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Foreword 1

With the rise of industrial revolution and scientific management movement, the
emphasis on specialized labor division has become one of the significant features in
economic and social development. However, problems facing science today are far
more complicated than any other time in human history. To deal with the problems
requires not only the application of in-depth specialized knowledge, but also the
synthesizing of comprehensive knowledge, including social sciences, natural sci-
ences, and systems engineering. Introduction to Social Systems Engineering by Mr.
Wang Huijiong is a monograph on the theory and methodology of social systems
engineering that is based on his long-term theoretical and practical studies in the
field and contains significant academic value in China’s systems engineering
researches.

As a famous engineering expert and economist, Mr. Wang Huijiong has
witnessed China’s independence and growth, participated in the national con-
struction, and made contributions to China’s economic and social prosperity since
the reform and opening-up drive. After striving in the field of electrical engineering
for over 33 years, Wang has built up thoughts and theories on social systems
engineering from his practice in project construction and management. In the
1980s, Wang began to work in the Chinese Academy of Social Sciences (CASS) as
a research fellow, and later in the Technological and Economic Research Center
of the State Council (one of the predecessors of Development and Research Center
of the State Council or DRC) as a research fellow and executive director. He then
successfully redirected his research field from project construction and management
to social sciences and policy analysis, such as economic growth, industrial plan-
ning. Besides, he participated in a number of significant national strategic research
projects, from which he has accumulated a wealth of theoretical and practical
experience on socio-economic policy studies. Over the last three decades, Wang has
been in charge of a series of major research programs. For example, China in 2000
(led by Ma Hong), in which he worked as a member of the leaders team, won the
first prize of National Scientific and Technological Progress Award in 1987.
Integrated Economic Development Policies and Planning, another grand policy
research project, was accomplished through the cooperation with UN Development
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Program, in which internationalization, openness, and practicality were highlighted.
It focused systematically and profoundly on several major issues in China,
including China’s industrialization and policy-making, economic system reform,
and regional economic development. Its broad range, covering research organiza-
tion, coordination, and contents, was rarely seen in domestic studies.

In his broad research fields, Mr. Wang Huijiong has conducted long-term and
deep practical and theoretical studies on social systems engineering. In 1980, he
published Introduction to Systems Engineering, systematically concluding his
studies on engineering design and management for more than 30 years. After joining
CASS and DRC, he applied the research theories and methodologies on systems
engineering to social and economic systems studies, continuously enriching and
improving the theories and methodologies on systems engineering. In 2015, his
Methodology of Social Systems Engineering was published, which further facilitates
the research on and application of social systems engineering in China. This book
written in English is his latest monograph in the field and is an expansion and
improvement of his work in 2015. It elaborates the inevitability of social systems
engineering progress from the perspective of development history of natural sciences
and social sciences, which contains grand theoretical vision and profound historical
depth. In the methodology part of social systems engineering, he reviewed and
analyzed several crucial kinds of quantitative and qualitative research methods and
conducted monographic studies on several key subsystems, which reflected Wang’s
solid theoretical foundation, rich practical experience, and systematic thinking.

One of the major contribution of the book is to provide a more expansive and
comprehensive view for the research on social sciences and public policies by
applying theories and methodologies from systems engineering studies. Yet, state
and society form a huge and complicated system with a series of economic, social,
cultural, scientific and technological issues intertwined with each other. Especially
in the following period from now on, human society will be faced with more
complicated problems due to the dramatic development and extensive application
of information technology. Conducting researches on social systems engineering
will help not only to analyze problems and cope with challenges for the community
of shared future for mankind in a more comprehensive manner, but also to find
more reasonable solutions and policy schemes. Admittedly, professionals are
needed in real practice, but the problems facing mankind in production activities
and daily livelihoods cannot be solved solely by limited knowledge in one aspect
alone. To be specific, the design, construction, and management in engineering area
rely not only on natural sciences and expertise in engineering fields, but also on the
economic and management knowledge from social sciences. Similarly, reforms and
development in economic sector can also be integrated systematically and managed
intensively by utilizing concepts and methods from engineering field like planning,
designing, testing, executing.

China has made remarkable achievements in economic and social development
since the founding of the People’s Republic of China, especially since the initiation
of the Reform and Opening-up Policy in the late 1970s. As a consequence, more
and more countries expect to seek knowledge and wisdom suitable for their own
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development from China’s development history and experience. As Chinese
President Xi Jinping once said, ‘The world is so big, and the problems are so many.
The international community expects to hear China’s voice and see China’s plans.
China cannot be absent.” To be in line with the requirements of the time, to respond
to international concerns and to perform the responsibility as a major power,
President Xi Jinping declared at the UN Sustainable Development Summit in
September 2015 that China would establish the Center for International Knowledge
on Development (CIKD) to study and communicate with other countries on
development theories and practices suitable to their respective national conditions.
The DRC is a policy research and consultation agency serving the central com-
mittee of CPC and the State Council and is also one of the 25 high-end national
think tanks in China. The DRC has clearly blueprinted its strategy to build a
high-level international think tank and to take conducting international communi-
cation and cooperation as one of its key functions. The Chinese government thus
granted the DRC to undertake the founding of CIKD based on its functional
position and operating characteristics. In March 2017, the Chinese government
officially approved the DRC to launch CIKD. In August 2017, President Xi Jinping
and UN Secretary-General Antonio Guterres sent congratulatory letters to the
official launch of CIKD. In his letter, President Xi Jinping asked CIKD to make
positive contributions to researching and exchanging development theories, facili-
tating international development and cooperation and promoting the implementa-
tion of the 2030 Agenda for Sustainable Development. One month later, President
Xi Jinping stressed at the Dialogue of Emerging Market and Developing Countries
that China would strengthen the cooperation in experience sharing and capability
building with the international community through CIKD platform. Therefore, the
CIKD has set case studies on China’s development as its most important task at the
beginning of its official operation. Introduction to Social Systems Engineering,
written by Mr. Wang Huijiong, is not only a professional output on systems
engineering, but also a summary of his participation in China’s development and
research on national policies, containing rich Chinese elements, experience and
wisdom, and will be a good vehicle to tell Chinese stories. Hence, we are pleased to
offer the book as one of CIKD’s products to international society. Mr. Wang
Huijiong is a veteran expert on China’s policy researches who worked over 30
years in DRC, so we would like to, taking the opportunity of the book’s publication,
to extend our sincere gratitude to all senior scholars represented by Mr. Wang for
their contributions to China’s construction, reform and development undertakings.
We also expect more experts and scholars to summarize the theories and practices
on China’s development and to make positive contributions to international
development cooperation and global sustainable development with their counter-
parts from other countries.

Beijing, China Li Wei
October 2017 President of Development Research Center of the
State Council
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It is an honor, as well as a pleasure, to write a foreword to this book. An honor,
because I regard Prof. Wang Huijiong as one of my teachers about China’s eco-
nomic development, to which both of the book’s authors have made important
contributions through their research. A pleasure, because my work on China since
1980 has given me the opportunity to know the authors personally and to discover
dimensions of their insights and experiences that transcend the technicalities of
social science. Without them, what I have done in China would have been both less
useful and less enjoyable.

We first met in the early 1980s through the coincidence of two separate but
basically similar projects on China’s development prospects to the year 2000,
which are described and discussed in Sect. 4.3.2 of the book, and both of which
benefited from the support of governmental leadership at that time. The authors
were working in the Technical-Economic Research Center (TERC) of the State
Council with many other Chinese colleagues in many other institutions on a
comprehensive study that included both an overall general framework (in which
they played key roles) and detailed analyses of individual industries and provinces.
I was the deputy chief of a smaller World Bank team led by Edwin Lim that was
covering the same range of issues but with more emphasis on international com-
parisons and lessons from foreign experience.

The Bank team relied heavily on information, advice, and guidance from
Chinese colleagues, without which it would have been impossible to connect our
knowledge of the rest of the world with Chinese reality in a fruitful way. In this
regard, the TERC rendered us a great service by organizing no less than four days
of seminars (March 11-14, 1985) to discuss various aspects of our draft report. As I
write these words, I have on my desk the notes I made at those seminars and at an 8
March meeting with Mr. Ma Hong, director general of the TERC, accompanied by
Prof. Wang Huijiong and another brilliant and articulate old friend, Prof. Li Boxi.
One of my responsibilities in the Bank report was for the modeling, and looking
back through my notes, I can see how much we learned both from the TERC’s
comments on our model and from a presentation on the TERC’s own model and
projections made by a ‘young lady,” whom I guess was Prof. Li Shantong.

ix
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The TERC report and the World Bank report, though different in many ways,
arrived at broadly similar conclusions, and both made useful contributions to
China’s development to 2000 and beyond by charting the unknown terrain ahead
and suggesting ways of navigating through it. The TERC-World Bank seminars
also exemplified the way in which close interaction between foreign and Chinese
experts added hugely to the productivity, interest, and enjoyment of policy-oriented
research on China. Much has changed since those far-off days, with the TERC now
merged into the Development Research Center, and China a vastly more prosperous
country, but the legacy of the work we did and the friendships we made have
endured.

The present book spans almost all areas of scientific knowledge, almost all
periods of human history, and almost all parts of the world. Among other things, it
relates historical experience in China to experience in the West (Europe and its
offshoots), with the purpose of reducing the current asymmetry between China’s
good knowledge of the West and the West’s more limited knowledge of China. The
other purpose of the book, as the authors describe it in their preface, is ‘to try to fill
the gap among natural science, social science and engineering.” Social Systems
Engineering (SSE) is a discipline designed for this purpose, and more precisely for
combining the insights of different scientific disciplines to improve human
well-being, whether at the level of the firm, the locality, the nation, or the world.
The book reviews the main theories of SSE and the techniques and models used in
its application, especially to planning. It concludes with two chapters that view the
progress of China since 1950 through the lens of the long series of five-year plans,
whose use has continued, though their methods and content have evolved.

Oxford, UK Adrian Wood
October 2017 Professor Emeritus of International Development
University of Oxford
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We are glad to present to you this book Introduction to Social Systems Engineering
(SSE).

The purpose of this book is two.

The first purpose of this book is to try to fill the gap among natural science,
social science, and engineering. It may seem to be a little bit ambitious.

Since the scientific revolution, industrial revolution post the middle part of last
millennium, there is rapid progress of science and technology (S&T). Various
branches of S&T are emerged to be studied with in-depth. The development of
science is characterized by its ever-increasing specialization necessitated by huge
amount of data, the complexity of technique within every field. This is also true for
various types of engineering; for example, there was no clear distinction between
civil engineering and architecture in traditional civil engineering before modern
times, but currently, there are branches of civil engineering such as structural
engineering, architecture, highway engineering, harboring engineering, coastal
engineering. The results of this increasing specialization have caused difficulty of
coordination of large industrial projects generally including many different disci-
plines. It is also detrimental for further development of science and engineering,
because the academic study of in-depth and in-breadth are in mutual promotion
with each other. Interdisciplinary studies emerged in the early twentieth century.
General system theory and systems engineering were established and became
popular since mid of the twentieth century.

Both authors of this book are with background of science and engineering and
worked in the Development Research Center for policy and planning studies more
than thirty years, but Wang had published An Introduction to Systems Engineering
(in Chinese version) in 1980. We felt deeply that the issues of social science in
dealing with planning and public policy are even much more complicated than that
of natural science and systems engineering. There are needs to have such new
discipline Social System Engineering (SSE) to meet the new demand. We had
searched the programs of universities globally; there is only University of Tsukuba
with a master’s program in social systems engineering, and doctoral program in
policy and planning sciences. The University of Pennsylvania, which has an

xi



xii Preface

undergraduate program of Networked and SSE, its curriculum is consisted of
computer science, economics, systems engineering and sociology. It can be seen
that the contents of study of this emerging discipline are only defined basically. We
wish to contribute our exploration of this emerging discipline with our perception,
knowledge, and working experience.

The second purpose of this book is also derived from our impression in dealing
with Western world. We have the impression that the Chinese intellectuals and a
part of people know the Western situation relatively better than the knowledge with
China of their Western counterpart. This is a natural phenomenon due to the
backward state of society, economy, science and technology (S&T) of China before
establishment of PRC. Therefore, most Chinese learned Western experience
urgently in order to catch up. But China is a large unique country with five thousand
years of civilization. There were many philosophers and scholars in the Chinese
history, especially in the Spring and Autumn and the Warring State period, who had
contributed a lot of valuable knowledge to the mankind, for example, Confucius
and Confucianism, Taoism, Legalism.

Currently, China is emerged to be one of the largest nations in economy and
trade within a short period of no more than seven decades. As policy researchers,
we think it is necessary to share some of our knowledge to global interested readers
related to China’s cultural system, its socio-economic and S&T development since
the First Five-Year Plan up to the present Thirteenth Five-Year Plan as well as some
experience of growth of our Center, one of China’s national think tanks. We believe
that exchange of information to promote a mutual understanding among countries is
a pre-requisite toward a harmonious global society. That is our second purpose to
present this book.

Then we shall introduce briefly the structure and contents of this book. It is
divided into three parts:

Part I is Emergence of Social Systems Engineering (SSE) with four chapters and
deals with basic theories of SSE and its current growth in some countries.

Chapter 1 is an overview of the whole book.

Chapter 2 presents growth of science around 2500 years and resulted in three
trends of science in the early twentieth century, overspecialization, impact of
mechanistic view, and neglect of nonphysical science. General systems theory and
systems engineering were emerged to respond to these trends. Key concepts of
general systems theory and some aspects of systems engineering are summarized to
be the theoretical foundation of social systems engineering.

Growth of social science both in China and Western countries is presented in
Chap. 3. Based upon purpose of this book, several schools of social studies of
ancient China are briefed. Authors of this book believe that their influence to
contemporary East Asian Continent is the same as the impact of Greek philosophy
to current Western civilization. Development of social science in Western countries
is also presented since the Hellenistic period up to present. Three major thoughts
effect the development of social science in the twentieth century are analyzed; they
are impact of Marxism and others, influences of Freud and growth in parallel of
further specialization, and cross-disciplinary approach. Emergence of social
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systems theory and method is discussed. Psychology and various aspects related to
human behavior and its interaction with environment are discussed. Parsons’ theory
of social system and his AGIL framework of systems of action are identified to be
the other theoretical foundation of SSE.

Chapter 4 presents the development of SSE since the twentieth century. There is
a trend of development of SSE in USA, Japan, China, and Europe, etc. Clarification
of concepts of design and planning of SSE is presented in relative detail. Three case
studies in the nature of social systems engineering are given for illustration. They
are: Nation as large-scale system by Chestnut, H., two-large-scale research projects
done by Development Research Center, China toward the year 2000 and Integrated
Economic Development Policies and Planning.

Part 11 is Outline of Social Systems Engineering (SSE) with six chapters.

Chapter 5 is methodology and principle of planning of SSE. Due to the
broadness of various disciplines covered by the study of SSE, methodology of
qualitative analysis of two important studies is quoted. The first is Hall’s
Morphology Box for systems engineering; it includes phases, steps, and disciplines
which can be applied universally to all types of engineering programs and plans.
The second is Warfield’s societal systems, which focused specifically on planning
and public policy, the essential areas of study of SSE. His methodology of II-X
process and concept of TOTOs' the organized conduct of inquiry are introduced.
And a concrete policy study project of OECD. Expo 2000 Forum for the Future
with four successive conferences related to S&T, economy, society, governance
from 1997-2000 based on TOTOs is described in detail to illustrate the art of
integration of different disciplines, which is also one difficult action ‘integration’ of
Parsons’ AGIL framework of systems of actions. Systems engineering logic, a
detailed treatment of ‘steps’ is presented to complement Hall’s Morphology Box.

Principle of planning based upon concepts of SSE is also given methodologi-
cally. Three frameworks of planning are introduced; they are based on AGIL
framework of systems of actions, balanced approach of three subsystems (social,
economic, and S&T) of a national system, vertical hierarchy of subsystem (macro,
meso, and micro), respectively. Three planning models are also given; they are the
system environmental model; the function-structure model, and the process
behavioral model. Major concepts of structure of T-21 model are quoted to provide
concrete components of function-structure model.

Chapter 6 is methodology of quantitative approach of SSE. Measurement and
quantification are two major difficulties in the development of SSE compared to the
development of systems engineering in later part of twentieth century. There are
improvements of conditions of these two aspects in recent years. Progress of
development of social indicators is described in detail. Case studies of preparation
of systems of indicators for sustainable development by UN and its attached
organizations and framework of preparation of indicators of national competi-
tiveness by IMD are described. Models are discussed in a broader perspective to

! Note TOTOs is the abbreviation of Task-Oriented Transient Organization.
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avoid mathematical determinism. Three decades of experience of policy modeling
of DRC is summarized. A case study of DRC-CGE model is presented with the
history of its formation, the structure of the model with its various modules, and its
application to the analysis of China’s Thirteenth Five-Year Plan.

Chapter 7 gives a comprehensive discussion of various types of planning system
which is one major aspect of application of SSE. There are debates on planning
both in China and other countries due to the failure of central planning system in
later period of former USSR and the ideology of economic liberalism. But the rapid
growth of Chinese economy is partly due to its continuity and improvement of its
Five-Year development planning. EU, Japan, USA, a part of the world, and large
enterprises have kept the practice of planning in different types. This chapter starts
with a definition of planning and its role and gives the story of a military plan of
Qin dynasty to establish a unified empire in ancient China to illustrate the point that
planning does exist throughout the human history. Various types of planning are
discussed. Evolution of development of modern national planning system in global
society is described. Development of planning theories is briefed. The current trend,
emergence of Future Studies and Scenario is presented with case study of Europe
2020 and case study of Mapping the Global Future Project of National Intelligence
Council of USA. By the meantime, two detail case studies of Medium-Term
National Plans of France and India are given. This gives a relatively complete
information of long-range scenario planning and medium-term planning.

Chapter 8 deals with Boundary and Environment and Social Change of a Social
System. All systems are located in space and time of certain environments and
interact with them. The boundary between a physical system and its environment is
relatively easier to be identified, but the determination of a boundary line between
social system is generally complicated, because it is identified through norms,
institutions, and regulations. This chapter has given a general discussion of
boundary and environment. A case study of business planning, which illustrates the
interaction between an enterprise and its environment-Growth of Yantian
International Container Terminals (YICT) in Shenzhen, SEZ of China is given.
This case study serves for dual purpose; the first is to provide an example of
business planning which should also be an aspect of application of SSE; the second
is to illustrate the basic view of authors to modify A of Parsons AGIL framework of
systems of actions. We have also modified A (adapt) into AA (active adapt) so that
there are both changes for the business enterprise and its external environment.
Based upon purpose of this book, the formation and change of culture are discussed
in detail; especially the dominant influence of Confucianism to China’s social
system, the basic concepts of Analects are introduced to foreign readers. Finally,
one pervasive characteristic of social system,-the social change, is discussed, and
the megatrend of contemporary social change, globalization and regionalization,
from the perspective of the authors are presented.

Chapter 9 deals with regulation of social system. It seems to be a common sense
that the social system needs to be regulated in order to keep order, security, and
development of the social system. Public policy, law, regulation, etc., all perform
the functions of regulation, and all of them belong to the discipline of public
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administration. Therefore, a brief discussion of public administration is given to
provide a broad context. Then, a Western legal textbook with unique chapter of
policy analysis, the growth of legal system of China since the Spring and Autumn
and Warring State period up to Qing dynasty, and also the establishment of modern
legal system of China is briefed. A relatively detail discussion of public policy
formed the core part of this chapter. Clarification of terminology, history and
schools of public policy and policy science both in China and Western countries are
summarized. A social system approach of public policy-making process with ele-
ments and their relationships to be routinized is described. Two case studies are
presented to conclude this chapter. One is applying Analytic Hierarchy Process to
project ‘Differentiated Policy to construct the Functional Zones,” and the other is
‘Industrial Policy of China.’

Chapter 10 deals with global think tanks. There is rapid growth of think tanks
since the establishment of first think tank the British Royal United Service Institute
(RUSI) in 1831. This growth process was strengthened post-WWII and reached its
peak around 1992. This chapter gives a brief discussion of role of think tanks, types
of think tanks, its process of development, etc. Relatively detailed case studies are
given to several selected think tanks: Brookings Institution, Rand Corporation,
International Development Center of Japan. And also case studies of international
think tanks such as OECD, the World Bank and its activity in China are described.
Think tanks with unique features such as International Center for Economic Growth
(ICEG) with network of member communication organization and African
Economic Research Consortium (AERC) which is also consisted of networked
member organization are also introduced. Finally, development of China’s think
tanks, especially case of Development Research Center of the State Council, which
both authors of this book are attached is presented to conclude this chapter.

Part 11 is Application of Social Systems Engineering with 2 chapters.

Chapter 11 deals with development of China since its First Five-Year Plan up to
Fifth Five-Year Plan. China had no experience of national planning in the period of
1950s and followed the former Soviet model of centralized planning before 1980.
The First Five-Year Plan, the construction of 156 core projects and the Outline
of the Long-Term Plan of Development of Science and Technology 1955-1967 is
described in very detail; these have laid the foundation of China’s planning,
industry and development of Science and Technology. Analysis of China’s plan-
ning performance (1953-1980) from the perspective of social systems engineering
is given in last part of this chapter.

Chapter 12 deals with development of China since the Sixth Five-Year Plan up
to present. All planning documents of Five-Year Planning are briefed. It can be seen
in the picture how China is in transition from a former centralized planning to an
indicative planning system and establishment of the socialist market economy with
Chinese characteristics through gradualist approach.

Finally, several features and issues of this book should be clarified.
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Preface

The discipline of social systems engineering is a very new subject with very
broad coverage of various concepts. In order to prove our view and certain
concept, we generally quote available similar concept of other scholars or
studies directly without paraphrase. We think this approach is better to
strengthen our concept. Due to the nature of this subject, there is also a part of
concepts of others with paraphrase.

. Based upon the original definition of social system given by Parsons or given by

us in chapter one, it should include the political system. And study of social
systems engineering should include the study of political system, its function,
structure and behavior. But both authors had working experiences only in the
policy consultative institution; we have no experience at all in political-
administrative position. Therefore, political system is not discussed; it is clas-
sified roughly in the social system. And we separate economic, S&T system
from the social system to facilitate the discussion of planning and public policy.
Because economic system is the foundation of national socio-economic devel-
opment, while science and technology are the driving force of socio-economic
development of all countries.

Based upon above point, we focus more on planning function rather than design
in the study of SSE, because planning is generally based on existed political
system and power structure., while design will be more detailed and focused
more on ideal objective. But there is a general discussion of design and planning
in this book.

. Chapter 8 with the title of ‘Boundary and Environment of the Social System’ is

not well focused, because the initial intention of writing this chapter is to study
the role of environment and its interaction with the system. But discussion of
cultural system which is also a part of social system and very important part of
social system is also included in this chapter. It is better to be separated to
become an independent chapter, but it is not done due to time constraints.

Both authors of this book acknowledged frankly that our initial background is

science and engineering. We get our knowledge of strategic planning, public policy,
economics, and sociology through learning and doing in Development Research
Center more than 30 years; we have also a lot of chances to learn from our foreign
friends in many international conferences and through cooperation of many pro-
jects. Our knowledge is very limited; mistakes and errors in this book are
unavoidable. All comments and criticism on this book are welcome sincerely.
Progress is made through learning from and correction of mistakes! We do believe!

Beijing, China Huijiong Wang

Shantong Li
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Part 1
Emergence of Social Systems
Engineering (SSE)



Chapter 1 ®
Overview ot

1.1 Introduction

Ever since their existence on earth, humans have struggled to recognize and study
their natural and social environment, and themselves within it. It took a long
historical period for philosophy, natural science, and social science to emerge as
categories of studies. However, their respective pace of development accelerated in
the West during the Renaissance Period (the 14th—17th centuries). The pattern of
such inquiry and development was the emergence of multiple sub-disciplines within
each category of study. For example, astronomy, physics, chemistry, biology, and
geology, etc. became robust disciplines in natural science while economics, politics,
sociology, and anthropology, etc. were disciplines under social science. In the 20th
Century, there was a new trend of development in natural and social sciences which
further divided each discipline vertically into specific fields of studies or integrated
multiple disciplines horizontally into broader studies. The emergence of cultural
anthropology, social psychology, social statistics, etc., illustrates the former while
the emergence and development of interdisciplinary studies in a broader scope
represents the latter. Systems science and systems engineering are perfect examples
of interdisciplinary study.

As a comprehensive discipline, the systems science was developed around the
3rd decade of the 20th century. The development of systems engineering thereafter
has furthered the breadth of interdisciplinary study and application between natural
science and social science. The complexity of issues affecting mutual existence and
development faced by the mankind is increasing rapidly alongside the development
of human society. The construction and operation of large engineering projects
require not only the application of specific knowledge, but also the development
and application of broad and comprehensive social knowledge. Systems engi-
neering is emerged to close the gap of integration and coordination among the
evolved, specific fields of nature and society.
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Natural science and engineering fields are more fact-based and objective in
nature, and therefore, are less affected by ideologies and political prejudice. Also,
the feasibility and proofs of such studies can be tested through experiments and
practices. Comprehensive and very complex systems engineering principles have
been developed and applied broadly and successfully during the past century.
Examples include the lunar landing project, electric system grid, communication
system, transportation system, and internet system, etc. However, can such a
comprehensive, linear, and integrated study also incorporate the abstract but critical
application of the social system? That is, events and actions of human behaviors
that are subjective and interpretive in nature and manifested in government and
corporate system? This book will give a general literature review of relevant the-
ories, provide the authors’ personal perspective on social systems engineering
(SSE), present empirical evidence based on China’s experience in planning and
policies development, and provide critique and comparison of current practices with
general planning and SSE-based planning.

1.2 Social System and Social Systems Engineering

The social system has existed ever since the existence of human beings on earth. All
events and activities, power and politics, war and peace, exploration and empire,
trade and industry, science and technology, culture and religion, belief and thought
(Black, 2005), recorded as the history of the mankind serve as inputs and outputs of
exploration of social system and SSE. There were many studies relevant to social
system and SSE by scholars in various periods. Some of them may not be appli-
cable in current societies as they may seem preposterous from contemporary per-
spective. But many may still as valid study today, because the development of
human history is a continuous spectrum of inheritance and innovation. Learning
from history is an important source for SSE. Many valuable explorations of social
system and SSE occurred at various stages of the human development history.

1.2.1 Exploration of Social System and SSE Before
the 20th Century

In the Axial Age' of world history, the Greek philosopher Plato (427-347 BC)
established the concept of an ideal government and the structure of society. He
thought that societies had a tripartite class structure corresponding to the appetite/
spirit/reason structure of the individual soul. The three classes are Productive

"Note: This is a term raised by German philosopher Karl Jaspers, which characterized the period of
ancient history during about the 8th to 3rd centuries BC.
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(Workers), Protective (Warriors or Guardians) and Governing (Rulers or
Philosopher Kings). During China’s Spring and Autumn and the Warring States
Periods (771-476 BC and 475-221 BC), several famous philosophers and scholars,
such as Confucius (551-479 BC)—the founder of Confucianism, Lao-tse, and
Mo-tse, have had enduring influence on China’s political and cultural systems.
Confucius’ successor Mencius defined the human relationship of society in his
essay as “affection between father and son, righteousness between ruler and subject,
distinction between husband and wife, orderly sequence between old and young,
and fidelity between friends.” (Zhao, Zhang, & Zhou, 1999, p. 119). Above cited
thoughts are only a small example to show exploration of social systems throughout
human history.

1.2.2 Exploration of Social System in the 20th Century

The concept of an integral social “system’ was established in the middle of the 20th
century and there has been systematic exploration of social system by scholars and
practitioner ever since.

