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Abstract　Depending on the unified category definition and a series of cyclical characteristics for technological sciences, transplanting the methodology of “function coupling net, homeostasis and organizations growth theory” from physiology and cybernetics, the developing model of technological sciences is constructed taking social industry/utility systems, basic science systems, and relative social institution systems of science as three “hardware” dimensions, “target parameters” system including relative social mainstream values, related state laws and government policies as “software” dimension. Macro-society system of technological sciences is a new function coupling net cyclically growing from System A, and provides knowledge and professional people for breeding and constructing specially the leading industry group through developing climax of technological sciences. Then, (1) the rationality of the developing model of technological sciences with “continuous nest wave patterns” during the 4th economic long wave is challenged; (2) a series of rational suggestions to improve the future administrative system of S. & T. policy for every country are put forward.
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1. Introduction

Contemporary philosophy of science has developed a researching climax on the developing model of science and harvested a lot of fruits, such as the developing models put forward by K. Popper, T. Kuhn and I. Lakatos etc. From the researching above we can find two important enlightening points：
（1） the developing model of science is used to explain the internal mechanism and basic characters of scientific development，and it is a model to describe the law of scientific development. Although different developing models of science have different forms, yet they all include the goal direction, dynamic mechanism, evolution characters and evaluating norm, so the developing model of technological sciences in this paper ought to be a model to describe the law of technological sciences development, and reply to the questions about the goal direction, dynamic mechanism, evolution characters and evaluating norm of technological sciences. 

（2） almost all of the developing models of science indicate that science progress all presents cyclic phenomena in the time series just as “P1→TT1→EE1→P2……”. So whether there are cyclic characters for technological sciences developing has become the first premise to construct successfully the developing model of technological sciences.

However, almost all the accepted developing models of science are constructed for basic sciences, so the problem can be resolved in the extent of science epistemology. But the development of technological sciences must depend on the background of basic sciences, the direction of social applying goal and the suitable social institutions for its developing. So the research program in this paper relates to not only science epistemology but also the sociology of (technological) science. Thus the latter is more difficult and complex than the former.

2. Main Research Fundaments

2.1 Unified Definition on the Category of Technological Sciences

To counter a chaotic aspect in academic circles, specially in Chinese academic circles caused for understanding differently some concepts, such as applied science, engineering science, technological sciences and engineering technology etc. Through multiple-researching program of sorting out the classical old understandings, analyzing the typical cases of technological disciplines, relative statistic studying, systematic history surveying and relative theory clarifying, we have made the unified category definition for technological sciences as follows: 

Technological sciences is a new branch range of scientific knowledge between basic sciences and engineering technology, consisting of four layers called separately basic technological sciences (T1), process technological sciences (T2), engineering technological sciences (T3) and synthetic technological sciences (T4) to form a continuous spectrum from abstraction to concreteness, and is a group of disciplines which interact among themselves to form a network[1].( fig.1)
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Fig.1 The Structure of Opening System of Technological Sciences

 2.2 The History Division of Technological Sciences

Taking the above category of technological sciences as a base, choosing a suitable disciplines dictionary chief-edited by Jiang Zhenhuan[2] as a statistics source, through relative statistical computation analysis and multi-dimensions (evolution of industry structure, background of basic science, engineering technology education and other relative social institution) empirical study, we have arrived at the conclusions concerning the history division of technological sciences.( table 1)

Table 1 Conclusion on the History Division of Technological Sciences

	history division
	time phase
	knowledge constitution

	budding period
	1440*-1819
	consisting of T1 and T3

	institutionalizing period
	1820-1914
	consisting of T1 , T3 ,T4

	mature period
	1915-
	consisting of T1 , T2 ,T3 ,T4,forming a perfect system of technological sciences


