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Abstract

The premise of this paper is that economic progress is made possible through discoveries, learning, and creation of skills or knowledge, rather than by accumulation of capital. It is argued that science is a systematic inquiry that is categorically different from prescientific stage of useful knowledge or technical know how. Useful knowledge, which we will call skills in this paper, acquired in the prescientific stage was meager and lacked cumulative progress. Progress in knowledge became possible only after the process of skill transmission became institutionalized as science. Science as a social institution allows specialists who interact regularly and could benefit from cumulative process. This observation will be examined in the context of Adam Smith’s theory of economics progress; that specialization and the division of labor is limited by the extent of the market. The implications of the interaction between/technology and preferences/behavior are examined.  

Introduction

I propose in this paper that science or the systematic study of knowledge and skills, in the broad sense, should be understood as a social institution. Science is an artifact and has to be distinguished from pre-scientific knowledge or technical know how. In discussing economic growth, economists sometimes abuse and confuse the difference. Technology, science and skills are used in economics almost interchangeably. This is understandable but can be misleading. 
The premise of this paper is that economic progress is made possible through discoveries, imitating and learning, and creation of skills or knowledge, rather than by accumulation of capital. It is argued that science is a systematic inquiry that is categorically different from prescientific stage of useful knowledge or technical know how. Knowledge and skills acquired and transmitted in the prescientific stage was meager and lacked cumulative progress. Science as social institution made progress in knowledge possible. The institution of science consists of specialists who interact regularly and could benefit from cumulative process. In this respect, the progress in science shares the insight of Adam Smith in his theory of economics progress; that specialization and the division of labor is limited by the extent of the market. However, science as a social institution has aspects other than the market. 
Section I discusses the role of technology in the economic growth theory. Technology is a poorly understood term that is usually treated as a residual in growth accounts. Section II introduces Adam Smith’s theory of economic progress. The idea of “size matter” is extended to the process of skills transmission in the non-market and pre-market societies. Anthropological studies of Tasmania is discussed as an illustration of “Demography matters.” Section III formulates the process of skills imitation and transmission, and provides a model for skills in economic progress. Section IV discusses scientific institutions that developed and evolved with science.  Section V provides concluding remarks.    
 
I. Models for Economic Growth 
In analyzing the science as a market-like institution, I apply Adam Smith’s theory of economic progress, especially his observation that size matters. The size in Smith is the size of the market, but we will consider the size question in pre-market society as well as in the modern industrial market economy. This approach is useful in understanding that the progress in science cannot be explained by market process alone. To understand the significance of Smith’s insight, we examine the neoclassical growth theory and the new growth theory which considers endogenous growth or increasing returns. 
The growth theory is concerned with the development of productivity in modern industrial economies. The importance of technical change in economic growth has been widely acknowledged lay layman and economists.  In this respect, Robert Solow’s growth theory almost sounds like to repeat “water falls downward.” Solow (1957) shows that economic growth, even in the short run, can be explained mostly by technical change or innovations rather than capital accumulation. The significance of Solow’s finding needs some justifications. In his 1956 QJE paper, he proposes a model in which outputs are produced by capital K and labor L and; 

Y = Af(K, L) = AKα L β
where y is output, A is technology level. The production function  assumes a Cobb-Douglas form, and exhibits constant returns to scale when  β = 1 - α. The change in output, or economic growth, can be obtained by taking the logarithm of the production function and taking differentiation;

ln y = ln A + α ln K + β ln L and 

dy/y = dA/A + α dk/K + β dL/L.