1.2.2.1 Exploration by Sociologists

Talcott Parsons (1902-1979), an American sociologist, published The Structure of
Social Action in 1937 and then The Social System in 1951, which made a pre-
liminary systematic exploration of social systems. Robert Merton (1910-2003), a
student of Parsons and a leading sociologist in America, tried to bridge the divide
between the abstract theory of Parsons’ and the empirical survey work that typified
much of modern American sociology. His most influential general work is the
collection of essays Social Theory and Social Structure (Merton, 1968). Niklas
Luhmann (1927-1998), a German sociologist, who went to Harvard and studied
under Parsons, published a German version of Social System in 1984 which was
translated into English and published by Stanford University Press in 1995. His
work made a highly academic and philosophical exploration of social system.
In The Social System, Parsons (1951) defined social system as follows:

A social system consists in a plurality of individual actors interacting with each other in a
situation which has at least a physical or environmental aspect, actors who are motivated in
terms of a tendency to the “optimization of gratification” and whose, relations to the
situations, including each other, is defined and mediated in terms of a system of culturally
structured and shared symbols. (pp. 5-6)

The above definition of social system has embedded three other systems: the
personality system (plurality of individual actors); a cultural system (wider values
giving coherence to the norms attached to status roles), and the environmental
system to which the society must adjust.
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In Economy and Society, Parsons and Smelser (1956), tried to synthesize theory
in economics and sociology and created a framework to analyze action systems. In
their model, four fundamental system problems are identified as latency or latent
pattern maintenance (including tension management) (L), goal attainment (G),
adaptation (A), and integration (I). This AGIL Paradigm will be discussed in detail
in Chap. 3 of this book.

Parsons is considered to represent the school of functionalism in the sociological
field. There are several other schools in sociology, such as conflict theory, social
exchange theory etc. Different schools have different views on social systems and
different opinions on Parsons’ theory. Some scholars criticized his theory as con-
servative or flawed. After reviewing several works on functionalist theory, Von
Bertalanffy (1968), the founder of General Systems Theory (GST), found that
Parsons’ work “overemphasizes maintenance, equilibrium, adjustment, homeosta-
sis, stable institutional structures, and so on, with the result that history, process,
sociocultural change, inner-directed development, etc., are underplayed and at most
appears as ‘deviants with a negative value connotation’. The theory therefore
appears to be one of conservatism and conformism defending the ‘system’ (or the
mega machine of the present society, to use Mumford’s term as is, conceptually
neglecting and hence obstructing social change.” (p. 196).

The authors of this book concur with above comments on Parsons’ theory and its
imperfections, but we keep the view that every theory is a product of the process of
development of society and history, its truth is relative to its time-frame, its
imperfections can be improved or supplemented with other theories. Parsons might
be influenced too much by Darwin’s theory of evolution by natural selection;
therefore, ‘adaptation’ was very much emphasized in his AGIL functional frame-
work. Of course, the existence and development of any social system need to be
adaptive to the natural and social environment where it exists. Active rather than
passive adaptation is necessary for survival. Both Bertalanffy’s GST and Parsons’
AGIL schema can be understood from various perspective and applied integrally
and complementally to study the social issues facing the mankind.

There are further studies of social systems in the late 20th century. Many systems
scientists, computer engineers, and electrical engineers engaged in studying social
systems; J. Forrester, K. Boulding, P. Checkland, R. L. Ackoff, J. N. Warfield, just to
name a few. Their involvement has not only improved the breadth and depth of study
of social systems, but also established the basis of SSE. Below section discusses
some of their contributions.

1.2.2.2 Exploration by System Scientists and Electrical Engineers

In late 20th century, there were increasing numbers of system scientists and elec-
trical engineers involved in the study of social systems. Due to their engineering
and scientific background, they approached the social systems with an engineering
perspective, thus contributing to the emergence of SSE. Below briefly describe
three of such studies.
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(1) Study of societal systems by John Nelson Warfield (1925-2005)

Warfield, an American systems scientist, was a professor and director for advanced
study in the Integrative Sciences (ASIS) at George Mason Society and president of
the Systems, Men and Cybernetics Society of IEEE. He also served as Editor of
IEEE Transactions on Systems, Men and Cybernetics. In Society System: Planning,
Policy and Complexity, Warfield (1976) explored the major application of SSE, i.e.
plan preparation and policy making, and introduced several concrete methods of
SSE. One method of qualitative approach to social systems is task oriented transient
organization (TOTO) which is a form of organization of collective inquiry.
Interpretative structural modeling based upon Boolean Algebra to study the
structure of social systems was also explored. He pointed out the complexity and
deficiencies in dealing with societal problems and stated that much of the knowl-
edge available in many social and behavioral sciences has not been applied to
complex societal problems. Warfield concluded:

The solutions to most of current societal problems depend on a host of disciplines, such as
sociology, politics, economics, and institutional arrangements, in addition to technology.
Superposition; that is, separately and sequentially looking at, say, the economic consid-
erations, then the political ones, then the social aspects, etc., does not work. They must be
integrated. (p. 13)

His point of view illustrates the importance of Integration—the “I”” in Parsons’
AGIL paradigm. Warfield recognized the main complexity in dealing with societal
problems because “Political society wants things simple. Political scientists know
them to be complex. This is no small matter”. (p. 15)

(2) Study of social system by Jay Wright Forrester (1918—)

Forrester is an American system scientist and the founder of system dynamics. In
his paper “Counterintuitive Behavior of Social Systems”, Forrester (1971)
explained that the features of the system dynamics model were not derived statis-
tically from time series data, but rather, they were statements about system structure
and the policies that guide decisions. It’s evident that Forrester, a computer engineer
and Parsons, a well-known sociologist of structural functionalism, worked in the
same direction with social structure and function in mind. Forrester also discovered
some unique counterintuitive natures of complex social systems. According to him,
three counterintuitive behaviors of social systems are especially problematic and are
primary causes for failures in government programs and policies if not recognized
and dealt with adequately. The first such behavior is that social systems are
inherently insensitive to most policy changes chosen by policy maker to alter
system behavior. The second behavior is that social systems seem to have a few
sensitive influences through which behavior can be changed, but generally these
influences are not what most people expect. The third behavior is that social sys-
tems exhibit a conflict between short-term and long-term consequences of a policy
change. A policy producing improvement in the short run is usually the one that
degrades a system in the long run. This point of view is manifested by the current
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global concern over the environment issue and sustainability of development due to
inappropriate high economic growth policy pursued by many countries. Forrester
was disappointed that the social sciences in his time retreated into small corners of
research when they should be dealing with the great challenges of society (p. 2)

(3) Designing social system in a changing world by Bela H. Banathy (1919-2003)

Banathy, a professor at San Jose University, was an educator and system scientist.
He founded the International Systems Institute (ISI) in Carmel, California in 1981
and was president of the International Federation for Systems Research in 1994—
1998. In his Designing Social Systems in a Changing World, Banathy (1996)
pointed out: “we are entering the twenty-first century with organizations designed
during the nineteenth. Improvement or restructuring of existing systems, based on
the design of the industrial machine age, does not work anymore. Only a radical and
fundamental change of perspectives and purposes, and the redesign of our orga-
nizations and social systems, will satisfy the new realities of our era”. (p. 1)

His book focuses on the role of design in a world of new reality. This new reality
is a major societal transformation from the industrial machine age to the postin-
dustrial information/knowledge age. He classified people in the society into four
groups based upon their response to social change. The first group—Reactive
Orientation: “Back to the Future” refer to people who are dissatisfied with the
present, long for the past, and want to return to what it was. The second group—
The Inactive Style: “Don’t Rock the Boat” categorize people who are satisfied with
things as they are. The third group—The Proactive Style: “Riding the Tide”
describe people who anticipate change, prepare for it when it arrives, and exploit its
opportunities. The fourth group—The Interactive Style: “Shooting the Rapids”
denote people who believe that it is within their power to attain the future they
envision and desire to bring about, provided they learn how to do it and have the
willingness to do the steering (pp. 38—40). Different approaches of planning should
be designed for different groups of people. This concept to classify people into
groups of different behaviors is important in SSE.

Banathy cited twenty-four definitions of design to show the thinking of design
scholars of the last three decades. Similarly, he discussed six different perspectives
on social systems. Among them, the perspectives on characteristics of social sys-
tems by Peter Checkland were highlighted below. According to Banathy,
Checkland maintains:

Natural and engineered systems cannot be other than what they are. Human activity sys-
tems, on the other hand, are manifested through the perceptions of human beings who are
free to attribute a variety of meanings to what they perceive. There will never be a single
(testable) account of human activity systems, only a set of possible accounts, all valid
according to particular Weltanschauungen.

Given man and his abilities, we have the huge range of human activity systems, from the
one-man-with-a-hammer at one extreme to the international political systems at the other.
(as cited in Banathy, 1996, p. 14)
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These three studies serve to reinforce our premise, that social system has existed
ever since humans came into existence on earth and become increasingly complex
as human society progresses.

1.2.3 Exploration of SSE in the 20th Century

The process of exploration and establishment of SSE seems lagging behind systems
engineering, which deals with large and complex but defined and focused engi-
neering projects. Systems engineering emerged around the 1930s, largely initiated
through exploration of “Methodology of Systems Engineering” by Bell Labs with
the aim to identify and manipulate the properties of a system as a whole that may
differ greatly from the sum of properties of its parts. Bell Labs was generally
acknowledged as the first organization to use the terminology ‘Systems
Engineering’. Scholars of operation research also contributed philosophical con-
cepts and technologies to this emerging discipline during the period of Second
World War. Rand Corporation formed the concept and technique of “system
analysis” in 1946. The first Handbook of Systems Engineering was published in
USA in 1965 to meet the demand of complex projects in defense, aerospace,
logistics, and transportation. While the theoretical foundation for systems engi-
neering has been well established through the joint efforts of corporations, aca-
demics, and researchers, such a foundation for SSE is lacking as it is still at the
stage of being explored. Below briefly describe a few examples of SSE exploration.

1.2.3.1 Exploration by Universities in Japan

Based on available information, the University of Tsukubu might be the first uni-
versity in Japan to offer master courses on SSE in the 20th century. Its major
curriculum covers three fields: social economics, management science, and urban
planning. Professors with civil engineering and architecture background predomi-
nantly teach the courses.

1.2.3.2 Exploration by Institute of Electrical and Electronics
Engineers (IEEE)

Among the theoretical system of different engineering disciplines, electrical and
electronic engineering is relatively close to SSE, which is interdisciplinary. Many
papers related to SSE were published in annual conference proceedings of IEEE in
the 1970s. These papers generally analyzed certain social issues from the per-
spective of control and automation. However, there were several excellent explo-
rations on social systems from the SSE perspective as well. Some are discussed in
the previous section. And here is another example:
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Exploration by Harold Chestnut (1917-2001). Chestnut, an American electrical
and control engineer, had his lifelong career with the G.E. Company since 1940. He
worked in the Aeronautics and Ordnance Department and the Systems Engineering
and Analysis Branch of the Advanced Technology Laboratory, where he served as
manager from 1956-1972. He was the first president of the International Federation
of Automatic Control (IFAC) from 1965-1967. He published two books related to
systems engineering, Systems Engineering Tools and System Engineering Methods
in 1965 and 1967, respectively. In Nation as Large Scale System, Chestnut (1982)
provided an overall analysis of a nation, which can be considered as a critical
exploration of SSE. Part of his paper will be discussed in Chap. 4 of this book.

1.2.4 Exploration of Social System in the 21st Century

In the process of development of human society into the 21st century, mankind has
a deepened recognition of the relationship between social system and the ecological
environment. Ecology is the scientific analysis and study of interactions among
organisms (including human beings) and their environment. These interactions
determine the territorial distribution and abundance. This term was first coined in
1869 by German Biologist Haeckel in a study of plant ecology. Later, it evolved
into an interdisciplinary field including biology, geography, and earth science. The
main influence of ecological concept on sociological theory occurred between
1920s and 1940s in the U.S. Initially, through the urban ecology by Chicago
sociologists. Concern about the impact of human activities on the environment in
the late twentieth century has promoted further study of social system and the
ecological environment, accompanied by a further broadening of interdisciplinary
study within the field of sociology. Difficulties in dealing with social changes have
propelled continuous studies by systems scientists. Three cited books below
highlight this general trend of study of social systems in the 21st century.

1.2.4.1 Human Ecology-Basic Concepts for Sustainable Development
by Marten (2001)

Marten has raised the concept of co-evolution and co-adaptation of the human
social system within the ecological environment where they co-exist. Based on
Marten, the social system is all about people and their population; values and
knowledge that form their worldview as individuals and as a society and which
guide them to process and interpret information and translate it into action; tech-
nology that facilitates their range of possible actions; social organization and
institutions that specify socially acceptable behavior and influence what they do.
“Like ecosystems, social systems can be on any scale—from a family to the entire
human population of the planet.” (p. 18). In Fig. 1.1, Marten illustrates the rela-
tionship between the human social system and the ecosystem.
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system
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Fig. 1.1 Interaction of the human social system with the ecosystem (Marten, 2001, p. 18)

1.2.4.2 The Handbook of Economic Sociology (2nd Ed.) by Smelser
and Swedberg (2005)

This handbook includes many topics that are also useful components of SSE, for
example, the topic of ‘the State and the Economy’ is an important component in
social system. The topics of ‘Behavior Economics’ and ‘Emotions and the
Economy’ provide a better understanding of interaction of individual actors and
human societies. And the topic ‘Networks and Economic Life’ is an updated
exploration of economic life of the social system in the Internet age.

1.2.4.3 Systems Thinking for Social Change by Stroh (2015)

Throughout human history, changes in ways of human living and production are
continuous which range from hunting and collecting, agricultural society, industrial
society, to the current transition into a post-industrial or information/knowledge
society. There is social inertia to various degrees, resisting the social change pro-
cess. At a relatively lower micro level, in dealing with educational issues, reducing
poverty or developing environmental sustainability, we may find that the organi-
zations and systems we want to change have a life of their own. Despite our
repeated attempts to improve them, they essentially continue to operate the same
way as if our effort makes no difference. Scholars and practitioners concerned have
been working relentlessly in search of ways and means to achieve better results and
more lasting impacts with fewer resources in the process of social change and
development. This book is aimed at contributing to these same efforts by applying
systems thinking, principles, and tools and sharing experiences in solving real
world problems.



12 1 Overview

1.2.5 Exploration of SSE in the 21st Century

In recent year, a variety of explorations in SSE have emerged as scholars,
researchers, and practitioners seek different ways to conceptualize and incorporate
SSE into the broader social arena to study large-scale human behavioral dynamics
and complex social systems, develop digital solutions to predict behavior, and assist
policy makers to solve societal problems. Below describe a few examples.

e SSE related research initiatives and academic programs in US. Engineering
Social System (ESS) is a joint research initiative (https://www.hsph.harvard.edu/
ess/about.html) between Harvard University, MIT, Northeastern University,
Santa Fe Institute, and other corporate and non-corporate research partners such
as IBM, Microsoft, Nokia, Google, Intel, UNICEF, Rockefeller Foundation, etc.
Its mission is to “seek solutions to important global problems and to better
inform leaders and policy makers who will turn great ideas into real changes that
will make the world a better place.” By analyzing large behavioral datasets,
generated from mobile phones and credit cards from around the world, ESS
researchers attempt to (1) generate new knowledge about large-scale human
behavioral dynamics and complex social systems via machine learning and
network analysis algorithms; (2) transform that knowledge into actionable
recommendations; (3) ensure resources for implementation; and (4) measure the
results. At its core, ESS integrates computational social science and physics of
society in big data mining to generate insights into the “behavior of people
ranging from individual to nations” and to “leverage these insights to radically
re-think how traditional social systems are engineered.”

Networked and Social Systems (NETS) Engineering Program at University of
Pennsylvania, School of Engineering and Applied Science. (http://www .nets.upenn.
edu/). This undergraduate degree program is named after Rajendra and Neera
Singh, Owners of Telecom Venture LLC. NETS, began in 2011 and with its first
class graduated in 2015 with a Bachelor of Engineering degree, is a multidisci-
plinary program that connects the study of networks with the study of human
behavior. By mixing courses in engineering, mathematics and science with courses
in sociology, game theory, economics and policy, NETS not only provide funda-
mental knowledge about “various strategies and decisions that make up human
interaction” but also train students to “build the digital solutions that anticipate the
way people—and systems—will act.”

1.2.5.1 Book Publications About SSE

Since SSE is still at its preliminary explorative stage, there are not many books
specifically devoted to the subject. Below cite three books that we consider most
relevant.
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(1) Social System Engineering by (Oosawa) (2007)

This book may be the first one ever published with the name SSE. In Japan, the
higher education and research institutions have explored and studied unremittingly
the subjects of “social engineering” and “social systems engineering”. University of
Tsukuba, for example, has offered graduate studies on SSE. However, such a field
has not gained a convincing recognition and dominant influence in the international
academic arena. Social System Engineering consists of 15 chapters including
Orientation; Problem Definition; Data Collection; Data—Information; Modeling;
Discrete Model; System Dynamics; Predication; Game Theory; Probability and
Bayesian Theory; Uncertainty and Human Judgment; Reflection on Network;
Information Technology and Social Systems; Methods for Generation of Ideas; and
Conclusion. Based on the chapter topics, this book has mainly collected several
existing quantitative tools for analyzing social systems with more emphasis on
dealing with uncertainty. It also covers topics of contemporary society. For
example, the influence of the development of information technology and network
on social systems. Since the book is intended for academic use (a textbook for
higher educational institutions), its coverage on the operation and management of
social system, such as planning and policies in the real world is limited.

(2) Introduction to Social Systems Engineering edited by Yang and Li (2008)

This may be the first book published under the name of SSE in China. It is a
textbook for higher education institutions. Introduction to Social Systems
Engineering consists of nine chapters, namely, Introduction, Principles of Systems
Science, Self-organization System Theories, Complex System Theories, System
Cybernetics, System Operations Research, Systems Engineering Approach, Classic
Social System Theories, and Modern Social System Theories. Compared with the
Social System Engineering by Oosawa Hikaru, this book is more about various
theories related to systems engineering and less on applied mathematics. Contents
related to social systems are discussed in Sect. 4 of this chapter. Chapter 8 dis-
cusses social systems theories of Marx, Spencer, Parsons, Luhmann etc. Chapter 9
presents the components of social system and their mutual relations, and the
organizational modes of social system with the self-organizational mode in par-
ticularly. In the end, it states the nature of complexity, chaos, fractal, etc. of the
social system. The characteristics of the book are encapsulated in the summary:
“This book is a combination of the specifics and realities of universities/colleges of
science and technology. It aims to strengthen the creation on the systems thought,
systems thinking, and systems engineering working skills of students majoring in
social work and public management.” (Yang & Li, 2008, p. 253)

(3) Methodology of Social System Engineering (Chinese edition) by Wang (2014)

This book has almost the same structure as this current English book, but the focus
and content are different. The Chinese edition Methodology of Social Systems
Engineering is written for the Chinese professionals and readers, especially for the
planners at government or corporate level. The purpose is to provide a new concept
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and balanced approach to planning. This book consists of two parts with ten
chapters. Part 1, focusing on theoretical foundations, has four -chapters:
(i) Overview; (ii) General System Theory and Systems Engineering; (iii) Social
Systems; and (iv) Outlines of SSE. Part 2, concentrating on methodology of SSE,
has six chapters: (v) Overall Discussion of Methodology which discussed in detail
A. D. Hall’s (1969) Three-Dimensional Morphological box for systems engineering
along with Bardach’s (2005) eightfold path to show the common steps in planning
and policy analysis; (vi) Planning System explained and compared planning
experiences of France, Japan, India and China, and briefly discussed scenario
analysis in planning in Global Trend 2030: Alternative Worlds (National
Intelligence Council, 2012) and spatial development planning of Japan and
European Commission; (vii) Cultural Systems and Its Impact on Development
discussed progress of cultural theory and studies on culture and development by
UNESCO, selected developed countries, and China; (viii) System of Qualitative
and Quantitative Analysis explored some ways and means for regulation and
control of social system, described the performance measurement’ in detail, and
discussed selected models appropriated to study the social system and model
application techniques; (ix) Analysis and Evaluation of Public Policy System dis-
cussed public policy system as an important means to keep a social system in order
and in progress; (x) Growth of Think Tank discussed selected think tanks from both
developed and developing countries as case studies, some international organiza-
tions, and China’s Development Research Center of the State Council where the
two authors had worked more than 30 years. Think tanks have been around for
180 years. The authors maintain that a well-organized think tank with groups of
qualified experts from various disciplines can perform a proper role in planning,
designing and improvement of a social system.

1.2.5.2 Description of Social-Systems Approach

To date, there is no terminology for “Social Systems Engineering” in any dictionary
of social science or encyclopedia, which is an indicator that it is still a discipline to
be acknowledged by all. However, Nishet (2008) described social-systems
approach in his “Social Science” contribution to Encyclopedia Britannica; it is
quoted below:

Still another major tendency in all of the social sciences after World War II was the interest
in “social systems.” The behavior of individuals and groups is seen as falling into multiple
interdependencies, and these interdependencies are considered sufficiently unified to war-
rant use of the word “system.” Although there are clear uses of biological models and

“How to measure performance of the social system was once a major obstacle in the establishment
of social systems engineering, but much progress has been made in recent years to establish
various types of indicators.
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concepts in social-systems work, it may be fair to say that the greatest single impetus to
development of this area was widening interest after World War II in cybernetics—the
study of human control functions and of the electrical and mechanical systems that could be
devised to replace or reinforce them. Concepts drawn from mechanical and electrical
engineering have been rather widespread in the study of social systems.

In social-systems studies, the actions and reactions of individuals, or even of groups as
large as nations, are seen as falling within certain definable, more or less universal patterns
of equilibrium and disequilibrium. The interdependence of roles, norms, and functions is
regarded as fundamental in all types of group behavior, large and small. Each social system,
as encountered in social-science studies, is a kind of “ideal type,” not identical to any
specific “real” condition but sufficiently universal in terms of its central elements to permit
useful generalization.

He also stated that “Structuralism in the social science is closely related to the
theory of social system.” We concur with Nishet’s viewpoint and consider that it
has encapsulated some fundamental concepts of SSE.

1.2.5.3 Description of Social Engineering

(1) Terminology of social engineering

Although there is no terminology of social systems engineering found in any dic-
tionary, there is description of social engineering in Oxford Dictionary of Sociology
(Scott, 2014). It defines social engineering as:

Planned social change and social development; the idea that governments can shape and
manage key features of society, in much the same way as the economy is managed,
assuming that adequate information on spontaneous trends is available through social
indicator and social trends reports. For example, the extent of women’s employment is
clearly determined in part by government policy to promote or impede women’s paid work.
(p. 695)

(2) Origin and evolution of social engineering

In 1894, a German industrialist J. C. van Marken introduced the term sociale
engeniers (social engineers) in an essay. His functional parallel idea was that at
today’s workplace, employers needed both social engineers (specialists) to deal
with human problems and technical engineers to deal with mechanical problems.
This term and concept spread to America in 1899 and the notion “social engi-
neering” was introduced as the task name for social engineers. Later, US sociolo-
gists adopted the usage of social engineer as one building block on a metaphor of
social relation as “machineries”, to be dealt with in the similar fashion by technical
engineers. The concept of social engineering was further broadened by Germany
philosopher Theodor W. Adorno (1903-1963) for observation of mass culture in
his study of cultural industry. Both Japan and US have continued the study and
development of social engineering ever since.
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1.3 Social Systems Engineering

1.3.1 Necessity of Developing SSE. Two Aspects Necessitate
the Development of SSE

1.3.1.1 Necessity to Promote and Improve the Development of Human
Society

The socio-economic development of mankind has progressed over a long historical
period. For over 18 centuries and well before the industrial revolution, the average
annual compound growth rate of global population and GDP was insignificant.
These growth rates reached 0.98 and 2.21%, respectively, in the period of the
post-industrial revolution (Maddison, 2001). However, divergence in growth rates
varied significantly in different countries in their historical development. In China’s
example, its population and economy was very much affected by the political
condition in her long history of feudalism. Two famous dynasties, Han and Tang, in
China’s history, are briefly discussed below.

In the beginning period of Han Dynasty (202 BC-2nd Century AD), the pop-
ulation and economy had declined considerably compared to the period of Warring
State (inhabitants around 20 million) due to civil wars since the second emperor of
Qin Dynasty. Several emperors of Han Dynasty adopted series of policies to
encourage population growth and promote agricultural production, by the end of
Han Dynasty, it had around 60 million inhabitants. Similar situation happened in
Tang Dynasty (618 AD-907 AD), the most powerful dynasty in China’s history.
The Tang Dynasty had no more than three million households in the beginning due
to wars and unstable political and social environment that lasted for four centuries
between Han and Tang Dynasties. The number of households and inhabitants
reached the highest in the year 754 AD of Tang Dynasty—around nine million of
households and 53 million of inhabitants, respectively.

Since the Industrial Revolution, although economic development has greatly
improved people’s living conditions and material life; for example, people’s medical
and education conditions and average life span have improved significantly. Humans
are facing ever more complicated social issues such as wars, crimes, poverty, urban
problems, regional problems, international problems, malnutrition, hunger and
diseases. Warfield (1976) regretfully pointed out that, “Experience shows how
imperfectly we deal with these problems” (p. 1). Japanese Oosawa (2007) listed over
160 social issues faced by society; such as unbridled mammonism, lack of medical
personnel, increase of medical cost, issues about immigrant workers, crimes of
police officers and civil servants, aging population, illegal discharge of industrial
wastes, hereditary systems in enterprises and organizations, pollution of lakes and
rivers, increase of natural disasters, social injustice and unbalance, local cultural
recession and increased crime rate among juveniles (p. 2). These social issues also
exist widely in China. Although China has achieved great socio-economic devel-
opment since the establishment of PRC in 1949 and the economic system has
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achieved an extraordinarily fast development since the reform and opening-up in late
1970s, conflicts and new issues in the process of economic and social development
are becoming more prominent. In Premier Wen Jiabao’s Report on the Work of the
Government presented to National People’s Congress on March 5, 2013, he
acknowledged that China still faces many difficulties and problems in economic and
social development, particularly:

Unbalanced, uncoordinated and unsustainable development remains a prominent problem.

There is a growing conflict between downward pressure on economic growth and excess
production capacity.

Enterprises’ operating costs are increasing and their capacity for innovation is weak.

The growth of government revenue is slowing down while fixed government expenditures
are increasing.

There are potential risks in the financial sector.

The industrial structure is unbalanced.

The agricultural foundation is still weak.

Economic development is increasingly in conflict with resource conservation and envi-
ronmental protection.

The development gap between urban and rural areas and between regions is large, and so
are income disparities between individuals.

Social problems have increased markedly, and many problems in the areas of education,
employment, social security, medical care, housing, the environment, food and drug safety,
workplace safety, and public order affect people’s vital interests.

Some people still lead hard lives.
There are many systemic and institutional obstacles to developing in a scientific way.

The transformation of government functions has not been fully carried out, and some areas
are prone to corruption. (Wen, 2013, pp. 14-15)

Chinese leaders were aware that many complicated problems fall into the cat-
egory of SSE. From the structural perspective, families, one of the component parts
of the social system, are also undergoing changes. They evolved from the big
families where several generations lived under one roof in the agricultural society to
today’s small families made of couples and their children, single parent families, or
families of LGBT”. Different types of families have different kinds of problems.
There are many studies and publications titled Family Problems, Family in
Transition, Modern Family etc. done by sociologists. They can illustrate fully the
complexity and urgency of study of SSE. However, the development of SSE and its
theories falls behind the demands. Therefore, it is necessary to promote its devel-
opment with more participation from academics and experienced professionals
working in socio economic field.

