starting with Massachusetts in 1827, 
passed legislation to create mass primary education at the local level. 
The public high school was created in the cities and the system of pub- 
lic secondary education expanded rapidly after the Supreme Court of 
Michigan approved the use of local taxes to support public high schools 
in 187415 . 

Regulation of business at the state level by the courts also led to 
innovations in the form of precedents defining business law. In the origi- 
nal design the regulation of business was left to the states and originally 
most states left such regulation to the common law16-that is, the sum 
of precedents established from earlier decisions. By tradition judges had 
to follow the precedents of higher courts or suffer the embarrassment 
of having their decisions overturned. As society has changed, however, 
judges have been faced with new legal situations which are not covered 
by precedents. The judicial mechanism for innovation is for a judge to 
create a new precedent for a new legal situation, using an intuitive, im- 
provisatory strategy with imitation from other jurisdictions. As society 
changes, then, judges innovating new precedents can create substantial 
changes in the common law. For example, property originally meant 
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land, and legal precedents had to be created to expand the definition 
of property to cover physical capital. Similarly, prior to the develop- 
ment of large-scale manufacturing, the doctrine of caveat emptor, or 
buyer beware, placed the burden of testing products on the buyer 1~. 
But through changes in precedents, continuing up to the present, the 
burden was shifted to the producer. This is socially advantageous in 
that it is cheaper for the manufacturer to test products than it is for 
each consumer to do so. 

The brunt of the innovations required to cope with urbanization were 
left, however, to the municipal governments. These governments had 
to innovate to provide municipal services such as water, sewage, trans- 
portation, lighting, education and welfare TM. Providing fresh water and 
removing sewage had a very high rate of social return in reducing disease. 
As part of their vote-getting activities the bossism form of government 
provided the first welfare services. 

Competition between the cities meant that municipal government 
had to constantly innovate to provide better services for the growing 
economy. To create streets capable of handling city traffic flows, for 
instance, street construction evolved from cobblestones to granite blocks 
to asphalt, and city lighting developed from lanterns to gas lighting to 
electric lighting. Many of these services constituted natural monopolies 
in that large-scale production was required to achieve economies of scale, 
and more than one producer would have meant expensive duplication of 
delivery systems. In the search for incentive to further the economic 
performance of natural monopolies, cities relied either on franchises or 
city owned production units. 

The last aspect of the decentralized government of the first hundred 
years to consider is how governmental competition promoted innovation. 
Consider, for example, the corporation. Initially the fact that obtaining 
a corporation charter required a legislative act encouraged the holders of 
charters to bribe legislators in order to prevent new competition. As the 
corporation increased in popularity, the number of applications naturally 
increased. In response to these conditions, the industrial states gradually 
developed the legal form of a corporation from a limited charter under 
state supervision to a general incorporation by administrative act super- 
vised by market forces. The move to general incorporation was directed 
toward creating equal opportunity and meeting the pragmatic need to 
lessen graft and limit legislative workloads to manageable proportions 19. 

Since fees from incorporation could be an important component of 
state finance, states competed to entice corporations to relocate by pro- 
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viding the desired innovation in the corporate form. For example, in 
1879, J. D. Rockefeller created the trust as a device to obtain a produc- 
tion cartel in oil refining and for some time this trust form of business 
organization was widely imitated. Eventually, however, it was success- 
fully challenged as a monopoly under common law in the Ohio courts, 
and the parallel rise in demands for federal antitrust legislation created 
the need for an alternative form of business organization. The holding 
company, made legal by the state of New Jersey in 1889, became the 
legal alternative. 

The development of the corporate form of enterprise would have been 
much slower if granting corporate charters had become a power of the 
the federal government. With federal control of charters the agrarians, 
who at best were suspicious of corporations, would have slowed the de- 
velopment. In fact, the institutional structure of capitalism exemplified 
by such movements as general incorporation and compulsory education 
developed much faster in an environment of state competition in the 
emerging national market than would have been the case with a cen- 
tralized design. Support for government innovations promoting indus- 
trialization was initially concentrated in the states that specialized in 
manufacturing, hut in time, as other states industrialised, they imitated 
the innovations of the original manufacturing states. 

S e c o n d  H u n d r e d  Years:  1890-1989  

A brief survey of the evolution of the political economy in the second hun- 
dred years is in order to provide background material for the analysis of 
discovery, invention and innovation. During this period the economy was 
transformed from manufacturing to services and from national markets 
to international markets. In addition, as its scope expanded, government 
grew to become a large component of the political economy. Finally, the 
rate of discovery, invention and innovation accelerated during this period. 

During the second hundred years services displaced manufacturing 
as the dominant economic activity 2°. The term services covers a variety 
of economic activities such as government, wholesale and retail trade, 
transportation and public utilities as well as consumer and producer 
services. The magnitude of the growth of these activities is reflected in 
the fact that today over 70% of the work force is employed in services. 

When examined closely, however, this change from manufacturing 
to services is less than that implied by the figures. The definitions of 



48 CHAPTER 2. THE PAST 

services tend to overemphasize the shift from manufacturing since many 
services support the production, marketing and distribution of goods. 
Because centralized plants require goods to be distributed to the con- 
sumer, approximately 25% of the employed are in distributive and retail 
services. These distributive services consist of transportation, commu- 
nication, utilities, and wholesale. The growth in employment in these 
services started in the first hundred years, as manufacturing began to 
expand. An even more recent growth area has been producer services 
which include finance, insurance, real estate, and corporate law. Also, 
the popular image of the growth of services as the growth of consumer 
services such as fast food franchises is totally incorrect. Actually, em- 
ployment in consumer services has declined slightly because the decline 
in personal servants in private households has dominated this category. 

Another major economic change that has taken place during the sec- 
ond hundred years is America's growing participation in the interna- 
tional economy. Improvements in transportation, communications, and 
the efficiency of capital markets have resulted in significant progress in 
integrating the world economy into a single market. Through applied 
science inventors created new forms of transportation-the airplane, auto 
and truck- and made improvements in all forms of transportation. These 
inventions and improvements have provided a much greater choice in 
speed, flexibility, and cost of transport for people and goods. In compar- 
ison with the first hundred years, current transportation is much faster 
and less costly. 

Simultaneous with advances in transportation inventors and innova- 
tors have made numerous improvements in communications. Advances 
in telephone technology, for instance, have made the telephone a major 
instrument of communication. At first, given the telephone's initial high 
cost, businessmen were the primary users in local business communica- 
tions. But with the falling costs of this device and service, individuals 
have made increasing use of telephones for personal communications. 
Falling costs, then, have greatly increased the volume of phone conversa- 
tions by businesses and individuals alike, especially in the realm of long 
distance communication. 

As a consequence of the advances in transportation and communica- 
tions, an increasing number of goods have become items of world trade, 
and national economies have become more specialized: Improved com- 
munications have also enabled multinationals to manage activities world- 
wide, and low transportation costs mean that production for world mar- 
kets can take place in almost any location. Following the example of 
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the integration of world asset markets, entrepreneurs are beginning to 
use the advances in communications to integrate global markets for ser- 
vices. Given continuing advances in transportation and communication, 
economic incentives will promote a single, integrated, global political 
economy; however, progress is periodically interrupted by wars, trade 
restrictions in depressions and recessions, and numerous attempts to 
create lasting cartels. 

The transformation of the American political economy from a system 
based originally on agriculture, then on manufacturing, and finally on 
services has completely transformed the social structure of this country 
since the 1790s. Currently most people live in metropolitan areas, where 
as a result of rising real incomes, they have experienced an increase in 
leisure. The creation of the automobile has made possible a much more 
mobile lifestyle, and as a consequence individuals now participate in a 
wide range of work, consumption, and leisure activities dispersed over 
a wide area. The telephone further supports this dispersed lifestyle by 
allowing individuals to participate in many activities without having to 
be physically present at a particular location. Finally, the advances first 
in radio and then in television have saturated society with new media. 

Another important feature of the evolution of the political economy 
in the second hundred years to consider is the growth of government 21. 
This growth of government as a regulator and provider of public goods 
was a major component in the previously discussed growth of services. 
In 1890, government constituted only 0.8% of all employment. By 1977, 
however, government employment, including jobs in public education, 
was over 25%. As a component of the gross national product, all levels 
of government have collectively grown to over 30% . 

Because in the original design the concept of judicial review was sup- 
posed to keep the government limited to the original social contract, the 
Constitution, the expansion of the scope of government from limited to 
comprehensive might appear contradictory to the intent of the Constitu- 
tion. And as modifying the Constitution was intentionally made difficult 
by the requirements of the amendment process, gaining authority for 
such growth by amendments would have been very difficult. But since 
the Marbury vs. Madison the Constitution has become the Constitution 
as interpreted by the Supreme Court. Hence the growth of government 
has been accommodated not by amendments, but by Supreme Court in- 
terpretations. For example, regulation of manufacturing was accommo- 
dated by the Supreme Court, after some initial reluctance, interpreting 
the commerce clause to cover manufacturing. 
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The growth in government occurred in three main periods-the Pro- 
gressive Period from 1895 to 1914, the Great Depression of the Thirties, 
and the Post-War Period. The assumed tasks of government during these 
periods can be classified into two broad categories: regulation and the 
production of public goods. In regulatory tasks the government attempts 
to produce higher performance than would have been the case without 
regulation. Examples of government regulatory behavior include regu- 
lation of the environment and stabilization policy, which is the use of 
monetary and fiscal policy to reduce economic fluctuations and promote 
growth. Public goods, on the other hand, are goods and services, such 
as the military or education, for which the market solution is considered 
insufficient. 

In the first period of government growth, the regulatory role of gov- 
ernment was greatly expanded by the Progressives, a middle class reform 
group which organized to address the issues resulting from the transfor- 
mation of the American economy from an agricultural economy based on 
small farms to a manufacturing economy led by giant corporations. The 
Progressives perceived actual market performance as considerably less 
satisfactory than the theoretical ideal of self-regulating markets. They 
considered child labor and the condition of women in the workplace un- 
desirable and foresaw that the high accident rate in factories and mines 
could become politically destabilizing. For these reasons, the Progres- 
sives organized at the state level to regulate such issues as child labor, 
women in the workplace, and worker safety and health. 

In addition, the Progressives believed the ruthless conduct of indus- 
trialists in creating the major corporations threatened the ideal of fair 
competition in the marketplace. Reformers addressed this issue of a 
competitive market at the federal level by the use of the Sherman An- 
titrust Act to prosecute business combinations, the passage of the Clay- 
ton Antitrust Act prohibiting predatory practices in business, and the 
establishment of the Federal Trade Commission to monitor competitive 
behavior. 

Although Progressives pursued their objectives vigorously, the re- 
suiting legislation represented a compromise between the goals of the 
Progressives and the interests of business. The Pure Food and Drug 
Act, enacted to improve the sanitary conditions of the stockyards, for 
instance, was needed by the packers in order that they might to sell beef 
in Europe 22. And it was major banking interests that pushed through 
the Federal Reserve System, thus establishing a central bank to act as a 
lender of last resort. This establishment of the Federal Reserve System 



Second Hundred Years: 1890-1989 51 

in 1914 marked the federal government's first step in assuming the task 
of economic stabilization. 

In the Depression the federal government expanded its role in sta- 
bilizing the economy 23, a role made law in the Economic Employment 
Act of 1946, and asserted its obligation to provide economic security. 
Under mainstream academic economic theory of the time, the federal 
government had no stabilization role in a depression because the econ- 
omy was perceived as a self-regulating mechanism. Under the prospect 
of social unrest or, even worse, a move to radicalism, however, Roosevelt 
felt compelled to act in the traditional improvisatory strategy of gov- 
ernment. The basic idea behind much of the Depression legislation was 
that by preventing competition, government could preserve the status 
quo firms. Since the growth of the large corporations, industry leaders 
had proposed the idea of ruinous competition, that is, the idea that in- 
dustry could compete so hard that all members of an industry would 
be ruined. The proposed solution to industrial overcapacity during the 
Depression, then, was to cartelize each industry in an effort to restrict 
production, raise prices and restore profits. 

The concept of cartelization was implemented in the Industrial Re- 
covery Act which granted firms in each industry the right to form car- 
tels. To obtain Labor's cooperation this act granted Labor the right to 
unionize. The move to total cartelization of the economy was stopped by 
the Supreme Court's decision that the Industrial Recovery Act was an 
unconstitutional delegation of legislative power. Despite this decision, 
Labor obtained legislation for its part of the IRA, and individual indus- 
tries such as oil, trucking, and airlines succeeded in obtaining government 
regulation to lessen the force of competition. The banking industry sim- 
ilarly obtained specific legislation limiting competition between banks, 
and in agriculture the policy of parity prices and restrictions to planting 
acreage was initiated. 

In addition to its effort at cartelization in the Depression, the federal 
government began providing public goods which previously were consid- 
ered private, such as credit to industry, farmers, and home owners and, 
through the creation of the Tennessee Valley Authority, electricity. The 
government's regulatory tasks were expanded to include soil conserva- 
tion, securities and exchanges, and banking. 

Finally, in the Depression the government created programs to pro- 
mote individual economic security. One example of such programs is 
the Civilian Conservation Core, set up to provide employment for young 
men; another is the beginnings of the joint effort between business and 
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tile state and federal government to provide unemployment insurance. 
In the same time period the passage of the Social Security Act of 1935 
marked the initial recognition of a federal welfare role, which initially 
provided aid to the needy. 

After World War II the government continued to expand its role as 
a regulator and provider of public goods 24. Since the war the United 
States has assumed the role of protector of the free world in response 
to the Soviet threat and to this end, the accelerated rate of discovery 
and invention has continually boosted the cost of keeping the military 
technologically superior. However, now with the collapse of the commu- 
nist empire and the end of the cold war, this component of government 
expenditures should start to decline. 

Later in the Sixties, which like the Progressive Era was a period of 
relative prosperity, politicians enlarged government roles acquired in the 
Progressive Era and the Depression in hopes of obtaining a higher quality 
of life. These politicians cited market failures to provide public goods 
with positive social value and the control of externalities as a rationale 
for expanding government. The production of public goods believed 
not sufficiently supplied by the market, such as education and research, 
was expanded. In a similar growth of the government's welfare role, a 
concerted effort was made to reduce the number of people below the 
poverty line by supplying specific services such as food stamps, housing 
subsidies, medicine and aid to needy children. The needs of the aged, 
too, were met by an expansion of social security benefits and the creation 
of Medicare, a program that provides medical service to the aged. 

A major new regulatory concern that has developed in the postwar 
period is the environment. While government regulation of the environ- 
ment dates back to the establishment of national parks and forests in the 
first hundred years, the new emphasis is now on controlling environmen- 
tally harmful externalities of previous economically successful applica- 
tions of the natural sciences. The Clean Air and Water Act exemplifies 
the resulting legislation aimed at regulating various forms of environmen- 
tal pollution. To administer this and other environmental legislation, the 
Environmental Protection Agency was established in 1971. 

The government's tasks as an umpire and as a stabilizer of the econ- 
omy, then, have expanded greatly since the Progressive era. Initially, in 
the Progressive Era, the role of government was to act as an umpire to 
make business competition a fair game. In the 1960s, however, this role 
was expanded to include all individuals regardless of race, sex or creed, 
ensuring that they could obtain equal opportunity in employment, or be 
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free from discrimination as consumers. A consequence of acknowledging 
in law the government's role as stabilizer of the economy in 1948 is that 
the status of the economy, primarily perceived in terms of employment 
before elections, has become an important campaign issue in subsequent 
presidential elections. Politicians in order to solve the plethora of tasks 
which they assumed have made governmental organization progressively 
more complicated. One type of choice creating this complexity has been 
the preference after 1887 for creating independent government agencies 
to regulate business rather than rely of private action under state com- 
mon law. The resulting growth of business regulation through admin- 
istrative agencies has created a patchwork organizational structure for 
regulation. Early regulatory agencies such as the ICC generally regulated 
a single industry. The Post World War II regulatory agencies followed 
a new pattern of generally regulating a single activity - product safety, 
worker safety, and the environment - throughout the economy. 

The provision and production of public goods has also developed a 
very complex organizational structure. Originally, the federal govern- 
ment and state governments were thought to operate in separate spheres 
of influence, and this separation was defined by the 1Oth amendment. In 
the first hundred years, in such areas as education, this division blurred 
somewhat because all levels of government assumed educational tasks to 
perform. By the 1960s a bewildering array of decentralization schemes 
among the federal, state, and local governments emerged. One mecha- 
nism for the new decentralization has been the federal grant to finance 
state and local tasks like urban renewal. The resulting structure of gov- 
ernment has produced a great increase in activities for which all levels 
of government perform some of the tasks. 

More than one level of government can also perform tasks in regula- 
tory activities of government. For example, to clean up the environment, 
the federal government mandated that state and city governments take 
action. Als0, to promote safety and health in the workplace the federal 
Occupational Safety and Health Administration, OSHA, was established 
over state workman's compensation programs which in turn were super- 
imposed over the earlier state common law. 

The growth of new multilevel activities of government has been sanc- 
tioned by the Supreme Court's interpretations of the 10th amendment. 
For example, with the 1985 Garcia decision 25 the Supreme Court has 
now interpreted the 10th amendment to imply that decentralization of 
government states is to be determined by the national political process. 
This totally political criterion means that the complex multilevel organi- 
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zation is likely to remain the norm for any new governmental activities. 

Accelerat ion  of  Discovery,  Invention and Inno- 
vation 

The third feature of the evolution of the political economy during the 
second hundred years to consider is the acceleration of the rates of dis- 
covery, invention and innovation. Since 1790, the rates of discovery, 
invention, and innovation has continually accelerated, especially during 
the second hundred years. As was previously pointed out the foundation 
of this acceleration was the creation of public education and the research 
university during the first hundred years. 

In the second hundred years the rate of discovery has increased due to 
public funding of all types of research. In 1887 the Hatch Act initiated 
public funding for university research in agriculture. The impetus for 
expanding the scope of such public funding was the success of applied 
research in World War II in producing such technology as the atomic 
bomb. The National Science Foundation was created to publicly fund 
research in most fields through a peer group review system of grant 
proposals 2e. Public funding increased in response to the Soviet cold 
war threat and the specter of Soviet technological domination raised 
by Sputnik. Up to the present, high levels of expenditures for basic 
discovery have been sustained by a growing realization of its importance 
in military and economic competition. 

Public funding of all types of research created the research univer- 
sity as the institutional arrangement to accelerate the rate of discovery. 
Political support for the creation of the research university with a teach- 
ing role was a coincidence of the need to educate the baby boomers and 
the need to dominate science. Major state-supported universities were 
accordingly transformed from teaching institutions to research institu- 
tions through the expansion of PhD programs. The PhD student became 
both a junior researcher and the ubiquitous TA or teaching assistant, an 
arrangement which enabled the faculty to spend more time on research 
and at the same time teach more students by using TAs. 

The magnitude of this expansion in research can be indicated by the 
fact that in the second hundred years the number of universities conduct- 
ing research has increased by an order of magnitude, and there are more 
scientists living today than have lived in all previous times. In addition 
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to universities, government laboratories and some private laboratories 
are engaged in basic discovery. While the expansion has occurred in all 
fields of study, funding has been highest in fields corresponding to the 
perceived potential for advances in military weapons, economic compe- 
tition and social value. 

At the same time that the rate of discovery accelerated, institutional 
innovations directed toward obtaining a more systematic approach to in- 
vention and product improvement accelerated the rate of invention. The 
need to develop a better methodology for invention was the fact that 
starting with the electric light and the telephone in the latter part of 
the 19th century, a characteristic of most new inventions has been that 
they require considerable applied research to reap their full economic 
potential 27. Also, as scientists accumulated knowledge in the natural 
sciences, formal university training to grasp this knowledge made in- 
ventors more efficient in improving existing inventions and creating new 
inventions 2s. 

Accordingly in the second hundred years to promote applied research 
as the basis of invention and product improvement, corporations devel- 
oped specialized corporate research and development laboratories staffed 
by university-trained specialists. By World War I, over fifty corporations 
had laboratories 29, and today most corporations, intent on improving ex- 
isting products and inventing new ones, conduct organized research and 
development at various levels, from basic knowledge research for major 
breakthroughs to the most mundane forms of applied research to create 
minor improvements in existing products. 

International competition has led to a continual effort to accelerate 
the rate of invention. For example, as was discussed in Chapter One, ba- 
sic research and marketplace invention have very different incentives and 
information flows. To speed up the development of market applications 
from basic research, public and private decision makers have taken many 
steps to bridge this gap. One example has been public funding of applied 
research by agencies such as the Department of Defense. This funding 
is much greater than funding for basic research. Unlike basic research, 
most of this research is directed at achieving specific objectives. 

With new forms of technology resulting from applied research, new 
forms of property rights are required to promote continued inventive 
activity. A recent advance in this area has been the extension of copy- 
rights to software and chip masks, which are designed to manufacture 
integrated circuits, and another has been a joint public and private effort 
to create the applied research consortium, a development made possible 
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by a relaxation in the antitrust laws. The consortium, which is some- 
times supported by public funding, enables firms to pool the risk involved 
in long-term development of research ideas. An example of such a con- 
sortium is MCC, which was formed to promote inventions in hardware 
and software. 

The private sector has also made innovations to speed up the devel- 
opment of market applications. Major corporations, for example, now 
fund university research with various agreements as to the allocation of 
the resulting economic value. Also, financiers have innovated a new type 
of finance known as venture capitalism to promote new ideas in new 
firms known as start ups. Venture capitalism has developed in a modern 
environment of research universities surrounded by high tech firms. The 
new firms emerge either from university research or develop as splinter 
groups from established firms. 

This institutional structure of new product development is in con- 
stant flux. Currently there is a recognition of the need to improve the 
transfer of knowledge from public government research laboratories into 
private economic products. Developing an efficient transfer mechanism 
from public laboratories to private firms is as difficult as developing such 
a mechanism between research universities and private firms. 

The new institutional arrangements have supplemented rather than 
replaced the old. The lone inventor continues to remain active creating 
new useful products frequently without a deep knowledge of the underly- 
ing technology. Such inventors exploit the considerable body of practical 
discovery concerning the technical components generated by the expan- 
sion of the industry. An example of a product developed this way is the 
Apple personal computer created by a technician in the computer field. 
Also, corporate research remains active in improving existing products 
and developing new products. 

The acceleration in invention has led to a continual stream of new 
products being introduced into the political economy. And along with 
increased invention, the rate of innovation has necessarily increased sim- 
ply because of the vast quantity of new products and applications to 
consider. Providing a good index of the high rate of innovation are the 
numerous innovations based on the invention of the digital computer, 
since advances in computer hardware and software have bad an impact 
on all aspects of basic knowledge accumulation, invention, and innova- 
tion. 

In mathematics, for example, two researchers used 1100 hundred 
hours of computer time to prove the four-color map conjecture 3°, which 
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implies that only four colors are required to color a US map such that no 
two adjoining states have the same color. The proof is controversial he- 
cause it deviates from the standard of simple, easy-to-verify arguments. 

Similarly, in some branches of science advances in theory require 
computations that can only be performed by supercomputers. Meteorol- 
ogy, for example, now produces fluid dynamic models of the atmosphere 
which can consist of tens of thousands of equations. A practical result 
of such computer studies is much improved world weather forecasting. 
In invention itself, the major innovation the computer has created is the 
great reduction in trial-and-error testing through computer-model sim- 
ulation. Chemical reactions can be simulated with a computer, greatly 
reducing the effort it would otherwise take to find new compounds with 
economic value. 

Likewise, advances in computation are the basis for advances in the 
design and production of products. In designing products such as auto- 
mobiles, wind tunnel tests and stress tests can be conducted on the com- 
puter design by using computer simulation programs. With this method 
numerous potential designs can be evaluated at much lower costs since 
no prototypes are required. In addition, the application of computers is 
also generating major innovations in automating production processes. 
For example, a recent step in the progress towards automation of produc- 
tion has been the creation of a computer language by GM called MAP 
which creates communication protocols that enable the machines in the 
factory to communicate with one another. 

Equally significant are the ways in which computers have improved 
administrative paperwork. For example, before the computer, businesses 
such as insurance typically organized this paperwork as an assembly line, 
with each individual responsible for a minor component of the process- 
ing. The computer was initially used to expedite the functioning of these 
routine administration paperwork assembly lines, but with advances in 
computer terminals and software, all of the operations involved in pro- 
cessing insurance claims and customer service functions were organized 
in software such that a single customer representative could handle all 
of the customers' problems. Similarly, with advances in accounting soft- 
ware, a firm can analyze the profitability of its operations in increasing 
detail. This has led to reorganization and improvements in incentive 
systems to link rewards for managers with the profitability of their func- 
tions. 

Using computers humans are also making major innovations in their 
decision-making processes. With the creation of decision-support sys- 
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terns and analytic software tools, the computer is promoting a shift from 
intuitive to analytic decision making. The availability of large volumes of 
transactions data provides corporations with new ways of making more 
sophisticated analyses of alternatives. Among the computer tools that 
are used to analyze these alternatives today are linear programming, ex- 
pert systems, and spreadsheets, developed from the fields of operations 
research, artificial intelligence and finance, respectively. Before the cre- 
ation of software-decision-support systems, middle managers performed 
the analysis themselves and passed reports up the chain of command. 
Now, however, in increasing numbers of businesses, all of these data 
analysis functions can be performed by a small number of staff people 
at the corporate headquarters, using increasingly sophisticated software. 
The resulting innovation in corporate structures has been a decrease in 
the number of levels in the corporate hierarchy. 

The shift to a more analytic framework for decision making using 
information technology has not resulted in an instantaneous improve- 
ment in performance. In fact much of the expenditures in information 
technology has been wasted because management failed to carefully con- 
sider how the information system was supposed to improve performance. 
Improvements in the decision framework using technology require a care- 
ful redesign of the tasks to be performed using the new combination of 
humans and technology. Genuine innovations in the use of new inven- 
tions such as computers and improved methodology have advanced the 
rate of innovation. The new computer based analytic approach to de- 
cisions increased the rate of innovation by enabling decision makers to 
consider many more alternatives than were possible with the earlier in- 
tuitive evaluation methodology Currently, this new analytic framework 
for considering alternatives is primarily employed in business and gov- 
ernment. 

In addition to better evaluation technology, some industries have 
made improvements in the intuitive improvisatory strategy for innova- 
tion. In agriculture, for instance, the adoption of a better innovation 
implementation strategy, the separation strategy, has accelerated not 
only the process of discovery and invention but also the process of inno- 
vation itself. Starting with the Morrill Act of 1862, legislation created 
a system of agricultural experimental stations for research and a system 
of county agents to transmit their successes to farmers. Agricultural 
research stations now experiment with production techniques such as 
fertilizer application as will as inventions such as new seeds and equip- 
ment. This means that innovation itself is accelerated by the adoption 
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of a separation strategy wherein innovation as well as invention benefits 
from good, statistically designed experiments al. 

Evaluation of  Discovery,  Invention and Innova- 
t ion 

With the growth of the international economy in the second hundred 
years, the ability of a nation's individuals, firms and government to dis- 
covery, invent and innovate has become has become one of the most 
important aspects of international competition. One consequence of the 
growth of government during this period is that the overall performance 
of the political economy has become as dependent on governmental per- 
formance as private-firm performance. Therefore, the ability of govern- 
ment to innovate has become as important as the ability of private firms 
to innovate. Also, individuals must innovate new lifestyles to integrate 
new technology into everyday life. 

With the growth of a competitive world economy, the rates of discov- 
ery, invention and innovation have increased throughout the developed 
world. An important aspect of this change has been that the rate of 
invention has accelerated much faster than the rate of innovation. 

The current disparity between the invention rate and the innovation 
rate can be attributed to two factors. The first factor is the empirical 
fact that the rate of discovery which promotes invention has accelerated 
relative to the rate of discovery which promotes innovation. That is sci- 
entists working in the natural and biological sciences have made much 
larger gains in understanding natural and biological processes than sci- 
entists working in the social sciences have progressed in their efforts to 
produce knowledge about social behavior. 

The advances in scientific knowledge have led to the creation of sim- 
ulation programs which enable inventors to evaluate the performance of 
alternatives without experiments. The advances in the social sciences, 
however, have provided fewer tools for analyzing alternatives, and the 
poor forecasting performance of most social science simulation programs 
limit their usefulness. This means that to evaluate an alternative for 
innovation, an empirical implementation is generally required. This is 
true even for many innovations in production because current knowledge 
in social sciences is insufficient to simulate accurately the impact of al- 
ternative organizations and incentive systems on worker and manager 
performance. 
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A second factor contributing to the disparity between the invention 
rate and the innovation rate is the empirical fact that the methodology of 
invention has advanced relative to the methodology of innovation. Cur- 
rently most invention experimentation has advanced from trial-and-error 
to more systematic methodology. In contrast, innovation experimenta- 
tion is still considered too expensive in most cases with the exception of 
experimentation for agricultural production innovations. The strategy 
for innovation implementation is primarily an intuitive, improvisatory 
strategy. This means that business, governmental, and lifestyle innova- 
tion remain largely the creations of the heroic figure of the entrepreneur. 

The fact that invention has increased relative to innovation is clearly 
evident in the fields of medicine and law. In medicine, advances in physics 
and chemistry have been transmitted through biology to provide a much 
better understanding of how the cell works, and this advance has lead 
to a great increase in inventions for curing illness. This ability to cure 
illness, however, has advanced much faster than innovations in the de- 
livery of affordable medical service to all citizens. Knowledge of the 
economics of medicine has advanced slowly, and systematic experimen- 
tation in medical delivery systems and incentives would be prohibitively 
expensive. 

Similarly, in the field of law, fast-moving technology such as compu- 
tation and communication creates new social problems faster than the 
judicial system can set precedents or legislators can create appropriate 
legislation. One such example is the resolution of the conflict between 
privacy and efficiency in the computational analysis of transactions data. 
Although the study of law is now being integrated with the social sci- 
ences, as in the law and economics movement, advances in the social 
sciences are insufficient to provide judges with tools for setting prece- 
dents more rapidly or to enable legislators to create legislation more 
quickly. 

The fact that the innovation rate lags behind the invention rate has 
an important implication concerning the ability of the US to compete 
internationally. Before considering this implication explicitly it is first 
necessary to examine whether the US rates of discovery, invention and 
innovation are currently competitive worldwide. 

First, consider the rate of discovery which promotes invention. With 
the creation of large numbers of research universities and a competitive 
funding mechanism, the US has developed an institutional arrangement 
and incentive system which produces an internationally competitive rate 
of discovery. One measure of this success is the number of Nobel Prizes 
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awarded US scientists. Maintaining this internationally competitive rate 
of discovery requires maintaining the appropriate levels of funding for 
both research and research facilities. Organized lobbying groups are 
likely to succeed in this effort. Nevertheless, as the rest of the world 
advances towards the economic levels of the US, it is unrealistic to think 
that the US will dominate every field, In a specialized world economy 
the US need dominate only the fields promoting inventions in the areas 
of US comparative advantage. 

Second, consider the rate of private invention and manufacturing in- 
novation. These two must be linked together because of the empirical fact 
that the success of most inventions requires a consistent inventive effort 
at product improvements and a consistent innovative effort to develop 
an efficient production process. In this regard, the US has developed 
an internationally competitive rate of new inventions with the promo- 
tion of applied research and the development of corporate research and 
development facilities. As was the case in discovery, the advance of the 
specialized world economy means the US can not expect, nor should at- 
tempt, to dominate invention in all industries, only those US-specialized 
industries. 

The aspect of private invention and innovation in which the US is 
currently seriously deficient is in product improvement and manufactur- 
ing innovation. One reason Japanese firms are better at product im- 
provement than their US rivals is that Japanese managers have a longer 
planning horizon than their US counterparts. A second factor of the 
1980s was the higher relative US interest rates. This has led to the re- 
luctance of US managers to make the massive research and development 
expenditures necessary to transform an invention which is technologically 
feasible into an invention which is economically profitable. 

Equally important, the US has lost its position as the leading in- 
novator in manufacturing. Given the size of the US market, the US 
manufacturing philosophy at the end of World War II emphasized large 
scale production in very large batches. Changing the production process 
from one product to another was expensive and time consuming. Be- 
cause land was inexpensive, the US manufacturing managers had little 
incentive to reduce the size of manufacturing complexes by reducing the 
large inventory of parts and work in progress. 

After World War II US managers were smugly complacent concerning 
the superiority of their manufacturing processes and neglected to imitate 
the improvements of their foreign rivals. For example, when W. Edwards 
Deming, a statistical quality control innovator, advocated US manufac- 
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turers adopt his approach, he was soundly rebuffed. In contrast, his 
ideas were enthusiastically adopted in Japan. Generally, in established 
US industries manufacturing became a neglected activity staffed by the 
least capable managers, who emphasized cost reductions in the existing 
production facility and avoided major risky innovations. In addition, 
management-labor conflict resulted in stiflingly rigid work rules. 

In contrast, after World War II the Japanese innovated a new produc- 
tion methodology based on small production batches and the flexibility 
to quickly switch production from one product to another. Because land 
was expensive in Japan, managers had powerful incentives to reduce the 
space required for manufacturing by greatly reducing inventory in parts 
and work in progress. This lead to the just-in-time manufacturing phi- 
losophy which holds as the ideal: zero inventory. In order to accomplish 
the goal of just-in-time inventory, Japanese manufacturers had to place 
tremendous emphasis on quality control which resulted in Japanese prod- 
uct superiority. Moreover, the Japanese developed an education system 
to produce more qualified workers than the US. Also, Japanese managers 
provided workers with an incentive system to achieve large advances in 
productivity through worker participation in decision-making. 

The US did not respond to the Japanese challenge until the Japanese 
electronics firms had driven their US rivals from the consumer electron- 
ics business. Although the US currently leads in some areas of man- 
ufacturing innovation such as applications of computers to design and 
production, the US lags in many areas such as applications of robots 
and management-labor relations. Currently US government and corpo- 
rate policy makers are well aware of the deficiencies of US manufacturing 
innovation and are beginning to make a concerted effort to correct these 
deficiencies by adapting Japanese innovations to US culture. This im- 
itative effort is likely to take several decades and should result in the 
surviving US manufacturing industries being equal to their foreign rivals 
in innovation. 

Outside of manufacturing innovation, the rate of innovation in the 
US is comparable to rates in other countries. The US is an innovation 
leader in the application of computers to all aspects of society and the 
individualistic ethic of Americans encourages rapid lifestyle innovations 
such as telecommuting. 

To give the US a competitive edge in discovery, invention and innova- 
tion, a great deal more needs to be done than simply solve the problems 
causing the US to lag behind Japan in manufacturing innovation. Cur- 
rently the rate of innovation is the bottleneck which prevent the US from 
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more rapidly absorbing the high rate of invention. As long as the rate of 
innovation remains a bottleneck there is little point in trying to increase 
the rate of invention or the rate of discovery which promotes invention 
to still higher levels. Accelerating the rate of innovation would give the 
US a tremendous competitive edge, even though other nations would 
quickly imitate US successes in this endeavor 32. 

An important step in promoting innovation is to increase the rate of 
discovery which promotes innovation. While the rate of discovery in the 
the social sciences and business disciplines has accelerated, the increase 
has not been as great as in the natural and biological sciences. And al- 
though the government funds considerable research, most of its resources 
go toward creating a public feedstock of ideas for the private development 
of inventions. As the benefits of social sciences research are general and 
frequently controversial, the social sciences lack powerful interest groups 
promoting their interests and consequently, current funding for the social 
sciences is only 5% of the NSF budget 33. Nevertheless, tools to analyze 
Mternatives are required to improve the methodology of innovation be- 
yond the intuitive improvisatory strategy. And one way to bring about 
an improvement in developing tools to analyze Mternatives is through 
adequate funding for research promoting innovation. 

Among the obstacles impeding an accelerated rate of discovery in the 
social sciences and business disciplines are the conflicts in scientific infor- 
mation policy. To promote discovery in social behavior, the approach of 
empirical science requires systematic observations. Specifically, scientists 
need to make systematic observations of all political economic behavior 
in order to discriminate much more rapidly between competing theories. 
Unfortunately, private collection of data is generally impeded by conflicts 
with proprietary considerations and privacy. Firms generally desire to 
restrict the flow of such information to prevent competitors from under- 
standing their competitive positions. Between private parties, of course, 
information policy depends on voluntary release of information as mod- 
ified by required disclosures. For example, producers of food products 
must disclose the ingredients, including additives, on the label. Private 
parties typically filter voluntarily released information in such a way as 
to promote their own interests, and because of this such information does 
not generally constitute a representative sample. 

In contrast to private individuals, the legislature has the power to 
obtain information to formulate legislation. Unfortunately, this power is 
primarily used for attention-getting investigations which are more useful 
for educating the public to the need for action than for providing data 
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for the systematic study of the respective behavior. The administrative 
agencies since the 50s have had the same powers as the legislature in 
obtaining information to accomplish their specified missions 34. But while 
the administration collects and releases some representative samples of 
information such as census data, most of the information is collected 
only for administrative purposes. Consequently, most administrative 
data has little empirical value because it does not contain the desired 
variables or have sufficient controls to be considered a representative 
sample. In fact, for much business data, the government only releases 
aggregate data which masks rather than reveals behavior. 

Given the severe restrictions on obtaining representative samples, 
most empirical research on political economic behavior is frequently car- 
ried out using data samples collected for oblique reasons: hypothesis 
testing is restricted to those hypotheses for which data is available. Nat- 
urally, this problem inhibits the development of the business disciplines 
as well as the social sciences. For example, an empirical management 
scientist can rarely obtain representative samples of data on the rela- 
tionship between incentives and performance of middle managers across 
companies in an industry. 

Resolving the conflicts in scientific information policy is just one step 
toward establishing a better information policy to promote innovation. 
An acceleration in the rate of discovery will produce an increasing num- 
ber of analytic tools with which to investigate alternatives, and with the 
growth of computers and software, these tools will increasingly be part 
of decision support systems for all types of decisions. The tools will aid 
choice behavior, promoting innovation and imitation as well as better 
decisions in general by allowing the decision maker to better evaluate his 
potential alternatives. 

But tools to evaluate alternatives are useless without the requisite 
data. For this reason, operational information policy should enable 
decision-makers to evaluate both the positive and negative aspect of de- 
cisions so that they can be internalized into decision making. As parties 
in market decisions have incentives to voluntarily disclose positive as- 
pects, generally only negative aspects need to be considered for required 
disclosure policy. Operational information policy will lead to better de- 
cisions and additionally, will require less government regulation. At the 
same time, individuals need some privacy and must still be protected 
from abuse of information. Likewise, firms must retain protection from 
loss of trade secrets. Information policy must therefore balance the needs 
of scientific advance, operational efficiency, and privacy. 
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Even if observations are improved nothing will be learned if the vari- 
ables under study do not if fact vary. Individuals, firms, and the gov- 
ernment generally pursue their respective goals with the best current 
knowledge. This means that for many variables of interest, goal-seeking 
behavior can result in very little variation. For example, rival firms in an 
industry can each use very similar production techniques, organizations 
and incentives. This is especially true for the federal government, where 
equal treatment before the law and an aversion to experimentation in- 
hibit variation. Private firms have conducted experiments in incentives 
such as the famous Hawthorne experiments 35, which were conducted by 
General Electric to determine what factors influenced worker productiv- 
ity. Since World War II, the government has conducted a limited number 
of social experiments in such issues as peak load pricing and guaranteed 
income 36. Currently the amount of variation in public and private pol- 
icy (especially systematic variation from experiments) is far to low to 
promote discovery which in turn promotes innovation. 

More variation in government policies could be obtained by a bet- 
ter criterion for government decentralization. With government activity 
gravitating to the federal level in the second hundred years, the amount 
of learning that take place through government variation has decreased. 
The usual justification for decentralization of government is to allow 
lower levels of government to choose the locally preferred policy. An- 
other reason to consider decentralization, however, is when lower levels 
of government all have the same goal but each has a different theory 
about how best to accomplish this goal, decentralization promotes varia- 
tion. In such a case, decentralization enables different government units 
to base their policies on the theory which they themselves believe to be 
correct. Moreover, with different policies controlling different regions, 
empirical evidence can be gathered concerning the consequences of the 
various policies. For policies where learning is really important however, 
the variations should be experimentally controlled in order to rapidly 
reject bad policies. 

Finally, the rate of innovation would increase if the strategy to im- 
plement an innovation were made more systematic. For many innova- 
tion tasks this can be accomplished by shifted from the intuitive impro- 
visatory strategy to the previously discussed separation strategy. The 
classic example of a separation strategy for innovation is agricultural 
production innovation where applied research is performed at agricul- 
tural research stations and the results are transmitted to the farmers by 
agricultural agents. For this latter strategy to be effective there must be 
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a large number of individuals, firms, or governments with similar tasks 
and incentives to fund joint experimentation. To some extent this con- 
dition has been met in the joint research consortia. Another alternative 
is the creation of publicly funded research for the learning necessary to 
improve the performance of a new alternative in a repeated task. 

Analysis of government 

Improving the performance of government as an innovator requires more 
than just improving the predictive capacity of the social sciences and 
adopting a better innovation-implementation strategy. As a result of the 
20th century expansion of its scope and size, government has become 
so complex that even a dedicated scholar can not hope to grasp all its 
details. The question to consider is what has been the impact of this 
complexity on the ability of the government to innovate-that is, to pro- 
duce changes which improve political economic performance with respect 
to the true but unknown common weal. 

As the scope and complexity of government increases, an empirical 
fact needs to be emphasized. The more the scope of government increases 
the less performance of the political economy is simply a matter of pri- 
vate market performance. Overall performance of the political economy 
has increasingly become a function of the acquisition and application of 
knowledge by government. For government action to improve the com- 
mon weal, government must both generate a good objective function for 
a task and use an appropriate theory to select a good alternative. 

The government's task of stabilization illustrates this point. In defin- 
ing the objective of stabilization policy, what emphasis should be placed 
on stable prices, reduced fluctuations in GNP, and growth? Should these 
objectives be achieved by the policies proposed by proponents of cartels 
of the Thirties, monetarists, Keynesians or the new supply siders? To 
achieve a higher performance than the unregulated market can produce, 
the government must be able to both agree on a good estimate of the 
common weal and understand economic behavior well enough to achieve 
good results. 

Given the importance of good government performance in the mod- 
ern political economy, one might ask how the innovators of government 
growth hoped to achieve such performance. One technique which they 
have used to promote performance has been specialization. Given their 
limited cognitive abilities, legislators have specialized the vast scope of 
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governance into committees and subcommittees, each assigned to a lim- 
ited topic. Government officials have also specialized the bureaucracy 
into departments and agencies, each of which administers a narrow as- 
pect of the government's activities. Consequently, particular legislative 
committees and subcommittees develop long sta~nding relationships with 
particular departments and agencies. 

The limited resources of legislators, moreover, has meant that in- 
creasing aspects of the legislative process have been delegated to the ex- 
ecutive. For example, to ease its task of specifying legislation, Congress 
leaves the details of implementation to the bureaucracy. And since the 
creation of the Budget Bureau in the 1920s, the budget has been sub- 
mitted to Congress by the executive. In addition, since the 1930s most 
legislation has originated in the bureaucracy and has been submitted 
as the President's legislative program to Congress for modification and 
approval. Recent attempts of Congress to regain some delegated power 
from the executive through legislation such as the Budget Reform Act 
have been at best only partially successful 3T. 

The principal idea for achieving bureaucratic performance, dating 
from the Progressive period, has been the idea of staffing bureaucracy 
with competent professionals. Also, during the growth of government 
efforts to improve performance have been directed at making government 
more representative. Examples of democratic changes are the direct 
election of senators, voting rights for women and minorities, application 
of the principle of one-man-one-vote, and numerous attempts to reform 
campaign contributions. Finally, some effort has been directed at trying 
to improve the professional performance of legislators. One example such 
effort has been the increase in the professional staffs of legislators. 

Because the original system of checks and balances was designed to 
promote performance by limiting governmental scope, it is useful to ask 
to what extent does the current system of checks and balances promote 
good governmental performance. Effective government under checks and 
balances requires that the authority of the executive be distinct from the 
authority of the legislature. However, the use of independent agencies 
for regulation and the delegation of legislative details to the bureaucracy 
has made this distinction ambiguous. For example, an independent reg- 
ulatory agency is under limited control by the executive and operates 
as a quasi-legislative and quasi-judicial agency with the power to both 
define details of administration and make judicial types of decisions. In 
general, the legislature, having delegated details of legislation to the bu- 
reaucracy, believes it has a mandate for legislative oversight to ensure 
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the bureaucracy is adhering to legislative intent. This conflicts with the 
separation of powers because the President is the chief executive of the 
administration. Such conflict becomes intense when the President and 
the majority of Congress are from different political parties. 

The courts have sought to ameliorate the ambiguities in the separa- 
tion of powers. Through precedents, the courts have sought to separate 
the quasi-legislative and quasi-judicial activities of agencies and to de- 
fine bureaucratic due process. They also have placed some limits on the 
notion of legislative oversight. 

Today if one party does not control both houses and the Presidency, 
conflict over policy exerts a strong political restraint on governmental 
action. The President will have trouble passing his legislative program, 
and the President will threaten to veto the legislative program of the 
majority of Congress. But in this political arena, analysis is secondary 
to political considerations. The more controversial a bill the more it is 
likely to be carefully analyzed to obtain supporters. For noncontroversial 
issues, legislators lack incentives for careful analysis of the underlying 
issues in creating legislation. And to simplify this analysis, legislators 
usually do not carefully consider tradeoffs unless they are required by 
law such as the Environmental Impact Statements. 

In the conflict between the executive and the legislature, the exec- 
utive is evolving a policy review of the bureaucracy by the executive 
branch. As the administration has grown, the executive oversight of 
administration action has shifted from the cabinet to the Office of Man- 
agement and Budget, OMB. As this role of the OMB evolves, the OMB 
is proceeding to create a policy review of bureaucratic actions. With 
executive order 12291, the Reagan administration required analysis of 
the economic impact of new regulations 3s. While this was primarily in- 
stituted as a political device to stop the flow of new regulations, it marks 
an important step toward greater analysis before taking action. 

As currently constituted, the judicial review of the courts does not 
promote professional analysis since it functions as a check to ensure that 
government action does not exceed the limits specified by the Constitu- 
tion as interpreted by judicial precedent. From 1887 to 1937 the court 
interpreted the 14th amendment due process clause economically, deny- 
ing that states had the right to interfere with contracts. In addition, 
when the ICC was established in 1887 the Court felt compelled to re- 
view all bureaucratic decisions brought before it. In a 1910 decision, the 
Supreme Court decided to review only bureaucratic matters of law and 
not matters of fact. This decision was later incorporated into the federal 
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and state administrative procedures acts. Thus the courts, which do 
not provide a professional review mechanism for government themselves, 
leave that task to the legislature. The legislative review, however, is a 
political rather than a professionaJ review, and professionalism remains 
a secondary issue in maintaining popular support. As they are currently 
designed, none of the three branches of government has both the incen- 
tives and the expertise to conduct a professional review of legislative and 
executive action. 

The important issue is whether more powerful mechanisms such as 
a professional review are required to achieve good governmental innova- 
tion performance as defined by the criteria of Chapter One. To repeat, 
the first criterion is a competitive criterion that the change persist and 
be imitated by other governments. This criterion could be applied to 
government at all levels because even the federal government exists in 
a competitive international environment. The second criterion is that 
the change exhibit the properties of general benefits, consistency and 
efficiency. This second criterion is a stronger criterion because it can be 
applied immediately without waiting to see if other governments imitate 
the change. For this reason the second criterion will be considered in the 
analysis in this section. 

Let us consider first whether the selection of alternatives by gov- 
ernment has the property of general benefits. The starting point for 
this analysis is to consider the voter. To maintain himself in elected 
office, a politician must obtain the support of the majority of the voters 
in his district. Currently, the government has become so complex that 
a detailed understanding of the total range of government activities is 
beyond the reach of even a specialist. Government activities generally 
have a skewed distribution of cost and benefits; that is, either the costs 
or the benefits are concentrated in a narrow group in society. Because he 
possesses limited resources and cognitive limitations, the voter will gen- 
erally focus his attention on those government actions that most directly 
impact him with sharply focused costs or benefits. In addition, a voter 
may have strong opinions on a small number of emotional issues such as 
gun control or abortion, and finally, a voter may have opinions on the 
small number of political issues to which the media is giving extensive 
coverage. Given his cognitive limitations, the individual voter has very 
little incentive to invest major effort to understand all the issues. 

The estimate of the common weal by the individual voter, then, con- 
tains a bias for concrete, immediate results from government on a limited 
number of issues. The voter does have an incentive to try to influence 
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government by voting or supporting a lobbying group to the extent that 
the perceived benefit exceeds the perceived cost. But the ability to or- 
ganize voters into lobbying activity is inhibited by the fact that voters 
stand to receive benefits of the lobbying effort independent of whether 
they participate. Given this free rider problem, organized lobbying is 
more likely to pursue concentrated rather than diffuse interests 39. 

To be reelected, the legislator 4° focuses his efforts on satisfying the 
concentrated interests of his constituents and the interest groups funding 
his campaigns. Furthermore, to promote his electability, a legislator 
seeks the committee assignments which are of the greatest importance 
to his constituents. The desire by voters for concrete, immediate results 
creates incentives for legislators interested in being reelected to focus on 
actions that will produce these concrete results before the next election. 
Because mistakes can be corrected in the next legislative session, the 
important reelection point is to achieve something for the next campaign. 

The election incentives thus tend to produce committees staffed with 
members promoting concrete, immediate results for concentrated inter- 
ests. This staffing of tile specialized legislature has a profound effect on 
the estimate of the common weal. In a complex government, accurate 
estimates of the true tradeoffs between alternative government programs 
are not available. For example, the tradeoff between a particular military 
procurement and a particular social program is only vaguely estimable. 
To ease the problem of tradeoffs, legislators have adopted behavior such 
as logrolling 41 and the legislative code of get-along-by-going along which 
greatly reduce the need to make difficult tradeoff calculations. In the 
budget, the need to consider tradeoffs is eliminated in the practice of 
incremental budgeting, where each government activity receives a fixed 
increase. Also, if possible, the different groups compromise by giving 
each special interest the desired good. Only when a situation becomes a 
political crisis, such as the budget deficit has now become, do legislators 
have to make difficult decisions. In a complex government, then, the es- 
timation of the common weal tends to be a collection of particular goods 
for particular groups. This bias will be called the intensity bias. 

When government assumes a new task, frequently the controversy 
surrounding this action places the process in the public eye through the 
media. Legislators, therefore, have incentives to ensure that the gener- 
ated political objectives and choice mechanism do not obviously cater to 
a particular interest group. However, most government activities even- 
tually recede from the public eye to become primary concerns of the 
organized interest groups most directly affected by government action. 
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Because the task is generally organized through an improvisatory strat- 
egy, this means the political objectives and the choice mechanism are 
typically shaped over time by the interest groups with the most political 
influence. 

The intensity bias impacts the bureaucracy as well as legislation. In 
any regulated industry such as insurance, the producers generally have 
more concentrated interests than the consumers, and thus the regula- 
tory agency comes to promote the interests of the producer. However, 
exceptions exist. For example, because the consuming states have much 
more political clout than the producing states, federal regulation of nat- 
ural gas benefits the consuming states. Similar problems exist in the 
provision of public goods. For example, congressmen in order to main- 
tain employment at aircraft production facilities in their districts have 
been known to force the Pentagon to purchase unwanted military air- 
craft. Over time, then, the provision of public goods tends to benefit the 
organized interest groups most directly affected. 

In additional, legislators make compromises which tend to result in 
complex legislation containing collections of particulars appealing to var- 
ious interest groups. The tax code prior to 1986 exemplifies this tendency 
by the sheer volume of detailed special provisions. The complexity of the 
new tax code will, undoubtedly, increase over time. The more complex 
the government structure becomes, the more such goverament tasks take 
place outside the public eye and under the watchful eye of organized in- 
terest groups. In short, the more complex the government becomes, the 
greater is the intensity bias. 

Consequently, all government actions taken together have the prop- 
erty of general benefits in the very limited sense that they represent the 
compromises of the legislators. But, the intent of defining the property 
of general benefits was to apply it to each legislative and bureaucratic 
act. Clearly, many government actions have very questionable general 
benefits. For example, efforts by the government to prevent barrier is- 
lands from undergoing change by nature are of questionable long term 
value 42. These efforts provide temporary benefits to the small group of 
land owners. For a second example, agricultural policy may temporar- 
ily impede inefficient farmers from leaving agriculture at the expense of 
higher prices for the general public. Still another example, government 
promotion of forestry in Alaska has resulted in resources being sold to 
the Japanese below cost. Finally, trade restrictions generally promote 
the economic interests of inefficient declining industries at the expense 
of the consumer. 
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The complexity of government creates other equally important defi- 
ciencies in political choices. An example is a lack of consistency. For the 
purposes of this book, consistency will be defined as follows: if one com- 
mittee makes choice A, implying C is in the common weal, and a second 
committee makes choice B, implying not C is in the common weal, then 
A and B are inconsistent. The most obvious example of this type of in- 
consistency appears in subsidies to the tobacco industry at the same time 
that health warnings must appear on cigarettes. Either the promotion of 
tobacco is in the common weal or it is not. It is similarly inconsistent for 
the government to exclude the oil industry from the superfund cleanup 
of toxic wastes. There are numerous other examples of inconsistency in 
government policies such as the inconsistencies in risk policies such as 
health risks. Such inconsistencies exist, of course, because government is 
specialized and responds to organized interests that are affected by each 
specialized government activity. Moreover, there are few incentives to 
eliminate inconsistencies. 

Another deficiency in political choice is the lack of strong incentives 
for efficiency 43. Governmental officials do take periodic steps to improve 
governmental efficiency. For example, bureaucrats imitate private sec- 
tor innovations in data processing and office automation. The President 
periodically appoints presidential commissions to recommend steps to 
improve governmental efficiency, and over time many of their recommen- 
dations are implemented. Also, economic competition between political 
economic units states promotes efficiency. For example, to attract  cor- 
porate relocations, state and local politicians need to provide essential 
services such as quality education and at the same time keep the tax 
burden down. 

Nevertheless, voters do not have strong incentives to demand effi- 
ciency in the goods they receive from government. Indeed, the intensity 
bias of voters can even result in voters demanding governmental inef- 
ficiency. Consider the problem of too many military bases, a situation 
which is inefficient in providing the public good, national defense. Voters 
who might lose their jobs demand that their elected officials keep their 
base in operation. For many years such voter pressure prevented the 
Pentagon from closing unwanted bases. Finally, Congress passed legis- 
lation whereby inefficient bases would be closed by a blue ribbon panel 
thus exonerating elected officials from the dirty deed. In general, once 
government produces a service, however inefficient, it thereby creates a 
vested interest with a strong incentive to maintain the service. 

Finally, the consequences of defining innovation as an improvement 
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in governmental performance measured by a true, but unknown common 
weal must be considered. Legislation and policy are either directly or 
indirectly based on theories of behavior which generate an estimate of 
the common weal. If the theory underlying legislation is rejected, the 
political decision-making structure should respond by quickly revising 
the respective legislation or policy. Prompt action would have the prop- 
erties of general benefits, consistency and efficiency with respect to a 
new widely accepted theory. 

As David Hume pointed out in the 18th century 44, the truth of any 
theory cannot be validated by experiments without unwarranted assump- 
tions. And as Popper notes 45, empirical science is one directional in 
pointing out the fallacies of theories rather than confirming theories. In 
a subject such as mechanics, basic revisions in theory may occur at infre- 
quent intervals, but most government policies are based at least in part 
on practical wisdom theories which become discredited quickly. 

Currently, the almost total reliance of political mechanisms on the 
system of checks and balances creates great difficulties in changing legis- 
lation once the theories upon which legislation is based are found to be 
invalid. To illustrate this point, let us consider an example of Depression 
legislation. As was pointed out, in the 1930s, banks, trucking, airlines, 
and the oil industry all succeeded in obtaining government regulation re- 
stricting competition. This legislation was based on a practical-wisdom 
understanding of the concept of ruinous competition. In the expanding 
global economy after World War II, however, the training of a greatly 
expanded group of professional economists increasingly discarded the 
concept of ruinous competition in favor of the more formal theories of 
competitive markets. Analysis performed by these economists demon- 
strated that restrictions on potentially competitive industries were not 
in the common weal; and in fact the restrictions on bank competition 
contributed to the post-World War II recessions. By the end of the Six- 
ties both conservative and liberal economists were in rare agreement that 
the restrictions should be removed. 

After a ten year effort the industries mentioned were deregulated in 
1980, not so much because the legislators were convinced of the shift 
in economic theory but by the public concern for inflation 46. This slow 
response of government reflects that fact that regulation creates vested 
interests who have incentives to resist change by influencing votes of the 
respective subcommittees. Given the complexity of government, only 
issues of major importance become campaign issues for the voters, Wide 
voter concerns for inflation forced Congress to deregulated to increase 
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competition. 
In this battle between professional opinion and vested interests, varia- 

tion played a key role. Two airlines existing completely within particular 
states were unregulated and empirically demonstrated lower rates than 
nationally regulated carriers. In trucking, too, the transportation of agri- 
cultural commodities was unregulated and similarly demonstrated lower 
rates. But as the deregulation story indicates, because of the intensity 
bias government responds slowly to new knowledge that decreases the 
value of entrenched positions of vested interests. 

The evaluation of the benefits of deregulation to society will take 
several decades. The cost of deregulating financial institutions would 
have been much less if deregulation had occurred earlier and careful con- 
sideration had been made on the interaction between deregulation and 
government guarantees of deposits. Also, no check was made on airline 
mergers or the number of gates an airline could control at an airport. A 
long time perspective is needed to evaluate these mistakes against the 
long term benefit of greater competition in financial institutions, trans- 
portation, and telecommunications. 

Proposed Plan 

The United States has numerous current problems which reduce its com- 
petitiveness worldwide. For example, primary and secondary schooling 
is deficient compared with our rivals. Also, the deficit needs to be re- 
duced in order to reduce the cost of capital. The present system will 
struggle with these problems 47 over the next few decades. The focus of 
this book is the advancing the rate of innovation such that the political 
economy will achieve better performance in solving future problems. 

During the past one hundred years, the rates of invention and dis- 
covery which promotes invention have accelerated relative to the rates 
of innovation and discovery which promotes innovation. Also, as the 
former rates are promoted by powerful vested interests, their rate of ad- 
vance will probably remain competitive worldwide. To more effectively 
compete worldwide, the latter two rates must be increased. Any plan to 
promote innovation and discovery which promotes innovation must pay 
special attention to the defects in the process of political choice. 

To accelerate the rate of innovation four steps will be proposed. First, 
more research expenditures are needed to promote discovery which leads 
to innovation and to support a shift to a separation strategy for innova- 
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tion. Second, a better information policy must be established to resolve 
the conflicts between empirical science, operational decision making and 
privacy. Third, a new decentralization criterion must be established for 
government to increase the amount of learning thus promoting more in- 
novation in government actions. And fourth, governmental reforms are 
required to promote the selection of alternatives which have the proper- 
ties of general benefits, consistency and efficiency. 

Of the four steps the last is by far the most difficult to achieve. Im- 
proving governmental performance by providing voters with better infor- 
mation has limited potential. Even if an inexpensive and comprehensive 
information system could be provided for every voter, the voter would 
generally find the cost in terms of the time it would take to fully under- 
stand the issues to be much greater than the rewards of such knowledge. 
An alternative to such a solution, however, is to reconsider the system 
of checks and balances which the founding fathers created to reduce the 
defects in the political process. In this book the system of checks and 
balances will be modified by imposing a professional review mechanism 
on governmental actions. 

As the four steps to promote innovation will require major changes in 
the present arrangements, it might appear to the reader not to be worth 
the cost. The justification is simple: Any nation which fails to match its 
competitors in efficient social organization will be at a disadvantage in 
competing economically and militarily. 

Given the level of intensity bias in the current design, many may 
wish to improve only private innovation for their personal gain. This 
approach, however, would neglect the most important potential improve- 
ment in performance, for the impact of government growth has been to 
link the performance of the public and private sectors. Overall perfor- 
mance of the political economy, then, is very much a function of gov- 
ernment performance. For example, the severity of the Depression was 
magnified by the failure of the Federal Reserve System to prevent the col- 
lapse of the banking industry 4s. Since that time the increased number of 
tasks assumed by government and the accelerated rate of discovery and 
invention have greatly increased the complexity of most decision making. 
Initially, most decisions were made by isolated farmers under conditions 
of slow technological change. But as the market economy developed dur- 
ing the first one hundred years, decisions came to be primarily two party 
contracts regulated by common law. 

In the current political economy, however, all two-party contracts 
have potential third-party effects which become the potential concern 
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of government legislation and administration. In the second one hun- 
dred years, decision making has become increasingly collective, and at 
the same time the rate of technological change has accelerated. Because 
the problems of managing government increase more rapidly than the 
number of tasks that must be coordinated, the overwhelming number of 
tasks which the government has assumed has made government decision 
making much more complex. Furthermore, this increase has increased 
the complexity of decision making for all participants in the political 
economy. Private decision makers must now consider more government- 
imposed conditions and incentives and must also be able to cope with 
a much higher rate of change in which all actions are subject to possi- 
ble government regulation. The impact on the firm has been that many 
more resources are required for decision making. Improving public inno- 
vation performance, then, will by extension improve private innovation 
performance. 
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Chapter 3 

Microbinics  

Introduction 

The new design of government will propose major changes in the current 
government. For such major changes to gain public support they must, 
of course, undergo public scrutiny, and even if considered desirable, such 
significant governmental changes are likely to require a long gestation 
period before enactment in modified form as a compromise between the 
various factions. Consider, as just one example, the Freedom of Informa- 
tion Act of 1967 granting the individual the right to access government 
files 1. After Watergate this legislation was strengthened in 1974 and 
1976, but the demand for freedom of information, in fact, dates back 
at least to the election of 1912, when Woodrow Wilson recommended 
an "open files" policy towards government and corporate information ~. 
Because the changes proposed in this book are major, the time frame 
for possible implementation in some modified form is estimated to be 
between 50 and 100 years. 

A good design must take into consideration the technology which 
is likely to come into existence while the design is being implemented. 
The consequences of new technology constitute considerably more than 
just an increase in material output or the introduction of new goods and 
services. In the past, technological advances have created social prob- 
lems, for example pollution, which have been addressed by an increase 
in political action. Likewise, future technology will undoubtedly create 
new political problems such as the decline of privacy and the impact 
of gradually automated economic activities on the income distribution. 
Technological change frequently results in social change by making fea- 
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sible new alternative social arrangements. The growth of the factory 
and the manufacturing city in the 19th century is just one example. In 
the future, if the expected major reduction in communication costs rel- 
ative to transportation costs occurs, this change in relative prices will 
create incentives for creating new types of organization that substitute 
communication for travel. Thus, the design for a new political economy 
must incorporate the possibilities of new forms of social organization 
and, additionally, resolve the forecasted problems of new technology. 

With the current high rate of expenditures on research and develop- 
ment, most types of technology are advancing rapidly. The discussion of 
new technology which follows focuses on those types of new technology 
which will materially affect the design of the new political economy. The 
first criterion for considering a new technology is its potential impact 
on society. One measure of the first criterion is the size of the industry 
which develops to provide the new technology. A second measure of the 
first criterion is the number and scope of the innovations fostered by the 
new technology. The second criterion is the sooner the new technology 
is likely to have a major impact on society the more emphasis it should 
receive in the new design. 

The most important technologies for consideration in the new design 
are electronics and communications a. Within these broad categories, 
the two technologies which commands the most interest are the rapidly 
developing technology of integrated circuits and the use of laser light 
as a medium of communication. In this book, these technologies will be 
called microbinics. The "micro" portion of the term refers to the fact that 
in both industries the component functions are being miniaturized. The 
"binics" portion refers to the growing use of the binary number system in 
both electronics and communication. While the communication system 
is just now beginning the transformation from an analog to a digital 
system, the transformation will be complete long before any possible 
implementation of the design proposed here can occur. 

Microbinics meets the two criterion for materially affecting the de- 
sign. Microbinics is a large, growing industry. Advances in integrated 
circuits that led to corresponding advances in the power of digital com- 
puters have already fostered numerous, major innovations in mathemat- 
ics, science, engineering, administration, and decision making. As will be 
discussed, further advances in microbinics will foster many additional in- 
novations in automation and social organization. Microbinics meets the 
second criterion as the time frame for major innovations is from 1960 
until perhaps the middle of the 21st century. 
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Many other areas of technology are also making rapid axivances. For 
example, genetic engineering 4 promises new biological methods of manip- 
ulating plant and animal characteristics beyond the established method 
of selective breeding. Progress in this area could greatly increase agri- 
cultural production to feed the world's population. Additionally, ge- 
netic engineering is creating biological mechanisms for manufacturing 
products and processes such as the manufacture of human inferon with 
genetically altered bacteria. Comparable advances in physics and chem- 
istry will continue to spawn a continuing sequence of new technologies. 
All of these new technologies will foster innovations in the production of 
the technology. Some will promote innovations in the application of the 
technology. 