Since population or employment is stable in the short run, economists believed that most of the growth is determined by capital accumulation, the term dK/K. But they were quite surprised when Solow (1957) showed that most of change in output can be explained by the unexplained residual technical change dA/A. Analyzing A(t), the technology change, is the essence of the endogenous growth theory by Lucas (1988) and Romer (1990). Once we have isolated technology as the engine of growth, we realize that technical change as the growth of knowledge or technological progress is poorly defined or even undefinable term. We leave the exercise in neoclassical growth theory here, and examine Adam Smith’s theory of economic progress. Smith’s theory can be summarized by his proposition that specialization and division of labor is limited by the extent of the market. As the size of the exchange nexus increases, new specializations become economically viable and labor input becomes more productive through dexterity, saving switching time, and innovations.  
II. Size matters
Smith’s theory of economic progress can be summarized by ‘size (of the market) matters’. This is also the basis for his theory of free trade. In this note, I argue that size matters for pre-market or non-market economy as well. The size in this case is demography rather than the extent of the market or purchasing power. The size matters in the transmission of skills in pre-historic human societies, as well as the way science develops. 
Smith believed that economic progress was inevitable. His theory of economic progress is summarized by the proposition that; specialization and division of labor is limited by the extent of the market. Labor input in an economy becomes more productive as the size of exchange nexus increases. Smith’s theory of free trade is based on his theory of economic progress. 
Specialization allows increasing returns by dexterity (skills and tacit knowledge), saving transition time (different task require different preparation, overkill has to be stored but will disappear fast), use of machine by simplifying work and innovations. Modern theory of increasing returns relies on Marshall’s external economy (Lucas, Romer), monopolistic competition (Krugman), public good property of technology (Romer). These authors do not consider the extent of the market influencing the growth potential. Exceptions are X. Yang and Buchanan and Yoon, which extends Smith’s theory to modern theory of increasing returns.    


Smith compares a savage chief and an ordinary worker in industrial – commercial England and notes that the ordinary English worker has more material comfort. As the size of the market increases, and the purchasing power expands, there will be more kinds of goods produced by specialized workers, and each person will become more productive. Thus, the currently poor countries are poor because they are isolated. And when they leave their isolation and join the bigger world, they will also become prosperous. To Smith economic growth and trade are the same phenomenon, while neoclassical trade theory and growth theory are separate and do not share the insight of Smith.   

On smith’s theory of economic progress we may raise two questions. Economic historians argue that the Smith theory explains economic growth only in the world of pre-industrial revolution. For instance, Wrigly and Deepak Lal think that there is a fundamental difference between the market economy before and after the industrial revolution. They consider the early one as based on organic resources and agriculture, while later economy is based on inorganic resource and industrial. The early stage can be explained by Smith’s theory, but the latter requires a new theory.  

Lucas (2000?) also thinks that the pattern of economic growth changed after industrial revolution. Growth before industrial revolution was Malthusian growth, in which technical progress (in agriculture) was overtaken by population growth, and, as a result, the living standard had to remain stagnant. Lucas and others conjecture that the fundamental change was made possible through accumulation of human capital. Increasing returns enter through human capital accumulation that interacts with the accumulated capital goods. To answer these questions and criticisms related to Smith’s theory of economic progress, we need a theory of skills; and I will use the term skill to represent the concept of useful knowledge for production, technology or know how. Smith was fully aware of the role of technology and science in economic progress.  Specialization will allow innovation and use of machines. Philosophers in university (i.e., scientist) may invent steam engine that is useful for production. However, he did not provide a separate theory of knowledge or technology per se for economic progress. 

Another question that I am raising is about the transition from savage society to the market world. The savage society consisted of groups or tribes of members of 50 or less. The hunter gatherers looked for what they need when the need arises. There was limited preparation or storage. Some groups were roaming around, while other groups stayed closer to certain regions. In savage society, each person or a small group of hunting and gathering produce everything they need. There was no specialization and no exchanges. However, there must have been some kind of limited barter between groups and tribes. There were minimal social exchanges between groups.  

Archaeologist show that changes in population size can explain the pattern of acquisition and loss of culturally transmitted skills. Henrich (2004) and Powell et al (2009) show that small populations were more likely to lose complex skills. Size matters here too. Individuals live in groups and learn skills from other members or by contact due to migration between groups. The density of the interacting group and degree of migration between them explains the accumulation of cultural skills better than the length of time since first occupation of a region. This finding is related to the modern human behavior characterized by symbolic behavior, systematically produced tools, and an increase in long-distance transfer of raw materials.    