3Note: LGBT is an initialism that stands for lesbian, gay, bisexual, and transgender.
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1.3.1.2 Necessity for Advancement in Education System to Train
Qualified Personnel

Disciplines in academic and education fields can be classified into basic, special,
and comprehensive. Although people trained in special disciplines are in demand,
broad issues facing mankind whether at work or in personal life cannot be solved
just by specific knowledges applied to today’s highly complex society. This
weakness of traditional education system in providing qualified generalist to deal
complex engineering project had been shown in last century. Planning, design,
construction and operation of any large engineering project demands not only
knowledge from natural science and related engineering disciplines, but also
knowledge of economy, sociology and management from the field of social science
in order to achieve better result of the project. Systems engineering was emerged in
last century to meet the demand. This situation is even more complex in social
systems engineering. It can be seen from the development and reform of a nation,
the phases and steps to deal with social issues had been generalized by Hall, a
pioneer of systems engineering in his morphology Box (refer to Fig. 5.2a of
Chap. 5 of this box). Currently, the terminology and concept of ‘top level design’ is
suggested by the Chinese economic field to be applied to economic reform, this
includes implicitly applying the planning design concept and approach established
in engineering fields to the realm of economic reform. But the current education
system and its curriculum are biased towards the training of specialized profes-
sionals. It seems that the training and development of professionals with a
broad-based knowledge and comprehension are inadequate. Leaders from large
multinational corporations, academic fields, and government agencies reported
intense shortage of qualified engineers with capacity of system thinking and inte-
gration. International Council on System Engineering (INCOSE) was established in
1995 in US to address the needs. But INCOSE focuses only on training qualified
systems engineers when there is an even greater demand for training qualified social
systems engineers. Therefore, promotion of the study of SSE is necessary to mend
the deficiency in the current educational system. This is a relatively complicated
subject to be discussed. Because the demand of generalist may be few in number
compared to the demand of specialist, but they are indispensable in the division of
labor of modern society, especially, the society of the mankind is in transition
towards a knowledge society. In Japan, such programs are in existence for more
than 30 years while only a handful of institutions of higher learning in the West
have recently established the program of SSE. And in China, such a study seems
only at its infancy, even although China has some practical experience in the field
for a long time. It is necessary to develop this new discipline through collaboration
with learning communities and related organizations both domestic and abroad.
Education is an important subsystem of any social system. The contemporary
global education system especially the universities have existed for one thousand
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years.* Changes must be made to adapt to the current and future needs. There is
already emergence and development of distance education, online learning, Open
University, etc., to facilitate needed change. More can be said on this subject, but it
is out of the scope of this book.

1.3.2 Time Is Ripe for Development of SSE

1.3.2.1 There Is an Urgent Demand for the Development of SSE

As described in Sect. 1.3.1, although there was rapid growth in the global economy
and great improvement of people’s living condition post the Industrial Revolution,
in which developing counties (a fair part of them were colonized countries before
the WW II) even enjoy a higher average annual economic growth rate than that of
developed countries in general, many social issues remain unsolved. One of them is
severe income disparity. Foroohar (2016) pointed out that “Financialization has
funneled wealth up, not down” but “Average hourly pay has increased $1.25 in
50 years after adjusting for inflation” (p. 24). Nearly the same conclusion can be
found in Capital in the Twenty-First Century by Piketty (2015) as he states that the
top decile share in US national income rose from less than 35% in the 1970s to 45—
50% in the 2000-2010 (p. 24). He notes that “...a market economy based on private
property, if left to itself, contains powerful forces of convergence, ...but it also
contains powerful forces of divergence, which are potentially threatening to
democratic societies and to the value of social justice on which they are based.”
(p. 571).

1.3.2.2 The Scope of Study of SSE is Basically Defined and Practiced

It can be seen from previous descriptions that the scope of study of SSE is planning
and policy making by a large part of researchers and available publications.
Although there is no shortage of planning at national or corporate level, it was
reported in the World Development Report 1983 (World Bank, 1983) that:

After 1945, however, the establishment of planning agencies represented a major institu-
tional departure in developing countries. These agencies were intended to provide medium
and long-term perspectives on development, supplementing the short-term preoccupations
of finance ministries. There is now common place in developing countries. A recent World
Bank survey of some eighty countries indicated that four out of five have multiyear
development plans, over the past ten years, approximately 200 plan documents have been
prepared.

“Note: The first universities in Europe were the University of Bologna (1088), the University of
Paris (1150) and the University of Oxford (1167).
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In most countries, however, planning agencies have not lived up to expectations. By the late
1960s there was widespread talk of a crisis in planning. (p. 66)

It should also be pointed out that there is no shortage of studies of development
planning by economists, including Nobel laureates. Most of a nation’s planning and
corporate planning are conducted by economists in general. Piketty (2015) frankly
discerns that he sees economics as a sub-discipline of the social sciences, alongside
history, sociology, anthropology, and political science (p. 573). He also dislikes the
expression “economic science” because it suggests that economics has attained a
higher scientific status than the other social sciences (pp. 573-575). He points out
correctly that “For far too long, economists have sought to define themselves in
terms of their supposedly scientific methods...” (p. 574). He also suggests that
“social scientists in other discipline should not leave the study of economics...”
(p. 575)

The authors maintain what is cited above can partially explain the failure of
planning to meet the demand expectation and the cumulative social issues in
development. Exploration of SSE by experts from various disciplines may be
helpful in better planning and policy making. This can be shown by Cast Study:
Expo 2000 OECD Forum for The Future in Chap. 5 and Case Study of China
toward the year 2000 done by Development Research Center of China presented
in Chap. 4.

1.3.2.3 Some Difficulties in SSE are Resolved and Some
are Being Explored

It’s generally understood that many difficulties exist in exploring social system,
such as, measurement and quantitative approach as are prevalent in any hard sci-
ence. But great progress has been made by United Nations and other international
institutions in establishing social indicators which will be discussed in Chap. 6 of
this book. With respect to quantitative approaches, the difficulty is to quantify
human behaviors. But Behavioral Model and Simulation—From Individual to
Societies (National Research Council, 2008) has provided updated information
about available models from individual to societies even though no concrete
description (equations, variables and parameters) of various models is given. This
book is based on a study supported by a joint grant between the National Academy
of Science and the US Department of Air Force. It is a common practice in US
science and technology (S&T) policy to let the military take the lead in research and
disseminate results appropriately for civilian uses. The World Development Report
2015 (World Bank, 2015) centers its theme on “Mind, Society, and Behavior.” In
the Forward section, President Jim Yong Kim maintains that “Many development
economists and practitioners believe that the ‘irrational’ elements of human deci-
sion making are inscrutable or they cancel each other out when large numbers of
peoples interact, as in markets, yet, we now know this is not the case. Recent
research has advanced our understanding of the psychological, social and cultural
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influences on decision and human behavior and has demonstrated that they have a
significant impact on development outcomes.” (p. xi). The World Bank is the
largest international organizations with large number of highly experienced
researchers and experts in policy studies for many countries. The findings in this
report are significant. With existing literature paving the way and more relevant
research in the pipeline, we suggest that it is the right time to establish and develop
the discipline of SSE.

1.4 Exploration of Definition of Social Systems
Engineering

1.4.1 Current State

From previous discussions, it is evident that the theoretical foundation for SSE are
still being explored. The curriculum of University of Tsukuba covers social eco-
nomics, management and urban planning. On the other hand, the University of
Pennsylvania stresses the integration of social networks, technologies and eco-
nomics into social systems. There is also the terminology social engineering which
overlaps SSE in scope of study. The famous Chinese scientist, Mr. Qian Xuesen
defined social engineering as the science for construction and management of a
country. It is not unusual to have these different perceptions because different
scholars may uphold their own perspectives and understandings at the exploratory
stage of SSE and it is difficult to come up with a perfect definition for SSE from a
single perspective, due to its complexity.

A metaphor of the blind men and an elephant parable can be used in the
emergence of SSE. The moral of the parable is that humans tend to project their
partial experiences as the whole truth, ignore other people’s partial experiences, and
one should consider that one may be partially correct and may have only partial
information. Compared with systems engineering, SSE has a broader coverage of
various disciplines. Thus, to understand and define SSE as completely as possible,
we need to examine closely a variety of definitions by some other scholars.

There are two available definitions in published books which will be described
below for reference and comparative purpose.

1.4.1.1 Definition of Social System Engineering
by Oosawa (2007)

“Society” is the assembly of the human being. Society depends upon the social
system constructed and operated by systems, institutions and mechanisms.
Therefore, “social system engineering” is the knowledge to understand and explore
plans for social system and the society from engineering or practical perspective.
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But the current university curriculum and textbooks frequently associate the above
vocabularies in the areas of regions, urban, civil engineering, construction, land,
environment, welfare, economy, industry and society; and the knowledge com-
posed of perceptions, conceptions and methodologies is related to key terminolo-
gies such as ‘system’, ‘model’, ‘simulation’, ‘analysis’, ‘design’, ‘management’
‘evaluation’, ‘forecasting’ and ‘optimization’. It seems that all these cannot clearly
define the knowledge of ‘social system engineering’, and neither can they identify
the boundary and scope of ‘social system engineering’. (translation, p. iii)

1.4.1.2 Definition of SSE by Yang and Li (2008)

Yang and Li (2008) briefly defined that “SSE is a discipline of engineering tech-
nology to study social system, its task is to integrate various knowledge and
technology related to society, and combines with the practice of social engineering
to proceed toward innovation, to construct new control system of society, to satisfy
the demand of the human being to reform and construct the society consciously.
Study of SSE is helpful to strengthen the close integration of theory and practice of
social science and to promote the development of social science.” Yang and Li
classified modern science and technology and natural sciences into three hierar-
chical levels, i.e. basic science—technological science—engineering science,
among them, the application of engineering science and technology has the most
direct and close relationship with the practice of production and engineering. They
stated, “Engineering is a form of expression to reform the nature of the mankind, it
is a compound of interaction between the mankind and the nature. Engineering
science in its primary sense is a concept of natural science, it is a technology to
reform the objective world directly, it is an important link and path for science and
technology going toward production and practice. Therefore, SSE is a discipline
belonging to the engineering technology category (translation, p. 22).

In Yang and Li’s conceptual framework, they cited Chinese scientist Qian
Xuesen who stated, “social science should proceed from social science to social
technology in similar order as natural science to engineering technology. Applied
social science should follow the same pattern as engineers designing a new archi-
tecture in order to design and reform our objective world scientifically.” Qian also
stated that “social engineering is a science to reform, construct and manage society,
one of its objectives is to combine the social science with other sciences; it is a type
of practical technology.” Hence, Yang and Li gave a definition based upon Qian
Xuesen’s view that social engineering is the technology of organization, construc-
tion, and management of society. Such a technology falls into the scope of systems
engineering and its object is the whole social system (translation, pp. 22-23).

In general, we concur with Qian’s statements about social engineering and its
functionality. However, although Qian expressed his view on the direction of
development of social science and defined what social engineering was, he did not
use or define the term SSE.
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1.4.2 Definition of SSE Given in This Book

1.4.2.1 Principal Underlining the Definition

Authors of this book follow the basic principal that the progress of mankind is
through inheritance and creation. In the process of creating definitions adaptable to
current and future needs, we aim to inherit and carry forward the best and avoid the
pitfalls of the past. To achieve the aim requires broad surveys and readings of
various literatures, and learning by doing at the same time.

1.4.2.2 Components of SSE

The definition of SSE can be defined through two of its components: the social
system and engineering.

(1) Definition of social system

Parsons’ definition of social system was relatively concise but abstract. To make the
meaning more concrete and easily understood, we define the social system as
follows:

The social system is composed of individuals and social units or groups (such as
families, corporations, organizations, government agencies, etc.) connected through
permanent relations which can be replicated to form structures with functions. The
social system exists in certain physical and non-physical environment. With the aim
towards “optimal gratification”, individuals and groups within the external
boundary of a social system interact with each other and with those outside the
boundary via exchange of information and action. Their interactions within and
beyond the boundary are influenced by cultural systems, shared value system,
existing regulations and institutions. The social system is dynamic and subject to
changes caused by internal and external forces. This definition can be expressed in a
diagram shown in Fig. 1.2.

(2) Definition of engineering

Two definitions for engineering are cited below as references.

According to Smith (2012), engineering is: “the application of science to the
optimum conversion of the resource of the nature to the use of humankind. The
field has been defined by the Engineers Council for Professional Development in
the U.S., as the creative application of ‘scientific principles to design or develop-
ment structures, machines, apparatus, or manufacturing process, or works utilizing
them singly or in combination; or to construct or operate the same with full cog-
nizance of the design; or to forecast behavior under specific operating condition; all
as respects an intended functions, economics of operation and safety to life and

property.
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Fig. 1.2 Social system and its relationships

In Introduction to Engineering, Mayne and Margolis (1982) described engi-
neering as “The art of the practical application of scientific and empirical knowl-
edge to the design, production or accomplishments of various parts of construction
projects, machines and material of use to man.” (p. 4)

These definitions of engineering are written for conventional and hard systems.
We can modify them to describe engineering for social system which is more of a
soft system. Below is our first attempt:

e [Engineering is the creative application of scientific principles to Plan, design,
develop and improve the structure and parts of the social system, or the social
process; or to operate the same with full cognizance of the design, or to forecast
behavior under specific operating condition. It should achieve the intended
functions of economic prosperity and social justice.
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1.4.2.3 Definition of SSE Given in This Book

Due to the complexity of SSE, this book will provide two definitions of SSE.
Definition “1” and “2” complement each other.

(1) Definition 1

SSE is interdisciplinary engineering based on the application of general systems
theory, systems engineering, Parsons’ theory of social system and social action, and
behavior science. SSE extensively applies principles and concepts of various sci-
ences and knowledge domains to plan, create, design, operate, manage, and
improve complex social systems for achieving expected effects and goals that are
mutually satisfactory. The expected effects and goals are measured by
multi-dimensional indicators including social, economic, S&T and ecological
environment. In a narrow sense, the SSE is applicable to the improvement and
management of large complex organizations, i.e., countries with established polit-
ical power structures and dominant values. It can also be applied to the construction
and management of large corporations.

(2) Definition 2

SSE guides the plan, design, construction, operation and improvement of a social
system and its process with certain value. The social system is composed of indi-
viduals and social units or groups (such as families, corporations, organizations,
government agencies, etc.) connected through permanent relations which can be
replicated to form structures with functions. The social system exists in certain
physical and non-physical environment with boundaries. With the aim towards
“optimal gratification”, individuals and groups within the external boundary of a
social system interact with each other and with those outside the boundary via
exchange of information and action. Their interactions within and beyond the
boundary are influenced by cultural systems, shared value system, existing regu-
lations and institutions.

1.4.2.4 Explanation of the SSE Definition

Since SSE is an emerging discipline, there is no consensus on its definition but a
great variance in how the terminology is used, for example, some scholars con-
sidered social engineering as equal to ‘SSE’. Some may have high expectations in
its result when applying SSE without considering its potential risks. Therefore, it’s
necessary to provide some explanation on the above SSE definitions and their
wording.

(1) Definition 1 consisting of three parts. The first part emphasizes the basic the-
ories of SSE. Based on the authors’ work experience in the field of systems
engineering, not many engineers pay due attention to the basic theories which
includes behavior science that underpinning Parsons’ core concept of ‘action’
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in social systems. The second part expresses a more realistic aim when applying
SSE in real world and it is for achieving expected effects and goals that are
satisfactory rather than optimal. The last part is SSE’s applicability. The authors
assume that SSE can be applied to countries with established political power
structures and dominant values. Brikland (2005) described the political system
as “The Black Box” (p. 202) as it is too complicated to be treated with engi-
neering measures or means. So, rather than designing a new social or political
system, we can use SSE to improve or reform existing systems.

(2) Definition 2 combines definitions for engineering and social systems into an
integrated whole. Thus, Definition 1 and 2 can be used to complement each
other.

(3) Application of SSE. Based on the two definitions, SSE can be applied broadly to
areas such as family, organization, corporation, national or regional planning
and policies. This book will limit its study of application to national, corporate,
and regional planning and related institutions.

1.4.2.5 Qualifications for a Social System Engineer

Machol (1965) described system engineer qualifications in System Engineering
Handbook. We maintain that competent social system engineers should have the
same qualities of a system engineer. Namely, he/she must (1) be a generalist, rather
than a specialist but not an amateur; (2) be a “T-shaped man”, broad yet deep in one
field—scholarly experience, such as Ph.D. (or equivalent), or work experience in
multiple engineering or management fields can provide depth and extensive
interests and abilities can facilitate breadth; (3) have courage and ability to enter
new field and become so called “6-month expert”; (4) have strong foundation in
mathematics and logic; and (5) learn continuously and prudently, especially
mindful learning from mistakes. This last attribute is crucial for a social system
engineer now and in the future. Due to the explosive growth of knowledge in an
information/knowledge age, a fair amount of knowledge that one has learned in
one’s college education may become obsolete quickly. Therefore, life-long learning
and how-to-learn are critical.

1.5 Content Structure of This Book

This book is divided into three parts as illustrated in Fig. 1.3.

Part I-Emergence of SSE discusses the necessity and inevitability of emergence
of SSE from the historical development perspective of both natural and social
sciences. Two fundamental theories related to SSE are explained in detail, one is
general system theory and the other is Parsons’ “theory of action” and AGIL
framework. The AGIL framework is modified partially by the authors to better



1.5 Content Structure of This Book 27

Part |

Emergence of SSE
(Basic Theories)

Part Il Part Il

Outline of SSE Application of SSE

Fig. 1.3 Book content structure

match the basis of SSE. Trend of development of SSE in global society is pre-
sented. Difference between plan and design is discussed to clarify these two
activities. Design is discussed in relatively detail both for physical system and
social system. because in later part of this book, will focus more on discussion of
planning three case studies of research projects and study in the nature of SSE are
given to have a preliminary idea of what SSE is.

Part II-Framework or Outline of SSE. Due to the broad disciplines covered by
SSE, this part has selected topics based upon two concepts: one is methodology in
nature, which can be applied universally to approach all issues and disciplines; the
other is cored topic relevant most to SSE. Therefore, there are two chapters, one is
methodology qualitative in nature, the other is quantitative in nature. The other four
cored topics are regulation; planning; boundary and environment, within which,
cultural system is described certain detail; and think tanks, which can perform the
role for studying and application of SSE.

Part III-Application of SSE presents the growth story of China as a case study.
China has experienced a relatively fast economic and social development since the
establishment of PRC in 1949. It implemented five 5-Year Plans from 1953 to 1980
with an average annual economic growth rate around 6%. The name of its national
plan was changed into national economic and social development plan in 1981.
Since then, seven 5-Year Plans have been implemented from 1981-2015. A brief
introduction of planning experience in these two periods will be discussed. Major
focus will be on the first 5-Year Plan and the first S&T Development Plan (Also
known as “12-Year S&T Plan 1956-1967") during the first period, because these
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two plans laid the foundation for China’s development. Seventh 5-Year Plan in the
second period and the recent 13th 5-Year Plan will be discussed to show the
progress and features of China’s planning system.
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Chapter 2 )
General Systems Theory and Systems Sesia
Engineering

2.1 Science, Technology (S&T) and Society

2.1.1 Economic History Shows That the Economic Growth
Is Closely Related to S&T, Especially Post the First
Industrial Revolution

2.1.1.1 The Higher Economic Growth Performance Since the First
Industrial Revolution

(1) It is recognized by all historians worldwide that the First Industrial Revolution
that erupted first in England had a great impact to the growth of global econ-
omy. Although there are different views of the duration of the First Industrial
Revolution, generally it is considered to have begun in the late eighteenth
century and ended by the beginning of twentieth century. Its impact on the
global economy can be shown from the following two tables by historical
economist Maddison (1995) (Table 2.1).

Madissen emphases that the growth performance from 1820 to 1992 is caused
mainly by the technological progress of the Industrial Revolution.
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Table 2.1 a Levels of world economic performance 1500-1992." b Rate of world economic
growth 1500-1992 annual average compound growth rate (%)

Tem 1500 1820 1992
(@)

World population (million) 425 1068 5441
GDP per capita (19903) 565 651 5145
World GDP (billion 1990$) 240 695 27,995
World exports (billion 1990$) n.a. 7 3786
Item | 1500-1820 1820-1992

)

World population 0.29 0.95

GDP per capita 0.04 1.21

World GDP 0.33 2.17

World exports n.a. 3.73

4Source Maddison (1995)

(2) There are successive Industrial Revolutions driven by technology. New
Industrial Revolution describes that there are three industrial revolutions fol-
lowing the first revolution. However, historian Stavrianos (1999) claims that
those changes can be grouped together as a second Industrial Revolution caused
by the post-WWII breakthroughs in nuclear energy, computer and robot, space
science, genetic engineering, information revolution, green revolution, etc
(pp. 760-762). We are in agreement with the view of the historian. We think
that the term ‘Revolution’ needs a more precise definition.

Economist Sachs (2015) explains that the endogenous economic growth is due
to the great waves of technological change. Sachs illustrates this view with a graph
of Kondratiev' waves (Fig. 2.1, Sach, p. 83).

2.1.1.2 The Role of S&T in Economic Development

It is clear from the above discussion that technology played a major role to drive the
economic growth; how about the role of science? It is necessary to understand several
definitions of them and the different roles played by them in the history of mankind
and the changing relationship between them. We had discussed the definitions of

"Note: Kondratiev cycle or long wave. A theoretical long term cycle ranging from boom to
recession over a period of fifty years or so upon which short term business cycles are superim-
posed. This long wave was proposed by Kondratiev, Nikolai D (1892-1938) in his publication the
Long Wave in Economic Life in 1925. He was a Russian economist who did work in agricultural
economics and in the development of economic planning in former USSR. He identified long
cycles from the end of the 1780s to 1844-1851, from 1844-1851 to 1890-1896, and an upswing
from 1890-1896 to 1914-1920. Figure 2.1 may be done by Shiller, Robert J. to continue his work.
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Fig. 2.1 Kondratiev waves

“Engineering” in Sect. 1.4.2.2(2) of Chap. 1. Hereunder, several definitions of S&T
will be given and their role in different stages of the history will be discussed.

(1) Definitions of S&T

(i) *Science is, in the “(most general sense) the study of physical and social
phenomena.” (Jary & Jary, 1991, p. 350);

(i) Technology is the “practical application of knowledge and use of techniques
in the productive activities.” Technology is a social product which involves
both the “hardware” of human artefacts such as tools and machines, and also
the knowledge and ideas involved in different productive activities. (Jary &
Jary, 1991, p. 651).

(2) Relationship between Science, Technology and Engineering

There are different views between historians and historians of science of Western
scholars with regard to the status of science before 600 BC. For example, historian
Stavrianos describes that the “Sumerians developed sciences and mathematics, as
well as writing in response to the concrete needs of their increasingly complex
society.” In his book, World to 1500-A Global History (p. 53), he also describes
that a strictly Sumerian empire lasted from 2113-2016 BC. But in the Timetable of
Science, the authors describes that science “as an organized body of thought is
generally considered to have begun with the Ionian School of Greek philosophers
about 600 BC. Discoveries or inventions prior to 600 BC are nearly always
examples of technology, since they are specific device of technique.” (p. 1)

>There are many definitions related to science. For example, the definition of science given by
Concise Encyclopedia (1996) of Random House is “any systematic field of study or body of
knowledge that aims, through experiment, observation, and deduction, to produce reliable expla-
nation of phenomena, with reference to the material and physical world”. This definition is a post
Galileo (1564-1642), modern definition of science. Galileo introduced experimentation into science.
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However, this book still classifies those activities before 600 BC as astronomy,
mathematics, and life science wherever possible.

Although science does not begin until 600 BC, technology begins much earlier.
For example, the stone tools were used around 2,400,000 BC by hominids in
Africa. This is also the case for engineering projects. The Egyptians built a canal
from Lake Timsaeh (the Nile) to the Red Sea in 1250-1201 BC.

Therefore, it can be said that technology and engineering predate science. The
close linkage between science and technological and engineering activities began to
form around the nineteenth century, the period of the Industrial Revolution. There
was direct application of science to technology beginning around 19th century.

(3) The Scientific Revolution that Preceded the Industrial Revolution Changed the
Relationship between Science and Technology

There was a period of Scientific Revolution in the world history: the emergence of
modern science during the early modern period (European history, late 15th cen-
tury—late 18th century) when development in astronomy, biology, chemistry, earth
science, mathematics, medicine, and physics transformed the view of the society
and the nature. The Scientific Revolution began in Europe toward the end of the
Renaissance period and continued through the 18th century. Its impact to socioe-
conomic development of the mankind can be understood from the abstract of the
conclusion of Chapter 10 in Stavianos’ book (The World Since 1500-A Global
History (1980)). Stavianos states that:

As the nineteenth century passed, science became an increasingly important part of Western
society. At the beginning of the century science still was on the periphery of economic and
social life. But by the end it was making basic contributions to the old-established
industries, it was creating entirely new industries, and it was affecting profoundly the way
of thinking as well as the way of living of Western man. It made Europe’s hegemony over
the globe technological possible, and it determined to a large extent the nature and effects of
this hegemony. European art or religion or philosophy did not greatly affect non-Western
people because they had made comparable contributions in these fields. But there was no
such parity in science and technology. Only the West had mastered the secrets of nature and
had exploited them for the material advancement of mankind. (p. 203)

In 1951, Conant, J. B. defined science as ““an interconnected series of concepts
and conceptual schemes that have developed as a result of experimentation and
observation and are fruitful of further experimentation and observations.” (p. 25)
This new definition of science can distinguish itself from technology or engineering.

3Note: This quotation from Conant is for the illustration that there are many definitions of ‘science’
due to progress of history and improvements of recognition.
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2.1.2 Major Events in the History of Science
and Technology (S&T)

The achievements of S&T in the past two centuries have greatly promoted the
well-being of the human society in general. But there are still many social issues
faced by the mankind which have been outlined in Sect. 1.3 of Chap. 1. A brief
study of the S&T history may provide a broad context for understanding the
relationship between S&T and the society where the former existed. It can also
provide the background for understanding the emergence of the general systems
theory and systems engineering. There are several books which illustrate the time
line of important S&T events. For example, the Concise History of the World
(2013) published by the National Geographic Society; Important Events of National
Science in Annual Tables (1975) published by Shanghai People’s Press
(in Chinese), and Philip’s Millennium Encyclopedia-History of the World
12,000 years in timeline. However, none of these books can satisfy the quantifi-
cation requirement in. Therefore, we have chosen Alexander Hellemans and Bryan
Bunch’s (1991) the Timetables of Science to be the main reference for our book.
Hellemans and Bunch classify periods of the world history differently than a typical
historian. Their clarification is from the perspective of scientific and technological
growth, Hellemans and Bunch group the history of the world into ten periods.
Because the purpose of this section is to illustrate the relationship between S&T,
economy and society, and to provide the background of the emergence of the
general systems theory and systems engineering, here we only describe eight of the
ten periods. Our presentation of the history of S&T begins from the period of
2,400,000-599 BC, and ends at 1945 to accommodate the emergence of the general
systems theory and systems engineering. Below are brief introductions of eight
historical periods in the development of scientific and technological development.

2.1.2.1 Science Before There Were Scientists: 2,400,000-599 BC

The mankind evolved from H. habilis through H. erectus to H. sapiens in this
period. They were hunter-gatherers in most of this periods. After the agricultural
revolution about 10,000 years ago, civilizations began to emerge. The ancient
Egyptians developed medicine, calendar, and engineering techniques and technol-
ogy; for example the building of the Great Pyramid of Giza as the tomb of Egyptian
pharaoh Cheops in 2900-2801 BC. There was Mesopotamian mathematics, and the
Indus culture (centered around Harappa and Mohenjo-Daro in the present Punjab
region in Pakistan. The early Chinese civilizations had also flourished by about
3000 BC. A primitive form of plow is in use in China around 4000-3501 BC, e.g.
silkworms and mulberry trees are domesticated in China around 2800 BC., and the
Duke of Chou built either an early-version of mechanic compass (“south-pointing
carriage”) or a magnetic compass around 1050-1001 BC.
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During this period, the following were recorded: 76 events of technology, 16
events of mathematics, 10 events of astronomy, and 42 events of life science
(mainly related to domestication of dog, pig, sheep and potatoes, wheat etc.).
Medicine events were also included in the life science category. (Hellemans &
Bunch, 1991, pp. 1-19)

2.1.2.2 Greek and Hellenistic Science 600 BC-529 AD

(1) Features of this Period

The Greeks were a seafaring people with a decentralized economy who lived in
city-states controlled by upper-class citizens. This led to relative freedom of
expression and thought. Greek science may be a continuation of ideas and practices
developed by the Egyptians and the Babylonians, but the Greeks were the first to look
for general principles beyond the observation. They were the first to introduce a
scientific method based on reasoning and observation, although that method was not
based on systematic experimentation which is the foundation of science as we know
to-day. The Greek manuscripts were translated into Arabic by Arabs and eventually
passed to Europe around 1453, which were the origin of science in Europe.