*taking 1440 A.D. as the beginning of the Renaissance 

2.3 The Cyclic Characters of Technological Sciences Development

Firstly, 886 technological disciplines produced during 1440-1987 are chosen from the disciplines dictionary of statistics source, and divided into four layers of T1, T2, T3 , T4. Secondly, a cluster of curves are drawn according to the above data to express the increment characters of (T1, T2, T3, T4) technological sciences development during 1440-1987. Thirdly, Economic Long Wave curve drawn by Rainer Metz is put together with the above cluster of curves in order to compare between the development of technological sciences and the evolution of industry structure (fig.2).  The conclusions can be made from the phenomenal analysis of fig.2 and the systematic empirical study as follows:
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Fig.2 Comparing between the development of technological sciences and the evolution of Economic Long Cycle

(1) The 4 developing peaks of technological sciences almost fall successively into the 4 Economic Long Waves at the time interval.

(2) In the developing of technological sciences, the interval per circle is about 50 years. And this circle almost equates and corresponds to the cycle of Economic Long Wave.

(3) Before 1940, every developing cycle of technological sciences consists of a disorder wave phase (that is, the four curves of T1, T2, T3 ,T4 don’t show a clear relativity at this phase) and a nest wave phase(that is , the above-mentioned four curves are almost consistent with the increased and decreased rate, synchronizing with the beginning and ending times, nesting among peaks, and showing a clear relativity at this phase); after 1940，on the whole developing cycle, technological sciences is performed of continuous nest wave pattern which is composed with 4-5 sub-peaks at 10 years interval.

3. Basic Conception for Developing Model of Technological Sciences

3.1 Function Coupling Net, Homeostasis and Organization Growth Theory

Because of the complexity concerning the development of technological sciences, in order to construct reasonably its developing model, we transplant the methodology of “function coupling net, homeostasis and organizations growth theory” from physiology and cybernetics. The developing clues of this theory idea are as follows.

(1) Near the turn of last century, C. Bernard, a physiologist from France discovered that the stability of “milieu interne” (internal surrounding) is basic and unique condition for free and independent lives [3].

(2) In the 1930´s, W. B. Cannon, a famous physiologist from U.S. discovered the homeostasis of life organization. He considered that there was an internal self-adjusting equipment to maintain the mechanism of homeostasis, and emphasized that homeostasis was the base of life organization growth [4].

(3) In the 1940´s, N. Wiener further revealed that the self-adjusting mechanism of the body stated by W. B. Cannon essentially was the negative feedback mechanism [5].

(4) Jin Guantao, a Chinese researcher, further summarized and developed the above ideas. He indicated as follows[3]:① organization virtually is a function-coupling net with its special whole function through function coupling each other by inside every part. ② organization is the base to maintain life being, there is a negative feedback mechanism inside organization to maintain its homeostasis. ③ organization growth implies automatic expansion of function-coupling net, that is, new function-coupling net grows up from the original function-coupling net. So the maintenance and growth of organization can be summarized as the cyclic developing process as follows: “homeostasis→new function-coupling net→new homeostasis→further to construct newer function-coupling net…….”

3.2 Basic Social Background for Technological Sciences Developing 

After the Industry Revolution technological sciences developed so fast that its developing climax emerged one by one. We consider that the following two basic social background conditions can’t be neglected:

(1) Along with the commodity economy flourishing and social division of labor specializing, various social communities were institutionalized into independent social sub-system. According to their own special functions and the relationship of supply-demand between each other, these social sub-systems can be constructed as a function-coupling net and further form new social organization.

(2) After the 19th century, along with science and technology developed rapidly and the social function of science was further strengthened. The studying works of science were professionalized gradually. Adapting to the social needs, various discipline (specialty) communities were institutionalized into independent social sub-system and became the essential parts of many new social organizations.

The system of technological sciences as the medium between science and technology and a new system of producing scientific knowledge, its process of genesis and development certainly can´t be divorced from the above basic social background. For this reason, we can use the above function-coupling net, homeostasis and organization growth theory for reference and try to construct the developing model of technological sciences.

3.3 Basic Social Function-Coupling Net for Breeding Technological Sciences 

According to the above mentioned three conditions indispensable for developing of technological sciences, we choose social industry/utility systems, basic science systems and relative social institution systems of science as the three “hardware” dimensions to construct function-coupling net.