Nevertheless, what makes microbinics the technology warranting de- 
tailed consideration is the vast scope of human activities for which ad- 
vances in microbinics promote major innovations. For the reader to 
grasp the impact of microbinics on society, a survey of the current de- 
velopments in microbinics is presented in this chapter. 

Binary Representation 

For everyday use, humans much prefer the decimal number system to 
the binary number system, since patterns in strings of zeros through 
nines are much easier to recognize than equivalent patterns in the much 
longer strings of zeros and ones. For technological implementation, how- 
ever, the binary number system is superior to any other number system. 
Technologically its great advantage is that each digit or bit can be phys- 
ically represented by only two states, and there are many physical ways 
of realizing the two states: by the opening or closing of a switch, by the 
north or south pole of a magnet, by the asymmetric response of a tran- 
sistor to voltage differentials, or by the presence or absence of a pulse of 
photons. Because these two states can be represented by a 0 and a 1, 
microelectronic devices can be conceptualized as devices to manipulate 
sequences of O's and l 's or binary numbers. 

This raises the question whether binary numbers are useful in human 
activities. First, decimal numbers can be converted into binary numbers 
and vice versa. Thus, the individual can input decimal numbers into 
an electronic device, and the device can convert the decimal numbers 
into binary numbers for processing and then convert the results back to 
decimal form for perusal by the individual. It is much easier to convert 
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from decimal to binary and then back again than to design a machine to 
process decimal numbers directly. In wordprocessing a similar transfor- 
mation takes place. As each letter is imputed into the wordprocessor it is 
converted into a binary number. The conversion follows a standardized 
convention such as the ASCII convention. In the electronic device the bi- 
nary numbers representing the letters are manipulated, and when output 
is desired the binary numbers representing the letters are converted back 
into letters. All languages can be represented by binary numbers 5 and 
thus can be processed by a wordprocessor. Similarly, algebraic equations 
and symbols can be represented as binary numbers and thus be amenable 
to manipulation by software 6. 

Sound and images can also be represented as sequences of binary 
numbers. In digital sound and television the original continuous analog 
signal is converted to a discrete digital signal for processing and trans- 
mission. The last step, at the receiver, is to transform the signal back 
into analog. The quality of sound or television depends on the number 
of times per second a measurement is made and the word size, that is 
the number of bits, used to quantizeeach measurement. For telephone 
quality sound, the waveform of the human voice can be measured 8000 
times a second and each measurement can be quantized by a byte, an 
eight digit binary number 7. To achieve the high quality sound of the 
new digital stereo, the sound of a symphony orchestra or rock group can 
be measured from between 36,000 to 44,000 times a second and each 
measurement can be quantized by a sixteen bit number s. The digiti- 
zation of a television signal requires a much higher sampling rate than 
voice. For example, the CCIR standard of 1981 specifies a sampling rate 
of 13.5 million times a second for the luminance signal and 6.75 million 
times a second for the two chrominance signals 9. Each measurement is 
quantized by a byte. Lower quality television can be achieved by less 
frequent measurements and fewer bits for quantization. 

The quality of a digitized static image, for example a digitized pho- 
tograph or a computer graphics screen at a particular instant in time, 
depends on two basic quantities: the number of picture elements, which 
are called pixels, and the number of bits used to quantize the informa- 
tion at each pixel. The pixels are arranged in a rectangular grid such 
as 640 columns and 480 lines. The more pixels a graphic artist has to 
draw a digital picture, the more detail the artist can incorporate into 
the picture. The number of colors or shades of gray, which an artist can 
draw at each pixel, equals two raised to the power equal the number of 
bits used for quantization. Thus, if only one bit is used at each pixel, 
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each pixel displays two colors such as black and white and if a byte is 
used, each pixel can display two hundred and fifty six colors. 

Another factor which affects the quality of a raster cathode-ray-tube 
image is the number of times per second the image is redrawn. To avoid 
a flicker, the image must be redrawn from between 20 and 100 times 
a second 1°. The higher the intensity of the light the more frequently 
the image must be redrawn. The total amount of bits per second which 
must be manipulated to produce raster cathode-ray-tube graphics is the 
product of number of pixels, the number of bits for quantization and 
the number of times the image is redrawn per second. With advances in 
integrated circuits, the trend is to use more pixels in a finer grid, more 
bits to quantize more colors, and redraw the image sixty times a second 
for clearer, more vivid images without noticeable flicker 11. Currently the 
technology of sound and video is in the  process of transformation to the 
new digital technology. Once this transformation has taken place, there 
will be a common technological basis for processing numbers, equations, 
words, voice, or pictures. Thus, binary numbers can be made to represent 
important aspects of human thought and communication processes. 

Integrated Circuits 

From the perspective of mathematical logic, the states 0 and 1 can be 
equivalently represented by true and false. What this means is that 
Boolean algebra can be employed to construct mathematical operations 
on the sequences of binary numbers. For example, using the three basic 
Boolean logic operations of "and","not" and "or," logical circuits can 
be designed to perform all arithmetic operations 12. Physical circuits can 
then be designed to realize the logical circuit using a particular set of 
electronic components. The fact that the logical design exists in Boolean 
algebra means that the logical circuit and its realization are separate en- 
tities. If a new better type of electronic component is created, for exam- 
ple a Josephson junction or optical switches using laser light instead of 
electricity, then under ideal conditions the abstract mathematical circuit 
can be realized in the new technology without modifying the logic. 

Currently integrated circuit technology-that is, technology involving 
microelectronic circuits constructed on an approximately 1/4 inch square 
silicon chip13-is advancing rapidly. The present developments in this type 
of technology originate from the development of the transistor, a small 
solid state asymmetric amplifier, in 1948. This asymmetric amplification 
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is what gives the transistor the two state capacity. The transistor was a 
major advance because it was both more reliable and required much less 
power than the vacuum tube which it replaced in most applications. At 
first transistors were individually wired into electronic circuits on mod- 
ular circuit boards. The need to develop smaller and more sophisticated 
electronics for guided missiles created a demand for miniaturization of 
these modular circuits. In the 1950s inventors made a series of advances 
which resulted in a manufacturing process to construct an electronic cir- 
cuit which could be manufactured on the surface of an approximately 
1/4" square of silicon, a chip. 

Economic competition has driven integrated-circuit firms to con- 
stantly strive to increase the number of components on a chip. As the 
electronic components are packed more closely the speed of the circuits 
embedded in the chip increases, because the electricity has less distance 
to traverse between components and transistors switch more quickly. 
Thus, increasing the number of components on a chip results in faster, 
more powerful integrated circuits. 

Increasing the number of components on a chip also tends to decrease 
the production cost. The cost of developing a integrated circuit is depen- 
dent primarily on the number of steps in the process; hence, for a given 
technology, if the number of components doubles, the cost of producing 
the integrated circuit increases by a factor less than two. Both economic 
and physical factors, however, limit the number of components in an in- 
tegrated circuit. The economic limit to the number of components in an 
integrated circuit is the number of components which can be produced 
profitably. Increasing the number of components in an integrated circuit 
decreases the yield rate, which is the fraction of defect-free integrated 
circuits in a production run. The economic limit is determined from the 
interaction of increasing economies of scale and decreasing yield rate. 
Economic competition drives integrated circuit firms to make continual 
advances in quality control to increase the yield rates. 

The experience gained in increasing the production of a particular 
type of integrated circuit is another factor which results in a reduction 
production costs. An empirical rule in manufacturing maintains that as 
the cumulative output of a particular device doubles, the associated man- 
ufacturing costs fall by 20 to 30%. Economies of scale, onsite learning to 
increase yield rates, and the fact that new facilities use more advanced 
technology than older facilities all contribute to the fall in costs. If we 
consider the cost of producing a particular device, such as a 4M DRAM 
( dynamic random access memory ) then we would expect this empirical 
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law to hold. If we consider the cost from the perspective of electronic 
component the fall in cost is associated with both the decreased costs of 
packing the electronic components more densely and the manufacturing 
efficiencies of building particular devices. For example, from 1970 to 
1977 the cost per bit of random access memory declined an average of 
35% 14 per year and has continued to decline about 30% per year since 
1977J s 

The design and production costs of integrated circuits have created 
two broad categories of integrated circuits. Memory integrated circuits, 
for example DRAMs are known as commodity chips in that the primary 
goal is low-cost-mass production 16. At the other extreme are integrated 
circuits for specialized applications. Here the primary objective is reduc- 
ing the time and the cost to design the specialized integrated circuit. As 
more and more components are crowded into a single integrated circuit, 
the design problems in using manual labor to create integrated circuits 
have increased. Software programs called silicon compilers have been de- 
veloped to design integrated circuits automatically to achieve a specified 
objective 1~. Consequently, with the advance in silicon compilers there 
is trend towards an increasing number of custom-designed integrated 
circuits. 

Economic competition in integrated circuit design and production 
led to an annual doubling of the number of circuit elements contained 
in an integrated circuit each year from 1959 to 1972. This empirical 
relationship is known as Moore's law is. From 1972 to today, doubling 
the number of components has taken about 18 months, due to the greater 
effort required to package more components in an integrated circuit. By 
the year 2000 it may be possible to pack a billion electronic components 
onto a chip 19 Increasing the number of components on a chip has 
led to a tremendous increase in demand. With lower costs the demand 
for goods using integrated circuits increases and this, in turn, creates a 
increasing demand for more integrated circuits. From 1960 to 1977 the 
annual number of transistors manufactured in integrated circuits has 
doubled 11 times. 

As the number of components on an integrated circuit increases firms 
will encounter physical limits. One physical limitation is the wavelength 
of the electromagnetic source used in lithography. To obtain circuits 
more densely packed than is possible using light lithography, an elec- 
tron beam can be employed, but at much greater capital costs. As the 
limits of current metal-oxide-silicon field effect transistors are reached, a 
new even more miniaturized quantum effects technology may be created. 
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At some point in miniaturization engineers will encounter fundamental 
limits based on physical science 2°. 

Besides integrated circuits based on silicon, engineers are working 
on other promising technologies. One example is replacing silicon with 
geranium arsenide, which facilitates faster operation. Another example 
is superconducting circuits such as the Josephson junction which are 
potentially 1000 times as fast as a silicon transistor 21. Other faster 
options are optical devices using laser light instead of electricity and 
optical switches instead of transistors 2~. More exotic and possibly of 
much greater economic impact is the current research to build quantum 
effect devices at the molecular level. 

Computation 

Central to the design of most electronic devices is the processor, which 
can be contained in one or more integrated circuits. One consequence of 
the continual expansion of the number of components in an integrated 
circuit is that with each generation of electronic devices, more and more 
functions can be crowded into fewer and fewer integrated circuits. One 
example is the microprocessor, in which the processor is designed in a 
single integrated circuit 23. 

The processor of an electronic device is capable of executing a se- 
quence of instructions called a program. The program instruction exe- 
cute circuits in the processor, for example, to add two binary numbers 
together. In designing and using processors there is a tradeoff between 
the hardware, that is the actual physical circuits, and software, that is 
the sequence of instructions. Consider multiplication of 3 times 2. To 
perform this operation one could use hardware by creating a multipli- 
cation circuit, or software by issuing a sequence of instructions to add 
3 plus 3 in the addition circuit . Multiplication, in other words, can 
be performed in a hardware circuit, or by using software which employs 
repeated additions in an addition circuit. An example of the tradeoff 
between hardware and software is the current effort to develop reduced- 
instruction-set microprocessors, which achieve high performance with a 
small number of very fast hardware instructions 24. 

Three important types of electronic devices employing processors are 
computers, communication equipment, and control devices. Consider 
first computers 25. Most current computers are based on the yon Neu- 
mann design in which instructions are executed in sequence and there is 
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one channel between memory and the central processor unit, which may 
be supported by several subordinate coprocessors for specific functions 
such as numeric, graphic or signal processing. A yon Neumann computer 
consists of a bus, that is a channel, connecting the central processor unit 
to fast access memory on integrated circuits, such as DRAMs and ROMs, 
and controllers for external devices 26. Among these external devices are 
slower access memory devices such as magnetic disks, monitors, printers, 
and external communication ports such as modems. 

Five categories of computers in terms of increasing speed and power 
are embedded, personal, mini, mainframe, and super. The cost and 
performance of each category is driven by advances in integrated circuit 
technology. For three decades the cost of computing has been falling 
some 20 to 30 percent per year. For each category of computer, the 
power in terms of the number of computations per second increases by 
a factor of ten every eight to twelve years. 

When a computer is designed, it is, of course, based on existing inte- 
grated circuits, but by the time a computer is manufactured and enters 
the market the integrated circuits may be several years old. By the time 
enough software has been developed to make a machine a contender in 
the market, the integrated circuits may be over five years old. This 
means that the power of a new computer on the drawing boards may be 
eight times as powerfill and have much more memory than the computer 
it will replace. The trend is for each generation of computers at a par- 
ticular level to have the power of the previous generation of computers 
at a higher level. For example, the new personal computers based on 
the Motorola 68040 or the Intel 80486 processors have the power of the 
previous generations of minicomputers. 

Along with advances in von Neumann type computers, new types of 
computers are being developed. One advance in computing is distributed 
processing-that is a network of computers of various sizes and capacities. 
A second advance is a parallel processor, which is a single computer with 
more than one central processor 27. Inventors are making many exper- 
iments with alternative numbers of central processor units of varying 
computational power. The major software problem in such experiments 
is how to coordinate the processors to obtain maximum output.  A new 
parallel computer concept which most closely resembles the operation of 
a human brain is a neural network 2a. This parallel concept, which can 
be implemented as hardware or software, shows great promise in pattern 
recognition, a capability in which the conventional digital computer does 
not excel. 
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Regardless of the potential power of a computer, its usefulness de- 
pends on the availability of software to perform the user's tasks ~9. An 
important aspect of making computers useful is reducing the cost of de- 
veloping software. Consequently, one trend in developing software has 
been to create languages which reduce the programmer's effort in produc- 
ing programs for the final user. The first machines had to be programmed 
in machine language, and the first advance from this stage was assembly 
language which substituted mnemonics for the binary machine instruc- 
tions. In the 50s, two important languages, FORTRAN for scientific 
programming, and COBOL for business programming, were developed. 
FORTRAN enabled engineers and scientists to program equations in an 
intuitively natural manner. A compiler was constructed to convert the 
FORTRAN instructions into machine code for execution by the machine. 
Similarly, COBOL instructions provided a language of business opera- 
tions which a compiler later converted into machine code. 

Since the 50s a large number of languages have been created for a 
variety of purposes 3°. Many have incorporated computer science con- 
cepts such as structured programming to facilitate better program con- 
struction. The trend in languages is to facilitate more operations in 
fewer statements. One example here is the recent development of object- 
oriented programing languages. Nevertheless, the major impediment to 
improved software is that while the construction of computers has in- 
creasingly become automated, the development of software has so far 
remained labor intensive. Currently, considerable research effort is be- 
ing made to develop artificial intelligence aids to programming to greatly 
increase the productivity of programmers. 

Another important aspect of the usefulness of a computer and its 
applications software is the effort required for the user to learn how to 
operate the computer and to run the applications software. As the speed 
and memory capacity of computers have increased, a greater part of the 
increase has been used to make the computer and its applications soft- 
ware easier for the final user to use. The economic incentive for this 
trend is that the more productive a particular brand of computer and 
its associated applications software make the final user, the greater the 
demand for such a computer and software. The biggest advance in using 
computers is at the personal computer level. With the Xerox Star and 
later with the popular Macintosh, the user controls the computer and 
applications software by pointing at visual icons with a pointer called a 
mouse. Moreover, all applications software has the same format for oper- 
ation. Thus operating this user computer interface becomes so intuitive 
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that most users can quickly learn to use their computers and software 
without learning a long list of operating commands and with only an oc- 
casional reference to an instructional manual. But the mouse interface 
requires considerable memory and processor resources to operate. The 
value of the user's time, accordingly, drives the hardware and software 
developers to use cheaper memory and more powerful processors to make 
the operating system and software ever more "user friendly. "31 

Communica t ion  

Unlike computing, where major advances did not occur until the inven- 
tion of integrated circuit technology, analog communication has made 
major advances without microelectronics since the invention of the tele- 
graph and telephone in the 19th century. As the telephone has by now 
largely displaced the telegraph, let us consider only advances in the 
telephone 32. Initially telephone operators manually connected calls. An 
early advance was the invention of automatic switches or exchanges. As 
the telephone system grew, the demand to transmit a larger and larger 
volume of calls between switches grew. To accommodate this increas- 
ing volume of traffic, communication engineers learned how to combine 
or multiplex phone calls for transmission. To transmit a signal of an in- 
creasing number of multiplexed telephone calls commuliication engineers 
harnessed higher and higher frequencies in the electromagnetic spectrum 
for use as communication channels. At the terminal switch, calls were 
separated to be sent to individual telephones. 

Several factors currently promote the shift of communications from 
analog to digital. First with the rise in data communication for busi- 
ness an increasing amount of communication is inherently digital. Sec- 
ond, digital communication or pulse code modulation creates a signal 
for which, by using greater bandwidth, it is easy to maintain low er- 
ror rates. The final factor is the fall in the cost of integrated circuits. 
With digital communication, integrated circuits can be used in various 
aspects of communication, such as multiplexing and switching. The cost 
of digital communication equipment falls along with the declining cost 
of integrated circuit technology. 

With the shift in communication from analog to digital computa- 
tion and communication fuse into a single technology for manipulating 
and transmitting information objects represented as strings of binary 
bits. As numbers, letters, symbols, voice and image can be represented 
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by binary numbers this unified technology encompasses a broad range 
of human expression. A major benefit of this technological merger is 
that the cost of a single unified technology is much less than the cost of 
developing a separate technology for each type of computing and com- 
munication. Within this unified technology general purpose hardware 
can be controlled by special purpose software for alternative tasks. 

Currently most local communication is analog while an increasing 
portion of long distance communication is increasingly digital. The first 
phase in the shift to a completely digital system is the proposed adoption 
of the communication protocol ISDN, integrated services digital network, 
which communication engineers developed to use the existing twisted 
wire or copper wiring between switches and home and offices 33. For the 
basic ISDN service, the twisted wires will be converted to digital with 
two 64K D channels and one 16K B data packet channel. Higher capacity 
ISDN lines will also be available. 

Beta tests for the ISDN network are being conducted currently and 
telephone companies plan to transform the telephone system to ISDN in 
the next couple of decades. While ISDN is designed to reduce investment 
costs to make the transformation from analog to digital, nevertheless the 
implementation of ISDN will require a major investment in ISDN com- 
munication equipment. From the perspective of the local telephone user 
the transformation to ISDN will be transparent. Until a local user has 
a need for ISDN digital services, he will maintain his analog telephone. 

The extent that the basic ISDN line can integrate the various types of 
communication depends on making effective use of capacity of the two D 
and the one B channels. Shannon developed a theory of communication 
where the measure of the amount of information in a message is its 
randomness or entropy a4. Thus to transmit a message an algorithm 
can be developed to compress the redundancy out of the raw digitized 
message at the transmitter and another algorithm can be developed to 
reconstruct the message at the receiver. 

A second factor which can be employed to make effective use of com- 
munication channels is to transmit only the meaning of the message. 
The Shannon measure of information is a statistical measure which says 
nothing about the meaning of the message. The amount of informa- 
tion to transmit the meaning of a message is frequently much less than 
the Shannon measure of the total statistical information. For example, 
to transmit the meaning of a voice conversation none of the Shannon 
information in frequencies higher than 3400 cycles per second needs to 
be transmitted. Effective communication is achieved by compressing 
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that portion of the raw quantized message which contains the meaning. 
For example, acceptable quality voice conversation can be achieve by 
compressing the 64000 bits a second of raw quantized telephone-grade 
conversations to 4000 bits a second. 

Another active area of research is the compression of image communi- 
cation. Depending on the convention, the raw quantized television signal 
varies from 90 to 216 million bits per second. Numerous algorithms have 
been constructed to compress raw quantized television signals 35. The 
quality of the resulting transmission depends on amount of compression. 
Very poor quality dynamic image communication can be achieved in a 
transmission of only 56 thousand bits a second. This level of compression 
is achieved by selective transmission. For example, in communicating 
teleconferences the signal can be compressed by transmitting the back- 
ground once and then transmitting the changes, that is the movements of 
the participants. Better dynamic visual communication can be commu- 
nicated in a few hundred thousand bits per second. Through research, 
the quality of dynamic images at all levels of compression is improving 
over time. 

The basic ISDN service can integrate voice, data, text, symbols, slides 
and low grade video communication in the existing local twisted-wire 
copper communication network. The ability to expand the capacity of 
this local copper network is limited because copper attenuates high fre- 
quency signals and installing the required number of amplifiers to boost 
the signals would be expensive. Fortunately, engineers have created a 
much higher capacity alternative. In the 1970s communication engineers, 
in their efforts to harness higher and higher frequencies of the electro- 
magnetic spectrum to create channels with greater capacity, learned how 
to harness light as a media of communication. And at the same time 
scientists and engineers learned how to create glass fibers to serve as the 
media of communication for optical signals. The advantage of optical 
fiber over copper is that fiber can transmit very large capacity over local 
networks without amplification. 

If fiber optics were used for local communication complete integration 
of all conceivable types of communication would be achieved. Currently 
optical fibers are being used for large volume communication such as long 
distance or between switches. Research in the capacity of fiber optics 
is doubling the volume of this medium each year a6. In 1987, a single- 
frequency optical fiber had the capacity of 1.7 billion bits/sec. Much 
higher capacity is obtainable for shorter distances using multiple fre- 
quencies of light in a single fiber. With potential capacity in the 10s of 
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trillions of bits per second, fiber optics has the capacity for communicat- 
ing millions of voice conversations and thousands of television signals. 

Application: Automation of production 

An important application of microbinics is the automation of the pro- 
duction of goods and services 37. From the perspective of economic pro- 
duction theory, automation is simply the substitution of capital for labor 
in the production of goods and services. This simplicity, however, masks 
an important difference between automation based on microblnics and 
earlier automation. Up to the advance of microbinics, most automation 
was mechanization which substituted machines for human labor. The 
role of man in the mechanized production process was to act as a flexi- 
ble, intelligent controller for powerful, inflexible, stupid machines. The 
advance of m]crobinics, however, promotes the development of software 
to substitute for the human control function. As the proposed political- 
economic designis based on technological advances in the next 50 to 
I00 years, the design must be based on the impact of future automation. 
And the first step in creating a forecast of the impact of automation is 
to survey current automation advances. 

The starting point for such a survey is manufacturing. Manufac- 
tured goods can be classified as discrete, as for example an automobile, 
and continuous-for example gasoline. Currently the production of many 
continuous goods is already automated. Consider, for example, chemi- 
cal and petrochemical products. With an understanding of the chemical 
reactions required to produce the good, the chemical engineer can pro- 
gram the production process in a computer model. With sensors, the 
process can be monitored to detect deviations from the desired condi- 
tions. These deviations are fed into a computer which takes corrective 
action to maintain the process within the desired tolerances. In the pro- 
duction of many continuous goods, then, man's role has been reduced to 
watching the dials on the control monitor and taking steps in extreme 
conditions. 

The automation of discrete goods, on the other hand, is currently 
proceeding at a steady pace. To discuss the progress being made and 
the problems to be overcome, let us divide the production process into 
four steps - design, parts manufacture, coordination, and assembly 3s 
Progress towards automation is currently proceeding in a piecemeal fash- 
ion in each of these various components of the manufacturing process 
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primarily in the aircraft, appliance, automotive, electronics, and heavy 
industries. 

Increasingly, new products are designed using computer graphics 
packages, in a process known as computer assisted design, CAD 39. The 
first CAD programs, which were developed in the mid-60s for automobile 
design, required a mainframe computer and cost in the millions. With 
the increasing power of computers at all levels, however, CAD programs 
have been created for smaller and smaller computers. Currently CAD 
programs are available on personal computers and work stations have 
sufficient power for serious design work. Because of greater capacity of 
smaller computer, the cost of CAD systems has fallen to the tens of 
thousand dollar range. 

Simultaneously, software developers have made numerous advances 
in CAD software. One direction of advance has been to create specialized 
CAD software for each type of design such as mechanical, electrical cir- 
cuits, integrated circuits and architecture. Another direction has been to 
greatly increase the capability of each type of CAD software. For exam- 
ple, in mechanical design the first CAD software represented solid objects 
only as outlines called wire frames, but with increased computing power, 
two and, later, three-dimensional solid objects could be represented, first 
as surfaces and later as solid objects. 

CAD software has greatly increased the efficiency of designing prod- 
ucts. In designing a component for a mechanical product, the designer 
can examine how the component fits with other components on his com- 
puter screen. Much of the increased efficiency of CAD lies in the fact 
that the designs reside in computer memory. Modifying a design can 
be performed easily by editing the original design. In design processes 
where styling is important, the ability to make modifications easily en- 
ables the firm to style without prototypes because the designer can view 
the three-dimensional representations of all the alternatives from any 
arbitrary orientation. In addition, firms which make many related prod- 
ucts can greatly reduce their design costs by editing the design for one 
part in order to design a part for a related product. 

CAD software has even automated steps in the design process. For 
most design problems the need for draftsmen is eliminated in that the 
engineer can make a rough sketch and the program provides the finished 
drawing. The current development of object oriented CAD software will 
provide the engineer with artificial intelligence tools to automatically 
analyze various aspects of a design such as consistency 4°. For some 
design problems, such as designing circuits and integrated circuits, CAD 
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software can automate the design process itself. 41. CAD can increase the 
efficiency of the design process by a factor of two to as much as thirty 
in the case of integrated circuits. 

Before the CAD approach to design a coordination problem arose in 
designing products which underwent frequent revisions. As engineering 
drawings were shipped to various groups in a large organization, it could 
happen that the various groups were not all using the latest revision. 
With CAD, however, the design is in computer memory, to which all 
groups have direct access. Thus all groups will use the latest design 
automatically. 

Much engineering analysis is necessary in order to implement a suc- 
cessful design. For engineering analysis which can be programmed, the 
analysis can be performed on the design as it exists in memory, thus 
eliminating the need for building a prototype. This process is known as 
computer assisted engineering, CAE 42. One use of CAE is to compute 
standard physical characteristics such as the center of gravity. A second 
widely used CAE application is finite element analysis, which is used to 
compute the stress at every point in the structure. Another CAE use, 
primarily in aerospace and automobile design, is computing the aero- 
dynamic properties of a surface such as a wing without the researcher 
having to resort to a wind tunnel test. The limit of CAE applications 
is the limit of the engineer's ability to accurately simulate the actual 
conditions the product must undergo with a software model. Within 
such limitations, however, CAE greatly aids design by enabling design- 
ers to eliminate obviously bad designs from consideration before building 
a prototype. The cost of considering a wide range of alternatives is thus 
greatly reduced. 

The next stage of manufacturing is the production of the component 
parts. The economics of producing the component parts for discrete 
durable goods depends on the size of the batch or the production run 43. 
The larger the run, the less the cost of setting up the run affects the 
cost of a single part. For runs of 200,000 or more, that is, mass produc- 
tion, it is efficient to have special-purpose machines for each operation. 
Each of these machines follows a single, defined sequence of operations. 
When the run is small say on the order of 10 to a few hundred, that is, 
batch production, it is generally not economical to use special-purpose 
machines for each operation. Consequently, general purpose machines, 
for example lathes or drill presses, are used for a variety of purposes in 
the production run. 

Prior to 1960 a skilled machinist would set up a general purpose ma- 
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chine and perform the required operations, using his accumulated knowl- 
edge to create the part indicated in the  blueprints. In thus using general 
purpose machines, the set up costs-for example, of orienting a part to a 
precise alignment-can be considerable. As these cost must be distributed 
over the number of parts produced, the cost of producing parts in a batch 
of, say, 10 could be 10 times the cost of mass production. To produce 
an individual part by exclusively using general purpose machines might 
be as high as 100 times the cost of mass production. 

Currently the technology exists for automating the production of 
machined parts for batch production runs. This technology has been 
progressing since 1960, when electromechanical control devices were de- 
veloped which would cut a part on a lathe automatically. The input to 
the controller, which determined the selected sequence of lathe cuts, was 
a paper tape. With the advance in microbinics, the ability to control 
general purpose machines advanced correspondingly such that by the 
70s parts could be manufactured by an automatic machine shop where a 
computer controlled several general purpose machines. Such a automatic 
machine shop is called a manufacturing cell or a flexible manufacturing 
system, FMS 44. 

In the 70s Ingersoll-Rand installed a manufacturing cell where a com- 
puter controlled six general purpose machines. In this setup the role of 
the operator is reduced to loading the raw material and removing the 
finished part, which has been manufactured by the sequential operation 
of several general purpose machines controlled by the FMS computer. 
In the 80s the Japanese company, Fanuc Ltd, constructed a plant which 
has thirty manufacturing cells producing parts for robots and machine 
tools 4s. Robots and unmanned delivery carts handle all material such 
that at night, a single operator can operate the plant using a closed cir- 
cuit TV to monitor the operations. Currently inventors are working on 
software to link groups of FMS cells together for more complex opera- 
tions. 

The economics of the FMS parts manufacture are considerable. The 
FMS computer is much faster than a skilled machinist at setting up 
a part for processing. With a skilled machinist, over 90% of the time 
can be set-up time, but with control devices, the set-up time can be 
reduced to less than half. Thus, automated production makes much 
more effective use of the machines. Additionally, automated production 
requires few skilled laborers to operate; The skilled labor force can, in 
fact, be reduced by as much as a factor of ten. Hence, automated part 
production is more efficient both because it requires much less labor, and 
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also because it makes more efficient use of the capital. 
Another great advantage of FMS is flexibility. Since the cell is soft- 

ware controlled, all that is required to shift production to a new part 
is to change the software program. A manufacturer can quickly switch 
production in response to changing demand and can maintain much less 
inventory given the speed and low cost of switching production. This 
greatly reduces production costs to the extent that the cost of batch 
producing parts is falling to the level of mass producing parts. Finally, 
as Frost Co. discovered 46, another advantage of FMS is the reduction 
in rejects. In the Frost experience the number of rejected parts fell from 
one in four to one in twenty. 

Efficiency in manufacturing requires careful coordination of the pro- 
duction and purchase of parts with their assembly into products, since 
many manufacturing plants produce a large number of products involving 
a much larger number of parts. Given variations in demand, optimally 
scheduling the machines to produce the required parts at the correct time 
is a very difficult problem. This problem is further complicated by the 
fact that the flow of parts and work in progress must be routed through 
the factory to reach the correct assembly station at the right time. Before 
computers came to be used for controlling the flow of parts, the solution 
was to have bins of parts and work in progress to ease the coordination 
requirements. 

Maintaining large amounts of inventory to ease the coordination 
problem in manufacturing is expensive. First, the value of inventory 
maintained is an investment, which reduces the firms profits. Second, 
inventory takes up space and must be maintained. Finally, maintaining 
large amounts of inventory and work in progress inhibits quality control. 
If a part is found to be defective, the incentive is to replace the part with 
another rather than try to correct the problem creating the defect. 

Concurrent with the advance in automation has been the tremendous 
reduction in inventory and work in progress in manufacturing. In the US, 
material resource planning programs have been introduced since 1968. 
Such programs use a computer model of the manufacturing process to 
schedule the machines and route the flow of production. The amount of 
work in progress inventory can thus be significantly reduced. The leader 
in inventory reduction is Toyota which introduced a Kanban system, 
which is a just-in-time approach to inventory control 4~. The goal in this 
inventory control system is to produce or order a part only if there is a 
specific demand to fulfill a production order. The ideal in just-in-time 
inventory control is to reduce inventory to zero. 
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The implementation of a just-in-time inventory control system is not 
possible without a great deal of attention to quality control. A defective 
part or work in progress means the final product can not be completed 
without stopping the assemblyline. To achieve zero inventory all prob- 
lems in quality control must be solved. To achieve this end, Japanese 
management has organized workers into quality circles to solicit improve- 
ments from the workers and has implemented statistical quality control 
to detect defects quickly 4s. US and European managers are imitated 
Japanese advances in inventory and quality control. 

In the factory, not only is the inventory of parts being greatly re- 
duced but also the handling of parts is gradually being automated. 49. 
In some older plants, parts can be handled as many as fifteen times be- 
fore assembly; therefore, automation of parts handling helps both reduce 
inventory, labor costs, and errors. Automation of material handling is 
being accomplished with the installation of computer controlled delivery 
systems using such devices as conveyors, overhead ra~ls and automatic 
guided vehicles. 

An example of an almost completely automated parts handling oper- 
ation is Apple's factory to assemble the Macintosh 5°. In this factory, the 
concept of just-in-time delivery is extended with a fully automated ma- 
terial delivery system. As parts arrive at the factory, they are unloaded 
into the appropriate containers. The delivery to the work stations is 
then controlled by a computer. Parts, with the exception of screws, are 
sent automatically as needed on a conveyor, overhead rail, or automatic 
guided vehicle. The screws are delivered manually a few times a month. 
The advantage of this system is that parts are handled only twice: when 
they are unloaded and when they are assembled. While the Macintosh 
has only 300 parts this technology will gradually be adapted to larger 
operations. 

Progress in automation of assembly depends on advances in robotics. 
Unlike the humanoid robot of science fiction movies, the industrial robot 
is generally a mechanical arm with a gripper for a hand. The economic 
usefulness of a robot for assembly depends on the capabilities of the 
robot. In assembling a product a human worker uses his senses-mostly 
sight and touch-and motor skills to select the correct part and tools 
to assemble his component into the product. In assembling parts, the 
human is very efficient in aligning the parts and making small corrections 
for errors in alignment. If a minor contingency arises, the human can 
take corrective action. 

To incorporate in a robot such capabilities as sensory perception, 
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orientation in space, and the simple intelligence required to recognize 
the correct part and cope with contingencies is a major challenge to 
machine intelligence, a branch of artificial intelligence. For example, a 
human recognizes objects without much conscious effort. But a robot, 
in order to similarly recognize an object, must first have vision, perhaps 
a small TV camera. Then, a program must be constructed to recognize 
shapes. This seemingly innocuous task is now being solved with much 
research 51. While current robots lack many human capabilities, they 
surpass humans in speed, strength, and predictability. Moreover, robots 
don't tire, take drugs or consume alcohol. 

Economic application of robots in assembly depends on redesigning 
the product and assembly process to exploit the existing capability of 
robots s2. One approach to reducing the need for sensors and machine 
intelligence in robots is to strategically position the materials such that 
the robot can perform a task without sensors or machine intelligence. 
One example of this approach is the application of robots in the 70s 
to weld and to paint automobile bodies. Because the frames are accu- 
rately positioned, robots can weld and paint without sensors or machine 
intelligence. Robots are efficient at welding because they are stronger 
than humans and robots are efficient at painting because they do not 
need clean air. Another example of reducing the need for sensors and 
machine intelligence is to replace bins of randomly oriented parts with 
dispensers which feed the parts to the robot with a precise orientation. 
With such a dispenser a robot can insert integrated circuits into a cir- 
cuit board 53. In such applications a robot is superior to humans because, 
once correctly programmed, the robot does not make mistakes. 

As the machine intelligence of robots has advanced, their applica- 
tions in automating assembly have increased. Consider, for instances, 
machine vision where advances are making applications economically 
in labor intensive applications which are repetitive such as identifying 
parts, inspecting quality, and precise measuring s4. One example in the 
80s of the use of machine vision to significantly advance the automa- 
tion of assembly is Allen-Bradley Inc's plant to assemble as many as 999 
types of contactors and relays which serve as elctromechanical starters 
and controllers for industrial electric motors 55. To simplify the machine 
identification problem of which product to assemble, Allen-Bradley uses 
bar codes, which are similar to the bar codes on products in a super- 
market. A laser measures the surfaces of magnets in the controllers to 
keep them within tolerances. The use of 3500 machine inspections has 
greatly improved quality control. 
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Progress towards complete automation of manufacturing is also tak- 
ing place in integrating CAD, FMS, parts coordination, and assembly. 
The integration of these steps is called computer integrated manufac- 
turing, CIM s6. Progress in the various steps and in integration of the 
steps is promoted by the creation of universally accepted standards for 
model representation, software interfaces, and communication protocols. 
Standards are proposed by governments, engineering society committees, 
and corporations. If standards become accepted by the major players in 
a market, they usually become universal. Accepted standards expand 
the market by making equipment compatible and by enabling small pro- 
ducers to specialize in niche applications, knowing that their equipment 
or software will be compatible with other equipment and software. Such 
standards also facilitate integration of the various steps by creating stan- 
dard interfaces. 

One example of a standard which is likely to gain wide acceptance 
is the IGES graphics standard developed by the National Bureau of 
Standards, NBS, for CAD designed objects 57. This standard facilitates 
the transfer of designs among design and manufacturing groups. An- 
other new standard developed by General Motors is MAP, a protocol for 
machine communication in the automatic factory 5s. GM is currently in- 
stalling MAP in its factories in order to link the entire production process 
electronically. MAP promotes the development of a paperless factory as 
all information flows whether for production or office functions can be 
defined in MAP. As many other firms are adopting MAP, it will soon be 
the standard. 

An important aspect in advancing the various steps in automation 
and in CIM is making advances in automation software. Prior to the 
creation of microbinics the automation of human tasks was incorporated 
into the physical equipment itself. For example, in mass production, 
prior to software, special purpose machines could be connected to pro- 
duce products with very little labor. This type of automation is known 
as hard automation. The great advantage of the new soft automation 
in which human tasks are programmed in software is flexibility. To pro- 
duce a new product with hard automation, the plant has to be physically 
modified at great expense, both in terms of money and time. The goal of 
soft automation is that the output of the plant can be changed quickly 
by changing the software control program. 

Programming human tasks is far from simple. Consider the task of 
a skilled machinist operating several machines to produce a part. To 
develop a high-level-programming language to program this task for an 
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equivalent FM cell would, at the very least, entail developing commands 
to control the tools of the various machines in time and space. But 
this is only a small part of the skill of a competent machinist. A skilled 
machinist knows efficient sequences of operations to produce parts to the 
prescribed tolerances. For example reaming a hole follows drilling the 
hole. Also, sequencing of operations must consider such factors as heat 
buildup. 

To integrate CAD with FMS requires the development of software 
which generates efficient sequences of operations to produce the part. 
Given the enormous range of parts and materials the knowledge of effi- 
cient sequences is immense and the creation of general purpose software 
is unlikely in the near future. Current software successfully integrating 
CAD with FMS achieves more limited objectives. John Deere, for ex- 
ample, has software to integrate CAD with FMS in the production of 
various types of sprockets sg. By restricting the application to a narrow 
range of parts, knowledge of efficient sequences can be incorporated into 
the software. Another approach taken by NC microproducts integrates 
FMS with CAD as a simulation package which the designer uses to eval- 
uate and revise tool paths 6°. In this manner the designer can input 
knowledge of efficient sequences manually. 

More general integration of CAD with FMS requires much more soft- 
ware development. The IGES standard does not provide sufficient infor- 
mation such as tolerances to construct the part. To transfer sufficient 
information NBS and 200 companies are working to establish a Product 
Data Exchange Standard (PDES). To facilitate the integration of CAD 
and FMS design software needs to be defined in terms of recognizable 
objects rather than just lines, arcs, and points. In mechanical CAD such 
objects would include holes, bevels, and grooves. CAD software based 
on recognizable objects makes editing easier and easier the problem of 
generating the code to create the part. Knowledge of efficient sequences 
of tool operations needs to be developed as expert systems. 

The progress towards complete automation requires the development 
of a giant database linking all aspects of design, manufacturing and of- 
fice operations such as marketing and accounting. The database would 
contain the data to link all aspects of design and manufacturing. For 
example, included in this database would be the specification and tol- 
erances for each production component. Control programs to control 
the physical equipment at each stage must be created. Creating these 
control programs will require new discoveries such as deep knowledge to 
construct dynamic models in real time and surface knowledge in the form 
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of expert programs to implement rules in the manufacturing process. In 
addition, the database would also link manufacturing production with 
office operations, such as sales to better organize production runs. Thus 
a very important part of automation advance is discovery which becomes 
incorporated into software. 

In addition, progress towards complete automation involves much 
more that simply automating the various human tasks in the current 
approach to design and production. Intense international competition 
among manufacturing firms is promoting both automation and nonau- 
tomation innovations in manufacturing. To obtain the full potential of 
both types of innovations requires a continual reorganization of both 
design and production. 

Consider first the subgoal of quality. To implement just-in-time in- 
ventory control a very high level of quality control is required. However, a 
consequence of achieving the level of quality needed to implement just-in- 
time inventory control is more reliable products which customers prefer. 
Thus, the pursuit of quality becomes an important subgoal in itself not 
just to reduce the inventory costs but  also to increase revenues through 
greater sales. This pursuit of quality has engendered innovations which 
have been enhanced by technological developments. For example, the 
innovation of statistical process control, which harnesses statistical rea- 
soning to achieve quality, is enhanced by the creation of CIM databases. 
Also, developments in CAD and CAE promote the shift from the pursuit 
of quality by the use of inspectors at each stage of production to the pur- 
suit of quality by designing quality into the product prior to production. 

Another important example is the new emphasis on flexibility in pro- 
duction. Flexibility increases profits by enabling the manufacturer to 
eliminate inventory in organizing production to match demand. Thus 
the focus is on developing software controlled automation to produce a 
variety of products at a moments notice instead of hard automation to 
make a long production run for inventory. 

Also, as the firm which first introduces a new product on the market 
has a competitive advantage over its rivals in gaining market share, firms 
have made numerous innovations to reduce the product cycle. One orga- 
nizational innovation promoted by the Japanese and being imitated by 
the Americans is the creation of a design team for the design and man- 
ufacturing of each new product. Such design teams have members from 
all the firms's departments and have the authority to make decisions. 
This approach to new product development leads to much better coordi- 
nation between design and manufacturing implementation and between 
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product development and customer desires. In this regard, advances in 
CIM provide a framework for much better coordination in new product 
development. 

The current advances in automation in manufacturing are concen- 
trated primarily in the aircraft, appliance, automobile, electronics, and 
heavy machinery industries. Perhaps the most advanced is electronics. 
Integrated circuits can be designed automatically and the manufactur- 
ing of integrated circuits is being automated to increase the yield rate. 
Integrated circuits are installed into circuit boards automatically and 
IBM has automated the assembly of convertible computers in Austin 61. 
Also, with advances in automation, diffusion to other manufacturing in- 
dustries is also taking place. Many industries now use CAD to design 
products. For example, Nike uses CAD to design footware. Robots are 
now being applied to manufacturing in industries as diverse as candy 
makers, pharmaceutical houses, underwear manufacturers and plastics 
molders. 

Entrepreneurs are also applying microbinics to automate production 
tasks outside manufacturing. In agriculture robots are being created to 
pick crops such as oranges. In biotechnology automatic gene synthesizers 
are being created. Automation is also being applied to the manipulation 
of physical objects in services. In printing typesetting has been auto- 
mated. Utilities such as electricity, water, and sewage are continuous 
products whose production is similar to continuous-process manufactur- 
ing. Consequently, these types of activities are currently automated. In 
transportation, too, the operation of the propulsion system of ships has 
been automated. And in overnight delivery of packages, the sorting is 
performed by automatic sorters. Even automatic transportation systems 
have been created in controlled environments, such as the automatic ve- 
hicle system between concourses at the DFW airport. In wholesale and 
retail trade the handling of goods is being automated with the innovation 
of automatic warehousing and in medicine the performance of laboratory 
tests are being automated. 

Application: Paperwork 

Inventors and innovators are also applying microbinics to enhance the 
performance of individuals and institutions in tasks involving the ma- 
nipulation and communication of information objects defined in terms 
of text, data, symbols, sound or image. Such tasks can loosely be called 
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paperwork and given this broad definition, CAD and CAE are examples 
of paperwork. Advances in applying microbinics to enhance performance 
of paperwork tasks usually proceed from the development of standalone 
hardware and software to manipulate information objects to the devel- 
opment of communication protocols and networks to communicate infor- 
mation objects. What makes the application of microbinic standalone 
hardware to paperwork tasks an innovation is not the potential capacity 
of the hardware in itself but rather the invention of applications software 
to perform useful tasks and the reorganization of work to take advantage 
of the new software capabilities. 

One of the first information-manipulation activities enhanced by mi- 
crobinics has been so called number crunching or the manipulation of 
numerical data in standalone computers. Since the development of the 
mainframe computer, software has been invented for to perform adminis- 
trative tasks such as bookkeeping. Transferring administration to main- 
frame computers has facilitated the programing of numerous routine 
tasks such as report generation. In addition, an expanding library of 
software has been invented to provide scientists and engineers with tools 
for analyzing scientific and engineering problems. Over time software 
inventors have expanded the scope of software to encompass most nu- 
meric processing tasks. For example, linear programming and statistical 
packages have been developed to aid decision-makers. 

As a computer is vastly superior to a human at arithmetic, the cre- 
ation of software encourages innovations to make numerous computer 
calculations beyond the capabilities of humans. Thus with accounting 
software, firms can compute the profitability of thousands of products-a 
Herculean task for human bookkeepers, Similarly software for scientists, 
engineers and decision-makers encourages calculations which would sim- 
ply not have been considered prior to the invention of digital computers. 

Another information-manipulation activity which has been enhanced 
by microbinic advances is text manipulation. Since text manipulation 
was transferred to a computer or dedicated wordprocessor, most routine 
manipulation tasks such as "cut and paste" and spelling checking have 
been programmed to be performed with a keystroke or mouse click. In 
addition, with an attached hard disk software procedures were invented 
to automate the filing and retrieval of documents. As text processing 
advanced specialized applications were invented. For example, today 
legal software with the capacity to rapidly search through text enables 
lawyers to quickly locate the precedents for a case in legal databases 
such as Lexis. In general, the invention of text manipulation software has 
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greatly reduced the time and labor effort to make routine manipulations. 
Once a text or numeric manipulation activity has been immersed 

in a microbinic medium economic incentives propel the development of 
software. For software to have value, the knowledge incorporated into 
software need not be a thorough understanding of the task but can be 
only surface knowledge, for example the intuitive opinions of an expert. 
Recently artificial intelligence inventors have created knowledge-based 
systems, which are frequently called expert systems. 62 Such software 
solves problems by mimicking the qualitative reasoning process an ex- 
pert employs in solving a problem. Currently there has been reasonable 
success in the development and use of expert programs applied to prob- 
lems with limited scope where the type of reasoning can be expressed as 
conditional judgments. 

Currently the best knowledge-based systems can perform at the level 
of an intelligent assistant who can solve routine problems 63. One suc- 
cessful application of such knowledge is software for the maintenance 
of physical equipment 64. Another is a program called XCON, which is 
used by Digital Corporation sales personnel to configure VAXs. Even a 
profession as highly skilled as the medical profession has several expert 
program implementations which have yielded varying success. The pro- 
gram Mycin is better at diagnosing blood disorders than is the average 
doctor without specialized training. The economic value of software as- 
sistants stems from the fact that they are cheaper to create and operate 
than to train and employ a large number of human assistants. 

An important advance enhancing the performance of individuals us- 
ing all the types of software discussed above has been the movement 
towards developing integrated software. At first software programs for 
the various paperwork tasks performed on a desktop computer were in- 
compatible and the user incurring a labor cost to transfer an information 
object from one program to another. Integrated software automates the 
transfer of information objects from one software application to another. 
An early example of this type of automation is the transfer of a spread- 
sheet from its data manipulation program to a wordprocessor program 
for inclusion in a document. Such automation requires the development 
of standard representations of information objects and the creation of 
software to translate information objects among competing standards. 

As the power of desktop computers has expanded, software integra- 
tion has also expanded to include all types of information objects. The 
most publicized example of this expanded integration has been the de- 
velopment of desktop publishing software, which integrates still image, 
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data, and text manipulation activities in preparing documents 6s. Such 
software automates numerous tasks in editing and integrating test, data, 
and images in documents. One example of sound manipulation activities 
being integrated in personal computers has been the linkage of digital 
synthesizers to personal computers using the MIDI standard for music 
representation ee. The current frontier is the creation of more powerful 
desktop computers and software to integrate dynamic image manipula- 
tion with the other types of information object manipulation to create a 
new form of communication, multimedia. 

Advances in software and hardware create numerous opportunities 
for innovation which frequently require a complete reorganization of pa- 
perwork. Consider, for example, administration 67. In the precomputer 
era, large institutions would organize large volumes of paper work as an 
assemblyline. This was the case, for example, with insurance claims. To 
achieve efficiency under such a system, people were specialized into filling 
one box on a form or performing a small number of routine operations. 
Later, in the era of standalone mainframe computers the paperwork as- 
semblyline created the input for the mainframe. With the advance of 
dumb terminals and programming, the entire process of administrative 
activity is programed. For example, processing an insurance claim is 
contained within a computer program wherein a single operator could 
supply all the necessary information with prompts. 

This reorganization constitutes an innovation in administration. A 
business can be more service-oriented in that a single service person can 
operate all the programs associated with a single client. And the pro- 
grams can be more flexible than the human paper processing assembly 
line could be, thus enabling the organization to offer a greater variety of 
services. The single operator is in a much better position to correct mis- 
takes than were the large number of people in the human assemblyline 
paperprocessing. This innovation has been imitated by public institu- 
tions such as universities where various operations on student records 
have been programed. 

An amusing consequence of the advance of software and standalone 
hardware has been a large increase in the use of paper 6s. This is because 
software which increases the productivity in using standalone equipment, 
such as personal computers, also tends to create more output, which is 
usually in the form of paper. And at the same time, technological ad- 
vances such as the zerox machine and the laser printer have increased 
the efficiency of paper manipulation tasks. Decreasing the use of paper 
depends on the development of communication protocols, software and 
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networks in order to communicate information objects between stan- 
dalone hardware using microhinic technology. 

Nevertheless, it is precisely the rapid increase in the use of microbinics 
for information object manipulation that is creating powerful incentives 
for the expansion of microbinic communication. Performing a task re- 
quiring the use of a sequence of standalone hardware is inherently in- 
efficient if the information objects must be converted to paper, or even 
tape, for transport between equipment. While some aspects of paper 
handling, such as letter sorting, can be automated, delivering the mail 
through microbinic communications channels facilitates automating the 
entire delivery process. 

To transfer communication from paper to microbinics requires the 
adoption of standards for representing communication objects, commu- 
nication protocols, communication networks with sufficient capacity and 
software to operate the communication system automatically. Because 
of the need to reach agreements on standards and the technical prob- 
lems involved the advance of microbinic communication is taking place 
in three stages. 

The first stage is microbinic communication among equipment within 
an office or order single site. This is because the institutions involved can 
purchase compatible equipment and software from vendors and establish 
a digital protocol for the office phone system or install a much higher 
capacity fiber optic network. Currently, a rapidly expanding technology 
is the development of local area networks to link mainframes, personal 
computers, mass storage devices, and other office equipment such as 
laser printers 69. Apple Corporation's latest operation system for the 
Macintosh computer makes the transfer of information objects between 
application software of Macintosh computers in a Macintosh network 
automatic. Also IBM is currently promoting its Systems Application 
Architecture to promote software integration in networks 7°. 

Two economic factors are promoting this shift of internal corpora- 
tion communications to microbinics. First, this linkage permits office 
personnel to share expensive resources effectively. Second, this transfer 
to microbinics facilitates the programming of many tasks in the filing 
and transmission of documents. Some corporations are now using opti- 
cal scanners to convert all mail to microbinics when it enters the office. 
This step eliminates paper for intraoffice communication and displaces 
the file clerk and corporate postman using a shopping basket to deliver 
documents. Programing tasks in the newspaper business has linked the 
creation of the news with typesetting: software now takes news stories 
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from the reporters' wordprocessors and automatically typesets the news 
story for printing. 

The second stage of the development of microbinic communication is 
among offices and other sites within an institution. Again because a sin- 
gle institution is establishing the microbinic communication network, the 
problem of compatible equipment and software is easily overcome. What 
currently limits the growth of such communication is the limited capac- 
ity of the current analog-digitM phone system and the expense of leasing 
higher capacity dedicated lines. Nevertheless, corporations are also in- 
stalling corporation-wide electronic mail systems linking offices around 
the globe 71. These local area networks and corporate-wide electronic 
mail systems are shifting the transmission of documents from paper to 
an microbinic medium. 

Also data flows within the firm-even those with physically dispersed 
locations are being linked. Consider, for instance, the modern grocery 
store chain ~2. An optical reader at the checkout stand determines the 
product code. Once this is done the computer takes over by finding the 
current price and totaling up the bill. This programing of the task of 
determining the price eliminates the labor of stamping products with 
price data and the need for the checkout clerk to key in the price. This 
transferring the activity of price determination to microbinics also facili- 
tates the programing of many other tasks such as the task of monitoring 
inventory levels. Linking data flows with the corporate office facilitates 
the automatic reordering of inventory and making detailed profitability 
calculations. For example, with the organization of data made possi- 
ble by use of bar codes and optical readers, the supermarket computer 
can be programmed to compute the profitability of every square inch of 
display space and also to analyze the effectiveness of various types of 
promotions 73. 

The goal of creating communication links between offices in an in- 
stitution is the creation of a wide area network such that all the local 
area networks are linked into one giant network with the communica- 
tion capacity of original local area networks. This is an area of active 
research and development currently TM. Full realization of such a goal will 
probably be delayed until the phone system is based on optical fiber and 
the ordinary phone line has an enormous increase in capacity. 

Advances in the manipulation and communication of information ob- 
jects are creating a new framework for decisions in firms and other in- 
stitutions. Consider the management of a corporation rs. With the com- 
puterization of corporate records, a large database of corporate facts is 
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created. The automation of the production process adds to this database 
a much better flow of production information than was previously possi- 
ble to achieve. With increasing computerization of measurements, more- 
over, decision makers will have larger and larger databases of production, 
accounting, marketing and other data. And with the linkage of all offices 
and sites to the corporate mainframes, this data becomes increasingly 
available to corporate managers who analyse the data to make decisions. 
With new analytic tools such as data manipulation languages, spread- 
sheets, linear programming, and statistical packages, the databases sup- 
port decisions based on analysis of the alternatives. 

A consequence of this new framework for decisions is an ongoing re- 
organization of management hierarchies in corporations. The function 
of middle managers has traditionally been to filter the flow of informa- 
tion in passing reports up the chain of command. Currently executive 
assistants using the corporate decision support system can prepare such 
reports for the top executives without these intermediaries. Moreover, 
as information manipulation tasks become software intensive, these ex- 
ecutive assistants can analyze a much greater variety of alternatives. 
Consequently, over time senior executives are reducing the number of 
levels in corporation hierarchies 

The third stage in the development of microbinic communication 
is the development of interinstitution microbinic communication. Two 
impediments to such progress are the lack of standards and the low 
capacity of the existing phone system. The communication of text and 
data between institutions via microbinics has just begun. One important 
example is electronic mail, E-mail, a system which makes messages such 
as letters much less expensive to deliver electronically than physically, in 
the form of paper 76. The major problem in the growth of electronic mail 
between institutions, however, was the lack of an universally agreed- 
upon standard for electronic mail. Thus, customers of the competing 
E-mail services could not communicate. With the adoption in 1989 of 
the international standard, X.400, which was created in 1984, all E-mail 
customers of all the E-mail services will be able to communicate with 
one another. The growth of E-mail should accelerate during the 1990s. 

Market transactions are an important example of an interinstitu- 
tional paperwork activity whose productivity is being advanced by tech- 
nological advances discussed in this section. To view this advance con- 
sider first the four components of market transactions: consideration of 
the alternatives, consummation of the transaction, payment, and finally 
the delivery of the good or performance of the service. As information 
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manipulation in market activities is transferred to microbinics, the phys- 
ical location of markets in which these steps are performed will become 
immaterial. 

The types of markets which have progressed the furthest towards 
total transfer to microbinics are asset markets. The over-the-counter 
market for stocks, the Nasdaq, for instance, resides completely in a com- 
puter network ~ and the New York stock exchange is automating to 
provide the capacity of trading one billion shares a day ~'s. To facilitate 
stock transfers, the stock certificate has become optional, and ownership 
is simply recorded in computer memory. Dow Jones and other services 
provide extensive information services to create databases for analysis of 
desired options. In addition, with brokers in information utilities such 
as Source, individuals call buy and sell assets twenty four hours a day 

Progress towards transfer of market transactions to microbinics varies 
greatly between industries. In most markets this progress is based on 
the creation of databases that enable individuals to analyze alternatives 
and in some cases consummate transactions. Perhaps the most highly 
developed example occurs airline reservation systems Tg. These systems 
are very large databases maintaining information about the status of 
seats reserved for all flights covered by the system. The database is 
available at terminals in airports, travel offices, corporations, and in the 
home through information utilities. Reservations are made by interacting 
with the system. Numerous tasks such as printing tickets, assigning 
seats, and searching for the lowest price have been programmed. Other 
less developed databases exist for other markets such as real estate. 

A specialized type of market transaction which is currently being 
transferred to microbinics and programmed is ordering routine purchases 
such as parts from suppliers and inventory for retail stores. In making 
routine purchases it is much more efficient for the computers of the re- 
spective firms to communicate directly with one another, thereby elimi- 
nating the intermediate step of transfer to paper. But to eliminate this 
intermediate paper step, conventions must be established so that the 
computer and software of the buyer can communicate with the com- 
puter and software of the supplier. Currently these conventions have 
been established in the ANSI X.12 standard whose acceptance is grow- 
ing among suppliers and buyers by the prospect of reduced paperwork 
costs s°. In programing the ordering of parts from suppliers, for exam- 
ple, the big three auto makers expect to save some two billion dollars a 
year sl . 

Household market transactions are just beginning to be transferred to 
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microbinics. Systems for paying bills by telephone as well as telephone 
query systems are in operation. More widespread merchandise sales, 
such as those which have been carried out through sales catalogs ever 
since the 19th century, are just now being transferred to microbinics. As 
womens' participation in the workforce has increased, catalog purchases 
have become a growing portion of consumer purchases. Beside the more 
traditional mail and phone orders for which the buyer uses a printed 
catalog to make comparisons, two new forms of markets in communi- 
cations networks have been created. One of these is computer stores 
found in bulletin boards and information utilities such as Compuserve; 
another is the new version of home shopping that has been introduced 
on cable television. This television market has the quality of a game 
show, with the viewer having only one option, to either buy or not buy 
the merchandise being displayed, using a phone to complete the trans- 
action. As the telephone and television shift to digital, these growing 
services will be transferred to microbinics. In all markets, moreover, the 
payment mechanism is being transferred to microbinics in a piecemeal 
fashion. Currently, payments for goods and services are made primarily 
with currency, checks and credit cards. Also a new type of card called a 
debit card is gaining acceptance in obtaining cash and making deposits 
at automatic bank tellers. The use of debit cards is just beginning to 
compete with the use of credit cards is making purchases. The use of 
a debit card to make purchases totally automates the payment mecha- 
nism because funds are instantaneously transferred from the customer's 
account to the store's account. 

Programing is automating various tasks in the use of all types of 
payment mechanisms. In check clearing, the account identification num- 
bers are inputed into the computer automatically, limiting the human 
input to the amount on the check. As the practice of not returning the 
canceled checks gains universal acceptance, all subsequent operations to 
clear the check can be handled automatically s2. Validation of credit 
cards in stores is another example of how the payment process is now 
automatic. Obviously, however, while advances are being made with var- 
ious component operations, the current media of market transactions is 
a mix of paper and electronics. 
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Chapter 4 

Forecas t  

Introduct ion 

From the time Karl Marx made his gloomy forecast of the dynamics of 
capitalism in Das K a p i t a l  I , the specter of massive displacement of the 
workforce by technology has been part of intellectual history. From its 
beginnings in the 18th century until very recently, the process of apply- 
ing technology to production could be described as mechanization. In 
most mechanized production processes man acted as a intelligent, flexi- 
ble control device for dumb, powerful, and inflexible machines. In some 
mass production plants mechanization led to hard automation in which 
human skills were incorporated into the machinery. Except for spo- 
radic depressions, massive unemployment never materialized as mecha- 
nization advanced, since job creation in the labor intensive services was 
much greater than job destruction from mechanization in both agricul- 
ture and manufacturing. With a continual rise in productivity real wages 
increased accordingly. 

Because job creation in the post World War II era has been great 
enough to absorb not only displaced workers but also the additional em- 
ployment demands created by the baby boom and women entering the 
workforce, why should the new soft automation, in which human knowl- 
edge and skills are incorporated into software, cause any concern in the 
future? Soft automation raises a major concern because soft automation 
greatly expands the scope of tasks which can be automated. The flexi- 
bility which soft automation makes possible means that soft automation 
can be economically applied to batch as well as mass production. Second 
the new soft automation can be applied to the manipulation of informa- 
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tion objects as well as physical. This means that soft automation can be 
applied to services as well as manufacturing. 

Whether advancing automation promotes political stability depends 
on the resulting income distribution. With a high rate of investment 
in the economy, the total output of goods and services will increase, 
indicating an increasing per capita GNP. Empirically, increasing real 
income for nearly all members of society promotes political stability. 
With soft automation it is far from obvious that economic forces will 
generate a politically stable income distribution. An important issue is 
the long term impact of automation on the income distribution. For the 
rest of the book the word automation will imply soft automation unless 
specifically referred to as hard automation. 

Development of the Social Nervous System 

As was pointed out in the previous chapter, advances in automation 
require the control of the activity be transferred to microbinics. For 
example, the automation of tasks involving the physical manipulation 
of objects requires the development of a computer model of the pro- 
cess. Also, computer integrated manufacturing requires communication 
among all factory machines. Programing tasks in information manipu- 
lation is promoted by transferring the activity to microbinics. Advances 
in computation and communication will create a social nervous system 
which will provide a unified basis for the manipulation, storage, and com- 
munication of all types of information objects. The creation of this social 
nervous system will, in turn, promote great advances in automation. 

The rate of expansion in computer power should continue at current 
rates until well into the next century before gradually slowing down 2. 
While the rate of increase in the number of components in an integrated 
circuit will gradually slow, increases in computing power will continue 
as inventors shift their attention from single processors to parallel pro- 
cessors and to new technology such as optical computers. To exploit the 
potential power of parallel processors, software developers will create 
numerous new parallel processing languages. Thus, every eight years or 
so the power of a particular type of computer, for example, a personal 
computer, will increase by a factor of ten. At the same time, advances 
in memory devices such as optical disks will enable computers to access 
prodigious amounts of information such as entire libraries. 

Besides simply making advances in the speed of executing instruc- 
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tions, developments in computing will expand the focus of the computer 
beyond the current focus on data and text processing. Inventors will 
make significant advances in pattern recognition capability through ad- 
vances in neural networks. A considerable portion of the increased com- 
puter resources will be devoted to better graphics and at the same time 
computer screens will be able to display finer and finer detail in ever 
more shades of colors. The great increase in computer power will make 
the manipulation of sound and all types of static and dynamic images as 
easy to perform as current manipulations of numbers and text. 

Advances in programming will increase the productivity of both pro- 
grammers creating software and the workers using software. High level 
programming languages will specialize to provide application program- 
mers in each type of application with intuitively obvious instruction sets. 
One example is "English" type commands for manipulating a database. 
Language developers will incorporate artificial intelligence aids to per- 
form routine operations automatically. However, as discoveries in the 
understanding of the more creative aspects of programming are not likely 
to lead to accurate mathematical models any time soon, the complete 
automation of programming is unlikely in the foreseeable future. From 
the perspective of the end user, computers will become increasingly "user 
friendly." Voice activated languages will compliment visual icons to make 
using computers intuitively easy for all. Because of falling cost and bet- 
ter performance, every individual at both work and in the home will have 
access to a computer. 