(2) Representative Figures and their Achievements

There are many eminent Greek scholars, but here we only introduce a few of them.
Thales of Miletus is considered to be the founder of the Ionian school of natural
philosophy. He and his two followers are regarded to be the First Scientists® in the
history of Science and Technology. Pythagoras is another philosopher and mathe-
matician, and his Pythagoras theorem is well known. Democritus is regarded to be
the earliest atomist. He thought that substances differed from each other because of
the shapes, positions, and grouping of the constituting atoms. Empedocles raised the
concept of the elements. This philosopher believed that all matter was made up of
four primary substances or elements: earth, air, fire and water. All appearances of
matter could be explained by the commingling and separation of these elements
under two forces in opposition. Hippocrates is referred as the ‘Father of Western
Medicine’. He explained health and disease by the balance of four humors (black bile,
yellow bile, blood and phlegm), although this theory eventually hampered the
development of Western medicine. Nevertheless, Hippocrates freed medicine from
religion and superstition and put it on a more scientific footing.

Aristotle is considered to be the father of life sciences. He classified organisms
into a hierarchy ranging from the most imperfect (plants) to the most perfect (man).
His writings covered both natural and social sciences. Archimedes is often classed
among the first rank of mathematicians in history. He is also known for his work in

“Note: In fact, the term ‘scientist’ is coined with physicist by Willan Whewell at a meeting of the
British Association for the Advancement of science in 1933, he popularizes his new word in his
The philosophy of the inductive sciences in 1840.
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physical science, founding hydro statistics and statics, including an explanation of
the principle of lever. He is credited to be an engineer because of his designing of
innovative machines. Ptolemy is a Greco-Egyptian writer, and is known as a
mathematician, astronomer and geographer. He is best known for his Almagest.
The most important part of the Almagest is its description of the Ptolemaic system,
a model of planetary motion in which the earth is the center of the universe and the
sun and moon move around the earth in perfect circles.

2.1.2.3 Medieval Science 530-1452

(1) Features of this Period
This period is characterized by three aspects:

There was decline of science in Europe, it was also called Dark Ages in his-
toriography of Europe, i.e. the period in Europe following the collapse of the
Western Roman Empire. The European culture was still strongly influenced by the
Romans, who notoriously had little interest in theoretical science except medicine.

The emergence of Arab science which flourished from about 700 to 1300, played
a key role in bridging the gap between the Hellenistic period and the Renaissance
era. Due to intense commercial activity, the Arabs came into contact with a large
number of different cultures. These civilizations had new ideas to contribute to Arab
thinking. And the Arabic language was a strong unifying factor in the Islamic
empire. Many of the works of the ancients have been preserved because they
(Greek and Hindu works) were translated into Arabic.

A number of centers of learning appeared throughout the Islamic empire.
Baghdad was founded in 762 AD by the Muslim caliph (civil and religions leader).
The seventh Assasid caliph Al-Ma’mun (786-833) founded a “House of Wisdom”
with an astronomical observatory there. Many of the important Greek works were
translated at that “House”.

(2) Major Achievements and Representative Figures

Arabian mathematics blossomed in part because it combined mathematical knowl-
edge of the Greeks with that of the Indians. Al-Khwarizmi (780-850) was a Persian
mathematician, astronomer and geographer who worked as a scholar in the House of
Wisdom. He is considered to be the father of algebra who presented the first systematic
solution of linear and quadratic equations in Arabic. Chemistry was developed into an
experimental science among the Arabs. In physics, Arab scholars excelled in the craft
of instrument making. Alhazen (965-1040) was an Arab or Persian scientist, math-
ematician, astronomer and philosopher. He made significant contributions to the
principle of optics (His book titled Treasury of Optics), astronomy, mathematics,
meteorology and scientific method. He was an early proponent of the concept that
hypothesis must be proved by experiments based on confirmable procedures or
mathematical evidence. Medicine was highly developed. But the science of anatomy
did not progress because dissection of corpses was not allowed by Islamic Law.
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(3) Science in China
According to Hellemans & Bunch (1991):

The Chinese society has been known throughout history for the stability of its traditions and
its bureaucracy. Yet until about the fifteenth century, China was more successful than
Western Europe in applying scientific knowledge to.....

The Chinese discovered paper as early as 105 AD. The first printed text (in block printing)
appeared in 865 AD. Around 100 BC the Chinese discovered that a magnet orients itself
towards the North Pole, but they did not use magnets for navigation at seas until the tenth
century. In 969 AD rockets were used in warfare. The Venetian traveler Marco Polo
reported that the Chinese used firearms in 1237.

The escapement, the most important part of the mechanical clock, was invented in 725AD.
The Chinese were familiar with many other mechanical devices, such as the eccentric and the
connecting rod, as well as the piston rod, long before they became known in Europe. (p. 59)

The knowledge gathered by the Arabs diffused to Christian Europe through
translations made in the 12th century from Arabic into Latin.

2.1.2.4 The Renaissance and the Scientific Revolution 1453-1659

(1) Features of this Period

On May 29, 1453, the Turks captured the city of Constantinople and many
Greek-speaking scholars escaped to the West brought with them classical manu-
scripts in Greeks along with the ability to translate the ancient writings into Latin,
the common language of learning in Europe at that time. This was the beginning of
the Renaissance. The date of beginning of the Scientific Revolution is credited to
the publication of Copernicus’s heliocentric theory and Vesalius’s anatomy in 1543.
Thereafter, scientists in the Renaissance era gradually began to perform experi-
ments more frequently.

In the early Renaissance of the 15th century, it was primarily a time of
absorption of classical learning and the adoption of Arabic mathematics. Alchemy
and astrology still played a dominant role more than chemistry and astronomy
during this time. Physics had to absorb Aristotle’s work. It was much more a period
of change in arts and letters than in science. In continuation of the trend that
predates the Renaissance, artists, especially painters, made significant contributions
to science due to the development of perspective drawing, and the dissection of
human bodies became valuable to both arts and science.

The later Renaissance that began in Italy reached northern Europe in the 16th
century. There the movement was joined by the new values of the Reformation.
With the Renaissance came the economic transformations.

Major technological achievements in this period include printing from movable
type, and adding machine was invented by Pascal in 1645.

(2) Achievements of Science in the Period of the Scientific Revolution (1453—-1659)
(Table 2.2)
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Table 2.2 Major achievement of science in the period of scientific revolution (1453-1659)"

Serial Year Name of Events
No. scientists
1 1543 Nicolaus Publishes De Revolutionibus Orbium Coelestium,
Copernicus outlining a heliocentric Universe
2 1600 William Gilbert Publishes De Magnete, a treatise on magnetism, and
(Astronomer) suggests that earth is a magnet
3 1609 Johannes Kepler | Suggests that Mars has an elliptical orbit
1610 Galileo Galilei Observes the moons of Jupiter and experiments with
balls rolling down slopes
5 1620s Francis Bacon Publishes Novum Organum Scientiarum and The
New Atlantis outlining the scientific method based on
induction and experimentation
6 1639 Jeremiah Observes the transit of Venus
Horrocks
7 1643 Evangelista Invents the barometer
Torricelli

“Source Palffy (2014)

2.1.2.5 The Newtonian Epoch 1660-1734

(1) Features of this Period

The Royal Society (a learned society for science) was founded in England in 1660.
The creation of this institution stimulated scientific inquiry, and improved scientific
communication through meetings between scientists.

The achievements in the development of science in this period is extraordinary due
to the breakthroughs in physics, such as Newton’s law of universal gravitation which
led to an understanding that different phenomena have the same underlying cause.
Newton’s Principia (in three books) became the foundation of physics for the next
200 years. It also formed the basis of the scientific method that slowly made its way
into the study of natural phenomena. Newton formed the “method of analysis and
synthesis”, a procedure that includes both an inductive and a deductive stage. Newton’s
theories were formulated from observation. These theories were used to predict other
phenomena. One of Newton’s most important discoveries was probably the product of
intuition, which he later backed with experiments, reasoning and mathematics.
Newtonian epoch lasted up to 19th century-Formation of “Age of Determinism”.

The success of Newton’s theories, the validity of which became well established
during the first decades of the 18th century, not only had a profound impact on science
itself, but also induced a profound change of philosophical thinking, resulting in the
emergence of a “mechanical philosophy” and the “Age of Determinism” around more
than two centuries.

The first steam engine (Newcomen) was used in England in 1712 for pumping
water out of coal mines. The new technology allowed more coal to be mined from
deeper underground levels. The flying shuttle patented by John Kay in 1733. All
these had cleared the way for Britain’s Industrial Revolution.

(2) Major Advances of Science (1660-1734) (Table 2.3)
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Table 2.3 Major events of advance of science (1660-1734)*

Serial Year Name of Events
No. scientists
1 1660s | Robert Boyle Publishes New Experiments Physico-mechnical:

Touching the Spring of the air, and its effects
investigating air pressure

2 1665 Robert Hooke Introduces the world to the anatomy of fleas, bees, and
cork in Micrographia

3 1669 Nicolas Steno Writes about solids (fossils and crystals) contained
within solids
4 1669 Jan Describes how insects develop in stages in Historia
Swammerdam Insectorum Generalis
5 1670s | Antonie van Observes single-celled organisms, sperm, and even
Leeuwenhoek bacteria with simple microscopes
6 1676 Ole Romer Uses the moons of Jupiter to show that light has a finite
speed
7 1678 Christiaan Announces in first his wave theory of light
Huygens
8 1686 John Ray Publishes Historia Plantarum, an encyclopedia of the
plant kingdom
9 1687 Isac Newton Outlines his laws of motion in Philosophiae Naturalis
Principia Mathematica
10 1727 Stephen Hales Publishes Vegetable Statick demonstrating root
pressure

4Source Palffy (2014)

2.1.2.6 The Enlightenment and the Industrial Revolution 1735-1819

(1) Features of this Period

The Enlightenment is an European intellectual movement that reached the highest
point in the 18th century. Enlightenment thinkers were believers in social progress
and in the liberating possibilities of rational and scientific knowledge. This period
shows clearly the interaction among technology, science, economy and society.
Influenced by Newton’s law of gravitation, the philosophers believed in the exis-
tence of natural laws that regulated both the physical universe and also the human
society. In economics, the key slogan was laissez faire, i.e. to let the people do what
they will. It was the opposition to governmental regulation and was based on theory
and practice of mercantilism which was dominant in modernized part of Europe
during the 16th—18th century. The classic formulation of laissez faire in this period
was the famous work of Adam Smith who published An Inquiry into the Nature and
Causes of the Wealth of Nations published in 1776. In religion, the philosophers
rejected the traditional belief that God controls the universe and determines the fate
of man. In government, the philosophers had a key phrase-“the social contract”
which viewed government as a social contract between the rulers and the ruled.
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Industrial Revolution began in the Great Britain in the second half of the 18th
century, Amida general turn toward the development of machines to make work
faster or more efficient, especially in England. There were also some changes in the
use of material, such as the turn to coal for both heating and making iron due to
limitation of supply of wood. Abraham Darby (1678—1717) developed a method of
producing pig iron in a blast furnace fueled by coke. From the 1760s onwards
James Watt (1736-1819) improved steam engine invented by Newcomen in 1712.
Richard Arkwright (1732-1792), invented the spinning frame, which could produce
strong cotton thread. He was also the first person to use one of James Watt’s steam
engine to drive machines in a cotton mill. Manchester became the center of the
cotton industry in Britain by that time. Industrial Revolutions started in England,
and because of its success in England it was quickly taken up in other European
nations and in the United States. During the 18th century, technology in the modern
sense of the word appeared, there was the direct application of science to tech-
nology. Technology also had its impact on development of sciences. Concepts of
work, power and energy began to be explored and formalized. Teaching of science
and technology was recognized as an important part of the technological devel-
opment of a country. Many scientific institutions and universities were founded in
this period such as Géttingen University (Germany), the Royal Danish Academy of
Sciences, Princeton University, the University of Moscow, the Lunar Society
(England), the American Philosophical Society, etc. The Ecole Polytechnique in
Paris, founded in 1794, became an important source of development of science
during the 19th century.

(2) Major Advances of Science (1735—-1819) (Table 2.4)

2.1.2.7 Nineteenth-Century Science 1820-1894

(1) Features

Science in the 19th century had four features:

(i) Science and teaching of science was giving much of the form it has to-day.

After the term “scientist” was established in England in 1833 through the
suggestion of William Whewell, the term “natural philosopher” began to be
replaced.
The occupation of scientist became a paid profession. This happened first in
Germany, where in a few decades the universities developed into centers where
science flourished. Justus von Liebig (1803—-1873), a German chemist, as a
professor at the University of Giessen, devised the modern laboratory-oriented
teaching method. After that the teaching of science became linked to scientific
research, a practice that was followed by most of the universities in the world
later. The universities and scientific societies also started to publish scientific
information, a development that was imitated in other countries.
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Table 2.4 Major achievement of science (1735-1819)"

Serial Year Name of scientists Events
No.
1 1735 | Carl Linnaeus (Swedish Publishes Systems Nature, the beginning of his
botanist) classification of natural world into animal
kingdom, the plant kingdom and the mineral
kingdom, some preliminary concepts of
system
2 1735 George Hadley Explains the behaviour of the trade winds in a
short paper that remains unknown for decades
3 1738 | Daniel Bernoulli Publishes Hydrodynamica, which lays the
foundation for the kinetic theory of gases
4 1749 Georges-Louis Lecherc, Publishes the first volume of Histoire
later the Comte de Naturelle
Buffon
5 1754 | Joseph Black His doctoral thesis on carbonates is a
pioneering work in quantitative chemistry
6 1766 | Henry Cavendish Makes hydrogen, or inflammable air, by
reacting zinc with acid
1770 | Benjamin Franklin Publishes a chart of the Gulf Stream
1774 | Joseph Priestley Makes oxygen by heating mercuric oxide,
using sunlight and a magnifying glass; he calls
it dephlogisticated air
9 1774 | Antoine Lavoisier After learning the technique from Priestley,
makes the same gas, and goes on to call it
oxygene
10 1774 | Nevil Maskelyne Calculates the density of Earth by measuring
the gravitational attraction of a mountain
11 1779 | Jan Ingenhousz Discovers that green plants in sunlight give off
oxygen; this is photosynthesis
12 1788 | James Hutton Publishes his theory concerning the age of
Earth
13 1793 | Christian Sprengel Describes plant sexuality in his book on
pollination
14 1798 | Thomas Malthus Produces his first essay on human population,
which later influences Charles Darwin and
Alfred Russel Wallace
15 1799 | Alessandro Volta Invents the electric battery
16 1800 | William Herschel Discovers infrared radiation
17 1803 John Dalton Introduces the idea of atomic weights
18 1811 Marry Anning Finds the skeleton of the first known
ichthyosaur

“Source Palffy (2014)
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(i) The philosophical basis of 19th century. There were several schools of phi-

losophy in the 19th century. Hegel’s philosophy of nature was not based on
experimentation but on a priori concepts, which remained strong throughout
the first half of the century in Germany. The idea that science would ultimately
explain all phenomena of nature became stronger.
There was emergence of “positivism” of the philosophical school by French
philosopher Auguste Comte (1798-1857). He had established law of three
stages, which was one of the first theories of social evolutionism. His three
stages were: the theological stage in which man’s place in society and soci-
ety’s restrictions upon man were referenced to God; the metaphysical stage, or
the stage of investigation, when people started reasoning and questioning
authority and religion; and the scientific stage, in which science started to
answer questions in full stretch. Comte published the Course in Positive
Philosophy, a series of texts between 1830 and 1842. The first three volumes
of the Course dealt chiefly with the physical sciences, i.e. existed mathematics,
astronomy, physics, chemistry, biology, whereas the latter two volumes
emphasized the inevitable coming of social science.

(iii) Linkage between science and technology became much closer. The linkage
between science and technology became much closer in the 19th century. The
discoveries of science of chemistry has progressed further that chemistry
became the archetypal 19th century science. It was in Germany, which became
the leading country in theoretical chemistry, that chemical research had the
biggest impact on industry. By the end of the 19th century, Germany had
developed into the largest manufacturer of several chemicals such as dyes,
fertilizers, and acids used in industrial processes. Scientists in the 18th century
had become increasingly fascinated with electricity, especially as better means
of generating and storing it became available. There were a series of inventions
by Alessandro Volta, Hans Christian, Faraday, E. M. Clarke, Steinmetz,
Edison and Joseph Swan in this area. In 1880, Thomas Alva Edison’s first
electric generation station, designed mainly for lighting, was opened in
London. The first electric street car was introduced in Berlin in 1881. And in
1882, Edison patented a three-wire system for transporting electric power. In
the same year the Pearl Street power station went into operation. Electric
energy was becoming a major source of energy in the later part of the period.
The relationship between scientific education and technological progress
became fully understood and popularized during the 19th century and later.

(iv) National differences in style of research in the 19th century. During the 19th
century, difference in style of research between countries became obvious. In
Germany, where science was strongly organized, the university system favored
pure science; in England scientists traditionally dealt with practical problems.
In the United States, relatively little attention was given to science in the 19th
century because the interests of immigrants were largely oriented toward
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practical ventures rather than the pursuit of the theoretical knowledge. In the
United States, the attention was on technology especially the labor saving
devices because of the comparatively low population density and the resulting
high salaries for manual workers. Therefore technological inventors and entre-
preneurs played a big role in industrial development: many major U.S. industries
were founded by inventors such as Alexander Graham Bell (1847-1922),
George Westinghouse (1846—1914), Thomas Edison (1847-1931) and George
Eastman (1854-1932), founder of Eastman Kodak. In 1848 the American
Association for the Advancement of Science was founded, it played an important
role in the development of American science. But theoretical science remained as
a secondary field in American education well into the 20th century.

(2) Major Advances of Science (1820-1894) (Table 2.5)
(3) Technology

The impact of electromagnetism on the technology of communications and people’s
daily life was great. Telegraph and telephone system were developed in the 19th
century as well as electrical power plants and their distribution system.

The transportation system was also revolutionized through steamboats, devel-
opment of locomotive service and railroads in Europe and America. And Jean

Table 2.5 Major advances of science (1820-1894)*

Serial Year | Name of Events

No. scientists

1 1820 | Hans Christian | Discovers that when a current is switched on, a nearly
Orsted compass needle flickers

2 1821 Michael Discovers the principle behind the electric motor
Faraday

3 1837 | Louis Agassiz Describes an ice age

1842 | Christian Explains why binary stars are colored

Doppler

5 1845 Alexander von Introduces the idea of ecology
Humboldt

6 1859 | Charles Outlines his theory of evolution in On the Origin of
Darwin Species by means of natural selection

1859 | Louis Pasteur Disproves spontaneous generation of life
8 1865 August Kekule Describes the chemical structure of the benzene
molecule

9 1866 | Gregor Publishes his work on the genetics of peas
Mendel

10 1869 | Dmitri Lays out the periodic table of the elements
Mendeleev

11 1873 James Clerk Publishes his laws of electromagnetism
Maxwell

4Source Palffy (2014)
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Lenoir (1822-1900) developed the first internal combustion engine in 1855. But
Karl Benz’ (1844—-1929) patented Motorcar from 1885 is considered to be the first
practical motorcar.

New construction techniques and materials were developed, for example, the
Portland cement and the cheap steel from the Bessemer process. The suspension
bridge was pioneered as early as 1825. Modular prefabricated design was also used
to build the first skyscrapers in Chicago starting in 1885.

The chemical industry arouse during the 19th century, especially in Germany.

New agricultural machines contributed to the ability of few farmers to feed and
clothe a growing population.

Certain technological developments had a direct impact on other sciences.
Mechanical calculators became practical and available near the end of the century.
Charles Babbage designed a machine to calculate various functions automatically
which he called the Difference Machine in 1822 (but he abandoned it in 1832). In
1890, Herman Hollerith (1860-1929) found a way to simplify handling the infor-
mation from the US census based on punched cards. Hollerith later founded the
company IBM.

2.1.2.8 Science in the 20th Century Through Two World Wars
1895-1945

(1) Features

There are three features in this period. The first is the growth of number of scientists
and change of nature of scientific research from individual into a communal effort;
the second is the emergence of the philosophy of “New Realism”; and the third is
two major achievements in physics, the quantum mechanics and the theory of
relativity. These three progresses are elaborated below.

(i) During the 20th century, there was a high growth of the number of scientists:
more scientists lived in the 20th century than in all previous eras together. The
nature of scientific research also changed into a communal effort. The progress
was not only determined by the great discoveries of a talented few, but also by
the numerous small steps made by specialized researchers.

Many of the discoveries and observations made during the 19th century were
without explanations such as the periodic table and Mendel’s laws etc. These were
explained by new scientific theories emerged in the 20th century. During the 20th
century several industries founded their own research laboratories engaged in
both basic and applied research. Among the most important of these was Bell Labs
in the United States, which is one of the birthplaces of systems engineering.

During the 19th century, the western society was transformed through tech-
nology. But in the 20th century, science itself started having a direct effect on
the society. And the timespan between a discovery and its technical application
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became much shorter, e.g. the discovery of the electron and the growth of
information communication technology.

(ii)

(iii)

(@)
3

New philosophies: Science in the first half of the 20th century became highly
successful in explaining the nature of matter, mechanism of chemical reac-
tions, fundamental process of life, and the general abstraction of universe.
These successes of science started to exert profound influence on philo-
sophical thinking. The American philosophers C. S. Peirce and William
James, became founders of the philosophical school of pragmatism, they
believed that reality could be understood by experience. But in 2012,
Maurizo Ferraris proposed so called “New Realism”. In fact, Darwin’s
theory of evolution also had a major impact on philosophers, especially
Herbert Spencer. And changes in mathematics and the development of
psychology also had important philosophical implications.

Two Major Achievements: There were two major achievements of science
which changed the paradigm dominated by Newton’s epoch for more than
two centuries. The quantum mechanics (major contributor: Wolfgang Pauli,
Werner Heisenberg, Max Planck and Erwin Schrodinger) is essential to
understand the behavior of systems at atomic length scale and smaller where
Newton’s mechanics failed to apply. Uncertainty becomes the norm rather
than cause and effect. The other is Relativity: The Special and the General
Theory by Albert Einstein. The special theory of relativity put forward in
1905 is limited to events as they appear to observers of uniform relative
motion. The unique import and consequences of the theory are: the velocity
of light is absolute; the mass of a body increases with its velocity, although
appreciably only at velocities approaching that of light; the mass and energy
are equivalent; and the Lorentz-FitzGerald contraction, that is bodies contract
as their velocity increases, again only appreciably near the velocity of light,
etc. The general theory of relativity is completed in 1915, which generalizes
special relativity and Newton’s law of universal gravitation, providing a
unified description of gravity as a geometric property of space and time.
Major advances of science (1895-1945) (Table 2.6)

Technology

In the 20th century, the extent of the dependence of technology became clear. The
discovery of the electron gave rise to an entirely new technology, i.e. electronics.
The technological device that transformed society mostly during this period was the
electronic vacuum tube that became the heart of the development during the first
half of the 20th century. It was applied to long-distance telephone connection, the
radio broadcasting in the 1920s and 1930s and of television in the 1940s.

Some of the first working electronic computers were also the result of military
needs. The mathematician Norbert Wiener developed an electronic gun-pointing
device based on the feedback mechanism. He is also a major contributor to Cyber
tics, which is very relevant to the study of systems. The first electronic digital
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Table 2.6 Major advances of science (1895-1945)
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Serial Year | Name of Events
No. scientists
1 1895 | Wilhelm Discovers X-rays
Rontgen
2 1898 | Marie Curie Isolates radioactive polonium
3 1900 | Max Planck Describes discrete packets, or quanta of energy
4 1905 Albert Einstein Produces his paper on special relativity
5 1906 |J. J. Thomson He is awarded the Nobel prize in physics for his
discovery of electron
6 1912 Alfred Wegener Proposes a theory of continent drift
7 1915 | Thomas Hunt Introduces the chromosome theory of inheritance
Morgan
8 1926 Erwi{l Unleashes wave mechanics
SchrOdinger
9 1927 | Werner Sets out his uncertainty principle
Heisenberg
10 1928 | Paul Dirac Introduces quantum electrodynamics
11 1929 | Edwin Hubble Finds that the Universe is expanding
12 1930 | Subrahmanyan Describes black holes
Chandrasekhar
13 1931 Georges Suggests that the Universe began as a primeval atom
Lemaitre
14 1934 | Fritz Zwicky Proposes the existence of dark matter
15 1935 Konrad Lorenz Explain the basis of animal instinct
16 1936 | Alan Turing Describes the Universal Turing Machine, a
programmable computer
17 1939 | Linus Pauling Writes The Nature of the Chemical Bond, which uses
the idea of quantum physics to explain chemistry
18 1942 | J. Robert Takes on the Manhattan Project to develop the atomic
Oppenheimer bomb

4Source Palffy (2014)

computer (ABC) was developed in the late 1930s and early 1940s by John V.
Atanas off and Clifford E. Berry for the purpose of solving systems of equations
although the war prevented completion of the development. Nevertheless, ideas
based on the ABC were used in creating ENIAC, the first general purpose electronic
digit computer, operational by 1945.

2.1.2.9 Summarized Tables of History of Growth of Science

and Technology

Table 2.7a, b summarize the growth of a number of major events of various
branches of science and technology in different historical period. These two tables
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are prepared based on information of the Timetables of Science. It can be seen from
Table 2.7b that the number of S&T events per year increased rapidly since the
period of the Renaissance and Scientific Revolution.

2.2 Rise and Development of General Systems Theory

2.2.1 Rise of General Systems Theory

2.2.1.1 Trends of Science in the Early 20th Century

The development of science and technology around more than 2500 years since the
beginning of Greek and Hellenistic science, there were several trends of science in
the early 20th century.

(1) Issue of High Specialization

Science is characterized by its ever-increasing specialization necessitated by huge
amount of data, the complexity of technique within every field. Even within one
field, it had been divided into many branches that no longer could anyone be
competent in all branches of the subject. And in consequence, specialists of one
discipline are encapsulated in their private universes, and it is difficult for them to
exchange views with specialists of other disciplines. While a part of modern science
is big science in nature, it requires interdisciplinary teams to fulfill the requirement.

(2) The Lasting Impact of Mechanistic View Against Emerging New Views

According to Bertalanffy (1968), the mechanistic view, a secondary effect created in
Newtonian epoch was not altered, even the introduction of relativity theory and the
advent of quantum mechanics in early part of the 20th century have no effect on this
view, simply the deterministic laws in physics were displaced by statistical laws.
But new problems have been emerged in various branches of modern physics, such
as wholeness, dynamic interaction and organization etc. these new problems cannot
be dealt with by mechanistic view.

(3) Nonphysical Science

Modern science focused mainly to laws of nature, few attempts are given to state
exact laws in nonphysical fields. There are necessities to make expansion of con-
ceptual schemes to the impact and progress of these nonphysical fields such as
biological, behavioral and social sciences.