Archaeologists compare such tribal societies by their cultural diversity which includes language, diet, toolkits, and long distance travel for exchanges. In such society, skills are important part of cultural diversity. Productivity will be totally determined by skills acquired by the tribal members, and useful knowledge was discovered accidentally and randomly by luck. The discovered skill practiced by the discoverer was imitated by others, especially by the younger members. The imitation of successful skill is part of human psychology and proclivity. The learning or imitation could be incomplete and the learned skill could be improved upon. Archaeological studies of Tasmania by Henrich (2004) and others demonstrate that size, measured by demography, matters. 

A. Demography and Tasmania 

Tasmania is an island, about one third size of Korean peninsula (68,000 km2), located 240 km southeast of Australia. Humans arrived in Tasmania about 34,000 years ago. About 10,000 years ago, the Tasmanians were cut off from Australia. The rising ocean levels at the end of the last glacial epoch cut Tasmania from the rest of Australia. Archaeologists find interesting facts about Tasmania from diggings. The cultural diversity is measured by toolkits. Toolkits before and after the geological separation tells that there were less cultural diversity after the separation.  


Tasmanian’s technology was simple compared to their contemporaries in Australia and to their own ancestors. At the time of European discovery, Tasmanian’s toolkit consisted of only 24 items, while aboriginal Australians possessed the entire Tasmanian toolkit plus additional specialized tools. Seven thousand years ago, the ratio of stone to bone tools was 3:1. Then, three thousand years later it was 15:1, and 3,500 years ago bone tools disappeared.
Section III. Models for skills 

In the earlier state of civilizations, skills, which include knowledge, technical know how, were discovered accidentally and randomly. The discoverers became skilful in it and others wanted to learn from those who are skilful. At this stage, we can imagine skills were transferred by social exchange, not by market exchange. It is part of human psychology to imitate from those who are skilful and successful. The learning from imitation can be imperfect and what is learned can be modified by innovation or experiments or even by accident. Unlike the market for goods and services, market was rather imperfect in exchanging skills. Even today, the market for knowledge or skill is imperfect and quite different from the market for goods and services. Education does not guarantee skills transferred in exchanges. Students pay tuition but the way skills are learned cannot be controlled by the price. 
The society consists of groups. The group members interact closely. They compare skill levels of others and imitate from the one with the highest skill level. The groups also interact among themselves, though not as closely as within the group. To be more formal, consider the skill level of a master in a group of workers. Let z be the skill level of the master, the highest level of skill among the members of the group. Individuals in the group try to imitate z. Individual i will acquire skill level z – αi, and he will add innovation which will change his skill level to zi = (z – αi)+ βi. Both αi and βi are random variables with mean α and β. If the distribution of βi dominates that of αi, skills will develop over time. If the distribution of αi dominates that of βi, then gradually skill will decline. The highest level of skill next period will be z’ = max {zi}. This model of skill transmission implies that, as the interacting groups become bigger, there is a high chance that skills will improve in society. 
As a scientific method of experiment is introduced, the probability of discovery will increase. This will be considered as innovation. The experiments will shift the distribution of βi for the experimenter and the group members. The next step is the institution of science. The method of persuasion is introduced. Experimental results are objective, but individuals may have different theories to explain the experiments. A method of persuasion has to develop. The basic premise is that there is objective truth which can be understood by our reason. But individuals have their own prejudice and errors. However, if errors and personal prejudices are uncorrelated among individuals, we will reach the truth, by free communications, which is common to different opinions. The constitution of science or institution will agree on premises or the grammar of our effort for innovation. Under these premises, specializations and exchange will increase our knowledge in a cumulative process, and the quantity and quality of knowledge will depend on the extent of the interacting members.   