The expansion of the capacity of the communication system will 
take place in two stages. Currently the local phone service is analog 
which when used with the currently most popular modem transmits 2400 
bits/second. As the need arises, phone customers can lease higher capac- 
ity analog and digital lines. The first stage in the expansion of commu- 
nication capacity is presently focused on extracting more capacity out 
of the twisted, copper wire telephone system with the shift from analog 
to digital under the worldwide ISDN standard a. The basic phone ser- 
vice for the ISDN standard is 144,000 bits/second partitioned into three 
channels. Again as the need arises, customers will be able to lease higher 
capacity digital lines. The second stage in the expansion in the communi- 
cation system is the replacement of the twisted wire local communication 
system with optical fiber and the development of high capacity switches. 
With the shift to optical fiber the basic phone service will probably be 
defined in the range of 150 to 160 million bits/second under a broadband 
ISDN standard 4. 
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The shift will be transparent to the user, who will maintain his analog 
phone until his demand for an increasing array of digital communication 
services prompts him to switch to a higher capacity digital line. The 
wire ISDN standard has been in use in Brittany, France since 19875 and 
is being tested for use in the US. The shift to ISDN will be slow at first 
because there are few ISDN services and the cost of equipment is high 
because of small production lots. As services using the ISDN are created 
and the cost of ISDN equipment falls due to much larger production 
runs, the use of the wire ISDN will quickly expand. Large firms and 
government will shift first, followed later by small firms and households. 
While many activities are now partially transferred to microbinics the 
integrated wire ISDN communication system will spur a more complete 
transfer. 

The shift to the high capacity fiber optics for local communication 
will start prior to the year 2000 and will follow a similar pattern as the 
shift to the wire ISDN standard. Thus, long before the shift to the basic 
wire ISDN standard is complete, institutions with large demands for 
communications will be shifting to fiber optics. In the 1990s as the cost 
of installing fiber declines to the level of installing copper, increasingly 
new phone service will employ fiber in anticipation of future growth in 
communication demand. Phone companies have already replaced copper 
wire by fiber for high capacity trunk lines. In the next thirty years phone 
companies will be replacing all twisted wire lines with optical fiber. The 
use of fiber optics for local communication will spur the shift of most 
information manipulation activities involving text, data, symbols, voice, 
and all type of images to integrated computer-communication networks. 

The expanding capability of computing, storage, and communica- 
tions is only one factor in the shift of activities to microbinics. The 
major hurdle to this transfer is, perhaps surprisingly, the problem of 
creating universally agreed standards for representing the information 
objects of various activities. Reliance on government to accelerate the 
creation of these standards will not necessarily improve the situation. 
In fact, competition between rival groups frequently results in the cre- 
ation of better standards than those which might be set too quickly or 
arbitrarily. Once standards for a particular type of information object 
have been created, the manipulation and communication of these objects 
shifts to microbinics. 

Consider first the shift of most activities involving text to microbinics. 
Two technical factors are currently promoting the shift of text and docu- 
ments within institutions to microbinics. First, the technical problems of 
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creating local area networks to link equipment within institutions have 
currently been solved, although a great deal of work needs to be done to 
integrate rival standards. Second, mass storage devices such as optical 
readers allow institutions to store massive amounts of text and other 
documents and to treat text as an image. The progress towards the cre- 
ation of a paperless factory by General Motors and a paperless office by 
the Pentagon s , will create standards and provide useful experience for 
other institutions to follow. 

Currently, text written on paper is easier to read than text written on 
computer screens. In about ten years, however, the quality of computer 
screens will improve so that reading screens will be easier. This will 
accelerate the complete transfer of paperwork within institutions from 
paper to microbinics. The complete transfer will require some type of 
device, which inhibits tampering such as a permanent one-time-write 
memory device, as a legal means of record T. 

Currently, the communication of text between institutions via elec- 
tronic mail is just now beginning to accelerate. The adoption of the in- 
ternational standard, X.400, has provided a basis for linking all senders 
once the electronic mail directory is complete in 19938 . As this standard 
becomes universal, vendors of local area networks to promote sales will 
have to ensure that their network can interface with the X.400 standard. 
Once this has been accomplished the volume of electronic mail will ex- 
plode because electronic mail is both much faster and much cheaper than 
paper mail. 

In a similar fashion most activities involving data will also gradually 
be completely transferred to microbinics. As decision making becomes 
increasingly analytic, based on more  detailed models, the flow of data 
will increase. Today, an important growth area in data communications 
is among the physically dispersed operations of a firm. As standards for 
internal communications within institutions are created, the transfer will 
be complete. The creation of standards such as those proposed by IBM 
in their system applications architecture will promote interinstitutional 
data  communication. 

Two important incentives for shifting information manipulation ac- 
tivities to microbinics are cost reduction and speed. It is much less 
costly and much faster to communicate the binary representation of an 
information object than to transport the  same representation on paper. 
Moreover, a complete shift to microbinics generates much greater sav- 
ings. Currently information objects are transferred back and forth from 
paper to microbinics in activities such as ordering supplies. A complete 
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transfer to microbinics also eliminates the labor costs involved in these 
transfers, and would eliminate the need for two communication systems, 
one paper and the other microbinic. 

The cost reduction in shifting activities to microbinics can be con- 
siderable. For example, in the case of ordering parts for automobiles 
the shift is expected to save as much as $200 per automobile 9. Because 
of the projected savings, the transfer to microbinics of the ordering of 
routine purchases, such as inventory by department stores, which is just 
being initiated, should be moving towards completion within a decade. 

The increased capacity of the communication system and the creation 
of standards will greatly increase the shift of various market transaction 
activities to microbinics. An example is the creation of a real-time pay- 
ment mechanism or point-of-sale, POS, system. The debit card which 
currently is used to obtain cash from automatic teller machines is an ob- 
vious candidate for this role in retail purchases. Software already exists 
for interfacing the automatic teller machines with various banks. Numer- 
ous pilot POS systems are in operation. The primary hurdle to create 
a complete P0S system is the need for the various participant: mer- 
chants, banks, and vendors to reach agreement on the standards for the 
system 1°. For example, should the POS system work instantaneously or 
overnight? The system design must also be flexible to meet the needs of 
the various types of transactions to be processed. The problem with cre- 
ating a fast, reliable, inexpensive real-time payment mechanism is that 
there is no simple market mechanism for creating the transformation. 
Indeed, the public will be slow to accept such a mechanism. 

Automating the payment mechanism between economic agents is a 
public good because once the total transformation takes place, all will 
benefit through greater efficiency. Stores will find automatic payment 
advantages, in that bad checks will be eliminated and credit charges will 
be paid without delay. Once volume has been established,the cost of 
clearing transactions microbinically should fall to less than one tenth 
the cost of clearing a check. While consumers would lose the float or the 
time delay between the time when items are charged and the time when 
they are paid for, the loss of these advantages would be compensated by 
lower prices and a wage-and-salary-payment system much closer to real 
time, based for example, on daily or even hourly intervals. 

As activities shift to microbinics, the demand for digital commu- 
nications provided by the ISDN standard will grow because firms can 
reduce costs by shifting the respective office or market activity to mi- 
crobinics. Thus the initial demand for ISDN standard is the business 
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demand to transmit data, text, and FAX. But as higher capacity lines 
come into use entrepreneurs have strong incentives to create additional 
communication services. For example, businesses will want to link local 
area networks at physically dispersed locations into one giant local area 
network. Communication carriers will respond to increased demand by 
increasing supply. 

Entrepreneurs, responding to opportunities created by the expanded 
communications channels under wire ISDN, will create many new ser- 
vices. These new services will involve shifting new activities to mi- 
crobinics. Underlying the potential demand for new services is the fact 
that the communication of a bit of information is a decreasing cost in- 
dustry, whereas travel, especially if one considers the value of ones time, 
is an increasing cost industry. One important factor in the growth of 
new services in communication networks will be the substitution of com- 
munication for travel. One component of the creation of these services 
will be the transfer of information object manipulation to microbinics. 

One current growth industry in communication networks is the cre- 
ation of databases. As the capacity of communication expands, the 
creation of ever more extensive information retrieval services increases. 
Consider, for example, a library. One fundamental problem in the cur- 
rent paper organization is that if a library only has one copy of a book, 
only one person can read the book at one time. If the library is moved 
into an electromagnetic environment, however, anyone who wants a copy 
can have one. Moreover, placing the library in an electromagnetic en- 
vironment eliminates the time necessary for physically traveling to the 
library. Finally, a microbinic library on some mass storage device such 
as an optical disk occupies much less space than a physical library. 

The complete shift of libraries to microbinics is taking place in stages. 
Currently many libraries have computerized the checkout of books and 
other administrative procedures. Software to search for material is be- 
coming increasingly sophisticated. An example of search software is the 
Lexis system which enables lawyers to search for precedents to prepare a 
case. With the advance of optical disk technology an increasing amount 
of text is being transferred to microbinics 11. At the current stage of de- 
velopment the primary access to text on optical disks such as CD-ROMs 
is through microcomputers. With the expansion of communication chan- 
nel capacity via ISDN and the resolution of copyright concerns, books 
and other large amounts of texts will be transferred to users through 
communication channels. 

The first group to use the basic wire ISDN service in the home will be 
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millions of full and part time telecommuters, who will need this service 
to be effective in their jobs. A growing number of homes with the basic 
ISDN service will create a market for entrepreneurs to develop new in- 
formation services for the home. One example will be the public library. 
Another example is much improved home shopping. As was pointed out 
in the previous chapter, with two-income families, home shopping, pri- 
marily through catalog sales, is growing faster than mall sales. Home 
shopping in communications networks has serious defects. Telemarket- 
ing on cable television is not interactive, hence the viewer can not search 
for a product he wants. Computer stores in information utilities such 
as Source provide only the model number as information concerning 
each product. Recently, Trintex, a IBM/Sears videotex venture created 
Prodigy, an improved shopping and information service through com- 
puter networks 12. 

As the capacity of communications channels expand, the quality of 
home shopping services will improve dramatically. The digital expansion 
of the telephone system would greatly facilitate catalog sales through 
computers. The telephone system is interactive, hence the viewer seated 
at his terminal can search through the catalog on the screen at his leisure. 
The ISDN standard will create the capacity for the transfer of sufficient 
information to describe the product clearly. In a few seconds the viewer 
could obtain a specification page. Also, if he desired, the viewer could 
obtain a static image. The quality of the image depends on the length 
of time the viewer is willing to wait, and on the quality of compression 
algorithms used to reduce the required data transmission. When using 
the basic wire ISDN service to view a catalog, a picture would be an 
option with alternative quality levels and time delays. 

While the increases in computer capacity will take place in uniform, 
discrete jumps, the potential increase in communication capacity from 
the basic wire ISDN standard to a basic fiber optic ISDN standard is a 
prodigious jump. With twisted wire as the basis for local communica- 
tion, the phone system can not transmit dynamic video clearly without 
repeaters. If the basis for local communication becomes a fiber optic line, 
however, the potential capacity of the local network becomes thousands 
of television channels. To shift completely to fiber optics will require 
communication exchanges or switches capable of switching very high 
volume digital messages. These high volume switches should be created 
by 199513 . 

Several factors will promote the shift of local communications to fiber 
optics. Firms and other institutions will want such high capacity local 
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communications for bulk data  and text transfers both within and among 
institutions. However, the factor most likely to promote the shift to 
a complete fiber optics system will be the growth of teleconferencing. 
In arranging meetings among persons at physically dispersed locations, 
the advantage of a face-to-face meeting is the personal contact, while 
the disadvantages are the cost of travel, the time delay in organizing 
a meeting, and the less-than-optimal use of time while traveling. Cur- 
rently interactive video teleconferencing is a rapidly growing, declining 
cost technology for group meetings. Because high quality, interactive 
video teleconferencing can achieve most of the advantages of a face-to- 
face meeting, institutions will demand high capacity, low cost fiber optic 
communications. 

The declining costs of fiber optics will spur the growth of interac- 
tive, video teleconferencing even further. Teleconferencing will start as 
a substitution for meetings, but as its cost declines, teleconferencing 
will be used to create temporary groups within organizations without 
the expense of temporary relocations. As cost further declines, telecon- 
ferencing will become a mechanism for organizing groups at arbitrarily 
dispersed locations through intelligent terminals. Institutional reliance 
on teleconferencing as a means for organizing groups will depend on in- 
novators who learn how to achieve high group performance in groups 
organized through the social nervous system through appropriate tech- 
nology, software and incentives. 

While institutions will desire fiber optics as a low cost means of or- 
ganizing groups at dispersed locations, individual will desire such or- 
ganization to achieve greater control in their daily schedules. For ex- 
ample, the minute an individual logs into his or her work group at an 
intelligent terminal, software will immediately link the individual to the 
appropriate network. Such an individual would be fully functional at 
any intelligent terminal; consequently, the individual could be at corpo- 
rate headquarters, a remote corporate office, a neighborhood office or at 
home. Moreover, software will enable individual to appear to members 
of his or her group dressed appropriately for the corporate culture. That  
is the individual could appear dressed in a conservative business suit 
while seated in a swim suit at a terminal by a pool. Moreover, given 
the tremendous capacity of fiber optics, individuals besides their formal 
work networks will create private, possible encrypted networks for infor- 
mal communication. Thus individuals would not need to feel isolated 
from their institution while working though the social nervous system. 

A second aspect of the increasing demand for fiber optics as the 
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basis for local communications will be the growth of interactive video 
services 14. Interactive video technology will impact many activities such 
as education and marketing. Interactive videos can be stored on optical 
disks, a very large storage disk read by a laser stylus. Optical disk 
technology is just beginning to fall in price so that it is accessible to firms 
and wealthier households. With twisted copper wire communications, 
this technology is accessible to those who own optical storage devices 
and buy the disks. For disks which many individuals might wish to use 
for only a short time, there are enormous economies of scales if the disks 
could he addressed remotely through communication channels. Such 
communication would require optical fiber in order to be effective. 

With large volume communications made possible by fiber optics, 
catalog sales would be enhanced with the option of video demonstra- 
tions of the product. With the introduction of cheap, interactive-image 
communication, the possibilities for much greater choice and better in- 
formation support for comparison shopping will be realized. The advent 
of fiber optic communications in the household will enable the shopper 
to obtain as much visual information from a much better screen as he 
currently obtains from observing store displays. For example, inexpen- 
sive image technology will enable real estate agents to show images of 
alternative property along with data now found in computerized listing 
services. With fiber optic communication in the home, the growth ar- 
eas of merchandising will be interactive image technology as an advance 
over paper catalog sales, computer stores and home shopping networks 
on television. As will be discussed in the next two chapters, economic 
incentives will create markets based on interactive image communica- 
tions supported by extensive databases of facts and images for decisions. 
As the supply of image services in communication channels grows, fiber 
optics will enter households providing a single communication link ab- 
sorbing all communications such as cable television. 

Within the next 50 years, as the growth in communication services 
begins to create demands for a high capacity optical fiber basic service 
for local calls, the entire twisted copper-wire phone system will be re- 
placed with a fiber optics system. A fiber optics line in every office 
and household would create a single communication system for all types 
of communication signals, whether one-way, such as cable television, or 
interactive, like voice. Having a network of optical fibers in place, more- 
over, would create a framework for increased use of the potential capacity 
as the demand for telecommunications, telecommuting and interactive 
video communication services increases over time. 
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What the advances in microbinics provide is a unified basis for ma- 
nipulating and communicating words, numbers, equations, voice and im- 
ages. With the simultaneous advances in microelectronics and commu- 
nications, the two technologies are being fused. With the advance of 
microbinics, society is thus evolving a social nervous system, which inte- 
grates computer, communications, and all library collections. It follows 
that the transfer of activities to microbinics means that these activities 
are being transferred to the social nervous system. The creation, manipu- 
lation, and communication of all informational objects whether numbers, 
text, symbols, voice or image will increasingly take place in this social 
nervous system. This means that books, papers, film, conversations and 
so on would be stored and transmitted electromagnetically. 

As the capacity of the communication system expands,the manipu- 
lation, storage, and communication of all types of information objects 
will become integrated in the personal computer, which will operate as 
an intelligent terminal in the social nervous system. One example of this 
integration is the creation of FAX cards for PCs. Another is the growth 
in the market for multimedia computers 15. Yet another is the construc- 
tion of an intelligent terminal by Datapoint which integrates voice, data, 
text, symbol, still image and poor quality video in one terminal. This 
terminal should be considered a prelude of future developments by many 
companies 16. 

Viewing of informational materials in the social nervous system would 
generally be done at intelligent terminals using various types of screens or 
projectors. From each terminal each person would have potential access 
to all of the society's computer power, and the entire store of society's 
accumulated knowledge in the form of books, data files, video, and so on. 
Also, from each terminal each user would have potential communication 
with any other user. Throughout this book the word "terminal" will 
refer to a general-purpose device which can be used for voice-video com- 
munication and computation either as a smart terminal or as an input 
device for a larger computer in the social nervous system. A terminal 
may be used for word processor, or any other type of information object 
manipulation. 

Automation: Physical Manipulation 

The next step in estimating the impact of automation on the income 
distribution is to estimate the impact of  automation on the total hours 
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of employment per week. The total hours of employment per week is 
simply the number of workers times the average length of the work week. 
The trend in the average work week will be considered subsequently. In 
addition, the impact of automation on the skill requirements of tasks 
performed by humans will be considered. 

To consider the impact of automation, the total hours of employment 
per week will be divided into blue-collar work and white-collar work. 
This division will be made using the Bureau of Labor Statistics occu- 
pational groupings 17. Blue-collar work will consist of the total hours 
of employment per week in occupations under the headings of service 
operators; precision production, craft, and repair; operators, fabricators, 
and laborers; and farming, forestry, and fishing. Thus defined blue-collar 
work consists of 45% of all civilian work and primarily involves manipula- 
tion of physical objects. White-collar work will consist of the total hours 
of employment per week in occupations under the headings of manage- 
rial and professional specialty and technical, sales, and administrative 
support. Thus defined white-collar work consists of 55% of all work and 
involves primarily manipulation of information objects. The decline of 
blue-collar work will be considered first. 

First, let us consider manufacturing-blue-collar work, which currently 
comprises less than 10% of all civilian work. The economic incentives for 
a firm to promote automation are much more than simply reducing labor 
costs. Another advantage of automation is the flexibility in producing 
batches of goods. With the capacity to shift rapidly from the production 
of one part to another, production can respond quickly to changes in the 
marketplace. The resulting reduction in setup times reduces the costs 
of batch production towards the level of mass production with fixed 
machines. And as the costs of automated production fall, large firms 
will increasingly switch mass production techniques from hard to soft 
automation in order to obtain greater flexibility in production. 

Automation can also aid in quality control. Automation encour- 
ages product and production simplification. As Frost Inc discovered, 
installing a flexible manufacturing system can reduce the number of de- 
fective parts. The installation of an automatic delivery system for parts 
in the assembly process to implement just-in-time inventory control com- 
mits management to improving quality control. The greatly improved 
electronic information concerning the production process made possi- 
ble by the installation of production communication networks aids in 
the implementation of statistical quality control. The move towards au- 
tomation with higher quality control, furthermore, greatly reduces waste, 
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thus increasing the amount of output produced from the input. 
The speed at which automation advances depends on the amount of 

economic competition. Currently Japan has gained the lead in robots, 
quality control and labor-management relations, while the US leads in 
software development. The US is keenly aware that not catching up 
with the Japanese may mean losing those industries which are becom- 
ing automated. As a consequence a competitive mentality focusing on 
a world automation race is developing much like the mentality which 
powers the arms race. The Europeans are also aware that to be com- 
petitive they must follow suit. While the intense competition propels 
automation forward, progress can not proceed faster than the accumula- 
tion of knowledge of production processes. Automating a task requires 
a task behavior model, which varies considerably in the required depth 
of understanding depending on the task. Building a control device for 
a chemical production process, for instances, requires a mathematical 
model describing the behavior in continuous time. In contrast, building 
a model of a decision process in order to implement an expert system 
requires only an understanding of the rules of thumb by which the expert 
makes the decision. 

In short, the important point in transferring human skills to soft- 
ware is that the human knowledge, which is frequently in the form of 
intuitive skills, must be understood to the level of a formal model which 
can be made operational in software. If a process is to be controlled in 
continuous time, the model must be able to simulate the task behav- 
ior accurately enough to be controlled by the computer model. If the 
decision is a one-time decision which is not time dependent, any model 
which produces better results than all but experienced experts can pro- 
duce is useful. Success in automating a task, in other words, depends on 
the level of knowledge needed in order to carry out the task. Because 
these knowledge requirements increase with the complexity of the task, 
automation will proceed from the routine to the nonroutine. 

The economic costs of developing and using a model to program a 
task are very different from the cost of training humans to perform the 
task. Generally it very much more expensive to develop and use a model 
to program a task, than to train a human to perform the task. But, as 
the cost of reproducing a program is negligible, the greater the number 
of people which must be trained, the greater the economic incentives for 
model and software development. Currently research in robotics and ma- 
chine intelligence takes places primarily in universities, but much of the 
major automation innovation takes place under an improvisatory strat- 
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egy when plants are modernized and when new plants are constructed. 
Such innovation can be extraordinarily expensive. General Motors is cur- 
rently spending tens of billions of dollars trying to leapfrog its Japanese 
rivals by making a major innovation in automation is. Frustrated by the 
rigid work rules of the auto union, GM attempted to bypass labor by 
using MAP to create highly robotized, paperless factories. The plan was 
to modernize several plants and then use the acquired knowledge in cre- 
ating the all new factory of the future in the Saturn plant. GM pushed 
too far beyond the state of the art in making this at tempt and is cur- 
rently engaged in much applied discovery in how to make the installed 
automation work up to design specifications. The plans for the Saturn 
plant had to be scaled back. 

Too make matters worse the Japanese management of th e joint GM- 
Toyoto plant in California instituted Japanese labor-management rela- 
tions and were able to achieve near Japanese levels of production and 
quality without a major investment in automation. It is far too soon, 
however, to consider GM's at tempt at automation a failure because with 
successive revisions they are likely to achieve significant results which 
will make them a better competitor. With Japanese automobile plants 
in the US, the Japanese firms will probably learn the best from the US 
software intensive approach to manufacturing whereas the US firms will 
learn how to adopt Japanese labor-management relations and leaner, 
more flexible organizations. The long range result of GM's at tempt will 
be a significant advance toward automation with the paperless factory 
where all equipment in the office and on the factory floor is linked in a 
MAP network. 

Blue-collar work in manufacturing will decline gradually and not pre- 
cipitously for several reasons. First, the cost of discovery in applying new 
ideas is so expensive that only a small range of new ideas are likely to 
be implemented at one time. Imitators can adopt the most successful 
aspects of the most advanced factories at a fraction of the cost of trying 
to push the automation frontier forward. Second, the diffusion of au- 
tomation techniques from the leading industries, will take time because 
of the enormous range of manufacturing processes and techniques cur- 
rently employed. To adapt these techniques will take expensive applied 
discovery and numerous equipment modifications. For example, to adapt 
a particular type of FMS cell to make a new type of part may require 
the incorporation of new types of tools and tool motions. 

The decline in blue-collar work in existing manufacturing industries 
is likely to proceed step by step as each new factory or factory mod- 
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ernization displaces an obsolete plant. The construction of new plants 
in new industries is likely to be at or near the automation frontier. A 
current growth industry, which is in its initial phase, is biotechnology 
which is likely to be highly automated while it expands. For example, 
the production of products using DNA altered bacteria is a continuous 
process for which current knowledge is sufficient to automate. As the 
growth of new manufacturing industries is likely to displace older ob- 
solete industries, the growth of total manufacturing output is likely to 
increase with a decline in blue-collar work. 

The advance of automation in manufacturing will change the na- 
ture of blue-collar work in manufacturing. As the programming of tasks 
will proceed from the routine to the nonroutine, work will increasingly 
become a sequence of unique tasks such as repairing breakdowns and 
installing modifications to equipment to improve productivity or make 
new products. Advances in automation also tend to shift work from the 
actual physical manipulation of objects to the manipulation of represen- 
tations of the objects in the social nervous system. For example, the 
automation of the production of parts first with the numerically con- 
trolled machine and later with the integration of flexible manufacturing 
cells with computer assisted design shifts work from a machinist working 
with objects to a technical person working with programs, 

The advance in automation coupled with a much greater emphasis on 
quality control will gradually increase the educational requirements nec- 
essary to perform tasks in manufacturing. The shift of work to the social 
nervous system means that workers will need some computer literacy to 
operate equipment and some knowledge of programming to make im- 
provements. The application of statistical quality control requires some 
knowledge of mathematics. The manufacturing workforce will gradually 
become technicians. At the same time much work will become highly 
technical such as the creation of expert systems to diagnose failures in 
complex equipment such as robots. As knowledge of programing tasks in 
manipulating physical objects in manufacturing grows, this knowledge 
will be applied to the programing tasks in manipulating physical objects 
in industries outside manufacturing such as construction and service in- 
dustries. For example, advances in robotics have lead to robots which 
deliver meals in hospitals. Robots have also been developed to clean 
floors m. Consider, for another example, the job of a repairman, whether 
he works on a defective factory robot or a defective automobile. For di- 
agnosing faults in equipment, expert systems have already demonstrated 
excellent performance and the task of diagnosing equipment failures will 
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be increasingly programed. For a final example, the preparation of fast 
food such as McDonald's BigMac will be increasingly automated ~°. 

The decrease in total hours of employment per week in such blue- 
collar work outside manufacturing will decrease more slowly than the 
corresponding measure for manufacturing for three reasons. First, blue- 
collar work is less routine outside manufacturing than within manufac- 
turing. For example, conditions at a construction site are much more 
variable than in a manufacturing plant. Significant automation in con- 
struction may require a whole new construction technology with mod- 
ules constructed under controlled conditions in factories and assembled 
at the site. Similarly, transportation on roadways has many nonroutine 
elements. Also, the construction of a robot to clean floors must have a 
much higher level of machine intelligence than a robot to paint automo- 
biles because the cleaning robot must deal with so many more contin- 
gencies. These nonroutine elements make the construction of models of 
the respective processes difficult. 

Second, there is much less international competition in construction 
and services, hence there is less pressure to automate. Third, the ser- 
vice component of the economy is likely to grow faster than the overall 
economy. One example of a growth industry is leisure. Assuming that 
the real incomes for most groups in society continue a gradual increase, 
leisure time will increase as most individuals with increasing incomes will 
want to substitute some of the increase for leisure. While leisure support 
services will experience some increase in software support, they will not 
be nearly as automated as manufacturing, since leisure has fewer routine 
tasks to program. Another growth industry will be geriatric services for 
the aging baby boomers. 

As automation of blue-collar work outside manufacturing progresses, 
work will become more technical as the control of physical objects shifts 
to software in the social nervous system. For example, a technical com- 
ponent of repairwork becomes the construction of expert systems for 
diagnosing faults. Also, the maintenance and repair of robots which 
clean floors requires much more skill and education than cleaning floors. 

Automation: Information Manipulation 

The trend in white-collar work, directly depends on the advance of the 
social nervous system. As activities shift to the social nervous system, 
the numerous opportunities for programing tasks will cause a significant 
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decline in the total hours of employment per week in such activities. On 
the other hand, new tasks and industries will tend to offset the rapid 
decline. 

First, let us consider the consequence of shifting the office from paper 
to microbinics. What prevents programing many routine information 
manipulation tasks is, not a lack of knowledge, but the fact that the 
current information manipulation technology is a mix of paper and mi- 
crobinics. This mix of microbinics and paper has actually increased the 
amount of paper and has created more routine white-collar work such 
as filing and mail service. A significant decline in routine office work 
will not occur until the current efforts to create standards for represent- 
ing various kinds of information objects used in office work succeed and 
are generally accepted. General acceptance of standards will enable the 
office to shift entirely to microbinics. 

Once the office has shifted to microbinics, current knowledge can be 
applied to rapidly program routine administrative functions such as fil- 
ing and electronic mailing. Moreover, much more than simple filing and 
communicating tasks can be programmed as the office shifts entirely to 
the social nervous system. The current mix of paper and microbinics 
creates considerable work in order for humans to transfer information 
objects back and forth from paper to microbinics in the flow of informa- 
tion. In the future such tasks will be programed. For example, the flow 
of required data and reports between firms and the government will take 
place in the form of one computer talking to another computer. 

When some activities are transferred to the social nervous system, 
most tasks will be programmed immediately. Consider the shift of a 
library to microbinics. Once a user has found the item he wants in 
an electronic catalog, software will automatically transfer the item for 
viewing. The task of restocking the shelves has been eliminated and 
the task of checking out material has been programmed. As software 
to search for material becomes more sophisticated and easier to use, 
the task of a reference librarian will have been programmed. The tasks 
that remain are the unique tasks such as deciding what new material to 

acquire. 
Given that the shift from paper to microbinics will not take place 

in all offices and households simultaneously, dual microbinic and paper 
systems will be maintained for some time. The complete shift will start 
with large corporations and government and will proceed to smaller firms 
and households. In twenty to thirty years, as most households switch to 
the basic wire ISDN standard and acquire capable home computers the 
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use of paper will precipitously decline. 
The impact of programing routine tasks in office administration will 

be much greater than the impact of gradual automation in manufac- 
turing. Because routine paper handhng tasks throughout the political 
economy are similar, little adaptation is required to develop software 
for the entire political economy. Thus the substitution of programs for 
humans in routine information manipulation tasks will rapidly diffuse 
through the entire political economy. 

An additional aspect of programing routine tasks of information ma- 
nipulation is that the residual labor is likely to be transferred to managers 
and professionals. With the development of voice-activated natural lan- 
guages, most managers, who will be trained in making decisions based 
on data analysis, will operate their own workstations in wordprocessing 
and decision analysis tasks such as the creation of a nonroutine report. 
Consequently, as administrative-support software advances, it will be 
more efficient for the professional to work directly with the software 
than through a low-paid intermediary and thus the traditional secretary 
will become a status symbol for the truly elite. 

In 1988 approximately 15.7% of all work was white-collar work under 
the category of administrative support and clerical 21 . In the next forty 
years this is the area of work upon which automation is likely to have 
the greatest impact. This type of white- collar work is likely to decline 
absolutely and the drop is likely to occur rapidly within a period of one 
or two decades. The positive aspect of this type of automation will be a 
great increase in office productivity. 

As activities are transferred to the social nervous system, programs 
will displace humans from service tasks by transferring the residual la- 
bor to the customer. The oldest example of this trend has been the 
development of the telephone service, where automatic dialing greatly 
reduced the need for telephone operators long before the advent of mi- 
crobinics. A more recent example is the automatic teller machine, ATM. 
The displacement of human tellers by ATM's would take place much 
more quickly if banks charged the customer the true price of a human 
teller transaction. The customer incurs no service charge for a human 
teller transaction, whereas the customer is charged for each ATM trans- 
action. This inhibits the volume of ATM transactions from obtaining 
economies of scale. 

As retail shopping shifts to the social nervous system, routine tasks 
will be programmed and the residual labor transferred to the customer. 
For retail shopping to shift to the social nervous system the customer 
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needs software to compare his alternatives, buy the desired items, and 
make payment. Also, the customer must be able to physically obtain the 
purchased items conveniently. As the capacity of the social nervous sys- 
tem for image communication expands, software will provide customers 
with as much visual information as currently available in live displays 
and at the same time will enable the customers to make analytic compar- 
isons. With the development of convenient pickup points, the consumer 
becomes a much more efficient comparison shopper. With such software 
most of the labor in retail shopping has been transferred to the customer. 

As retail shopping shifts to the social nervous system the labor in 
retail stores is reorganized. As the display of merchandise becomes a 
slide image or a video, stores will eliminate the task of stocking phys- 
ical display areas and will become automatic warehouses. The task of 
operating the cash register has been programmed with the automatic 
payment system. A few customer representatives would remain to han- 
dle only unusual cases through communication channels. Accordingly, 
the white-collar work week in retail trade will gradually decline. Au- 
tomatic reordering and automatic warehouses will also cause a gradual 
decline in employment per week in wholesale services. 

The development of a single customer representative, supported by 
software, who services all of the customer's needs, is an intermediate 
step in transferring the residual labor to the customer. A good exam- 
ple of this automation is the airline customer agent, using the airline 
reservation system, to provide the customer with the desired flights. As 
the public becomes computer literate, most members of society will be 
able to operate programs using interfaces such as menus or icons. The 
trend will be to have the customer directly interface with the various 
programs which are currently controlled by the service representative. 
While customers can today interact directly with airline reservation sys- 
tems using personal computers through the information utilities, the 
programs would have to be simplified for general use. 

As software becomes increasingly sophisticated, it can dispense an 
increasing number of services. One example to consider is the realtor. 
Currently the realtor in most cities has listings available in a computer 
memory. To obtain a listing of all properties with a given set of charac- 
teristics, all he need to do is to run a simple program on his computer. A 
loan comparison option is also being added to this type of software. But 
if the potential customer could directly address the program, which could 
be made interactive by means of help instructions for even a computer 
neophyte, the realtor would become superfluous. In a similar fashion 
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many standard tasks of the legal profession, such as wills, divorce, and 
incorporation could be performed by programs. 

The basic reason that this will not happen in the near future, how- 
ever, is that most professions have some monopoly power over the sale of 
their service. They will at tempt to extract monopoly rent from the use 
of the programs for their profession as long as possible. In competitive 
industries, on the other hand, service software is likely to be developed 
more quickly. Industries such as banks and airlines, where the service 
representatives are salaried, would have much more incentive to transfer 
the labor cost to the consumer in order to remain competitive. 

The category of work which will undergo the second most rapid de- 
cline is white-collar work in sales occupations, which current comprise 
some 11.8% of all civilian work 22. This decline will occur after the de- 
cline in administrative support, including clerical because a precipitous 
decline in sales occupations will not occur until households have higher 
capacity telephone service. As the basic wire ISDN service and fiber op- 
tics start moving into household in significant numbers in twenty years, 
the sharp decline of white-collar work in sales occupations will begin. 

As activities are transferred to the social nervous system, most rou- 
tine tasks will be programed as part of the transfer. For example, the 
automation of the flow of data  within a corporation provides a framework 
for automating the creation and communication of routine reports. Thus, 
within such a framework division reports to corporate headquarters and 
reports to government will tend to be programed and communicated 
automatically. Transferring marketing data to the social nervous sys- 
tem provides a framework for programs to automatically merge, clean, 
and maintain customer lists. Orders can be entered electronically such 
that programs can automatically determine available inventory and sub- 
sequently monitor the status of the customer's order 23. In the field of 
medicine, online databases such as MEDLINE provide doctors access 
to the latest research to deal with a rarely encountered disease. The 
transfer of medical records to microbinics provides a hospital with much 
more than a more efficient means of bookkeeping. Software monitoring 
each patient can alert staff members to specified alert conditions such as 
dangerous side effects to administered drugs. 24. 

However, for the transfer of an activity to the social nervous system 
to be an innovation, the institution usually must redesign the adminis- 
trative process to take advantage of the new combination of hardware, 
software and humans. The pace of such transfers depends on advances 
in hardware, software, communications and a deeper understanding of 
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administrative processes. Nevertheless, once an activity has been trans- 
ferred to the social nervous system, the programing of tasks proceeds 
from the routine to the nonroutine. The rate at which more complex, 
nonroutine tasks are programmed depends on the level of understanding 
of the activity. This raises the question of how fast white-collar work 
will decline in such complex tasks as management, producer and other 
professional services. 

The rate at which humans will be displaced from performing com- 
plex tasks, such as decision making and professional judgments, depends 
on the advances made in expert or knowledge-based systems. In deci- 
sion making, expert systems are better at making such routine decision- 
making as credit authorizations than an inexperienced credit officer. In 
accounting, expert systems provide useful advice on t a x  matters. The 
medical profession has an increasing number of expert systems to di- 
agnose diseases, some of which are better than a general practitioner. 
Even though such knowledge based systems can hardly be claimed to 
"think ''25, they provide an economic function. Their development and 
use are likely to increase. 

Yet such expert systems are very unlikely to completely replace man- 
agers and professionals in the foreseeable future. While expert systems 
in such areas as repair act as a primary expert providing the repairman 
a diagnosis, the more common use of such expert systems is to act as an 
intelligent assistant. The less the underlying behavior can be reduced 
to a comprehensive model the more an expert system is likely to he an 
assistant for a specialized application. For example, an expert system 
for loan appraisal would become an assistant for an experienced loan 
officer. Expert programs in medical diagnoses are likely to be used as a 
decision aids by doctors. Given the fact that human capabilities such as 
intuition and imagination are not likely to be reduced to mathematical 
models any time soon, the advance of expert systems is likely to displace 
assistants more readily than the principal managers or professionals. 

One factor which will slow the decrease in the total hours of employ- 
ment per week in management, producer and professional services is the 
growth of new tasks. With a rapid rate of technological advance and 
market change, managers will increasingly face a sequence of new deci- 
sions to accommodate themselves to change. The shift of management 
from intuitive decisions to analytic decisions using giant decision-support 
databases greatly changes the nature of management decisions since such 
decision-support databases enable managers to analytically consider a 
large number of alternatives in great detail. This approach will be an in- 
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novation since the limited cognitive capabilities of humans prevent them 
from carefully considering more than a couple of alternatives. 

Supermarket managers, for example, will examine the profitability of 
every item on display and move to making forecasts of the profitability 
of alternative displays based on analysis of the effectiveness of various 
types of displays. The increase in the analysis of numerous alternatives 
will consider public as well as private issues such as the environment and 
safety. The advance in decision-support databases and models would 
promote a large increase in the analysis of both public and private alter- 
natives. In a similar fashion, professions such as accounting will increase 
their analyses of alternatives by being able to present many more "what 
if" scenarios using models and expert systems. Doctors using expert 
systems as decision aids to diagnosis diseases will analyze the symptoms 
with respect to all diseases in the database not just those with which the 
doctor has had recent experience. 

At the same time that households begin to perform more shop- 
ping through the social nervous system, they too will gradually shift 
from intuitive decision making towards the analysis of alternatives us- 
ing household-decision-support systems. A consequence of the use of 
decision-support databases by individuals for all types of decisions both 
at work and at home will create a great demand for information which, 
in turn, will initiate a major growth in all kinds of information services. 
Some current examples are airline reservation systems and stock market 
financial data. 

At present, the growth of information services is inhibited by the 
low text and data transfer rates of the analog telephone system into 
small businesses and the home. But with the advent of the much greater 
capacity of the basic wire ISDN standard, information services will have 
a relatively inexpensive conduit for the transfer of large volumes of data, 
text, and slides. And as local fiber optic communications becomes a 
reality, these data  services should become really sophisticated. 

The growth of such information services, however, will not create a 
large increase in white-collar work. Such services will be dispensed as 
software programs with the residual labor transferred to the customer. 
Humans will labor in creating better software and additional services to 
add to tile databases. 

In addition to the creating of databases to support decision making, 
the expansion of the social nervous system will create opportunities for 
the creation of a whole range of image and text services such as libraries 
of text and videos. The growth of a new interactive media involving all 
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types of representations of information objects such as text, voice, image, 
video, data and symbols has just begun, The promise of this composite 
media, sometimes called multimedia or hypermedia, is that the products 
are capable of interacting with the viewer to provide multiple responses 
to meet the needs of alternative individuals 26. When these new informa- 
tion services come into being, they will use the latest software technology. 
This means that these new services will be at the frontier in the use of 
programing tasks to expand rapidly without needing a large labor force. 

Another growth industry will be adult education to retrain adults 
displaced from work. With a high rate of technological advance, new 
goods, services and production technologies will be constantly displac- 
ing old goods, service and production technologies. The old activities 
will experience a rapid rate of job destruction while the new activities 
will experience a rapid rate of job creation. At the same time soft au- 
tomation will be constantly reorganizing the workplace. The number of 
levels of managers in institutions will decrease. Also, work in groups 
such as professional groups will consist of smaller groups supported by 
more software. Moreover, as soft automation frequently advances in pro- 
graming tasks rather than entire jobs, work is transferred to the social 
nervous system and reorganized in a manner which requires new skills. 
To maintain continuous employment in such a work environment, adults 
will have to be constantly learning new skills. This demand for learning 
will greatly expand adult education. 

White-collar work should gradually decline after thirty years. At 
first shifting activities to the social nervous system will create an imme- 
diate decline in work as the routine aspects of information manipulation 
are programmed. Further advances in soft automation will frequently 
be slow because of the lack of knowledge to model social processes. As 
the routine tasks in information manipulation are programmed, white- 
collar work will require much higher skill levels. For example, work as a 
secretary will be transformed into the job of a multimedia editor. Rou- 
tine data manipulation will be performed by adults who are sufficiently 
computer literate to use many software programs. 

Income Distribution 

Before considering the problem of forecasting changes in the income dis- 
tribution, let us consider the simpler problem of maintaining full employ- 
ment. This depends on more factors than just the rate of job destruction 
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from automation and new job creation from new industries. Changes in 
the population structure and the number of legal and illegal immigrants 
affect the demand for jobs as well. A population bulge, such as that pro- 
duced by the recent baby boom, entering the labor force creates a large 
increase in the demand for jobs. Foreign competition, too, can displace 
large numbers of jobs or even entire industries. The supply and demand 
for jobs is equated not only by the level of financial compensation, but 
also by the length of the work week. 

Government policies can, to a limited extent, help to maintain full 
employment. With an increasing rate of discovery, invention, and inno- 
vation the rate of both job creation and job destruction will be high. Un- 
fortunately, neither the creation of new industries nor the displacement of 
jobs through automation proceeds on a smooth, predictable path. Most 
individuals will become unemployed many times during their careers and 
each time, they will have to find new jobs. Government, by creating re- 
training programs either alone or in conjunction with the private sector, 
can reduce the unemployment rate by shortening the transition time for 
finding a new job. 

In addition, there are limits to the extent that government can re- 
duce unemployment through stabilization policy-that is stimulating the 
economy through monetary and fiscal policy. Such a policy will produce 
inflation in expanding industries with shortages of skilled labor without 
reducing the unemployment of individuals lacking desired skills. Rather 
than try to train the least capable in an advanced society, employers 
will have incentives to find more capable, more highly motivated labor 
in less developed countries. For information manipulation tasks, foreign 
workers can be imported into firms via teleconferencing 2~. 

The government can also promote full employment by taking steps to 
reverse the temporary decline in US competitiveness. First, primary and 
secondary education can be improved to produce at least as qualified a 
workforce as our competitors. The school year is only 180 days in the 
US in contrast to 220 days in Germany and 240 days in Japan. Second, 
the cost of capital in the US has been much higher than our rivals. To 
reduce the cost of capital Congress will have to eliminate the budget 
deficit and provide incentives to increase the low savings rate. Third, 
the US needs to maintain research and development expenditures at a 
competitive level. Finally, the finance mentality of MBA's needs to be 
broadened to focus on the problems of production. 

Assuming the government has the leadership to address these prob- 
lems, there remains an important long term trend. With advances in 
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automation the total hours of employment per week to produce an in- 
creasing amount of goods and services will gradually decline. With in- 
creasing population full employment requires a declining workweek. For 
example, if the standard work week declined instantaneously from forty 
to twenty hours, then twice as many workers could be employed in a five 
day week. 

The natural reduction of the workweek depends on the rate of pro- 
ductivity advance. From the perspective of management, the prospect of 
a decrease in the work week can be very threatening, since workers may 
demand the same or greater real wage for fewer hours of work. However, 
if productivity advances faster than the decrease in the work week, then 
firms can simultaneously decrease the work week and increase income 
without increasing labor costs. Employees are generally quite happy to 
receive higher incomes and more leisure. Such was the case from the Civil 
War to 1940, as the average work week fell from 67 hours to 40 hours. 
Since 1940, however, the rate of productivity increase has declined and 
the average work week has declined very little. 

Fringe benefits, of course, create negative incentives for managers to 
reduce the workweek. From the perspective of management, the cost 
of a fringe benefit such as medical insurance is reduced by having a 
smaller labor force work longer hours. To circumvent this problem, firms 
seeking to cut labor costs and achieve greater flexibility in changing 
market conditions are moving to a dual labor force. A core workforce 
with skills essential to the competitiveness of the firm is employed full 
time with fringe benefits. The second group of workers, however, are 
part-time workers and temporaries who do not qualify for fringe benefits. 
It is through the increase in such part time employees that the decline 
in the workweek is taking place. 

Automation is likely to make a substantial improvement in produc- 
tivity, especially when productivity is given a broad definition including 
such aspects as increased flexibility to react quickly to changing market 
conditions. For those individuals who constantly upgrade their skills to 
meet the requirements for jobs in the constantly reorganizing economy, 
their work should exhibit constantly increasing productivity. Assuming 
the economy maintains a high level of investment, the forecast is that 
real incomes will gradually rise concurrent with a declining work week 2s. 

The final question to consider in the income distribution is whether 
the income distribution will become more or less even. The advance 
of automation implies that, over time, the production of most goods 
and services will become more capital intensive primarily through more 
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software per worker. For the past one hundred years the growth of 
services were primarily labor intensive. Recently services are becoming 
capital intensive 29 and in the next 100 years, they will become even more 
so with much greater use of software. With capital, that is hardware 
and software, an increasing component of production, the income share 
accruing to capital will gradually increase. As the ownership of capital 
is concentrated, the increase in the income share to capital means the 
income distribution will gradually become more uneven as the rich will 
acquire a greater share of national income. 

A second factor leading to a more uneven income distribution is the 
nature of international competition. As more third world countries in- 
dustrialize, international competition will intensify. With advancing au- 
tomation, work will tend to become a sequence of unique decisions in- 
volved in adapting to constantly changing technology. With intensive 
competition, the reward system will favor the ability to produce rather 
than cronyism. Those with special skills which cannot easily be auto- 
mated will obtain rewards equal to their economic value. The income 
distribution will proceed towards the bell curve of native talent. Family 
income will become even more uneven as women achieve equality of pay 
with men, because successful women tend to marry successful men. The 
less able are more likely to have more routine jobs which are more likely 
to be reorganized with each advance in automation. Thus the less able 
will have decreasing incomes in periods when advances in automation 
temporarily increase the rate of job destruction in relationship to job 
creation. 

The increasing unevenness of the income distribution will create a 
problem of political stability. The assumed economic condition for po- 
litical stability is that almost all groups in the political economy receive 
increasing real income over time. With advancing automation this condi- 
tion is not likely to be met. As the the income distribution becomes more 
uneven, the annual real increases in income to the less fortunate will be 
small or even negative. In periods of rapid reorganization in the political 
economy, such as will occur when the political economy shifts from pa- 
per to microbinics, large numbers of workers will be negatively affected. 
The less fortunate will resent their deteriorating relative position. With 
automation, then, the empirical condition for long run political stability 
is unlikely to be met, especially during periods of rapid reorganization. 

In the 20th century the political solution of industrial democracies 
to achieve political stability has been the creation of the welfare state. 
In information society there will be a need of a welfare system to ease 
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the problems of adjustment to advancing automation and to provide 
incomes to the unfortunate. The goal in designing a welfare system for 
informational society is that it should have desirable properties. First, 
the welfare system should cover current fringe benefits so that managers 
will not have incentives to resist a decrease in the work week. A smooth 
decline in the work week will serve to promote employment. 

Second, the welfare system should be not be subject to political pres- 
sures for change if over fifty percent of the population might need to 
receive some assistance. For example, if the welfare recipients become 
the majority, the politicians vying for political favor should not have 
an incentive to increase the benefits without limit. As politics operates 
according to a time flame dictated by the next election, the increased 
consumption expenditures are likely to be paid for at the expense of pri- 
vate investment. Economic growth will gradually slow down and even 
might become negative as obsolete plants and equipment are not re- 
placed. This possibility leads to the final condition that the welfare 
system should provide positive incentives for economic activity. 

Trying to ensure increasing real incomes for all through expanded 
transfer payments fails to satisfy the stipulated conditions. Presently the 
government is reluctant to provide a single guaranteed income; instead, 
it provides special services such as food stamps and medicaid. While 
such a system of specialized benefits could cover current fringe benefits 
such as medical insurance, such a system creates incentives for increases 
without limit if over fifty percent of the population receive some benefit. 

The solution to the problem will require more than a negative income 
tax 3°. With this type of income tax there is a boundary income; if 
a person's income is higher than this boundary income, he pays the 
government a tax, whereas if his income is lower than the boundary, 
the government pays him a supplement. The negative income tax is 
designed such that each individual has a floor on his income. This plan, 
while a welcome simplification of the basket of special services provided 
by government, nevertheless suffers the same defect. When more than 
half the population is receiving the floor income provided by the negative 
income tax, the political pressures become immense to increase this floor. 

Social Inheritance 

To place the long-term problem in perspective, assume that all labor is 
automated out of the production of goods and services. Even if all labor 
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could be automated, bounded rational neoclassical economic principles 
would still be applicable. The income is simply distributed to capital, 
that is physical capital and software, and to the owners of raw materials. 
Market signals still operate as modified by government regulation. Pro- 
vided the level of investment remains at 20 to 25% of the gross national 
product, the total output will continue to grow at 2 to 3% a year. To 
earn an income, then, one would either have to own capital or own a nat- 
ural resource. Individuals could, of course, increase their capital stock 
by constantly moving their assets to growth industries, but the political 
stability of such a system would depend on the initial distribution of 
assets. If the distribution of assets were not too uneven, such a system 
would be politically stable. 

In considering the transition to a very capital intensive system of pro- 
duction it is desirable to avoid the errors of nineteenth century solutions 
such as socialism, that is the public ownership of the means of produc- 
tion. The goal is to preserve capitalism with a income distribution that 
makes everyone better off. One method of accomplishing this objective 
is to substitute a social inheritance 31 for a private inheritance. 

Social inheritance is defined as a system of inheritance where each 
year the federal government would sell the assets of those who died that 
year and distribute the proceeds to each state in proportion to the num- 
ber of citizens. To prevent individuals during the last years of their lives 
from trying to consume all their accumulated assets, the federal govern- 
ment would install a sharply progressive tax on consumption based on 
the sale of assets. In addition, as will be discussed in Chapter Nine, each 
state would administer the social inheritance program for its citizen res- 
idents. As each state would be assuming federal welfare programs, each 
state would have to decide what portion of their social inheritance citizen 
residents would have to commit to required expenditures such as medical 
insurance and retirement investments and what portion they could freely 
spend. 

Social inheritance has two attractive properties. First, as the share 
of income accruing to software grows and the share accruing to labor 
declines, the income stream from the social inheritance would increase, 
compensating for the decline in nonspecialized labor income. Second, 
social inheritance has a very different incentive effective on the political 
process than the guaranteed income or other income supplementing ap- 
proach, for the government does not try to shield the individual from the 
vicissitudes of the market. In general equilibrium theory, without exter- 
nalities there is a unique competitive equilibrium for each distribution of 
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wealth. Social inheritance as the basis for welfare separates the impact 
of welfare from price signals. 

Whether the substitution of social for private inheritance would ad- 
versely affect capital formation is a topic which needs some exploration. 
In the Gospel of Wealth a2, Andrew Carnegie argues that the children of 
an industrialist should not inherit their parents' wealth because it would 
dull their incentives to create their own fortune. The industrialist should 
instead donate his wealth to sociaUy productive activities, for example 
libraries. Social inheritance makes the donation to society compulsory. 

Nevertheless, conservatives would counter that a man should have the 
right to dispose of his wealth as he desires. To deny a person this right, 
most conservatives would maintain, would seriously impair investment 
incentives. If one views entrepreneurship as a game which is intrinsically 
interesting, however, then the principle motivation is playing the game 
well, not leaving a fortune for one's offspring. For game players the 
decrease in investment from lack of an opportunity to dispose of the 
estate might be quite small. 

While social inheritance might not adversely affect the incentives of 
entrepreneurs, social inheritance would adversely affect the level of in- 
vestment. In a capitalist society, the level of investment by individuals 
increases with increasing income. Converting from private to social in- 
heritance would transfer assets to individuals with much lower levels of 
income. Many of these individuals would want to immediately consume 
the freely spendable portion of thei.r social inheritance. 

To compensate for this decrease, taxes would be shifted from income 
to consumption an. Because almost all transactions will be processed 
through the social nervous system, the problems with a flat or graduated 
consumption tax would be no greater than the problems with income 
taxes today. Such a tax system would eliminate the double taxation of 
corporations and stock holders. Shifting the tax burden to consumption 
greatly increases the incentives for investment. 

The design proposed in this book is based on the following assump- 
tions concerning the income distribution and workweek. With the im- 
plementation of social inheritance, almost all groups in society will en- 
joy rising real incomes promoting political stability. Nevertheless, even 
with social inheritance the income distribution will become more uneven. 
With the advance of automation in both manufacturing and services, the 
rate of productivity advance will increase to better than 3% in the pro- 
duction of goods and services. Part  of the increase will be consumed 
as increased leisure and part as increased real incomes. In the next one 
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hundred years the average workweek should fall to about twenty hours 
while real incomes should increase from between two and three times the 
current levels. 

The great increase in leisure creates a new problem. The decreasing 
work week means people will have to find other activities to occupy their 
time. For most people in the work force today an important aspect of 
life is the weekday trek to the workplace. The workplace for most people 
is much more important in their lives than simply a means of obtaining 
an income. Besides providing a source of income, the workplace provides 
a web of social relationships for most people. Moreover, for individuals 
who regard work as a career, workplace relationships are a source of 
status and competition. To create a congenial, healthy workforce, many 
organizations support a variety of sports and social organizations for 
employees. Thus, as the workweek declines, the role of the workplace in 
organizing leisure time outside work will decline correspondingly. The 
design of a political economy based on automation of goods and services, 
then, must consider explicitly the problem of how people are going to 
organize their leisure time. 
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Chapter 5 

The Community 

Introduct ion 

Currently the standard work week is 40 hours. With a commute time of 
0.3 hours the average worker spends about 38% of his waking time in- 
volved in work. As automation advances, we have assumed the workweek 
will gradually shorten, and for the purpose of discussion of informational 
society, we have specified the average workweek would be 20 hours. As 
the workweek declines, most workers would want to organize their work- 
time to obtain longer periods of uninterrupted leisure. For example, if a 
worker concentrated his forecasted 20-hour workweek into two ten-hour 
shifts on consecutive days, such a worker would spend only about 19% 
of his waking time in work and would have a five day weekend each 
week. As the workweek is reduced, leisure will replace work as the pri- 
mary focus of life for most people. The decline in the workweek raises 
the question of whether the supply of leisure activities will grow rapidly 
enough to match the increasing demand. 

Today, an individual living in a metropolitan area has wide variety 
of leisure activities from which to choose 1. He can visit with friends or 
relatives in his home, for instance, and additional social activities take 
place at pubs, clubs and churches. He can read a newspaper or book, 
listen to stereo, or watch television. Participatory sports are available 
in clubs and at parks where people can also jog, picnic, enjoy water 
events, or camp. Even driving and walking are leisure activities for some 
people. To develop skills a person can get involved with crafts such as 
pottery or gardening. There are professional sports, theater, museums, 
and events such as rock concerts from which to select. Although the 
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range of possible leisure activities increases with income, most people of 
all income levels have a varied menu of possible leisure activities from 
which to choose. 

To forecast whether the supply of leisure activities will expand to 
meet increasing demand we must first consider the historical record. 
From 1860 to 1952 the average work week fell from 67 hours to 42 thus 
increasing the average worker's time awake for leisure by about 22% . 
Many of the contemporary leisure activities hsted above many did not 
exist in 1860, but with increasing real incomes and advancing technology 
newspapers, books, radio, stereo, and television became available to most 
people. The number of professional sports has also continued to grow 
and to spread to all major metropolitan centers, since the 19th century 
creation of professional baseball. Parks and other recreational facilities 
have been built since the turn of the century. 

Moreover, as technology advances, new leisure applications are in- 
vented. For example, computer games are a recent arrival on the recre- 
ational scene, and while these games are currently in a decline as a fad, 
the longterm prospect of using artificial intelligence to make simulation 
games which are intrinsically interesting will undoubtedly renew the de- 
mand. These new activities to some extent displace older activities, 
much as computer games have now largely displaced pin ball machines. 

Most institutions in society had some role in the creation of more 
leisure activities 2. Some of these activities were created by individuals 
for personal use. Others were created by nonprofit associations such as 
the Boy Scouts and still others, such as newspapers, radio, and television 
were created by entrepreneurs to sell as products. And finally, govern- 
ments at all levels have created parks and recreational facilities. In the 
past the need to create more leisure activities, for instance, public parks, 
while a political concern has never been considered a national emergency. 

Similarly, in the future, provided the work week does not decline 
too quickly, the current institutional structure will probably generate 
sufficient activities to occupy the additional time released from work. 
For example, one growth component of leisure will be adult education 
selected by workers to prepare for the next job. It is assumed that 
sufficient incentives exist to create leisure activities without any major 
new governmental initiatives. As the work week declines, the number 
and variety of nonwork activities is likely to continue to grow. 

Currently a lifestyle in which leisure rather than work is the primary 
focus exists in successful retirement villages and among certain primi- 
tive tribes 3. The issue, therefore, is not so much whether it is possible 
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to design informational society in which leisure activities predominate, 
but how to achieve a desirable design. Such a design must, of course~ 
meet a variety of criteria. One important factor in organizing leisure 
activities is location. To ensure that the location of leisure activities is 
desirable to the participants, individual choices should play a major role 
in determining where leisure activities are located. A second criterion 
is to approximately minimize the transportation costs of individuals in 
transit between leisure activities. To the extent that individuals bear the 
transportation costs, they will have an incentive to reduce those costs. A 
third criterion is the need to organize leisure activities in such a way as 
to promote a sense of community, for if the importance of the workplace 
decreases in integrating individuals into society, then some alternative 
institution is needed to perform this function. As leisure time becomes 
much greater than work time, a logical choice is the institutional struc- 
ture for providing leisure activities. If the resulting design succeeds in 
reducing loneliness, it should be desirable to individuals. 

Current  use  o f  t r a n s p o r t a t i o n  

A starting point for considering the institutional design for organizing 
leisure activities is a consideration of how the current transportation sys- 
tem should be employed in leisure activities. The physii:al distribution of 
economic and leisure activities in modern metropolitan regions has been 
made possible primarily by the development of the automobile and the 
system of roadways. With low-cost energy, the automobile has offered 
the public a device which could traverse any roadway at the convenience 
of the owner. 

The creation of a roadway system enabled individuals to rapidly tra- 
verse between most points in the metropolitan area, giving individuals 
much greater freedom of choice in deciding where to reside in relation- 
ship to the place of work. In the 1920s this freedom of choice led to 
the creation of suburbs surrounding the major cities 4. And after World 
War II, a coalition of interests built the urban freeways which greatly ex- 
panded the suburbs surrounding the major cities. With the automobile, 
suburbia became the dominant type of community organization around 
the cities. At the same time, the automobile, truck and communica- 
tion advances decentralized the central business district into numerous 
satellite centers 5. 

Because the roadway system is designed to cope with the morning 
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and evening rush hour traffic, the system in the off hours is efficient 
in providing people access to their chosen leisure activities. For the 
consumer this system minimizes his transit time, for instance, to an 
arbitrarily chosen shopping center. In suburbia, then, leisure activities 
can be arbitrarily located, as they can be quickly reached by automobile 
in nonrush hour traffic. 

The organization of society based on the automobile provides the in- 
dividual with more choices than previous social organizations could pro- 
vide. An individual can opt to live near the city center in an apartment 
or condominium or further out, he can select a city residential neighbor- 
hood. Even further out are the options of suburbia, and for those willing 
to drive a considerable distance, a quasi-rural location is possible. In ad- 
dition, the shift of offices to satellite centers on the metropolitan beltways 
has increased the attractiveness of quasi-rural locations. An individual's 
choice is thus limited only by the availability of residences in his price 
range and by the time he is willing to commute. In selecting his res- 
idence, an individual need only consider location dependent attributes 
such as the crime rate, the quality of the public schools, and the prestige 
of the neighborhood. 

Many aspects of an individual's leisure activities are not dependent 
on his or her neighborhood, because even if they are located a consid- 
erable distance from the neighborhood, they can readily be reached by 
automobile or obtained through the communication system. An individ- 
ual, for instance, can drive a considerable distance to a shopping mall, 
sports center, or church. This means that an individual has a much 
greater choice in his lifestyle than the options offered by his immediate 
neighborhood. With the advance of television and satellite communica- 
tions, all households, regardless of how isolated, can tune in to the mass 
culture. For individuals whose economic relocations are frequent, then, 
the current social structure should be considered a significant advance 
over the pre-automobile society. To enjoy his lifestyle the frequent mover 
only has to find a residence in the general area of his desired activities 
and not in a specific neighborhood. His market choices in obtaining a 
residence are accordingly greatly expanded. 

While the automobile has provided the individual a lifestyle replete 
with choice, this form of social organization has many direct and in- 
direct costs. First, automobiles consume large amounts of energy and 
pollute the atmosphere 6. Yet another problem created by automobile 
which is harder to evaluate numerically is the problem of strangersT; 
a lifestyle organized around the automobile inhibits interpersonal rela- 
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tionships in neighborhoods by reducing natural meetingplaces, and with 
the increased traffic volume linking the suburbs to the central business 
districts, the quality of life in older neighborhoods traversed by ma- 
jor arteries has been reduced. The fact that the automobile provides 
easy access to all parts of the metropolitan regions has, furthermore, 
increased opportunities for theft because the neighborhood has been de- 
sensitized to the presence of strangers. In addition, the evolution of most 
metropolitan regions has resulted in a central city surrounded by con- 
tiguous satellite cities and towns of various sizes. With few exceptions 
there is no metropolitan government to coordinate those services, such 
as water and sewage, which are most efficiently provided by the entire 
area. At the same time the various existing local political entities, such 
as towns and cities, are generally much too large to provide much sense 
of community. 

Any proposed improvements to the contemporary social organization 
must consider the future demand for local travel. First, consider the 
demand for travel for business purposes as the automation frontier and 
the social nervous system advance. As the average workweek declines 
the peakload demand for a massive system of roadways to move people 
on a daily basis to and from work will decline. Suppose the workweek 
falls to two days. If the economic institutions are operated four days a 
week with two shifts of two days each, the number of people demanding 
transportation on any given day is halved. For those who must travel to a 
fixed location, however, the average distance between the workplace and 
residence will probably increase with declining workweek. For example, 
with a two-day workweek, an individual may choose to stay overnight 
near his workplace and commute a considerable distance. Such a choice 
would allow the individual to reside near his leisure activities, which 
occupy 5/7's of his week. 

A second factor in the decreasing demand for business travel is the 
increasing number of jobs that will involve the processing of informa- 
tion. Currently many businesses are innovating new teleconferencing and 
telecommuting applications. As such capabilities of the social nervous 
system expand, communication will increasingly substitute for travel in 
business. With inexpensive dynamic image communication, for example, 
increasing numbers of group meetings will take place through image com- 
munications. Many information workers will become fully functional at 
home or at a local office, thus greatly reducing their demand for work- 
related transportation facilities s. The demand for travel for business 
purposes, therefore, should steadily decline. 
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The demand for travel for leisure will also be influenced by the im- 
provement in communications. Improving communications will cause 
substitution of communication for travel in leisure as well as business. 
As will be explained more fully in the next chapter, many market activi- 
ties will gradually move to the social nervous system which means many 
purchases will take place at home, eliminating much of the driving that is 
currently undertaken for shopping. As image communications decrease 
in price, group meetings by communications will become commonplace 
for leisure purposes. As leisure and wealth increase there may well be 
an increase in pleasure driving; however, this should not become a ma- 
jor factor in the demand for travel. The bulk of leisure transportation 
will derive from travel in order to participate in activities where physical 
presence is required. Such activities in which people physically partic- 
ipate are generally small-group activities, such as team sports, which 
rarely involve more than thirty participants at one time. Arts and crafts 
are small group activities. The duration of leisure activities is generally 
much shorter than the length of the workday. If many individuals partic- 
ipated in activities widely scattered throughout the metropolitan area, 
the demand for travel could increase with increasing leisure. 

The current automobile transportation system could conceivably be 
used to facilitate the small-group meetings of informational society. In 
participating in various small-group activities people could traverse to 
various parts of the metropolitan area. This approach, however, would 
involve significant energy and pollution costs and would not deal with 
the problem of strangers. To reduce the transportation costs, it would be 
efficient to organize society in such a way as to locate in the areas where 
people live most of the leisure activities that require people to interact 
directly with each other or with physical objects. 

System of local government 

The first step in promoting this local organization of leisure activities 
is creating a system of local government. Since most people live in or 
near major metropolitan centers, let us focus our attention on modifi- 
cations to the existing metropolitan political institutions. The function 
of the metropolitan government is to coordinate the activities of the 
metropolitan towns and to provide those services for which there exist 
metropolitan economies of scale. To better accomplish these purposes, 
the governance of metropolitan concerns should be consolidated into a 
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single metropolitan government, and the governance of local concerns 
should be partitioned into much smaller towns. Such an organization 
would create political units more responsive to local needs than the cur- 
rent patchwork of cities and towns. The towns which are subordinate 
to the metropolitan government, govern local issues such as neighbor- 
hood zoning, leisure activities, and the local economy. The new towns, 
which would rarely have more than ten thousand inhabitants, are con- 
ceived as a possible evolution of residential community and neighborhood 
associations 9. As has been demonstrated by the examples of Toronto and 
Minneapolis/St Paul, which have already established metropolitan gov- 
ernments, the creation of metropolitan governments is politically feasi- 
ble. The partitioning of the metropolitan area into small towns, however, 
would be more difficult. 