2.2.1.2 Rise of General Systems Theory

To overcome the aspects of negative trends of science in the early 20th century, some
scientists and philosophers had the awareness of the existence of certain common
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system properties in the appearance of structural similarities or isomorphism. They
tried to find principles, laws and models existed to generalized systems, i.e. an effort
for the unity for science. The prominent people among them were Ludwig von
Bertalanffy, Kenneth Boulding, and Bogdanov. Alexander Bogdanov (1873-1928),
a Russian Physician and philosopher, published in Russia between 1912-1917 his
theory Tektology: Universal Organization Science, which tried to establish a dis-
cipline of unifying all social, biological and physical science by considering them as
systems of relationships. Tektology foreshadowed general systems theory
(GST) and used many of the same concepts as modern systems theorists. Ludwig
von Bertalanffy (1901-1972), an Austrian biologist, known as one of the founder of
GST. Although Bertalanffy formulated his ideas in 1930s, he was not recognized
until one of his papers the Theory of Open systems in Physics and Biology was
published in the American Journal Science in 1950. Kenneth Boulding (1910-1993)
published his General Systems Theory-The Skeleton of Science in 1956. In 1954, the
International Society for General System Theory ISGST was founded. This society
later become the International Society for Systems Science, ISSS. Both Bertalanffy
and Boulding were founders of this Society.
According to Bertalanffy (1968), the major aims of GST include:

(1) There is a general tendency towards integration in the various sciences, natural
and social.

(2) Such integration seems to be centered in a general theory of systems.

(3) Such theory may be an important means for aiming at exact theory in the
nonphysical fields of science.

(4) Developing unifying principles running vertically through the universe of the
individual sciences, this theory brings as nearer to the goal of the unity of
science.

(5) This can lead to a much-needed integration in scientific education (p. 38).

2.2.2 Systems and Key Concepts of General Systems Theory
2.2.2.1 Definition of Systems

(1) Qualitative Definitions of Systems

There are various definitions of systems from different professions. Several quali-
tative definitions of systems are quoted for comparative and complementary pur-
poses at below:

(i) Bertalanffy (1968) defines system as “sets of elements standing in interre-
lation” (p. 55)

(i) Ellis and Ludwig (1962) define that “A system is a device, procedure, or
scheme which behaves according to some description, its function being to
operate on information and/or energy and/or matter.” (p. 3)
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(iii)

(iv)

)

2

Jary and Jary (1991) maintain that systems are consisted of any set or group
of elements or parts (e.g. an organism or a machine) organized for a definite
purpose and in relation to an external environment. Such systems may be
natural or man-made, and may be taken to include social systems. Hence a
society or a social organization may be deemed a system in this sense. This
definition is important in social theory, which has often treated social rela-
tions, groups or societies as a set of interrelated parts which function so that
to maintain their boundaries with their wider environment. (p. 648)
Paynter (1961) states that the description of a system necessary begins with
the identification of a universe (u)-or “universe of discourse” as it is often
called in logic-which is a domain or set of sufficient scope to include ele-
ments within the system, plus all exterior elements with which the system
may be interacting. The system (S) is then a well-defined subset of U, the
element of S possessing properties and interrelationships which happen to be
of particular interest to be identified. The complementary set, U less S is
labeled to be the environment E of Fig. 2.2. Hence, E is the set of elements
which interact with the elements of S but are not in S. (pp. 11-12)

A combination of interacting elements organized to achieve one more stated
purpose (taken from ISO/IEC15288).

Mathematical Definitions of Systems

System can be defined mathematically in various ways. Two examples are quoted
below:

(1) A system can be expressed by a system of simultaneous differential equations
(Bertalanfty, 1968).

Fig. 2.2 Description of a
system

Universe

System to be
studied

Environment
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Denoting some measures of elements, pi (i = 1, 2, ...n), by Qi, these, for a finite
number of elements and in the simplest case, will be of the form:

9 — £,(01,0s, .. .0n)

4o _ .
dt 7f2(Ql7Q27"'Qn) (21)

% :fn(le QZa .. Qn)

Change of any measure Q;, therefore is a function of all Q’s, from Q; to Q,;
conversely, change of any Q; entails change of all other measures and of the system
as a whole. (p. 56)

(i) Systems defined by extension of George Klir’'s (1991) formula
(Figs. 2.3 and 2.4).

(iii) Brief discussion of Set and Relation. It can be seen from above definitions of
systems, the word ‘set’ is appeared in three definitions of systems and the
word ‘relation’ is appeared in Klir’s formula. Both are mathematical terms
used here in the analysis of systems.

Set (Syn: Class) A collection of things. The individual objects of a set are the
elements, or members of the set. Sets are subject to operations and relations such as
union, intersection, inclusion, etc.; the algebra of sets is that part of the general
theory of sets, which studied these. There are several symbols used for the set. For
example, A is the symbol of a set, then

Fig. 2.3 a Definition of a
system George Klir’s formula
(1991). b Definition of a
system (adapted by the
authors from Klir’s formula)

System

(a)

( Relations )

|
I

( Things )
System
(b)
( Things ) ( Relations )
~ P
S=(Ti"R,)

Assystem —*|

I=123..., r=123...
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Traditional Views Modifications Emerging Approaches

Scientific Management System Concepts
Efficient task
performance

Contingency Views

/ Organization design and

\"—*-ri =57  management practice based on

Management Sciences
Economic-technical
rationality

Environment

Goals and
values

Technical
subsystem

subsystem

Bureaucratic Model
Authority and
structure

| = understanding configurations of
] a] subsystems and interactions

among relevant variables in
specific situations.

Behavioral Sciences
Psychological,
sociological, and
cultural issues

Administrative
Management Theory
Universal management
principles

Fig. 2.4 Organization as an open system and evolution of management theory (Source Kast and
Rosenweg (1979)

a;€A a; is a member or an element of set A
b;& A bjis not a member of A
C C A Cis a subset, it is a part of set A

Relations: There are several specific relationships, the membership (a;€A),
containment (C C A) and identity or equivalence. If the Roman capital is used to
stand the symbol of relations, then

R = S it means the two relations R and S are precisely the same
xRy or R(x, y) means X bears the relation R to Y.

The study of “relations” had been an important part of study in hard systems
engineering. This had been part of class notes for M.IT. course 2.751 in 1960s.
This mathematical tool of set and relation may be developed with its full potential
in the study of social systems engineering.

2.2.2.2 Nature of Structure of Systems and Its Classification

(1) Changing Nature of Structure of Systems

The structure of a “Hard” system is the spatial layout or connection of subsystems,
and components in three-dimensional space at a certain amount of time. But the
structure of a “soft” system, especially the traditional social system, it is the hier-
archical’ arrangement of subsystems, and components based upon their functions. It

SNote: In modern social system the spatial connection of subsystems of components may be in the
networked or other forms of topology.
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should be emphasized that the GST is an outgrowth of accumulated knowledge of
science around 2500 years. It is also a product of industrialized society. But the
mankind is in the stage of transition from an industrialized society to an information
society or knowledge society, the society becomes increasingly networked. The
traditional GST focused mainly on hierarchical systems without enough focus on
networked systems, both physical and non-physical. The GST shall also be updated
and supplemented, there are already emergence of social physics in a networked
society which describes mathematical connection between information and idea
flow on the one hand and people’s behavior on the other. It is expected emergence
of various theory may promote the growth of this discipline, social systems
engineering.

(2) Classification of Systems

Systems can be classified in various ways based upon criteria chosen, selected types
will be discussed.

(i) Systems can be classified into closed systems and open systems depending
upon whether they have exchanges of energy, material and information with
its external environment.

A closed system generally has no exchange of material and information
with its external environment except energy. Closed systems, tend to
increase their entropy, tend to run down and become “dying system.”
The immediate environment is the next higher system minus the system
itself. The entire environment includes the plus all systems at higher levels
(part of U of Fig. 2.2) which contain it. Generally, the environment has
certain influence to the system, i.e. it can exert a degree of control to the
system, but it cannot be controlled by the system.

An open system (all living systems) has exchanges of energy, material and
information with its external environment. Its organization is controlled by
information and fueled by some forms of energy. A part of this energy will
become negative entropy to preserve order of the system.

The nature of “open” or “closed” is relative in sense, nearly all social
system and biological system are open system in sense. And the advantage
of open system can be shown from China’s rapid economic and social
development since its reform and opening to outside world in late 1970s
compared to its record of development in pre-reformed era, when Chine was
in a state of semi-isolation with outside world.

(i) Systems can also be classified into non-living or living. Generally, the
non-living systems are man-made, for example the mechanical system (in-
cluding its sub-systems and components), the electrical system, the com-
munication system, the transportation system etc. A living or organic system
is subject to the principles of natural selection and is characterized by the
features of self-regulation, organization, metabolism and growth, reaction
capacity, adaptability, reproduction capability and development capability.
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Living systems theory pioneered by James Miller will be briefed in
Sect. 2.2.3.1 later.

(iii) There are also other types of classification of systems, such as static and
dynamic, simple and complex, decomposable and non-decomposable,
organized complexity and unorganized complexity etc.

2.2.2.3 Key Concepts of General Systems Theory

The key concept of GST listed from (2) to (15) were formed by Bertalanfty,
Boulding, Joseph Litterer, and other scholars. But it is necessary to raise the point
that those distinguished scientists are also influenced by thoughts of Fredrich Hegel
(1770-1831), which is described in (1) as follows:

(1) Hegel’s Thoughts

Hegel had formulated the statements concerning the nature of the system: the whole
is more than the sum of the part; the whole defines the nature of the parts; the parts
cannot be understood by studying the whole; and the parts are dynamically inter-
related or interdependent.

(2) Property of Wholeness

The system has a property of wholeness, i.e. the property of wholeness requires that
it should be observed from the whole rather than partial. For example, to understand
the nation as a system, it is necessary to observe it from various aspects to syn-
thesize to get its whole property. The nation as a system should be observed and
judged upon the synthesis of observations from its social performance, economic
performance, S&T capability etc. The judgement should not be established by
observing only its parts.

(3) Subsystem or Component

A complex system is generally composed of subsystems and components. These
subsystems are dependent mutually, this is also true for subsystem and its com-
ponents. Independent subsystems grouped together also cannot form a system.
Independent components grouped together cannot form a system or subsystem.
This feature is applicable to all types of systems, mechanical, biological or social.
Every system should be composed of two mutually dependent components at least.
With a simple power system for example, it can be composed by three sub-
systems, the generation subsystem, the distribution subsystem and the utilization
(consumers) subsystem. These three subsystems are mutually interdependent. This
power system cannot be operated in lacking one of these three subsystems.

(4) Open Systems View

It had been described in 2.2.2.2-(2)-(i) that there are two types of system: closed
and open. Biological and social systems are inherently open system. GST and open
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system view had also influenced the organization theory and practice around 1970s.
It was stated by Kast and Rosenzweg (1979) that “Systems theory provides a new
paradigm for the study of organizations and their management, a basis for thinking
of the organization as an open system in interaction with its environment. It also
helps us understand the interrelationships between the major components of the
organization—its goals, technology, structure and psychosocial relationships.”
(p. 107). Figure 2.4 shows the systems concept of organization, the central circle is
an organization within an environment. (The black part). The system of organi-
zation is composed of five sub-systems: the managerial subsystem, the goals and
values subsystem, the structural subsystem, the technical subsystem and the psy-
chosocial subsystem. Figure 2.4 also shows the evolution of theory of organization
and management. The system concept of organization is evolved directly from
scientific management, bureaucratic model, administrative theory and behavioral
sciences. It also receives the impact from scientific management to management
sciences. This diagram also shows the system concept of organization and man-
agement is in progress toward contingency management.

(5) Goal Seeking

Systematic interaction must result in some goal or final state to be reached or some
equilibrium point be approached.

(6) Input—Transformation-Output Model.

All systems, if they are to attain their goal, must transform inputs into outputs. The
open system can be viewed as a transformation model in dynamic relationship with
its environment, it receives various inputs, transform these inputs in some way, and
export outputs. Figure 2.5a is a general input-transformation-output model of an
open system.

Figure 2.5b is a specific ‘Input-Transformation-Output’ model of an economic
system. The input is factors of production, i.e. labor, capital and other factors of
production. The production function of a specific firm is the transformation func-
tion, which transforms input into goods and service output of this firm.

Fig. 2.5 a An (a)
input-transformation-output

: —_— —
model. b Specific XX S(U) YEY
‘input-transformation-output’
model of a firm Input set System Output set
(b) Labor
Capital

Other factors

of production Goods

Services

Input — 5 p=gL C,TFP) (———> Output
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(7) System Boundaries

Systems have boundaries that separate them from their environments. It is crucial to
identify the boundaries in understanding the relationships of systems and their
environment. Because there are both an internal structure and performance of its
function of any system, while the performance of functions of any system is closely
related to its external environment. Analysis of any system should analyze also its
external environment. To implement an economic analysis of a country, it is nec-
essary to analyze the economy, trade, demand of investment and consumptions of
its neighboring countries and those analyses of a broader global environment. In the
analysis of system of a multinational corporation (MNC), it is necessary to analyze
the natural environment (climate, water supply and disposal, geological condition
etc.) and the social environment (current market and potential market, accessibility
of labor force and financial service, legal condition and market entry of hosting
country etc.).

The concept of boundaries will help to clarify the distinction between closed and
open systems, the former has rigid, impenetrable boundaries while the later has
permeable boundaries between itself and a broader supra system. It is easier to
identify the boundaries of physical and biological system, but it is difficult to define
exactly the boundaries of organizations of a social system. For example, the scope
of sales and production of a multi-national corporation may cover many regions of
global continents. But from the perspective of theoretical analysis, the abstract
boundaries can be assumed based upon the scope of study.

(8) Negative entropy

Entropy is one of the basic concept of GST. Originally it is imported from ther-
modynamics, it is defined as the energy not available for work after its transfor-
mation from one form to another. In systems, it is defined as a measure of the
relative degree of disorder existed within a closed system at a defined moment of
time, the natural tendency of the force of entropy will increase until eventually the
entire system fails, i.e. the change of entropy in a closed system is always a positive
(+) value; however, in open biological or social systems, this increase of entropy
can be arrested, and even it can be transformed into negative entropy, because the
open system can import resources (energy, material, information) from the envi-
ronment, and transform those resources to improve the system.

(9) Steady State, Dynamic Equilibrium, and Homeostasis

The concept of steady state and dynamic equilibrium is the state of change of the
system. Both are closely related to entropy and negative entropy. The steady state
reached by change of a closed system is the state of maximum entropy, i.e. a state of
death or totally in disorder. While an open system may attain a state that the system
remains in dynamic equilibrium through the continuous inflow of resources.
Homeostasis stands for the sum of all control functions creating the state of
dynamic equilibrium in a healthy organism. It is the ability of the body to maintain
a narrow range of internal conditions despite environmental changes.
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(10) Feedback

The concept of feedback is important to understand how a system maintains a
steady state. Physical system with feedback can be made in the direction of a
specific output by regulating the process with a controlling mechanism. This
controlling mechanism is operated based on the principle of feeding back the
information of the output. There are two types of feedback, the positive feedback
and the negative feedback. The negative feedback is to feedback the information of
output to the controlling mechanism to control the output, the multiplier of the new
output will be less than one, in other words, this kind of feedback is to control the
state of system in reverse direction, therefore the term negative feedback is derived.
Increase the level of feedback will cause the decrease of level of output, thus to
achieve the steady state of the system. If the multiplier is greater than one, it is
called positive feedback. In the regulating process of positive feedback, each new
output will be larger than the previous one due to the multiplier is greater than one.

The concept of feedback is very important in social system engineering. In the
implementation of an economic policy to regulate the output of a national economy,
it requires correct, in time feedback information of the real situation to policy
makers.

(11) Regulation

The system and its elements (subsystem, components) must be regulated in its
operation to achieve the predetermined goals. The process of regulation including
detection of deviation compared to preset goals and taking action to correct in time.
In the process of regulation, feedback is prerequisite to achieve effective control.
Many troubles of the real world of the social system is due to insufficient feedback
or incorrect and distorted feedback. Figure 2.6 shows the basic cycle of regulation,

Goal Setter

Decision Rule
Executive Officer Decision Maker

I

. . Evaluation Officer Standard
Corrective Action

Detector
(Device or Person)

Goal

Action or Process Standard

Fig. 2.6 Basic cycle of regulation
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although it is applicable to automatic control of engineering systems, but it is more
adaptable to management of organizations including government and corporations.
For example, the planning department should collect various information of output
from the operational department to compare them with goals or objectives preset,
and make recommendation to modify those goals or take supplementary measures
to decision makers. The decision maker will determine to adopt certain legal or
policy measures based upon the decision rules, corrective actions will be taken by
executer to achieve the pre-determined or revised output.

Regulation is an important element of social systems engineering, it is closely
related to structure of organization, clarification of power and responsibility, pattern
of centralization and decentralization of decision making mechanism and hierar-
chical structure of organizations. It includes laws, public policies and other regu-
lations to direct the behavior and relationship of people and various social groups.

(12) Hierarchical Structure

The concept of hierarchical structure is one of the basic concept of systems theory.
The wholeness of a system is generally consisted of nesting smaller subsystems. To
analyze and clarify in hierarchical order is an important step to understand the
nature of the system. It is also an important step to analyze the structure of system
and its relations. The power structure of control and the proper channel of infor-
mation flow is important aspect of analysis of social systems engineering.

One of the founding father of ISSS, Kenneth Boulding presented his paper
General Systems Theory-The Skeleton of Science in 1956. He is concerned about
the existing over specialization and lack of communications. He arranges theoretical
systems and constructs in a hierarchy of complexity. His original paper has given
nine systems arranged in the hierarchical order of complexity. The higher the level,
the more the complexity. Different books describe his concepts with different
expression (diagram, table, etc.). We chose the table from Khisty and Amekudzi
(2012) with some modifications. (See Table 2.8).

In the concepts of hierarchical level of systems, generally the lower level of
system is included in the upper level of systems. The concepts of hierarchy can be
seen from Systemanaturae of Linnacus, he classified the system of organism into
three levels, the animal kingdom, the plant kingdom and the mineral kingdom, this
example can show the process of evolution of knowledge.

The concept of hierarchy has many applications, it can be applied to design of
measuring indicators, for example, in U.N.’s the 2030 Agenda for sustainable
development, it has 17 goals, such as no poverty, zero hunger, good health and
well-being, quality education, gender equality, clean water and sanitation, afford-
able and clean energy, decent work and economic growth, industry, innovation and
infrastructure, etc., it has also 169 targets to be the second level and the third level
of 304 indicators for measurement.
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Table 2.8 Boulding’s hierarchy of systems based on their complexity

Level |Boulding’s Characteristics Example
system
1 Structure Static relation of function or position Atom, crystal,
(Frameworks) bridge
2 Clockworks Simple dynamic system with Solar system,
predetermined motion clocks, machines
3 Control Closed-loop control mechanism Thermostats
(cybernetics)
4 Open systems Self-maintaining structure Cells
5 Genetic-system Society of cells Plants
6 Animal Nervous systems, self-awareness Birds and beasts
7 Humans Self-consciousness, knowledge Human being
accumulation and transmission, language
8 Sociocultural Roles, values, communication Family,
system community,
society
9 Transcendental Beyond our knowledge Religion
system

Note Khisty, Mohammadi, and Amekudzi (2012)

(13) Internal Elaboration

Change of closed systems is moving toward increase of entropy and disorganiza-
tion. But the open systems appear to move in the direction of greater differentiation,
elaboration, and higher level of organization.

This feature of internal operation is consistent with the evolutionary paradigm by
R. Fivaz in 1989. It stated that spontaneous general evolution from the uncom-
plicated to the complex is universal, i.e. simple systems will become differentiated
and integrated both within the system and with the environment outside of the
system.

(14) Multiple Goal Seeking

Biological and social system generally have multiple goals or purposes, especially
the social system. Because the social system is composed by individuals and var-
ious subsystems (various social groups, the workers, the farmers, the intellectuals,
the businessman and businessman etc.) with different value system, different cul-
tural and professional backgrounds, their goals and purposes differ greatly. Study of
social systems requires a detail survey of social groups classified into proper cat-
egories. Their goals, demands and behaviors must be carefully studied and various
appropriate response should be planned and properly coordinated.

(15) Egquifinality and Multifinality of Open Systems

In the physical system, there existed a direct cause-and-effect relationship between
the initial conditions and the final state. But biological and social systems, operated
differently. The open systems have two different features. The first feature is
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equifinality, that is the systems have equally valid alternative ways of attaining the
same objective from different initial conditions (convergence). With China as an
example, she is one of the low income developing countries, and she had per capita
national income less than 400 RMB in 1980. China also had very different initial
conditions compared to developed G7° countries. But China has implemented the
development strategy of reform and opening in late 1970s, and through imple-
mentation of seven Five Year Plans post 1980, Chinese Gross National Income at
2014 reached 10,097.0 billion $ and per capital income around 7400 $ in Atlas
method, it is 17,966.9 billion $ and 13,170 $/capita in terms of PPP. Chinese
economic output has surpassed six countries of G7 except U.S.A. The second
feature is multifinality, which means open systems from a given initial state, can
achieve different and mutually exclusive objectives. (divergence).

(16) Simple System and Complex System and their Behaviors

Systems can also be classified into simple and complex systems. Their features have
been studied and compared by Flood and Jackson (1991):

(i) Simple systems are characterized by a small number of elements; few inter-
actions between the elements; attributes of the elements are predetermined;
interaction between elements is highly organized; well defined laws governing
behavior; the system does not evolve over time; subsystems do not pursue
their own goals; the system is unaffected by behavioral influence; the system is
largely closed to the environment.

(i) Complex systems are characterized by many elements; many interactions
between the elements; attributes of the elements are not predetermined;
interaction between elements is loosely organized; they are probabilistic in
their behavior; the system evolves over time; subsystems are purposeful and
generate their own goals; the system is subject to behavioral influences and the
system is largely open to the environment.

The above features of complex system are generally existed in nearly all social
systems, especially it is very much applicable to the planning and improvement of a
national system. Many failures in public policies to achieve its goals are due to
insufficient understanding and study the related aspects of the complexity of the
social system.

2.2.3 Evolution of General Systems Theory

There are many systems theories evolved after the publication of concepts of
Bertalanffy in 1950. In Skyttner’s (2005) General Systems Theory, sixteenth

SNote: G7 is the name of seven developed countries, i.e. United Kingdom, United States of
Anmerica, Japan, Germany, Italy, France and Canada.
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systems theories are described. Four of them will be abstracted and commented
below which are relevant to the theme of this book.

2.2.3.1 The General Living Systems Theory by Miller, J. G.

(1) The basic element of the social system is the person, who belongs to a living

system which is characterized by purposive. It maintains within its boundary a
process of metabolism by interaction with its environment, that is through the
continuous exchange of material and energy across the system boundary. This
process also gives the material and energy necessary for all essential activities,
such as production, reproduction, and other activities, including the repair of
parts of the living system. The metabolism or processing of information is also
very important in making possible regulation and adjustment of both internal
stress and external strain. Information processing and programmed decisions
are major means to control the processing of material and energy. This living
system can be represented by an Input-Transformation-Output model based
upon key concepts of GST. [Section 2.2.2.3(6)] (Fig. 2.7).
It is not difficult to understand the performance of a living system by with some
basic knowledge of systems engineering. It is described by Chestnut (1965) that
“If the system has adequate energy available, has materials capable of meeting
the system environment needs, and uses the necessary information adequately,
the basic ingredients are present for a successful system.” (p. 61) If the word
‘environment’ is deleted in above quotation, the whole quotation can also apply
well to the living system.

(2) Miller has also classified all living systems into eight hierarchical level based
upon key concepts of GST [Sect. 2.2.2.3(12)]. Each level has its typical indi-
vidual structure and processes. These eight levels are cells, organs, organisms,
groups, organizations, communities, societies and supranational systems. It is
the later five levels that should be studied in social systems engineering.

Living System

Information Information
Input Output
Internal
Regulation
Matter/energy Input > > Matter/energy Output>
\
System Boundary

Fig. 2.7 Input-transformation-output model of the living system (Note Figure 2.7 is adapted from
Fig. 3.4 of General Systems Theory by Lars Skyttner)
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Table 2.9 Name of subsystems for processing input of living system

Types of subsystem Name of subsystem

Subsystems processing #1 Reproducer; *2 Boundary

material/energy/information

Subsystems processing #3 Ingester; #4 Distributor; #5 Converter; #6 Producer; #7
material/energy Storage; *8 Extruder; *9 Motor; *10 Supporter
Subsystems processing #11 Input transducer; *12 Internal transducer; 13 Channel
information and net; *14 Timer; #15 Decoder; 16 Associator; #17

Memory; #18 Decider; #19 Encoder; 0 Output transduces

(3) He has also suggested 20 subsystems related to the processing of material/
energy/information, which is shown in Table 2.9. The function of these 20
sub-system is self-explanatory especially those sub-system related to processing
of information, nearly all names of these subsystems are terms from ICT.

(4) Miller has also prepared a Level and Subsystem table of living systems with
160 cells (8 levels x 20 subsystems). In his table, the components of the
subsystems are listed for the eight levels, for example, ‘DNA and RNA
molecules’ is located in level “11” cell and subsystem ‘Reproducer,’ altogether
153 components are listed with 7 missing as not recognized. The arrangement
has a remarkable resemblance to the periodic table of the elements and in a
sense it has a similar function for living systems. His original work published in
1978 has more than 1000 page. (pp. 120-121, 123-125)

2.2.3.2 Bowen and Family Systems Theory

Family system is an important subsystem of the social system. Due to shortage of
time and space, this book will focus mainly on the national system. Therefore, this
part is briefed from Skyttner’s (2005) book for expectation that there will be more
studies on family system to have a better harmonious society.

Family system is a particular kind of social system and viewed as an emotional
system which is a network of interlocking relationship valid also among biological,
psychological and sociological process.

Bowen’s theory is a theory of the family group and its internal relationships.
Generally, the function of the individuals is often incomprehensive without the
context of relation with a group, the group can be a family, a business unit,
associations or a country. Relationships between members of a species are directed
on common principles of universals.

A family is a coherent unit because it operate in ways consistent with it being a
system. Following the rules of the emotional system, generally man responds
sometimes with a basis of self-interest and sometimes on the interests of the
group. The ability to remember the past and plan for the future allows man to
engage in acts of reciprocal altruism. Here co-dependence, the other-centeredness
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that results in excessive abandonment is a key concept and this is crucial factor to
make a stable and happy family.

Emotionally determined function of a family member will create an atmosphere
or field which in turn influences the emotional function of the whole family.

A main part of Bowen’s theory is the concept of triangling which says that the
relationship in families and other groups consists of interlocking triangles. It is
never possible to adequately explain an emotional process if links to other rela-
tionships are ignored.

In the original paper, Bowen has explained the role of triangle in the emotional
system between three persons and between four persons (father, mother, daughter
and son). But the authors think that triangle a third person outside the family may be
important subject for discussion (pp. 192-197).

2.2.3.3 Powers and the Control Theory

William T. Powers is an American researcher of a psychologist cybernetician. He
pondered the question: ‘why does the same disturbance sometimes result in dif-
ferent responses.” He gave the answer in his book: Behavior: The Control of
Perception (1973). He concluded: Human behavior is based on the concepts of
control of reference perceptions and of feedback.

Because of the importance of behavior in social systems engineering, several of
his related concepts are quoted below:

(1) Behavior is governed by internal reference signals and there exists a hierarchy
of negative feedback control mechanism which are discernible in a person’s
behavior.

(2) Within this hierarchy, the higher level mechanism set the reference conditions
for lower levels and receive information about deviations between controlled
conditions and their reference values. (Power has established at least nine
different levels).

(3) In all hierarchies of control, the lowest level system must have the fastest
response. While the higher the level in the hierarchy, the slower the adjustment
and the longer the endurance of a disturbance.

(4) The behavior of an organism is organized around the control of perceptions.
Perceptions have no significance outside of the human brain. A presumed
external reality is not the same as experienced. Reference signal for natural
control systems are established inside the organism, and cannot be effected
from outside.