We can see easily by careful analyses: industry/utility systems have the function of creating substance wealth and supplying public services (output), but need to absorb specialized people and new knowledge and fruits of S. & T. (input). Basic science systems have the function of producing knowledge (output), but need funds, researchers and new scientific fruits (input). The relative social institution systems of science have the functions of training people and developing scientific fruits (output), but need research funds and new knowledge (input). Thus under the broad social background dominated by market economy, the above three sorts of systems can interact and match each other in accordance with their own functions of “output” and “input” to form inside parts of “homeostasis System A” shown by fig.3 (don’t contain imaginary line).

3.4 The “software” Dimension of Integrating Social Values for forming Social Organization

If the interaction and matching of the above three sorts of systems is irregular and unstable, they won’t integrate into relative stable social organization. As viewed from cybernetics, the function-coupling of the above three sorts of systems actually is an interaction, and forms an information transmitting loop caused by coupling among them. If the above sub-systems can be adjusted by negative feedback in light of specific “target parameters” system to realize homeostasis, the function-coupling net integrated by the above sub-systems has become a new social organization—homeostasis System A shown by fig.3 (containing imaginary line). The special whole function of homeostasis System A can be defined as follows: to promote the evolution of industry structure and the development of economy & society by training people, developing fruits and producing knowledge depending on education, R&D and market exchanging.

The “target parameters” system actually is a social value “software” dimension for integrating System A. In the society for developing technological sciences, it’s mainly embodied in the relative social mainstream values, related state laws and government policies.

The relative social mainstream values that promote the integrating of homeostasis System A, include the principles of fair competition under the guidance of values law, the basic consciousness of scientific activity (universality, criticism, rationality…), the mechanism of paying for transferring the possession of knowledge, the general social mood for connecting theory with practice.

Relative state laws to promote the integrating of homeostasis System A, include relative provisions from patent law, education law and the law of S. & T. for each country.

Relative government policies to promote the integrating of homeostasis System A, include the relative regulations, stipulations and quotas from the strategies of S. & T. , the programs of  S. & T. and administrative policies of S. & T. of different countries.

In an actual society, it is the ideas, viewpoints, specific index, targets and so on from the above three aspects that constitute the “target parameters” system for integrating social values of “software” dimension. It is quite evident that when the “target parameters” system is realized fully and stably by the repeated interaction and function-coupling of the three “hardware” dimensions, the new social organization—homeostasis System A is bound to emerge.

3.5 Two Steps for the Social Macro-system of Technological Sciences Growing

According to the above cyclic process of organization growth—“homeostasis→new function-coupling net→new homeostasis→further to construct newer function-coupling net …”, we consider that a whole social Macro-system of technological sciences is evolved from System A by two steps.

(1)In the homeostasis System A, various micro-system of the discipline (specialty) of technological sciences (e.g. chemical engineering) grow separately by function-coupling with System A according to the relationship of supply and demand and new corresponding partial homeostasis is realized by adjusting various partial social values(e.g. in chemical industry，the producing process requires large-scale and continuity). So the first step organization growth was fulfilled on the micro-layer[6].

(2) Under the guidance of the core social values for breeding and constructing the special leading industry group, on the one hand, some supplementary micro-systems of the discipline (speciality) of technological sciences grow continuatively from  System A depending on the same approach as above, on the other hand, the social macro-system of technological sciences grows from System A by interacting and function-coupling among all the produced micro-systems of the discipline (speciality) of technological sciences, System A has realized new homeostasis in the full sense, and homeostasis System B has developed from System A at the same time. The whole function of System B can be defined as follows: the special leading industry group is bred and constructed by cultivating qualified people, producing knowledge, developing fruits, depending on education, R&D and market exchanging (fig.3).
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Actually the social macro-system of technological sciences is a new function-coupling net grown and enlarged from System A through the organization growth. By comparing between fig.2 and some of our past researching fruits [7], it isn’t difficult for us to discover that the growing step of micro-system of the discipline (speciality) of technological sciences corresponds to the developing phase of disorder waves shown by fig.2, or the phase of continuous exponential curve at the total amount character curve of technological sciences overall development. Because the latter presents the law of exponential rise, it is called the developing phase of self-organization of technological sciences.