The main difference between the design and the current metropolitan 
organization is that the metropolitan government would directly control 
activities on land that are not controlled by local town governments. 
The sites of large-group activities, such as the central business district, 
major shopping centers, factories and metropolitan parks, would tend to 
locate on metropolitan land to avoid the vicissitudes of local town zoning 
restrictions. Part  of the land under direct control of the metropolitan 
government would be green zones between each town. The purpose of 
such zones would be to provide each town with a distinct physical iden- 
tity and to provide for major roadways and other conduits such as oil 
pipelines. For such land use, a local permit from only one government 
would be required to transit a major metropolitan area. The policy of 
metropolitan land use would tend to be market oriented, whereas, in con- 
trast, town land use would be oriented towards maintaining the quality 
of life in the neighborhoods by providing local leisure activities. 

As the number of leisure activities expands , of course, the individual 
must make choices, since, for example, he can not live more than one 
lifestyle at the same time. Likewise, he lacks the time and resources 
to meaningfully pursue all the possible activities. Take, for instance, 
sports. Meaningful participation in a sport requires an investment of 
time to learn the rules and to master the skills required. In order to 
be competitive most individuals are limited to participating in a small 
number of the recognized sports. The same argument applies to arts and 
crafts or intellectual activities. While people could vary their activities 
on occasion and could access a wide variety easily, for this design to suc- 
ceed, most people would spend the major portion of their time involved 
in the activities physically available in their town and through the social 
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nervous system. The design conditions would be met if individuals lived 
in towns which supported their lifestyles. 

As in the case of each individual, each town would also face a prob- 
lem of choice, since a town can not simultaneously support several in- 
compatible lifestyles 1°. A town would be limited in space and resources 
in the number of activities which could be supported. As many activ- 
ities require sizable investments in space and resources to provide the 
facility-for example, golf, swimming or automechanics-the members of a 
town numbering in the several thousands would be able to offer only a 
fraction of the facilities for all possible human activities. This does not 
mean that an individual would not have access to a much wider range of 
activities than physically occurred in his town. Through the social ner- 
vous system he would have access to all the activities which took place 
in this medium. Moreover, a person willing to incur some transporta- 
tion cost would have access to all the activities which took place in the 
metropolitan region. 

To promote the lifestyle of the majority, the town is to decide what 
activities can take place in public places. Given the wide range of possible 
human activities not all activities can take place in a finite space in a 
finite time. The town must therefore choose what activities it wishes 
to promote. One choice mechanism is the market; people could use the 
land not zoned for residents in any manner they desired within the town 
guidelines for externalities. As automation gradually proceeds, leisure 
activities would increase relative to market activities. This means that 
more and more concern will focus on matters of lifestyle or nonmarket 
criteria. At the other extreme, a town might require all individuals and 
groups with proposals for nonresidental land use to obtain a specific 
charter from the town government. The town government would then 
determine whether the proposed land use fitted the specified conception 
of the town lifestyle. The point is that the town would have the right to 
decide what physical activities taking place within its boundaries were 
in the town's interests. A town promoting a gay lifestyle might have a 
strip set aside for gay bars, whereas a town supporting a fundamentalist 
Christian lifestyle might specifically prohibit bars, massage parlors, and 
porno shops. 

To further promote the lifestyle of the majority, towns would have 
broad powers over the physical organization of the town. Currently in 
most major cities local neighborhood associations battle outside eco- 
nomic interests for control over the character of the neighborhood. With 
the partition between town and metropolis, most large institutions would 
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locate on metropolitan land thus easing much of this friction. Within 
the town the majority would have control over both the types and the 
location of buildings. The majority would also determine the local trans- 
portation system. The town would decide both the location and the 
amount of physical space to be allocated to sites for various activities, 
such as residences, the town market and leisure facilities. If a town 
should desire only single-family homes, the town could so decide. As it 
is well known that alternative arrangements of human habitats affects 
the quality of human interactions, the town in making such decisions is 
determining how much and in what way the physical organization facil- 
itates the human interaction 11. The difference between current practice 
and the proposed design is that since the town would be a small polit- 
ical unit, such decisions would much more reflect local and not outside 
economic interests. 

In current society, relocations are primarily determined by economic 
opportunity. As people gain greater freedom of location through shorter 
workweeks and as a greater percent of activities take place through the 
social nervous system, this reason for moving will decline. Increasingly, 
the reason for moving will be to find a town which supports a desired 
lifestyle and a neighborhood where an individual is welcome. Given the 
assertion that people will move to find a town which supports a particular 
lifestyle, what types of towns are likely to result? First let us consider 
the general nature of changes from current arrangements. One of the 
main reasons that families left the central cities for suburbia after World 
War II was to find a single-family home with more space, privacy and 
security for raising children. In these relocations, considerations outside 
those directly related to the immediate home were secondary 12. 

In informational society, too, the desire for more space and privacy 
will be important. With the advance of automation in housing construc- 
tion the goal of owning a single family home will become a realizable goal 
of most families. As most people are increasingly freed from a specific 
location metropolitan areas will tend to spread out, and the choice mech- 
anism will operate to emphasize those activities in which a town excels. 
If a town excels in its sports program, it will attract people interested 
in sports and thus maintain its position. Accordingly, while people will 
move less in informational society than in current society, the movement 
will tend to accentuate the personalities of the various towns. If a town 
develops a distinct identity or personality, it will tend to attract people 
who like that identity and will tend to reinforce it. 

Because people in informational society can attain prominent status 
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through the social nervous system without leaving the town of birth, the 
incentives to move in informational society are much less than in current 
society. A person would only move to a town if he felt the town offered 
the activities and type of people he liked. Furthermore, as the town 
has the power to inhibit public expression of lifestyles it does not desire, 
a person would seldom choose to live in a town which frowned on his 
desired lifestyle. 

Over time and through the mechanism of choice, most towns would 
come to be characterized by one or more compatible lifestyles. Because 
members of cosmopolitan towns would generally be more successful in 
national and international institutions, there would be forces in soci- 
ety promoting cosmopolitan diversity within a town. But, the fact that 
a successful town can promote only a subset of all the possible activi- 
ties and lifestyles, places some bounds on the variation within a town. 
In contrast, individuals seeking alternative lifestyles would, through the 
mechanism of choice, tend to create diversity among towns within a 
metropolitan region. As people became less dependent on specific phys- 
ical locations, there would, over time, come to be much greater diversity 
betweentowns than there is currently. 

Lifestyles in Towns 

The internal transportation system of a town would be designed to sup- 
port the local lifestyle. Surface transportation in the metro area would 
be partitioned into the part controlled by the metrogovernment and the 
part controlled by the town. The transportation system on metropoli- 
tan land, for example on the greenbelts and other town boundary areas, 
would not interfere with town life in the towns; hence, the purpose in 
constructing this part of the metropolitan transportation system would 
be high speed transit between metropolitan centers and the entrances 
and exits of the towns. This transportation system would consist of 
some combination of roadways, subways and trains. The transportation 
system within the towns must compromise between two conflicting ob- 
jectives; residents would desire rapid access to town activities as well as 
access to the metropolitan transportation system, but at the same time, 
travel within the towns should promote not hinder neighborhood life. 

The conflict here is between speed of transit and the removal of 
strangers in towns and neighborhoods. For fast access and rapid transit 
times, the roadway system would resemble the current one-that is a grid 
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of streets. For a society based on the automobile, rapid transit time pro- 
motes economic opportunities by increasing the distance a person can 
commute to a job or travel to shop. This, however, creates the problem 
of strangers or people whose only purpose in a town or neighborhood is to 
traverse the neighborhood. Too much outside traffic of this sort greatly 
deteriorates the quality of neighborhoods and contributes to the rise of 
property crime. As communication substitutes for travel, however, the 
demand for an intertown transportation system providing rapid transit 
in all directions will decrease, since, for example, information workers 
telecommuting to work and shopping through the social nervous system 
would not need rapid surface transit in order to exercise economic oppor- 
tunity. Such a town could modify the transportation system to greatly 
reduce the problem of strangers. This objective could be achieved by 
incentives and the right of access. First, if the time required to bypass a 
town on the metropolitan roadways is much less than the time required 
to cross a town, individuals will have little incentive to enter a town 
without a specific purpose. Town transportation systems can accord- 
ingly be constructed to make traversing the town inefficient. Because 
they would have the power of access, the town could restrict access to 
sites within their boundaries. For example, a town might have only four 
exists and entrances and could have an access policy requiring outsiders 
to have the permission from at least one household to enter. Secondly, 
the local transportation system can also be arranged with cul de sacs to 
reduce traffic through neighborhoods 13. With a decrease in the demand 
for rapid intertown transit, then, the transportation system can be mod- 
ified to promote a sense of community and reduce crime committed by 
outsiders. 

The extent to which a town would desire to modify the current land 
transportation system by reducing the number of its entrances and by 
modifying its streets would be dependent on how much the lifestyle of 
the town relied on current transportation practice. A town of blue-collar 
workers who required unrestricted access to get to work would desire 
a town transportation system that was similar to the one current in 
practice. A town of primarily information workers on the other hand, 
might wish to create a dual transportation system: one for access to 
activities outside the town and the other for activities within the town. 
The outside access transportation system would provide residents quick 
access to the metropolitan transportation system without encouraging 
across-town traffic. If all residences faced a town greenbelt, a secondary 
transportation system could be created for within-town travel. Residents 
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could travel between points in the town on foot, by bicycle, or with 
special small cars. Older towns might modify their established system 
of roads to make them very inefficient for traversing the town and at 
the same time promote neighborhood life by blocking various streets to 
create numerous cul de sacs. 

To illustrate how much internal transportation might differ from cur- 
rent practice, we might consider a town of information workers who per- 
form work-related activities through the social nervous system. The town 
is organized so that the houses face a system of pathways. Since the town 
is a mile square, everyone can reach the town center in about 10 minutes. 
As this town places a high premium on human interactions, no bicycles 
or other vehicles are allowed on the pathway system. To transport phys- 
ical goods and to provide an alternative when people would prefer not 
to walk a one way system of roads connects all houses in the town. To 
prevent outsiders from traversing the town, traffic is limited to delivery 
vehicles, bicycles, and electric town vehicles. Most residents own a road 
car which they must park in a garage at one of the four entrances to the 
town. This organization promotes human interaction at a minor cost in 
terms of the time to travel between two arbitrary points. 

As people demand a wide tradeoff between human interaction and 
speed of access to town activities, there would be a wide range of alterna- 
tive town transportation systems among towns. In physical arrangement 
towns would also differ greatly. Some would be organized so that most 
group physical activities would take place in a single village center. In 
others, group activities would take place primarily in neighborhood cen- 
ters, and in a smaller number of towns most activities would take place 
in the home. 

The common type of town in informational society would be an inter- 
generational community of people born in the town. Such towns might 
evolve from current blue-collar towns, professional towns, and ethnic 
neighborhoods in larger cities. One contributing factor to variation be- 
tween towns would be wealth and income, and another would be the ex- 
tent to which the town members substituted communication for travel. 
Almost all intergenerational towns would have sports programs, sponsor 
arts and crafts, promote social and belief events, and have a local econ- 
omy. Residents would participate in numerous local events, would take 
part in other events though the social nervous system, and in varying de- 
grees would leave the town for jobs and leisure activities. In short, each 
resident would pursue those activities which matched his talents and 
interests. In comparison with current metropolitan life, people would 
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spend more time in local activities and less in driving. Additionally, with 
a decrease in the work week, most people would participate in more local 
social activities than currently. In a town which is religious these social 
activities might take place through the church, and in a secular town the 
golf club or other social club might be the focal point of social activities. 

Most people growing up in a successful intergenerational town will 
have much less reason than currently for permanently relocating to an- 
other town. Information workers will not need to relocate for economic 
opportunity, as obtaining a new job will mean changing communica- 
tion networks. Given a shorter workweek with fewer commutes, physical 
workers can commute further than currently. Two noneconomic reasons 
which would become more important factors in relocation would be to 
obtain support for a new lifestyle or to obtain better opportunities to 
pursue an avocation. These two reasons would tend to create specialized 
towns, since individuals who relocated to a town supporting a desired 
lifestyle would find the town organized to promote that lifestyle. While 
changes in wealth and income lifestyles would be common, a change in 
lifestyles based on belief would also become important. Successful towns 
specializing in a particular leisure activity, for example, artisan activities 
would be likely to be stable because they would attract from the general 
society those individuals who wished to pursue the chosen activity. The 
entrants to the specialized towns would in many cases be members of 
the intergenerational towns for whom pursuit of the specialty was more 
important to them than life in their childhood town. Specialties involv- 
ing physical objects or activities would tend to be more concentrated 
in specialized towns than specialties involving mental processes, since a 
community of interest in a particular mental activity could communicate 
through the social nervous system. Most of the specialized groups in in- 
formational society would have a subgroup of members who would live 
outside the specialized towns and participate through the social nervous 
system and occasional visits. 

In contrast to the intergenerational town would be the segmented- 
age-group towns. Towns which promoted an exciting night life and other 
single oriented activities would attract young singles wanting an exciting 
lifestyle. For those who were married or otherwise decided to have chil- 
dren there would be child oriented towns that provided strong support 
services to parents and children. Further specialization would lead to 
towns for very young children and towns for older children. This break- 
down between age groups of children would depend on needs. Once 
children reached the age where they needed transportation, a town spe- 
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cialized for children who needed transportation to the town center would 
want to restrict access and provide a secondary transportation system 
to minimize the need for parents to continually drive their children from 
one activity to another. Finally, the elder citizens would retire in a more 
peaceful retirement town. The advantage of living in such specialized 
towns rather than in intergenerational towns is that a larger group with 
a particular interest can achieve economies of scale, and concerns about 
conflicts with other age groups would be minimized. As both intergener- 
ational and age-group-segmentation orientations to life exist in current 
society they are likely to continue to exist in the future. Age group seg- 
mentation will increase given the need to provide the desired activities. 

Besides speicializing in age-segmentation activities some towns would 
specialize in order to create a particular lifestyle or promote a certain 
belief. In the past two centuries numerous works have been written de- 
scribing utopian visions of society. One famous contemporary work in 
this genre is B. F. Skinner's Walden Two TM. This work describes a town 
whose organizational structure is based on Skinner's principle of operand 
conditioning. Currently a town, Twin Oaks, Virginia operates on a mod- 
ified basis of Walden II. The attraction this town offers potential converts 
is the opportunity to participate in a richer community life than is found 
in contemporary society. The basic problem with the operating designs 
of Walden II and Twin Oaks is that they attempt to couple advanced 
concepts of psychology with a very primitive subsistence economy. In 
informational society, however, experimental towns such as Twin Oaks 
would have a much greater chance of success, since as the social nervous 
system advances and the length of the workweek decreases, the economic 
feasibility of such towns increases. Moreover, the social nervous system 
would enable such experimental towns to integrate their particular belief 
structures into organized society outside the town. While most towns 
that started with some utopian ideal would fail, they would nevertheless 
provide a mechanism for social experimentation. The more successful 
aspects of such towns could then be modified and utilized by more tra- 
ditional towns. In short, as new technology makes alternative forms of 
social organization feasible, the utopian town provides the mechanism 
for social experimentation. 

While some towns in the proposed design will specialize in experi- 
menting with lifestyles of the future, others might well at tempt to recre- 
ate the past. Already, in current society, there are weekend groups that 
model their activities on the activities of a medieval court, for example 
the Society for Creative Anachronisms. With greater amounts of leisure 
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towns might arise that would attempt to recreate the lifestyles of previ- 
ous centuries. For some of the towns these efforts would produce income 
sources, in the event that the towns become popular tourist attractions. 
Other individuals, like members of certain religious groups, would create 
particular forms of community out of conviction rather than as attempts 
to increase their wealth. 

In informational society some towns would become more specialized 
simply because people would have more time to develop pursuits in ac- 
tivities which were formerly considered avocations. Take for instance 
hunting. In current society people usually do not have enormous blocks 
of time to devote to hunting, But given much more leisure time some 
people who like to hunt might want to increase the challenge by reviving 
hunting techniques of the stone-age hunter. As a result a great deal of 
energy would be taken up by learning (recreating) forgotten arts such as 
tracking. Hunting big game with stone-age spears would be enough to 
provide the hunter with a genuine thrill. A town which developed such 
skills would probably have a marginal income available to it through 
providing instruction to novices. Other specialized sports towns might 
exist for sports requiring major investments in equipment and facilities, 
for example motorcycle or automobile racing, polo, or rocketry. 

While intergenerational towns are likely to have members participat- 
ing in either arts or crafts, some towns would tend tospecialize in one 
or a small group of the arts and crafts. Such towns would be organized 
to support the specialized activities. For example, in a pottery town, 
the town associations would provide various types of kilns and other 
pottery equipment. And since the main activities of this type of town 
are specialized, one would generally expect the level of skill to be very 
high. In such towns the specialty craft is also likely to offer some eco- 
nomic opportunities to the town members. The craft guild, for instance, 
could offer classes both live and through the social nervous system. In 
addition, fairs for artisan works could be held in the village center and 
a really successful artisan town might have shops offering wares at all 
times. Other specialized towns would arise promoting all of the arts and 
crafts. 

Another type of specialized town would be the intellectual town. In 
such a town the principal activity might be the study of a particular 
subject, such as mathematics or chemistry. In a research town, research 
association funds together with grants would provide the basis for re- 
search in the desired subject. The research association members would 
obtain additional income from intellectual property, consulting and sere- 
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inars. A great change from the 20th century will be the return of the 
leisure researcher of the 18th and 19th century, and groups like Mensa 
could have towns devoted to intellectual pursuits. A specialized intellec- 
tual town not of the sort specifically organized in todays society might be 
a town of Naderites, whose self-appointed function would be to analyze 
and criticize existing institutions. Such a town might compete for grants 
for such studies and might conduct some studies on its own authority. 
The importance of this function of continuous analysis of the systems 
performance will be emphasized throughout the remainder of the book. 

In the field of business, specialized towns would arise for managers 
and entrepreneurs. With a constantly changing technology there will be 
no shortage of investment opportunities. For this reason, some towns 
could be devoted to full-time pursuit of financial investment activities. 
Business managers, as they assess their chances in the management situ- 
ations market, might prefer a town of other managers where there was a 
considerable body of informal information on opportunities. Other busi- 
ness towns would become havens for entrepreneurs promoting startup 
companies in new technology. 

Moreover, the growth of international trade will create incentives for 
the creation and maintenance of bilingual towns especially in the major 
metropolitan areas. In the past neighborhoods of emigrants generally 
lost their foreign culture and language as the subsequent generations 
were assimilated into mainstream US society. However, with the vast 
expansion in world trade second and succeeding generations would have 
an incentive to maintain both languages and cultures which will be sup- 
ported by the availability of international media through the social ner- 
vous system. In addition, such bilingual towns would have economic 
incentives to maintain both languages and cultures in order to serve as 
language training centers for students in the metropolitan area. For ex- 
ample, town members might only speak the foreign language during such 
visits. Consequently, the number of bilingual towns will increase. 

Local Act iv i t ies  

The function of a town, regardless of the degree of specialization, is to 
provide a framework for local activities. The local activities most fre- 
quently provided for local participation are sports, arts and crafts, social, 
and the local economy. Much more than current practice participants 
would use the social nervous system in local activities. First, the social 
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nervous system will greatly reduce the cost of forming common interest 
groups for social, economic, and political activities. The initial search for 
common interests would be machine talking to machine. Second, people 
in towns would relate to outside institutions much more through com- 
munications such as teleconferencing. Because of the low transactions 
costs for organization and ease of interaction, many local activities would 
be integrated into regional and national organizations. Third, materials, 
such as educational software, would be available in the social nervous 
system to support local activities. Finally, local decision-making will 
increasingly involve analytic comparison of alternatives. 

Consider sports and other physical exercises. Based on the assump- 
tion that the current trend towards physical fitness is a permanent shift 
in values in advanced countries, nearly all towns would feature a sports 
program which would provide activities for all age groups and all skill 
levels. In comparison with contemporary society, the proposed design 
would facilitate almost universal participation in sports or other physi- 
cal exercise for both sexes and all age groups. Competitive sports would 
be organized into intertown leagues based on skill levels. In a metropoli- 
tan area with a large number of towns the leagues could be rearranged 
each year to maintain approximate parity of skill level. Most competitive 
sports would involve practice at the town facilities and travel to other 
facilities for games. As practice generally involves much more time than 
competition, the transportation system would well serve sports activities. 

What would distinguish sports in contemporary society from their 
position in future society is not only the greater participation rate of all 
ages and sexes, but also the use of the social nervous system to promote 
higher levels of performance. The organization of sports programs would 
be conducted through the social nervous system in a variety of ways. 
These would include the obvious, such as record keeping and conference 
organization, but would also extend to the latest application of high tech- 
nology to sports. As the reader may be aware, by attaching sensors to 
the athlete's body the computer can analyze the athletes performance 15. 
In the future, these techniques will gradually filter down to the level of 
town sports programs. Thus, for instances, in teaching tennis to children, 
the instructor could have the child wear a sweat suit with the built-in 
sensors while he attempted to hit the ball. The computer program after 
analyzing the child's stroke would suggest improvements. Moreover, if 
sports were organized nationally, a small fee could fund continual im- 
provement in performance through the creation of computerized aids to 
instruction of the latest techniques. With the social nervous system, 
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superior athletes would be identified early, and in some sports, could 
receive professional coaching locally through teleconferencing. 

Second, consider social activities. Most towns would have churches, 
areas for events such as concerts, and social clubs. In comparison with 
towns in contemporary society towns in the projected design would offer 
many more social activities for a variety of reasons. First, people will 
have increasing amounts of leisure to engage in nontraditional work ac- 
tivities. Second, many people find current society lonely le, a fact which 
indicates a need for more social activities. Third, towns would remove 
the problem of strangers traversing the towns and at the same time 
arrange the transportation system to promote a friendlier atmosphere. 
And finally, as upward mobility would occur primarily through institu- 
tions ill tile social nervous system, individuals lit order to achieve status, 
would not need to relocate as frequently as currently. Consequently, peo- 
ple in neighborhoods would socialize more than in current society. At 
the same time, considerable socializing would occur through the social 
nervous system. Currently many people visit using the telephone, but 
as the cost of teleconferencing falls, people will use it in their leisure 
activities as a new opportunity for conducting casual group meetings. 

Third, consider skill activities such as arts and crafts. In industrial 
society people manipulate physical objects primarily to earn a living and 
secondarily as an avocation. In informational society the roles will be 
reversed. An individual might take up art simply because he found it 
intrinsically interesting and it provided him an opportunity to demon- 
strate a skill. To meet these sorts of interests most towns would have 
a variety of arts and craft programs. For example, a town might offer 
programs in carpentry, electronics, jewelry making, painting, and drama. 
While automated manufacturing will produce goods much more cheaply 
than hand manufacture, some people would want a few artisan objects in 
their living quarters. Like sports, these arts and crafts activities would 
be organized into national guilds through the social nervous system. The 
national guilds would provide a system of standards by which to judge 
the excellence of workmanship. Most arts and crafts would have a sys- 
tem of skill levels through which the devotee would advance to become a 
master. Guilds would also organize shows which could take place either 
through the social nervous system or at an actual physical location. The 
truly skilled in arts and crafts would earn some income through their 
efforts. Most, however, would participate to demonstrate competency as 
a test of self. 

Towns in informational society are primarily residential as major eco- 
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nomic activities would take place on metropolitan land. Nevertheless, 
most towns would have some economic activity. Already mentioned are 
successful arts and crafts activities. Beyond this, most towns would have 
a town center with perhaps a restaurant, bar, and a convenience store. 
In addition most towns would have some handyman type jobs in repair- 
ing equipment and yardwork. In households, most appliances and other 
equipment would be modular to facilitate easy maintenance by com- 
ponent replacement and would be monitored by the home computer to 
indicate when a replacement was required. While residents could replace 
the components themselves, people might not care to perform the wide 
variety of tasks this would entail. In addition towns with children would 
have services such as education and daycare. With specialization people 
would achieve higher incomes. To facilitate the town market most towns 
would have a market area for local economic activities. 

Yet another activity which would be transformed by the social ner- 
vous system is local primary and secondary education. In current educa- 
tion the major conflict is between the power of the professional educator 
and the desire of parents and other citizens for more local control. For 
a variety of reasons such as the efficiency and diversity of larger schools, 
desegregation, and the increase of expert authority's power-in this case 
the professional administrator, the local control of education has greatly 
decreased. In order to financially support a diverse program of education 
to meet the needs of variations in student talent, students are currently 
being bused to large schools frequently outside their neighborhoods. The 
advance of the social nervous system, however, will facilitate the transfer 
of control over primary and secondary education back to the local com- 
munity. Schools would be local neighborhood schools connected with 
a town high school, though the ways in which the educational system 
in a town was organized would vary widely. In some towns children 
would be educated in the home, while in others children would attend 
the traditional local public school. In still other towns there would be 
only private schools. The metropolitan government would offer special- 
ized educational services through teleconferencing such as enrichment 
programs for the gifted, education of children with special learning dif- 
ficulties, and expensive equipment such as laboratories. An increasing 
component of education will be computer-assisted instruction 1T, and the 
development of this software in the social nervous system would be the 
responsibility of the federal and regional governments. At the local level 
teachers roles would gradually change from classroom lecturing to more 
individual counseling on finding the material in the social nervous sys- 
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tern that is best suited to the individual student. As the quality of this 
material improved, the student could begin to obtain his education at 
his home terminal. Moreover, once the instructional material was in 
the social nervous system it could be used locally by any group. This 
would make possible the local organization of schools offering the latest 
technology of instruction through the social nervous system. 

What clearly distinguishes future towns from present towns are the 
number of activities that could be pursued through the social nervous 
system. A resident would, for example, be able to access any book, film, 
or tape in society and in towns which developed a strong sense of com- 
munity with similar values and tastes, the town would create its own 
programming sequence for television and stereo. An individual in the 
town could modify this sequence or, for that matter, any other program- 
ming sequence to create his own program sequence for his television. In 
addition, as the social nervous system advances the quality of computer 
games will also advance evolving ever more detailed, vivid animation 
and team games with complex roles. Using teleconferencing, an individ- 
ual could participate at home in many activities which currently involve 
travel, such as bridge, chess or backgammon tournaments. The advan- 
tage of organizing such activities through the social nervous system is 
that,  given a large pool of players, each individual would play against 
players at the same skill level. 

The social nervous system would modify the primary manner in 
which people relate to organizations outside the town. In contempo- 
rary society the preferred type of meeting is a face to face meeting and 
telephone conversations are a secondary alternative. To achieve this 
end, great emphasis is placed on rapid transit between physical loca- 
tions. This means that interactions with organizations outside the town 
generally require transit to particular physical locations. With the ad- 
vance of fiber optics the face to face meeting becomes a teleconference 
and communication displaces travel as the primary manner in which in- 
dividuals in towns interact with outside organizations. This means that 
organizations outside the town reside in the social nervous systems and 
are directly accessible from any terminal. Residents in a town will use 
the social nervous system to relate to leisure, economic, and political 
institutions outside the town. 

The social nervous system creates the potential for low cost orga- 
nization of new groups or new activities through machine talking with 
machine. For this potential to be realized, standards would have to be 
created for the format of queries, and in the creation of such a system, 
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most household would desire software to screen incoming calls automat- 
ically. Once standards and the software had been created the formation 
of interest groups becomes the task of machine talking to machine. If a 
town member wished to organize a new activity, he could simply have 
his computer query his town to find potential participants, and, in turn, 
the potential participants would be informed of the activity by their per- 
sonM computers. Two activities which are likely to be organized through 
the sociM nervous system are shopping and politics. Consider first some- 
thing as simple as shopping for groceries. As computers become easier, 
to use it will be fairly common to use the computer to plan meMs for such 
requirements as calorie control and to determine the food requirements 
for the family. In a town of people with similar tastes, the computer can 
also quickly aggregate all the purchases for any subgroup of the town 
so that the town could operate as a single purchaser. Having an inex- 
pensive way to organize and manage buying groups will become more 
common as the social nervous system evolves. Their economic impact 
will be discussed in the next chapter. 

In a similar fashion, the social nervous system will be used in politicM 
activities, by, for instance, making possible the inexpensive analysis of a 
politician's voting record and his actuM positions. If a town is close-knit, 
it has incentives to sponsor a political anMysis group for determining 
which politician really supports the town interests. This subject will be 
taken up further in a later chapter. 

Beyond recreational, economic, and political activities, the advance 
of the sociM nervous system will enable residents of towns to make an- 
alytic comparisons of alternatives in a wide range of decisions. For the 
individuM or family in informationM society, a fundamental choice ques- 
tion is which town to reside in, since this particular choice determines 
both the activities they are likely to pursue and the type of lifestyle that 
will be supported by their neighbors. The decision, moreover, would be 
a complex one because the number of towns in a major metropolitan 
area would be in the thousands. Comparisons of this number of towns 
intuitively by any but the most superficial criteria would be very tedious, 
since to compare his alternatives analytically a potential resident would 
need to know for each alternative the quality and price of residence, the 
way the town is organized, the range of activities offered by associations 
within the town, and the types of lifestyles supported, tolerated, and 
discouraged by the town. 

Currently, much of this sort of information is available in various 
information sources such as multiple listings of the real estate industry, 
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voting records, the statistical abstract, and announcements of meetings 
of various activities. What is not presently available for the potential 
buyer, however, is a composite data base which would allow the buyer to 
consider his alternatives analytically at a reasonable cost. For example, 
suppose the sociology profession creates a test which is a reasonable 
predictor of the social compatibility of the buyer with the prospective 
town. A buyer might, then, wish to perform the test before making his 
choice of residence. For this purpose he would need an information right 
to obtain the input data. Such tests are likely to need information on the 
values held by town members which is not available in current society. 

What makes this problem particularly interesting is that a family in 
a town relates first to its immediate neighborhood and then to the larger 
town. As friends generally have similar values, knowing whether one's 
values matched the values of the neighborhood would be of considerable 
interest. For this reason, there is little point to creating neighborhoods 
which promote neighborliness unless the neighbors are potential friends. 
Currently, however, in most residential areas the buyer only has the 
vaguest information concerning his future neighbors. This means that in 
order to make a wise choice the buyer would need information concerning 
the immediate neighborhood as well as the entire town. 

The participants in buying, leasing, or renting a residence have incen- 
tives to use a database for comparing the alternatives. One group which 
has the incentive to create a database for all potential buyers is the real 
estate profession. To be sure, the members of a town would have mixed 
motives for providing information that would create a comprehensive 
data  base organized for analysis, but the positive result of releasing the 
information, would be its role in attracting compatible new residents. 
The threatening aspect, however, is the danger that such information 
could be sold for other purposes, such as to create more effective adver- 
tisements or harassment. For towns and neighborhoods to release infor- 
mation, they would demand limits on the release of information. A real 
estate database company wishing to obtain a comprehensive database, 
might compromise by allowing potential buyers to use criteria to rank 
alternatives, without allowing the buyer to see sensitive raw data. 

The problems involved in creating a data base in order that buyers 
of residences can make better decisions is one example of the importance 
of information policy, a recurring theme in this book. How accurately a 
person can assess his alternatives depends on the detail of information 
provided. If the real estate data base contained information concern- 
ing each neighborhood, the buyer could better find the neighborhood in 
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which he was most likely to make friends. Such information could greatly 
reduce the search to find compatible people in the town and would ac- 
cordingly make for more friendly neighborhoods. A buyer should be able 
to make analytical comparisons using those variables which established 
research indicates are important for the decision. 

In information society the low cost of collecting and communicating 
information will always pose a great potential for abuse, no matter how 
much effort is taken to try to control the flows of information. To limit 
the damage from potential information misuse, each town should have 
the right to limit access both physically and through the communication 
channels. Most towns would have an  access policy. If a town developed 
a strong sense of community wherein the members trusted each other, 
the town could create an access policy to become an effective buffer to 
the larger institutions in society. For example, as markets move to the 
social nervous system, sellers will have a detailed record of purchases 
made by individuals in a town. A town would be able to reduce this 
data to an aggregate for all town members by iffstalling the town as 
an intermediary, using the town computer. The seller would have only 
a sales contract with the town and therefore would make a delivery to 
the town distribution center. The extent that the town would act as 
a buffer would depend on the extent that residents trusted their local 
institutions' ability and willingness to maintain privacy. 

I n d i v i d u a l  v e r s u s  T o w n  

As the town in supporting a particular lifestyle is inhibiting or even 
precluding the public expression of alternative lifestyles, to what extent 
should the rights of the individual and his household be protected? For 
example, in order to promote family values, a town could suggest town 
households use software to filter violence and explicit sex out of social 
nervous system entertainment. In time, such filtering would be routine 
because to appeal to multiple lifestyles most new entertainment would 
have many, user controlled versions. The issue is should a town be able 
to compel an individual and his household to use such software when no 
other members of the town were present. 

The need for individual rights depends on the extent every individ- 
ual has freedom of location. Giving the town broad powers to promote 
the lifestyle of the majority encourages each individual to find a town 
which supports his or her chosen lifestyle. Suppose all individuals were 
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completely free of location in the exercise of economic opportunity, that 
is they worked and purchased goods through the social nervous system. 
Given the diversity of towns, each individual could find a compatible 
town. Thus, total freedom of location would imply little need for indi- 
vidual rights. 

The practical problem is that individuals will achieve freedom of loca- 
tion gradually and there will be great variation in the freedom of location 
of individuals in society. An information worker working through the so- 
cial nervous system would have more choice than a blue-collar worker 
working a part time shift each day at a particular location. To protect 
the individual and the minority against the majority the power of the 
town to promote a particular lifestyle requires defined limits. 

One important policy to protect the individual is the right of mem- 
bership. Currently membership restrictions are usually in smaller hu- 
man settlements than towns. One example is the singles only apartment 
complex. Another is the retirement community which restricts children. 
Most membership restrictions are implicit such as the wealth required to 
purchase a residence. In informational society towns could have member- 
ship restrictions which did not violate national policy. The basic policy 
would be the greater the freedom of location the more restrictions would 
be permitted. Restrictions based on race, creed or sex are very unlikely 
to become part of national policy. Some states might use court prece- 
dents to amplify restriction policies. The town would be obligated to 
provide evidence why a policy promoted the lifestyle while an individual 
could obtain an exception to live within reasonable commuting distance 
of a job. A member of a town could not be denied membership in town 
functions. 

In current society the bill of rights and amendments grant the in- 
dividual certain rights. Likewise the individual in informational society 
needs certain rights. A fundamental right of informational society is ac- 
cess to all of societies knowledge and information in the social nervous 
system. While the town to promote its lifestyle might wish to limit access 
to the social nervous system in its schools and might make suggestions 
the town has no right to restrict access or even to monitor access of the 
individual in his home. The power of the town to promote the town 
lifestyle stops at the residence of each family. At home each family has 
the right to pursue its own lifestyle in privacy. The individual has the 
right of freedom of assembly through teleconferencing through his home. 

To promote town harmony the higher governments would have the 
power to place some restrictions on the power of a simple majority in 
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town government. First on sensitive issues a higher than simple plurality 
vote could be required. The higher governments could vary this require- 
ment as conditions warranted. Second the higher governments would 
determine the conditions for a town partition. If a substantial minor- 
ity are fundamentally opposed to the policies of the majority and they 
live in definite neighborhoods in the town they can petition the higher 
governments for a partition. This check would prevent a 50.1 per cent 
majority from trying to impose its lifestyle on a 49.9 per cent minority 
without compromise. Other limits will be discussed in the chapter on 
government. 

Evaluation 

One feature of the metropolitan-town organization in informational so- 
ciety that would make life so much richer than in the current society 
would be the range of alternatives offered to the individual Currently 
people in metropolitan regions primarily use travel by car to pursue the 
activities in their lifestyle. But as people are gradually freed from phys- 
ical location, the choice mechanism, given the assumed social structure, 
would tend to sort people into clusters with similar lifestyle preferences, 
thereby freeing them from much of their present need to commute to 
and from recreational activities. Analytic comparisons of population 
characteristics recorded in town databases would enable the individual 
to quickly find possible matches. 

The greater the freedom of location of an individual in his career, 
the more he can separate the institutional culture of his career from the 
chosen lifestyle of his leisure life. As will be discussed in subsequent 
chapters much of the institutional life of informational society will tran- 
spire via teleconferencing through terminals. An information worker, for 
instance, teleconferencing with workers in a corporation would maintain 
the decorum of the corporate culture while teleconferencing, but once he 
finished the teleconference, he could resume his leisure manners. If an 
individual had complete freedom of location he could mix any lifestyle 
wlth his role in institutional life. 

Clustering people with similar lifestyles into small towns should lead 
to economic efficiencies. Through the social nervous system towns should 
achieve cost savings in purchasing, and with smaller groups with similar 
interests, the supply and demand for local public goods should be better 
matched. People in the new towns would also be able to pursue their 
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chosen activities with considerably less transportation cost. Moreover, 
the social nervous system in combination with optional travel would 
provide the individual with more choices than currently. Finally, with 
control of random intrusion of strangers, the town should be a much 
safer and friendlier place than currently. 

As a combination of market and political mechanisms would work 
to create the type of towns desired by the people, the town arrange- 
ment should be preferred to current arrangements. Through the choice 
mechanism the type of towns would respond to supply and demand 
conditions is. The towns which created successful lifestyles would be em- 
ulated, whereas towns promoting unsuccessful lifestyles would decrease. 
In existing towns such shifts would occur as the voting strength support- 
ing various lifestyles shifted. Creating new towns would, of course, re- 
quire tile coordination of public and private interests. The metropolitan 
government would have to designate the land area for a new town, and 
the surrounding land would remain under direct control of the metropoli- 
tan government. Private developers creating new towns would tend to 
promote minor innovations with a forecasted market success; major in- 
novations, on the other hand, are more likely to be created by groups 
committed to a new innovation. Also urban renewal of towns with old 
residences would require the political support of the town. For instance, 
if the land in a town became much more valuable in an alternative use, 
the town could vote to sell the entire town with a higher than plurality 
vote specified by the state government. 

The design provides a natural institutional structure for social ex- 
perimentation in lifestyles. As might be expected, most experiments in 
communes and other novel lifestyles will fail. Those ideas which suc- 
ceed, would by diffusion, spread from the more experimental towns to 
the less experimental. As the pace of technology is likely to remain high, 
or even increase, new social possibilities will be made possible by the 
new technology. The choice mechanism provides a means whereby the 
social possibilities provided by new technology can be tested experimen- 
tally. Basing metropolitan organization on small towns would permit 
much greater variation than the current design, since current local polit- 
ical units are generally much too large to be responsive to variations in 
neighborhood desires. One point which requires experimentation is the 
optimal size of town. As people have differing needs for close interper- 
sonal relationships, the optimal size of town would vary depending on 
the lifestyle. 

As the workweek decreases towards zero and the cost of telecommuni- 
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cations falls relative to other goods, the lifestyles of towns could continue 
to diverge. In time, the diversity of towns could equal the diversity of now 
disappearing primitive cultures. Are there any desirable limits to diver- 
sity? The answer is yes, given the objective of continuing advancement 
of informational society which is is inconsistent with the generation of 
too many indolent lifestyles. For a variety of other reasons diversity must 
be limited too. For instance, given the kill capacity of the individual, 
violent lifestyles are undesirable. For peace to exist between towns there 
must be a common belief in a live-and-let-live attitude towards other 
towns. Since functions involving interaction between members of diverse 
towns will either be conducted through the social nervous system or on 
public land controlled by a metropolitan or higher government, there is 
no reason for random access to land controlled by towns. Each town has 
the right to control access to promote its own lifestyle. Furthermore, to 
promote peace each town has the right to practice its belief structure on 
the basis that it will allow other towns to practice their belief structure 
too. To be successful in organizations outside his own town, the individ- 
ual would have to be tolerant of diversity. There are therefore incentives 
for a cosmopolitan attitude. As it is possible to live a reasonable full life 
within a town, this incentive for toleration does not specifically prohibit 
bigots, but it does mandate that they live within their own towns and 
leave other towns alone. 
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Chapter 6 

The Economy 

Introduct ion 

While the application of microbinics technology to production will result 
in a gradual displacement of people from the production of goods and 
services, the types of economic decisions which people must make will re- 
main much the same. Households will have to decide how to spend their 
budgets. Investors must evaluate alternative assets. Managers, whether 
through computer analysis or intuition, must decide what products to 
produce. While the types of economic decisions to be made will remain 
unchanged, the process of making these decisions will be altered by tech- 
nology which makes possible computer-supported decision making. The 
advances in the social sciences, the business disciplines and artificial in- 
telligence are creating tools for analytical decisions and these tools are 
being programmed as software packages for use in decision making. Fur- 
thermore as hardware and software advance the cost of using these tools 
is rapidly falling. While at present they are used primarily in making 
business decisions, their use will gradually diffuse to many other types 
of decision making as well. 

Decision making creates a derived operational demand for informa- 
tion; that is, data or observations are required as input to either intuitive 
judgment processes or analytical models. From a bounded rational eco- 
nomic perspective the decision maker will obtain more information up 
to the point that he judges the benefit exceeds the cost of obtaining it. 
As the analytic decision tools improve and processing and transmission 
costs of information decrease, the demand for information will increase. 
While advances in technology will increase the available supply of in- 
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formation, this supply is nevertheless limited by the incentives holders 
of information have for releasing the information. Sellers have positive 
incentives in releasing positive information concerning their goods and 
services; however, they have mixed incentives for releasing negative in- 
formation. If negative information is likely to become public knowledge, 
the seller has an incentive to make a public relations disclosure to min- 
imize the damage, but a seller has little incentive to release negative 
information which can be kept from the public. 

Consequently, the supply of available information depends on infor- 
mation rights granted to those who make economic decisions. As will 
be discussed in the next chapter, the fundamental right in informational 
society is the right to learn. Based on this right, those who make opera- 
tional decisions have the right to obtain information that will help them 
make decisions by analytically comparing the properties of the alterna- 
tives. 

Many choices faced by individual decision makers are common to 
large numbers of decision makers. For such decisions economies of scale 
may be gained by creating databases for common use by all potential 
decision makers. One approach to creating these data bases that supply 
the operational demand for information is to treat operational informa- 
tion as a commodity. Because information is costly to acquire, a market 
perspective on information can reward entrepreneurs for creating infor- 
mation services that collect, process and sell information, provided the 
entrepreneur can establish property rights to ensure a return for his ef- 
forts. Much of the data that these information services would collect 
is data desired by decision makers to predict the performance of alter- 
natives under consideration. Much of this data is generated by past 
behavior. 

The advance of information technology and decision tools will under- 
standably transform the consumer's approach to decisions. As commu- 
nications advances to inexpensive dynamic image communication, most 
aspects of market transactions, with the exception of the delivery of 
physical goods, will shift within the social nervous system. Once data 
and analytical tools are sold by consumer information services, the con- 
sumer will he able to make analytical comparisons of his alternatives 
much more easily. With a high rate of new product introduction, the 
improved decision-making capability of consumers will identify the suc- 
cessful products much more quickly than current mechanisms can. Pro- 
ducers, accordingly, will need to respond to rapidly changing market 
conditions. As automation proceeds, the activities of the firm will in- 
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creasingly become one-time adjustments to changing technology, product 
development, and market conditions. With much better information and 
decision-making capabilities managers will expand their use of markets 
to subcontract and hire temporary services. Managers will also employ 
communication networks to organize the firm's work as a sequence of 
tasks and will make greater use of markets to organize their tasks. 

The driving force of change in the political economy is the government 
promotion of research. In the future funding for research to promote in- 
vention will remain at high levels and funding of research to promote 
innovation will increase. Part of the increase in funding to promote in- 
novations will enable numerous experimental stations to experiment in 
alternative approaches to production and organization. Basic research 
to promote innovation must observe the political economy. Based of the 
right to learn the information policy for scientific study of behavior lead- 
ing to innovations is at least an unlabeled representative sample. The 
representative sample is needed to accurately characterize the underly- 
ing behavior. As understanding behavior in general does not require 
labels identifying individuals, no labels should be provided to promote 
privacy. Improvements in translating new research into new products 
and innovations will take the form of improvements in the transmission 
mechanism for university research. 

As larger firms rely more heavily on markets for subcontracting and 
temporary services, and as the number of startups and producer services 
promoting new innovations increases, more people will be employed by 
small to midsized firms. Work for all workers, whether managers, profes- 
sional, information workers, or blue-collar workers will tend to become 
a sequence of unique tasks as routine tasks are programed. Because of 
the greater use of temporary organizations to accomplish these unique 
tasks, many workers' careers will be a succession of temporary contract 
work. Between contracts workers will retrain in preparation for new 
employment opportunities. 

T h e  C o n s u m e r  

Consider the problem of the contemporary consumer. With an accelera- 
tion in the rate of discovery and invention, the consumer faces a difficult 
choice problem of evaluating an increasing rate of new product intro- 
ductions. To evaluate his alternatives, the consumer has incentives to 
acquire information, and the seller has incentives to provide information. 
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The later, in promoting the adoption of new products, constantly invents 
new forms of advertising. From the perspective of the choice model, ad- 
vertising provides information for three steps-generating objectives, de- 
termining alternatives, and evaluating alternatives. Advertising has an 
impact on the formation of tastes towards new products, makes the con- 
sumer aware of his alternatives and provides information such as price 
to evaluate the alternatives. Advertisers have incentives, in presenting 
material to consumers, to use the knowledge of the limitations in the 
consumers' cognitive skills to sell the product. They have no incentives 
to provide consumers with an impartial evaluation service. 

Alternative sources of information for consumers are not well de- 
veloped. With a rapid rate of new product introductions, knowledge 
through experience rapidly loses value. Information from word of mouth 
has no desirable properties from the perspective of sampling theory. For 
some items, such as persona/computers, private magazines provide eval- 
uation services. The best quality general evaluation service, Consumer 
Union, which publishes Consumer Reports only evaluates a fraction of 
the goods on the marketplace. The fact clients will give away informa- 
tion free to friends, inhibits private organizations from providing better 
evaluation services. 

The government's role in providing evaluation services is to require 
numerous disclosures such as the ingredients in foods sold in supermar- 
kets. However, the government frequently acts not to inform the con- 
sumer, but to protect him from any possible ignorance. For example, 
since the pure food and drug legislation of 1906, the food and drug ad- 
ministration, the FDA, has taken direct responsibility for testing drugs. 
The FDA releases drugs it considers safe. The consumer is not allowed 
to weigh the risk, unless he is willing to travel to another country with 
less strict laws. 

Consumer performance will improve greatly with the creation of de- 
cision aids, advances in information technology, and an appropriate in- 
formation policy. As technology advances in this direction, the locus of 
consumer purchasing will shift from physical stores to the social nervous 
system stores, with an increasing portion of purchasing activity taking 
place in the home. The extent to which consumers will be able to pur- 
chase goods through computer terminal devices in the household will be 
determined by the development of interactive image software which can 
be controlled by the consumer. In using this type of software for purchas- 
ing goods and services, the consumer will be able to identify and evaluate 
his alternatives. As consumers, on the basis of tastes and incomes can be 
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stratified into large groups facing similar consumption decisions, there 
exist very large economies of scale to be exploited in the identification 
and analysis of alternative decisions. An appropriate information policy 
will enable entrepreneurs to innovate information services which supply 
consumers with software and data for making analytical comparisons of 
goods. 

In contemporary society an increasing amount of household shop- 
ping takes place in the home through catalogs. When both adults in 
the family work, time for shopping is at a premium, and this creates an 
incentive for catalog shopping. With the advance of the home computer 
and the meshing of home computation with cable television, catalogs will 
become available through the home computer. The extent to which cat- 
alog in the social nervous system have more appeal than printed catalog 
or shopping in malls depends on advances in graphics, data organiza- 
tion, and interactive programs that give the consumer control over the 
flow of information. A desirable feature of computerized shopping is its 
ability to provide the consumer with desired, background information 
about products. Included might be complete specifications and visual 
simulations of operating characteristics. The reader might think that 
home shopping would never take place to clothing since most buyers like 
to try clothes on to see how they fit. But suppose buyers have a pro- 
gram which displays their wearing new clothes in many poses on their 
televisions. With such a program buyers could, through simulation, try 
on far more alternatives at home and in a far shorter time than trips 
to alternative stores would allow. Second, if clothes were ordered by a 
computer program which maintained the buyers' exact dimensions and 
were created automatically to fit those dimensions, they would fit far 
better than currently. In addition, the shopping program would arrange 
payment and shipment. Shopping for clothes in such an environment 
would offer buyers a far wider range of choices to consider and would 
enable buyers to evaluate their alternatives at a far lower cost. For ex- 
ample, alternative color combinations could be examined with the push 
of a button. 

As the channel capacity of communications expands and computation 
costs fall, advances in such technology will reduce the cost of visually 
evaluating alternatives below the cost of onsite inspection. Moving the 
payment of purchases to a home computer function, however, requires 
creating software sufficiently "user friendly" that the average person is 
comfortable using it. 

The shift of markets to the social nervous system will accelerate as the 
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communication channel capacity expands to accommodate interactive 
image communication. Furthermore, the shift of goods to the social 
nervous system depends on entrepreneurs' ability to provide a superior 
environment for identifying and analyzing alternatives. Goods such as 
appliances will make the shift quickly because analytical comparison of 
their properties will be much superior to visual inspection without any 
efficient mechanism for comparisons. For products where other senses 
such as taste, touch, or smell are important, however, onsite inspection 
will remain important for some time. Shopping malls are therefore likely 
to become much more specialized in goods for which taste, touch, and 
smell are important and entertainment activities are likely to replace 
stores whose markets have shifted to the social nervous system. 

In the current market organization the consumer encounters high 
transactions costs in identifying and analyzing his alternatives 1. At 
present, price comparisons of alternative goods can only be made by ex- 
amining alternative catalogs, traveling from store to store, or by phoning 
the alternative stores. Catalogs are not organized for the convenience of 
price and product comparison by the consumer, and travel is expensive 
both in time and resources. Price comparison by phone is frequently 
frustrated by the difficulty of precisely identifying the product being 
considered and the reluctance of sellers to give out this information over 
the phone. But for the consumer to take full advantage of the potential 
advances in hardware and software to lower his transactions costs, he 
needs certain information rights. His home computer must have access 
to product codes, to specifications of the products' qualities, and to the 
price offered by all potential sellers. But such a system of information 
rights would require a major legislative initiative to institute. Such an 
effort would be hampered by lobbyists for the inefficient would try hard 
to prevent the passage of such legislation. 

The purpose of the right to learn is to categorize information such 
as that listed above as operational information needed to analyze alter- 
natives. Under this arrangement, if legislation was not forthcoming, the 
necessary information rights could be defined by legal precedent in inter- 
preting the right to learn. Once these operational information rights were 
in place, sellers who could not list their wares in the social nervous sys- 
tem would be at a distinct disadvantage. Accordingly, the focus would 
shift from ensuring that buyers had access to information to ensuring 
that all potential sellers had access to the electronic marketplace. 

The ability of the buyer to obtain the price and qualities of the prod- 
uct information by having his home computer communicate directly with 
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the computer of the potential seller creates the basis for improving con- 
sumer performance. First, administrative programs could organize the 
acquired data in order to analyze the relevant alternatives. For any given 
product the buyer could determine his best deal at a very low cost. And 
since the product information would be obtainable, the shopper could 
make analytical comparisons of alternative products by using analysis 
packages at home. This means that consumer could base household pur- 
chases more on analysis and less on psychological appeals of advertising. 

Great economies of scale exist in exercising these information rights. 
Desirable data organization from the perspective of the buyer is quite dif- 
ferent from optimal data organization from the perspective of the seller. 
Suppose the buyer wants to find the lowest price for a particular item. 
Under data organized for the benefit of each individual store, the buyer 
must access the database of each store, figure out how the data is or- 
ganized, find the price, and finally obtain the lowest price. Each buyer 
seeking the same information must repeat the same steps. From the 
perspective of the buyer, all the data from every store should be reor- 
ganized by product in a single database. If the prices for each store 
were arranged in ascending order, the search for the lowest price would 
be reduced to single table lookup. Given property rights to processed 
information entrepreneurs would create consumer service companies to 
perform frequently employed searches once and organize the data for sale 
to the consumer. 

To be a much more effective shopper, however, the consumer needs 
much more than a low-cost approach to identifying his alternatives. He 
must also have a low-cost method of evaluating their merits. In light 
of rapidly advancing technology, experience with past products is not 
a good guide if the next purchase involves newly designed goods. To 
provide a contrast with current conditions, consider first the problem of 
buying a horse in the 19th century. At that time the buyer accumulated 
information concerning the quality of horses over his entire lifetime. As 
the characteristics of horses changed very slowly due to breeding, knowl- 
edge from previous purchases could improve the buyer's future judgment. 
Contrast this consumer purchase problem with the problem of buying 
an automobile in the 20th century. Currently the technology of an au- 
tomobile changes at a sufficiently fast pace that past information is of 
questionable value in making current purchases. 

Advocates of pure competition assert that the market in its operation 
creates the information to evaluate the alternatives. Market information 
is generated and used by consumers in evaluating their alternatives. The 
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question, however, is how efficiently the consumer obtains the informa- 
tion and how well he uses it. Consider the consumer versus a quality 
engineer evaluating the quality of a product. The quality engineer uses 
a statistically designed experiment to analyze the quality of the prod- 
uct being considered, whereas the consumer has only word-of-mouth 
information and information from trade magazines such as Consumer 
Reports, The problem with word of mouth is that it is does not provide 
a representative sample. For goods which are used by only a fraction 
of the population, then, word of mouth may provide little information. 
Furthermore, when it comes to highly technical products tile consumer, 
for the most part, is not capable of evaluating the quality of the product. 
For example, most consumers are not capable of evaluating the issue of 
radiation leakage from microwave ovens, as the damage is not directly 
apparent to the senses. Furthermore, market competition is unlikely to 
reveal much useful information concerning leakage. The limited scope of 
existing consumer services are inadequate for providing consumers with 
all the product information they need. 

To determine what information rights are desirable for evaluating the 
quality of alternative goods on the market, suppose that every time the 
consumer had a product repaired he received a machine-readable bill; 
that is, his home computer could access the information and store it. If 
the repair records of most available equipment were kept in a machine- 
readable form, systematic analysis of the quality of alternative products 
would become a straightforward matter. Assuring the consumer an infor- 
mation right to all his transactions, establishes the basis for a mechanism 
for better evaluating products. Again, there are tremendous economies 
of scale in the exercise of this information right. Given property rights 
over processed information, customers of consumer service companies 
would transmit their repair files to the consumer service company for 
statistical processing. Knowledge concerning product reliability would 
thus accumulate quickly and be available to potential buyers within the 
product cycle. Similarly, if accident reports were transmitted to the 
consumer service company, the statistical determination of the safety of 
alternative products is a straightforward matter. 

The economies of scale in providing consumers with the basis for anal- 
ysis will be obtained by co-operative consumer groups, private consumer 
service companies selling services, or by government consumer services 
providing free information as a public good. To obtain the economies 
of scale in evaluating products, these organizations would need to serve 
a large number of consumers. The problem with consumer services as 
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they exist today is the high cost of performing tests and obtaining survey 
data. For example, in obtaining information on automobiles, the Con- 
sumer Union relies on a survey of its readers. As filling out this survey 
constitutes a burden to consumers, the participation rate is less than 
complete, and the results are unlikely to represent an unbiased sample. 
With machine readable repair records, however, the information would 
be available to any consumer service to which the consumer subscribed 
at almost no labor cost to the consumer. Sample survey questions would 
be limited to preference questions concerning such issues as liked and 
disliked features of a product. The burden of participation in such sur- 
veys could be greatly reduced by interactive programs and by making 
a fixed amount of participation in surveys a condition of membership. 
With complete information on the performance of their client products, 
the detection of problems would be much, faster than is possible through 
word of mouth. The consumer would obtain this information through 
his buyer services. 

The biggest impediment to the growth of a strong consumer analysis 
industry in the current market organization is the free rider problem. If 
Consumer Union publishes an edition of Consumer Reports, any valuable 
information quickly becomes public knowledge without Consumer Union 
receiving any return on its investment in providing the information. Un- 
der the proposed design, however, consumer services would generate most 
of their income through charges for access time to run consumer software 
services. As the charges would be based on access time, the consumer 
service would collect even if a client allowed a friend to use the software 
provided. Suppose, for instances, a household wanted to buy a refrig- 
erator. As this type of a purchase is generally made at very infrequent 
intervals, the consumer, when he starts his search, has very little in- 
formation concerning the alternatives in the market. Furthermore, his 
neighbors are unlikely to have any information either, given the change 
in technology and the inability of the average individual to correctly as- 
sess the advertising claims. The individual, therefore, frequently relies 
on the image of the company providing the product and the salesman's 
personality. 

However, suppose the consumer service offered a user-friendly pro- 
gram for assessing the alternatives in the marketplace. The program 
would start by finding out the user's needs through a series of questions. 
For example, if the consumer's grocery transactions were organized in 
a form accessible to the consumer service company, the demand for re- 
frigerator space could be determined primarily by the consumer service 
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company's communicating directly with the consumer's home computer. 
Then the program might suggest some alternative configurations and 
narrow the selection down to a few types. Next, the program would 
have at its disposal all the latest engineering assessments of the quality 
of all the alternatives in the marketplace. The consumer would then 
indicate some preference as to brands or specific options. 

Tile program now sets up the relevant market from tile perspective 
of the consumer. The consumer is asked the area to search-for example, 
the metropolitan region, the entire state, or nation or world. Again this 
could be made automatic. After examining the alternatives, the program 
displays the best, say 10, alternatives, and the best, say 10, alternatives 
in each of the close substitute markets as well. Now the question arises 
with his consumer service program: Can the consumer make a more in- 
formed judgment than currently? First, seated in front of his computer 
screen the consumer can review all the background information which 
went into his decision. He can display the product, review the analytical 
comparisons between the close substitutes, and search over all possible 
purchase plans in the market. His consumer service from the repair 
records can estimate the quality of service each of the alternative sell- 
ers is likely to provide. His program can recommend between the close 
substitutes based on the criteria he supplied. He can modify his crite- 
ria and immediately examine the consequences of his choice. His great 
advantage over present consumers is his ability to positively identify all 
alternative products and their qualities. In a physical search in today's 
market, it is hard to remember the qualities of the close substitutes, es- 
pecially if there are a large number of similar products, and so the price 
quality comparison is very difficult. 

Periodically, demands are made for government to take a stronger 
role in promoting the consumer side of the market. In the proposed 
design, the government first enforces the information rights of the var- 
ious parties in the marketplace. When these information rights are in 
an electronic medium for information, powerful incentives are created 
for consumer service companies. Through surveys of their members and 
analysis of repair records, consumer service companies can use statistical 
techniques to generate much more accurate assessment of product qual- 
ities much more rapidly than current word of mouth and limited testing 
means allow. By creating software services that are either sold or run 
on the consumer service computer, the consumer service company can 
greatly reduce the free rider problem which currently limits the scope of 
contemporary consumer services. 
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This approach of granting consumers specific information rights con- 
trasts greatly with the current trend whereby the government generates 
the information that is provided to the consumer. The amount of analy- 
sis the consumer can do in comparing his alternatives under this system 
is dependent upon the extent of his information rights. Consider the 
purchase of previously owned objects such as automobiles or houses. If 
the consumer's information rights extended to all previous transactions, 
then the consumer could analyze the status of the object objectively. 
Information rights can also improve the safety aspects of products. Sup- 
pose the consumer were granted the information right to inspect the 
product development and safety testing reports. Having this informa- 
tion right would inhibit corporations from knowingly releasing defective 
products. Under such conditions, it is improbable, for instance, that 
Ford would have released the Pinto, which posed a fire hazard if hit in 
the rear. Furthermore, with the complete report of the development of 
the product, the consumer services and trade magazines could forecast 
expected performance with some reliability. 

Finally, information policy through market action would greatly re- 
duce the need for direct government involvement in consumer affairs. As 
market firms, consumer services would offer a menu of services to attract  
customers. Some, in order to attract  customers, would take an aggres- 
sive attitude towards promoting consumer's information rights in the 
marketplace. While individuals would seldom have the incentives to use 
the courts to obtain information, a consumer service with a million cus- 
tomers would. Much like current consumer rating services, the consumer 
software services would in varying degrees maintain independence from 
producers. Most of the positive impacts of information policy, in fact, 
would be achieved through the high quality services' efforts to maintain 
strict independence from suppliers. 

Nevertheless, the federal government should determine the qualities 
of products for which the expense of testing and the economies of scale 
are very large as a public service. Currently the government provides a 
considerable amount of consumer information as a public good, but in 
the future some of these services may be taken over by consumer service 
firms. One example is the data on the gasoline mileage ratings of au- 
tomobiles; if the consumer service were to provide this information, the 
clients automobiles on the road would record their actual gas mileage and 
the consumer service would report the tabulated results to all members. 
On measurements of quality for which consumer service firms have low 
cost methods of measuring the quality, there is no need for the govern- 
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ment to provide the service. One area where the federal government has 
a legitimate role in consumer services are areas where the economies of 
scale are very great. For example, testing drugs requires both expensive 
laboratories and a highly paid professional staff. A second such area is 
the promotion of research into new methodologies for product testing 
and safety evaluations. In such cases new scientific theories must be 
translated into new test procedures. The government has a legitimate 
role in such instances of basic research. 

If consumers obtain the information rights suggested in this chap- 
ter, their ability to identify and analyze their alternatives will greatly 
increase. Such a decision environment would appear to eliminate the 
contemporary role of advertising. With his consumer service the buyer 
would be much less susceptible to sales pitches based solely on psycho- 
logical appeals, nevertheless a role for advertising remains. In the choice 
process there is one step which requires imagination: the manufacturer 
or service supplier can specify the properties of a product, but the con- 
sumer must decide how he plans to use the product. While decisions 
made concerning this step are obvious with familiar products, when it 
applies to new products this step taxes the imagination of many potential 
customers. To promote new products advertisers would therefore focus 
on bringing to the potential consumer's attention the innovations the 
product provides the user. Most consumer services would have a policy 
for including this type of advertisement, provided it met the consumer 
service standards, as background material which the client could view at 
his discretion. 

Markets  

Shoppers will be able to capture economies of scale much more easily, 
since the social nervous system facilitates much greater organization on 
the household demand side of the market. Consider the advantage of 
buying in large quantities to obtain quantity discounts. Where there is 
a sizable group of people with similar tastes in a town, they have an 
incentive to shop as a group. Within the social nervous system, home 
computers in the respective households will be linked by a network, so 
the total purchases of the group can be easily aggregated. For example, 
if the various households use software to assist them with dieting and 
food preparation, their home computers would maintain their grocery 
lists automatically. 
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As people have more leisure time, they will have more time to obtain 
the maximum value for their income. Thus in most communities, house- 
holds which have similar tastes and live near each other are likely to 
form buying groups for commonly consumed items. The size of buying 
groups is likely to remain limited as with increasing size, the similarity 
of tastes would decrease and the costs of distributing the group pur- 
chases would increase. Ill current society there exist buying groups for 
such items as produce. In the future, however, these groups will jointly 
purchase a much more extensive list of products. A group will give its 
members access to more expensive equipment, for example a high qual- 
ity hologram, a three dimensional image projector, to evaluate how a 
product might look in a home. The consumer group allows the group to 
obtain quantity discounts and at the same time obtain a reduction in the 
distribution costs, as the total order can be delivered to the community 
distribution center. Thus, the economics and the possibility of low-cost 
administration of group buying and delivery will provide the impetus for 
the development of buying groups. In part, the savings come from elim- 
inating the retail display costs and from the fact that the buying group 
absorbs some of the distribution costs. Because of efficiencies made pos- 
sible to the buying group through the social nervous system, the total 
labor costs of each member of the group in shopping will decrease. 