(5) A conflict is an encounter between two control systems which try to control, but
according to two different reference levels. A conflict is only likely to occur
between systems belonging to the same orders. (pp. 185-189)
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2.2.3.4 Taylor and the Geopolitical Systems Model

Alastair MacDonald Taylor (1915-2005), a Canadian historian, professor of
geography and political science at Queen’s University of Canada, was among the
first to apply systems theory to the historical development of human societies,
which he designated as Time-Space-Technics (TST). This TST framework recog-
nizes human societies as an open natural system in equilibrium with their envi-
ronments in a hierarchy of integrative levels.

His two-part model was cited in Laszlo’s book The systems view of the world: A

holistic vision for our time (1996).
The first part of the model is shown in Fig. 2.8, which includes the following

information:

(1) The evolution of society is divided into five levels, from S1 to S5.

(2) The properties for technology, science, transportation, communication, and
government at each level are defined.

(3) The five main levels of environmental control are presented as a geometrical
sequence: point (Fig. 2.8, S2, Particulate Universal), line (Fig. 2.10 S3,
one-dimensional), plane, volume as control capabilities grow. All these levels
are built upon previous lower levels. As time passes, an increased complexity
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Fig. 2.8 Levels of human societal organization (Note From Ervin Laszlo’s The World System,
Copyright@1972 by Ervin Laszlo)
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and heterogeneity takes place. This figure can be interpreted as a matrix, the
model provides a time/space grid, giving societal/environment quantization in
vertical dimension and stabilization in horizontal dimension.

The quantization takes place at a very slow rate on low level (S1, S2) and gains
speed as it passes through the different levels.

The stabilization shift from reactive-adaptive to active-manipulative as it pro-
gresses through the different levels.

The second part of the model is expressed in Fig. 2.9 which shows the impor-
tance of positive and negative feedback processes and interplay between them on all
levels of sociocultural organizations. Figure 2.9 shows the following phenomena.

(1) A sociocultural system is consisted of many subsystems, political, economic,
social, etc. The functioning of the existing sociocultural system is to be a
converter with its numerous subsystems.

(2) There are biospheric and sociocultural inputs from the total environment.

(3) The regulation of the sociocultural system’s material and societal output is
through the negative and positive feedback.

(4) The interaction between the material and societal technique results in system-
atic self-stabilization (Cybernetics I) and transformation. (Cybernetics II).

Negative feedback ensuring overall stability is created by social institutions and
predominant general morality. Example of this can be detected in mature
sub-hominid societies where the struggle for life is fully operative and the pre-
vailing technique exercise maximum environmental control.
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Fig. 2.9 Systemic self-organization, transformation and stabilization in human society
(Note From Ervin Laszlo’s The World System, Copyright@1972 by Ervin Laszlo)
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Science and technology have an important role in creating the mechanism of
positive feedback. Taylor has defined this positive feedback as follows:
“Quantization occurs when deviation is amplified to the point where no
deviation-correcting mechanism can prevent the rupturing of the basic systematic
framework, that is when the latter can no longer contain and channel the energies
and thrust which have been generated.” This systematic transformation with a new
technique can be seen from S4 of Fig. 2.8, the transformation of energy and mass
production technology has formed the driving force in forming S4.

In ancient China and Egypt, whenever a new technique and favorable envi-
ronment occurred, there were surplus food and better societal organization which
opened the way for urban revolution at level S3 for these two earliest civilizations.

Both Figs. 2.8 and 2.9 provide an important framework of social systems
engineering, these two figures show the relationship between the sociocultural
system and its environment, the many subsystems of the sociocultural system and
the role of S&T as a driving force of the process of transformation of a sociocultural
system.

In addition to extrapolating Taylor’s systems model, Laszlo, a Hungarian
philosopher and a system scientist, also presented his concept of Natural Systems in
his book Introduction to Systems Philosophy (1972) which contains a system
concept of public policies.

2.2.3.5 Comment: Taylor’s Study Is Quoted because of Two Reasons

(1) He is the first to apply system theory to study the historical development of
human society. From the perspective of the authors of this book, lessons and
experiences of the human history is very important. The basic human behavior
and its relation to others recorded since 5. (societal level) will give important
guidance to build up a better society.

(2) He has quoted two figures from Ervin Laszlo’s The World System, these two
figures are also reprinted in this book because these figures provide a broad and
concise information for Social Systems Engineering. In addition, it is worth-
while to introduce Laszlo who is also a system scientist of public policy.

2.2.4 Application of General Systems Theory

2.2.4.1 General

General system theory(GST) as a unity of sciences has many applications. In
Bertalanffy’s (1968) original publication, he described many areas of applications,
such as biological applications, system concepts in psychopathology, etc. He also
stated: the practical application in systems analysis and engineering of systems
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theory to problems arising in business, government, international politics, demon-
strates that the approach “Work” (p. 196). And in this book, we shall emphasize
more of its application to engineering and governmental aspect.

2.2.4.2 Application of GST to Social Science and Planning

Nearly half a century has passed since the publication of General System Theory by
Bertalanffy. Although application of GST has made some progress, there is still
barrier due to ideological differences. Although there are progresses on several
aspects of difficulties in its application to social science.

(1) Progress on the Measurement of Social Science

With respect to the measurement and social indicators, there are a lot of progress in
this area in past several decades, for example, United Nations published Indicators
of Sustainable Development—Guidelines and Methodologiesin 2001, there are six
themes and 19 indicators related to social side; the World Bank Group with the
assistance of 40 partners had published 2016 World Development Indicators, there
are seven sustainable development goals with 62 targets related to social side; and
there is also exploration of indicators related to measuring wellbeing by OECD on
2011. In short, there are a lot of effort by global institutions for this work.
Therefore, it seems that measurement by social indicator and quality of life is no
more a serious problem.

(2) Progress in Quantification

Forty-seven years ago, Professor I. G. Kemeny had a paper titled The Social
Sciences Call on Mathematics published in the book the Mathematical Sciences-A
Collection of Essays (1969) edited by the National Research Council’s Committee.
Kemeny described that “There is a long tradition of cooperation between mathe-
matics and the physical science.” and “The connection between mathematics and
the social science is a more recent development, and it is still in an embryonic
stage.” (p. 2). This situation has changed greatly 39 years later. The Nation
Research Council’s Committee on Organizational Modelling: From Individuals to
Societies published a book Behavioral Modelling and Simulation-From Individuals
to Societies (2008) which is the result of over 3 years of effort by a committee of 13
experts to respond to the request by U.S. Air Force. That book contains rich
information related to IOS (Individual, organizational and societal) models.
Therefore, the progress of quantification of social sciences is very fast that various
social modeling is available currently.

(3) Progress in Planning and Issues

We are in agreement with Bertalanffy’s view on the meaning of GST to the social
science that “the concept of society as a sum of individuals as social atoms, e.g., the
model of Economic Man, was replaced by the tendency to consider society,
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economy, nation as a whole super ordinated to its parts.” But there is no shortage of
planning at national or corporate level, which had been described in Chap. 1,
Sect. 1.3.2, the failure of planning is due to the failure to consider society, economy,
and nation as a whole. The process of implementation is also very complicated,
generally the response to feedback information is not in time. There are also barriers
existed in economic fields and political economy. It is worthwhile to quote a part of
description from J. P-van Gigch’s Applied General Systems Theory (1978):

In general, people are afraid of planning because they associate it with socialistic or
communistic political systems where economics and production are guided and controlled
by governmental agencies. In the United States, at the time of writing, some form of
National Economic Planning is a distinct possibility. However, the prevailing view holds
that the competitive system, laissez-faire economics, and Adam Smith’s “Invisible hand”
can still guide the economy from crisis to crisis without obvious human intervention.
Into-day’s complex world, where international events have national repercussions and vice
versa. It is sheer folly to believe in the myth and magic of the “invisible hand” that resolves
all problems. Planning is indispensable and mandatory. (p. 533)

That truth can be seen from China’s rapid development since 1950’s. Although
its national planning system needs further improvement from the perspective of
GST.

2.3 Rise and Development of Systems Engineering (SE)

2.3.1 History of Formation of Systems Engineering and Its
Definitions

2.3.1.1 History of Formation of Systems Engineering

(1) The First Book of Systems Engineering

The first book with title of systems engineering was contributed by professor Goode
and Machol (1957), System Engineering: An Introduction to the Design of Large-
Scale Systems. Their book had laid the foundation of academic aspects of systems
engineering. Box 2.1 shows the major content of this book which may be helpful to
understand better its evolution around 60 years in later period.

Box 2.1 Outline of System Engineering: An Introduction to the Design
of Large Scale System Brief Description: This book contains six parts and
31 chapters. Because computer was a new tool in the age of 1950s, Part IV
(Chaps. 14-20) gives a detail description of digital and analog computer,
therefore, this part is omitted in the following contents of the book:



70 2 General Systems Theory and Systems Engineering

Part I Introduction

1. Complexity-The problem
. Example of a large-scale system
. An integrated approach to system design.

W N

Part IT Exterior System Design

. Environment Origin and formulation of the problem
. Mathematical model

. Design of experiment, data gathering

. Analysis of experiments-mathematical statistics

. An example of exterior system design.

03O\ L b~

Part V Interior System Design

21. Solution of the problem-Steps and tools

22. Single Thread System logic

23. High traffic Queueing theory

24. Competitive Aspect-Game theory

25. Guide to system design-Linear programming, Group dynamics and
Cybernetics

26. Simulation

27. Component parts of the system

28. Communications-Information theory

29. Reflexive Control-Information theory

30. Input-Output Human engineering.

Part VI Epilogue

31. Economics, Test and Evaluation, and Management.

(2) A Methodology for Systems Engineering (1962) Written by Arthur D. Hall
(1925-2006)

Although this book is published five years later than the first book, but it is rec-
ognized by the academic and professional field that the term systems engineering
can be traced back to Bell Telephone Laboratories in 1940s where Hall started his
career as electrical engineer. His book is consisted of four major parts: part 1 is
philosophical foundations, which includes explanation of systems engineering, case
history of TD-2 radio relay system, fundamental concepts of systems engineering,
and an operational analysis of the system engineering process; part 2 is titled
problem definition, which approaches problem definition through the systematic
study of needs and the environment; part 3 is decision making which concerns the
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design of value systems and decision making, with special emphasis on problem of
setting good objectives; part 4 is system synthesis and analysis, which presents
several different approaches to system synthesis and analysis. The content of this
book is very comprehensive and original. Arthur D. Hall has further elaborated his
methodology and published a paper Three-Dimensional Morphology of System
Engineering in IEEE Trans on April 1969. This book has laid a very pragmatic
foundation of systems engineering.

(3) Later Development

There are many studies, development and publications related to systems engineer-
ing. Machol, R. E. & Tanner, W. P. & Alexander, S. N. published the first Systems
Engineering Handbook in 1965 in memory of Professor Goode due to the fact that
Goode had agreed to prepare a System Engineering Handbook for McGraw-Hill
Company in 1960, he prepared a brief outline, but died untimely in the same year.
The National Aeronautics and Space Administration (NASA) also developed its
application of systems engineering and published NASA Systems Engineering
Handbook in 1992. The other major study and publications, such as System
Engineering Tools (1965) and Systems Engineering Methods (1967) by Chestnut, H.
(1917-2001), who was an electrical engineer and manager at General Electric, and
Professor Sage, A. P (1993-2014), who wrote several papers and books on Systems
Engineering, his relatively recent publication is An Introduction to Systems
Engineering. (2000). There are many publications related to Systems Engineering
and Systems Think Series by Wiley publishers, Plenum Press and others.

(4) Establishment of International Council of Systems Engineering
(i) General

The International Council on Systems Engineering (INCOSE) is a non-profit
membership organization dedicated to the advancement of systems engineering and
the professional status of systems engineering. It was founded in 1990, it has over
ten thousand members which is the world’s largest Professional Network of
Systems Engineers.

(i) History

The beginning of the INCOSE may be traced back to a meeting in 1989, hosted by
General Dynamics at the University of California. The purpose of the meeting was
to discuss the apparent shortage of qualified engineers who could think in terms of
total system, rather than a specific discipline. Boeing hosted a follow-up meeting in
1990 in Seattle, Washington which was attended by about 30 people. The group
adopted a charter, formed ad hoc committees to tackle the systems engineering
issues, and formed the National Council on Systems Engineering. More meetings
and workshops were held in 1990 and 1991 sponsored by the Aerospace
Corporation, IBM, and TRW. The organization officially changed its name to the
International Council on Systems Engineering (INCOSE) to reflect the growing
participation of professionals from ten different countries.



72 2 General Systems Theory and Systems Engineering

(iii) Organization and Activities

INCOSE is governed by a Board of Directors. Its technical activities are led by a
Technical operation board with oversight over 39 working groups under 7
Technical Committees. They focused on Education and Research, Modeling and
Tools, Process and Improvement, SE Management, SE Initiatives, Standards and
SE Applications. Its major activities include publication of periodicals, manuals and
instructional material; sponsor of conferences; development of standards; and
works to promote education and registration of systems engineers.

2.3.1.2 Definitions of Systems Engineering

There are more than several tens of definitions of S. E. from different authors with
different backgrounds. We shall choose two definitions from two pioneers and three
definitions from INCOSE for comparative purpose. Original sentences from the
authors will be quoted in order to avoid misinterpretation.

(1) Definition from Chap. 1 of S. E. Handbook (1965) by Machol, R. E. “Thus,
when I speak of system engineering. I refer to the design of systems, the word
‘design’ being significant. It implies that the output of the system engineer is a
set of specifications suitable for use in constructing a real system out of
hardware”. (p. 1-4).

(2) Definition from A Methodology for Systems Engineering (1962) by Arthur D.
Hall:

“Systems engineering probably is not amenable to a clear, sharp, one sentence definition.
Systems engineering has many facets; therefore, a complete definition of it must have many
facets too. To get a reasonably comprehensive and useful view of all sides, we might define
the systems engineering function in terms of:

(i) Its evolution
(ii) The systems engineering process (as generalized from case histories)
(iii) Its objectives
(iv) The kind of work done and called systems engineering
(v) Organizational arrangement for carrying out the function
(vi) The tools and techniques which it uses
(vii) The kind of people who do it
(viii) Its relation to other fields such as administration, application engineering, opera-
tion research etc.” (p. 4)

(3) Definitions from INCOSE. INCOSE has published several versions of Systems
Engineering Handbook. The following three definitions of S. E. are quoted
from S. E. Handbook (2007) Version 3.1:
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(1) “Systems engineering is a discipline that concentrates on the design and application
of the whole (system) as distinct from the parts. It involves looking at a problem in
its entirety, taking into account all the facets and all the variables and relating the
social to the technical aspect (Ramo).

(ii) Systems engineering is an iterative process of top-down synthesis, development and
operation of a real-world system that satisfies, in a near optimal manner, the full
range of requirements for the system (Eisner).

(iii) Systems engineering is an inter-disciplinary approach and means to enable the
realization of successful system (INCOSE) (2.1 of 10).

(4) Discussion of Definitions of SE
(i) Discussion of Definitions of SE

Five definitions of SE have been quoted above. There are even more definitions on
SE in other SE publications. It is necessary to clarify the basic concepts of SE. It is a
new concept raised early by Professor Goode, his concept on SE is clear, it is design
of a new system. But he introduced several new disciplines to be included in the
process of design, those are Operation Research and Cybernetics. And his view is
confirmed to certain extent by other pioneers of SE. Hall (1962) discussed this point
in his book and maintained that “engineering design, or simply design, is more
closely related to systems engineering than to operation research. Professor Goode
made no distinction between the two fields at all; in his book the terms “systems
engineering” and “design” are used interchangeably. Other systems philosophers
agree with this substitution and go on further to say that what is now called systems
engineering will eventually be recognized as part of the general design process.”
(p- 20)

The three definitions from INCOSE only put emphasis on ‘whole’, ‘iterative
process’ and ‘interdisciplinary approach’, all of them are complementary in nature,
while ‘design’ is the key.

(i) Authors of this book agree with above view. The following definition is
English translation of definition of SE given in Methodology of Social Systems
Engineering (Chinese version) written by Wang (2014):

Systems engineering is a discipline of comprehensive science and technology, its object
studied is design and operation of complex large scale (generally focus more on design)
system. The purpose is to study and design of new engineering project, manage and
improve the engineering object existed to achieve the overall most satisfactory result. By
the meantime, it is necessary to analyze fully the relations between the system and its
environment, explore the possibility of co-adaptation and co-evolution; in the time domain,
it focuses on the inter-relationship and linkage following the order of planning, program,
research, design, testing, manufacture, installation and operation. It is an overall engi-
neering discipline with interdisciplinary approach, it is also a methodology of thinking and
working. Its theoretical basis such as GST and other principles is also applicable to social
system, administrative system and other systems. (p. 32).
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2.3.2 Development of Systems Engineering

Since the first book of systems engineering published in 1957, there are many
publications and definitions of systems engineering which had been described in
Sect. 2.3.1. But a large part of studies is focused on “Hard” systems engineering. It
seems that there will be more studies and development focused on “Soft” systems
engineering. This section will discuss and explore this point. But we shall start the
discussion by introduction of the major content of Systems Engineering Handbook
Version 3.1 by INCOSE.

2.3.2.1 Introduction of Major Content of Systems Engineering
Handbook Version 3.1 of INCOSE

This Handbook represents current state of art of SE. It is published in 2007 which is
50 years later than the first book of SE contributed by Professor Goode and
Professor Machol. We had already given the outline of the first book in Box 2.1,
and will present the outline of SE Handbook version 3.1 at below. We can have a
general understanding of the trend of study of SE by comparing these two books.

(1) Brief Description

This SE Handbook differs with the first SE Handbook by Machol, R. E.& other pub-
lished in 1965, it also differs from the first book of SE written by Goode and Machol in
1957. This handbook is prepared to be reference for examination of certified systems
engineering professionals (CSEP). Itis pragmatic and focused on key process activities.
The content of this handbook can be divided into two parts. Three fifth of the book is the
main part which contains ten chapters, the remaining two fifth are appendices.
(Appendix A to Appendix O). The major content will be briefed as follows.

(2) Major Content

(i) Chapter 1 SE Handbook scope. This chapter defines the purpose and scope

of this handbook.

(i) Chapter 2 SE Overview. This chapter 2 provides an overview of the goals
and value of using systems engineering throughout the systems life cycle.

(iii) Chapter 3 Generic Life Cycle Stages, which describe an informative life
cycle model with six stages: Concept, Development, Production, Utilization,
Support, and Retirement.

(iv) Chapters 4-6 will be represented by Fig. 2.10. These four process to support
SE is identified by "'ISO/IEC15288.

"Note: ISO/IEC 15288 is a system engineering standard covering process and life cycle stages.
Initial planning for the ISO/IEC 15288: 2002 (E) standard started in 1994 when the need for a
common Systems Engineering process was recognized. In 2004 this standard was adopted as IEEE
15288. ISO/IEC 15288 has been updated twice. It is managed by ISO/IECJTCI/SC7 which is the
ISO committee responsible for developing ISO standard for Software and Systems Engineering
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Fig. 2.10 System Life Cycle Process Overview per ISO/IEC15288 (Source SE Handbook (2007).
p- 12 of 6)

(v) Chapters 7-9 are activities that support the above four process. Chapter 7
Enabling systems engineering process activities. It includes Decision man-
agement, Requirement Management and Risk and Opportunity Management.
Chapter 8 Systems Engineering Support Activities. It includes 8.1-8.10.
They are Acquisition and Supply, Architectural Design, Configuration
Management, Information Management, Resource Management, Validation
and Verification respectively. Chapter 9 Specialty Engineering Activities. It
includes 9.1-9.9 they are Design for Acquisition, Logistics-Integrated
Logistics Support, Electromagnetic Compatibility Analysis, Environmental
Impact Analysis, Human Systems Integration, Mass properties Engineering
Analysis, Modeling Simulation and Prototyping, Safety and Health Hazards
Analysis, Sustainment Engineering Analysis and Training Needs Analysis.

(vi) Tailoring Overview. It includes Introduction, Tailoring Process and Traps in
Training.

(3) Selected Appendix with Abstraction

This SE Handbook is a pragmatic handbook intended to be applied internationally,
therefore, its appendices are also important. Appendix D is selected and abstracted
for illustrative purpose.

Appendix D: The context for Appendices E to N.

These appendices are the first step in providing elaboration of systems engi-
neering practice. The intent is to expand the practices defined in version 3.0 of the
SE Handbook provide in depth information, “how to” guidance, and example for
SE practitioners. It is envisioned that existing material and expand these appendices
with additional SE practice. It is also envisioned that industrial specific practices in
areas such as aerospace, transportation ... and the U.K. Ministry of Defense will
provide supplementary materials to the handbook, ... the common practices iden-
tified will become world class practices ...

Appendix E: The Hierarchy within a system ...
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2.3.2.2 Systems Engineering to Be a General Design Engineering

In consideration, the relationships between Systems Engineering and General
Systems Theory, the authors of this book considered that Systems Engineering can
be identify to be a General Design Engineering.

General System Theory is a theory applied to all systems. While the emergence
of systems engineering is nearly in the same period of the emergence of GST. There
are so many engineering projects of various disciplines emerged post the First
Industrial Revolution, for example, electrical engineering, chemical engineering,
mechanical engineering, transportation engineering, communication engineering
etc. There are enormous amounts of design of engineering projects of various
disciplines. But they have common logical steps and approaches to the process of
design, we can give the term of the approach ‘General Design Engineering’ or
Systems Engineering, because it is applicable to design of all types of engineering
projects with different disciplines. Table 2.10 is a schematic diagram showing this
common approach.

2.3.2.3 Explore the Concept of General Design Engineering
from “Hard” Systems Theory to “Soft” Systems Theory

Establishment of INCOSE marked that systems engineering based on “Hard
Systems Theory” has entered a matured stage.

It seems that both general systems theory and systems engineering are growing
more or less independently under the same historical background. The rapid growth
of modern science and its ever-increasing specialization in the 19th centuries has
established intangible barriers among specialists in different disciplines, but these is
existence of general system properties in the appearance of structural similarities or
isomorphism’s in different fields. Then we have emergence of concept of general

Table 2.10 Elements of general design engineering (or SE) for “Hard” systems engineering

Goal of project (Analysis in frame of space and time)
Setting up performance measurement indicators

Analysis of various Design of main system and Feasibility analysis
related environmental subsystem (technical, economic and
factors related to systems Flow diagram of main system social-including political)
(Natural and social and subsystem

factors) Selection of various equipment

for the main system and
subsystem. Make connections

Spatial arrangements of all
equipment of main system and
subsystem

Selection of regulation and
control of systems and equipment
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system theory early around 1930s. In the meantime, the rapid growth of various
engineering projects post the First Industrial Revolution have also created many
different engineering disciplines, but there is existence of General Design
Engineering (or Systems Engineering) in the appearance of similarities of structure,
process, and logical steps in thinking. Both general systems theory and systems
engineering require some philosophical thinking. And there are needs further to
break up the barrier between natural science and social science, while an in-depth
study of General Systems Theory will be helpful.

(1) A Taxonomy of Sciences and Systems and Future prospects of systems
engineering

Figure 2.11 is partly derived from Gigch’s (1978) concept, but modified by us. The
taxonomy may be debatable due to its classification of social sciences and
behavioral science. Therefore, it is titled to be tentative. It is used for the conve-
nience to have a general concept related to various branches of science.

(2) Progress and Prospects of Systems Engineering

Based upon available information, there are several publications focused on social
systems with interdisciplinary approach for example, Professor Evans at Concordia

| General Systems Theory, Mathematics, Philosophy

General
Sciences
“Hard ” Systems
“ Soft ” Systems Theo
l Theory Y y
I Physical Life Behavioral Social
Sciences Sciences Sciences Sciences
Specialized
Sciences
Physical Biology Anthropology Applied Behavioral
Chemistry Earth Botany Political Science Sciences, Economics,
Sciences Zoology Etc. Psychology Education

Sociology Etc. Management Science

|

“ Hard ” Systems
Types of Yy “ Soft ” Systems Theory
Systems Theory
Engineering

: . Social System and
l <+— Physical System > | < OrganizZtions _—

Fig. 2.11 Tentative Taxonomy of Sciences and Systems (Source Adapted from Gigch,
J. P. (1978). Applied General Systems Theory (2nd Edition) (Fig. 2.1, p. 39). New York:
Harpercollins Publishers)
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University College of Alberta published the first Edition of the book Using
Statistics in the Behavioral and Social Science in 1984. This book is now in its fifth
edition. It is known in the politics and public policy that these fields are charac-
terized by uncertainty, while statistical inference is one of the means to study the
complex behavioral and social sciences.

There is also a publication Systems Engineering with Economics, Probability
and Statistics written by professor Khisty, C. J., & Mohammati, J. & Amekudzi, A.
A. Tts first edition was published in 1982. The revised second edition is published in
2012. Three new chapters are added, these three new chapters are “Systems
Thinking: Case Studies”, “Sustainable Development, Sustainability, Engineering
and Planning” and “Case Studies in Engineering and Planning for Sustainability”.
This book although with the title of Systems engineering-with Economics,
Probability, but authors of this book already have the awareness that both hard
systems engineering and soft systems engineering should be used in combination
for problem solving, which is shown in a diagram on the cover of the book.

2.3.3 Systems Engineering and Concepts Related to General
Systems Theory in Ancient China

2.3.3.1 Systems Engineering in China

(1) It is a historical fact that in the history of development of S&T, China had

lacked a historical period of scientific revolution. China even missed to certain
extent the dispersion of the impact of the First Industrial Revolution. In that
sense, China became a latecomer of modern science and technology as well as
the modern education system. Its catching up process to modern S&T and
education system may be only around one hundred years.
China established a Systems Engineering Society in 1980 based upon sugges-
tions of several famous scholars and professor. Its members reached around
eleven ten thousand currently. Nearly every provinces and autonomous regions
has a branch society. It has several publications: Theory and Practice of Systems
Engineering (monthly magazine), Journal of Systems Science and Systems
Engineering (Quarterly Journal), Fuzzy System & Mathematics (Quarterly),
Transportation Systems Engineering and Information (Quarterly) etc.

(2) Education of Systems Engineering. An influential scholar Mr. Qian Xuesen and
others published a paper Systems Engineering-A Technology of Management in
1978. Since then, nearly all universities established the discipline of Systems
Engineering in their Management Colleges including post graduate studies.
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2.3.3.2 Exploration of General Systems Theory in Ancient China

The Brilliant Age of Hellenistic science of Greeks is more or less similar to the
period of Spring and Autumn and also the Warring State (770 BC-221 BC) of
China. There are many eminent scholars contributed various valuable philosophi-
cal, and scientific (natural and social) thoughts. As Talcott Parsons says, in this
brilliant period, the four sources of the world civilization, namely, Greece,
Babylonia, India and China, all underwent a “philosophical breakthrough”.
Although we have described “Major Events in the History of Science and
Technology” in 2.1.2, based upon Hellenman and Bunch’s publication (1988), two
facts related to the theme of GST must be added.

(1) I-Ching or the Book of Change

This is a very famous Chinese classics published in late 9th century BC. It is an
ancient divination text and the oldest Chinese classics. It is an influential text read
throughout the worlds of religion, psychoanalysis, business, literature, and art. It
was transformed into a cosmological text with a series commentaries known as the
“Ten Wings” through the Spring and Autumn and Warring State period. Confucius
had studied I-Ching with full effort and wrote two books titled Copulative
Biography to explain the phenomena of natural and social changes. It contains
many concepts similar to GST. Hereunder, only very few descriptions are selected
for illustrative purpose and for raising reader’s interest to read the original.