III.a  A Model for Random Discovery   
Consider an economy in which the kinds of goods produced are fixed. Imagine a community of 100 hunters, who are natural equals being identical in all relevant dimensions. Each hunts deer and beaver for its own consumption. Thus there are two goods in this economy: deer meat and beaver skin. Each hunter divides his hunting time equally between deer hunting and beaver hunting, and he catches one deer and one beaver during the period. In this environment, there is no incentive for exchange and each person lives in autarky. 

Now, each hunter is randomly visited by a good luck of discovering a useful knowledge, a better way of hunting either beaver or deer. Say, with probability 0.1, he discovers a useful knowledge for deer hunting or beaver hunting. The discovered knowledge enhances his skill by 100% more. He can now kill either two deer or two beaver. Each hunter faces an expected growth of 10% deer meat or 10% beaver skin. Or, using deer meat as a numeraire, each person in autarky expects a five percent increase in living standard. 

Hunters may specialize and exchange. Hunters who discover useful knowledge for deer hunting specializes in deer, and we expect half of the people or about 50 hunters become deer hunters. Likewise, about 50 people discover useful knowledge for beaver hunting and become beaver hunters. Each deer hunter produces 4 deer and each beaver hunter produces 4 beaver. After specialization and exchange, each person will consume 2 deer and 2 beaver. Since the probability of discovering useful knowledge is 10%, the expected consumption to each person will be 2.1 deer and 2.1 beaver. This means a 10% increase in their living standard. 

This simple exercise tells that, even for the same rate of discoveries, the economy can grow faster through specialization and exchange. However, doubling the size of the community, now 200 hunters, would make no difference in their expected growth in living standard. Again, half of the hunters will specialize in deer hunting and half in beaver hunting. Each person faces the same random luck of discovering useful knowledge with probability 0.1. After specialization and exchange, the living standard is expected to increase by the same 10%. 

Perhaps a model like this influences the mind set with protectionist sentiment as we face in public opinion and political debates. However, the result may change if some of the goods are non-rival. In addition to deer meat and beaver skin, we introduce a third good ‘bell ringing’ which is a public good. One person can ring the bell for the whole community. Then, a bigger community will reduce the cost per person for the provision of the good.  

For a fuller analysis we introduce a sea of goods and of technology. The sea of goods is not necessarily specified or fully known ahead. It is a collection of goods that are imagined, and the collection may increase as discoveries are made. The production of each good is by constant returns and labor is the only input. Furthermore, we assume that production requires a lead time. Thus, production decision has to be made before preferences are revealed. The Smithean theorem is examined in this environment with stochastic demand, pre-commitment in production, and discoveries of knowledge for production.   

In this environment, the extent of the market plays two roles for economic progress. The larger nexus will increase the probability of discovering useful knowledge. The second role of the economic nexus is that, in the stochastic sense, a new good becomes non-rival. As the market nexus extends, more new goods with stochastic demand will become economically viable. The new good may be a standard private consumption good, but demand by one person does not diminish the availability to other potential consumers. All potential consumers, in fact all consumers, conspire to make new goods become accessible. This argument applies to knowledge yet to be discovered that might be useful in producing a new good. People tend to agree unanimously about the future need, perhaps because of the argument exposed here. Indeed, people tend to be cooperative about the future by encouraging other people to discover useful knowledge and produce new good, even if it may turn out private consumption good, they cheer each other as if it is a public good. This logic is analogous to the logic of behind the veil of uncertainty in Buchanan and Tullock’s Calculus of Consent.  

To be formal, consider a community consisting of N persons. Each person has one unit of labor per period which can be input for producing one unit of any good. Production knowledge is required to produce a good. For a simple illustration, consider a two period economy with two kinds of goods: X is the standard private consumption good of certain demand, and Z is the stochastic good whose production knowledge has to be discovered at the beginning of period 1. The demand for Z, as in option demand (Weisbrod), is infrequent and uncertain. Let q be the probability that a person, any person, will discover a useful knowledge for producing a new good Z. Then, the probability that at least one person in the community has the production knowledge is qN.