Buying groups making their purchases through computerized mar- 
kets will profoundly alter the mechanism for distributing goods from the 
factory to the household. Many items will be bought directly from the 
factory, with the manufacturers' computer aggregating orders for effi- 
cient shipment. Since the buying groups in the communities can easily 
aggregate orders, their purchases would be shipped in a single order 
and distributed automatically when they arrive at the town distribution 
center. To the extent that they desire to have products without delay, 
consumers will be willing to pay more to reduce the delay. In many cases 
they will prefer to buy from a local distributor at a slightly higher price 
than than obtaining the product from the closest factory. Depending on 
the nature of the market, there might be a large- and a small-order mar- 
ket, necessitating a distribution system such as wholesalers and retailers. 
Because the cost of determining the lowest price will be greatly reduced 
by information rights and increasing computational power, the number 
of middlemen would decline in most markets. Two factors will greatly 
reduce the number of retailers: First, price competition will eliminate the 
inefficient, and second, retailers will face a free rider problem. Retail- 
ers display goods so that consumers can make onsite comparisons. The 
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overhead for such displays must be incorporated into the prices retailers 
charge their customers. With computerized markets, however, retailers 
will find that potential customers will increasingly use retail establish- 
ments primarily to examine alternative goods. Once they have selected 
a good for purchase, the consumer will then find the best price through 
the computerized market. Warehouses without displays will therefore 
be more price competitive, and as the consumer can obtain better prod- 
uct information through the social nervous system than from any sales 
person, the value of sales persons also decreases to the consumer. Lo- 
cal stores will thus tend to become automated warehouses with goods 
for the metropolitan market. The trend would he for manufacturers to 
permanently display their wares in display centers or traveling displays. 
The manufacturer might have a single display center for a metropolitan 
area, and traveling fairs featuring new products and demonstrations of 
new concepts will make a resurgence to replace the services formerly pro- 
vided by the disappearing retailer. The role of these live displays will be 
to supplement consumer information services. 

As markets move into the social nervous system they will generally 
acquire a more dynamic price adjustment mechanism for equating supply 
and demand. One important characteristic of such markets will be their 
capacity to make price adjustments either on line or off line. In most 
stores today prices are adjusted "off line" by the seller, and the buyer 
faces a fixed price. For some goods such as cars or houses, however, 
the buyer and seller adjust the price online in a bargaining process. As 
the construction of a computer program for on-line adjustment of prices 
would be considerably more expensive than an offline mechanism, most 
consumer goods would be sold with fixed prices. But for some goods the 
computer market would be an electronic version of the pits of the Chicago 
Board of Trade Commodity markets. Markets of this type would initially 
be for more expensive items such as automobiles or houses, where price 
adjustments in the selling prices are common. But as microbinics costs 
fall and as the growth of buying groups for volume quantities of goods 
become more common, one would anticipate the growth of on-line price 
adjustment markets to provide suppliers with a mechanism to compete 
for larger orders. Computerized markets could provide complete market 
information to all participants on computer screens. The price setting 
mechanism of such a market would be the instantaneous interaction of 
supply and demand, with speculators smoothing out the fluctuations. 
The growth of such markets would evolve from the software now being 
developed for computerized stock markets. Given more discriminating 
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consumers, competition between similar products for sales in a market 
with consumer information rights would quickly establish price differen- 
tials reflecting quality differentials. 

In response to more discriminating customers, firms will have to mod- 
ify their strategies. With a high rate of discovery, invention, and inno- 
vation, firms will introduce a constant stream of new products into the 
marketplace. With better evaluation procedures, consumers will more 
quickly determine the winners creating sudden and frequent shifts in 
demand. Moreover, with a higher rate of discovery and consumer in- 
formation rights, unsuspected negative aspects of products and services 
will be discovered more quickly. To compete in the marketplace firms 
will need the ability to rapidly adapt to reduce the risks in introduc- 
ing new products. To reduce this risk, firms would design production 
facilities with the capacity to produce multiple products and to rapidly 
shift production in response to demand shifts. Where possible, firms 
would rapidly improve their products to possess the attributes of the 
winners when analyzed by potential customers. Firms would purchase 
the information describing the attributes of winners from the consumer 
services. Provided that individual consumer behavior was not revealed, 
consumers themselves would sanction this sale, since it would reduce the 
cost of the consumer service to the consumer. 

Organization of the Firm 

To compete ill rapidly changing markets, firms must develop mechanisms 
for organizing work that efficiently consider the impact of automation on 
the nature of work. As was discussed in the previous chapter, the gradual 
programing of tasks ill a firm will leave a sequence of one-time tasks to 
be performed by humans. Management will focus their attention on 
the problems of the sequence of inventions and innovations. With the 
routine aspects of staff work encapsulated into software such as expert 
systems, human staff tasks will become more random and will require 
a wide range of skills. With market transactions taking place through 
the social nervous system, the sales force and customer representatives 
will handle the exceptional cases. Workers in manufacturing plants will 
increasingly handle nonroutine events such as installing new machinery 
or repairs when machinery malfunctions. Given the nature of work, firms 
will need much more flexible organizational structures than is custom 
currently. 
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Instead of requiring a stable work force performing primarily repe- 
titious tasks, firms will need a variable workforce which can change in 
response to the demands of the one time projects to be accomplished. 
Recent trends towards establishing such flexibility 2 have been the in- 
creasing use of temps, or temporary workers, and the trend towards 
transferring activities previously performed in house to activities con- 
tracted in markets. 

As the firm's activities become a sequence of one-time tasks the use 
of temps and outside contracting should continue to increase 3. For ex- 
ample, because the firm would need temporary staff services possessing 
special skills at random intervals, the firm could obtain the service best 
suited for their various needs by hiring producer services on a tempo- 
rary basis. In this way, given an efficient market, firms would achieve 
greater efficiency than would be possible if they maintained a large staff 
of specialized producer services that would only be needed at random 
intervals. The efficiency of producer services should increase as many 
of these services could be supplied through the social nervous system 
by means of interactive visual communication. As markets in the social 
nervous system expand in scope and as competitors become less depen- 
dent on physical location, the number of participants competing for any 
opportunity should increase. 

The efficiency with which a firm can use markets to organize tasks 
depends on the efficiency of markets. More efficient markets will result if 
both buyers and sellers have better means of identifying and evaluating 
their alternatives. As markets move into the social nervous system, the 
producer will be able to identify all his alternatives quickly by computer. 
The problem which must be overcome to make such markets efficient, 
however, is developing analytic techniques capable of evaluating the large 
numbers of alternatives. 

The difficulty in developing analytic techniques to evaluate alterna- 
tives depends on the uniformity of alternatives. To aid the producer in 
purchasing uniform inputs, such as office equipment, economic incentives 
would create producer buying services to provide evaluation criterion. 
Large firms, which have economies of scale in testing the quality of their 
own purchases, would have an incentive to recoup part of their testing 
costs by selling the information to the producer purchasing service. 

The more difficult problem remaining, then, is the task of providing 
information and criteria for evaluating nonuniform situations. Consider, 
for instances, the problem of a manufacturer subcontracting the produc- 
tion of a part. To evaluate the alternatives analytically the producer 
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needs to know much more than just the prices bid by the competitors, 
since the producer's profits are a function of the subcontractor's ability 
to deliver the part on time and without defects. To evaluate the bids 
analytically, then, the producer would have to have a database with all 
the requisite information. For example, in order to evaluate analytically 
a large number of advertisers who might develop a promotion for a new 
product, the producer would need analytical measures of past perfor- 
mance. 

Producers face similar problems in output markets as well as input 
markets. One example is the case of a bank providing credit for cus- 
tomers. The bank must evaluate the risk of dehul t  on a case-by-case 
basis. For this task, credit rating services have evolved which provide 
banks with measures of past credit performance. 

The extent that information services will evolve to provide analytical 
information and criteria depends on the capability of advancing tech- 
nology to provide useful measures. With the advance of microbinics, 
performance in the workplace will increasingly be measured numerically 
and, accordingly, the ability to make more detailed measurements will 
also advance. Information services providing information necessary for 
evaluating alternatives in most markets will flourish. For example, for 
subcontractors, the accumulation of data on on-time delivery and num- 
ber of defects becomes automatic. Developing an information service to 
evaluate subcontractors in an industry requires major contractors estab- 
lish conventions to collect the data in a comparable form. In advertising, 
the effectiveness of promotions will be measured in terms of customer re- 
sponse. Establishing conventions establishes the basis for an information 
service. 

The growth of information services will enable firms to efficiently 
screen large numbers of external alternatives, such as temps, subcon- 
tractors, or producer services, for one time tasks. Suppose a firm needs 
to hire a software service to develop a new program. With teleconfer- 
encing, the relevant market for software services is worldwide. When 
the firm places a request for a proposal in the social nervous system, 
the firm is likely to receive a large number of bids. Because of cognitive 
limitations, the firm could not, in a meaningful fashion, screen a large 
number of bids. The firm would be forced to use an arbitrary criterion 
to reduce the number to an intuitively manageable level. With perfor- 
mance files provided by an information service, the firm would be able 
to 'develop meaningful analytic criteria to screen all the bids quickly to 
obtain a small number of promising candidates for a more intensive intu- 
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itive screening. The advantage of tile initial, analytic screening over an 
initial, subjective screening is that the analytic approach is much more 
likely to reveal up-and-coming firms. 

The discussion, so far, has presented three reasons why firms will 
increase the use of the market in organizing tasks. First, automation 
will reduce work to a sequence of unique events demanding random spe- 
cial skills. Second, competition will be worldwide because many of these 
skills will be available through the social nervous system. Third, with 
much better information and analytic capability to analyze alternatives, 
the firm will be better able to match its needs in the market. An addi- 
tional reason for firms to use the market in organizing tasks is to reduce 
risk. Firms will want to subcontract secondary activities undergoing 
rapid technological change not directly related to the core of the firm's 
business. Given the bounded rationality of managers, the ability of the 
manager to administer the core activities will be increased by his not 
having to focus on rapid change in secondary activities. With more effi- 
cient markets, then, secondary activities in the firm will be increasingly 
subcontracted. 

The more efficient markets become, the more a firm could institu- 
tionalize change by transforming its business into a sequence of contracts 
through the market 4. With each renewal of fixed-period contracts, the 
structure of the firm would be reorganized to best meet the current chal- 
lenges. At the extreme limits of this scenario the firm becomes a network 
organization which contracts out most of its activities; the firm there- 
fore exists as a set of contracts. The extent to which a firm becomes a 
network organization depends, however, on the conditions in an indus- 
try. One factor limiting the extent of contracting is the uncertainty of 
supply, since a firm would prefer to maintain an activity in-house if the 
supply were uncertain. Another limit of contracting is the fact that a 
firm would not contract activities of proprietary concern. The more the 
performance of activities in a firm depends on close cooperation, the less 
incentive a firm has to use markets for organization. Such firms would 
tend, instead, to focused on the core activities of their main product 
lines. 

In addition to a greater reliance on external markets, firms are also 
likely to use internal markets more extensively to allocate resources 5. Be- 
cause of their humanly limited cognitive skills, managers can effectively 
manage only a small number of subordinates. With analytic management 
based on measured results the number of subordinates a manager can 
effectively manage will increase. Firms with multiproducts will there- 
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fore have fewer managers in total, but each manager will manage more 
subordinates. Product managers, for instances, would compete for pro- 
duction runs on flexible manufacturing systems or computer resources. 
As a result of larger numbers of managers and temporary groups com- 
peting for internal resources at each level, firms are likely to increase the 
use of internal markets to allocate resources. 

To achieve greater flexibility firms would depend less on permanent 
hierarchy and more on temporary task organizations. As informational 
society evolves, the amount of information available to managers for de- 
cision making will increase. At the same time, the number of levels of 
middle managers needed to process the raw data into reports for higher 
levels of managers will greatly decrease. Using programs such as expert 
systems and report generators, higher managers supported by a few as- 
sistants, will analyze data bases themselves. Hierarchies in firms such 
as corporations will thus have fewer levels of managers. Consider, for a 
moment, the role of the manager within the projected system. Within 
his firm a manager would spend much time using the social nervous sys- 
tem forming and directing direct temporary organizations to accomplish 
specific tasks. Most of these task organizations will be accomplished by 
establishing a visual communication channel between the members of 
the taskforce. In this manner a firm can very quickly bring the appro- 
priate people in contact with one another to solve a particular problem. 
A firm would also have the ability to reconstruct communication links 
on demand. In other words the organization of a firm would be the net- 
work of communication channels linking the members together. Within 
such an organization, the physical location of the members of the var- 
ious taskforces would decrease in importance. This would enable task 
organizations to include members of the firm and along with members of 
subcontractors or producer services. As understanding of how to orga- 
nize activities through dynamic image communications increases, more 
of the permanent activities of organizations will take place through this 
medium. 

In addition to relying on frequent temporary task reorganizations, 
the underlying organizational structure will require reorganization on a 
regular basis in order to incorporate new knowledge and technology into 
the organization. Given a rapid advance in knowledge, firms will have a 
problem in matching the most qualified manager with new openings in 
the management hierarchy. The solution proposed here is the creation 
of a management situations market of finite time management contracts. 
A high rate of scientific and technological advance will force managers 
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to devote time to intensive study of advances which are applicable to 
their industry. Because of competitive pressures on the job, managers 
will not share the general decline in the workweek experienced by other 
workers. While on the job most managers will be working too many 
hours on projects to have any time for significant study. Consequently, 
managers on the job would be using primarily acquired skills. Upon com- 
pletion of their contract, however, they would take a vacation and engage 
themselves in a period of study before reentering the management situ- 
ations market. The advantage which the management situations market 
gives the firm is that it institutionalizes the need for constant reorga- 
nization and evaluation. With each new series of contracts, the firm 
can make substantial changes in organization, technology or product 
line. As managers would take a break between assignments, the not so 
humorous problems of the Peter Principle would be avoided. And as 
the substitution of communication for travel advances, the manager like 
other professionals, would have increasing freedom of location. What 
this means is that for any management position the number of potential 
managers who could assume the role without physically relocating their 
home will gradually increase. With automation of middle management 
the number of management positions will decrease; consequently, there 
will be an excess of potential managers as compared with the available 
management positions. Since the function of management can take place 
through the terminal, in the long run the potential competition for each 
available management position is worldwide. 

From the perspective of the manager, the management situations 
market gives the manager total control over his career, since he can se- 
lect the sequence of contracts upon which he wishes to bid. For a man- 
agement situations market to work much better performance data would 
be necessary in order to evaluate managers. With increasing numeri- 
cal measures, each manager would have a performance history in terms 
of such measures as the profitability of previous profit centers managed 
and tile number of successful new products introduced. And with the 
right to learn, information services would create databases to facilitate 
analytical comparisons of the past performances of managers. 

The competition for line manager positions would be a two-stage pro- 
cess involving a preliminary analytic screen followed by a more intensive 
evaluation of the final candidates. The details would vary by industry 
and the firm. Consider, for a moment, a possible scenario. First, the 
corporate or higher level of management would employ analytical criteria 
based on past performance to screen all applicants in order to obtain a 
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small group of final contestants. The evaluation criterion could use any 
measure defined over the applicants' accumulated performance. In most 
cases the evaluation functions would be a weighted sum of a variety of 
criteria. A service industry would develop to make recommendations on 
how to specify the criteria to achieve specified objectives. The criteria 
to meet social objectives such as no discrimination would need to be 
substantiated by systematic study. 

The second stage would be a more subjective evaluation of future 
projected performance. One such approach to final selection of a new 
manager is a competition through management proposals. The final con- 
testants might be given a thirty-day contract to prepare their proposal 
on how to manage the prospective operation. The evaluating managers 
would establish the operating guidelines, such as the amount of invest- 
ment money allowed for improvements, the goals, such as cost reduction 
or increase in the share of the market, and the conditions, such the deci- 
sions which are decentralized and which must be cleared through higher 
management. The bidders might also be provided with the proposals of 
outside management consultants. The objective of the evaluating man- 
ager, then, is to ensure through competition of managers that all profit 
centers of the corporation obtain their highest rate of return. The evalu- 
ating manager could specify whatever criterion he desired for the profit 
center. The objectives could be, for instance, some weighted average of 
profits, return on assets, growth, and share of the market. An alterna- 
tive would be to simply have the potential managers compete to lease the 
profit center or where the production facility is producing a component 
of a larger durable good, the criterion might be cost minimization. 

The final contestants would carefully study the current operation and 
decide how to apply new knowledge and technology to improve perfor- 
mance. Their proposals might include recommendations for purchasing 
certain types of technology or software, suggestions about how to reor- 
ganize lower levels of the organization under their control, and proposals 
for new product strategies. One approach to the bidding process might 
be to have potential managers compete as management teams, that is 
small groups with the requisite diversity of skills to manage the contract 
for which they are competing. Some of the management teams would 
form while the participants were in their twenties and would continue 
throughout their careers. Relationships within the group would therefore 
come to be personal relationships and the internal organization would 
vary from group to group. Some would have a clearly identifiable leader, 
while others would have an inner circle of approximately equal partners. 
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The competition by management proposal or bid ensures that new 
knowledge is incorporated into the firm. The managers of mature in- 
dustries in informational society, like their current counterparts would 
be professional managers meaning that most of these people will include 
in their training formal study in management techniques such as those 
taught in an MBA program. What is different between future and cur- 
rent managers, however, is that a management career would have the 
quality of a work-study approach to education except that the work- 
study period would extend through a manager's entire career. During 
the period that managers were not managing they would be vacationing 
and then preparing for the next contract. To compete they would have to 
study intensely the latest advances in knowledge and technology appli- 
cable to their industry. The management proposal would be the means 
by which they would apply their knowledge to a particular situation. 

With a constant cycle of fixed-period contracts the structure of a cor- 
poration would adapt to changing conditions with each round of competi- 
tion for positions. This process of change would emanate downward from 
the corporate management group, the management group at the top of a 
corporation's hierarchy. The functions of this group would be to manage 
the day-to-day operations of the corporation and to make investment 
decisions in software and hardware, including the more traditional plant 
and equipment. This group would manage the day-to-day operations of 
the firm through the criteria specified in the management contracts of 
lower-level managers. The investment decisions would include expansion 
through merger or creation of a new plant and restructuring through sell- 
otis and spin-offs. Most major investment in research and development 
would be decided by the corporate managers. In preparing the criteria 
for creating management situation contracts, the corporation manage- 
ment group would provide a fund for investments promoting productivity 
advance. The means by which line managers would obtain these funds 
and the expected rate of return would both be part of the bidding pro- 
cess. What has not yet been considered, however, is who specifies the 
competition for the corporate management group. 

Currently, mature corporations become self-perpetuating bureaucra- 
cies after the founder has left active management. In the separation 
of ownership and control, however, the interests of managers do not al- 
ways coincide with the interests of the stockholders. Moreover, as the 
managers propose the slate of new officers of the corporation, the stock- 
holder has a very difficult time expressing his concern with the man- 
agement practice. Currently, poorly managed firms with hidden assets 
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become takeover targets by financiers, who are called corporate raiders 
by managers. This threat of a takeover places pressure on the managers 
to obtain the highest return on assets. With the advance of the social 
nervous system, however, much more effective methods are available for 
stockholders as a group to exercise an ownership role in a firm. 

First, to exercise their ownership role stockholders need information 
rights which will allow them to analyze the performance of their agents, 
the managers of the corporation. As a result of advances in computing, 
corporate performance can be analyzed down to the level of each profit 
center, however the corporation provides the stockholders only aggregate 
data in the quarterly and annual reports. To ensure that the stockholder 
can analyze the performance, the corporation would place in the pub- 
lic domain, a system of files containing disaggregated performance data  
maintained by the SEC e. This data would be transmitted from machine 
to machine and stored on one-time write type storage devices for pub- 
lic perusal. The stockholder would be able to analyze the profitability 
of each product line, the effectiveness of the system of corporation in- 
centives, and the return on each type of asset held by the corporation. 
As was the case for the consumer, the stockholder would not exercise 
his right directly but rather through his evaluation service, for example, 
Value Line. These evaluation services would be able to analyze corpora- 
tion performance in much greater detail than is currently done by either 
the major trading houses or by purveyors of stock market analysis letters. 

Besides much better data to analyze the performance of their agents- 
the managers, stockholders need rights in order to exercise their own- 
ership function. A set of stockholders rights has been proposed by the 
United Stockholders Association ~, a movement led by the eminent cor- 
porate raider, J. Boone Pickens. These rights include: the basic principle 
of one share-one vote, removal of takeover defenses such as the poison 
pill, stockholder access to the list of stockholders, and the secret ballot 
for stockholders. These rights would greatly strengthen the stockholders 
ability to remove inept management from office. 

The exercise of a secret ballot would require a new institutional ar- 
rangement for stockholder voting. One possibility would be for the vot- 
ing to be administered by an outside firm with a fiduciary trust to the 
stockholders. But because low cost communications greatly reduce the 
transactions cost of creating organizations, stockholders of many firms 
would develop stockholders associations to run the elections. For a well 
managed firm the stockholders would generally accept the recommenda- 
tions of the existing officers, but in a poorly managed firm, the corporate 
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raider of today would have an inexpensive mechanism for shifting the di- 
rection of the corporation. Competing groups for control would present 
their case through the stockholders' association bulletin board. 

For some corporations, the stockholders would not vote for a new 
slate of officers but rather for the criteria describing the corporation man- 
ager's contract in the management situations market. While the existing 
managers would propose their criteria, the stockholders would consider 
their proposal one of the possible alternatives. While most stockhold- 
ers, especially small stockholders, would participate indirectly in these 
battles through proxy, having a low cost means of communication and 
organization would facilitate much greater competition for setting the 
policy objectives of each corporation. 

The market structure in which the management groups operate under 
the proposed design would be very different from the current structure. 
Upon obtaining the rights to control a production facility, the new man- 
agers would start by making the major improvements for the duration 
of their contract. The management group would take the environmental 
regulations as given and would find the best resource use of the profit 
center. For plants which make products for final consumer sale, the man- 
agement group in many cases would be free to lease the right to produce 
any product in existence. In this way the management group would be 
determining the output mix. Using forecasts of consumer demand the 
manager would vary this output mix to maximize profits according to 
changing demand conditions. As a professional the manager would be 
held responsible for the conditions of the contract, including his obliga- 
tions to the ownership group and to the public. 

The performance measure of the management group is how well they 
fulfill the conditions of the contract. In seeking employment, manage- 
ment groups would generally consider the entire industry rather than a 
particular firm. Managers from declining industries would retrain in or- 
der to enter expanding industries. The management situations market, 
then, provides managers with total control over their careers. Moreover, 
managers working within such a market would know that increasingly 
their careers will be judged on the basis of merit. 

Innovation 

In developing a more flexible organization, firms will more rapidly take 
advantage of the opportunities created by an increasing rate of discovery, 
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invention, and innovation. Intense international competition will force 
government and private firms to constantly innovate to increase this 
rate. First, government will develop a better allocation mechanism for 
research and development expenditures and gradually increase the level 
of funding. Second, the intuitive improvisatory strategy will gradually 
be replaced with a more systematic strategy for implementing innova- 
tions. Finally, public and private institutions will develop better transfer 
mechanisms from public research to private inventions and innovations. 

The level of funding for research topics is roughly related to their 
perceived long-term effects in producing positive social benefits. One 
weakness in the current funding mechanism, however, is that with the 
collapse of the scientific advisors under the Reagan administration, the 
mechanism for establishing priorities according to a science policy cre- 
ated by science advisors has broken down. While improvements in the 
funding of science can be made by creating a better review process, fund- 
ing will always have a political component. Because the future benefits 
cannot be accurately forecasted, no review process can precisely allocate 
resources based solely on marginal benefit versus marginal cost, In the 
next century the funding to natural sciences and engineering will grad- 
ually increase due to the pressure of intense international competition. 
The potential for spectacular results in the biological sciences and ap- 
plied biology should markedly increase funding in these fields. And with 
society unable to afford medical progress, funding may shift to research 
leading to cheaper, more effective medical procedures. 

In the past century, social evolution has transformed the process of 
invention from the lonely inventor using trial and error methods to an 
organized activity using systematic research and development methods. 
To a much smaller degree social evolution in the past century has trans- 
formed the process of innovation from one which depends on the heroic 
figure of the intuitive entrepreneur to one which proceeds as a systematic, 
organized activity. Given the failure of US business firms to innovate in 
quality control and to maintain the leadership in manufacturing, the 
public recognition of a need for a much more systematic approach to 
the problem of innovation is increasing. In the next century systematic 
strategies for implementing innovations will be developed to replace the 
intuitive improvisatory strategy. 

The development of a more systematic strategy for implementing 
innovations requires the a much higher rate of discovery in the social sci- 
ences and applied business disciplines to develop analytic theories which 
can predict the consequences of alternatives. The advance of discov- 
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ery which promotes innovation will be greatly improved by the observa- 
tional implications of the right to learn. For scientific purposes the right 
to learn guarantees that an investigator is at least entitled to an unla- 
beled, representative sample of observations of any phenomenon. How 
researchers will exercise this right to balance the benefits of better ob- 
servations against the possible infringements of privacy and trade secrets 
will be discussed in the next chapter. 

The empirical study of management would improve by much more 
statistical testing of theories across corporations using nonexperimental 
statistics. An example would be a study-using an industry wide data 
sample, of incentive and performance data of the impact of the variation 
in incentives on manager performance. Representative samples might 
also provide data for a better understanding of consumer behavior, a 
topic of great interest to both producers and consumer services. As de- 
cisions become increasingly computerized, continual research is required 
to evaluate the decision rules. In practice, such evaluation requires a data 
sample of the consequences of variations in the decision rules, which gen- 
erally would require a data sample from representative decision makers. 
While considerable research of this sort takes place today, the researchers 
are frequently restricted to posing questions which can be answered by 
the available data. Removing current data-gathering restrictions would 
greatly accelerate the advance of knowledge leading to innovations. 

The right to observations implied in the right to learn is insufficient to 
guarantee progress in innovation-producing knowledge as nonexperimen- 
tal statistics frequently contain too little variation to enable the research 
to discriminate between alternative hypothesis. To obtain greater varia- 
tion systematically, the separation strategy currently used for innovation 
in agriculture should replace the intuitive improvisatory strategy, wher- 
ever possible. This will require building expensive research facilities to 
test, for instances, alternative organizational structures and incentive 
systems made possible by dynamic image fiber optic communications. 
The justification of the more expensive, systematic approach to innova- 
tion is that it would produce superior results much more rapidly. 

Parallel to the current institutional arrangements for rapidly trans- 
mitting advances in the natural and biological sciences into inventions, 
a similar development will take place for transmitting the advances in 
the social and allied business disciplines into innovations. With much 
better observations and experimental stations, innovation research will 
much more rapidly discriminate between alternative theories. And with 
better theories, innovations will become more an exercise in applying 
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theory and less an exercise in pure intuition. With the slow, gradual cre- 
ation of bodies of theory in the social sciences, the ability to demonstrate 
the superiority of a systematic approach to innovation over the intuitive 
improvisatory strategy will in all probability increase. With the excep- 
tion of controversial, political innovations, the funding for basic research 
promoting innovation should also increase dramatically as a systematic 
approach to innovation is developed. 

Firms will also improve their capability to invent and innovate. One 
aspect of this improvement will be the elimination of the current weak- 
nesses in American manufacturing s. By reorganizing to achieve much 
better coordination between engineering design and manufacturing US 
firms will achieve much better coordination between the invention of new 
products and the associated innovations needed to manufacture them. 
Also, manufacturing will attract more competent people as salaries for 
manufacturing executives and automation engineers are raised. Finally 
greater communication between the producer and customer will promote 
faster market driven invention and innovation. 

Another avenue to invention and innovation improvement will be 
the sharing of risk through the creation of research and development 
consortia. The 1984 National Cooperative Research Act permitted the 
creation of research consortia between business rivals. As was discussed 
in Chapter One, consortia have promise in bridging the gap in incentives 
between basic research, with a long term economic potential, and prod- 
uct research and development. For basic research, which has long-range 
economic promise but great expense and risk, a research consortium 
between competing firms promotes applied research in the gap between 
basic research and specific product research and development. The much 
wider communication network than that resulting from single-firm prod- 
uct development will aid advance discoveries promoting invention and 
innovation. Research consortia will also develop for innovation in pro- 
duction processes which are undergoing rapid technological change. The 
evolution of consortia will necessarily take time as firms work out com- 
promises between the benefits of cooperation and their inherent, under- 
lying competition. The means by which the public interest should resolve 
the conflict between promoting faster transfer from research to products 
and promoting economic competition should be determined by observing 
the performance of consortia. 

The advance of communication technology will aid both basic re- 
search and the transfer of basic research to the marketplace. Today, 
researchers involved in a particular research topic are scattered through- 
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out universities and research centers. Because of the lengthy review 
process for professional journal articles, communication in professional 
journals is usually simply recognition for a new result. Conferences, 
too, are formal procedures which require a long lead time for planning 
and organizing. Both of these means of communication will ultimately 
be overshadowed by inexpensive, dynamic-image teleconferencing which 
will promote many informal meetings between specialists scattered at 
remote sites. Scientific interest groups will accordingly become commu- 
nications networks. 

Improved communications will also accelerate the transfer of knowl- 
edge from basic research to invention and innovation. Already universi- 
ties trying to obtain a higher rate of return on research and to promote 
startups for economic development are creating databases summarizing 
university research activities. One example will be the use of image 
teleconferencing to promote faster transfer between basic research and 
applied research groups. Transfer of such knowledge to applied groups 
will tend to increase, because applied groups can more easily identify 
potential marketable ideas. Also, by promoting miniteleconferences be- 
tween research groups and potential application groups, the university 
can reduce real cost of communication, that is travel costs and time 
delay. 

In addition to improving communication between researchers and 
potential developers universities will take an active role in promoting 
startups by performing such services as providing help with property 
rights. With a high rate of advance in knowledge and an easing of the 
knowledge transfer problem, there will be more invention and innovation 
opportunities surrounding major research universities. These universities 
will at tract  consortia and high technology firms in the specialties of the 
university. 

New inventions and innovations are created by individuals alone or 
in teams associated with all types of public and private institutions. 
The greater the change associated with an invention or innovation, the 
greater the probability that the invention or innovation will be created by 
a startup, that is a new firm. The types of changes we will be consider- 
ing here are changes in production technique, organization, or customer 
behavior. While larger organizations will become more flexible, they are 
less adept at change than new organizations since skills used within an 
existing large firm do not have a competitive advantage in dealing with 
a completely new situation. Large firms can reduce the risk in invention 
and innovation by allowing startups to develop a new market. Firms 
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producing completely new products, face great uncertainty concerning 
the performance and cost of the mass produced item. By waiting until 
the startups reduce the risk through learning, a large firm can enter the 
market later either by creating an imitation or buying out a startup. 
Large firms have a competitive advantage in access to capital and large 
scale production and marketing, hence a large firm has a better chance 
of competing in the race towards market share in the mass market than 
the initial startup. 

An important factor in the dynamics of firms is the competition be- 
tween firms to expand production of a successful new product in order 
to obtain the economies of mass production. A new market frequently 
starts with a large number of startups. From these, a few startups make 
the transition from startup to mature corporation, and in this way a new 
markets evolves. The transition from a startup to a major corporation is 
difficult, however, because it requires constantly changing organization 
and talents. Moreover, with economies of scale a far smaller number of 
firms can supply the market, creating a survival of the fittest situation. 
A major corporation has an incentive to enter new markets in the growth 
phase to promote overall corporate growth. Major corporations can com- 
pete in manufacturing and marketing. With a constant stream of new 
products entering the marketplace the dynamics becomes the struggle of 
startups to reach maturity, with older larger firms constantly reposition- 
ing themselves through acquisitions and spinoffs in growth markets. 

With changes in the tax structure, startups will have an easier time 
in financing the transition. Startups are initially financed by ventdre 
capitalists and shift to retained earnings or equity finance as the firm 
prospers. As was recommended in Chapter 4, the tax burden should be 
shifted from income to consumption. With the end of double taxation 
on dividends, corporations will pass more profits on to stockholders and 
retain less as retained earnings. Thus, individual investors will make 
more choices in picking the potentiM winners among startups. With 
the move to deregulation, investment banking should return as means of 
financing the transition. 

Dynamics: Firms and Work 

Considering the dynamics of the marketplace at a single point in time, 
the number of firms of a particular size will bear an inverse relationship 
to the size of the firms. Service activities are likely to see the evolution 
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of a greater number of large firms. One trend will be for the evolu- 
tion of more large nationwide, or even international, partnership firms 
for professional services. The contemporary legal profession is making 
this transition. A second trend will be the evolution of more national 
corporations for services. This trend is evident in the provision of med- 
ical services. For example, wlth the trend towards prepaid preventative 
medicine, insurance and other corporations have created health main- 
tenance organizations, HMOs. Also, large corporations will evolve to 
create the numerous evaluation and producer services discussed in the 
text. For example as the digital capacity of the communication system 
expands information utilities will become large corporations. 

In spite of the fact that large firms will become more flexible, the 
role of small and middle sized firms will increase rather than decrease. 
To achieve flexibility, large firms subcontract, creating greater roles for 
smaller firms in the marketplace. With a more analytical approach to 
considering the alternatives in the marketplace, a smaller firm with a su- 
perior product will have a better opportunity than in the current market 
situation. The right to learn will also create more opportunities by cre- 
ating niche markets. Using the right to learn small firms have the right 
to open interfaces, which means is that if, for instance, IBM creates a 
new computer, it must release the specifications to outside software con- 
cerns at the same time that it provides these specifications to internal 
software groups. This would enable firms that have carved out a niche 
in software to compete on equal terms with IBM. As software grows in 
importance throughout all aspects of business, the creation of industry 
standards, for example communication standards for local area networks 
opens niches for smaller firms. With an open interface policy, smaller 
firms have opportunities to provide specialized products to smaller mar- 
kets. 

The great difference between the development of products today and 
in the future will be the amount of investment in computer programming. 
The new factor in assemblyline production is the control program which 
runs the robots and coordinates their activities. Programing tasks will 
similarly create services, which will increasingly take the form of user 
friendly programs. This aspect of product development greatly changes 
the method of productivity advances in factory production or services. 
As a result, one important aspect of improving productivity will be im- 
proving the programs. Even in factories employing no people, better 
programs facilitate more efficient machine use. In improving many ser- 
vice programs, the aim will be to provide with more features or to make 
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the code more efficient. Modifications to products, moreover, will come 
about by modifying the control programs. With an open interface policy, 
these objectives can be met by a dynamic market for add-on software ei- 
ther to improve the production process or to add new desirable features 
to current products. With an open interface policy where a software 
developer knows the interfaces and the potential market by observing 
alternative production sites, he can decide the potential profitability of 
various add-ons. 

As has already been explained, most people in informational society 
will be employed in smaller firms 9. With the advance of automation, 
routine work will be displaced first, while work and conditions of work 
will be increasingly varied. With constant change, jobs will tend to exist 
for fixed time periods such as the duration of the firm's contract to sup- 
ply a product or service. Startups which are expanding to become major 
corporations can guarantee long term employment, but once the new in- 
dustry matures, automation will decrease the demand for workers forcing 
the former startup to devise a strategy to retrench. Increasingly, then, 
workers cannot count on lifetime employment in a particular industry. 
When employment in an industry peaks, workers must start retraining 
for the next step in their career within a new expanding industry. Under 
these conditions the life of the worker, whether blue=collar, information, 
or professional, will tend to cycle between work and study to prepare for 
the next job. Workers who, like managers, work long hours while on the 
job, will tend to cycle between full-time study and full-time work. In 
work situations where the worker works a short work week, he will very 
likely pursue both activities simultaneously. 

The social nervous system provides the future worker with two ad- 
vantages over today's worker. First, much of the training to prepare 
for a new job can be accomplished at any terminal through the social 
nervous system. A worker, as a student, could obtain courses from prac- 
tical instruction in how to operate new software to the most advanced 
post graduate instruction. Only for training sessions actually requiring 
special type equipment would workers have to travel to a specific loca- 
tion; however, with advances in virtual reality workers would only have 
to travel to a specific location for the final stages of such training. Sec- 
ond, to achieve low cost matching of supply and demand in fluid labor 
markets, the matching will take place through the social nervous sys- 
tem. Both the available workers and the available jobs will both be in 
databases addressable by any terminal. In industries where performance 
standards have been established the file on potential workers will con- 
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tain sufficient information to apply analytic criteria to quickly screen 
potential applicants. The time required to find a new job will be greatly 
shortened. 

As workers gain greater freedom of location they can search for jobs 
over a much greater physical area without relocating their home. As 
the work week shortens, a trend in work patterns for physical work will 
be to work concentrated periods and then have longer periods with no 
work. Such workers, for example, might work one week with 10-hour 
days and then have two weeks off. As physical plants in an industry fre- 
quently locate relatively close together, they will tend to create orderly 
markets for physical object workers, as these individuals can work at any 
plant and live a considerable distance away during their off periods. For 
workers manipulating informational objects in the social nervous sys- 
tem, freedom of location would be even greater. The counterpart to the 
current salesperson in a department store is the information worker who 
would come on screen to help people who were unable to use a partic- 
ular aspect of the social nervous system software. Such workers would 
tend to work during the peak demand periods. With cheap communica- 
tion, the change in time zones can be used to smooth out employment 
hours. And as communication costs fall the potential pool of information 
workers increases. 

With a more efficient information system to match supply and de- 
mand and with a greater pool of potential workers for every job, market 
forces would quickly clear the labor markets. In response to the fragmen- 
tation of work, the ability of unions to set wages will decreasemarkedly, 
and the market itself will replace union contracts. This does not mean 
that unions would disappear totally, however. The role of unions and 
professional societies in markets would shift to ensuring that the market 
clearing processes satisfied due process and the workplace satisfied the 
safety code. The union would also act as a special interest group for 
workers' legislation. 

Provided that society maintains a high level of investment, average 
income over lifetimes should increase; however, with short-term work and 
decreasing work hours, work for all economic workers whether owners, 
managers, professionals, information workers, or blue-collar labor, would 
be much more professional and much less personable and would offer very 
little day-to-day job security. To maintain a stable level of consumption 
with fluctuating incomes all workers would need to be knowledgeable 
about finance. However, the more personable lifestyle in the new towns 
would compensate for the less personable nature of economic relations. 
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And, with a decreasing work week most workers will be more oriented 
towards their communities and less towards the workplace. Moreover, 
with shorter, more flexible work hours and part time telecommuting to 
work and school, working couples with children would find it much easier 
to organize their schedules to promote family life than currently. 

Economic  Performance 

Having surveyed the possible changes in the economy of informational 
society, we will next consider some aspects of economic performance. In 
comparison with current society informational society is likely to have 
an even faster rate of discovery, invention, and innovation. Expenditures 
on basic research are likely to increase and with improvements in the 
transfer mechanism from basic knowledge to invention the flow of new 
products and processes should increase. With a more systematic ap- 
proach to innovation and the tremendous opportunities in automation 
and communications the increase in the rate of innovation should be even 
faster. 

The increase in the rate of discovery, invention, and innovation is 
likely to increase the randomness of economic behavior. An advance in 
basic knowledge has a large multiplier in practical knowledge as a sci- 
entific advance is transformed into social advance through application. 
The less capable theory is at explaining behavior, the more of this knowl- 
edge must be gained by trial and error, learning by doing, and imitation. 
While the social sciences and applied business disciplines will advance 
somewhat, improving the ability to predict the consequences of alter- 
natives without experimentation, the overall improvement will not be 
enough to compensate for the increased rate of discovery and invention. 
This experimentation required to improve performance is generally per- 
formed by risk takers such as trend setting consumers and startups in 
production. In activities where theory can not accurately predict behav- 
ior, the variation in perceptions among the risk takers will produce the 
appearance of random behavior. The economy of informational society 
will have much more variation in economic behavior than the current 
economy does, as risk takers search for better alternatives. 

A requirement of perfect competition is that all the economic agents 
have perfect knowledge of their alternatives. With an efficient set of 
information rights, all the economic agents would have the potential 
for much better knowledge of their alternatives than they currently do. 
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What will realize this potential is the growth of evaluation services to 
provide the various economic agents data with low-cost analytic evalua- 
tion of alternatives. The combined forces of a growing the social nervous 
system, efficient information rights, increasing analysis, and the develop- 
ment of evaluation services should move the market to a position much 
closer to the information requirements of perfect competition in which 
each agent has perfect knowledge of all his alternatives. 

Moreover, the improvements in decision-making afforded by analyti- 
cal comparison of alternatives discussed in this chapter will make the be- 
havior of bounded rational decision makers more nearly rational. Infor- 
mation services, especially the quality ones, will provide their clients with 
decision- making aids and organize the data in reduce the limitations of 
their clients cognitive skills. These improvements will greatly improve 
the ability to decision makers to analyze large numbers of alternatives. 
With unaided intuition the bounded rational decision maker, when faced 
with a decision task involving a large number of alternatives, frequently 
resorts to superficial criteria in order to pare the number of alternatives 
to a more cognitively manageable number. With analytic comparisons 
made possible by cheap computation, however, the decision maker can 
screen the entire sample of choices with whatever screening function he 
wishes. With producer services offering criteria for alternative decisions, 
the decision maker call interactively examine the consequences of many 
alternatives, thereby improving the quality of decision making, since he 
would have a greater probability of finding a better choice among the 
possibilities which he would otherwise have superficially dismissed. The 
decision maker's ability to identify all his alternatives and to accurately 
assess their properties depends, in turn, on his information rights. Given 
the information rights suggested in this chapter, private entrepreneurs 
will be able to create databases to support most common decision mak- 
ing. 

A consequence of a more rational consumer with appropriate infor- 
mation rights is that the economy will move closer to the theoretical ideal 
of consumer sovereignty, which means that markets are driven by con- 
sumers' choices. In current society consumers' choices are influenced by 
advertising thus the system is closed. In the projected society, however, 
the consumer will have low-cost information services to find the best 
price and through his information service the consumer can analytically 
analyze the qualities of alternative products. This means that the role of 
analysis will increase and the role of advertising based on pure emotion 
will decrease. This is not to say that advertising to promote new prod- 
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ucts will cease, but simply that argument based on pure hype will be 
less effective. Instead the information structure will quickly locate good 
products and reward them with high sales. Poorer quality products, on 
the other hand, will have to lower their prices or fade from contention in 
sales. Within such a structure, the consumer's role would more closely 
approximate the theoretical role of consumer sovereignty. 

Adjustment to changes in supply and demand conditions should be 
much more rapid than is currently the case. With most market-clearing 
operations taking place in the social nervous system, price adjustments 
to changes in demand and supply will be almost instantaneous. Further- 
more, as many services move to the social nervous system, the market for 
such services will become international as the social nervous system itself 
acquires international dimensions. This means that any local, regional, 
or even national variation in demand can be met without relocating the 
supply. Also, with multiproduct plants, the output can be shifted by 
changing the control program. Over time the range of products pro- 
ducible at a single plant should increase. This means that output can 
shift more quickly than currently to meet changes in demand conditions. 
For example, eventually automobile manufacturers could quickly shift 
production from small to large cars if demand conditions changed. 

Not only will output shift quickly with changing demand conditions, 
organizational structures will also adjust much more quickly to accom- 
modate change. The information policy creates the framework for a 
much more dynamic corporation culture than currently exists. With 
better information, stock market analysts would identify poorly man- 
aged corporations much more quickly than they can at present. And as 
information policy facilitates takeovers, the corporate management team 
would be under much greater pressure than today to obtain the highest 
return on equity. In response to this pressure, the management situations 
market for line management would facilitate the constant re-evaluation 
of production facilities and software. 

N o t e s  and  R e f e r e n c e s  6 

1. The market is moving towards providing more background information 
on products in the evolution of computer shopping services. Prodigy, a second 
generation computer shopping service, provides the user with the information 
from the Consumer Union testing service. Shopping services such as Prodigy 
have the same inherent conflict of interest as the airline reservation systems. 
Sears is one of the corporations behind Prodigy and since Prodigy will offer 
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many stores Sears interests in selling its own goods are in conflict with efficient 
operation of the information service. 

2. Crowe, Michael, 1988, A General Study of Corporate Flexibility, Senior 
thesis, Department of Economics, The University of Texas at Austin 

3. One of the early contributions to whether an activity would be per- 
formed inside a firm or through a market is Coase, R.H., 1937, The nature of 
the firm, Economic N. S., Vol 4, pp 386-405. Coase's ideas have been amplified 
by Williamson in his development of transaction-cost economics. For exam- 
ple, see Williamson, O. E., Vertical Integration and Related Variations on a 
Transaction-Cost Economics Theme, 1985, in Stiglitz, .I.E. and G. F. Mathew- 
son (eds), New Developments in the Analysis of Market Structure, (The MIT 
press, Cambridge). For Wiiliamson and others an important explanation for the 
existence of the firm is asset specificity. In informational society asset specificity 
decreases for two reasons. First, more economic activities take place through 
the social nervous system independent of location and second, soft automation 
makes fixed assets more flexible. This means that more activities will take place 
through markets. 

4. Staff, 1986, The Hollow Corporation, Business Week, Mar 3, pp57-85 
5. For a discussion of the intricacies of internal resource allocation within 

institutions see: Hoenack, S. A., 1983, Economic Behavior within Organiza- 
tions, (Cambridge University Press: Cambridge) The technological advances of 
informational society reduce the information costs of the participants in orga- 
nizations. 

6. The problem of deciding exactly what data should be released is a prob- 
lem in information policy, which will be discussed in the next chapter. As Stigler 
points out required disclosure by the SEC has had a questionable impact on 
investor performance. See: Stigler, G.J., 1964, Public Regulation of the Secu- 
rities Market, Journal of Business, 37, pp 117-142. In view of the subsequent 
development of efficient market theory, this finding is not surprising. Subse- 
quent research indicates that SEC required disclosures are more successful at 
reducing risk. See discussion in Posner, R.A. and K.E. Scott, 1980, Economics 
of Corporation Law and Securities Regulation, (Little, Brown and Company: 
Boston). In informational society the cost of providing data by machine talking 
to machine will fall greatly. The objectives of information policy to investors 
are first, to reduce volatility by increasing the accuracy of analysts short term 
earnings forecasts. And second, to reduce the bias for short term performance 
by providing analysts with better information to judge long term performance. 

7. Their views plus many others are contained in: Subcommittee on Secu- 
rities, 1992, Shareholder rights : hearing before the Subcommittee on Securities 
of the Committee on Banking, Housing, and Urban Affairs, United States Sen- 
ate, One Hundred Second Congress, first session, on the responsibilities of the 
board of directors in protecting the rights of shareholders, the proper role for 
shareholders in corporate decisionmaking, the best corporate governance struc- 
ture to endure long-term growth, and the disclosure of executive pay, October 
17, 1991, (U.S.G.P.O.: Washington ) 
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8. A complete list of improvements is to be found in Dertouzos, M. L., 
R.K. Lester and R.M. Solow, 1989, Made in America: Regaining the Productive 
Edge, (The MIT Press: Cambridge) 

9. The assumption is the continuation of current trends. For example, see 
Birch, David L., 1987, Job Creation in America: How Our Smallest Companies 
Put the Most People to Work, (Free Press: New York) 



Chapter 7 

Information Policy 

Introduction 

For the next hundred years liberals and conservatives will engage in nu- 
merous political disputes over the proper formulation of information pol- 
icy. A recent example was the dispute over requiring firms to give workers 
sixty days notice before closing a plant 1. Numerous factors will intensify 
the conflict. First, in an increasingly complex interdependent political 
economy, the information desired for decision making is frequently held 
by others. Second, in a highly regulated political economy, observations 
must be made to determine the behavior of the political economy in or- 
der to more rationally regulate the behavior. Finally, the rapid advance 
of information-processing technology is creating new conflicts between 
privacy and efficiency not addressed by common law or statute. As in- 
formation processing technology advances, resolutions of the conflicts 
between efficiency, science, privacy, and property rights must be con- 
stantly reconsidered. Because most groups in society are affected by the 
resolutions, information policy is and will become even more contentious. 

To consider information policy, envision the decision maker seated at 
his terminal which is connected in a huge network to the computers of 
all the other decision makers. As the quality of many of his decisions 
would be improved by access to information held in files by other deci- 
sion makers, the relevant question is what information should he be able 
to access? This question is the fundamental problem of information pol- 
icy. Operationally information policy should promote efficient markets, 
effective government, and accountability of public and private officials. 
In addition to these operational goals, a scientific goal of information 
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policy is to increase rate of discovery in order to promote innovation. 
Achieving the operational and scientific goals of information policy 

is in direct conflict with other social goals such as privacy and property 
rights. Increased economic efficiency, for instance, depends on third par- 
ties creating databases containing detailed information that allows the 
decision maker to predict the performance of alternatives. But in fac- 
ing the prospect of third parties with vast databases containing detailed 
personal information, the individual at the very least feels a loss of con- 
trol. Similarly, firms fear a loss of trade secrets. Consequently for many 
individuals and groups the value of economic efficiency and government 
effectiveness pales in comparison to the potential dangers of informa- 
tion abuse. Information policy must therefore balance the contradictory 
economic and political goals within the alternatives made feasible by 
information technology. 

To formulate an appropriate information policy let us start by quickly 
reviewing the development of information policy up to the present. The 
one regular data-gathering function of the executive that has been ex- 
plicitly stipulated in the Constitution is the census every ten years. For 
the purposes of formulating law, the legislature has the power to obtain 
information through investigations. This power was not made explicit 
in the Constitution, but was implicitly assumed in keeping with parlia- 
mentary traditions established in the 17th century 2. 

The primary concern in information policy at the end of the 18th 
century as expressed in the Bill of Rights was to prevent possible abuses 
of government power. The First guarantees free speech, which restricts 
prior restraint. The Fourth Amendment restricts the governments to 
search and seize persons, their houses, papers (information), and effects 
and the Fifth prevents self incrimination. The Fourth Amendment es- 
tablishes restrictions in obtaining information in criminal investigations. 
Law enforcement agents' need a warrant based on probably cause to con- 
duct a search. An individual can use the Fifth Amendment to deny the 
legislature information which might incriminate him, unless the legisla- 
ture grants the individual immunity from prosecution. 

The constitution in prohibiting the states from interfering with con- 
tracts greatly strengthened property rights, which includes informational 
property rights. These rights are the bases for many current services that 
sell information to aid in decision making. Two of the oldest such ser- 
vices are stock quotes and credit information. A more recent example 
is airline reservation systems. The Constitution further promoted infor- 
mation creation in authorizing a federal system of intellectual property, 
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patents and copyrights. 
Privacy was a private not a public concern. For example, as there 

were no models for using data from market transactions and as trans- 
actional data was costly both to acquire and to process, there was no 
need for a specific Constitutional provision for privacy. Restrictions on 
the release of transactional information were regulated by market forces 
such as the general acknowledgment that confidentiality was a desirable 
quality of a transaction. 

The growth of information policy since 1789 has been an ad hoc re- 
action to events. One example has been the evolution of administrative 
agencies' power to obtain information through investigations, required 
reports and inspections. With the creation of regulatory agencies, start- 
ing with the ICC in 1887, the legislature granted these agencies broad 
powers to investigate within the mandate of their authority. The inves- 
tigatory power of regulatory agencies such as the Federal Trade Com- 
mission was initially checked in the 1920s by court interpretations, but 
subsequent court decisions reversed these decisions 3. In current soci- 
ety administrative agencies have, in order to set administrative policy 
within their mandates, the same powers to investigate as the legislature. 
To ensure compliance with the law, administrative agencies have broad 
powers to impose required reports. For administrative activities such as 
the enforcement of building codes and health and safety regulations, gov- 
ernment agencies have in many cases obtained the power of inspections 
without search warrants. Inspections without warrants is not universal 
as OSHA must obtain a warrant to conduct a safety inspection 4. 

Another aspect of information policy is required disclosure by firms. 
One purpose of required disclosure is to provide individuals information 
to improve decision making. A secondary purpose is to regulate the 
behavior of firms through public awareness. Food products, for instance, 
must display the components ingredient; money lenders must provide the 
simple interest rateS; and corporations must reveal important financial 
information to stockholders. A recent addition to disclosure policy is 
the law granting workers the right to know what hazards exist in the 
workplace 6. This right to know has been extended to the communities 
right to know what pollutants are being released into the community 
by businesses. In some cases such as gas mileage data the government 
generates the data and then requires that automobile dealerships display 
the data  on new automobiles for sale. 

Besides obtaining information passively through required disclosures, 
individuals can actively seek information using information rights to 
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access files on request. For the purpose of making government more 
accountable, the Freedom of Information Act ~ gives individuMs broad 
powers to access federal government records. Many states have enacted 
similar legislation. Also, shareholders have the limited rights to access 
corporation books s. These later rights are defined by the state in which 
the corporation is incorporated. 

As technological advances have created the capacity to impinge on 
personal privacy steps have been taken reduce the abuse. One example 
is the tort for invasion of privacy in response to the excesses of sensa- 
tional newspaper reporting in the late 19th century. This common law 
approach to privacy creates the right to be left alone. The tort has four 
elements 9. First is an  intrusion of privacy. Second is the appropriation 
of ones likeness for commercial purposes without ones permission. Third 
is public revealing of private facts and four is portraying one in a false 
light. 

Additional concerns for privacy have arisen with the creation of nu- 
merous databases which has been greatly promoted by the increasing 
digitization of records in all institutions. The low cost of transferring 
and storing information in this form makes feasible the creation of data  
bases containing detailed information about behavioral characteristics. 
These extensive datafiles pose serious problems for abuse and intimida- 
tion. 

To cope with the privacy problems of databases, information pol- 
icy has evolved further safeguards 1°. The federal Privacy Act provides 
individuals the right to inspect and correct personal information in fed- 
eral datafiles. Many states have enacted similar legislation. The Fair 
Credit Reporting Act gives individuals the right to inspect and correct 
their credit files maintained by firms. Individuals do not have, however, 
a general right to inspect and correct personal data in privately held 
datafiles. 

Another safeguard for information in datafiles is a specified release 
policy. To protect firms' trade secrets commercial or financial informa- 
tion is exempt from the Freedom of Information Act. Most business 
data released by government is aggregated to the industry level to mask 
the behavior of individual firms. Medical doctors, with some exceptions 
which vary from state to state, do not have to reveal medical record of 
their patients. The release of school records is regulated by many states. 

A final aspect of information policy is a "can not use" category for 
certain information. Two examples of information classified in this way 
are insiders information in stock trades and prohibition on the use of 
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race, creed, sex, age and other variables in employment decisions. In 
databases this "can not use" criterion means that certain data must 
be purged from the database. Much negative credit information must 
be purged after seven years. In Maryland an employment file can not 
contain psychological information not related to an employee's capacity 
to  perform the job. 

The growth of information policy, then, has been a piecemeal re- 
sponse to particular political problems. Information policy, today, is an 
ad hoc collection of property rights, required disclosures, information 
rights, and restrictions. Improving political economic performance is 
strongly dependent on having an information policy appropriate for the 
information technology. To design such a policy, the goals and alterna- 
tives of information policy need to be analyzed from a general framework. 

Economics  of information 

With advances in information technology, the most important aspect of 
information policy will become the policy for decision-support systems. 
Increasingly decision support systems will be used in all types of deci- 
sions whether personal, economic, or political. The problem to resolve 
is what information should the decision maker, seated at his terminal, 
be allowed to access, given the premise that he would be technologically 
capable of accessing all information. This problem has an operational 
and a scientific component. In ranking alternatives the decision maker 
uses criteria to rank alternatives. The operational question is whether 
he can obtain the information in order to use the criteria to rank the 
alternatives. The scientific question is whether he can obtain the data 
to evaluate and improve tile criteria. 

The starting point to resolve this issue is the question of how well will 
economic incentives alone achieve the operational and scientific goals. 
Decision makers demand information to rank new alternatives created 
by constantly advancing technology. Such information, however, is often 
costly to acquire and to process. Accordingly, to rank his alternatives 
each decision maker must consider the costs and benefits of acquiring 
and processing information. From experience he learns to forecast the 
benefits and costs of obtaining alternative information and as a bounded 
rational man he employs rules of thumb to obtain the correct amount of 
information for a decision. The cost of collecting and processing infor- 
mation have been dramatically reduced by the advances in information 
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and communication technology; hence, most decision makers in informa- 
tional society will collect and process much more information than prior 
to the introduction of information technology. 

Many decisions have common features, a fact which creates great 
economies of scale in collecting and processing information. This situa- 
tion provides an economic incentive for entrepreneurs to create databases 
to which they can sell access to interested decision makers. Given the 
scope of the potential markets, entrepreneurs will tend to specialize in 
particular types of common Problems. While the decision makers using 
rules of thumb may err toward collecting too much information, to the 
extent that his behavior approximates rational man, he has no interest 
in collecting extraneous information. The entrepreneur, then, in creat- 
ing a database has an incentive to collect only information considered 
valuable by potential clients. 

For comparing large numbers of alternatives the amount of informa- 
tion considered valuable depends on the decision technology employed. 
Using unaided intuition, a decision maker would not want to process 
more than a few variables on each subject. In evaluating alternatives an- 
alytically the demand for information depends on the criteria employed 
for numerical processing. To analytically search to find the lowest price 
requires a single variable, whereas to employ an expert system to eval- 
uate loan applications requires numerous variables. As more complex 
criteria are demonstrated to be more effective in evaluating alternatives 
than unaided intuition and single attribute evaluations, the demand for 
information will increase. 

Economic incentives will induce database services to focus increas- 
ingly on selling value-added services as opposed to raw data. Database 
owners may have property rights to the information they have created; 
however, these rights are difficult to enforce, especially with regards to 
the giving away of information free to friends and associates. Because in- 
formation can be reproduced and disseminated at very low cost, database 
services need to provide more than simply raw data to ensure a return. 
For this reason database entrepreneurs will focus on creating value-added 
services such as criteria software to evaluate alternatives and, as new 
decision rules and expert systems are created to analyze alternatives, 
database managers will offer them as software packages in order to ana- 
lyze their databases. Such entrepreneurs will make most of their profits 
from software processing accessed data. 

Before databases can promote economic efficiency, database man- 
agers must be able to obtain the requisite information. Consider the 
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consequences of granting each person-that is, each legal entity-an abso- 
lute right to the release of his own information. Such a policy has a pos- 
itive bias since persons will provide at their expense information which 
reflects positively on their interests and would restrict access to that 
information which reflects negatively. To be sure, persons do have in- 
centives to make a public relations release of negative information which 
will become public knowledge in order to minimize the adverse publicity. 
But in general, negative information will be more costly to acquire than 
positive. 

For example, competition in advertising does provide the consumer 
with some useful information concerning alternative market choices, but 
market competition will seldom reveal negative information concerning 
products. A pharmaceutical company whose drug has a negative side 
effect in 1 out of 100 cases has no incentive to advertise superiority 
over a drug which has the same negative side effect in 1 out of 10 cases. 
The negative publicity resulting from such advertisement would probably 
decrease the demand for both products and might prompt action from 
the Food and Drug Administration. An example of a public relations 
release of negative information would be a politician who, knowing he 
could not keep the fact that he once smoked a joint of marijuana secret, 
admits this fact as a mistake of his youth. 

The objective of operational information policy is to incorporate both 
positive and negative externalities into decision making. In repeating- 
type decisions, such as purchasing a product or performing repeating 
tasks, negative information will be revealed and will become public in- 
formation over time. Thus, if technology were static over time, both 
positive and negative externalities would be incorporated into decision 
making. The more rapid the rate of change in technology, however, the 
less time negative information has to accumulate before the next change. 
Consequently, the amount of bias is proportional to the rate of change. 
Economic incentives alone are insufficient to ensure that decision makers 
can acquire negative information to rank alternatives. 

Similarly, economic incentives alone are unlikely to ensure that deci- 
sion makers can obtain tile information to evaluate and improve criteria. 
Consider, for instances, an expert system for evaluating loan applica- 
tions. Ideally an investigator would like to conduct a controlled experi- 
ment comparing the performance of alternative expert systems with loan 
officers of various intelligence, training, and experience. Baring this, the 
investigator would like to obtain a representative sample of the past per- 
formance of the various alternatives. To use past data the investigator 
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would have to predict the consequences of how a loan applicant who was 
actually denied credit, would perform if he were granted credit under a 
different evaluation procedure. 

Scientific data  and operational data  have very different characteris- 
tics. For operational purposes the decision maker needs to identify the 
individual and needs the specific information required to apply the cri- 
teria. For scientific purposes the investigator needs only a representative 
sample and has no need to identify the individuals. For many scientific 
purposes the investigator, however, would like a large number of variables 
to test alternative hypotheses. As long as individuals fear that  scientific 
information might be used in some operational capacity against their 
interests, they will have little incentive to provide potentially damaging 
information. Firms will never have an incentive to provide information 
which might benefit competitors. Economic incentives alone are unlikely 
to produce representative data  samples. 

To achieve the objectives of information policy decision makers and 
scientists need information rights to obtain information, and the basis 
for these information rights will be the creation of a right to learn for 
all legal entities. Specific operational and scientific information rights 
will be derived from this general right to learn through legal precedent 
and legislative statute.  For operational decisions the right to learn pro- 
vides the basis for creating an information policy which enables decision 
makers to analyze alternatives. To promote innovation the right to learn 
implies an information policy which provides observations on all phe- 
nomena. This observation right is the basis for empirical science in the 
political economy. 

Information rights granted under the right to learn must,  however, 
be balanced against other social concerns. If information rights were 
absolute, there would be no trade secrets, private decisions, or national 
security concerning the military. Taken absolutely, an observation right 
would give an individual the right to observe his neighbor's bedroom 
behavior at will. Obviously, compromises must be made between infor- 
mation rights and other social concerns, such as property rights, national 
security and personal privacy 11. 

Operational information policy 

The right to learn provides the framework for creating operational infor- 
mation policy governing decisions based on current knowledge. Opera- 
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tional information policy should promote market efficiency, government 
effectiveness and the ability of principals to evaluate agents. With re- 
gard to this third property of operational information policy, we might 
cite the examples of stockholders who must evaluate management and 
citizens who must evaluate government officials. Most of the types of 
decisions under consideration will in informational society be addressed 
by analysis using a decision support system. As the social sciences, the 
business disciplines, and artificial intelligence advance, they will create 
an increasing number of models for analysis of alternatives. In this con- 
text the issue becomes the extent to which information rights should be 
created to provide input for models to evaluate performance. 

Consider first the problem of information policy as regards the pro- 
motion of economic efficiency. Advancing information technology will 
greatly increase the information available to decision makers. To ap- 
preciate this point, we need only consider the consumer who evaluates 
alternative automobiles. As the business records of repair shops are com- 
puterized, and as more sensors are built into automobiles to determine 
the current operating condition, the buyer could obtain a complete repair 
history and current sensor status report. The buyer of a new automobile 
could potentially obtain all test reports in the automobile manufacturer's 
research and development efforts at very low cost. Whatever information 
is made available to the buyer as an information right, consumer services 
would use to predict performance through the creation of models. 

Consider also the problem of an employer evaluating prospective em- 
ployees. As records in firms become more detailed, the creation of an- 
alytical measures of performance will become commonplace. The more 
data of an applicant's past performance made available to prospective 
employers the better models can predict future performance. As informa- 
tion processing capacity expands for businesses and individuals, market 
decisions of all kinds will change. For comparing large numbers of alter- 
natives in the marketplace, decision makers will use analytic models or 
tools at least for an initial screening to obtain a small number of can- 
didates which can then be subjected to a more comprehensive, intuitive 
evaluation. For market efficiency, decision makers should have informa- 
tion rights to the input of models that have demonstrated significant 
prediction performance. 

Given the appropriate information rights, how are the various parties 
going to acquire the requisite information? As the informational aspects 
of markets move to the social nervous system, the analysis of alternatives 
will take place through databases. Given information rights to data for 
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the purpose of prediction, these markets will be much more efficient than 
current markets are. To compete with one another, producers will need 
to have their products listed in the databases of consumer services, and 
workers will need to have their resume information listed in job search 
databases. Once the guidelines for appropriate data  are established, 
parties will voluntarily release this data, and only in very exceptional 
cases would the courts be used to obtain data. 

As markets are currently organized consumers do not have the re- 
sources to take a producer to court to obtain the test results of a new 
product, nor are the benefits of this action to the individual consumer 
worth the cost to the individual consumer. If, as predicted, consumer ser- 
vices become a major factor in informational society, they will have both 
the resources and the incentive to obtain all information granted under 
information rights. In labor markets, on the other hand, the penalty of 
not being considered for employment is so severe that it is very unlikely 
that the courts would have to be used to obtain information. 

Overall, then, with properly designed incentives and penalties im- 
posed for failing to comply with information policy, all involved parties 
would have an interest in voluntarily complying with the information 
rights. Accordingly, the information requirement for a valid contract 
would go beyond an absence of misrepresentation to include compliance 
with information rights. In the course of time precedent and statutes 
would have to establish liabilities for failure to inform. 