However, the growing step of social macro-system of technological sciences corresponds to the developing phase of nest waves shown by fig.2, or the discontinuous phase of exponential curve at the total amount character curve of technological sciences overall development, it is the climax phase of technological sciences that was completed under the guidance of unified social value goal to breed and construct the special leading industry group, so it is called the developing phase of dominated-organization of technological sciences.

Since the Industrial Revolution, every leading industry group only sustained a certain life-span, so the developing climax phase of technological sciences to supply the services of knowledge and specialists for developing and perfecting leading industry group presented the discontinuous and cyclic character. Before 1940, this cyclic developing climax generally lasted only 30 years. After the developing climax, the development of technological sciences began to come back to the developing state of self-organization, and at the same time the social macro-system of technological sciences corresponding to the last developing climax began to disintegrate. Before a new developing climax of technological sciences came into being, the developing phase of self-organization of technological sciences presenting disorder waves pattern was preparing for breeding a new leading industry group and developing a new climax of technological sciences.

How did the developing climax of the fourth Economic Long Wave after 1940 compose of 4-5 continuous sub-peaks at 10 years interval, form the pattern with continuous nest wave? We consider that was caused for the reasons from both “hardware” side and “software” side. The main reasons from “hardware” side are as follows:

(1) Many basic science fruits from the revolution of physics by the turn of the last century had become gradually the accepted forms of knowledge for engineering technology by digesting, absorbing, transforming over 30 years.

(2)  Many military fruits of S. & T. during the two world wars were transformed rapidly for civil purposes, which supplied a lot of growing-point for S. & T. entering into economic field.

(3) New social institutions of S. & T., such as the research organization of big science, the innovation system of the state or regions， supplied the important guarantee of organization for researching integrated with production and education.

On the side of “software”, the policy of S. & T. became gradually the main embodying form to affect the developing directions and specific activities of S. & T. “firmly, organizationally and institutionally”. Thus the great majority of activities of S. & T. were controlled under the willpower of government of each country.

It’s the synthetic affection from the above various conditions that made possible not only the development of technological sciences during the fourth Economic Long Wave fully on the “rigid” developing state with the continuous nest waves pattern, but also its developing climax almost covering the whole Economic Long Wave. Thus this phase was called new times by Кедров,Б.М. with a group of technological leading disciplines which were consisted of cybernetics, atom energy science and space science.

4. A challenge to the Rationality for the Developing Model of Technological Sciences with “Continuous Nest Wave Pattern”
4.1 The Main Embodying forms for Integrating Social Value and Comparing Study among them 

As shown in fig.2, after 1940 the development of technological sciences with the pattern of continuous nest waves indicates the developing model has been different from that before. On the one hand, in this phase technological sciences presents the unprecedented developing trend, firstly takes on the role of leading disciplines, and promotes the development of economy and sociology；On the other hand, we must see that it is the rapid development of S. & T. in this phase that results in the new crisis all over the world at present such as the pollution of environment, global warming, eco-crisis, energy crisis and so on. We consider that it is perhaps the policy of S. & T. that takes on the main embodying form for integrating social values to result in these consequences.

Through an exhaustive history survey we can discover that the main embodying forms for integrating social values are very different in the different developing periods of technological sciences. In the budding period，its main embodying form was only the relative social mainstream values developed in the capitalist society. In the institutionalized period the corresponding main embodying form was replaced by the relative state laws. By comparing the social values and state laws, the differences between them can be shown in table 2.
table 2 comparing the basic characters between values and laws

	basic character

embodying form
	showing way
	character of content
	utility property

	values
	recessive
	in disorder
	voluntary

	laws
	dominate
	in order
	restrictive


From table 2 we can see that the main embodying form for integrating social values was changed and its integrating function was strengthened which enabled technological sciences to make greater progress and establish its independent social institutions in nearly 100 years from the beginning of 19th century to the beginning of 20th century，exerting the impact to not be ignored.