Preferences are revealed at the beginning of period 2, but the production decision has to be made at the end of period 1. Each person expects a preference for good Z with probability p. With probability 1 – p, he will have no preference for good Z, and his utility is u(X) from the consumption of X. After the realization of preference for good Z, the utility from the consumption of Z is v(Z); and v(Z) > v(X). This person’s expected utility when a new good is available is 

(1-p)u(X) + pv(Z)

which will be compared with the utility when the new good is not provided,

(1-p)u(X) + pv(X) <  (1-p)u(X) + pv(Z)

Let z be the expected demand for good Z by an individual. The aggregate demand is zN and the specialization is economically viable if zN > 1. Specialization of Z requires the discovery of knowledge for production, and, for sufficient demand, the probability qN has to be greater than 1. As the size of the exchange nexus increases from N to M (N < M), the chance of discovery increases and the good Z will become economically viable. Thus, the extent of the market limits the kinds of specializations for new goods, as Smith’s theorem predicts.

IV. Scientific Institutions 

We have already noted the similarity between the market and science. To specialize and exchange is the way the market works. Science develops by interactions among specialized workers and the specialization depends on the extent of social exchange nexus. While specialization is also inevitable in science, exchange is not necessarily like the market exchange. Knowledge is discovered and the discoverer specializes in it for production of further knowledge. Others imitate and learn then skill and improve upon it, which is related to learning by doing. But the price system is not the way scientific social nexus works. It is costly to learn knowledge and skill, but the ultimate cost is the subjective cost of understanding the other’s knowledge. Knowledge is also unique in that ideas can be made public. 
The institution of science is formulated as an exchange system in which discovered knowledge will be embodied into a specialized task. The institution of science in this respect is a virtual club, much as the market is a virtual club. On the other hand, the scientific institutions -- journals, universities and other scientific organizations -- work very much like the loan making process of banks. The contribution of commercial banks to the national product is the production of information. Through the loan making process, banks evaluate loan applications and select profitable ones. In this process, banks produce economically useful information. By the same token, journals and universities produce information regarding promising scientific projects.
V. Conclusion

In savage society, individuals learned skills from those who had best skills around them. The progress of skills depended on the size of the group and the intensity of interaction among the groups. Even in modern days, the progress of science and technology depends on the size of interacting specialists. However, the cumulative process of knowledge became possible only after science emerge as a social institution. 

Institution is a formal pattern that evolves largely unintended as Hayek claims, but institutions can develop by help of intended effort. The role of institutions noted in this paper is its role in reducing uncertainties. The origin of institution is the human nature and capacity of persuasion which is mobilized in truck, barter, and exchange. In any exchange, of goods and services and ideas, persuasion is what man uses. Persuasion can be inefficient and ineffective without rules for interactions, just as language has rules to construct ideas and communicate with minimum misunderstanding. In this respect, science is organized knowledge, designed to be efficiently communicated. In other words, science is an institution of persuasion. The persuasion is done by logic and experiment and inevitably relies on conjectures and presumptions. Science, as lord Kelvin said, is measurement, and as Heisenberg says is ultimately based on experiments.


We may examine another proposition of Adam Smith. Smith proposed that economic progress of a nation depends on the relative proportion of the people involved in the market-like and the science-like employments as opposed to non-market and non-scientific works. I may discuss this theorem by comparing two scientific and technological breakthroughs. One is the printing press at the 15th century in England. The other is Chu His’s new Confucian philosophy at 12th century in China. According to Geoffrey Hughes (1988), the rate of new words accelerated sharply with the coming of printing press. Around 1500 AD, the growth of vocabulary was about 50 new words per year. A century later, it was 350 words per year. This massive change must have disturbed earlier equilibrium of the language, and have greatly influenced the economic conditions. Chu Hi’s brilliant philosophy has influenced the Chinese and East Asian literati for a thousand years. But the impact of English language had more market-like and science-like impact, while Chu Hi’s system was about moral philosophy.  Perhaps, this provides a partial story about the different path the East and the West have taken for many hundred years. Of course, this is my speculation and I am willing to listen to your criticism. 
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