The effectiveness of information policy depends on the technology 
for evaluating alternatives. For example, the effectiveness of an infor- 
mation right to know tile true simple interest rate on a loan to promote 
comparison shopping depends on the cost of obtaining and ranking al- 
ternative true interest rates. Such a policy will be much more effective 
when the customer can use a computer to find and rank the alternatives 
than when the customer has to obtain the information by making per- 
sonal trips to each bank. Similarly, the information right to unit prices 
in grocery stores to promote comparison shopping is of dubious value 
in that consumers must still expend considerable mental resources to 
make tlle comparisons. Once grocery shopping shifts to the social ner- 
vous system, price comparisons become much easier to make. Providing 
consumers with the research and development reports of new products, 
today, would be costly and might not promote a better comparison of 
the alternatives as most consumers could not understand the reports. 

As the ability to analyze alternatives by computer increases, govern- 
ment can reduce regulation by expanding the flow of information. As 
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consumer services grow in informational society their ability to digest in- 
formation and present it to their clients greatly changes the effectiveness 
of information policy. For example, a low cost policy to reduce defects in 
products would be to require producers to disclose their safety and other 
test results. Consumer services would interpret them for their clients, 
and manufacturers would be much more reluctant to release new prod- 
ucts until known defects had been corrected. The demand for a direct 
government role in product safety would accordingly be reduced. 

As the information aspects of markets move into the social nervous 
system the form of information requirements should be modified to im- 
prove effectiveness. Consider the labeling requirement that manufactur- 
ers list the ingredients of food on tile containers. When the purchase of 
food shifts to the social nervous system, this type of information should 
become a datafile in the social nervous system. Consumers with par- 
ticular diet requirements could then incorporate the diet requirements 
in their market basket search procedures. This approach would be less 
costly to the manufacturers and would be of more use to the consumer. 
Since the manufacturer would only need to list the components of his 
product once instead of posting them on every package, the listing could 
provide even more detailed information such as a complete chemical 
breakdown in addition to the food components. 

Likewise the current trend to provide information of hazards in the 
workplace should provide a complete datafile which can be analyzed by 
the worker's union or professional society. An information policy to 
make externalities public, will cause private parties to incorporate the 
consequences of externalities into decision making. Creators of nega- 
tive externalities would have incentives to reduce their effects. Because 
aircraft disasters and nuclear power failures can cause such massive dam- 
age, such a policy would not totally eliminate the need for government 
regulation. 

Information rights can also make markets more competitive by creat- 
ing an open-interface policy in hardware and software. As manufacturing 
proceeds towards integrated automatic systems, the ability to compete 
in the market requires knowledge of the interfaces linking the various 
equipment together. A policy of open-interface creates market niches for 
smaller companies to develop specializations. With an open-interface a 
small company can be assured that a specialized product will work with 
other equipment. An example of this type of market are the numerous 
small companies making speciMized boards for personal computers. Sim- 
ilarly, the interfaces in software products should be open. This creates 
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market niches for add-ons in both manufacturing and the services. 
In a competitive market, the profit signal adjusts supply and demand. 

Suppliers, in adjusting supply, will move from markets with lower-than- 
average profits to markets with higher-than-average profits. Information 
policy could therefore be used to promote a more rapid adjustment of 
supply and demand by making this information-that is, the profits of a 

firm by product-public information. 
Besides making markets more efficient, the advance of the social ner- 

vous system creates the conditions for a more efficient regulatory appara- 
tus. The first step in constructing a more efficient government regulatory 
apparatus is to organize the entire system of government laws, regula- 
tions and incentives in the social nervous system, such that any private 
actor through his terminal can quickly determine what laws are applica- 
ble to any proposed private act. In order for these conditions to exist, 
of course, the laws and regulations should be written in language that 
is understandable to the interested citizen. Private information services 
will create user friendly software to analyze alternatives. 

Furthermore, bureaucrats will increasingly set rules based on analy- 
sis rather than exercise personal discretion based on intuition. Although 
these rules might be quite complicated, for instances, taking the form 
of an expert system, the private actor could nevertheless readily deter- 
mine his options because they would be clearly communicated to him. 
Provided he follows the instructions, then, the private agent is free to 
act. This means that the private citizen can calculate the impact of the 
government business interface and internalize it in his own decision mak- 
ing. Not all cases can, however, be covered by clearly defined regulatory 
procedures. New situations will arise which will require careful study 
before rules defining permissible behavior can be constructed. In the in- 
terim, bureaucracies will continue to use discretion. As new knowledge 
is acquired, the regulatory process should change in an orderly fashion. 
Because the ability to acquire new knowledge will require observations 
on business processes, business will face a large increase in demands for 
information necessary to study the government-business interface. 

This demand for information in addition to the demands for infor- 
mation for regulatory purposes might seem to impose an even greater 
paperwork burden on business than currently, but several factors will, in 
fact, mitigate this trend. First, most information flows from business to 
government will take the form of machine talking to machine. Second, 
with software creating the required information, the paperwork burden 
will be automated. 
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The amount of information that should be available through disclo- 
sure and access in order to maintain accountability of private and pub- 
lic institutions will change with advancing knowledge. In general, the 
information right for accountability should enable judgment of decision- 
making performance. For the stockholder, this would require a freedom 
of information act similar to the ones which have led to the opening up 
of government records, since the concept of freedom of information in 
government lays the foundation for public accountability. By account- 
ability we mean much more than being able to discern whether agents 
are obeying the law. In a private corporation the stockholders should be 
able to judge how the firm is performing both with respect to long-term 
as well as short-term profits. 

Protect ion from abuse 

With the growth of databases the potential for the abuse of information 
will grow correspondingly. Markets for information will tend to be self- 
regulating, in the sense that the database manager has no incentive to 
collect information not pertinent to his clients' decisions; nevertheless, 
potential problems need to be considered. First is the problem of creating 
incentives for accuracy in databases. Second is the issue of how much 
privacy in the sense of control over the release of information individuals 
should have, given the vast amount of data concerning individuals which 
can be stored in databases. Third is balancing the needs of secrecy such 
as privacy, trade secrets or national security against the benefits of better 
operational decisions. 

Accuracy of information in databases regulated purely by market 
incentives depends on the value of accuracy to the clients and the cost 
of obtaining accuracy by the database firm. The interests of accuracy, 
however, of the database manager, the clients and the subjects are not 
identical. The database manager will use rules of thumb to equate the 
cost of obtaining accurate data to the value to the customers. If the 
accuracy of the database is sufficient to yield better decisions than other 
alternative approaches then the database has value to the client. 

Consider, for example, a database for making credit-related decisions. 
If a credit database is 99.9% accurate but tends to err in erroneously 
denying credit, such a database would be useful for credit allocation, 
since to credit issuers the loss from a bad loan is greater than the loss 
of foregoing a small number of potential customers. Given an efficient 
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estimator of credit and a large number of subjects, the market would be 
almost efficient except that the interests of the .1% would be damaged 
in that they would be denied credit. A low cost procedure to protect the 
interest of that 0.1% is to grant subjects information rights to correct 
their files and to establish procedures for resolving disputes. 

This approach, in fact, has already been taken in credit files, but the 
question remains, to what extent should the database manager be liable 
in a tort action? This question, of course, is difficult to resolve. With no 
liability the database manager has no interest in increasing the accuracy 
of subjects' data beyond the accuracy desired by his clients. In fact, 
because subjects have strong incentives to correct negative information, 
no liability creates an incentive for the database manager to transfer the 
problem of accuracy to the subjects. Making the database firm liable 
for the expected damage of inaccurate data raises the cost of collecting 
data and consequently the cost of obtaining credit. 

The right to learn itself implies no limit to the information database 
managers could collect about their subjects. As has been pointed out the 
natural limit is determined by a cost versus value decision. With infor- 
marion rights implying a disclosure of negative information the amount 
of information to be gathered could become very large. For inanimate 
objects the prospects of very large amounts of information in databases 
is not personally threatening, however for humans the collection of this 
data  can lead to possible mental anguish if negative information should 
be widely disseminated. This aspect of privacy has a common law pro- 
tection in tort, however, this protection, is directed at the inappropriate 
dissemination of information rather than the collection and use in de- 
cision making. The important issue which needs to be addressed is to 
what extent should subjects of databases have a right of privacy in the 
sense of prohibiting the collection and use of personal data. 

The proposed compromise between privacy in the sense of restricting 
the collection of personal data and economic efficiency is that individuals 
should be protected from the collection and use of extraneous informa- 
tion in databases. The development of implementable criteria to limit 
the collection of personal data must be based on how decisions are made 
using databases. Such decisions generally involve an analytic screen us- 
ing an analytic criteria followed by a second more intensive intuitive 
evaluation. In making the analytic screen the decision maker must incor- 
porate into his criteria such social concerns as no discrimination based 
on race, sex, or creed. For analytic decision making the  information 
rights in operational decisions stop at inputs which current knowledge 
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has demonstrated to be relevant. For this purpose relevance is not sub- 
jective opinion, but rather relevance is demonstrated by a professionally 
recognized study. 

As knowledge advances, moreover, the requirements for demonstrat- 
ing relevance will advance. In the future, then, the minimum require- 
ment might be a statistical study based on a nonexperimental design 
published in a journal subject to a professional peer group review. This 
possibility implies that while relevance might not always imply causality, 
it, at least, implies correlation. Data which does not meet this standard 
is extraneous and should not be collected in databases for operational 
decision-making. 

The creation of databases to assist in the search for new executives 
or other types of employees illustrates the conflict between obtaining 
information to create efficient markets, human desires for privacy, and 
firms' concerns about trade secrets. Efficient job market databases for 
searching for employees analytically must contain measures of past per- 
formance that can be used to predict future performance. This criterion 
would require that performance information from firms be released to 
databases. In addition, databases would need industry standards for 
making performance measures or at least for comparing performance 
measures of alternative firms. Firms would object to the release of such 
data on the grounds that other firms would hire away the firm's best 
employees. 1~ 

From the perspective of market economics, social justice is an efficient 
market in that each worker will receive his highest compensation. In a 
job market situation where employment typically lasts for short time pe- 
riods, the information requirements for creating efficient markets should 
override any misguided notion of protecting corporations from compe- 
tition in labor markets. Each firm would occupy the same competitive 
position, and compensation would better reflect merit. 

But with the emphasis on sufficient information to promote efficient 
markets, the participants would fear a loss of privacy. In response to 
this fear the database can contain indicators of performance rather than 
the raw data. To make this point explicit consider the health of a job 
candidate for a job of finite duration. A pertinent input in evaluat- 
ing alternative candidates is the health forecast over the time span of 
the contract. To resolve the conflict between the need to keep personal 
data private and market efficiency, assume that entrepreneurs have de- 
veloped several competing programs that read the pertinent data from 
the subject's medical record and forecast health. The potential employer 
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is entitled to the forecast but not the raw data. To protect individual's 
medical records the bolder of the medical record would run the evaluation 
programs as a service and would release only the output. 

In order to compete for employment, most individuals would re- 
lease the summary statistics to the job market database managers. The 
right of privacy beyond the common law protection directed at the me- 
dia would be the right not to be compelled to release information for 
database analysis when no recognized study had demonstrated the per- 
tinence of that data. Some information such as race, creed, or sex might 
continue to be restricted by law. 

Ensuring the individual's privacy from the collection of extraneous 
data  of possible subjective interest benefits the individual only if that 
right is enforceable. Simply passing laws that database managers cannot 
collect extraneous data would be difficult to enforce as Fourth Amend- 
ment protection limits searches to find extraneous data to probable cause. 
One scheme which would make the collection of extraneous information 
much more expensive and would help to ensure individuals released only 
required information in credential checks is the new cryptographic in- 
vention known as a blind signature 13. 

Another safeguard which would help to make database operations 
self-enforcing is to grant subjects information rights to the decision pro- 
cess. To illustrate this point, consider the processing of a loan application 
by an expert system. Suppose the subject was granted the information 
right to know what analytic decision rule would be used to make the 
decision. Using his personal computer he could find out the amount 
the financial institution must loan him. Failure of the bank to grant the 
loan would be grounds for possible legal action on the part of the subject 
against the bank for using another criterion, or extraneous data. 

Likewise, if the various analytical screening functions used to make 
decisions concerning jobs and other human concerns were in the public 
domain, the participants could police the process themselves without a 
great deal of government intervention. To ensure equal opportunity the 
state would require that all job openings be announced by being placed 
in the appropriate file in the social nervous system and that the screening 
functions be based on competency and not personal prejudice. 

To provide decision makers freedom to act, the employer would be 
allowed to use for analytic screening any inputs and criteria which had 
been demonstrated significant for predicting performance. To inhibit 
lawsuits, he would prepare a short statement of references. The onus 
would then rest on the challenger to demonstrate that the evaluation 
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criterion or inputs were not significant. If employment decisions oc- 
curred primarily through the database screening, then social standards 
for nondiscrimination would be quickly established. 

Many decisions would have both an analytic aspect, in the sense of 
reducing a large pool to a small set of final candidates, and a subjec- 
tive aspect, which would be the evaluation of the final candidates. The 
participants could police the analytic part using the rules for extraneous 
inputs and valid criterion. In such a competition the losers would know 
the evaluation criterion and could independently compute their rankings 
with the winning set. Thus, to satisfy due process, employment decisions 
would increasingly be based on merit. In time, this merit-based system 
for making employment decisions will become essential, as international 
corporations will have to guarantee due process for competitors of vastly 
different cultures. 

Two other safeguards protect individuals and legal entities from time 
delay in the release of information. To enable the stockholder to analyt- 
ically evaluate his principal agent and the voter his government official, 
the right to learn implies information rights for accountability, and as 
models to analyze principal agent behavior grow in size and complexity 
the demand for inputs for accountability will grow accordingly. This 
right conflicts with other informational concerns. For private firms, one 
way in which this conflict occurs is with trade secrets.. To resolve this 
conflict, some accountability information would have to be released with 
a time delay. The faster the rate of technological change the shorter 
this time delay. Voters would have similar information rights to analyze 
the behavior of government officials. To facilitate decision making by 
public and private officials, the release of information on decisions not 
subject to an open meeting policy or disclosure policy would occur after 
the fact, since the principal protection from day-to-day interference in 
decision making is the time delay in the release of information. 

A second safeguard for individuals is the right to deny physical and 
electronic access to their communities, a right which was discussed in the 
chapter on the community. Given a much more open political economy, 
more explicit defenses against possible information abuse must be con- 
structed. As was pointed out previously, the town has the right to act as 
an electronic unit in purchasing services. This creates a mask between 
the members inside and the institutions outside. Secondly, households in 
town would have the right to limit and electronic access. For example, 
an individual, if he desired, could determine the number of a caller before 
deciding to respond. He could program his computer to filter incoming 
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calls to respond to only those he wished to respond in person. Similarly, 
an individual could defend himself against unwanted ads by simply fil- 
tering them out. The right of limit access would provide the individual 
with the right to be left alone if he so desired. 

Scientific information policy 

The goal of information policy for science is to ensure that the society 
acquires empirical knowledge of all phenomena as rapidly as possible. As 
discovery is tile basis for invention and innovation, the scientific infor- 
mation policy aims to promote a rapid rate of invention and innovation. 
For most scientific activities leading to invention there is no need for an 
explicit information policy, since there is no conflict between scientific 
curiosity and other social concerns. But for many scientific activities 
leading to innovation there is a fundamental conflict between scientific 
curiosity and the desire for privacy and trade secrets. 

These conflicts between curiosity and privacy currently restrict the 
advance of empirical science concerning all types of human behavior. In 
some areas of social sciences such as conditioned learning experiments 
in psychology and agricultural economics controlled experiments are the 
rule. But in most areas of the social sciences and business disciplines 
the empirical research must discriminate between alternative hypotheses 
on tile basis of observations of actual political economic behavior. In 
social systems the principle impediment to observing behavior is that the 
observed subjects vigorously oppose being observed. What this means is 
that empiricists in testing an hypothesis must make ingenious use of the 
available observations rather than collect a data sample best suited to 
test the hypothesis. Numerous social and political economic phenomenon 
are simply not observable in any systematic fashion. 

The difficulty of obtaining observations has created a theoretical bias 
in many disciplines of social science and business administration. Cur- 
rently these sciences, such as economics, have developed mathematically 
rigorous theories of behavior, but at the same time can not accurately 
explain the behavior they are ostensibly studying on a moment by mo- 
ment basis, that is real time. For example, there are no simulation models 
which will simulate the behavior of a firm in real time to an accuracy of 
even one significant figure. 

The academic incentives of publishing in prestigious journals to some 
extent impede rather than promote scientific advance, inasmuch as the 
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criterion for publishing in the respected academic journals is, unfortu- 
nately, mathematical rigor and sophistication rather than the ability to 
explain the phenomena under study in real time. To be sure, the bias 
towards the abstract mathematical manipulation of models is useful as 
a devise for ranking the mathematical ability of academics. 

But in fact these academic incentives tend to create mathocracies 
rather than sciences explaining natural phenomenon. This is not to de- 
grade the efforts of the many conscientious and able scientists who labor 
to extend the empirical contents of their respected disciplines. Rather, 
the problem is that a major conflict exists between generating observa- 
tions which are efficient at discriminating between alternative theories 
and concepts of privacy and property rights. 

To ensure a rapid rate of discovery for innovation, the right to learn 
needs to be defined to provide observation rights to all phenomenon. 
The minimum scientific observation right is a representative sample of 
observations on any phenomenon. Because the study of behavioral rela- 
tionships does not require a knowledge of the identity of the subjects in 
the sample, the compromise with privacy is to delete labels in scientific 
datafiles. Observations involving legitimate trade secrets like military 
secrets would be released with a time delay. 

To alleviate fears of abuse of data and to promote accuracy in ob- 
servations, data collected for scientific purposes must not be used for 
administrative purposes. This means that scientific records should not 
be subpoenaed to reveal individual information, although the method- 
ology of obtaining and using such records could be challenged. In this 
regard the incentives to promote accuracy are more important than the 
occasional discovery of illegal activity. Scientific records would, however, 
be used for policy purposes such as performing studies which might indi- 
cate the need for future changes in laws or procedures. To preserve the 
separation of scientific data from administrative data, agencies with no 
administrative functions should collect scientific data. 

Private agencies collecting scientific data would likewise be regulated 
to ensure due care in preserving privacy. The use of scientific data for 
private operational decisions would also be prohibited. Scientific data  
could only be used privately to construct better decision functions, and 
if the new decision functions were superior to the old, they might create 
an operational demand for new inputs from all participants in a decision 
process. Until this happened, however, even if decision makers knew the 
identity of subjects in a scientific sample, they could not use the data  
for decision purposes. For screening functions in the public domain this 
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separation of scientific and administrative data would be enforceable. 
Given the proposed safeguards, scientific information policy can be 

used to greatly increase the empirical content of sciences and applied dis- 
ciplines concerning political economic phenomenon. First consider the 
collection, use and release of data collected by government. Currently 
government at all levels collects information on economic agents for ad- 
ministrative purposes. Since the computerization of government records 
in the 60s, administrative agencies and researchers outside government 
have made increasing use of administrative data for statistical studies. 
This data has defects for studying behavior as the purpose of the data 
collection is for compliance with administrative law without consider- 
ation of issues of statistical methodology. Also inconsistencies in data 
collection and the Privacy Act and other legislation inhibit the creation 
of behavioral data samples from many administrative datafiles. Finally, 
researchers outside government can rarely obtain disaggregated business 
data which the government has collected. 

Because of proposed safeguards, the collection and dissemination of 
administrative data could better serve scientific purposes. With the pro- 
posed distinction between administrative data and scientific data, the 
combining of data from many sources for statistical purposes should be 
encouraged. The quality of such composite data can be improved by 
greater attention to statistical considerations in the collection of ad- 
ministrative data TM. Also as informational society advances, government 
agencies, to fulfill their legislative mandates, will increasingly collect data 
based on good statistical methodology to understand the behavior under 
their own particular mandate. 

Moreover, information collected by the government can be released to 
researchers outside government either immediately or with a time delay. 
In a constantly innovating society, the purpose of protecting trade secrets 
is to create incentives for constant innovation in order to keep ahead of 
one's rivals. The value to a firm of data collected by the government so 
that the firm may examine the behavior of its rivals is rapidly discounted. 
Over time the files of data collected about business behavior would be 
released in a disaggregated form. 

This means that for administrative data series such as the SIC code 
aggregated data would over time be available at the level of the indi- 
vidual firm and product, and eventually all the internal information of 
all public and private institutions would become public. Administrative 
data concerning individuals would be released in the form of unlabeled 
representative samples. The major change this represents from current 
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policy is the increase in collection of representative samples of behavior. 
While data collected by government agencies could better serve sci- 

entific purposes, more steps need to be taken to promote discovery of 
political economic behavior. Currently much empirical research asks 
what hypotheses can be tested by the available data, not what the most 
important hypotheses are that should be tested. Scientific information 
policy should provide empirical scientists representative data samples in 
order to test hypotheses of any behavior and the compliance in supply- 
ing these data would be compulsory. The concept that the right to learn 
guarantees the right to obtain a representative sample will appear very 
threatening to many. And, indeed, given the current political design, the 
fear of abuse of power is well grounded in numerous empirical examples. 
With a more open information policy firms would fear their trade secrets 
would be stolen, and that adverse publicity might inspire the public to 
demand new government regulation. 

The scientific observation right is intended to cover all phenomena; 
however certain practical considerations place some limits on how this 
right is to be exercised. First, the observer pays for the cost of observing. 
Second, this right is a right of the scientifically competent, since funding 
for observations will be provided by such agencies as the National Science 
Foundation. In competing for funding, the proposals for observations will 
be subject to peer group review. Other government agencies will have 
an interest in resolving hypotheses important for innovations or policy, 
while private foundations would fund more controversial studies. 

While professionals and professional societies could use the legal sys- 
tem to obtain the desired observations, in most cases they would not have 
to do so. In an industry-wide study, say of incentives versus performance 
of managers a professional society would, in order to obtain voluntary 
compliance, work with the trade association to soothe any fears of loss 
of trade secrets. Professional societies observing community behavior 
would have a similar interest in smoothing the situation with local offi- 
cials, and much of the burden of data collection would be minimized by 
machine talking to machine. 

Impact of information policy 

Whether voters would favor the proposed information policy depends on 
its impact. Operational information policy would promote better deci- 
sions in general and would tend to vastly improve the decision-making 
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capabilities of individuals. Scientific information policy would promote 
a faster rate of innovation. Voters would gain more from better decisions 
and a higher rate of innovation than they would lose in loss of privacy. 

In current society the cost and power of information technology 
means larger institutions such as major corporations and government 
have much greater information access and processing capability than in- 
dividuals. In current society individuals make most decisions based on 
intuition with little access to databases. Operational information policy 
would greatly reduce the asymmetry between individuals and institu- 
tions. With the expanding social nervous system database entrepreneurs 
would create numerous databases for individual decision making. These 
database entrepreneurs would have the resources to obtain negative in- 
formation such that their clients would make more informed decisions. 
With much more powerful home computers and distributive processing 
through the social nervous system, individuals would be able to analyze 
their alternatives systematically. 

Scientific informational policy would stimulate innovation by greatly 
improving the empirical content of social sciences and the allied business 
disciplines. Researchers would have information archives for the study 
of empirical issues of society and the political economy. These archives 
would consist of observations from experiments, sampled observations of 
social and political economic behavior, data files constructed from ad- 
ministrative data, and finally public and private data and documents 
with a time release schedule. These archives would be accessible to re- 
searchers. With this access to better measurements, all disciplines study- 
ing social and political economic issues would be able to more rapidly 
discriminate between hypotheses. Also, much more effort would be made 
to collect data to discriminate between important hypotheses than cur- 
rently. 

Furthermore, the impact of scientific information policy on disciplines 
studying social and political economic behavior would be more than just 
better hypothesis testing. Consider, for example, the field of economics. 
Current economic data makes the study of economics in real time very 
difficult. As microbinics advances, however, the time interval between 
economic measurements will decrease. At the same time, the scientific 
right of observation will enable economists to study economic behavior 
with approximately continuous measurements. As a consequence, these 
measurements will accelerate the trend to study economic behavior from 
the perspective of dynamic models in real time. 

With constant change in technology all political economic agents 
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must constantly adapt to change. With information policy that supports 
the methodology of empirical science, all agents, both private and pub- 
lic, could harness the methodology of science to innovate better decision 
rules, incentive systems, and organizations to cope with an environment 
of constant change. 

To illustrate this point consider the decision rules for preliminary 
screening in databases or for such activities as granting credit. Because 
of the requirement that decision rules be placed in the public domain, 
the scientific information policy would create enormous incentives for 
systematic study of decision rules. As better decision rules are discovered 
they would be quickly implemented and the requisite data placed in 
operational databases. In this process researchers would use much more 
extensive scientific databases based on a selected sample of unlabeled 
subjects to test theories. Database managers would then quickly add to 
the labeled operational databases those variables found to be significant 
for decision making. 

The greater emphasis on empirical science would promote innovation 
in general in two ways. First better hypothesis testing would tend to 
eliminate spurious theories from consideration as the basis for innovation 
much more rapidly than currently. Second with better hypothesis testing 
the predictive capacity of theory should increase. Thus innovators would 
be in a much better position to analyze the projected impact of possible 
innovations without having to subject them to an empirical test. 

The public acceptance of a more open informational policy depends 
on a majority of citizens gaining from the change. Given a system of 
social inheritance, the motivation of all citizens is modified. As he in- 
herits his share of the capital stock, everyone simultaneously plays the 
role of consumer, producer and public. As a consumer, the individual 
would like to acquire goods at the competitive market prices. As a pro- 
ducer, however, he would want the highest rate of return, and as a citizen 
he would like an effective government. Not only are these goals in con- 
flict, but their resolution will change as new knowledge is acquired about 
the environment, more efficient production technologies, and consumer 
needs. 

What individuals gain from operational information policy is bet- 
ter decisions in each of their roles and better information to resolve the 
conflicts between their roles. Scientific information policy promotes a 
higher rate of innovation. What individuals would lose in selling their 
labor services in the marketplace, however, is control over the release of 
pertinent data, and they would, also, be subject to more census type 
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compulsory data samples for scientific studies. Firms would lose a com- 
petitive advantage which is now based on poor flows of information. On 
balance between the positive and negative aspects, most people would be 
better off as such a political economy would be much more competitive 
in international competition than the current political economy with a 
more restrictive information policy. As we shall see in the next chapter, 
the proposed information policy leads to better government. 
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Chapter 8 

T h e  Federa l  G o v e r n m e n t  

Introduction 

As was pointed out in Chapter 2, the overall performance of the polit- 
ical economy has become critically dependent on the performance of a 
large government. To name just a few examples: economic performance 
depends on the performance of government monetary and fiscal policy, 
business invention and innovation performance depends on government 
promotion of research and development and education, and the status of 
the environment depends on the implementation of environment policy. 
Yet as was also pointed out in Chapter 2, government has developed seri- 
ous problems in its ability to make a good estimate of the common weal 
and for the most part has not developed an strategy for implementing 
innovations appropriate for its expanded role. 

The purpose of Chapter 8 and 9 is to propose fundamental changes 
in government in order to achieve a high performance government for 
the projected political economy of the mid 21st century. In this chapter 
changes in the system of checks and balances will be proposed in order to 
achieve a much better estimate of the common weal 1. In the next chapter 
the implementation of much greater decentralization will be proposed in 
order to achieve a higher rate of learning. 

A starting point to propose changes in government which will result 
in a better estimate of the common weal is to review the defects discussed 
in Chapter 2. As the scope of government has expanded, increasingly 
specialized committees and subcommittees propose legislation. More- 
over, because many government actions have an uneven distribution of 
costs and benefits, these committees have an intensity bias, that is, they 
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tend to promote desires of groups who receive disproportionately large 
costs or benefits. The specialized legislature tends to estimate the com- 
mon weal as a collection of goods for various constituencies. Considered 
individually many government actions lack general benefits, farm subsi- 
dies, for example, lack benefits for consumers. Also, the estimation of the 
common weal does not achieve even approximate consistency. One exam- 
ple here is the exclusion of the oll industry from the superfund cleanup. 
Finally, because there is no direct relationship between the costs and 
benefits of most government programs, voters do not have strong incen- 
tives to demand efficiency in government. In short, government actions 
frequently lack consistency, general benefits, and emciency. 

One possibility of reducing these shortcomings is to drastically curtail 
government to the idealized definitions of limited government of the 18th 
and 19th centuries. Such an effort would transfer much of the effort of 
estimating the common weal from the collective action of government to 
private action of individuals. The author assumes such an effort is not 
possible for the foreseeable future. While some concerns might decrease, 
for example the military if there is a relaxation of international tensions, 
the overall size of government is unlikely to decrease significantly as 
other concerns are likely to increase. For example, the concern for the 
local, national and international environment is bound to increase given 
current events such as the demise of forests due to acid rain, the collapse 
of whole ecosystems which has had the greatest loss of lifeforms since 
the demise of dinosaurs and the depletion of the ozone layer which has 
created an ultraviolet radiation hazard. Therefore, the author assumes 
the task of proposing changes to improve the estimate of the common 
weal of a government which has a large role in the political economy. 

Given the vastly improved technology for communication, some ide- 
alists might wish to improve large government's estimate of the common 
weal by replacing representative government with a direct democracy 2. 
As the capacity of the communication system expands, the feasibility of 
implementing a direct democracy increases. The real issue, however, is 
whether the implementation of a direct democracy would in fact improve 
government performance. Voters, after all, are bounded rational beings 
with limited resources to invest in deciding between political alternatives. 
And as government grows in complexity, the amount of resources voters 
must spend on making informed choices also grows. Even if databases 
were prepared with complete analysis to aid the voters' efforts, an in- 
creasing amount of time would be required for voters to understand the 
analysis. In as much as legislators currently rarely understand the details 
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of legislation outside their specialty, it is unlikely that the average voter 
would trouble himself to be informed on issues other than those which 
directly affected him. Consequently, direct democracy is not likely to 
ameliorate the problems of intensity bias. 

Hence, the subject of direct democracy will not be pursued in this 
book for two reasons. First, as has been pointed out, direct democracy 
is unlikely to improve the estimate of the common weal. Second, it 
is assumed that the more complex government becomes, the more the 
voters, in order to reduce their expenditures of resources in political 
decision-making, would prefer to delegate this task to specialists, namely 
their representatives. 

Therefore, the agenda is to propose changes in the system of checks 
and balances of our representative government in order to promote an es- 
timate of the common weal which has the properties of general benefits, 
consistency and efficiency. Originally, the founding fathers incorporated 
a system of checks and balances in the Constitution to promote an esti- 
mate of the common weal with the properties of maintaining a limited 
government and property rights. In this chapter the author will pro- 
pose numerous institutional changes in order to create a new system of 
checks and balances which will result in an estimate of the common weal 
which has the new desired properties. To motivate the proposed changes 
we need to reconsider why the current governmental design only weakly 
promotes the properties of general benefits, consistency and efficiency. 
These properties are best determined by teams of experts. For example, 
the general benefits and efficiency of a particular environmental policy 
is best determined by a team of economists, biologists, engineers, and 
other experts. It should be noted that the problem is not that teams of 
experts refuse to perform such analyzes. Over the past several decades 
there has been an increasing number of articles in professional journals 
analyzing all aspects of governmental policy. 

The problem is that even when most experts agree that a particular 
governmental policy is seriously flawed, there is no current mechanism 
other than majority vote in the legislature to change a law. And the 
vested interest benefiting from a bad law can easily block change in the 
current specialized legislative committee system. Moreover, given the 
complexity of governmental issues voters are unlikely to demand action 
from their representatives unless the defect has precipitated a crisis or 
directly affects them Hence, serious flaws in governmental policy can 
take decades to correct. 

In order to create a more rapid mechanism to correct serious flaws in 
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governmental policies a professional check, which hereafter will be called 
a professional review is proposed. This professional review would be a 
formal governmental activity, integrated into the system of checks and 
balances in order to create powerful incentives for elected and appointed 
officials to incorporate general benefits, consistency and efficiency in all 
their acts without the need of constant professional reviews. 

As modifying the system of checks and balances will require Con- 
stitutional amendments, the proposed design must consider keeping the 
proposed changes to a minimum to ease the problem of obtaining voter 
approval. To the extent that the proposed changes might find public 
favor, the assumption is that they would be implemented by constitu- 
tional changes over the course of the next half century. By this time 
the forecasted technological changes described earlier should be in ex- 
istence. The discussion, moreover, will focus only on changes to the 
present government rather than providing a complete exposition. The 
order in which the three branches are discussed corresponds to the mag- 
nitude of the changes proposed for each. The order will be the judiciary, 
the legislature and he executive. 

Judiciary 

The first step in integrating the professional review into the system of 
checks and balances is to explain the concept. A professional review is a 
judgment by a group of experts from the relevant disciplines whether a 
legislative or administrative act has the desired properties of general ben- 
efits, consistency and efficiency. To keep such professional reviews from 
exceeding current knowledge in measuring these properties, the experts 
making such judgments would not be expected to render their personal 
opinions, but rather they would use their expertise to determine whether 
the analyses published by professionals in referred journals were in agree- 
ment or disagreement on the issue under consideration. To declare an 
act unconstitutional the experts would have to find general consensus 
that the act lacked at least one or the desired properties. 

The consensus criterion is imposed to limit the ability of any indi- 
vidual, for example a very liberal or a very conservative economist, to 
impose his personal opinions on government. Such a limitation is con- 
sidered necessary in order to gain popular support for the concept. But 
because experts in the various disciplines are likely to have widely vary- 
ing opinions on many government acts, it might seem that the consensus 
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criteria in the professional review makes the professional review so weak 
that it will have little effect. Nevertheless, it will be demonstrated that 
properly integrated into the system of checks and balances, the profes- 
sional review would promote a much better estimate of the common 
weal. 

There are many ways in which a professional review might be inte- 
grated into government. To avoid adding to the complexity of an already 
complex government, the professional review should be integrated into 
one of the existing branches of government. In order to insulate the 
professional review from the short-time-horizon concerns of reelection 
politics, the professional review should not be placed in either the leg- 
islative or executive branch of government. This leaves the judiciary. 

Let us now consider two ways in which the professional review might 
be implemented in the judiciary. First, one or more special courts could 
be set up as science courts to make professional reviews. Second, experts 
in various disciplines could be added to the bench of the current system of 
courts to enable the current courts to make professional reviews. We shall 
opt for the second approach by expanding the staffing of the judiciary 
to include judges-in-fact as well as judges-in-law 3. The former would be 
experts in various disciplines and the latter would be traditional legal 
judges. 

An important reason for expanding the judiciary to include experts 
from various disciplines is a fundamental response to the rapid rate of 
discovery in all disciplines. Judges-in-fact are needed to ensure that 
people making judgments in informational society are competent to un- 
derstand what they are judging. As knowledge advances and is applied 
to all human endeavors, the ability of a jury of one's peers or for that 
matter  judges-in-law to make competent judgments of fact on the basis 
of intuition will decrease. Furthermore, the jury and judges-in-law will 
become increasingly less competent to evaluate disputes between expert 
witnesses. 

Thus, expanding the judiciary to include experts of various fields is 
necessary to ensure that the judges understand the evidence in the case. 
Since a single person is unlikely to understand all the issues of a complex 
case, a committee of experts spanning the law and facts to be presented 
in the case would increasingly judge cases. The assumption is made that 
jury trials would gradually be displaced by trial by expert committee. 
The proposed precedent for an expert committee trial is that if either 
party intends to use expert witnesses, then the case would be judged by 
a committee of judges competent to judge both the law and the expert 
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witnesses 4. 
Assuming the current heavy case load of the judiciary is unlikely to 

decline in the future, expanding the bench to include the new profes- 
sionals would improve court performance. The Supreme Court would be 
expanded to, say, 15, together with corresponding enlargements to the 
courts of appeals and the district courts. The number of professionals 
from each profession should correspond to the number of cases requiring 
expertise in the respective profession. For example, physicists would be 
required to judge nuclear issues, chemists and biologists to judge environ- 
mental issues, medical doctors to judge medical issues, and psychologists 
to judge sanity issues. As a great many legal issues involve property, a 
large contingent of judges-in-fact would be professionals from business 
administrat{on fields and economics. The number would undoubtedly 
vary over time and should be established by slowly changing customs 
rather than by Constitutional amendment or statute. The distribution 
in the number of judges from each selected profession would probably be 
biased towards the prestigiousness of the profession; nevertheless, over 
time the composition of professionals on the bench would roughly reflect 
the knowledge necessary to judge disputes. 

In revising the judiciary, an important concern is the appropriate 
length of appointment for members of the bench. To promote an inde- 
pendent judiciary the framers of the Constitution made appointment to 
the federal bench for life. But as lifetime expectancy has increased by 
several decades since 1790, does lifetime appointments still promote ju- 
dicial performance? Maintaining lifetime appointments would promote 
independence and would also help to maintain the judiciary centered in 
the political spectrum, as each President would appoint only a fraction 
of the judiciary. This is desirable in order to achieve orderly change in 
law as knowledge advances. 

On the other hand, an argument for shorter appointments is that 
they would ensure that judges' knowledge not become obsolete during 
office. So to achieve better performance with minimum changes to the 
current system, a compromise between these two options would be a 
requirement that federal judges retire at the age other professionals in 
their fields retire. If this criterion were applied in current society, judges, 
like university professors, would retire at seventy. This would promote 
more orderly change, especially in the Supreme Court, as judges would 
not have the option of trying to outlive a President who maintains a 
different political philosophy. 

The next issue to consider is how technological advances could be 
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employed to improve judicial performance. Currently the district and 
appeals courts have jurisdiction over specific physical districts. Within 
these physical districts the ability of judges to specialize in particular 
types of cases is limited. As knowledge advances, greater specialization 
would result in better judicial performance. The federal bench could be- 
come much more specialized if judges presided over cases throughout the 
entire country rather than the current physical districts. With advances 
in communication such a court system could be effectively administered 
through teleconferencing. The system of courts would thus become a 
national system of teleconference centers, and the participants would 
simply use the nearest center. Judges would specialize in areas of law 
and would hear cases in their specialty nationwide. With teleconferenc- 
ing and national case loads the judges would develop, through on-the-job 
training, a better understanding of the law and facts of their specialty 
than is currently possible, because of the much narrower range of cases 
over which they would preside. 

A more specialized judiciary, however, creates a potential problem 
in maintaining the independence of the judiciary from the other two 
branches of government. In a more specialized system of courts, eco- 
nomic interests strongly influenced by a particular judge would have a 
great interest in determining the next appointment. If judicial appoint- 
ments were for narrow specialties, the judiciary would accordingly tend 
to suffer the same type of problems that independent regulatory agencies 
currently suffer. The most concentrated economic interest group would 
have great incentives to appoint a friend of the interest. To prevent 
this possibility, the power of appointment to particular cases should be 
solely the function of the judiciary. To assist in this process, an assign- 
ment committee would assign cases to judges based on the knowledge 
requirements in law and fact for each particular case. The bench would 
elect this committee with the appointments of each President electing 
one representative. The committee would elect a chairman each year 
from its elected members. For a large number of cases of a particular 
type, such as bankruptcy, the assignment committee might appoint a 
specialized court to sit in permanent session. These specialized courts 
would hear cases nationwide not just in a physical district. Moreover, 
to maintain independence from the other branches of government the 
assignment committee would reassign judges sufficiently such that the 
various interest groups in society would only have a general rather than 
a specific interest in the appointment of a judge. In addition, the review 
process would tend to limit the ability of outside interests to control 
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specialized courts. 
Assuming the judiciary would be able to maintain its independence 

from the legislature and executive, the quasi-judicial activities of the ad- 
ministration should be transferred back to the judiciary. Such a move 
would promote the original separation of powers between the judiciary 
and tile other two branches. As was pointed out in Chapter 2, with the 
growth of the bureaucracy especially the independent regulatory agen- 
cies, the administration has acquired quasi-judicial activities, that is, 
adjudicatory judgments by administrative officials. One example is an 
administrative law judge of the National Labor Relations Board deciding 
an unfair labor practice case. Under the current system, administrative 
agencies tend to represent the interests of the group with the most con- 
centrated interest in the agency and policies tend to shift abruptly with 
a change in the President. Long term regulatory performance should 
improve if control were passed to independent slowly changing judiciary 
competent to judge both matters in law and matters in fact . 

The final aspect of reorganization of the judiciary would be to expand 
the scope of the judiciary to cover all new forms of expert dispute reso- 
lution. Given the costliness of traditional trials, newer forms of settling 
disputes such as small claims court and binding arbitration have been 
devised s. Advocacy trials may not be the best mechanism for settling 
disputes involving scientific forecasts of future events. Undoubtedly, over 
time other forms of dispute resolution will be proposed and tried. All 
forms of dispute resolution by experts would become part of the new 
expended judiciary. 

Having considered the reorganization of the courts, let us now con- 
sider how the courts would process professional review cases. As is the 
precedent for judicial review cases, the judiciary would, to avoid interfer- 
ing with the legislature and executive, only consider professional review 
cases brought before the court by an interested party after the legislature 
or the executive had acted. In that it is now generally accepted that the 
Supreme Court interprets the Constitution, the Supreme Court would 
have the last word in a professional review. For the professional review 
to create incentives for the legislature and the executive, the court must 
operationally define the meaning of the abstractions: consistency, gen- 
eral benefits, and efficiency. Given finite knowledge, of course, bounded 
rational judges will never be able to create a single set of definitions ap- 
propriate for all conditions and all times. Therefore, in judging cases the 
court would have to create a set of precedents or rules of thumb which 
would apply to categories of cases. These precedents would provide the 
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legislature and the executive with useful information, as they would tend 
to define those actions which clearly would not pass a professional review. 

To improve the adjustment of precedents to changing knowledge and 
conditions the analysis supporting a precedent should include a complete 
analysis of the impact of the precedent on society e in addition to the 
traditional legal analysis. The legal analysis would be performed by 
the judges-in-law and the social impact analysis would be performed 
by judges in fact . With greater specialization, judicial opinions will 
improve thereby providing better adaptation of precedents to changing 
conditions and as knowledge advances and measurements improve, the 
requirements of a professional review would become more exacting. 

Now let us consider the desired properties of general benefits, consis- 
tency, and efficiency in greater detail. A minimal requirement for general 
benefits would be that all legislative and administrative acts be based 
on a complete analysis demonstrating that the proposed action is in the 
common weal. If the standards of this analysis were set as a demon- 
stration of conclusive evidence, very few government actions would pass 
the general benefits test. Because estimates of the common weal differ 
widely between liberals and conservatives and because there are compet- 
ing theories for most social phenomena, critics could successfully chal- 
lenge almost every proposed government action. In order to provide a 
much greater range of government action, a lesser standard is proposed ~. 
For legislation or administration to be constitutional, the analysis would 
only have to be considered correct by one of the competing theories. 
Thus a President, in promoting his legislative program, would only have 
to ensure that the legislation was correctly analyzed by theories most 
congenial to his political beliefs. 

While this criterion might seem very mild, it would have a great im- 
pact over time. As knowledge advances some theories are rejected as 
invalid by most practitioners in a profession. Once this happens any leg- 
islation or administrative action based on the rejected theories would fail 
to pass the criterion of general benefits. In the thirties much regulation 
of industry was enacted to obtain legal cartels in various industries. By 
the sixties most economists had rejected the theoretical basis of this type 
of legislation. Given a professional review, the deregulation of airlines, 
banks, and trucking might have occurred through the courts about ten 
years prior to the deregulation legislation of 1980. 

Over time precedents would be established for the amount of evi- 
dence needed to establish general benefits in proposed legislation and 
administration. Very few laws have equal impact on all citizens; many, 
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for instance, provide immediate benefits to a small group and indirect 
benefits, or even harm, to society as a whole. One example of this is 
legislation regarding basic research from which scientists enjoy the di- 
rect benefits and society enjoys tlle indirect. The principle which should 
be employed in making a general benefits test is that the smaller the 
subgroup which receives the direct benefits, the greater should be the 
evidence of general, indirect benefits. For example, at the very least 
most theories would have to concur that general indirect benefits existed. 
The precise evidence required to prove indirect benefits would change, of 
course, as knowledge and the ability to measure benefits advanced. For 
instance, by this measure expenditures on much basic research would 
pass the criterion, but expenditures to preserve homes on barrier islands 
along the Atlantic and Gulf coasts would not. 

An exception to the general benefits rule is the case in which the cost 
of a service must be paid for by the recipients of the service. Currently 
licenses and special taxes on fishing and hunting gear pay for much of 
the government efforts in research and development of better fishing and 
hunting. This criterion would necessitate that the full cost of hunting 
and fishing promotion be paid by the recipients. Government services 
such as search and rescue would also be covered by this criterion. As 
microbinics advances the ability to charge recipients for such special ser- 
vices such as this will increase. Many programs have differential general 
benefits between the nation and the state where the facility is located. 
For example the super collider will advance particle physics worldwide, 
but will only provide local jobs for construction and maintenance. In 
such cases, the financing for such programs should be split between the 
higher and lower levels of government. 

A special case of general benefits is the criterion of simplicity. The 
idea behind the goal of simplicity is that unnecessary complexity in gov- 
ernment laws or programs is the fertile ground for creating unwarranted 
privileges. The classic example here is the old tax code, in which in- 
credible complexity created numerous opportunities for special interests. 
In legislative and administrative acts, therefore, the burden of proof of 
performance should be placed on those who wish to replace a simple 
system with a more complicated system. For a more complicated system 
to replace a simpler system, there should be general agreement among 
the respective experts that the more complicated system is better. This 
challenge would serve to keep legislation and administration as simple as 
possible. 

The second property of consistency provides a professional crite- 
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rion for analyzing the various subgoals of legislation and administration. 
Given the current, compartmentalized nature of legislative committees 
and administrative departments, serious inconsistencies in government 
actions arise. Moreover, voter comprehension of government is insuffi- 
cient to demand consistency as a performance criterion. A classic exam- 
ple of this inconsistency is promoting tobacco through subsidies while at 
the same time mandating a hazard warning on cigarettes packages. The 
treatment of tobacco, alcohol, and drugs, for instance, is inconsistent 
with respect to the social harm of these substances. Another example 
is the inconsistencies in risk management by the government s . Govern- 
ment regulation places much higher standards on preventing new risks 
than in reducing old risks. Old risks are covered by standard setting 
in which the industry's operations do not have to be modified until the 
regulatory agency issues a standard. In contrast, new risks are screened 
meaning the industry must obtain advance permission before beginning 
operations. For example, the Environmental Protection Agency sets 
standards for producing old chemicals, but screens the production of 
new chemicals. As a result, two inconsistencies arise. Generally new 
activities must pay for the cost of screening while the regulatory agency 
pays for the cost of setting standards. In addition, the standards for new 
activities are frequently much higher than those of oldactivities. These 
inconsistencies have negative social implications in that new technologi- 
cal activity is inhibited and insufficient effort is directed at reducing the 
risks of old activities. The precedent for inconsistency should be that 
if an inconsistency can be demonstrated to have negative social conse- 
quences, the court would provide the legislature a legislative session to 
resolve the matter  before imposing a court mandated solution. With a 
challenge of consistency the tobacco subsidies would probably be elim- 
inated. The challenge of consistency works to promote action towards 
more overall consistency in legislation and administration. 

The third property of efficiency would provide a criterion for numer- 
ous challenges to legislative and administrative acts. An example would 
be legislative interference in attempts by the administration to close in- 
efficient facilities such as military bases. The efficiency property would 
give the administration a mechanism to pursue policies which were ef- 
ficient nationwide, but which might cause a reduction in employment 
in a particular congressional district. In cases where the technology of 
some government operation has fallen behind the corresponding opera- 
tion in the private sector, vendors of the new technology could challenge 
the inefficient government practice. Their incentive, of course, would 
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be to promote sales of their new technology. This challenge would also 
promote the use of more sophisticated techniques to provide the correct 
level of public goods 9. 

The requirement that the legislative and administrative acts have the 
desired properties of general benefits, consistency and efficiency could 
engender an extremely large number of professional review cases. To 
keep from being overwhelmed by such cases, the judiciary would adopt 
a precedent that professional review cases must be fought out in pro- 
fessional journals prior to submission to the courts. Thus, a brief to 
initiate a professional review case would have to be based on referred re- 
search published in a journal with a track record in previous professional 
review cases. Currently there are several reputable journals which spe- 
cialize ill policy analysis. The precedent for published research as a basis 
for initiating a professional review case would spawn numerous new jour- 
nals. Undoubtedly, the bastion of market economics, the University of 
Chicago would immediately create one or more professional review jour- 
nals explicitly for the purpose of pruning governmental excesses. Other 
universities would follow with additional creations. 

The precedent that a professional review be based on published re- 
search would greatly increase the amount of policy research performed. 
But because of their heavy case load, the judiciary would be able to 
hear only a small component of potential professional review cases. For 
the professional review to have a major impact on the estimate of the 
public weal, the professional review must be integrated into the sys- 
tem of checks and balances to create powerful incentives for elected and 
appointed officials to incorporate the properties of general benefits, con- 
sistency, and efficiency into proposed legislative and administrative acts 
prior to enactment. 

Legislature 

In this section numerous modifications to Congress will be proposed 
which would improve the performance of the legislature in informational 
society. The estimate of the common weal would be improved if leg- 
islators had incentives in creating legislation to carefully comply with 
established precedents for general benefits, consistency and efficiency. 
Also as will be discussed, the performance of the legislature in creating 
legislation, conducting administrative oversight and solving constituent 
problems would improve if the task of creating legislation were separated 
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from the other tasks of the legislature. 
Let us first consider the problem of creating incentives for legisla- 

tors to carefully comply with established precedents for general benefits, 
consistency and efficiency in creating legislation. We assume most legis- 
lators enjoy the power and prestige of office and seek long term political 
careers. Consequently, legislators in pursuit of power have strong in- 
centives to take whatever action is required to ensure re-election. To 
make the professional review a re-election issue, a legislator in sponsor- 
ing a bill or amendment would assume the responsibility that the bill 
would pass a professional review. And the current intensity bias in the 
campaign financing of elections would be greatly reduced by publicly 
funded elections with fixed limits for each level of office. Currently, the 
unlimited campaign financing by political action committees, PACs, and 
private contributions gives a disproportionate influence to concentrated 
interests in elections. 

With fixed amount, publicly funded elections, the legislator wishing 
to remain in office would have to be prepared to face an opponent with 
equal funding. Moreover, the voters with limited resources to carefully 
analyze issues would focus on simple measures of performance which 
they understood. A negative professional review becomes a simple mea- 
sure of failure to perform which an enterprising opponent would quickly 
bring to the attention of voters. A negative professional review on the 
grounds of lack of general benefits is a clear sign that the incumbent 
has been captured by special interests. A negative professional review 
on the grounds of lack of consistency or efficiency is an indicator that 
the legislator may not be competent. Consequently, legislators wishing a 
long political career would subject sponsored bills to much more careful 
scrutiny than is the current practice. 

To make the incentives for analysis even stronger, we must reconsider 
the concept of a legislative distric0 °. Currently legislative districts are 
physical districts. This means that legislators who have a major impact 
on national legislation, such as the chairmen of powerful committees, 
are not responsible to the national electorate. Moreover, the local voters 
who decide the re-election fate of a powerful national legislative figure 
may have quite different interests from those of the national electorate. 

To encourage accountability to all voters, legislators would be elected 
in national elections. Given the broad scope of government and the com- 
plexity of political issues legislators should run for legislative specialties 
which are defined as particular areas of legislation-for example, finance, 
social programs, or defense. Prior to each election Congress would spec- 
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ify the legislative specialties which would be fixed until the next election. 
Legislators running in one of these legislative specialties would be guar- 
anteed committee assignments in the area specified. 

The proposed national elections would shift the focus of re-election 
politics; each legislator would have to consider a majority in terms of 
a national constituency rather than a small physical district. While a 
charge of special interest would be an asset in a district where the spe- 
cial interest was the majority, such a charge would be far more damaging 
in the perception of a national constituency. Consequently, nationally 
elected legislators would necessarily be much more concerned about gen- 
eral benefits than would legislators elected from geographical districts. 

To implement a Congress elected by legislative specialties, the limited 
resources and bounded rationality of the voter must be considered. Given 
the limited resources that the voter can devote to election decisions, 
the number of legislators which the voter should have to evaluate in an 
election should be quite small. We will assume that the voter should not 
have to elect more than seven at any one time. Under a system of annual 
elections and six-year terms of office, Congress would be composed of 
only forty two members. But even with the decentralization suggested 
in the next chapter, we assert that such a Congress would have too few 
members to conduct the legislative tasks of informational society. 

Thus, in order to obtain a larger Congress, each voter would elect six 
members each year for national legislative specialties and one additional 
member from a geographic district 11 . We will stipulate that two hundred 
legislators elected on the basis of geographic districts should be adequate. 
Each state based on population would be allotted its share of geographic 
district legislators whose districts and length of service would be specified 
by the respective state. Congress would thus consist of 237 members, 
one vice president, 36 nationally elected senators, and 200 congressmen 
elected from the various states. 

The final change to improve the estimate of the common weal is that 
only senators would have the power to sponsor legislation or amend- 
ments. This power is because senators with national constituencies would 
be more concerned about general benefits than congressmen with local- 
ized geographic constituencies. But the hazards of re-election politics 
from negative professional reviews could create a chilling effect of spon- 
soring any type of legislation at all. For example, currently senators 
and congressmen can have long successful careers by specializing in pro- 
moting constituent relations with their government and rarely if ever 
sponsoring legislation of any type. Thus, under the career hazards of 
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a professional review, few, if any, senators might be willing to sponsor 
legislation. 

To create stronger incentives for senators to sponsor legislation, the 
functions of the two houses would be specialized. The function of the 
Senate would be to sponsor all legislation and the function of the House 
would be to conduct administrative oversight and to address constituent 
relations with government. Given this split, the Senate would focus 
on sponsoring new legislation and modifying the President's legislative 
program, a feature of government originating with F. R. Roosevelt and 
likely to continue for the foreseeable future. Before sponsoring legislation 
the senators would subject the legislation to intense analysis in order to 
ensure themselves it would pass a subsequent professional review. As 
knowledge accumulated, the Senate would periodically analyze existing 
legislation for the three desirable propert ies.  

Nevertheless, the professional review would not suddenly shift the 
re-election incentive of each senator from that  of maximizing the bene- 
fits to his constituent groups to the lofty national purpose of promoting 
general benefits, consistency and efficiency. Rather, the senator would 
be interested in performing analysis to ensure that  his promotion of his 
constituent 's interests lies within the precedents established by previous 
professional reviews. The senators would thus have a strong interest in 
establishing their own professional review mechanism to greatly reduce 
the risk of professional review challenges in the courts. Senators them- 
selves are likely to be lawyers, businessmen, scientists, and ex-celebrities 
such as basketball players, astronauts, and actors. While some of the 
senators would be specialists capable of performing their own analysis, 
most senators would delegate the analysis to their staffs. The role of the 
senator, after all, would be to reach compromises within the constraints 
of the professional review. 

In short, the professional review would change the process of creating 
legislation in various ways. First, senators would insist that  the Presi- 
dent, in submitting proposed legislation to the Senate, would also have 
to submit the careful analysis upon which the proposed legislation was 
based. In the Senate legislation would be submitted to a further two part 
review. First, public hearings with media exposure would emphasize the 
human aspects of the legislation and senators as media celebrities would 
make their traditional political statements concerning the purposes of 
the legislation. Second, a technical anMysis of the legislation would be 
conducted by specialists presenting opposing analysis of the proposed 
legislation. These proceedings would generally be too technical to create 
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a great deal of public interest. Staff members of the senators would do 
most of the work, with senators putting in an occasional appearance, 
especially if the hearings became media events. These technical hearings 
would generally be teleconferences between experts located throughout 
the country. To support technical analysis of legislation senators would 
have to greatly increase their technical staff. 

The role of informational society senators who would sponsor legis- 
lation would be complicated. They would have to provide the electorate 
with the type of legislation which would appeal to a majority in order to 
prepare themselves for the next election. In sponsoring this legislation 
they would have to make sure that a majority of the Senate and House 
would vote for the legislation, and to obtain this majority they would 
have to make deals with with congressmen concerned with their local in- 
terests. In making the necessary compromises in this process, they would 
have to stay within the bounds of possible professional reviews. To com- 
pensate for such dimculties, the role of senators would be even more 
powerful than it is currently. In informational society senators would be 
celebrities who would enjoy considerable power with considerable risk. 

In the new design, two aspects of the relationship between the Pres- 
idency and the Senate would change. First, the Vice President would 
become the leader of the President's legislative program in the Senate. 
He or she would have the powers of a Senator. If the President's party 
controlled the Senate the Vice President would be the leader of the ma- 
jority party, otherwise he or she would be the leader of the minority 
party. Promoting the President's legislative program would provide the 
Vice President excellent training in the event he or she were called upon 
to assume the Presidency. 

Second, given the national election of senators and their control over 
legislation, the annual election of senators becomes a referendum of the 
President's legislative program. To promote his program, the President 
would have to campaign vigorously for his party's candidates. Failure 
to capture a majority of the newly elected senators would be taken as 
a signal that the electorate wants compromises between the positions of 
the parties. Also, a President would become a lame duck if his party lost 
too many senatorial elections. 

Now let us consider the role of the House in the proposed special- 
ization of legislative functions. The House would focus on the day-to- 
day functioning of government. The main functions of congressmen, a 
traditional term assumed to include congresswomen, would be to re- 
solve governmental problems of their constituents, to conduct adminis- 
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trative oversight, and to vote on sponsored legislation. Unlike today, 
constituents would only approach their congressmen with governmental 
administrative problems. Congressmen would have a technical support 
staff for administrative oversight and a larger staff to handle constituent 
relations. Congressmen who maintained good constituent relations, pro- 
vided oversight on administrative matters of interest to their districts, 
and voted the interests of their districts could enjoy a long career. Even 
though all their actions would be subject to a possible professional re- 
view, congressmen would enjoy less risky careers than those of senators. 

The power of the House to influence government legislation and poli- 
cies would stem from its power of legislative oversight. The House alone 
would investigate scandals and other failures of leadership in the admin- 
istration. Also in keeping with tradition, the House would initiate the 
legislative budget process. This process would provide congressmen with 
clout in their oversight in how well administration policies were satisfying 
their constituents needs. Although congressmen could neither sponsor 
nor amend legislation directly, they would have considerable indirect in- 
fluence on the content of legislation because they would have to approve 
all sponsored legislation. In proposing sponsored legislation the Senate 
would seek input from the House. 

The new design creates greater checks than currently between the 
House and Senate, especially when the majority of the two houses are 
from the same party. The interest of senators in ensuring that  their 
proposed legislation will pass muster in a professional review places them 
in conflict with congressmen accountable to local interests. 

Execut ive  

The President in informational society would have much the same role 
as in the current government. With a constantly changing political econ- 
omy, the President needs much greater power to reorganize the bureau- 
cracy according to changing conditions. Additionally, to achieve a more 
flexible government, the President needs authorization to replace much 
of the permanent civil service with the management situations market. 
However, giving the President more control over the administration, re- 
quires a reconsideration of the system of checks and balances. Execu- 
tive action would be subject to a professional review and the court and 
Congress would have expanded oversight powers. The interaction of the 
proposed Congress and the President would create incentives for much 



262 CHAPTER 8. THE FEDERAL G O V E R N M E N T  

greater efficiency in government. 
The administration of government, like that of business and other in- 

stitutions will change continually as knowledge and technology advance. 
In time, the flow of information between various agents in society and 
the administration will primarily take place through one machine com- 
municating with another. In particular, much of the routine interaction 
between the private sector and government will be automated. For in- 
stance, a citizen requiring a license or needing to enact other routine 
business with a government agency will communicate with an interac- 
tive program. Automation in government administration, like automa- 
tion in business will thereby displace routine jobs, leaving the work to 
be increasingly performed as a succession of one time jobs. 

Given the environment of constant change, the administration, like 
corporations, requires frequent reorganizations t o  best fulfill its func- 
tions. In the current government design, reorganization is a very difficult 
undertaking which requires legislative approval. It is hampered by the 
fact that legislators in committees and subcommittees guard their turf 
and generally resist attempts to reorganize. Consequently, a fundamental 
problem with the current government bureaucracy is inflexibility. With 
changing needs and technology, the President needs much greater author- 
ity to reorganize the bureaucracy to meet these changing conditions. In 
the proposed design the President would be granted the power to re- 
organize the administration annually. The reorganization plan would 
be submitted simultaneously with the submission of the budget. If two 
thirds of Congress should veto the reorganization plan within a month, 
the plan could not be implemented. 

The purpose of this executive power would be to enable the Presi- 
dent to adjust the organization of the administration to accommodate 
changing conditions. Currently a variety of agencies are responsible for 
regulating financial institutions. However, because changing laws have 
now removed the legal differences among most aspects of financial insti- 
tutions, it would now be wise for the President to move all the elements 
of regulation under one agency. With the power of reorganization the 
President would be the agent responsible for obtaining an effective or- 
ganization. A flexible administration enables the President to create 
temporary organizations to handle critical current problems. With such 
power to reorganize government, for instance, President Reagan might 
have created a high-level organization to battle drugs. When some fu- 
ture President felt the drug problem had been overcome, he could then 
revise the organization. 
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Due to constant changes in government the concept of lifetime em- 
ployment implicit in the civil service would be replaced with finite-time 
contracts obtained through a management situations market. These 
finite-time contracts would enable the President to address the changing 
succession of one-time governmental problems. Under such conditions 
the role of the civil service commission would be to ensure that compe- 
tition for positions was based on merit and not politics. One approach 
to this promotion of merit might be to place the decision process for the 
administrative management situations market in the public domain. The 
political-appointment-decision process, however would be conducted in 
private, since these appointments would be reviewed by Congress. 

The power of the President to reorganize the administration would 
give the President the power to search for effective organizations for 
changing conditions and technology. Because a bounded rational man- 
ager can only manage a small number of subordinates, the President 
would probably organize his cabinet with only five to seven cabinet offi- 
cers. And each cabinet officer would have a small number of subordinates 
and so on. Besides appointments in the hierarchy, the President would 
make a small number of appointments to independent agencies. In re- 
organizations Presidents would shift responsibilities from one cabinet 
officer to another. For example, one President might wish all activities 
promoting science and technology under a single science official, while 
another President might wish these activities split up among various 
departments. If the President wished to place all civilian and military 
purchasing under an efficiency expert, he could do so. Also, legislation 
authorizing the President to perform some new governmental activity 
would simply authorize the activity then allow the President to organize 
the activity in his administration. 

Granting the President new powers in addition to the powers acquired 
by the President in the second lmndred years raises the question of ap- 
propriate checks and balances. As was pointed out, Congress, to ease its 
legislative burden, must delegate considerable policy details to the Pres- 
ident in administrating legislation. Because this delegation of legislative 
details to the executive was not the practice in 1780s, the legislature 
was not provided any specific checks on how the executive implements 
legislation. In practice, Congress upholds a nebulous concept called leg- 
islative oversight. While Congress has a legitimate right to investigate 
the administration for the purpose of modifying the law, Congress im- 
pinges on the separation of powers doctrine when Congress investigates 
the administration in order to manipulate legitimate executive policy. 
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The current status of constitutional interpretation is that  the leg- 
islature does not have the right of a legislative veto over individual 
executive actions unless the veto is submitted to the President as a 
piece of legislation 12. Congress must resort to political investigations 
to force resignations from officials who seriously deviate from legislative 
intent. Congress needs some mechanisms of legislative oversight which 
would check, but not incapacitate executive capacity to organize and act. 
Congress should have the right to specify the conditions under which the 
President can fire an administrative official in charge of an authorized 
government activity, the right to specify the information policy of the 
authorized activity, and the right to recall a political appointee in the 
executive branch. 

These rights would give Congress some influence over how the Pres- 
ident organizes and conducts his administration. In every piece of leg- 
islation authorizing executive activity the legislation would specify the 
conditions under which the President could fire the official in charge of 
the activity and the information policy the activity would have to follow. 
In executive activities traditionally controlled by Presidential policy, the 
President would have the right to fire political appointees at will and the 
information policy might have a time delay release for politically sen- 
sitive information, such as the conduct of foreign affairs. In executive 
activities which Congress felt should be independent, Congress might 
specify that  the President could fire political appointees for cause and 
would have to operate with full public disclosure. In some government 
activities Congress might go so far as to require that  all external com- 
munication, such as with other government agencies, the White House 
staff, and private concerns, be part of the public record. Congress might 
explicitly limit the concept of executive privilege to an inner circle on 
the White House staff. To be efficient in organizing the administration, 
the President would probably organize activities with similar firing and 
information policies together. 