After 1915, in the mature period along with the capitalist mode of production matured and international competition intensified rapidly, the relative policies of S. & T. were added to the main embodying forms for integrating social values by the governments of different countries besides social values and state laws. Thus a large number of S. & T. policies interfered with the developing directions and specific activities of S. & T. and the power affecting the development of technological sciences from outside society was strengthened dramatically.

This period usually was divided into two phases by the year of 1945 when the Second World War was ended, and the “Science—The Endless Frontier” was published by V. Bush. In the former phase，because of the needs from the two wars the governments of relative countries took the policy firstly as a temporary measure to interfere directly in the activities of S. & T. under the special conditions of time and space, and harvested many obvious fruits such as the successful manufactures of atom bomb and radar, and the rapid development of electronics. After 1945, through summarizing experiences of the wars many people realized that S. & T., as the national source would play a role which couldn’t be replaced. President Roosevelt F.D. had said: “new frontiers of the mind are before us, and if they are pioneered with the same vision, boldness, and drive with which we have waged this war we can create a fuller and more fruitful employment and a fuller and more fruitful life”.[8] Henceforth, many countries constructed a lot of big researching organizations for military and civil purposes concerning the respects of national defence, agriculture and atom energy etc., thus the new times of S.&T. policy institutionalization began. From then on, the government policy has become the main embodying form for integrating social values. By comparing state laws and government policies, the differences of them can be shown by table.3.

Table3. Comparing the basic characters between state law and government policy

	basic character

embodying form
	The rules for making
	expressing way
	time effect
	space effect
	utility property

	state law
	standardization
	more abstract
	longer
	often consider on the whole
	restrict in principle

	government policy
	flexibility
	more concrete
	shorter
	often be aimed at partially
	operating easily 


From table.3 we can see that the former would be safer and more reliable, and the latter reacts to emergency more quickly but results in mistakes more easily too. It is this reason that makes technological sciences almost full on the “inflexible” developing state of dominated-organization and basically excluding the developing phase of self-organization reflecting its own developing law of technological sciences. This obviously runs counter to the Chinese traditional philosophy on the ruling ideas of exchanging between relaxation and tension (“文武之道，一张一弛”) thus in this phase it is not difficult for us to understand why so many unexpected negative social effects caused by S. & T. have been produced.

4.2 Every Country Must Improve the Present Administrative System of S. & T. Policies

In order to make the policies of S. & T. play better roles in the development of technological sciences and exclude negative effects resulting from abusing S. & T. policies, we must reflect the procedures for making S.&T. policies inclusive of its researching, making, implementing, evaluating, reforming etc. on an overall scale. This is possibly very complex system engineering, and some basic principles are put forward for reference to the relative departments of every country as follows:

(1) In the global development of S. & T. and economy, the researching and making work of S. & T. policies should be not only important affairs of the government of each country but also a great affair of the whole world and the U.N... In order to avoid the global crisis, the international interactions and coordination must be strengthened.

(2) In order to restrict reasonably the implementing power of S. & T. policies, more overall law of S. & T. must be drawn up, even relative provisions of the constitution should be added. In the future development of S. & T. the strategic problems must be coordinated by the laws of S. & T.; the normal administrative problems, such as the partial coordination of S. & T. relationship, and specific program of S. & T. should be coordinated by the policies of S. & T. to avoid the big fault caused by S. & T. policies.

(3) In the specific programming and drawing up of S. & T. policies the positive social effects must be pursued actively and reasonably, and the negative social effects unexpected must be guarded against and avoided; we should meet outside social needs boldly and promptly, and obey developing law of S. & T. for insuring S. & T., economy and society to develop comprehensively, harmoniously and sustainably.
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