(i) Yin and Yang are in opposition mutually, but they are also in dependence
mutually, this is the basic principle or so called Dao® in Chinese. Who
masters this basic principle can achieve a state of universal De, it may also
achieve success to certain events through study and understanding of this
rule. Dao is in existence objectively, but to understand the meaning of Dao
depends upon the perspective of the observers. The kind people see its
kindness, the clever people see its wisdom ...”. (from I-Ching, Copulative
Biography Upper book, Chap. 5)

(i) “Confucius said: “Why one thinks so much about the changes of the world?
People walk on different paths, but they will end up at the same final des-
tination; people may have thousands of thoughts and considerations, but all
of which will converge to the uniformity in the end regardless of one’s many
thoughts on the changes of the world! The sun sets, then moon rises; the
moon sets, then the sun rises, the sky and the earth are filled with brightness
due to alternative rise and set of the sun and the moon; cold winter passes,
hot summer comes, hot summer passes cold winter comes, the year is formed
through alternative coming and going of summer and winter .... The com-
plementarity of submitting and expanding will produce benefits .... To study

8Note: Dao is the metaphysical core of Chinese. It derives from the perspicacious generalization
from human life, society, politics to ontology; while De is the revelation and expansion of Dao, the
application of Dao to give guidance to social, political and human life.
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the secrets of things and understand the changes of Dao, it is the highest De”.
(from I-Ching, Copulative Biography Lower book, Chap. 5).

(iii) “... There are rules governing the steady and dynamic state of everything in
the universe, the distinction between masculine (yang gang) and feminine
(yin rou) can be judged clearly. People of the same kind will gather together,
things of different kind will be divided into different groups, thereby good
and bad luck will be resulted....” (from I-Ching, Copulative Biography
Upper Book, Chap. 1).

(2) The Chinese Medicine

It had been described in 2.1.2.2(2) that Hippocrates in the period of Greek and
Hellenistic Science is referred to be the “Father of Western Medicine.” It is inter-
esting to compare the theory and practice of Chinese Medicine which is shown fully
in the ancient Chinese book Huang Di Nei Jing dated back in the beginning of
Eastern Han Dynasty (around 32-90 AD). A very primitive and simplified copy
was unearthed from a Han tomb. One unique feature of the Chinese medical theory
is its systems perspective. It treats the human body as a whole system, the cause of
disease is attributed to the change of external environment and unbalanced internal
conditions. The major force of change is based on yin-yang theory. It is also
interesting to note the similarities of ancient philosophical and medical thoughts,
Hippocrates believed that all matter was made up of four primary substances: earth,
air, fire and water. While it was thought that the universe consisted of five trans-
formative phases in ancient times of China. It was said that Tzu-Szu (492-431 BC)
had advanced this theory and later was redeveloped by Mencius (372-289 BC). The
world was viewed as a constant interaction and combination of the five transfor-
mation phases (the principle of WuXing in Chinese), they are wood, fire, earth,
metal and water. Yin-Yang and WuXing have become part of Chinese medical
theory which may require further scientific exploration.

2.4 Summary Points

1. The purpose of this chapter is:

(1) Give essential points of General Systems Theory (GST) and Systems
Engineering (SE), and trend of their growth and applications.

(2) Description of development of GST and SE is presented from the historical
context of development of science and technology.

(3) A broad discussion of relationships between science, technology, economy and
society is given. The mutual interdependence of them is emphasized, rather
than a simple view of technology determinism, or economic determinism, etc.

2. The relationships between science, technology, economy and society are
explored in two ways:
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Economic history shows that the growth rate of world population, GDP/capita
and world population is quite low before 1920, economist concluded that
technology played a major role to drive the economy. But in the global history,
there is a period of scientific revolution before the First Industrial Revolution
erupted in U.K. The close linkage between science and technological and
engineering began around the nineteenth century, in the period of First
Industrial Revolution.

Relationships between S&T, economy and society is further explored through
major events in the history of science and technology. Based on the history of
S&T of a Western study, eight periods are identified and major events of S&T
are described. These eight periods are Science before there were scientists:
2400,000-599 BC, Greek and Hellenistic Science (which is the origin of the
Western science) 600 BC-529 AD, Medieval science 530-1452, the
Renaissance and the Scientific Revolution 1453-1659, the Newtonian epoch
1660-1734, the Enlightenment and the Industrial Revolution 1735-1819,
Nineteenth century science 1820—1894 and Science in the 20th century through
two World Wars 1895-1945 respectively. Features and major achievements are
described for each of these periods. Several major conclusions are derived from
the study of above eight periods:

(i) Technology predates science due to the needs of basic survival of the
mankind to adapt to the natural environment.

(i) Before the period of scientific revolution, there were philosophers who
observe and study the natural and social phenomena. There were no
experiments in general for the natural science. Much of the knowledge was
accumulated over several thousand years and some were proven correct and
some were wrong. Several branches of natural science were established
primarily.

iii) Through the period of scientific revolution and Newtonian epoch, scientific
method is established through observation, combination of induction and
deduction and proof through experiments. A system of modern science is
established. The secondary effect of Newtonian epoch is mechanistic
determinism of a world view.

iv) Since the period of the Enlightenment and Industrial Revolution, the rapid
accumulation of knowledges requires further in-depth studies. Thus, various
branches of science are further developed and explored. Along with the
creation of many sciences of specific fields, scientists become a profession.
Modern social science is also developed post the period of Enlightenment.

(v) The application of scientific knowledge to technological development
becomes direct and the period between scientific exploration and its
application to technological and engineering fields becomes shorter
increasingly in the 20th century.

vi) The discovery of theory of relativity and quantum mechanics has broken the
world view of mechanistic determinism. Uncertainty and probabilistic view
are emerged.
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(vii) As modern society becomes more complex, modern engineering projects

become larger and complex increasingly. Coordination and integration
become a necessity in contemporary science and engineering. General
Systems Theory and Systems Engineering were developed nearly simulta-
neously to meet the needs.

(viii) Study of history of S&T demonstrates that its development is also closely

related to the economic and social conditions of its historical period.

(ix) A summary table is prepared by the authors of this book which shows the

quantitative relationship of growth of S&T with the various historical periods.

3. The section of General Systems Theory is approached from five aspects:

(1)

2)

3

“

(1)

2

3)

Emergence of GST in the early 20th century is analyzed from two issues of
development of science around 2500 years since the period of Greek and
Hellenistic science. The two issues are “negative effect due to ever-increasing
specialization” and “lasting impact of mechanistic determinism”. Bertalanfty,
the founder’s five aims in creation of GST are quoted.

Definitions of System and its classification. Several definitions and several
types of classifications are described to provide a relatively in depth
understanding.

key concepts of GST are described, they are: subsystem or components, holism,
open systems view, input-transformation-output model, system boundaries,
steady state dynamic equilibrium and homeostasis negative entropy, feedback,
hierarchy, internal elaboration, multiple goal seeking, equifinality and multifi-
nality of open systems, simple system and complex system and their features.
Progress of application of GST is described, especially its application to
planning.

Section 2.3 deals with the rise and development of Systems Engineering. It is
interesting to note the fact that the emergence of General Systems Theory and
Systems Engineering are nearly occurred in the same period. The former is for
the unification of science while the latter is for a ‘General Design Engineering’
(Hall, 1962). Section 2.3 is further divided into 3 parts:

History of formation and its development of systems engineering around fifty
years are described, five definitions from international scholars and one defini-
tion given by one author of this book is also presented for comparative purpose.
Development of system is explored by focusing on the transition from ‘Hard’
systems engineering to ‘Soft’ systems engineering, there is a need to break up
further the barrier between natural science and social science. Some progresses
in Western countries are described. This book represents an effort of the process
of exploration.

Brief introduction of development of systems engineering of China is provided.
China has not established the concept of modern general systems theory, but
some of ancient Chinese literatures had several concepts of GST is introduced
briefly including the concept of Chinese medicine to supplement the infor-
mation of part 1 of this chapter, i.e. science in ancient China.
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Chapter 3 )
Social Science and the Social System Skl

3.1 Definition of Social Science and Its Development

3.1.1 Definition of Social Science and Its Scope of Study

3.1.1.1 Definition and Scope of Social Science

According to R. A. Nisbet, the well-known sociologist and former Albert
Schweitzer Professor of the Humanities at Columbia University,l social science is a
branch of science which studies mainly the human behavior in the social and
cultural aspect. Its scope of study includes cultural (or social) anthropology, soci-
ology, social psychology, political science and economics. Generally, it also
includes related parts of social and economic geography and education. History has
also been a part of social science, but some scholars consider history to be part of
the discipline of humanities.” Comparative law may be also included in the study of
social science.

The term “behavioral science” has also been applied to cover the study of social
science since the beginning of the 1950s. According to Nisbet, the terms “social
science” and “behavioral science” are synonymous.

"Note: R. A. Nisbet is the author of ‘Social Science’ section (2012) of Encyclopedia Britannica.
Note: Humanities is a study of the human culture. It emphasizes the exchange of ideas, but for
example applying the method of speculation and fantasy rather than applying the experimental
method of natural science. Humanities is a large independent discipline that includes amongst of
the studies ancient and modern linguistics, literature, philosophy, religious studies and perfor-
mance arts (such as music and drama). Sometimes, humanities is also classified as social science,
including history, anthropology, regional studies, communication studies, cultural studies, law and
linguistics etc.
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3.1.1.2 Debate on the Term of Social Science Between Sociologists

It is necessary to point out that sociologists have different views about what con-
stitutes  social science. The following quotation from The Concise Oxford
Dictionary of Sociology (1994) by Marshall (Editor) shows the background of
ambiguity with the classification and scope of the study of social science.

Discipline boundaries are by no means always clear and the generic term social science
usually covers most or all of the discipline mentioned. All, to various degrees, are engaged
in debates about the nature of science and scientific status. Are the social sciences directly
comparable to the natural sciences, or does the fact that their object of study is human make
them different, in what sense (if any) are they scientific? Sociologists, in particular, have
addressed these questions more or less continuously from the time of the classical theorists
onwards. (p. 494)

3.1.2 Development of Social Studies and Social Science
Before the 20th Century

3.1.2.1 Development of Social Studies in China

From the perspective of the authors of this book, with the existence of groups of
human beings, human society was also in existence, as was the social and cultural
behavior of human beings. Therefore, there is a vast amount of information and
knowledge accumulated in the area of social studies. As recognized by Talcott
Parsons, China is one of the four sources of world civilization that underwent a
“philosophical breakthrough” in the axial’ period of global history. A brief
description of selected aspects of social studies of China in the axial period that
relate to the theme of this book will be described.

(1) Development of Social Studies in the Spring and Autumn Period (722—481 BC)
and the Warring States Period (403-221 BC)

Although the history of Chinese civilization begins much earlier than the above two
periods, this period can be compared to a certain extent to the Greek Hellenistic
period. There was the Contention of a Hundred Schools of Thought, the Confucian,
Taoist school, Mohist school, Legalist, and Theory of Yin-Yang and Five Elements
and many others. Many of these schools explored rationally the relationship
between individual, the state and morality. Hereunder, several major schools and

3Note: Axial Age (from German: Achsenzeit) is a term coined by German philosopher Karl Jaspers
in the sense of a “pivotal age” charactering the period of ancient history during about the 8th to the
3rd century BC. But in the recent The World, a history, by Fernandez-Armesto (2010), the Axial
Age is designated to be 500-100 BC.
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the representative figures will be discussed and some of their thoughts related to
social systems will be described.

(i) Confucius (551-479 BC)

He is highly respected not only in China, but also in global history to be a leader of
the birth of philosophy in the period of 700-300 BC together with Laozi (604—
531 BC), Plato (428-348 BC) and Aristotle (384-322 BC).

Confucius taught social ethics in China. He had many students and followers,
and formed the Confucianism, which had great impact not only in China, but also
had influence the Northeast Asia and Southeast Asia. His teaching was recorded by
his students, and formed the Four Books, i.e., Great Learnings, Doctrine of the
Mean, Mencius* and Analects. He had also been responsible for editing the Five
Classics, i.e., Classic of Poetry, Book of Documents, Book of Rites, I Ching (Book
of Changes) and Spring and Autumn Annals. He also edited four books, The Book
of Songs, The Book of Changes, The Book of History, The Book of Rites, and he
compiled The Spring and Autumn Annals. The Four Books and the Five Classics
became necessary readings to pass the imperial examinations to become govern-
mental officials from the Sui Dynasty to Qing Dynasty, the system of examinations
lasted in China around 1300 years.

There are abundant thoughts from Confucius. The following description of a
harmonious society which is quoted from The Book of Rites shows the long term
goal pursued by Confucius.

“When the high morality (Da Dao) is popularized, everybody will serve for the
public interest. Good and capable people will be chosen to serve the public,
everybody shall focus on creditability and be friendly to others. Therefore, the
people will not only support their parent, tend their own children, so that the older
shall be died in happiness, the adults can serve fully for the society, the infants can
be grown up soundly. All special groups of people, such as the old man without
wife, the old widow, the orphan, the single, the handicapped can be supported
properly. Every man shall have a job and every girl shall be married in time. The
people shall collect the goods or assets by others, but they are not for the purpose to
hold to enjoy themselves, the people shall also hate those lazy behavior in working
for the public, everybody should work with full effort not for private interest. Under
the above circumstances, nobody will play conspiracy, nobody will steal goods and
assets, and nobody will start war and insurrection. This is so called the Great Unity
Society (or Da Dong society in Chinese).” (Translated from Li Yun of Book of
Rites).

Nearly all social thoughts of Confucius were related to his ideal goal of society.
Several sentences approached the thought of holism which is an essential element
of GST (General System Theory) as quoted below:

“The word Mencius is the same with Mengzi. Different publications may use either of these two to
refer the same person.
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The Master said, “To go too far is as bad as not to go far enough” (Chapter Xian Jin of The
Analects, p. 115)

The Master said, “Do I regard myself as a possessor of Wisdom? Far from it. But even if a
simple peasant comes in all sincerity and asks me a question, I am ready to thrash the matter
out, with all its pros and cons, to the very end.” (Chapter Zi Han of The Analects, p. 91)

Confucius said: “If one love to learn, one shall approach the wisdom; to act with
full effort, one shall approach the kind heart and tenderness; if one knows shame
then one shall approach bravery. Knowing above three, then one knows how to
cultivate one’s action of morality. If one knows the cultivation of action of morality,
then one knows to govern the people, then one shall know how to govern a
country.” There are generally nine principles to govern a country, they are culti-
vation of one’s own morality, respect knowledgeable people of eminent goodness,
loves one’s family, highly esteems the senior officials, considerate all officials, love
the people like one’s own son, draws all kinds of workers, gives preference
treatment to remote different races and comforts the vassals on all sides respec-
tively.” (Translated from Chap. 19 of The Doctrine of the Mean) (p. 16).

The word “mean” in Chinese is “Zhong Yong”, which means the middle, “no
bias”, balance, or not go to the extreme. This is one of the major philosophies of
Confucius. The above three points nearly have shown the same concept of holism
of GST. The last paragraph is translated from the “The Doctrine of the Mean”
which also gives the thoughts of politics of Confucius.

(i1) The Confucianism

Confucius had many followers. Two famous follower were Mencius (372-289 BC)
and Xunzi (298-238 BC). The Work of Mencius is one of the Four Books. The
thoughts of Xunzi have attracted the attention of policy studies in Western countries
in recent years. Some brief selected economic and legal thoughts of Xunzi are
quoted below:

The means to enrich the country is to economize the expenditure of the government to
enrich the people, and save the surplus grain, foodstuff and assets well. Expenditure saving
should be based on the provisions of rite and morality while policy measures are required to
make people to become rich and abundant.’

Moderate the use of goods, let the people make a generous living, and be good to storing up
the harvest surplus. Moderate the use of goods by means of ritual principles, and let the
people make a generous living through the exercise of government. (Xunzi Book 10,
p. 267).

It is necessary to determine the boundary of a country based upon the size of its territory, to
calculate the amount of income to raise the people, to distribute the work according to the
strength and weakness of the labor force. Utilization of the labor force should consider fully
that they are qualified to do their work, and benefits must be received by them in doing their
work, benefits received must be sufficient enough to support themselves and cover all

SNote: XunZi (1993, p. 99).
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expenses of food, cloth, etc., by the meantime, there may be surplus and savings contin-
uously, this is so called in accordance with the law.®

If one taxes lightly the cultivated fields and outlying districts, imposes excises uniformly at
the border stations and in the marketplaces, keeps statistical records to reduce the number of
merchants and traders, initiates only rarely projects requiring the labor of the people, and
does not take the farmers from the fields except in the off-season, the state will be wealthy.
This may indeed be described as “allowing the people a generous living through the policy
of government. (Xunzi Book 10, p. 271)

Thus if one only reproves and does not instruct, then punishment will be numerous but evil
will still not be overcome. If one instructs but does not reprove, then dissolute people will
not be chastened. If one reproves but does not reward, then applying harsh discipline to the
people will not exhort them to good; if the reproofs and rewards are not of the category
proper to the occasion, subjects will be suspicious, vulgar, and venturesome, and the
Hundred Clans will not be unified. (Xunzi Book 10, pp. 295-297)

(iii) Taoist School (or Taoism)

Taoist school was established mainly by Laozi (581-500 BC). His major thoughts

were expressed in his book Dao De Jing, which contains 81 chapters, and is the first

comprehensive philosophical system in the history of Chinese philosophy. The

philosophy of Laozi is first about the universe, then human life and next, politics.
Fu Huisheng’s introduction to Laozi (1999) expresses the following views:

Dao derives from the perspicacious generalization from human life, society, politics to
ontology; while De is the revelation and expansion of Dao, the application of Dao to give
guidance to social, political and human life. The relation between Dao and De is that
between a body and function...The origin of the universe and myriad things comes from
Dao... (p. 37)

The ambiguous description of Dao in the book derived different interpretations in the later
generations and also brought into existence of philosophical schools. Dao as core of Laozi’s
philosophy denies the absolute and divine power of heaven, and theorizes the atheistic
thoughts, this historic progress produces profound influence on later generations. (p. 38)

The political thought of Laozi can be shown by quotation of several sentences in
Chapter 57 of Laozi.

Kingdoms can only be governed if rules are kept; Battles can only be won if rules are
broken. But the adherence of all under heaven can only be won by letting alone. (p. 117)

The core thought of Laozi on politics is “To govern by doing nothing.” This can also be
shown in several statements in Chapter 57 of Laozi.

Therefore a sage has said:
So long as I ‘do nothing’ the people will of themselves be transformed.
So long as I love quietude, the people will of themselves go straight.

So long as I act only by inactivity the people will of themselves become prosperous.
(p. 117)

*Note: XunZi (1993, p. 100).
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The following paragraph is also selective quotation from Fu’s Introduction to
Laozi (1999), which can show that the philosophy of Laozi has many elements
similar to dialectics or General Systems Theory of contemporary society.

Pairs of opposites and universality of the concept is emphasized. “These ten thousand
creatures cannot turn backs to the shade without having the sun on their bellies (the myriad
things shoulder the yin and embrace the yang).” (Chap. 42)

He emphasized the balance and harmony of contradictions, “It is on this
blending of breaths that their harmony depends (through coalescing of yin and
yang, they attain a state of harmony).” (Chap. 42).

He also emphasized interdependence of the opposite. “It is because everyone
under Heaven recognizes beauty as beauty, that the idea of ugliness exists. And
equally is everyone recognized virture (goodness) as virture (goodness) this would
merely create conceptions of wickedness.” (Chap. 2) At the same time, the myriad
things under Heaven are not only opposite and interdependent, but also mutually
changeable... “It is upon bad fortune that good fortune leans, upon good fortune
that bad fortune rests.” (Chap. 58) And the change is usually gradual from quantity
to quality. “The tree big as a man’s embrace began as a tiny sprout, the tower nine
stories high began with a heap of earth, the journey of a thousand leagues began
with what was under the feet.” (Chap. 64) (pp. 39-40).

There were translations of thoughts of Confucius and Taoism by Western
scholars such as Waley, Yang. Those translations were published by China’s
publisher.

(iv) Zou Yan

He is classified to be Taoism. He lived in the later period of the Warring State.
While his date of birth and death is not quite clear, it may be around 324-250 BC.
According to Lan (1950), his major thought is the establishment of a comprehen-
sive theory of Yin and Yang and Five Elements (Wuxing in Chinese), which
became one school (p. 241), but his school of thought is also classified to be a
branch of Taoism by later scholars. The theory of Yin and Yang has been explained
previously, the Theory of Five Elements is shown in Fig. 3.1.

The Theory of Five Elements is not only derived from the natural phenomena,
but the five natural elements also have the relationship of mutual reinforcement and
mutual counteraction between each other. For example, metal is derived from earth,
which is shown by the green line and the arrowhead, and the dotted red line shows
the counteractive relations, for example, that fire can melt the metal, etc.

Theory of Yin Yang and Five Elements is also closely related to Chinese
medicine. The Five Elements are in correspondence with respective organs of the
human body, which is also shown in Fig. 3.1. Chinese medicine treats the symptom
of sickness as a whole, for example, if there is disorder of the function of liver
(wood), it will affect the stomach (earth), and cause disorder of function of
digestion. Therefore, for the treatment of uncomfortable stomach, there is also need
to treat the liver, etc. (Based upon Huang Di Nei Jing p. 55 or The Inner Canon of
the Yellow Emperor).
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Fig. 3.1 Relations between five elements including concepts of Chinese medicine

(v) Sunzi

He was a military theorist by the end of the Spring and Autumn period. He con-
tributed to the famous military treatise The Art of War written by his purported
descendent Sun Bin around 400 BC, which contains 13 chapters. Although The Art
of War is a military treatise, it also contains many concepts related to GST and
dialectics. Hereunder, two paragraphs’ are translated to show the concept of
‘wholeness’, ‘synthesis’ and ‘analysis’.

Sunzi said: “War is an important event of a country, it is related to the live or die
of the people, survive or perish of a country. Therefore, it is necessary to study in
detail and consider prudently before the launch of war.” The Art of War by Sunzi
(p. 40).

Therefore, comparison and estimation of five aspects of situation between the enemy and
our side should be explored. The first is political condition, the second is the climate, the
third is geographical environment, the fourth is quality of generals, and the fifth is the
military institutional and legal system. With regard to the political condition, it means there
is an enlightened government supported fully by the people, they can live and die together
with the government and are not afraid to sacrifice themselves. With respect to the climate,
it refers to the condition of climate, weather and season such as overcast and rainy, clear
day, severe winter and hot summer, etc. The so called geographical environment refers to

"Note: These two paragraphs are translated by authors of this book based upon a Chinese version
of The Art of War by Sunzi published by Zhonghua Publisher, Shanghai 1962.
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long distance, nearby, rugged terrain, plain, broad or narrow area, a place that is dead or
alive, etc. Quality of generals means the character and quality of a general, clever and
intelligent, prestige and authority, kind or cruel, brave or coward, serious or relaxing, etc.
The military institutional system refers to the institutional system of gong and drum (the
communication system of ancient war) flags, post of generals and officers, logistical supply,

etc. (p. 40)

(vi) Others

(a) Legalists. The representative figure was Han Fei (280-233 BC), who was a
student of Xunzi. He absorbed Confucianism from Xunzi, Taoism from Laozi,
and Legalism since the Eastern Zhou Dynasty (770-256 BC). He summarized
thoughts of three schools and deemed that the monarch should take hold of
power and the liegeman should abide by the law and receive orders.

(b) Mohism. The representative figure was Mozi (around 470-399 BC). He had
been a carpenter with working knowledge, therefore he was not only a
philosopher, but advocated ‘Love each other and benefit each other’,
‘Non-attack’, ‘Attach importance to clever people with morality’, etc. He also
laid the ground work for empirical method. The School of Mohism compiled
Mozi, which originally contained 71 chapters, from which today only 53
chapters are left. Parts of these chapters recorded Chinese mechanics, and the
physics of China in their early stages.

(2) Development of Social Studies Post the Period of the Warring State

(i)

(i)

The application of theories of Legalists was one of the factors to help the
First Emperor of Qin (250-210 BC) establish a unified empire in his time. In
the beginning and middle period of the Western Han Dynasty (206 BC—
8 AD), Taoism was appreciated by the rulers as the guiding thought.
However a scholar statesman Dong Zhongshu (179-104 BC), made a pro-
posal to Martial Emperor® of Han Dynasty (134 BC) that there should be a
unified School of Thoughts. Hundred Schools should be ousted while
Confucianism should be kept dominant. The Emperor adopted his proposal.
Thereafter, Confucianism and all their social thoughts became a dominant
doctrine in China up to the end of Qing Dynasty, lasting around 2000 years.
Thoughts of Confucianism became an important part of Chinese culture.

Taoism still played an important part in Chinese history in spite of the
dominance of Confucianism. There was a series of famous philosophers of
Taoism in the Han Dynasty, such as Wang Chong (27-47 AD), and Wang
Fu (78-163). Therefore, Taoism kept its influence and even became one of
the religions of China, the Taoist religion. In the Wei, Jin and Six Dynasties
(220-589 AD), scholar Wang Bi (226-249 AD), who was a philosopher and

8Note: Martial Emperor or Han Wudi is the seventh emperor of the Han Dynasty (156-87 BC).
China had become strong and prosperous under his rule during this period, and the term Han
Chinese was derived.
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official and a representative figure and founder of metaphysics in Wei Jin
Dynasty, and Guo Xiang (252-312 AD), a philosopher and senior official of
the government (teacher of the emperor), both advocated that there was
convergence of thoughts between Taoism and Confucianism. In the Sui
(581-618 AD) and Tang (618-907 AD) Dynasties, with the preference of
the rulers, Taoist thought and religion flourished. Xuan Zong, the emperor of
Tang Dynasty (685-762 AD) had annotated and expounded Dao De Jing by
himself, and even took a series of measures for raising the social position of
Taoist thought and religion. This situation also lasted to the Song Dynasty
(960-1279 AD) due to the Emperor’s preference of Taoist religion, as well
as the theory of Taoism.

(iii)) To summarize the above, both Confucianism and Taoism became dominant
social thought in China, lasting around 2000 years, but the former is even
more dominant, since all officials in the past dynasties were required to pass
the imperial examination of reading the Four Books and Five Classics.

(3) Discussion of Religions of China

Although there are various religions in China, there was no system of unification of
the State and religion in Chinese history. Religion has not played any dominant role
in Chinese politics in past history. There are several reasons for this, because only
the Taoist religion was home grown. Although Buddhism is relatively popular
among the Chinese people, according to Fu (1999) “Buddhism was introduced into
China between the Han Dynasties. It attached itself to Yellow-Emperor-and-Laozi
School, then to the Metaphysical School. Even after Kumarajiva® tried his best in
his translation to give a true picture of Indian Buddhism, in fact, there still existed
many similarities between Buddhism and Lao-Zhuang and the Metaphysical
School” (p. 57).

From the perspective of authors of this book, due to the domination of
Confucianism, the scholars were not fetish to Heaven or to Buddha, for example,
Xunzi advocated “regulating what Heaven has mandated and using it” in his paper
“Discourse on Nature”. This means man can give full play to exploit nature in
following the natural law. Han Yu (768-824 AD), an eminent litterateur,
philosopher and official of the Tang Dynasty was demoted due to his proposal to the
Emperor “stopping to greet the bone of Buddha.”

The rural people even utilized the name of folk religion to rebel the government.
There were no shortages of such events in Chinese history.

In short, the influence of religion to politics or to people’s daily lives was
relatively minor in China compared to Western countries, the Middle East and other
parts of Asian countries.

*Note: Kumarajiva (334413 AD) was a Buddhist monk, scholar, and translator from the
Kingdom of Kucha. He had been at Chang’an and translated many Buddhist texts written in
Sanskrit to Chinese.
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3.1.2.2 Development of Social Studies in Western Countries

(1) Social Studies in Hellenistic period

It is necessary to recognize that modern social science developed more thoroughly
in Western countries, even though the civilization and early thoughts date back to
the origin of ancient Greece. Therefore, a brief discussion of social studies around
the Hellenist period will be given.