In addition, the proposed right to recall appointments simplifies the 
legislature's problem in obtaining compliance with legislative intent. The 
current procedure for obtaining compliance with legislative intent is to 
embarrass the President with legislative investigations until the Presi- 
dent asks the official to resign. With the right to recall Congress could 
simply recall the political appointment,  provided the official were a mem- 
ber of the executive branch. If two thirds of congress votes for a recall, 
recall is automatic and requires no justification, however Congress would 
undoubtedly hold a media oriented investigation to justify their action to 
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the public. This provision means that a President for whom the legisla- 
tive majority is from the opposing party must in his policies maintain the 
support of one-third of Congress. The effect of the recall, then, would be 
to force the executive to compromise with the legislature when the Pres- 
ident's party was a minority in Congress. The resulting compromises 
should achieve greater consistency between legislative intent and policy 
implementation. 

In the proposed design, in addition to legislative checks, all executive 
action would be subject to a professional review by the courts. If a 
party were affected by executive action, he could, as was the case with 
legislation, file a professional review Case based on professionally refereed 
analysis in federal court. Subjecting executive action to a professional 
review would nullify the concept of the Administrative Procedures Act 
which limits judicial review to legal issues such as due process. Besides 
desirable legal properties such as due process, executive action, that is all 
administrative actions, should have tile properties of consistency, general 
benefits, and efficiency. The professional review of executive action would 
influence both the organization and the implementation of legislation. 
As a President would have to carefully consider his organizational plan, 
professional challenges would very likely be few. Professional challenges 
of executive action would be much more likely in government activities in 
which the legislature granted the executive broad powers in implementing 
the legislation. 

Finally, the courts would have one new check on executive action. 
Frequently private citizens sue the government to force administration 
officials to carry out the provisions of legislation. Such activities can 
occur in a change of administration where the new administration does 
not like the legislation of previous administrations and decides to change 
the law by a policy of benign neglect. If the plaintiff wins and the court 
decides the failure to follow the law was willful, the court as a deterrent 
should have the power to remove the responsible officials from office. The 
purpose of this power is to encourage administration officials who do not 
like particular laws to submit the desired change in the next presidential 
legislative program rather than change the law by policy implementation. 

In response to greater judicial checks, the administration would take 
greater care to ensure that policy complied with legislation. Moreover, 
to greatly reduce the prospect of negative professional reviews, the ex- 
ecutive would establish its own executive professional review. As both 
executive amplification of legislation and budget items are subject to a 
possible professional review by the courts, the executive would create ad- 
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ministrative professional review procedures to guard against subsequent 
court challenges. Cautious bureaucrats would ensure that administrative 
action, proposed legislation, and new budget initiatives were carefully 
reviewed by professional proponents of all major theories. Most profes- 
sional reviews would include a professional teleconference which pitted 
the analysis of the various positions against each other with a panel to 
judge the proceedings. 

The proposed modifications to Congress and the Presidency would 
also create incentives for much greater efficiency in federal government 
operations. For example, greater efficiency would result from changes in 
the budget process. In order to regain some of the control it had lost 
to the President, Congress would insist on shifting the budget process 
from a Ibm-item budget process to an output-oriented budget. Line item 
budgets define the budget in terms of inputs used by government. In 
a static administration, legislative committees, through experience, in- 
tuitively know the relationship between inputs and outputs 13. Through 
cozy relationships with the permanent bureaucracy, legislative commit- 
tees can exercise oversight to provide services that constituents want, for 
example, a road in a national forest to harvest timber. To strengthen 
his control over the administration, a President, then, has incentives for 
reorganizing to break these ties. To regain some measure of this control 
Congress would have incentives to switch from a line-item budget process 
to a budget process such as zerobased budgeting which relates inputs to 
outputs. To the extent that the budget could be precisely defined in 
terms of the relationship between inputs and outputs, Congress could 
control the level of administrative outputs independent of Presidential 
reorganizations. 

With more quantification made possible through more computeriza- 
tion, budgets relating inputs to outputs could be implemented; however, 
the development of such a form of budgeting would be a monumental 
task. For government services controlled by software the relationship 
between inputs and outputs is clearly defined in the operation of the 
software. The relationship between inputs and outputs in activities such 
as power generation is as well known in public generation as it is in pri- 
vate generation. Some government activities, such as the activities of 
the Attorney General, for which the output is at best fuzzily defined, 
would resist quantification for a long time. With a zero-based budget 
process, the focus of the budget process will be on the desired levels 
of output. Computer programs using the proposed output levels would 
then generate the input expenditures. For entitlement programs, then, 
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the forecasted level of service would determine the budget. 
Without greater incentives to promote efficiency, the move to a form 

of budgeting relating inputs to outputs alone is insufficient in itself to 
promote efficiency. The key which would create incentives for greater 
efficiency would be the proposal that each budget item would have to be 
sponsored by a nationally elected senator who would then have incentives 
to analyze the efficiency of budgeted items in order to avoid a profes- 
sional review. This contrasts sharply with the current situation under 
geographic representation where constituents in each district primarily 
regard their representative as a procurer of government services for the 
district. As efficiency in providing these services would generally have a 
negligible impact on taxes, efficiency currently becomes an abstraction 
relating to government in general. 

Nationally elected senators constrained by the professional review, 
however, would not be able seek voter approval by trying to provide spe- 
cific services to narrow constituencies. They would have to seek national 
constituencies. Consider the problem of the senators on the committee 
for sponsoring the budget. With a small national elected budget com- 
mittee, the incentives for efficiency would have been greatly modified. 
The budget committee focuses such national concerns as efficiency, the 
level of spending, and the deficit into a small group of nationally elected 
senators. The successful budget senator would want to increase govern- 
ment services to please constituents and at the same time reduce the 
level of spending in order to reduce taxes. 

Such an approach would seem impossible until one considers the sub- 
ject of government efficiency. With the advance of technology, govern- 
ment operations, like private operations, are capable of great increases 
in efficiency 14. The senate budget committee would create incentives 
for congressmen to concern themselves with efficiency of activities for 
which they had oversight responsibilities. In the bargaining process to 
obtain votes for the budget, the senators would trade improvements in 
efficiency for increases in activities of interest to constituents of congress- 
men, provided, of course that they were within the constraints imposed 
by a professional review. A successful budget senator could then cam- 
paign on the basis of how he increased services through efficiency and 
even achieved a slight decrease in taxes. A successful congressman would 
be able to claim an increase in the type of service desired by his con- 
stituents. 

Furthermore, congressmen in the administration oversight commit- 
tees would obtain increases in administrative efficiency through a va- 
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riety of approaches. One of these would be to authorize research to 
define more clearly the relationship between inputs and outputs. For 
those government services where these relationships could be defined, 
incentives systems could be created to promote productivity increases. 
Inevitably, part of budget outlays would be hardware and software en- 
hancements to achieve productivity advances. Where relationships be- 
tween inputs and outputs could be defined, improved performance by 
government managers could be rewarded by financial incentives. Part of 
this improvement would occur through the replacement of the perma- 
nent static bureaucracy by privatlzation is and management situations 
markets. 

Evaluation 

The key to good government is to create the appropriate incentives to 
use knowledge to translate vaguely defined general purposes into specific 
objectives and policies. In representative government politicians compete 
for power to articulate these objectives and policies and the general voter 
holds elected politicians accountable for their actions. The professional 
review improves the incentives in the system of checks and balances 
by providing the general voter with an easily understood measure of 
political performance which voters would use to evaluate incumbents. 
Nevertheless, the professional review would have strong incentive effects 
on the behavior of elected and appointed officiaJs only if such officials 
assumed that a professional review case would be filed the minute policy 
research established a government defect. 

Since all groups in society are negatively impacted by bad legislation 
and administration, any individual, firm, public or private institution 
could file a professional review case in court, but generally few would 
file such cases unless the estimated gain was greater than the estimated 
costs. Whether the professional review creates incentives for elected 
and appoiuted officials to incorporate general benefits, consistency and 
efficiency in all their actions depends on whether private parties would 
have sufficient individual incentives to file a professional review case on 
governmental defects established by analysis. 

Pursuing a professional review case would be costly. First, the court 
to avoid being overwhelmed by nuisance suits would require considerable 
impartial evidence such as professionally reviewed research to initiate the 
case. Second, pursuing a case to the Supreme Court is very expensive. 
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Finally, there is a free rider problem in that,  while the instigators of the 
case would have to pay their legal fees, the benefits are, frequently, widely 
distributed, and the instigators have no mechanism to recover costs from 
the beneficiaries. Thus, it is not obvious that sufficient professional re- 
view cases would be filed to create an incentive effect on legislators and 
administrators. 

From the perspective of costs, two factors lesson the burden. First, 
from the perspective of prospective initiators of professional review cases, 
the professional review is simply another tool that might be used to in- 
fluence government. Although pursuing a professional review case would 
indeed be expensive, it would be much cheaper than trying to mount 
a public relations campaign to galvanise public opinion into demanding 
legislative action. Second, as will be discussed in the next chapter, the 
right to learn could be interpreted as a requirement that the government 
must fund professional-review research, and to be efficient, such research 
monies would have to be awarded by an impartial peer group award 
system. This means that much of the research exposing conditions war- 
ranting a professional review will be publicly funded. Private sources 
would fund additional professional review research which would be per- 
formed by think tanks such as the Brookings Institute and the American 
Enterprise Institute. Once research has been published in a reputable 
journal, any party could use this research to initiate a professional review 
case. 

The motivation of firms in filing professional review cases would be 
self-interest. Consider the implications of a professional review on the 
current political economy. Previously the inconsistency in risk policy 
between old risks and new risks was discussed. Trade associations for 
firms subject to the more costly, higher standard screening for new risks 
would have a strong incentive to file a professional review case to receive 
treatment consistent as with that of old risks. The possible result of 
such a case might be to force the administration to implement a policy 
of comparative risk between old and new technology. Trade associations 
would have incentives to challenge regulations such as the environmental 
regulations which require uniform reduction in pollutants by all polluters. 
Most economists would argue that general benefits would be increased 
with a system which reached targets but allowed a market mechanism 
to determine the distribution of pollution between firms. 

On occasion, a trade associations might pursue an efficiency case to 
compel the administration to adopt technology proved efficient in sim- 
ilar operations in private industry. Many government activities, for in- 
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stances, the processing of information have similar operations in business. 
If the government falls behind accepted business practice, the vendors 
of the new technology would have incentives to press efficiency suits. 
Moreover, on rare occasions the trade association of one industry might 
use a professional review to challenge a government granted privilege, 
for example preferential tax treatment,  to a rival industry. 

Besides purely private professional review cases public agencies and 
public interest groups would file professional review cases to achieve their 
goals. A new President, who represented a shift in political philosophy 
from his predecessors, would consider the professional review a potential 
tool to prune the legislative legacy of his predecessors. Also, lower level 
governments would on occasion use the professional review to challenge 
legislation and executive actions of higher level governments. 

Public interest groups such as the Sierra Club, Common Cause, and 
Ralph Nader's group would use the professional review to promote their 
causes. They would probably ask that tobacco subsidies be eliminated 
as both inconsistent and lacking general benefits. Public interest groups 
would also insist on the basis of consistency that the oil industry be 
included in the effort to clean up toxic wastes with the Superfund. In 
addition, Mothers Against Drunk Driving, MADD, would probably press 
for a more consistent treatment of drugs and alcohol. Public interests 
groups would challenge the practice of bailing out failed large banks 
which protects the stockholders' assets and selling off the assets of failed 
small banks which generally leaves the stockholders with no assets. The 
small banks trade association might pursue this in the remote hope of 
obtaining a similar subsidy; however such a subsidy would be challenged 
as lacking general benefits. 

Many general benefit and efficiency professional reviews would be 
initiated by citizen watchdog groups such as taxpayers associations. Un- 
der general benefits, those activities which lack national benefits should 
be funded locally or by the recipients. For example, watchdog groups 
would use a professional review of general benefits to halt the efforts of 
the federal government in trying to protect homes built on barrier islands 
from the Atlantic ocean. Such groups would use efficiency professional 
reviews to obtain faster enactment of efficiency studies. President Rea- 
gan created the Grace Commission to study the efficiency of the federal 
government. After some study, the Grace Commission proposed that 
through greater efficiency the federal budget could be reduced some 400 
billion dollars without reducing services. Many of the Grace commission 
recommendations will be enacted over time, but re-election conflicts, 
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such as closing military bases, means the process will be a slow one. The 
professional review challenge of efficiency would speed up the process of 
achieving efficiency in government. 

Since many groups would have an incentive for pursuing judicial pro- 
fessional reviews, the number of these reviews should be sufficient to 
create the perception that, whenever research revealed deviations in leg- 
islation and administrative actions from the precedents set by profes- 
sional reviews, some interested party would surely file a judicial profes- 
sional review case. If this were the case, senators and administrators 
would carefully consider the precedents established in professional re- 
views in proposing legislation and administrative actions. Moreover, 
senators and administrators would take steps to correct any defect re- 
vealed by research prior to a trial. Once this happened, the number of 
actual judicial professional review cases to maintain the incentives could 
be quite small. The main effect of the judicial professional review would 
be the incentive effect on Congress and the administration. 

One consequence of the incentive effect of the professional review 
would be that given publicly funded elections, the relationships between 
senators and lobbying groups would change. Senators, while not be- 
holden to lobbying groups for campaign finance, would still need to 
maintain support of interest groups in a broad coalition in order to be 
re-elected. A senator would therefore be interested in legislative propos- 
als of interest groups in his coalition. In providing the type of legislation 
wanted by his coalition a senator would have to take precautions to re- 
duce the possibility of a rash of negative professional journal articles, 
or even worse, a successful negative professional review. Senators would 
insist that they had a budget for contract research to carefully analyse 
legislative proposals. They would also have an incentive to have each 
legislative proposal reviewed by prospective opponents of the proposal 
in order to ferret out those proposals which would not stand up to a pro- 
fessional review. A successful lobbyist would therefore need to be able 
to create proposals which could survive a potential professional review 
and, in attacking legislative proposals, know how to create a reputable 
analytic argument. A lobbyist's status would thus be based on both his 
persuasive and his analytic skills. In this way the professional review 
and public funding of campaigns does not eliminate lobbying, it merely 
changes the incentives. 

A second consequence of the incentive effect of the professional re- 
view would be research to continually refine the precedents for estab- 
lishing general benefits, consistency and efficiency. Liberals wishing to 
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promote government expansion would promote research to establish new 
forms of measurement of the benefits of government. At the same time, 
conservatives would promote research to demonstrate defects in positive 
measures of government benefits. Regardless of the political motivation 
such research would constantly refine the precedents for establishing gen- 
eral benefits. Likewise, research would constantly refine the precedents 
for consistency and governmental efficiency. 

And a third consequence of the incentive effect of the professional 
review would be a better adjustment to the accumulation of knowledge. 
Improvements in the estimation of the common weal are to be achieved 
by increasing the use of knowledge in this endeavor. As the social sciences 
and related disciplines advanced a basic requirement of general benefits 
would be established that legislation and administration be based on 
a complete formal analysis. Even with competing theories of behav- 
ior, the basic requirement for a thorough analysis would result in better 
government, since complete analysis places a check on poorly conceived 
legislation. If the analysis were so superficial that it is incorrect with re- 
spect to the stipulated theories, the law or administrative action would 
quickly be declared unconstitutional by a professional review. If the the- 
ories upon which the analysis supporting legislation were correct, then 
the law and administrative actions based on careful analysis would be su- 
perior to those based on ad hoc intuition. In the case where the theories 
upon which the legislation was based are subsequently proven incorrect, 
the professional review would provide a mechanism for much more rapid 
removal of the legislation than obtaining a majority vote of the legisla- 
ture. As soon as most of a profession rejected the theories upon which a 
law are based as false, the initiation of a professional review would result 
in the law being declared unconstitutional. As knowledge advanced the 
performance of legislation based on complete analysis should increase 
over the current practice of at best partial analysis. 

The estimation of the common weal can also be improved by innova- 
tions in the strategy for implementing governmental innovations, a topic 
which will be considered in the next chapter. 

N o t e s  and  R e f e r e n c e s  8 

1. This effort is in the spirit of the founding fathers in asking the question: 
What is an appropriate system of checks and balances for the 21st century. 
In searching for references for this book I was delighted to discover that the 
social choice theorists, after demolishing any prospect for a fair voting system, 
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place great emphasis on the system of checks and balances. For example see: 
Riker, W. H., 1982, Liberalism versus Populism: a Confrontation Between the 
Theory of Democracy and the Theory of Social Choice, (W. H. Freeman & Com- 
pany: San Francisco). Buchanan and Tullock provide a social choice analysis 
of constitutional democracy in their classic: Buchanan, James M, and Tullock 
Gordon, 1962, The Calculus of Consent: Logical Foundation of Constitutional 
Democracy, (University of Michigan Press: Ann Arbor) 

2. This approach is pursued in Masuda, Yoneji, 1981, The Information 
Society as Post-Industrial Society (Institute for the Information Society: Tokyo) 

3. In the 1960s Arthur Kantrowitz proposed a science court for making sci- 
entific judgments. For example, see: Kantrowitz, Arthur, 1967, Proposal for an 
Institution for Scientific Judgment, Science, 12 May, pp 763-764. This proposal 
was vigorously debated. For a negative analysis see Sofaer, Abraham, 1978, 
The Science Court: Unscientific and Unsound, Environmental Law, Vol 9:1, pp 
1-27. One of Professor Sofaer's arguments is that the administration has the 
technical competence to make such judgments and the science court is unnec- 
essary. In this design the Administrative Procedures Act is to be repealed and 
the Courts must make professional judgments. The judges in fact are necessary 
to attain separation of powers for judgments in fact as well as judgments in law. 

4. Recently (1991) Peter W. Huber made a passionate case in Galileo's 
Revenge: Junk Science in the Court Room (Basic Books: USA) that economic 
incentives, a relaxation of the Frey rule and the influence of Calabresi replacing 
common law has lead lawyers in liability cases to base their cases on the expert 
testimony of disreputable expert witnesses who, for a fee, will provide bogus 
plausible causation to win large settlements. Peter W. Huber recommends 
judges(-in-law) impose the Frey rule which would require expert witnesses to 
be mainstream scientists. In the design of this book, judges-in-fact would de- 
termine both the competency of expert witnesses and the standards of expert 
evidence. Over time through precedents, standards for expert testimony would 
be established by these judges-in-fact. 

5. The legal profession is well aware of the shortcomings of the advocacy 
trial. For example, see: Frankel, Marvin, 1976, From Private Fights Toward 
Public Justice, 51 N.Y.U.L. Rev, 516. It might appear to the legal profession 
that adopting cheaper dispute settlement procedures will lower their revenue. If 
the demand for legal services is elastic, however, creating less expensive dispute 
settlement procedures would enable lawyers to market their services to the 
masses, not just the wealthy, and as a consequence increase not decrease their 
revenues. 

6. The movement to analyze the impact of law on society goes back at least 
as far as the late 19th century. For example, see Monahan, J. and L. Walker, 
1985, Social Science in Law: Cases and Materials, (The foundation Press, Inc.: 
Mineola, NY). The requirement here is that this analysis should consider the 
social impact from the perspective of all relevant disciplines. Professor Ack- 
erman argues that the law needs to be analyzed on a broader basis than the 
Realist movement's concern for particulars and avoidance of formal analysis. 
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This is already taking place in tort law with the intrusion of Coase's theorem. 
See Ackerman, B. A., 1984, Reconstructing American Law, (Harvard University 
Press: Cambridge). The creation of judges in fact would accelerate the trend 
towards formal analysis of law and legal precedents by the relevant disciplines. 

7. From 1897 to 1937 the Supreme Court used the economic interpretation 
of the 14th amendment to strike down state government attempts to regulate 
industry as an intrusion in the right of contract. The current criterion is much 
weaker than the economic interpretation of the 14th amendment. If almost 
all professionals believed that for a particular regulatory activity, the cost of 
government regulation was greater than the social benefits, the new criterion 
would achieve the same result as the economic interpretation of the 14th amend- 
ment. If professionals were divided as to the costs and benefits of government 
regulation, the regulation would pass the new criterion. 

8. See: Huber, Peter, 1984, Discarding the Double Standard in Risk Regu- 
lation, Technology Review, Jan, pp 10-14 

9. With the advancing social nervous system the possibility of implement- 
ing revealed demand mechanisms increases. For example, see: Green, J. and J. 
Laffont, 1979, Incentives in Public Decision-Making, (North Holland: Amster- 
dam) 

10. In a clinical study of several recent political innovations Polsby dis- 
covered that the more controversial an act the more carefully it tended to be 
analyzed. See: Polsby, N.W., 1984, Political Innovation in America: The poli- 
tics of policy initiation, (Yale University Press: New Haven) 

1 i. I assume the candidates would be elected by simple majority vote. 
In the event some candidate failed to obtain a majority the voting procedure 
could be either alternative vote or perhaps a run-off of the two candidates 
with the most votes. Social choice theorists have demonstrated the negative 
conclusion that all voting systems are liable to manipulation. See: Gibbard, 
A., 1973, Manipulation of Voting Schemes: a General Result, Econometrics, 
41, pp587-601 and Satterthwaite, M. A., 1975, Strategy-Proofness and Arrow's 
Conditions: Existence and Corresponding Theorems for Voting Procedures and 
Social Welfare Functions, Journal of Economic Theory, 10,pp187-217 

12. Immigration and Naturalization Service v. Chadha, 103 U.S. 2764 
(1983) 

13. Tile first input-output budget initiated at the federal level was planning- 
programming-budgeting(PPS) in 1965 at the Pentagon under Robert S. McNa- 
mara. This form of budgeting was extended to the entire government under 
the Johnson administrat'on but then dropped by the Nixon administration in 
1971. Another form known as zero based budgeting(ZBB) was tried without 
great success by the Carter administration. This form of budgeting upset politi- 
cal relationships, required many more analysts than existed and underestimated 
the conceptual problems in determining the relationships between inputs and 
outputs. For a discussion of this form of budgeting see, for example: Lyden, 
F.J. and E. G. Miller (Eds), 1982, Public Budgeting: Program Planning and 
Implementation, 4th edition, (Prentice-Hall, Inc: Englewood Cliffs, N J). This 
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form of budgeting has severe critics. For example, see: Wildavsky, A., 1988, 
The New Politics of the Budgetary Process, (Scott, Foresman and Company: 
Gienview, Ill). With advances in economics and operations r.esearch over time 
the number of analytic tools to analyze the relationships between inputs and 
outputs will increase. Very gradually budgets based solely on inputs will be 
replaced. 

14. Ronald Reagan appointed J. Peter Grace to head the Private Sector 
Survey on Cost Control. The Grace Commission discovered that $424 billion 
could be cut out of the budget by eliminating waste and efficiency. For a 
summary of the work of the Grace Commission see: Kennedy, W. R. Jr and 
It. W. Lee, 1984, A Taxpayer Survey of the Grace Commission Iteport, (Green 
Hill Publishers: Ottawa, Iil). To achieve efficiencies such as suggested by the 
Grace Commission would require much stronger incentives for efficiency than 
are currently the case. 

15. See: Savas, E. S., 1987, Privatization: The Key to Better Government, 
(Chatham House Publishers, Inc: Chatham N J) 



Chapter 9 

G o v e r n m e n t a l  
D e c e n t r a l i z a t i o n  

Introduction 

In this Chapter additional governmental modifications to promote gov- 
ernmental innovation will be proposed. As was pointed out in Chapter 
1, the rate of governmental innovation should be commensurate with 
the rate of private invention and innovation. And as was pointed out 
in Chapter 2, the current rate of governmental innovation is seriously 
deficient. Modifications to government were proposed in Chapter 8 to 
promote governmental innovation through a better estimate of the com- 
mon weal. In this chapter modifications to obtain a better strategy for 
implementing governmentM innovations will be proposed. 

To promote a level of public innovation commensurate with private 
invention and innovation, the government would greatly increase its pro- 
motion of two types of discoveries. The first type would be discoveries 
which create new opportunities for governmental innovations. Discov- 
eries in many disciplines would promote governmental innovation. For 
example, the future governmental control of negative externalities such 
as pollution would place much more emphasis on creating incentives for 
the participants to reduce the negative externality themselves. Conse- 
quently, discoveries in the social sciences which would provide new in- 
sights into the implications of alternative incentives systems would create 
new opportunities for innovations in environmental incentive systems. 
For another example, some discoveries in operations research would cre- 
ate new opportunities for governmental efficiency. Also, some types of 
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computer science discoveries would create innovations in governmental 
data processing. 

The second type would be discoveries which provide new improved 
tools for analyzing alternatives in governmental tasks. A governmental 
innovator, like other innovators, must forecast the potential performance 
all the proposed alternatives. The long range goal should be to make the 
analysis of potential alternatives for innovation much like the current 
analysis of alternatives in invention using tools of computer assisted en- 
gineering or like the analysis of business alternatives using spreadsheets. 
For governmental innovation, the software tools for analyzing the alter- 
natives would be simulation programs to forecast the cost and behavioral 
consequences of selecting each of the alternatives. Consequently, in or- 
der to improve innovation performance, government should take steps 
to promote discoveries which would increase the predictive capability of 
the social sciences. 

To promote these two types of discoveries, governmental modifica- 
tions would include revising current information policy and much greater 
governmental reaearch support for these two types of discoveries. The 
scientific information policy discussed in Chapter 7 would increase the 
rate of discovery promoting public innovation. In addition, as was pro- 
posed for private innovation, government would increase the funding for 
basic research promoting public innovation, and part of this funding in- 
crease would sponsor a much larger number of social experiments. Such 
increased innovation-promoting research funding would be required to 
better balance the high levels of invention-promoting research funding. 

However, many more governmental modifications to promote inno- 
vation are required in addition to creating better tools for analyzing 
alternatives and new opportunities for innovation. Even with the pro- 
fessional review to keep estimates of the common weal in compliance 
with the precedents established for general benefits, consistency and ef- 
ficiency there will generally be competing estimates of the desirable so- 
cial objectives for any task assumed by government. For example, for 
the foreseeable future there is unlikely to be any precise agreement on 
the best tradeoff in th£ conflict between environmental preservation and 
economic growth. Empirical observation of the consequences of different 
objectives would be necessary in order to obtain a better estimate of the 
common weal. 

And in the foreseeable future, while the predictive performance of the 
social sciences is likely to improve considerably, the social sciences are 
unlikely to develop to the extent that the consequences of government 
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alternatives can be precisely forecasted prior to the actual implemen- 
tation. This means that simulation tools will be useful for reducing a 
large number of potential alternatives to a few promising alternatives, 
but that actual implementation of each promising alternatives would be 
necessary to accurately rank them. 

Finally because of the limits of knowledge, obtaining good perfor- 
mance out of the implementation of a chosen policy alternative would 
require much applied discovery in order to achieve the best results from 
that alternative. A critical factor in governmental innovation, then, is 
the strategy for implementation. 

Given such difficulties, the key to developing a better strategy for im- 
plementing governmental innovations is the creation of a more rational 
criteria for governmental decentralization than the current purely polit- 
ical criteria. To consider how this might be accomplished let us start 
by reviewing the current status of governmental decentralization. The 
Supreme Court interpretation of the 10th amendment determines the 
amount of decentralization from the federal government to the states. 
Originally the states were to have all powers not explicitly assigned to 
the federal government. With the growth of the federal government 
in the 20th century, the Supreme Court creatively interpreted the 10th 
amendment to sanction the expanding role of federal government. Under 
the Garcia precedent, federal decentralization to the states is now solely 
determined by the federal political process. And since the 19th century 
Dillon rule, government decentralization below the level of the states is 
totally a prerogative of the state governments 1. Thus current decentral- 
ization of governmental activities is determined by legislative whims at 
the federal and state levels, For example, the Bush administration in 
order to reduce the federal deficit is decentralizing federal governmental 
activities to the states. 

What would curtail legislative whims in governmental decentraliza- 
tion in informational society is the professional review. Under such a 
review governmental decentralization, like all other governmental acts, 
would have to have the properties of general benefits, consistency and 
efficiency. By the definition of governmental innovation if implementa- 
tion of a new governmental decentralization criterion leads to a higher 
rate of innovation, it implies better performance as measured by the 
true, but unknown common weal. Thus such a new criterion would have 
general benefits. The consistency criterion implies that governmental 
decentralization should operate under a consistent policy which would 
be created by the development of rational criteria for decentralization. 
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The efficiency criterion implies that government activities should be as- 
signed to the level of government at which they would be most efficiently 
performed. 

In this chapter we shall propose rational decentralization criteria 
which balance the need to place governmental activities at the most 
efficient level against the need for greater variation to achieve a higher 
rate of innovation. Also in order to obtain more effective strategies for 
implementing governmental innovations, we shall propose that the cur- 
rent government be restructured to place governmental activities at their 
proper level. Once this is done the professional review would be employed 
to maintain rational criteria for governmental decentralization which in 
turn would result in improved strategies for implementing governmental 
innovation. We shall then forecast the operation of the decentralized 
government of informational society. 

Ideal Governmental  Decentral izat ion 

The starting point for reorganizing governmental decentralization in or- 
der to increase governmental innovation is to consider the defects in the 
current governmental decentralization. The original design attempted 
to completely separate the functions of federal and state governments 
to achieve a concept of dual sovereignty. However, in the subsequent 
expansion of government most new government functions were decen- 
tralized with more than one level of government performing tasks of the 
new functions. For example in the implementation of the Clean Air Act, 
the federal government set the standards and states and cities had to 
submit plans for implementing the standards. 

The problem is that the current decentralization of governmental 
tasks does not pay much attention to either efficiency or effective learn- 
ing. An example of inefficiency is that funding social programs at the fed- 
eral level and operating them at the state level leads to overpayments 2. 
An example of failure to learn is that in developing a plan to imple- 
ment the original federal clean air standards, the cities and states were 
not allowed to experiment with alternative incentive systems to achieve 
the targets 3. This lack of variation seriously limited empirical learning 
needed for improving performance over time. 

A rational criteria for the decentralization of governmental tasks must 
balance considerations of improving governmental innovation with con- 
siderations of governmental efficiency. Let us first consider how appro- 
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priate decentralization of governmental tasks can improve innovation. 
Currently, the most common strategy for implementing governmental 
innovations is the improvisatory strategy where government implements 
a plan and improves the performance through learning by doing. De- 
centralization of government tasks would greatly improve strategies for 
implementing government innovation as decentralization would enable 
government to shift from an improvise to a separation strategy for inno- 
vation. As was pointed out, the separation strategy, which is applicable 
to cases with a large number of similar tasks, is implemented by sepa- 
rating the research task from the operational task. 

With a separation strategy for governmental innovation the govern- 
mental function is partitioned into tasks with the federal government 
performing research and development while subordinate governments 
perform the operational tasks of the government function. This strategy 
has been used since 1900 in agricultural research and since since World 
War II has been initiated in some types of social policy. National social 
policy now is increasingly based on pilot projects, demonstration studies 
and social experiments. For example, the social experiments in income 
maintenance provide some empirical knowledge for future tax policy for 
low income groups. 

Nevertheless, because most research promoting governmental inno- 
vation would involve humans, such research would face restrictions not 
found in research on inanimate objects. This is because in many cases 
systematic experimentation requires negative treatments on some indi- 
viduaJs. For example, positive variations in copayments with government 
medical insurance to test alternative demands for medicine can be con- 
strued as a negative stimulus, since a destitute person would conceivably 
forego a treatment which could save his life. In informational society 
under current law 4 variations which could have a negative effect would 
require informed consent. Thus an experimental design which wished 
to incorporate negative or risky treatments would have to consider the 
need to compensate subjects for accepting the risk. Consequently where 
possible, research in governmental functions would focus on variations 
in treatments where all the variations have a neutral or positive effect 
on the participants. Such would be the case in the testing of new educa- 
tional software on selected schools with a control group which does not 
have the new software. 

However, as the governmental research task would be performed re- 
gardless of whether the operational tasks of the governmental function 
were decentralized, the advantage of decentralization of operational tasks 
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requires further clarification. In the proposed governmental decentraliza- 
tion if a task is assigned to a subordinate government, this government 
must be granted some control over both the setting the objectives of 
the task and selecting the alternatives to achieve the selected objective. 
And as will be subsequently discussed the subordinate government could 
file for an experimental variance to gain greater control than granted by 
the superior government. For example in the current decentralization of 
medicaid to the states, the states h~ve little control Over the objectives 
Of the program of the choice of alternatives. Under the proposed type of 
~i~ntralization i f  th~ t u k  ~I" pr~vldinl~ m~dlcal Jervlces we~ decQntral- 
ized tb th~ st~ttes the states would determine both the obJeetlves and the 
policy to achieve the selected objective. Thus with the decentralization 
of a task, it is likely that different subordinate governments will select 
different objectives as being the best estimate of their respective com- 
mon weal. Such empirical differences are needed to improve the estimate 
of the common weal over time. 

In addition, with the decentralization of a task the differences be- 
tween subordinate governments in terms of political beliefs and accepted 
theories also make it likely that more than one policy alternative would 
be implement by these subordinate governments. Decentralization would 
also increase because policy variations among subordinate governments 
would not require informed consent. For example, if operational con- 
trol of medical insurance were passed from the federal government to 
the states, variation in copayments among the states would not require 
informed consent of the recipients of medical insurance unless a state 
wanted to vary copayments within the state. Thus decentralization of 
governmental tasks is very much likely to increase the variation in risky 
tradeoffs. To further enhance variation on a more systematic fashion, 
higher levels of government could offer lower levels of government incen- 
tives to try new alternatives. Finally, with more governments implement- 
ing alternatives competition will encourage immediate implementation of 
any successful features in implementation. 

An additional factor favors decentralization in promoting innovation. 
The federal government's role in research would be enhanced because 
part of the research role would be in carefully measuring and evaluating 
the differences in objectives, policy alternatives and their implementa- 
tion by subordinate governments. This analysis, as will be subsequently 
demonstrated, would be distributed to voters is such a fashion that it 
would galvanize them into demanding higher performance from their 
elected officials in the subordinate governments. Such demands would 
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increase the properties of general benefits, consistency and efficiency in 
the estimates of the common weal by subordinate governments. And the 
competition between subordinate governments would greatly increase 
the concern for efficiency leading to much more rapid imitation of suc- 
cesses. Also, decentralizing activities from the federal government would 
simplify the federal government which consequently, would reduce the 
amount of intensity bias at the federal level. 

Now let us consider the efficiency factor in governmental decentral- 
ization. It is obviously inefficient to decentralize some governmental 
functions such the military, foreign policy and monetary policy. Al- 
though such governmental functions should not be decentralized, the 
government should consider more systematic policy variations over time 
to learn more; however, this topic will not be pursued in this book. 
Decentralization of other governmental functions, such as automobile 
safety standards, could add costs to national businesses who would have 
to modify their products to meet subordinate government policies. Such 
businesses could lose economies of scale in production. Thus, the ef- 
ficiency of decentralizing a governmental task must consider both the 
efficiency of performing the task itself and its impact on the political 
economy. 

The development of a decentralization plan must be based on bal- 
ancing efficiency and effective learning. For this purpose, government 
should be more decentralized and have greater variation at lower levels 
of government than is the case today. Most groups in society seriously 
underestimate the need for variation in government. Frequently in public 
policy debates, such as national educational testing or workplace child 
care, one faction or another raises a clarion call for the need for a na- 
tional policy. Such groups fail to understand that a national policy is a 
poorly defined experiment with a sample of one. Given equal treatment 
under the law, nothing is learned about the alternatives. In as much 
as social problems usually continue for decades, variation is needed to 
obtain empirical information in order to make systematic improvements 
in performance over time. 

In addition, advances in the political economy are making increas- 
ing decentralization more efficient. In the 1930s there were economies 
of scale in placing social programs at the federal level because of the 
small number of trained experts in the political economy. Today with 
the great expansion of professional education, the supply of trained ex- 
perts is sufficient to enable all levels of government to obtain competent 
help. Because the need to place governmental tasks at high levels of 
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government in order to obtain experts is not likely to be a factor in the 
future, administration of smaller programs can be just as effective as 
larger programs. In addition, advances in automation and the resulting 
reduction in the costs of batch production will enable industry to re- 
spond much more cheaply to variations in regulations which are needed 
to promote learning. Finally, advances in decision support systems will 
enable decision makers to quickly, cheaply deal with greater variation in 
governmental policies. 

To implement this decentralization theory into government, two steps 
are proposed. First, the various functions and tasks of government would 
be initially reorganized in order that a separation strategy for governmen- 
tal innovation could be employed whenever decentralization is efficient. 
Second, decentralization criteria would become part of the professional 
review in order to maintain ideal decentralization as the political econ- 
omy advances. 

Thus under the proposed reorganization, operational control over 
current governmental functions and tasks would be transferred to the 
lowest governmental level where they can be efficiently performed. And 
for this criterion efficiently refers to the overall political economy and 
not just government. The federal government would fund most research 
promoting innovations in government activities at all levels of govern- 
ment. Lower levels of government with operational control over pro- 
grams would then be able to select the most promising alternatives for 
implementation. However, obtaining a better governmental innovation 
strategy requires much more than greater decentralization. Governmen- 
tal organization and elections need to be much more sharply focused so 
that bounded rational voters would demand better performance from 
their elected officials. 

In order to obtain a more focused government, governmental func- 
tions and tasks would be reorganized into a four level government. The 
first two levels would remain the federal and state governments. Under 
the new design, the role of the federal government would be international 
affairs both military and political, basic constitutional human rights, the 
coordination of state activities, and the operation of programs with very 
large economies of scale. An example of an activity with very large 
economies of scale would be the research task of the separation strat- 
egy for govermnental innovation. However, the federal government does 
not have economies of scale in operating programs for individuals and 
local concerns such as communities and small business. In such pro- 
grams, most operational attempts of government to reduce individual 
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risk through product safety, worker safety, and household safety should, 
therefore, be focused at the state level. The operation of most social 
programs, such as social security and welfare, would be transferred to 
the states. 

Currently, the states vary enormously in size, population and re- 
sources. In order to make decentralization of governmental programs 
by the efficiency criterion uniform across states, the boundaries of the 
states would be reorganized such that the variations in size, population 
and resources of the various states would be greatly reduced. Under the 
proposed design, the role of the states would become promotion of the 
state economy and risk management where risk management includes 
welfare and the regulation of local hazards and the state environment. 

Major reorganization would be required below the level of the state 
government. Currently below the the state governments are a large va- 
riety of local governments with overlapping jurisdictions. These local 
governments include municipalities, counties, towns and townships, and 
a variety of special purpose and hybrid arrangements. The fastest grow- 
ing category of government is the special purpose district to provide 
services such as schools, fire protections, and water. Because voters are 
bounded rational and have limited resources to devote to ensuring public 
officials are held accountable, this complex structure should be simplified 
to two levels of elected government. These two levels of government in 
urban areas would be metropolitan and town government. In rural ar- 
eas the government level corresponding to the metropolitan government 
would be the district government where the district would comprise a 
large area with common features such as the same agricultural crops. 
The government for local rural areas in districts would be the county. 

The role of the metropolitan government would be to govern the lo- 
cal political economy with an emphasis on the production of metropoli- 
tan wide services. How much metropolitan governments would use spe- 
cial purpose governments to produce metropolitan services would vary 
greatly. The role of the town government would be to promote the com- 
munity lifestyle. The roles of the district and county governments would 
correspond to their urban counterparts. 

As technology and knowledge advance after the initial restructuring 
of government, the ideal governmental decentralization would gradually 
change. To maintain an ideal decentralization the professional review 
would be employed. In the operation of the professional review those 
activities which were constitutionally specified to reside at particular 
levels of government would stay at those levels, but all other activities 
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would be controlled by the principle of decentralization. 
Consider how the shift of those activities not constitutionally man- 

dated at a particular level of government would occur. Governmental 
functions and tasks would be transferred from all subordinate govern- 
ments to a higher government any time the higher government passed a 
legislative act for such a transfer. Such an upward transfer would not 
require a professional review, but could be challenged in a professional 
review suit by any of the subordinate governments involved. However, 
a decentralization professional review would have to be filled by a sub- 
ordinate government wishing to decentralize a governmental function or 
task. In such a case depending on their analysis the judges could dismiss 
the case, decentralize the function or task, or grant the filing government 
an experimental variance. 

In deciding whether a particular governmental task should be decen- 
tralized the judges would have to weigh the efficiency of decentralization 
against the value of additional variation through decentralization s . The 
economies of scale criterion translates to mean that government activi- 
ties should be assigned to the level of government which can most effec- 
tively perform them. The knowledge criterion means that the less that is 
known about the consequences of alternatives for a government activity, 
the lower the level of government to which the activity should be as- 
signed. The tradeoff between the economies of scale and the knowledge 
criteria requires that the vMue of future learning be compared with the 
value of economies of scale. There is, for example, some value in accept- 
ing a slight loss in economies of scale if placing the activity at a lower 
level generates much greater empirical consideration of alternatives and 
more imitation from a larger number of other governments at the lower 
level. Tile hidden cost of placing activities at too high a governmen- 
tal level, especially without variation over time, is the loss of empirical 
knowledge about alternatives. 

If the opinions were in agreement that a particular governmental task 
was being performed at the appropriate level the case would be ruled in 
favor of the defendant, the higher level of government. And if the opin- 
ion were in agreement that a particular governmental task should be 
decentralized, the task would be assigned to the appropriate level of 
government. For some activities the consideration of economies of scale 
will be sufficient to place an activity at the proper level, but for many 
activities, where the value of economies of scale must be weighed against 
the value of increased learning, reputable analyses could differ as to the 
most appropriate level of government. For governmental functions and 
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tasks for which the some judges agreed that decentralization was appro- 
priate, the subordinate governments would have the right to petition for 
an experimental variance. 

In proposing an experimental variance, the subordinate government 
would have to demonstrate what could be learned by the variance. In 
some cases several governments at the same level might jointly propose 
an experimental design to obtain an experimental variance from the 
higher level of government. In cases where lower levels of government 
applied individually for variant roles, they would propose demonstration 
projects or pilot studies, and each of these individual pilot projects would 
have to offer a unique learning approach. 

To encourage numerous experiments in government lower levels of 
government would have incentives to press for decentralization. If a 
lower-level government won a decentralization case, either by the de- 
centralization criterion or by an experimental variance, the lower-level 
government would obtain the funds that would otherwise have been spent 
by the higher-level of government for performing the same task. 

An example of a potential candidate for an experimental variances 
in the triple damages award for antitrust violations in civil actions. If a 
large firm, for instance, tries to bankrupt a small firm through predatory 
business practice, the small firm can sue the large firm in civil action to 
recover triple damages. The positive effect of this award is the creation of 
incentives for firms to avoid predatory practices. But at the same time, 
the negative aspect of this award is that triple damages may create in- 
centives for small firms to file too many suits of questionable merit, that 
is, nuisance suits. With triple damages the national standard since 1914, 
we do not know the consequences that might result from double damages 
or from an award based on the inverse probability of being caught. Con- 
sequently, a state or groups of states could file for experimental variances 
in the amount of the award or the creation of a variable formula. 

In the proposed design, a subordinate government could file for an ex- 
perimental variance in the precedent of the judiciary one level above the 
subordinate government. Many court decisions involve difficult tradeoffs 
such as those between individual rights and the needs of society. When 
the court makes a single precedent, no empirical knowledge is gained con- 
cerning the consequences of possible alternative precedents. In an area 
of law undergoing rapid change, then, a multiple precedents would be 
useful to empirically determine the best precedent. Multiple precedents 
would be made operational through the professional review. If in setting 
a precedent the minority issues a minority opinion in conflict with the 
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majority opinion, this minority opinion forms the basis for a subordinate 
government to file for an experimental variance in the majority precedent 
on the basis of the minority opinion. 

The experimental variance applied to legal precedents would greatly 
change the dynamics of precedent setting when the majority of a court 
shifts from liberal to conservative or vice versa. Under the current oper- 
ation of the judiciary the political shift of the majority of a court results 
in a corresponding shift in the political interpretation of the precedents. 
With the right of an experimental variance unless the judges were unan- 
imous subordinate governments opposed to the majority would file for 
experimental variances. Thus a political shift in the majority would sim- 
ply change which subordinate governments were filing for experimental 
variances. With more variation in precedents empirical knowledge of 
their effect on the political economy would be gained more rapidly. 

Federal  R o l e  in D e c e n t r a l i z a t i o n  

The role of the federal government in the proposed governmental design 
would be to perform only those governmental functions and tasks within 
these functions for which the federal government were clearly more ef- 
ficient than subordinate governments. Included among these functions 
would be most of the original functions of the federal government such 
as defense and foreign affairs. While the initial decentralization would 
transfer many operational tasks of the newer multilevel governmental 
functions to subordinate governments, the federal government would re- 
tain some operational tasks in most multilevel governmental functions. 
In addition, for all tasks performed by subordinate governments the fed- 
eral government would perform the research and development task in 
the separation strategy for governmental innovation. 

To illustrate why the federal government would retain some opera- 
tional tasks in multilevel governmental functions consider environmental 
regulation. Currently it is more efficient for corporations to lobby for 
federal environmental regulations than to lobby for state environmental 
regulations. At the federal level they can reduce their lobbying costs 
and achieve a single national standard less restrictive than the stan- 
dards adopted by the most environmentally activist states. Thus the 
current political criterion for environmental regulation create economic 
incentives for placing environmental regulation at the federal level. 

The decentralization criteria would shift some but not all environ- 
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mental regulation to the states. To take a specific example, acid rain is 
a national and international problem which cannot be effectively decen- 
tralized to the states; hence, the regulation of the environment would 
remain a joint federal and state activity. For example, it is hard to ar- 
gue that the federal government has economies of scale in regulating the 
internal environment of houses and offices because the variation in state 
standards would provide much useful empirical information concerning 
the costs associated with the various safety standards. This empirical in- 
formation would lead to better performance through imitation. Thus the 
federal government would retain control over such environmental prob- 
lems as acid rain and other air and water pollutant flows between states 
and national borders. The states would have operational control over 
environmental standards and incentive systems within their boundaries 
as long as they meet the pollutant standards at their borders. 

Similarly, while the regulation of most aspects of industrial safety 
would be transferred to the states, some aspects would not be trans- 
ferred. Nuclear power regulation would not be decentralized because the 
consequences of a nuclear meltdown can be so catastrophic over such a 
large area. 

However, the decentralization of governmental tasks would increase 
the role of the federal government in coordinating these tasks performed 
by subordinate governments. For example, as was pointed out decentral- 
ization of more environmental regulation to the states would increase the 
need for federal coordination. And in its role as a coordinator the fed- 
eral government would be subject to a professional review as in all its 
other tasks. For example, under the professional review if the federal 
government tried in induce all states to raise the drinking age from 18 to 
21 by threatening to withhold highway trust funds, many states would 
immediately file professional review suits for decentralization. At the 
very least some states would win experimental variances. 

Also, for all decentralized governmental tasks the federal government 
would assume the research and development task for governmental in- 
novation, tlence the federal government would continue to perform sys- 
tematic experiments to test drugs and the impact of chemicals on the 
environment. Also, the federal government would perform more social 
experimentals to test alternatives theories underlying policy choices. But 
because of the risk factor not all policy alternatives could be systemat- 
ically tested prior to implementation by subordinate governments. In 
these cases the federal government would systematically analyse the con- 
sequences of subordinate governments adopting different objectives and 
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policy alternatives. 
Whether or not decentralization would increase empirical learning 

about the decentralized government policies would depend on the choices 
made by subordinate governments. To be sure, decentralization would 
give subordinate governments a larger role in estimating the common 
weal; consequently, decentralization would increase the number of esti- 
mates of the common weal which could be selected simultaneously. In 
itself, however, decentralization would be insufficient to guarantee that 
the choices made by the states would exhibit enough variation to pro- 
vide useful empirical information concerning alternatives, because every 
subordinate government could conceivably choose the same alternative. 
Variation would be likely to occur only if there were variations in po- 
litical philosophies and a number of competing theories about how to 
achieve objectives. 

Under the proposed design several factors would lead to greater vari- 
ation in the estimates of the common weal and of the associated goals 
and means. First, as will be discussed the redistricting of states each 
decade would result in greater variation among the states. In addition, 
as freedom of location increases, individuals would be more likely to se- 
lect a state, metropolis and town which would match their tastes, thus 
accentuating the differences among the subordinate governments. Be- 
cause there would likely be more political variation among states than 
there is currently, the subordinate governments would be likely to vary in 
their estimates of the common weal. And assuming the current contro- 
versial nature of the social sciences continues for the foreseeable future, 
the selection of policies would also likely vary among subordinate gov- 
ernments. 

While differences among states, in terms both of political philosophies 
and social theories, would produce considerable variation in policies, the 
amount of variation would likely be less than ideal in promoting empirical 
learning. Elected politicians would be interested in producing results by 
the next election, whereas the benefits of social experimentation would 
frequently be long-term. Thus incentives operating on elected politi- 
cians would encourage them to select the alternative with the greatest 
short-term performance. Alternatives which might produce much better 
long-term results, but which involve short term risks, would not likely be 
considered. In the proposed decentralization scheme, the responsibility 
for providing incentives for lower levels of government to empirically test 
alternative approaches would rest with the federal government, This 
is because under decentralization, the benefits in increased knowledge 
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would be nationwide, whereas the consequences of accepting risk would 
be local. To encourage risk taking by lower levels of government, the fed- 
eral government would provide subsidies to induce lower levels of govern- 
ment to try new alternatives. The federal government might fund part 
or all of the proposed experimentation, or might even provide a bonus 
to states for trying a new approach to solving a particular problem. To 
reduce its costs, the federal government would encourage lower levels of 
government to apply for experimental variances. For example, it might 
be more cost effective to subsidize a major metropolitan government in 
applying for an experimental variance to test a new alternative than to 
subsidize a state government for the same thing. 

State Government: Organization 

As the political economy is currently constituted, the wide disparity 
among states in terms of size, population, and resources implies that for 
any decentralization scheme based on economies of scale, decentralization 
from federal government to the state governments would vary from state 
to state. A simpler decentralization system would require that the states 
be reorganized in such a way as to promote a uniform decentrMization. 

To determine the appropriate size of the reorganized states, the 
economies of scale in business as well as government must be consid- 
ered, since complying with the greater variation in state laws resulting 
from decentralization would mean higher costs for producers due to some 
loss of economies of scale, although these costs would in time decline 
with the growing flexibility made possible by automation. To avoid this 
greater variation altogether, however, would be to incur the cost of fore- 
gone empirical learning about how to continually create a better political 
economy. 

Achieving a compromise between these costs means that states must 
be made large enough to comprise a market with economies of scale and 
at the same time must have economies of scale in operations of govern- 
ment. In order to meet these requirements, each state should be large 
enough have at least one research university and a sufficiently large pro- 
fessional talent pool that would enable the state to form its own opinions 
about risk management. Bearing these stipulations, this book proceeds 
on the assumption that the various states should contain a population be- 
tween 5 and 20 million people. Given our current arrangement of states, 
then, several of the less populated states would have to be combined into 
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larger units. 
The method proposed here for maintaining the states with sufficient 

resources and size in an environment of constantly changing patterns of 
technology and state growth is to redraw state boundaries each decade 6 
Since congressmen would be interested primarily in redistricting that 
would maximize their reelection chances, the nationally elected repre- 
sentatives, the senators would draw up three alternative plans to be 
submitted to the voters for choice. These alternatives would have to be 
approved by the President and could be subjected to a professional re- 
view before being submitted to the voters. The criterion for redistricting 
should be cluster analysis, a statistical technique used to group entities 
with similar attributes, to create states with internally homogeneous in- 
terests. Thus organized, states would promote homogeneous interests in 
such a way as to satisfy the general benefits criterion of the professional 
review. 

A consequence of reorganizing the states every decade would be 
a greater difference in the political economy of the states than cur- 
rently. Reorganization each decade to create states with internally ho- 
mogeneous economic interests would imply greater heterogeneity among 
states. Also, with increasing freedom of location of individuals, differ- 
ences in political philosophy would also be accentuated. For example, 
the states have the right to file for experimental variances on the rul- 
ings of the Supreme Court. Consequently, states with a liberal majority 
would file for the liberal minority precedent when the court majority 
was conservative and conservative states would take similar action when 
the majority of the Supreme Court was liberal. Thus with freedom of 
location states would tend to attract individuals and households with 
similar views. 

These heterogeneous political economies would evolve different ar- 
rangements for state government. This is because given the principle of 
decentralization, the task of organizing state government would fall to 
the individual states. Some would maintain the more traditional two- 
house legislature while others might modify the legislature to parallel 
the proposed federal legislature. Similarly, the manner in which states 
implemented the concept of a professional review of government would 
vary considerably. As the state governments would be assuming many 
operational considerations from the federal government, they would be 
delegating many government responsibilities to the next level of govern- 
ment, the metropolitan governments. 

Nevertheless, a common theme among the state governments would 
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be the development of more technical capability in order to perform in 
their expanded roles. This means that all states would move to full-time 
legislatures with professional salaries such as California and New York 
currently have, and all states would have to upgrade the quality of their 
professional staffs in the state bureaucracies. Such a move would be a 
projection of current trends 7. 

S t a t e  G o v e r n m e n t :  R o l e  

Under the new design, the role of the state government is to promote 
the state economy and to take operational control over most government 
programs for individuals, such as social programs and risk management. 
Because revenues would be redistributed according to this redistribution 
of legislative responsibilities, the states would have the resources to fund 
the activities acquired from federal control. This redistribution of funds 
and responsibilities, however, places more of the burden of estimating 
the common weal on the shoulders of the state governments. Thus the 
state governments would face more difficult problems than currently. 

One such problem would be the promotion of the state economy. 
Traditionally states have promoted business through investments in the 
infrastructure, for example, by financing roads, schools and amenities, 
such as state parks which also promote economic activity by attracting 
a quality workforce. States would continue to perform many tasks in 
these functions and through the decentralization criterion delegate the 
remainder to the metropolitan governments. 

One current method of promoting economic activity would be sharply 
curtailed. Today, states and municipalities try to attract  business by of- 
fering tax and other incentives and as should be expected, businesses use 
this state and local competition to their advantage to obtain the best 
deal. Empirically these incentive plans have proven ineffective in pro- 
moting economic activity s. Given the professional review, such practices 
would be successfully challenged both on the grounds of efficiency and 
lack of general benefits. 

The aspect of economic promotion which would present the states 
with an extremely difficult problem would be efforts to accelerate the 
transfer of technology from research to the marketplace. The problem as 
was pointed out in Chapter I is that basic research is a public task funded 
by government and invention is a privately funded task. The difficult 
problem is knowing where to draw the line between public and private 
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promoting of research in the continuum between basic research and new 
products. To promote better government innovation the federal govern- 
ment would fund only basic research and general applied research leaving 
the state governments to fund all activities directed towards transferring 
federally funding research to the private sector. A state which develops 
a better means of transferring knowledge from the public research to pri- 
vate startups, would enjoy increased prosperity by promoting new types 
of industries displacing older industries. A state which completely fore- 
goes such promotion would forego the benefits of expanding industries. 
At the other extreme a state which funds too many promotion attempts 
would likely end up with expensive boondogles. 

A second difficult problem each state would face would be welfare 
and social programs. In the initial of governmental functions and tasks 
most social programs such as social security would be transferred to the 
states. Thus each state would be responsible for retirement programs, 
medical programs, unemployment insurance, and programs to aid the 
poor. Consequently, each state would have to make its own estimate of 
the appropriate level of social and welfare programs. Consider medicine. 
Currently the federal government has medicare for the elderly, medi- 
caid for the poor. Individuals with fringe benefits have medical coverage 
through their employers, but millions of individuals do not have medi- 
cal coverage and do not qualify for either medicare or medicaid. Local 
governments provide some medical care for individuals lacking medical 
insurance. In the proposed decentralization the states would assume 
complete operational control over medicare and medicaid. Thus each 
state would have to make the difficult estimate of what level of medical 
care each individual would be entitled. In making this estimate each 
state would have to select somewhere between the extremes of only the 
medical care each individual could privately afford to the best the med- 
ical profession is capable of providing. Currently one trend in social 
programs is for the states to make them required programs of private 
firms for employees. As informational society develops such a trend 
would be reversed. In informational society most individuals would find 
employment through a sequence of short term contracts. For this rea- 
son it would be efficient to shift various fringe benefit programs such 
as medical insurance from the firm to the individual in order that each 
individual would have consistent long term coverage. 

Consequently, states would have incentives to use social inheritance 
as a method of financing social programs. As was pointed out in Chapter 
4, each year every citizen receives his share of capital from those who 
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died that  year. The federal government would collect from the estates of 
the deceased and pass these funds to the states for social inheritance im- 
plementation. In creating the state social inheritance programs a state 
could make certain types of insurance mandatory. Consider medicine, 
for example. As indigent care is funded at public expense, the public has 
an interest in making certain that all persons carry some form of med- 
ical insurance. Such a requirement that all residents carry a prescribed 
level of medical insurance funded from the income of social inheritance, 
is simply an extension of the current requirement that all automobile 
owners carry auto insurance. 

Faced with the assumption of the retirement income provision of 
social security states might place heavy reliance on social inheritance. 
Prudently managed, social inheritance could provide a guaranteed in- 
come which would increase over the life of the individual. In implement- 
ing their new welfare policies, state governments would have to decide 
how an individual could invest his social inheritance. As individuals have 
very different preferences concerning the tradeoffbetween immediate and 
future income, different individuals would want to make very different 
types of investments. However, allowing individuals unlimited freedom 
to consume or invest their social inheritance, especially if individuals 
could sell the discounted value of future social inheritance, might result 
in a large number of destitute fools in old age requiring public support. 
Thus, each state would face the difficult decision of deciding what are the 
appropriate restrictions on the use and investment of social inheritance. 

A third difficult problem for each state would be the operational 
control of risk management for individuals and local concerns. Gov- 
ernmental tasks which would fall into this category would include the 
governance of worker safety, local environment, drug release policy and 
the previously discussed social inheritance. Experience with federal risk 
management since the 1960s has driven home the point that there is 
tradeoff between reducing risk and economic activity especially economic 
innovation. Each state would have to make the difficult estimate of the 
common weal in formulating risk management policies. 

States in seeking to balance risk reduction against other social con- 
cerns would be subject to the professional review. As was pointed out, 
new risks are subject to screening while old risks are subject to stan- 
dards. Politically it is much easier to prevent new risks than to control 
old risks, hence risk management is subject to a double standard which 
inhibits the development of new technology. However, the current prac- 
tice of discriminating between old and new risks would probably not 
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stand a professional review challenge of consistency. All states would 
have to seek better approaches to equate the dangers of old versus new 
risks. Some states might try proposed approaches such as a methodol- 
ogy of comparative risk. With decentralization, more than one approach 
to risk management is likely to be considered empirically at one time. 
Under the impact of the professional review states would seek a gradual 
reduction in the asymmetric treatment of new and old risks. 

In trying to balance risk management between alternative risks and 
to adjust to changing technology each state would face the difficult prob- 
lem of selecting the best combination of regulatory approaches for each 
risk. The original method of regulating risks was through common law. 
This method will be called the old incentive approach because common 
law precedents created incentives for creators of risk to take appropriate 
action. Included under the term old incentives will be the incentives 
to avoid civil and criminal suits under statutes imposed over common 
law. The middle approach starting with the Progressives was the bu- 
reaucratic approach wherein government agencies created detailed reg- 
ulations which were monitored by government inspectors. The newest 
approach which we will call the new incentive approach is to create eco- 
nomic incentives for the participants to reduce the risk. An example 
here is the incentives for large firms to improve worker safety in order to 
reduce their insurance premiums. 

In informational society given the forecast for an even more rapid 
rate of technological advance, innovations in risk management would 
likely place a much greater emphasis on creating incentives to promote 
the participants to reduce the risks themselves over time. One reason 
is because properly designed incentives would promote a quicker adjust- 
ment to a rapid rate of technological change than a state bureaucratic 
approach. 

Also the rapid advance of micromonitors and the social nervous sys- 
tem would encourage innovations to reduce the costs associated with risk 
managements. For example, an innovation in all types of risk manage- 
ment would be the creation of decision support systems for each type 
of risk management. Under operational information policy one goal of 
this decision support system would be to ensure that all participants had 
complete current knowledge of the risks they faced. For example, with 
the development of inexpensive micromonitors the environment will be 
constantly monitored and the readings would be available to all parties. 
A second aspect of the creation of decision support systems would be to 
reduce the costs of determining the status of all la, ws and administrative 
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rulings. User friendly software would enable business decision makers 
to quickly determine exactly what regulations applied in certain sets of 
circumstances. Also, current delays caused by bureaucratic discretion 
would be reduced by the creation of expert systems. 

The fourth difficulty the states would face is the difficult problem 
of balancing concerns for economic promotion, social programs and risk 
management. Consider first medicine. Medical research has created 
effective medical procedures which society can not afford if unlimited 
medical care becomes every individuals right. Consider next the difficult 
task of risk management for which the states would develop policies 
balancing the need to reduce risks, such as safety hazards, environmental 
damage and loss of social inheritance against other considerations such 
as cost and a higher rate of economic activity, private invention and 
innovation under unregulated markets. In this balancing we shall assume 
that in informational society reducing risk almost always entails social 
losses such as higher costs or inhibiting private enterprise. Thus risk 
management requires the states to make an estimate of the common 
weal in the form of the desirable balance between opposing social goals. 

What makes the balancing between economic promotion, social pro- 
grams and risk management extremely difficult is that decentralization 
of programs from the federal government will mean that governmen- 
tal tasks will be performed in a more competitive environment of the 
states as opposed to nations. Today, state competition exists in an en- 
vironment of free trade, where no state can create money, and where 
state governments are generally required by state constitutions to bal- 
ance their budgets. The competition among states is thus more intense 
than among nations because the states have fewer devices with which to 
impede competition. In informational society because individuals and 
firms would have greater freedom of location, competition among states 
to promote their economies will intensify even more 9. 

In making such estimates the increased competition among states 
does not mean that the states would suddenly curtail all social programs 
or abandon risk management to the unregulated market. With greater 
competition states would have greater incentives to fund social programs 
as part of the social inheritance program especially if the level of social 
inheritance increases with software becoming an increasing component 
of national income. Thus states which used social inheritance to fund 
social programs could maintain a positive business climate. 

Also, increased competition would not mean an abandonment of risk 
management. Consider, for example, environmental regulation. With 
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advances in chemistry and biology man will continue to introduce ever 
new substances and lifeforms into the biosphere. With the rise of biotech- 
nology, such as the production of compounds using genetically altered 
bacteria, the number of trained professionals aware of the interaction of 
human activities and the biosphere will increase and some will inform 
the public of the environmental dangers resulting from such technology. 
Operational information policy will make such information available to 
residents gradually learn the lesson that preventing an environmental 
disaster such as contaminated ground water is very much cheaper than 
cleaning up such a catastrophe afterwards. As concerns such as those 
surrounding the extinction of species and the loss of the ozone layer 
are likely to increase, environmental regulation would increase over time 
in all states, but with considerable variation between states. Greater 
competition in environmental regulation would result in innovations to 
reduce the administrative costs of the participants. 

State Innovation Strategy 

State governments would need considerable empirical knowledge to inno- 
vate successfully in their difficult tasks. For each of these tasks competing 
factions would propose conflicting objectives as estimates of the common 
weal. And experts would have numerous conflicting policy proposals to 
achieve each of the various objectives. Hence, the ability of the state 
governments to innovate depends on their ability to accurately predict 
the consequences of selecting a particular objective and associated policy. 
Because the social sciences are likely to be characterized by numerous 
controversies for the foreseeable future, accurate knowledge of the con- 
sequences of selecting an objective or associated policy would require an 
implementation of that selection. 

States would obtain some empirical knowledge of their alternatives 
from two sources. First, variations in the objectives and policies imple- 
mented by the various states would provide useful empirical knowledge. 
Second, the federal government in its research and development role 
would perform experiments and pilot studies. In this section we shall 
discuss how the proposed design promotes state government innovation 
by increasing empirical learning. 

An important consequence of the proposed decentralization would 
be more variation in the estimates of the common weal. Consider, for 
example, managing the risks of drugs. Granted, it is efficient for the 



State Innovation Strategy 299 

federal government to test new drugs and determine their side effects; 
however, having the federal government set a single nationwide standard 
for risk greatly limits empirical knowledge of the correct balance of the 
two types of risk in drug release into the marketplace. The first of these 
is the risk from some unforeseen, dangerous side effect. The greater the 
testing of a drug the further this risk can be reduced. The second risk is 
that the longer the testing period, the more individuals would be denied 
the positive effects of an effective drug. Currently individuals journey to 
foreign countries in order to obtain the benefits of such unreleased drugs, 
and critics claim that the federal Pure Food and Drug Administration 
errs by placing too much emphasis on reducing the first type of risk 
while paying too little heed to the second type. The estimate of what 
balance between these two risks is in the common weal is a judgmental, 
not an analytical decision. Therefore the risk management policy of the 
appropriate amount of testing would be decentralized to the state in 
order to obtain a better long run estimate. 

In the proposed drug testing and release program, the federal Pure 
Food and Drug Administration would test the drugs and create and 
maintain databases with complete descriptions of the side effects of drugs 
and status of their testing. These databases would then be accessible to 
the individual states and all interested parties. The more rapidly states 
released promising drugs, the greater the state would need a mechanism 
to warn potential users of side effects as they are discovered. States 
would implement their drug release policy by using the data support 
system maintained by the federal Pure Food and Drug Administration. 
Most states would probably establish a drug administration to establish 
a release policy based on the amount of testing completed by the federal 
government. This release policy would be integrated with the decision 
support system used by doctors to prescribe drugs. Expert system ad- 
vances in medicine will eventually create programs which will select the 
best drug for a patient's illness conditional on his past medical history. 
A state could integrate the drug release policy into these systems so that 
the physician would be informed, for instance, that a drug was available 
without restrictions, required informed consent to the specified dangers, 
or required consent of the drug release agency. 

In formulating its drug release policy, each state would have to es- 
timate the socially desirable balance between the two types of risks. 
Given the forecasted differences among the reorganized states, state es- 
timates of a desirable balance between the two types of risk would vary 
considerably. Part of the federal government's role of research and de- 
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velopment in innovation would be to have the empirical consequences 
of these variations systematically analyzed. Over time through this em- 
pirical knowledge a better estimate of the common weal in the balance 
between the two two risks in drug release would emerge. 

Another governmental task for which variations in the estimates of 
the common weal would be very beneficial is the government's role in 
providing medical services. Medical research has created medical proce- 
dures which are effective but which are so expensive that providing all 
individuals unlimited access would be extraordinarily expensive. Varia- 
tions in both the level of care to which individuals are entitled and the 
methods of providing medical services would be essential for innovations 
in the production of medical services. 

A second important consequence in the proposed decentralization is 
that alternative policies to achieve social goals would be implemented 
simultaneously rather than sequentially. Consider the problem of select- 
ing effective policies to manage the environment. Under the proposed 
decentralization of environmental management, the federal government 
would be responsible for environmental research and environmental co- 
ordination among states by specifying air and water quality at state and 
federal boundaries. With this coordinating power, the federal govern- 
ment would control such problems as acid rain and pollution of coastal 
waters. States would thus have operational control over how these federal 
boundary standards were to be achieved and, moreover, would assume 
full control over local pollution. 

Giving states full control over local pollution increases the likelihood 
that alternatives policies would likely be tested simultaneously rather 
than sequentially. To illustrate why decentralization would lead to a 
much more rapid testing of alternatives consider the evolution of federal 
environmental policy from 1970 to today. There are a wide variety of 
administrative and incentive approaches to controlling pollution 1°. One 
administrative approach is technological-based emission standards and 
examples of incentive approaches are emission taxes and market incen- 
tives. One proposed market approach is the concept of pollution rights. 
For example, given an environmental target such as so many tons of a 
particular pollutant released per year in a particular metropolitan area, 
firms would bid for the right to emit a percent of the target pollution 
level for a locality. The purchaser could subsequently sell this right. 

The federal clean air and water legislation of 1970 and 1972 man- 
dated the states achieve the federally designated standards using only 
one approach, technological-based emission standards. The states were 
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given little discretion in setting the standards or in devising alternative 
methods of achieving the standards. In 1977 amendments were made to 
make this legislation more effective 11. Now in the 1990s under the Bush 
administration environmental risk management is finally moving to test 
the effectiveness of implementing pollution rights, a market incentive 
approach. 

The centralized approach to environmental control illustrates that  
as long as two decades can ensue before the alternative approaches are 
empirically tested. However, under decentralization of environmental 
risk management these alternatives would probably have been tested si- 
multaneously. Environmentalists generally dislike the market approach 
out of fear that once pollution rights are established they will be hard 
to adjust. Thus liberal, environmentally oriented states would probably 
have opted for technological-based emission standards. In contrast, con- 
servative, market oriented states would probably have opted initially for 
market incentive approaches to pollution control. 

Nevertheless, decentralization in itself is insufficient for there to be 
variations in the policies among the states. For example, if the political 
majority of each state had the same views there might be no varia- 
tion whatsoever. However, the reorganization of the states each decade 
and greater freedom of location made possible by technological advances 
would accentuate the differences in the political economies of the states. 
Thus in an political environment where political factions dispute ends 
and experts dispute means decentralization of tasks to the states would 
result in considerable variation in both ends and means. The empiri- 
cal consequences of such variations provide the empirical knowledge for 
innovation as states would imitate successes and abandon failures. 

The systematic analysis of these variations in state goals and policies 
would be part of the federal government's research and development task 
in state government innovation. Scientific information policy and federal 
research grants would provide the observations and financial support 
for this systematic analysis. The federal government would also fund 
experiments and pilot studies advancing state innovation. Because of 
cost considerations most of these experiments would be conducted on 
much smaller institutions than the states. 

Consider, for example, medicine which would become one of the more 
difficult problems for the states. Most federal research in medicine, up to 
now, has been directed developing effective medical procedures without 
any consideration of the cost. The public has come to expect that these 
procedures should be generally available to all patients. In informational 
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society the federal government would devote considerably more research 
effort at alternative efficient methods of medicine. For example, the 
federal government would fund research to investigate the positive effects 
of various type of preventative medicine. Given the cost considerations 
most experiments would likely be performed on towns not the states. 

In the area of risk management the thrust of the federal govern- 
ment's research and development efforts would be to create incentives 
for the participants to reduce the risks themselves. These incentive sys- 
tems would be based on operational information policy which in itself 
would create incentives by making all the participants in a risky process 
better informed of their respective risks. For example, consider decen- 
tralized environmental risk management. As technology advances the 
cost of monitoring the environment in great detail will fall. The federal 
government part of its task in providing voters with detailed compar- 
isons in subordinate government performance would provide residents 
detailed profiles of pollution in real time in their homes, workplaces and 
local environments. Subordinate governments and private parties would 
make additional/neasurements. Already, the concept of an environmen- 
tal right-to-know is moving information policy in this direction. 

Consequently, because voters would be much more aware of envi- 
ronmental hazards, voter pressure to enforce environmental laws would 
be continual instead of varying with environmental catastrophes as is 
currently the case. In addition, private parties and local governments 
would pursue a much greater number of civil suits to enforce pollution 
standards. Faced with greater public awareness and a greater probabil- 
ity of a civil suit, many firms would seek the positive public relations 
of maintaining a good pollution record. Finally, the states would have 
much stronger incentives to constantly innovate in environmental risk 
management. 

However, some types of risk management would require extensive re- 
search in order to create better incentives. Consider worker's safety 12. 
The original worker safety risk management was common law. In the pro- 
gressive period states created workman's compensation programs which 
provide workers immediate compensation for injuries without having to 
pursue a civil suit. In the 1960s the federal government added the Oc- 
cupational Safety and Health Administration, OSHA, to establish and 
enforce worker safety standards. Under the proposed decentralization 
the federal role would he reduced to research and development of safety 
programs and OSHA's role of establishing and enforcing safety standards 
would be delegated to the states. 
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To forecast how the federal government research and development 
task would promote greater innovations in safety, consider the limitations 
of the current worker safety system. The current worker safety system 
creates few incentives for the participants themselves to promote safety. 
The small number of firms for which safety is regulated by common 
law have economic incentives to avoid negligence in worker safety. Large 
firms have economic incentives to promote safety in their firms to qualify 
for reductions in their workman's compensation insurance premiums 13. 

Indeed, under the current worker safety system most of the incentives 
are perverse. Since workers do not pay for workman's compensation 
insurance they have no incentives to promote safety in order to reduce 
the insurance rates. And in hard times workers have incentives to file 
dubious claims TM. Firms have incentives to lobby state governments to 
the reduce the workman's compensation benefits to workers and to lobby 
the federal government to reduce the number of OSHA inspections and 
the magnitude of the fines for safety violations. 

In informational society states would have the difficult task of decid- 
ing whether to promote safety through establishing and enforcing worker 
safety standards or trying to create better incentives such as by empow- 
ering employee committees with the right to act to monitor and promote 
safety at their workplaces. As advances in the technology would cre- 
ate opportunities to design much better incentives systems, many states 
would opt for this approach. And the federal government in its research 
and development role would fund pilot projects. 

For example, consider how advances in the social nervous system 
would enable the insurance-rate-reduction incentives to be extended from 
large firms to small firms. The problem is the size to the sample required 
to demonstrate a better safety record. Considered individually small 
firms are too small to establish what variations in their safety program 
are statistical significance in improving worker safety; therefore insurance 
firms have no valid procedure for granting insurance rate reductions to 
small firms who have superior safety programs. 

The type of pilot project to establish a valid statistical procedure 
for granting insurance rate premium reductions to small firms would be 
to have the trade association in conjunction with the federal research 
and development agency, state insurance board and insurance industry 
representatives to systematically test safety alternatives across the firms 
in the industry. Consider just one example worthy of testing. Currently 
rather than test workers for drugs some firms are testing workers each 
day for eye hand coordination. The pilot project would systematically 
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test the use of such a machine across the industry. If the use of such a 
machine were statistically demonstrated to reduce accidents then its use 
would qualify firms for a rate reduction. The pilot project would also 
experiment with various combinations of splitting insurance premiums 
between firms and workers. Thus through systematic safety experimen- 
tation throughout an industry insurance rates could be based on installed 
safety equipment, safety training and programs. 

What currently inhibits such an approach is the administrative cost 
of obtaining, maintaining and anMyzing detailed records on each firm. As 
the social nervous system advances in information society insurance firms 
the administrative costs associated with such detailed records would fall 
greatly. Also given operational information policy insurance firms would 
have access to all safety features such as safety equipment, safety training 
and programs installed in each of their client. With variations among 
the states operational informational policy would also give insurance 
firms the right of private inspection. Such a right would privatize safety 
inspections. 

The federal government in this research and development role would 
be much more effective at promoting safety than the current OSHA. 
For example, to reduce nerve damage from continuous, high speed input 
at computer keyboards OSHA is likely to be more effective promoting 
research and development to shift to voice recognition input than try- 
ing to define standards for existing manual keyboard input. Once voice 
recognition input becomes more efficient than typing input taking into 
consideration reduced insurance premiums, market incentives will shift 
technologies eliminating the old nerve damage problem. Also, transfer- 
ring operational control to the states will mean greater policy variation 
leading to a faster rate of discovery. Variation is needed to discover the 
value of creating better incentives for workers to promote safety them- 
selves as well as better incentives for employers. 

Metropolitan Government 

Currently the political economies of most urban areas are a complex 
pattern of overlapping jurisdictions between various types of local gov- 
ernments such as county, town and township, municipal, school district, 
special district such as a municipal utility district, and private quasi- 
governments such as residential community associations. In these polit- 
icM economies, the political units arrange for the production of public 
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goods by a wide variety of public, private and joint arrangements is. 
In informational society, the provision, which is defined as the ar- 

rangement for the production, of local public goods would be consoli- 
dated into two levels of government 16 for two reasons. First, as the voter 
has limited cognitive skills and resources to hold publicly elected officials 
accountable, a reduction in the number of governments would improve 
political performance. Second, as will be discussed economic incentives 
would be superior to political incentives for obtaining better local ser- 
vices. Nevertheless, the arrangements for the production of public goods 
would remain complex. 

In urban areas 17, the metropolitan government would be responsible 
for arranging area-wide services such as water, electricity, and sewage. 
Under the jurisdiction of this metropolitan government, would be the 
towns which would be responsible for arranging local services. The 
metropolitan government would correspond to the standard metropoli- 
tan statistical area, SMSA, which, given regional redistricting, would 
generally lie within a single state. Creating this metropolitan govern- 
ment in most current urban areas would require consolidation of the 
area-wide responsibilities into the single metropolitan government. Once 
created, the criterion for the jurisdiction of the metropolitan government 
would be dynamic, like the present SMSA criteria, in order to cover the 
land area that  was primarily integrated into the economic life of the city. 
This territory would be adjusted annually. Towns would be governments 
for much smaller groups of from several hundred to several ten thousand 
individuals with compatible lifestyles within the metropolitan jurisdic- 
tion. Creating this local government arrangement in most current urban 
areas would require partitioning the larger cities into smaller towns. 

To further elaborate the division of functions between the metropoli- 
tan and town governments, let us review the previous discussion on the 
difference between their criteria for land use. At the metropolitan level, 
land use would be regulated by market considerations as modified by zon- 
ing. The metropolitan government could zone its various metropolitan 
regions into areas for specialized activities, such as the central business 
district, metro parks, and industrial parks but it would have to be able 
to demonstrate the rationale for this zoning. At the town level, however, 
the government would function to support the lifestyle of the commu- 
nity. Thus, the town would have the right to regulate land use outside 
the home according to the social criteria of the community, which in 
some cases would be market criteria and in some cases not. To promote 
its chosen lifestyle, for instance, the town could prohibit bars, massage 
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parlors, or any other facilities for activities the town desired to prohibit. 
If a town zoning ordinance were challenged, the burden of demonstrating 
that the ordinance denied a basic right would rest with the challenger. 

To make feasible such a division between zoning powers of the two 
levels of government, the metropolitan government would have to di- 
rectly control land outside the jurisdiction of any town. Metropolitan 
land would thus be the mechanism for ensuring economic freedom in the 
traditional sense. If an activity were legal, the metropolitan government 
would have to allow an individual the right to pursue the activity on land 
purchased in the direct metropolitan jurisdiction. This right would ex- 
tend even to controversial businesses such as massage parlors and porno 
shops. In the towns, however, the individual would not necessarily have 
this right. 

A consequence of this division in land use would be that while most 
towns would have a small business district for local businesses and of- 
rices of people working through the social nervous system, almost all 
major business activities would be located on land directly controlled by 
either a metropolitan or a district government. On this land standard 
commercial practice would apply making the conditions for conducting 
business reasonably predictable. Businesses located in a town, however, 
would be subject to the zoning practice of the town, which could shift 
in accordance with a shift in local politics, thus making the conditions 
for conducting business less predictable. For example, a new town gov- 
ernment could greatly change the conditions of access by outsiders to 
the town. For a business not focused on the local market, then, locating 
in a town would add a risk not found in locating on metropolitan land. 
Inasmuch as the professional review would prevent towns from offering 
new businesses services below cost, there would be no economic incentive 
for other than local businesses to locate on town land, since locating on 
town land would not free a business from metropolitan taxes. 

Under the proposed division between town and the metropolitan gov- 
ernments, the metropolitan governments would be large enough to shoul- 
der the responsibility for many governmental functions from the states. 
Indeed in the proposed design not only would many governmental tasks 
be decentralized from the federal government to the states, many current 
state governmental tasks would be decentralized to the metropolitan gov- 
ernments. For example, metropolitan governments would assume greater 
educational responsibilities such as providing four-year-teaching colleges 
and adult retraining for new jobs. And some states would decentralize 
medical care to the metropolitan governments. 
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However, many government activities such as education would con- 
tinue to have components at all levels of government and a few activities 
would be moved up to the state level. Since each state would be respon- 
sible for determining risk policy towards the individual, states would 
control such matters as building and fire codes. This move would re- 
flect the tenet that as technology transforms building techniques and 
materials, a larger pool of professionals is required to formulate policy 
governing building safety and a larger market area with uniform stan- 
dards is needed to promote building automation. 

Also, in keeping with the principle of decentralization, the organiza- 
tion of metropolitan government to perform its assigned governmental 
functions would be determined by a metropolitan constitution subject 
to the approval of the voters but  not the respective state government. 
Because the metropolitan governments would be larger than current city 
governments and would be subject to a professional review, it is assumed 
that the best type of metropolitan government would be a checks-and- 
balances type government based on separation of powers with a strong 
mayor as executive, a council as a legislature, and a metropolitan judi- 
ciary. These government officials would be full-time officials with salaries 
compensatory with other opportunities in the political economy. In keep- 
ing with the bounded rational principle of a short ballot, judges and offi- 
cers in the public service corporations would be appointed by the mayor 
and confirmed by council. Numerous variations in metropolitan govern- 
ment would exist. For example, one factor would be that the number of 
special districts which currently exist in urban areas would be retained 
to provide public services. Also, some metropolitan areas would main- 
tain elected judges and elected special districts. In addition, the power 
of the mayor would vary widely among metropolitan governments. 

Regardless of how the metropolitan governments were organized, 
they would be very concerned about the efficiency of their services. 
As individuals and firms experienced increasing freedom of location, 
metropolitan governments would have to compete more and more vig- 
orously to attract  new industry and to hold existing plants. To attract  
new industry the metropolitan government would have to simultaneously 
provide low-cost services and promote a quality lifestyle. And with the 
delegation of most lifestyle issues to the towns, metropolitan governments 
would focus on the efficiency of their services. 

The search for efficiency at the metropolitan level will be primarily 
focused at how to create better services at lower cost and how to cre- 
ate a more efficient regulatory apparatus. Consider first the problem 
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of regulation. Metropolitan regulation would cover metropolitan ser- 
vices such as restaurants. Like the states, the metropolitan governments 
would have a wide range of alternative arrangements for regulation in- 
volving various combinations of administrative control, incentives, and 
the search for efficient property rights for regulation. Like the states in- 
novation in metropolitan government regulation would frequently involve 
using information policy to create better incentives. For example, the 
metropolitan governments could simple release inspection reports of the 
restaurants to the consumer services or provide the consumer services an 
information right for inspection. In the later case the consumer choice 
aided by consumer service analysis would regulate restaurant cleanliness. 

Consider now the metropolitan governments' search for efficiency in 
the provision of public services. Some readers may have the misconcep- 
tion that there is a clear division between the public and private provi- 
sion, production and consumption of goods. In actuality there are a large 
number combinations with varying degrees of public and private partic- 
ipation. For example, governments can arrange to have public goods 
produced by private production through a variety of arrangements such 
as contract, franchise, grant or voucher. Governments can also arrange 
to have public goods produced by other governments. 

The best alternative method of production is a function of the at- 
tributes of the public good. Effcient private production of public goods 
requires that the good be clearly defined, that there exist numerous 
competing firms, and that government is effectively able to monitor the 
mechanism selected for private production. If the private firm producing 
a public good is to be paid directly by the customer, the private firm 
must have the ability to exclude nonpaying individuals from consump- 
tion. Selecting the best alternative is far from simple given the large 
number of alternatives and the possibility of mixed forms of production. 

In addition, efficient provision of metropolitan services would necessi- 
tate that metropolitan governments rapidly adapt to advancing technol- 
ogy. Such advances would create opportunities for decentralization. For 
example, one metropolitan service likely to be either decentralized to the 
towns or even privatized completely is the library service. As laser disk 
capacity increases and costs decline, most households could maintain 
a small library, and an individual could obtain any reference material 
from private information utilities. Moreover, advancing technology such 
as the emerging social nervous system would provide metropolitan gov- 
ernments with numerous opportunities for innovation and create new 
problems. The social nervous system could be employed for monitor- 
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ing utility meters, monitoring the environment, and coordinating police 
protection with private surveillance of private property, but the social 
nervous system would also create new opportunities for criminals to ex- 
ploit this medium. 

Technology would also enable metropolitan governments to experi- 
ment with new solutions to old problems. Consider, for instance, the pro- 
vision of electricity. Because of the problem of natural monopoly cities 
generally provide electricity either through private utility companies un- 
der regulation or through city owned services. One approach to improve 
city owned utility services would be to experiment with management 
situations markets to achieve efficient service. As management becomes 
increasingly analytical and visual communication becomes inexpensive, 
the management of a facility can be achieved remotely with occasional 
onsite inspections. Management groups over a wide area could compete 
for any opening in the management situations market. The criterion 
for the competing management groups would be output-price minimiza- 
tion consistent with a fair rate of return on equity is. An alternative 
approach to providing electric power is greater reliance on competition 
between power producing firms. A compete market approach would be 
to create a market for electric services by treating the electric grid as 
a common carrier 19. When, or perhaps if, superconductivity becomes 
economical, the number of potential suppliers in the electricity market 
would become very large. 

Currently the rage among conservatives to improve governmental ef- 
ficiency is privatization of governmental services. Creating a framework 
such that privatization of governmental services which form natural mo- 
nopolies would promote efficiency is not always possible. In informa- 
tional society the social nervous system and freedom of location would 
make the use of the management situations market an attractive alterna- 
tive to regulate natural monopolies. Such use would lead to much greater 
efficiency than the creation of large numbers of politically elected special 
districts. Thus for reasons of both efficiency and accountability these 
special districts would be folded into the metropolitan governments of 
informational society. 

Given the numerous opportunities for metropolitan innovation, a key 
factor in the rate of innovation would be the strategy for implementation. 
Because the number of metropolitan governments is likely to remain large 
and these governments would have similar problems, adoption of the sep- 
aration strategy would improve innovation performance in most cases. 
According to this strategy the federal government is responsible for re- 
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search that promotes discoveries leading to innovations and for funding 
pilot studies and other empirical tests of new alternatives. To provide 
a focal point for applied research and to train more competent profes- 
sionals research in metropolitan services should be organized in selected 
professional schools at research universities. With increasing freedom of 
location for individuals and firms, the political philosophies and theories 
of the metropolitan regions would diverge even more than those of the 
states. This, coupled with federal subsidies for experimentM trials of 
new alternatives, would lead to a very active environment for innova- 
tion. A fundamental split between conservative and liberal approaches 
to metropolitan problems would occur over how much the innovations 
would take the form of new ways to privatize public services. 

Town Government  

The function of the lowest level of government-the town-is to promote 
the lifestyle of the majority in order to develop a greater sense of com- 
munity in each town. In informational society the town is intended to 
promote personal relationships to counterbalance the impersonal, com- 
petitive institutions outside the town. To the extent that the towns 
succeeded in creating communities, the metropolitan-town organization 
would promote economic emciency, because the residents would partic- 
ipate in many local activities, which would reduce the social costs of 
transportation. 

As was pointed out in Chapter 5, the two powers the town would use 
to promote the lifestyle of the majority are control over the physical or- 
ganization of the town and control over activities outside the residences. 
Under these conditions, households choosing residences would tend to 
simultaneously create a wide variation in the lifestyles among the vari- 
ous towns and compatible lifestyles within each town, to the extent that 
households had freedom of location. For example, towns of information 
workers might well restrict the flow of automobile transportation to pro- 
mote human interaction, whereas a town in which the majority needed 
to travel to work would likely maintain a rapid access automobile trans- 
portation system. Also, a town of fundamentalist Christians promoting 
family life would permit very different activities than a town of gays. 

The political organization of towns would also vary considerably. 
Some small towns would be organized as direct democracies with all 
adults voting on all the issues in the town hall. Larger towns would be 
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more likely to use a form of representative government such as a coun- 
cil and town manager. Since the judicial system is based on judges in 
law and judges in fact, the economies of scale argument would place the 
lowest level of courts at the metropolitan government. The great varia- 
tion in size, political organization, and lifestyles of the large numbers  of 
towns would generate a tremendous variation in the demands for local 
services. 

The metropolitan-town dichotomy would promote the current trend 
for local governments to use a wide variety of alternative arrangements 
for supplying services. To provide local services a town could decen- 
tralize the service to private associations or individuals, could produce 
the service itself, or could buy the service from another government or 
private firm. In addition, many services could be provided by joint pro- 
duction arrangements between different levels of government or public 
and private arrangements. 

The clause of general benefits, stipulating that  government activities 
should be self-financing if self-financing is efficient, would create incen- 
tives for towns to decentralize to associations those activities which are 
easily self-financed. Although the town would have the power to pro- 
mote belief systems, including religious beliefs, towns would very seldom 
use local tax money to fund churches and other institutions promoting 
belief, because churches have been traditionally financed by the parish- 
ioners and the self-financing clause of general benefits would maintain 
that  relationship. In addition, sports and arts and crafts activities would 
frequently be financed by associations. 

Currently city and county governments contract a wide variety of 
services from private firms 2°. The list includes services associated with 
many types of public facilities such as the construction, maintenance and 
sweeping of streets; the construction, operation, and custodial services 
of community centers; and the construction, operation, and maintenance 
of recreation facilities such as golf courses. Local governments also con- 
tract various types of inspections such as building, mechanical, electri- 
cal, health and plumbing. Moreover, private firms sell various types 
of administrative services to towns such as data entry and processing, 
tax assessing, and tax and utility billing and processing. In addition, 
towns purchase professional services such as architectural, auditing, le- 
gal, and management consult ing.  Finally, local governments contract 
private firms to produce many services such as ambulance, animal con- 
trol, crime prevention and patrol, fire prevention and suppression, health, 
landscaping, parking services, and social services. 
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The development of the metropolitan-town organization and the so- 
cial nervous system would create incentives for the development of an 
increasing number of firms producing services for towns. The creation 
of much smaller towns would create incentives for entrepreneurs to cre- 
ate additional professional services for towns to solve specific techni- 
cal problems such as recommending the best combination of technical 
surveillance and human police protection. Moreover, the great increase 
in the number of towns increases business opportunities by providing a 
large increase in the number of potential contracts. Finally, the develop- 
ment of the social nervous system and the shift of services to the social 
nervous system greatly extends the area over which a firm can compete. 

In the decision regarding whether to produce or buy the service in- 
creasing numbers of towns would opt to use the market mechanism. The 
efficiency of the market mechanism depends on the number of demanders 
and suppliers as well as the information policy affecting the participants. 
With the metropolitan area partitioned into small towns, there would be 
a large number of demanders and as services shift to the social nervous 
system, the number of potential suppliers would greatly increase. Thus, 
many markets for town services with large numbers of suppliers and 
demanders should approach the conditions of economic efficiency. Un- 
der such conditions, some towns would become public counterparts of 
the hollow corporation, that is the town would have a very small staff 
arranging all public services as contracts. 

To effectively exploit advancing technology, the political economy 
of the metropolitan area must constantly innovate. For the state and 
metropolitan government a recommendation was that these governments 
switch to a separation strategy for innovation. And given the very large 
number of local town governments, this strategy would be even more 
effective for the towns. As was pointed out, the federal government as- 
sumes responsibility for research and development, and operational as- 
pects of public services are assigned to the level of government which can 
provide the service most efficiently. As a consequence, operation of local 
services would frequently be split between the town and metropolitan 
governments. 

The market for town services would promote active innovation. First, 
there would be a lot of variation in the production of town services. Some 
towns might have private fire departments and others public, while still 
others would buy fire protection from an adjacent town. Towns would 
also vary considerably on how much they relied on technology. Some 
might consider crime better controlled by electronics and others by po- 
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licemen on the beat. Because the town is a small unit, the cost of pilot 
studies to test such alternatives would be low. Also, using the market 
creates a natural mechanism for the transmission of new technology into 
practice. Firms which did not keep up with technology would simply lose 
business. Moreover, the town manager could shop on the basis of price 
performance comparisons without having to keep abreast of the technol- 
ogy in all areas of town services. To assist in making such decisions, 
operational information policy would enable service firms to analyze al- 
ternatives and sell evaluation services. 

While the metropolitan-town organization should lead to a more ef- 
ficient delivery of local services satisfying the diverse needs of numerous 
lifestyles, giving the town the power to support the lifestyle of the ma- 
jority would raise a fundamental issue of separation of church and state. 
Any lifestyle, whether it be secular family life, gay, or fundamentalist 
Christian, involves both questions of belief and the potential for conflict 
with rival beliefs. To reduce the conflict one might consider trying to 
expand the separation of church and state to a concept of separation 
of belief and state. This approach would create fundamental problems, 
because even science itself is based on belief. Science like religion cannot 
be based purely on reason, since, as David Hume demonstrated, experi- 
ments do not satisfy the assumptions for mathematical induction. From 
a general perspective, then, government cannot be separated from mat- 
ters of belief. The resolution of this conflict is that governments higher 
than the lowest level would promote beliefs potentially refutable by ex- 
periments and would maintain separation of all beliefs based purely on 
faith. Beliefs based on faith would include traditional religions, ethi- 
cal systems and any secular lifestyle. In promoting the lifestyle of the 
majority, then, towns could promote beliefs based on faith. 

A town activity, which illustrates the problem raised by the need to 
separate nonrefutable beliefs and higher levels of government, is local 
education. Ideally for local education to be integrated into the commu- 
nity, primary and secondary education should be under the control of 
the towns. Advances in technology could will make this decentralization 
effective. But if local education is to be integrated into the community, 
local schools would be teaching nonrefutable beliefs as well as simply 
skills and this would cause a conflict with the separation of nonrefutable 
beliefs and the state under the condition that any portion of school fund- 
ing comes from higher levels of government. How these problems can be 
resolved in a manner which also promotes an effective implementation 
strategy requires some discussion. 
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Two aspects of technological advance would enable very small schools 
to offer diverse, quality education. First, the advance in telecommuni- 
cations would facilitate remote teaching, thus students would not have 
to be physically brought to a central location in large groups to achieve 
a diverse curriculum. Second, the development of educational software 
in the form of hypermedia, that is interactive voice, text, and image in- 
struction material will enable the student to individually interact with 
his terminal. As technological forms of education advance, the teacher is 
freed to individually interact with students to help them select the most 
appropriate educational materials. 

The decentralization scheme based on the assumption that a diverse, 
quality primary and secondary educational system can be created for a 
very small group of students, is presented with the caveat that numer- 
ous variations in this scheme are needed to empirically test alternative 
decentralization schemes. As with other multilevel government activi- 
ties the role of the federal government would be promoting research and 
development. The role of the state governments would be focused on 
educational equity and the state research universities. To what extent 
should funding for education be equalized between poor and rich towns 
would remain a difficult problem for state governments. The state op- 
erational governance over education should be directed at the complex 
state research universities which would play an essential role in develop- 
ing new technology and industries, training professionals, and educating 
the brightest undergraduates. 

The metropolitan and district governments would have an expanded 
educational role. They would be responsible teaching colleges, junior 
colleges and adult education. The issue of primary and secondary edu- 
cational performance standards would be decentralized to the metropoli- 
tan governments. The metropolitan government as part of its overall 
economic competitiveness strategy would thus be responsible for the ed- 
ucational quality of the local workforce. 

The difficult question regarding decentralization is how much edu- 
cation should be decentralized from the metropolitan level to the town 
level. To obtain a better implementation strategy for innovation, the op- 
erational control of primary and secondary education would be delegated 
to the towns. This means that the choice of educational materials and 
curriculum would be determined by the towns. As higher educational 
performance can be achieved by having the most appropriate educational 
material for each individual student, selection of educational materials 
would become the task of the teacher, who would counsel the individ- 
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ual student to select the most appropriate material in the social nervous 
system. To ensure that all schools achieved at least minimal standards, 
most metropolitan governments would make the decentralization of ad- 
ministrative control over primary and secondary education conditional 
on the performance of students on standardized examinations. 

Metropolitan governments, generally through public service corpora- 
tions with appointed or less frequently elected trustees, would provide 
specialized services such as certain types of labs and other specialized 
equipment too expensive for most towns to purchase. Some students 
would go to specialized metropolitan schools and some would travel to 
specialized schools for short intervals to study a subject in a concen- 
trated manner. Metropolitan teleconferenclng would also be promoted 
for a variety of purposes such as specialized courses for which the demand 
at each town is insufficient such as special instruction of the gifted, dis- 
advantaged, or students with special interests. 

Decentralizing the operational responsibility for primary and sec- 
ondary education to the towns, would enable the towns to integrate 
local education into the community lifestyle. In most towns the school 
system would be part of the local government and local school facilities 
would be used for multiple purposes day and night. Some towns would 
integrate before and after day care with their school systems and some 
would integrate the school athletic facilities into the overall athletic pro- 
gram for all town members. In general, schools would be used at night 
for adult education and other activities. As towns can promote systems 
of belief, towns could integrate any type of ethical of religious teaching 
with their secular education program. Because most states would have 
some educational funding equalization program in effect and some towns 
would be receiving research funds from the federal government, the prob- 
lem of separation of nonrefutable beliefs and higher levels of government 
must be resolved. This problem should be handled by the concept of 
experimental precedents of the Constitution. In interpreting the consti- 
tution federal judges would establish a variety of precedents applicable 
in various groups of states. These precedents would vary from strict sep- 
aration of nonrefutable belief activities from secular education to inte- 
gration of activities provided the various components were appropriately 
funded. Over time empirical evidence would modify the precedents in 
keeping with the extent households had freedom of location. The greater 
households have freedom of location, the less need would exist for strict 
separation of activities. 

Besides accommodating local integration of education and separation 
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of nonrefutable beliefs and states, the proposed decentralization scheme 
would promote the separation strategy for innovation. The great ad- 
vantage in decentralizing operational control of primary and secondary 
education to the town, then, would be to obtain much greater variation. 
Because the variation among the majority of the towns would be much 
greater than among the metropolitan regions, towns would naturally be 
prepared to implement a much wider range of alternatives, such as differ- 
ent technological approaches to education. With greater decentralization 
the federal government in funding new experiments would be more likely 
to achieve a better experimental design, given the much larger number 
of towns than metropolitan areas. 

The decentralization of local education to smaller, more flexible units 
should also increase the rate of imitation. With federal government pro- 
motion of educational research, private firms and nonprofit organiza- 
tions would use the advances in knowledge and educational methodol- 
ogy to create a wide variety of competing educational materials avail- 
able through the social nervous system. Successful innovations would be 
rapidly imitated because of the creation of a larger number of smaller, 
more flexible education systems. Imitation can also be increased by 
having the metropolitan school districts compete for students in telecon- 
ferencing services. 

Another empirically testable incentive mechanism to promote com- 
petition between alternative educational technology would be to fund 
primary and secondary education by vouchers allowing parents to select 
among alternative schools for their children. Parents would have four 
basic choices for educating their children: the local town school, a school 
at another physical location, a teleconferencing school through a termi- 
nal, or a home school organized by the parents using material available 
through the social nervous system. Assuming most parents would live 
in towns supporting their desired lifestyle, most parents would probably 
send their children to their town school system. But a system of vouchers 
increases competition because it would mean that a town school system 
could not automatically assume that most of the children in the town 
would attend the local school. 

I n d i v i d u a l  

Regardless of how the political system is designed, it will not achieve 
good performance unless the individual voter demands good performance 
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from his elected officials. As will be discussed, the promotion of close knit 
communities in the towns will encourage citizens to vote. Reorganizing 
the election process to provide the voters better information to evaluate 
the incumbent and his or her challengers should greatly reduce the cost 
of evaluation. Consequently voters will demand better performance. 

As was pointed out in Chapter 5, towns were given broad powers 
to promote the lifestyle of the town majority in order to promote more 
congenial communities to compensate for the more impersonal, insecure 
market. In addition, to protect themselves from overzealous towns, indi- 
viduals were given rights to limit the town's efforts to promote the ma- 
jority lifestyle. As freedom of location increases, most individuals would 
seek a town which promotes their lifestyle. And as people's dependence 
on the automobile for work and shopping decreases, most towns would 
promote more personal interaction than currently. 

The new design would promote individual participation in the po- 
litical process. Because the new towns govern emotional lifestyle issues 
which directly affect them, citizens would want to vote either directly on 
such issues or for the candidates representing the various positions. Also, 
towns with similar political beliefs would have incentives to organize po- 
litical action committees to encourage all citizens to vote in elections 
for higher levels of government. Because to the extent that the town 
tends to cast identical votes, the town's ability to influence the political 
process would be proportional to the extent that the town customarily 
turned out the vote. The advance in the social nervous system facili- 
tates the formation of such special interests groups to promote political 
causes. For example, towns with similar political beliefs could easily or- 
ganize into a league in order to obtain even more leverage on politicians 
at higher levels of government. 

The participation of interested groups of citizens in higher levels of 
government, while desirable from the perspective of encouraging partic- 
ipation, would be subject to the same check of a professional review as 
any other special interest group. Indeed, the decentralization of lifestyle 
issues to the towns is designed to reduce, as much as possible, promotion 
of emotional issues at higher levels of government. The positive impact 
of the concerned citizens on promoting good government would not be 
a valiant at tempt to promote some form of legislation which would not 
pass a professional review, but rather their impact would be to insist that 
politicians would have to be accountable for their performance. Since 
voters have limited cognitive skills and resources to ewluate  their politi- 
cal alternatives, the information policy and election organization should 
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be designed to improve the performance of voters under the conditions of 
modern government. Hence, the purpose of election information policy 
would be to make the voter aware of whether his government is providing 
competitive services. And as government has become so complex that 
having elections for all levels of government on the same day time blurs 
the focus of the voter, elections would be rearranged in order to simplify 
the choice process. 

Accordingly, in order to focus voter and media attention on what 
services and how efficiently they are being provided, elections of each of 
the four levels of government would occur on the same day during an 
assigned quarter throughout the country. For example, town elections 
throughout the nation would occur on the same day in the winter quar- 
ter, although in direct-democracy towns, voters would vote on issues on 
a regular basis. Similarly, metropolitan elections throughout the nation 
would occur on the same day in the spring quarter, state elections on the 
same day in the summer quarter, and national elections on the same day 
in the fall quarter. This does not mean that every town, metropolis, or 
state would necessarily have elections every year, but on years in which 
they did they would have to hold them on the assigned day. Public cam- 
paigning for each election would be restricted to a few weeks before the 
respective election. Presidential elections would have a longer campaign 
period. 

In addition, information policy would encourage more evaluation of 
political performance by comparisons with rival governments and less on 
personal discretions. Prior to each campaign period information policy 
would require the federal government to release of comparative figures for 
the various services at each level of government and the associated costs. 
At the national level this would require comparisons with other nations. 
The state and metropolitan governments would release additional infor- 
mation prior to the beginning of the campaign periods of subordinate 
government elections. The purpose of this release of information is to 
get the media focused on the comparison of costs and benefits of govern- 
ments at the same level. For example, during the town election campaign 
national and local media coverage would be focused on innovative towns 
and high cost exceptions. Thus, news segments such as ABC's Amer- 
ican Agenda would show during town elections, human interest stories 
of towns with successful innovations of better services at lower costs. 
Hopefully, only the tabloids would concentrate on the candidates' sexual 
peccadillos. 

The release of such information would have a great impact on the po- 
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litical campaigns in informational society because of the greater political 
organization in informational society towns. Political action committees 
would digest election information and formulate the community position 
on election issues. Such political action committees would be aware of 
whether the incumbent's previous actions had resulted in negative pro- 
fessional reviews. But just important  the political action committees 
would be aware of whether their government was providing quality ser- 
vices efficiently. Incumbents who did not rapidly imitate successful po- 
litical innovations would be turned out of office by challengers promising 
to deliver to a more aware political audience. Thus political innovation 
and imitation would be accelerated. 

E v a l u a t i o n  

The purpose of creating a professional review and decentralizing govern- 
ment was to increase the rate of innovation. As innovation is measured 
against the true but unknown common weal the first question to con- 
sider is whether the proposed design would improve the estimate of the 
common weal. 

The criterion for a good estimate of the common weal is that  it 
have the properties of general benefits, consistency and efficiency. As 
all levels of government would be subject to a professional review, such 
reviews would provide voters with easy to understand measures of po- 
litical performance. But the extent that  the professional review creates 
incentives for elected and appointed governmental officials depends on 
the political organization of towns. Under the proposed design, towns 
in promoting compatible lifestyles would tend to become relatively ho- 
mogeneous and develop a strong sense of community. Hence, each town 
would organize politically in order to promote its common interests. Op- 
erational informational policy would make it much easier for politically 
active towns to monitor officials in higher levels of government. Because 
publicly funded elections would deny incumbents an overwhelming ad- 
vantage over challengers, incumbents would have very strong incentives 
to avoid professional reviews. 

Strong monitoring of politicians changes the nature of political fac- 
tions trying to influence the political process through influence pedaling. 
As all elections would be publicly funded, factions would have few legal 
financial inducements for politicians. They would promote their interests 
by analytically demonstrating that  their proposals had the properties of 
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general benefits, consistency and efficiency while those of their opponents 
lacked the requisite properties. Thus an astute politician would use the 
rivalry of factions to ensure that his proposals would pass a professional 
review. 

Greater decentralization would increase the property of general ben- 
efits because the proposed organization promotes homogeneity within 
political units and heterogeneity among political units. With homoge- 
neous interests in subordinate governments the general benefits criterion 
is much easier to satisfy than the same criterion on legislation at the 
federal level. This is especially true at the level of the towns which were 
designed to promote lifestyle issues. To the extent that towns promote 
compatible lifestyles then promoting the lifestyle of the majority would 
have general benefits in most cases. 

In as much as consistency has up to now not been considered a de- 
sirable property of government the imposition of a consistency criteria 
in the profession review would lead to more consistent estimates of the 
common weal than currently. 

The driving force for efficiency in the decentralized government would 
be obtained more from competition between political units than the pro- 
fessional review. Because decentralization of governmental tasks places 
them in a more competitive political environment, efficiency considera- 
tions increase with decentralization. And the organization of elections 
and the prerelease of cost data on governmental services would make 
voters very concerned if their costs for government services were out of 
lille with their competitors. 

The proposed organization of a more decentralized government would 
improve the estimate of the common weal. This in itself would improve 
the rate of governmental innovation. The second aspect of improving 
innovation is improving the implementation strategy for innovation. In 
the proposed design the implementation strategy is made much more 
systematic than currently. 

In the proposed strategy the federal government assumes the research 
and development strategy for innovation for all subordinate governments. 
The federal government through scientific information policy and grants 
for research promotes discoveries leading to governmental innovation. 
Where possible the federal government conducts experiments as the basis 
for innovation. For this governmental task the implementation strategy 
would become a separation strategy. However, as many aspects of social 
policy are not amenable to systematic experimentation, the empirical 
knowledge would be gained by the natural variation in objectives and 
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policies of subordinate governments. The federal government would sys- 
tematically analyze these variations and would offer incentives for pilot 
studies which explore new alternatives. 

The proposed design would improve governmental innovation for 
three reasons. First, senators responsible for the federal research and de- 
velopment tasks would campaigning for reelection by extolling the merits 
of the innovations they had sponsored. In this regard the separation of 
federal research and development efforts from the operational control 
by subordinate governments creates a check on such senators. For a 
senator to claim an innovation, subordinate governments would have to 
adopt these potential innovations. Given the more competitive environ- 
ments of subordinate governments, this would put a tremendous stress 
in innovation on cost effectiveness. But since Senators would have a six 
year reelection cycle, they would have a long enough planning horizon 
to accomplish significant improvements. 

Second, the design and freedom of location encourages the hetero- 
geneity between subordinate governments at each level. This would en- 
courage diversity between governmental ends and means. Differences 
among ends and among means would be tested simultaneously rather 
than sequentially. Thus innovation would be accelerated because of the 
greater diversity between subordinate governments. 

Third, the cost of mistakes would be decreased by greater decen- 
tralization. In selecting objectives and policies governments at all levels 
frequently make grave mistakes. Because of the proliferation of profes- 
sional talent it is assumed that the states and metropolitan governments 
would have access to competent experts as well as the federal govern- 
ment. Thus it is assumed that the federal government would not have 
superior talent. Currently when the federal government makes a mistake, 
it is a colossal mistake. The greater diversity made possible by greater 
decentralization would mean that major mistakes would generally be 
localized to the subordinate government that made them. 
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Chapter 10 

T h e  Ind iv idua l  

Introduction 

The discussion of the individual in informational society is reserved for 
last in order to describe the society in which the individual pursues his 
goal-directed activity. The design of informational society is expected 
to enable the individual, in pursuing his self interest, to promote the 
common weal. To achieve this result, individual self interest must be 
consistent with achieving a high rate of discovery, invention, and innova- 
tion. In informational society, this would be partially achieved through 
the numerous opportunities for adults to discover, invent, and innovate, 
activities which would be rewarded by such incentives as fame and for- 
tune. 

Intergenerational transfer 

From the perspective of achieving a high rate of discovery, invention, 
and innovation, the development of individuals should, ideally, produce 
talented, well educated adults who actively seek better performance in 
all goal directed behavior. This ideal would be consistent with the in- 
terests of parents wishing to promote the success of their children in 
informational society. 

It has always been true that over time the intergenerational trans- 
fer of genes, social values, and education is modified by social change. 
Medical discoveries such as insulin and better health care, for instance 
by enabling the population to manage what might formerly have been 
a deadly disease, in effect now promotes the transmission of genes for 
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hereditary diseases such as diabetes 1. Likewise, over time the Calvin- 
istic work ethic has become secularized and increasingly hedonistic as 
leisure has increased. Parenting, too has been radically changed, with 
yet undetermined consequences, by the development of families in which 
both parents work outside the home. In response to these and other so- 
cial developments the education of children is constantly being modified 
to correspond with changing political economic needs. 

Improved social performance would result if changes in the intergen- 
erational transfer were the result of a systematic strategy for innovation. 
Because of the personal nature of intergenerational transfer, decisions 
concerning this transfer have traditionally been decentralized to the level 
of the family with some governmental regulation, such as the require- 
ment for sending children to school. Thus, intergenerational transfer is 
an excellent candidate for the use of separation strategy except for one 
problem. The great variation in towns in informational society should 
provide good nonexperimental data concerning intergenerational trans- 
fer decisions; however, because of the personal nature of many aspects 
of intergenerational transfer, the prospect of ever performing controlled 
experiments is extremely limited. 

With advances in knowledge parents will leave the selection of their 
children's genes less to chance and more to direct manipulation. Already 
in current society the widespread diffusion of birth control technology has 
enabled parents to increase their control over the timing of children. In 
the future parents who desire a child of particular sex will increasingly 
use technology such as centrifuges to increase the probability of having 
a child with the desired sex. Currently, tens of thousands of women, 
primarily women whose husbands are infertile, have artificial insemi- 
nations. While society has performed selective breeding on plants and 
animals since recorded history, humans are reluctant to consider such 
practices in human reproduction; nevertheless, the trend in sperm banks 
for artificial insemination is to collect sperm from superior males who 
are free of known defects. 

As discoveries in human genes are made, this knowledge will pro- 
mote innovations in human reproduction decisions. An exciting project 
of the biologists, which will take decades or even much longer to com- 
plete, is mapping the genes in the human genome. While such knowl- 
edge, over the extremely long run, will enable parents to design their 
childrens' genes, this knowledge will create fundamental social problems 
which must be overcome. For example, genetic screening will stigmatise 
some individuals as unfit for marriage. Others for whom genetic screen- 
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ing indicates they are more susceptible to dangers in the workplace will 
have their employment options reduced. Also, individuals for whom ge- 
netic screening indicates they are susceptible to heart disease will have 
trouble obtaining insurance 2. 

Hence, given the negative consequences of bad genes, parents will 
make ever effort to provide their offspring with the best genes possible. 
As discoveries of human genes will enable women to increasingly identify 
such genetic liabilities in their fetuses, they will have greater incentive to 
undergo amniocentesis in order to identify these disorders. More women 
may be faced with the difficult decision to abort,  which will exacer- 
bate the tensions between pro-choice and right-to-life factions. And if 
abortion becomes a common practice to avoid children with undesired 
characteristics whether genetic disorders, a particular sex or even eye 
color, the probable result will be an increase in the number of carriers of 
genetic disorders 3. Consequently, as low cost vitro fertilization is devel- 
oped in response to rising demand, couples with defective genes would 
have strong incentives to obtain an egg or sperm from a superior gene 
pool bank with the desired characteristics. 

The long run promise of discoveries concerning human genes is bio- 
engineering to create procedures for correcting genetic defects and in- 
creasing desirable characteristics such as human intelligence. The first 
success in gene therapy has been temporarily correcting for ADA defi- 
ciency by returning genetically corrected white blood cells to the body 4. 
The long term solution will be to alter the genetic characteristics of these 
cells produced in the body. In the very distant, perhaps ever receding, 
future bioengineers will a t tempt  to perform genetic surgery on the fertil- 
ized egg using in vitro fertilization. Parents who prefer their own genes 
to those of strangers would have strong incentives to use such procedures 
to avoid such disabling conditions such as Tay-Sach's disease, cystic fi- 
brosis, hemophilia or Huntington's chorea. At first such procedures will 
be most in demand by couples wishing to avoid high probability of de- 
fective genes. But, in time couples may simply wish to use techniques 
which increase the chances of having not just a normal but a superior 
child. 

Granted, human gene manipulation is and will no doubt continue to 
be a controversial area of technological advance. But in the proposed de- 
sign much of the potential political conflict surrounding this issue would 
be prevented by the voluntary separation of people holding controversial 
beliefs or practicing controversial lifestyles into separate towns. In infor- 
mational society the lifestyles of some towns would support the use of 
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technology to improve the transfer of genes while others would be vehe- 
mently opposed. Although the proposed decentralization criterion would 
enable parents in any town to use gene technology, most parents wishing 
to use such technology would probably choose to reside in towns sup- 
porting such practices. To the extent that such practices demonstrated 
improved performance, they would gradually become widely practiced 
and perhaps would eventually even become acceptable among segments 
of the population which had previously opposed them. 

The second component of the intergenerational transfer are the social 
values a young person acquires during maturation. Most innovation in 
parenting would be focused at improving the performance of specific 
problems such as innovations to improve the parenting performance of 
working parents. This is one area in which government would be willing 
to subsidize experiments in alternatives systems of parental leave, child 
care, and the integration of parenting and work. Government would 
also take an active role in experiments directed toward reducing social 
problems such as teenage gangs and the intergenerational transfer of 
child abuse. 

The evolution of values in informational society would stem primarily 
from the natural evolution of values currently held by industrial society. 
In informational as in current society, financial rewards and status in 
political economic activities would be based on the success an individual 
achieved in his or her chosen career. Communities of successful people 
would strongly value, either explicitly or implicitly, effort put forth to 
perform well in goal-directed activities. Such efforts are consistent with 
a wide variety of lifestyles, such as those based on religious as well as 
secular variations of the work ethic. Such striving is also consistent 
with modern psychological concepts such as self-actualization. Thus it is 
expected that parents in success-oriented towns would transmit to their 
children the value of achievement through effort and the willingness to 
assume moderate risks. 

As society becomes increasingly leisure-oriented, however, the work 
ethic and the value system supporting it could disappear. With more 
leisure time, most individuals will focus their lives more towards leisure 
alternatives than they do currently. This move to a leisure-oriented so- 
ciety could lead to the development of a value system in which the good 
life means an absence of striving towards goals which require the devel- 
opment of human skills. For example, a society which places a great deal 
of value on leisure activity may move towards a completely hedonistic 
lifestyle. Or, alternatively, a very passive value system might evolve if 



Intergenerational transfer 329 

leisure acquires the meaning of purely passive activities such as watching 
television. Under these circumstances few children are likely to grow up 
wishing to vigorously pursue discovery, invention and innovation. 

The key to the evolution of successful value systems for informational 
society, then, is the actual development of leisure. As the time spent in 
work decreases, challenging leisure activities involving striving for per- 
formance in a goal-directed activity increase. One example would be 
the development of participatory sports for all ages, with competition 
promoted by matching teams of approximately equal ability. Another 
example would be the development of artisan activities by means of 
shows and competitions that promote talent. If leisure were developed 
in this manner, then value systems stressing the importance of striving 
for performance in goal-directed activities would be consistent with both 
work and leisure. 

The need to promote goal directed leisure would lead to the innova- 
tion of government as a promoter of active leisure. Consider, for exam- 
ple, athletics. Participating in an active sport on a regular basis is much 
better for one's health than passively watching professional sports on 
television. And because good health has positive social benefits beyond 
the reduction of health costs to the individual, government has some in- 
centive to promote active sports as a public good. There are, of course, 
many very different approaches to promoting such a policy. On the one 
hand, the government could subsidize sports facilities, or on the other, 
it might favor individual incentives, such as allowing insurance costs to 
reflect physical fitness. Similarly, government will promote other types 
of goal-directed leisure. In this way the goal of transmitting social values 
that promote informational society will be realized. 

Another aspect of the maturation process shaping adult individuals 
is primary and secondary education. The purpose of educating children 
in informational society is the same as in previous societies-namely, to 
prepare children to lead constructive lives as adults. The emphasis of 
primary education is to teach basic skills and of secondary education 
to provide the basic foundations for making adult choices in political 
economic roles. 

As was discussed in the previous chapter, the design of the primary 
and secondary educational system would place greater emphasis on tech- 
nological innovation than the current educational system does. The 
focus of technological innovation would create methods of instruction 
combining teachers and technology which would respond to individual 
differences. Consequently, each student should receive a better educa- 
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tion because innovations in educational technology would be to create 
an educational system which better responds to the educational needs 
of each student. Moreover, the development of educational technology 
should make for greater equality of educational opportunity, since the 
low cost of replicating educational software would make such technology 
available to all school systems. 

To prepare students for life as adults in informational society will 
require an important shift in the focus of primary and secondary edu- 
cation. Adults in informational society will increasingly face a sequence 
of one time situations. For example, the purchase and implementation 
of new technology in work or the decision to purchase a new type of 
technological product as a consumer. To prepare adults for a future in 
which they must solve a sequence of non recurring problems, the educa- 
tion of children must place a much greater emphasis on problem solving 
and less on rote. Throughout their lives students will be facing constant 
learning situations where they must learn new skills to be employable. 
Faced with a new situation, students need to know how to find reference 
material in the social nervous system, how to learn the material using 
technological forms of education, and how to use software packages to 
use the new knowledge. 

The  Problem of Choice  

Adults in informational society, as in previous societies, will face diffi- 
cult choice problems in making such major decisions as the choice of a 
mate, career, or residence. In particular, adults in informational society 
will face greater difficulty than adults in previous societies in making 
secondary sequential decisions such as consumption decisions. First, an 
increase in the rate of discovery, invention, and innovation will increas- 
ingly create a unique sequence of decisions for individuals. For example, 
individuals making consumption decisions will find their tasks becoming 
less repetitious as the consumer faces a stream of new products to eval- 
uate. A sequence of unique decisions to make will further become the 
norm as the routine aspects of work are increasingly automated. 

Besides facing a sequence of increasingly unique choices, decision 
makers will generally have a much wider selection of choices for e~ach 
decision. One factor in increasing the number of choices is that au- 
tomation will reduce the cost of batch production, and this will enable 
producers to efficiently produce a wider assortment of goods. Also with 
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activities shifting to the social nervous system, individuals will have a 
larger number of alternatives to consider. 

The problem of choice has already been discussed with respect to the 
consumer and producer. To consider the issue further, let us consider the 
problem of adult education. Earning an income in informational society 
will require individuals to make a sequence of educational decisions. As 
was discussed in the chapter on economics, most jobs will last for only a 
finite time, to accommodate the constant technological change. Individ- 
uals must therefore develop strategies to cope with constant employment 
changes, since most will go through a life cycle of work combined with 
training for the next job. Some, in more stable industries, will mesh 
the upgrading of their skills with work to maintain a fairly stable work 
experience. Others, who are displaced by technology, will have to train 
for jobs in completely new industries. To compete for employment op- 
portunities, then, most individuals will have to constantly learn new 
knowledge and procedures all their working lives. 

The advance of technology will provide adults with much greater 
choice in educational alternatives than exists currently. With advances in 
computer software, one alternative will be self-paced instruction through 
a terminal and another will be courses organized through teleconferenc- 
ing. With the resulting freedom of location, students would by able to 
obtain education through the social nervous system from a very large 
number of suppliers such as universities, colleges, technical schools and 
corporate training programs. Another factor which would give students 
many more alternatives is the flexibility inherent in technological educa- 
tion. The student can interact with the software at his discretion, hence 
the student would have considerable control over how he integrated ed- 
ucation into his daily life. Students would need to attend classes at 
specific locations only if there were specific reasons for doing so, such as 
the need to manipulate physical objects, as is the case in many voca- 
tional training, art, or music courses. But, the need to be in a specific 
location will decline with advances in remote control, virtual reality and 
teleconferencing. 

The choice of travel to obtain post secondary education in informa- 
tional society would increasingly become an option and not a necessity. 
Many young adults would be able to select educational options that 
would minimize travel and living costs. They might, for instance, want 
to reside with their parents until they could afford their own residences. 
Given the transfer of education to the social nervous system, such indi- 
viduals could obtain quality education. Once established, most adults 
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would select educational options that did not involve much travel in 
mixing education with their careers. 

Some young adults, of course, would have strong incentives to com- 
bine travel with their education. With the growth of multinationals and 
other international institutions, an ambitious individual would have in- 
centives to develop social skills in dealing with individuals from many 
cultures. Because many of the courses would be taught through the so- 
cial nervous system, a ~student would be free to develop these skills by 
actually traveling and while simultaneously pursuing his education. For 
example, a youth could travel around the world on a grand tour and at 
the same time use rented terminals or a portable terminal to continue his 
formal studies. To accommodate such cases, universities would establish 
worldwide networks enabling students to transfer between campuses in 
different countries. Accordingly, students might relocate once a semester 
on one of campuses in the network. The student would take some courses 
live at the school of residence and pursue the rest of his studies through 
the social nervous system. This development would be an evolution of 
the current year-abroad programs at many universities. This type of ed- 
ucational opportunity would also appeal to middle level executives from 
multinational corporations considering mid-career training. 

The sequence of adult educational choices is typical of the difficult 
choice problems facing individuals in informational society. To improve 
their performance in decision making individuals will increasingly make 
use of decision support systems available through the social nervous sys- 
tern for all types of decisions. 
be an extension of the type of 
in making business decisions. 
sumer decisions was previously 
the evolution of such systems 
residence in a town supporting 

The development of such systems will 
decision support systems used currently 
How such systems might arise for con- 
discussed. Also discussed previously was 
for voter issues and for the choice of a 
the desired lifestyle. 

Because a large number of individuals in informational society will 
face a sequence of job and education decisions, entrepreneurs will create 
numerous decision support systems to aid in making job and education 
decisions. Besides listing all the job and education opportunities, such 
systems would offer numerous services. One service, for instance, might 
be to screen all the possibilities to determine the alternatives open to 
the individual. Another service would be aptitude and preference tests 
to help counsel individuals into making better decisions. 

Decision support system are also likely to be created for the selection 
of leisure pursuits. For most individuals in informational society leisure 
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would become an avocation which adds to the quality of life, and in 
keeping with this, many leisure activities would be the kind that would 
challenge human abilities. A continual supply of new leisure opportuni- 
ties of this sort would be created by advances in technology . Examples 
of technological advances which create new leisure in current society are 
the invention of hand gliders and computer games. 

Individuals would also make increasing use of choice support systems 
in making personal choices such as finding a date or a mate. Currently 
young professionals use computerized dating to decrease the search cost 
of finding compatible dates and potential mates. The widespread accep- 
tance of such information services for personal choices, however, depends 
on the long-term performance of such services. With the divorce rate 
currently standing at fifty percent, it seems that the systematic applica- 
tion of discovery to computerized matching could hardly do worse than 
the system of intuitive matching of today. Scientific information rights 
would create the basis for gradual improvements in matching algorithms 
for these types of choices. If evidence accumulates that the use of soft- 
ware to aid in the decision making involved in mate selection leads to 
more satisfying relationships and to more successful marriages, then such 
practices will grow. 

The more difficult issue in the development of decision support sys- 
tems is the conflict between efficiency and privacy. If a date-matching 
service developed a large number of clients, then programs would be used 
for preliminary screening to find possible matches. The performance of 
these programs would depend on access to data most individuals would 
probably not want to have casually released for perusal. The compromise 
would be to have one data base of raw data for perusal by prospective 
clients and a much larger data base for the matching programs. To ob- 
tain the larger database voluntarily, the matching service would have 
to develop a carefully maintained reputation for discretion and deliver 
much better results than intuition. 

The move to use choice support systems in all types of choice making 
should improve the quality of choices for a variety of reasons. First, deci- 
sion aids will reduce the deficiencies in behavioral man's reasoning. Sec- 
ond, with software support, individuals will gain sophisticated statisti- 
cal reasoning procedures much better than the limited-incorrect-intuitive 
statistical procedures of bounded rational humans. Third, in construct- 
ing objectives choice aids will generate greater consistency among the 
selection of alternatives. Fourth, with operational information policy, 
data files are more likely to contain both the positive and negative as- 
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pects of the alternatives in a choice-a point, which was discussed in great 
detail in the creation of information services for consumers. Fifth, scien- 
tific information policy provides the basis for researchers to constantly 
create better evaluation tools such as simulation software allowing the 
user to analytically study alternatives. And finally, making choices in 
a computer environment allows the user to inexpensively evaluate large 
numbers of alternatives. 

In summary, decision supports systems will improve the goal directed 
performance of individuals in two important respects. First, these sys- 
tems will enable individuals to make better estimates of their goals and 
secondly, they will increase the ability of individuals to select the best 
alternative. In this respect the performance of behavioral man should 
more closely approximate the ideal of rational man. 

To some readers the move to using computerized decision support 
systems to aid in choices of even a very personal nature would be an 
indication that informational society would be much less personal than 
current society. But in fact, the move to decision support systems should 
help to create a more personal society. To be sure the move to decision 
support systems would greatly reduce human role relationships such as 
between a sales clerk and a customer. But, by reducing the time required 
in this sort of role relationships decision support systems could create 
more time for personal relationships in the community supporting the 
individual's chosen lifestyle. The development of personal relationships 
would he further enhanced by some of the greater personal freedoms 
an individual would have in informational society to choose. First of 
all a fundamental choice of every adult is the town in which he chooses 
to reside. With freedom of location, almost every individual should be 
able to find a town which supports his lifestyle. And as individuals 
will have greater leistire they will have more time to develop personal 
relationships. Because most individuals would not have to relocate to 
pursue their careers, they would have the time to develop long term 
personal relationships. 

It is important to remember, moreover, that humans have the ca- 
pacity to humanize the use of technology. Shopping through the social 
nervous system does not necessarily mean a lonely individual glued to his 
computer screen. Socially oriented people are currently making shopping 
through telemarketing a social event. In the future such people would 
make imaginative use of visual simulations, such as trying on unusual 
clothes or simulating new furniture in a room for humor as well as for 
purposeful shopping. 
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Individual  and Social Performance 

Social performance in informational society would be as much a product 
of individual performance as is the case now. The complex relationships 
between science, markets, government and the individual in informa- 
tional society require a complex incentive structure to harness individual 
effort to the common weal. To examine this issue in greater detail, let us 
consider innovation. Throughout this book it has been advocated that 
achieving a higher rate of innovation could be achieved by shifting to 
a better strategy for implementing innovations. But to achieve a this 
higher rate of innovation also depends on individual performance within 
a better institutional arrangement for innovation. 

To discuss the role of individual performance in achieving a higher 
rate of innovation let us first review the principle features of the proposed 
separation strategy. All innovation would be based on a systematic ap- 
proach to discovery which promotes innovations. For this purpose the 
federal government would fund basic research, and scientific informa- 
tion policy would provide systematic observations. In addition, for some 
types of innovation, the government would conduct experiments to sys- 
tematically test alternatives. Such experimentation will be necessary, 
as for the foreseeable future the social sciences are unlikely to be suffi- 
ciently developed to implement innovations without extensive empirical 
tests. Finally, systematic analysis of attempts at innovation will promote 
faster imitation. 

One area where innovation would remain less systematic is the exper- 
imental design for testing alternatives. For some activities-for example, 
complete automated plants-the cost of testing alternatives is too great 
to allow systematic testing. Still other activities, both political and per- 
sonal are too risky or too controversial to gain public support for system- 
atic testing of alternatives. For a great many types of innovation, then, 
the testing of alternatives must be left to those who actually participate 
in the innovative activity. When such individuals or groups believe the 
implementation of the new alternative would improve performance in a 
goal-directed activity, they will test new alternatives to determine if this 
is in fact the case. 

As was pointed out for these situations, where the decision maker 
bears the risk and the cost of implementing a new alternative, the ex- 
perimental design can be improved by increasing the number of par- 
ticipants and by using subsidies. For political activities, improvements 
can be made by greater decentralization and subsidies that encourage 
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risky alternatives with great promise. Better business innovation can 
be obtained by promoting consortia to promote applied innovation re- 
search and promoting startups to achieve a greater number of actual 
implementations. 

To achieve a high rate of innovation, individual performance is re- 
quired in the various innovation tasks, which as was pointed out in Chap- 
ter 1 included identifying evaluating, and selecting alternatives. The de- 
sign of informational society would provide incentives for individuals in 
the various tasks creating innovations. Scientists making discoveries pro- 
moting innovations would win fame and financial rewards; business en- 
trepreneurs would have financial incentives; and political entrepreneurs 
would have the political incentive of exercising power. The proposed 
community structure would promote social and personal experimenta- 
tion because some towns would attract  risk loving individuals who would 
support experimentation. And these lifestyle entrepreneurs would have 
the admiration of imitators. Provided that intergenerational transfer in 
informational society produces a sufficient number of striving individu- 
als prepared to assume the moderate risks of innovation, informational 
society will have a high rate of innovation. 
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