(i) Sophism

According to Stevenson (1998), Athens was a city state, democracy was gaining
momentum, and every free adult male was expected to participate in government.
The democratic system involved more participation and responsibility on the part of
its citizens. Debate and determining courses of action, were frequently part of
assemblies, consisting of large groups of the populace of the city. Many Greek
citizens were expected to give great attention to society and politics, and Sophism
emerged.

Sophism is a specific method of teaching both in Ancient Greece and in the Roman
Empire. Major figures included Protagoras, and Thrasy machus (pp. 6, 38-39).

(a) Protagoras (around 490-420 BC). He said: “man is the measure of all things”,
which was interpreted by Plato to mean that there is no absolute truth, but that
which individuals deem to be the truth. Protagoras also said “we can’t be sure
about whether the gods exist”. Therefore, he believed people should do what
they think is best for them, without looking to a higher power. This is con-
sidered to be a type of relativism taught by the Sophists. (pp. 39-41)

(b) Thrasy machus (around 459-400 BC). He was also a Sophist, but believed that
social order is imposed on everyone else by the most power. He said “Justice is
nothing else but the advantage of the stronger”. His view was disturbing.
People who are in power to make the rules, tend to maintain their own
advantages, making it difficult for those at a disadvantage to do anything about
it. (pp. 40-41)

Sophism had a practice of charging money for education, and providing wisdom
only to those who could pay. This led to condemnations by Socrates, who, with his
followers, started an important school of philosophy in the Hellenistic period.

(i) Socrates, Plato and Aristotle

(a) Socrates (around 470-399 BC). He is credited as one of the founders of
Western philosophy. His most important contribution to Western thought is his
dialectic method of inquiry, known as the Socratic Method. To solve a problem,
it is dissected into a series of questions, from which the answers gradually
distill the answer a person is seeking. This method was applied by Socrates to
teach his students. He just raised a series of questions, not only to draw
individual answers, but also to encourage insight into the issues at hand.
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The students obtain final answers by themselves through answering questions.
The influence of this approach is most apparent in the use of scientific method
today. Socrates also provided an example of ethics, by sacrificing himself to
keep truth (pp. 4, 20-23).

(b) Plato (428-347 BC). He was the founder of the Academy in Athens, the first
institution of higher learning in the Western world. Along with his teacher,
Socrates and his student, Aristotle, Plato laid the very foundations of Western
philosophy and science. He was the innovator of the written dialogue and
dialectic forms in philosophy. He seems to be the founder of Western political
philosophy, with his Republic, and Laws, only his idea of an ideal state of
government will be described below for illustrative purpose.

Plato asserts that societies have a tripartite class structure corresponding to the
appetite/spirit/reason structure of individual soul. The components of this structure
are: Productive (works), the laborers, carpenters, merchants, farmers etc., these
correspond to the appetite of the soul; Protective (Warriors or Guardians), those
who are strong and brave in the armed forces, these correspond to the “spirit” part
of the soul; Governing (Rulers or Philosopher Kings), those who are intelligent,
self- controlled, well suited to make decisions for the community.

Plato also described his ideal state where property is owned by all, and labor is
specialized (pp. 4, 49-53).

(c) Aristotle (384-322 BC). He was a Greek philosopher and scientist. He joined
Plato’s Academy in Athens around for twenty years. His writings cover many
subjects, including physics, biology, metaphysics, logic, ethics, poetry, music,
linguistics, politics and government, These constitute the first comprehensive
system of Western philosophy. He had been tutor of Alexander the Great, after
the death of Plato. His view on physical science profoundly shaped medieval
scholarship. He was respected by medieval Muslim intellectuals and revered as
“The First Teacher.”

According to Stevenson (1998), Aristotle’s philosophy has two particular
aspects. One aspect is his view that everything has its own purpose, which is part of
a larger purpose. His philosophy consists largely of trying to figure out which these
purposes are, and how they fit together. The second aspect is his logic, the way he
looks at words and gets them to do what he wants to accomplish.

The economic perspective of Aristotle was in favor of private property, but
against accumulating money for its own sake (pp. 59-62).

(iii) Social studies in the Medieval Period

(a) The progress of social studies was slow in the medieval world, due to domi-
nance of scholasticism. The emergence of scholasticism and its continued
existence had a complex historical background. The first scholastic philosopher
was Boethius (480-524 AD), who translated and preserved those writings of
Aristotle writings that dealt with logic. Scholastic philosophers became even
more prominent in the 10th century from a number of Islamic philosophers,
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whore discovered important lost writings by Aristotle, and spread his ideas to
Christian and Jewish philosophers. Scholasticis reached its peak around the
13th century, due to heavy influence from the Church. Although scholasticism
kept the continuity of Greek thinkers, religion was considered the superior
interest, and prevailed in the priority in a clash of interests.

(b) Emergence of primitive sociology based upon Atkinson (2015). Ibn Khaldun
(1332-1406) was a North African Arab historiographer and historian. He is
held to be a forerunner of the discipline of sociology for his book, the
Mugaddimah (“Introduction”). He conceived a theory of social conflict, and
raised the concept of ‘asabiyyah’, which has been translated into social cohe-
sion (or solidarity). According to Ibn Khaldun, asabiyyah exists in societies as
small as clans and as large as empires, but the sense of a shared purpose and
destiny wanes as a society grows and ages, and the civilization weakens.
Ultimately, such a civilization will be taken over by a smaller younger one with
a stronger sense of solidarity. A nation may experience-but will never be
brought down by-a physical defeat but when it “becomes the victim of a
psychological defeat....that marks the end of a nation”. (p. 18)

(iv) Development of Social Studies in the Period of Scientific Revolution (around
17th—18th century)

Although the development of social studies lagged behind natural science during
the period of Scientific Revolution, the diffusion of thoughts of social studies was
nearly the same as the natural science around the 18th century. Due to the rapid
growth of international trade, Western people had more information and under-
standing of people of the non-Western world. The Western intellectuals generally
no longer accepted the ‘ethnocentrism’. Also people in social studies recognized the
fact that the cultural behavior or social behavior of the human beings is affected by
history, and not affected by the basis of biology.

There was an emergence of several schools of economics. Thomas Mun (1571-
1641), an English writer, advocated a mercantilist policy around 1630, using for-
eign exports to increase a nation’s wealth. Francois Quesnay, the physiocrat, argued
that land and agriculture are the only sources of economic prosperity.

Economics was becoming more scientific in early 1682 through the work of
William Petty (1623-1687). He was an English economist, scientist and philoso-
pher. He was highly influenced by Francis Bacon and believed that mathematics
and the senses must be the basis of all rational sciences. He showed how the
economy can be measured in Quantulumcunque Concerning Money, and Quesnay
produced the “Tableau economique” (Economic Table) in 1785 which provided the
foundations of Physiocrats. And this was also the work in an analytical way to
macroeocnomics.

The first modern work of economics, An Inquiry into the Nature and Cause of
the Wealth of Nations was contributed by Adam Smith (1723-1790) in 1776.

Therefore, social studies was no longer an accessory part of biology, it was
separated from biology and became an independent discipline.
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Social studies in 18th century was also effected by two theoretical developments.
One development was the structural concept from English philosopher and political
theorist Thomas Hobbes (1588-1679), who considered society, and human beings
who are its simplest elements, a machine. To understand how society works, one
must take it apart in imagination, resolve it into its simplest elements, and then
recompose it to a healthy functioning part according to the laws of motion of these
components. Social studies related to national political structure emerged from
French social philosopher Jean-Jacques Rousseau (1712-1778). The theoretical
impact from the philosophy of developmentalism took shape, and became the social
evolutionism in the 19th century. It can be found in writings of Rousseau and Adam
Smith who both recognized: the present is formed through development of the past,
it is the result of development in long term of the dimension of time, and the line of
development has not been caused by God or fortuitous factors, it is resulted by
inherent conditions and causes of the human society. This might be called social
speciation-that is, the emergence of one institution from another in time, and a
differentiation of function and structure that goes with this emergence.

(v) Themes of Social Thoughts and Development of Social Science in the 19th
Century

The 19th century was a unique period, there is famous opening sentence in the
Dickens classic, A Tale of Two Cities, that “It was the best of time, it was the worst
of times, it was the age of wisdom, it was the age of foolishness, it was the epoch of
belief, it was the epoch of incredulity...”. The basic concepts, themes and issues of
social science were that the European society was impacted greatly by the twin
blows of French Revolution and Industrial Revolution. The old order breakup, an
order that had been based upon kinship, land ownership, social class, religious
authority and monarchy was discarded. The complex combination of status,
authority and wealth that had long been consolidated, was also discarded. In fact,
the history of politics, industry and trade in the 19th century was the history of
recombination and consolidation of all these factors, but the social thoughts of the
19th century gave these a new social reality and new meaning.

The influence of these two revolutions on the thoughts and value systems of the
human beings was so massive and widespread that it cannot be compared to any
other period in human history. Changes in politics, society and culture which came
from France and England near the end of the 18th century, spread almost imme-
diately through Europe and America in the 19th century, and then on to Asia, Africa
and Oceania in the 20th century. There were two great effects of these two revo-
lutions, one was the overwhelmingly democratic wave, the other was the formation
of the industrial capitalist. Institutions established for centuries, even millennia,
together with their systems of authority, status, belief and community were toppled.

There were seven major social issues that emerged in the 19th century beginning
with the French Revolution and the Industrial Revolution in England.
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(a) Population

Social issues caused by the rapid growth of the population. The European popu-
lation increased from 140,000,000 in 1750 to 266,000,000 in 1850, while the global
population increased from 728,000,000 in 1750 to more than 1,000,000,000 in
1850. This explosive growth in population had serious impact to economy, society
and the government, and this concern formed the basis of Malthus’s theory of
population.

(b) Living and working condition of the laborers

Although there were improvements in living and working conditions for urban
laborers, beyond those for laborers in the rural areas in the beginning of 19th
century, slums formed in the new centers of industry, and low wages paid to of the
many laborers migrating from the rural areas to new industrial towns or cities were
a frequent theme in the social thought of the 19th century. Scholars, from David
Ricardo to Karl Marx, could see little possibility for the condition of labor
improving under capitalism.

(c) Transformation of property

Throughout the prior history of mankind, the ownership of property encompassed
‘hard’ or tangible property, such as land and money, or other visible property such
as precious stones, etc. However, intangible kind of property emerged, such as
shares of stocks, bonds etc., which assumed greater influence in the economy, led to
the dominance of financial interests, and to a widening disparity between the
propertized and the masses. This transformation of the character of property made it
easier for the concentration of property in the hands of a relative few, and might
even have created the economic domination of politics and culture.

(d) Urbanization

The rapid process of urbanization in Western Europe changed the features of the
cities and towns. In earlier centuries of Europe, the cities had been regarded as a
setting of civilization, culture and freedom of mind. But scholars found the emer-
gence of other side of cities in the 19th century: broken families, the atomization of
human relationship, alienation and disrupted values.

(e) Technology

The process of the production of mechanization in the factories, and into the
agricultural sector. Social thinkers began to awaken to the changes in the rela-
tionship between man and nature, between man and man, and even between man
and God. Karl Marx and other social thinkers such as Thomas Carlyle, Alexis de
Tocqueville were of the view that technology seemed to lead to the dehumanization
of the worker and to the exercise of a new kind of tyranny over human life.
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(f) The factory system

Industrialization and mechanization promoted the rapid process of urbanization.
This system of work, whereby masses of workers left home and family to work long
hours in the factories, also became a major theme of social concern in the 19th
century.

(g) Development of political masses

The French Revolution provided both positive and negative lessons to be learned,
and a democratic political system was established in America. This new system also
offered much to be studied. Democracy in America (1835-40), was written by
Alexis de Tocqueville (1805-59), a French political scientist, who was widely
considered to be one of the first comparative political and historical sociologists.
His analysis of the political experience of America in 1830s was undertaken in the
belief that lessons could be learned that would be applicable to Europe. This is one
of the major themes of social study in the 19th century.

(vi) Establishment of Sociology in the 19th Century

Modern society was the product of the Age of Reason, the application of rational
thought and scientific discoveries. Table 3.1 shows some of the major contributors
to the formation of the discipline of sociology.

Table 3.1 Formation of sociology

Contributor Year Events

Adam Ferguson 1767 Essay on the History of Civil Society
Explains the importance of civic spirit to counteract the
destructive influence of capitalism in society

Henride 1813 Essay on the Science of Man

Saint-Simon Proposes a science of society

Auguste Comte 1830-1842 | Course in Positive Philosophy (6 volumes) details the
evolution of sociology as a science

Karl Marx and 1848 The Communist Manifesto

Friedrich Engels Predicts social change to be a result of proletarian
revolution

Karl Marx 1867 Das Kapital

Comprehensive analysis of capitalism

Herbert Spencer 1874-1885 | System of Synthetic Philosophy (multi volume)
Argues that societies evolve like life forms, only the
strongest survive

Emile Durkheim 1893 The Division of Labor in Society
Describes the organic solidarity of interdependent
individuals

Emile Durkheim 1895 The Rules of Sociological Method

Founds the first European department of sociology at the
University of Bordeaux

Note Table 3.1 is derived from pp. 18-19 of Atkinson’s (2015) The Sociology Book
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Auguste Comte (1798-1857) was a French philosopher, a founder of the dis-
cipline of sociology and of the doctrine of positivism. His contribution of Course in
Positive Philosophy and the three stages of progress in human understanding of the
world has been described. Hereunder, his framework for the new science of soci-
ology, based upon existing “hard” science will also be described. This framework is
a basic concept of social systems engineering. Figure 3.2 shows a framework of
hierarchy of sciences proposed by Comte. It is arranged logically, so that each
science contributes to those following it, but not to those preceding it (Fig. 3.2a).
The beginning of this hierarchy is mathematics, while the apex is sociology. From
Comte’s perspective, it was necessary to have a thorough grasp of the other sci-
ences and methods before attempting to apply these to society. Figure 3.2b shows
the order of complexity of these sciences.

Augusts Comte developed a comprehensive approach to the study of society
based upon scientific principles, which he initially called “social physics”, but later
described as sociology. He also divided sociology into two broad fields of study:
“social statics”, the forces that hold societies together; and “social dynamics”, the
forces that determine social change. It is clear that he applied the concept of
“statics” and “dynamics” in mechanics of physics to study the social phenomena.

Herbert Spencer (1820-1903) He was a British social theorist. He was highly
influential in the 19th century due to his contribution to the study of social change
from evolutionary perspective. He interpreted society as a living, growing organism
which as it became more complex, must self-consciously understand and control
the mechanism of its own success. The most important of those mechanisms was
the intense competition for resources, which Spencer labeled “the survival for the
fittest” (this concept led Darwin’s natural selection by several years). He believed
that the unrestricted application of this principle would eventually lead to the best
possible society. Therefore his work was labeled ‘social Darwinism’. He made
some valuable contributions to early sociology and influenced structural function-
alism, he and Auguste Comte nearly have the same concepts in the development of
sociology.

\ Mathematics / \ Sociology /
\ Astronomy / \ Biology /
\ Physics / \ Chemistry /

\ Chemistry / \ Physics /

Biology / \ Astronomy /

Generality and complexity Grows complexity of
of instruments grew smaller Sociology phenomena Mathematics

Fig. 3.2 Order of complexity of various disciplines of science
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3.2 Development of Social Science in 20th Century
and Emergence of the Concept of a Social System

3.2.1 Development of Social Science in 20th Century

Development of social science in the 20th century is affected mainly by the impact
of the Democratic and Industrial Revolution of Western society, these two revo-
lutions have sustainable influence both in depth and in extent. These two revolu-
tions extended their influences to non-Western world in extent; and they impacted
the traditional morality and culture in depth. Along with the emergence of Western
nationalism, capitalism and industrialization, rapid development of science and
technology, weakening of religious belief and growth of individualism, heavily
impacted the ancient tribe, and also the small economy and religious concepts. The
20th century is also a period of the turbulence of mankind in history. It is a period
of two World Wars with massive destruction and the loss of human life and assets.
It is also a period of the emergence of Fascism and the Nazis, although both were
ultimately destroyed by the people. It is also a period of the emergence of com-
munism in the former Soviet Union, and which became wide spread to parts of
Europe and East Asia. It is a period in which colonialism was destroyed, and a
growth of large numbers of newly emerging countries. It is also a period of the
eruption of global financial crisis on two occasions, caused basically by a depressed
global economy. It is also a period of the emergence of socialism in China and a
Socialist Market Economy in the EU. The rise of Islamic doctrine reflected the force
and impact of religion, while the appearance of terrorism reflected the emergence of
thought of extremism. In the later part of 20th century, there was a growth of both
the process of globalization and regional integration. In short, various turbulences
occurred in politics, economy and society that show that the development of social
science is facing huge challenges, but it also shows clearly the fact that the theo-
retical development and the practice of the application of social science offers
tremendous opportunities for further exploration.

A part of social science, once considered in the past that society can improve all
issues related to moral, psychological and other issues post the solution of pro-
duction and organization. However, the reality is far from that. When basic needs,
demands on clothing, food, housing of human beings are satisfied, higher and more
meaningful demands that can improve people’s lives will be raised to a dominant
position.

The other important event post WWIL, is the establishment of the supra-national
institution, the United Nations, which has an Economic and Social Council within
its organization, concerned with global economic and social issues, and which
provides guidance to their appropriate development. UN declared its “First Decade
of Development” in 1961. It prepared a document launch a “Third Decade of
Development” in 1979. The contents of that document covered aspects of agri-
culture, energy and raw material, industry, development and environment,
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technology, social goal and distribution and specific theme related to low income
countries. Several World Summits were organized by the UN, with the theme of
sustainable development in 1992, social development in 1995, millennium devel-
opment goals in 2000, and Transforming our world: the 2030 Agenda for
Sustainable Development. These activities have coordinated the consensus for
social development of government, business groups and academic field of global
society to a certain extent.

3.2.2 Development of Social Science Since the 20th Century

3.2.2.1 Three Major Thoughts Effect the Development of Social
Science in the 20th Century

(1) Impact of Marxism and Others

Marxism had a worldwide influence in the 20th century. His ideas inspired
numerous revolutionaries, in the former Soviet Union, in China, in part of Latin
America, etc. According to Atkinson (2015): “Marx’s analysis of how capitalism
had created socioeconomic classes in the industrial world was based on more than
mere theorizing, and as such was one of the first “scientific” studies of society,
offering a comprehensive economic, political, and social explanation of modern
society.” (p. 31) Marx saw sociology as a way of understanding society in order to
bring about social change. He said famously, “The philosophers have only inter-
preted the world, in various ways. The point, however, is to change it.”

One of Marx’s ideas which influenced the 20th century is his concept of directed
planning of a society to replace the blind forces of competition and struggle among
economic elements. This impressed the English economist John Maynard Keynes
(1883-1946) to create Keynesian economics.

Charles Wright Mills (1916-62), an American sociologist, argued that sociol-
ogists should suggest means of society in his book The Sociological Imagination
(1959), and Michel Foucault (1926-84) who was a French post-structuralism
philosopher, professor of ‘the history of systems of thought’, began his study of the
nature of power in society in his book Discipline and Punish: The Birth of Prison
(1975). Both examined the nature of power in society and its effects on the
individual-the way in which society shapes our lives, rather than the way we shape
society.

It can be seen from the perspectives of the above social scientists that the study
of sociology, or more broadly the social science is more than simply the quest to
analyze and describe social structure and system, the major goal is to improve the
social systems that exist.

This is also the goal of social systems engineering in exploration of this theme.
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(2) Influences of Freud

Person is the basic unit of society. Social groups are formed from various persons. It
is hardly imaginable that one can understand social science, and apply it well
without general understanding of the areas of personality, mind and character of the
individual, the writings of Sigmund Freud (1856-1939) had important influence on
20th century culture and thought. He was one of the most important figures in the
development of psychology.

(3) Further Specialization and Cross-Disciplinary Approaches were Developed in
Parallel

There was significant development of social science in the 20th century. The
number of people engaged in teaching and studying of social science increased
tremendously in the world. During the stage of transition from the 20th century into
the new millennium, there has been an increase in further specialization. The new
branches of social science in universities and post graduate studies number more
than one hundred.

In the meantime, there has been a development of cross-fertilization and inter-
disciplinary cooperation in parallel with the development of specialization of social
science. This trend happened post WWII. There was a new course developed
cooperatively by historians and sociologists, who proceeded to research in coop-
eration. There was no such phenomenon happening before 1945. There has been an
emergence of many new areas of work as political sociology, economic anthro-
pology, psychology of voting, and industrial sociology, etc. Several specific terms,
“structure”, “function”, “motivation”, and “alienation” are used commonly in many
branches of social science. Those working in social science have left the ivory
tower of academics, and large numbers of economists, sociologists, political sci-
entists and demographic experts now work in government and firms. Policy science
and policy analysis have become an important specific area for national develop-
ment, while the basis of policy science is systems science and behavior science.

3.2.2.2 Development of New Theory and Method

(1) Mathematics and Quantitative Methods

Mathematics and quantitative methods have been applied universally, especially in
the later part of 20th century. In the area of economics, econometrics, Input Output
technique and Computable General Equilibrium model have been commonly used.
Economics has nearly become a branch of mathematics. Quantitative method has
also been applied in sociology, political science, social psychology and demo-
graphical studies. Statistics was an independent discipline in the 19th century, but it
became an integrated part of nearly all branches of social science. Economists and
statisticians played a dominant role in the planning systems of many countries in the
20th century. The huge capacity of storage and computational capacity of modern
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computers, has assisted greatly with the study of human behavior by social science.
This can be illustrated by the Program of Engineering Social Systems of Harvard
University.

(2) Developmentalism

The theory of social evolution was once dominant in Western Europe in the 19th
century. Scholars of social science had once considered that the evolutionary theory
of society could be applied to mankind in various regions, and follow the same
stages of development. However, defects with this development of a single pattern
were proven in many actual cases. People in different regions have different cul-
tures. This is proven by the theory of “same end with different paths” of GST.
Therefore, this trend of evolutional theory of society stopped in the beginning of
20th century.

There was a re-emergence of the concept of development through a derivative of
evolutionary theory by study of nearly all social science in the later part 1950s.
There are many emerging economies and new civilizations. Due to the dominance
of the study of social science by the West, Western scholars of social science,
especially the economists have many studies on development economics. It has
become nearly a new branch of economics. Economists work at the international
level, such as those working for the OECD and the World Bank, Asian
Development Bank etc. OECD works on development issues, both for developed
and developing countries. The latter two, especially the World Bank, have many
projects related to assistance of developing countries. They produce country reports
and suggestions for issues of development for a large part of developing countries,
including transitional economies. The economist shad focused their studies on the
development of Latin America in the mid of 20th century. However, by the later
part of 20th century, due to the emergence of Asia, some international organizations
began to focus on the Asian experience of development. For example, there are
publications such as The East Asia Miracle: Economic Growth and Public Policy
by the World Bank in 1993 and Emerging Asia: Change and Challenges by Asian
Development Bank in 1997 and others, but all of these studies of development
focus more from economic perspective, and the major researchers are Western
scholars, there are more or less some gaps in the understanding of Asian society and
culture.

(3) Emergence of Social Systems Theory and Method

One of the major theoretical trends of study of various branches of social science
post WWII is the awareness of social system. There is a system feature of mutual
interdependence of individual action and group action. There is also the application
of a biological model in the study of social system. It seems that the concept of
social system in the social science post WWII may be effected mainly by the new
discipline of Systems theory, cybernetics, and some social scientists tried to apply
that theory to effect the function and behavior of mankind. There are also many
concepts from electrical and mechanical engineering which have been integrated
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into the study of social system, and the authors of this book consider that emergence
of theory of social system, a very important theory of social science in the 20th
century. The creator, Talcott Parsons was affected by systems science of the natural
science with his background of structuralism and functionalism. Social systems
theory should cover more than the area of cybernetics.

The study of social system includes mainly the actions of individuals, social
groups and nations and their effects to society. The mutual interdependencies
between them are considered sufficiently unified to warrant use of the word “sys-
tem”. Although the study of social system was first initiated by Talcott Parsons, and
later by Jay Wright Forrester and Niklas Luhmann, this is debated among sociol-
ogists. A more detailed description of Parsons’ thoughts will be given in 3.4 of this
book. In fact, institutions played a very important role in social systems engi-
neering. They have many definitions, according to Rhodes (2005) “Institutions
there can be interpreted as reflecting habits and norms, more likely to be evolved
than to be created. But institutions also may be seen as architecture and as rules that
determine opportunities and incentives for behavior, inclusion and exclusion of
potential players, and structuring the relative ease or difficulty of inducing change,
and the mechanisms through which changes may be facilitated or denied” (p. xiii).

4) Structuralism and Functionalism

Structuralism in its simplest definition is that we must understand things, such as
phenomena and their structure. Structure consists of many elements. The rela-
tionships between these elements should be carefully analyzed. Furthermore,
structures can be classified into surface structure and internal structure. It is the
internal structure, the mode of connection forming the phenomena. It requires an in
depth analysis to understand the details. While the surface structure shows the
connection of visible external parts, it can be easily understood through perception
by sense.

Functionalism is a theory of contemporary philosophy, its core idea is that
mental states (beliefs, desires etc.) are constituted solely by their functional role,
i.e., they have causal relations to other mental states, numerous sensory inputs and
behavioral outputs. It is a theoretical level between the physical implementation and
behavioral output. It is applied to explain the social institution through its function.
Modern functionalism considers society as a system with its nature being the whole
system, with structurally mutual interactive elements. Thereby, modern social
systems theory is formed. This school of thought was led by Talcott Parsons and
had once been dominant in the field of sociology in North America around 1950-
1960s. However, this school of thought declined around the 1970-80s decade in the
U.S.in the 20th century, but Parsons was still welcomed in Germany. This phe-
nomenon has a complex background, there were imperfections in the social systems
theory itself. This is not strange since mankind developed the general systems
theory and systems engineering through nearly 2000 years of progress of natural
science and engineering, while modern social science has a history of no more than
300 years since Adam Ferguson. Therefore, more studies are required to improve
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and perfect this new discipline. There may be also some ideological prejudice. For
example, the U.S. takes the lead in the world in the development of systems theory
and systems engineering, but only started the program of social systems in a very
limited number of universities recently.

(5) Conflict Theory

Conflict theory is one school of thought of sociology, it focuses on the analysis of
social, political or material inequality of social groups. It was created by Marx, from
the perspective of theoretical system of sociology, there are three independent
systems of theory, Conflict theory based upon Marx, Fuctionalism based upon
Durkeim, and study of social action through interpretative means by Max Weber. It
can be seen that Parsons’ social systems theory is not only effected by Durkheim’s
functionalism, but also by Webers’ influence of social action.

According to Chanbliss and Ryther (1975), there are six principles of Conflict
perspective: Economic forms shape other institutional forms, usable economic
strategies are limited in number; each economic form has inherent contradictions
which produce classes, and class conflict, and which may produce its own
destruction; Class-shaped institutions: class conflict will shape noneconomic
institutions, and the more powerful classes will be better able to manipulate these
institutions to serve their own interests; when the needs of the weaker classes are
meet less and less through the dominant institutional patterns, force of social change
arise, contradictions lead to radical transformation (pp. 67-68). According to
Contradiction Theory of Mao (1937), (his paper had a philosophical perspective in
the explanation of conflict). There were five major principles in his paper.

(i) There are two kinds of world views, one is metaphysics, which holds the
view that everything is static, change is caused by external influences; the
other is materialist dialectics, which holds the view that everything is
dynamic, argues that external cause become operative through internal
causes.

(i) Contradiction is universal, it exists in all events and all processes, and the
law of the unity of opposites, is the fundamental law of the universe.

(iii) Although contradiction is universal, it is necessary to recognize the partic-
ularity of contradiction, it is necessary to study it carefully and treat it
appropriately.

(iv) There are two stages of process of recognition: the first is particularity of
contradiction; then the universality of contradiction. It is precisely in the
particularity of contradiction that universality of contradiction resides.

(v) There are identity and struggle of opposites of contradictories, one side of the
opposites will be transformed to its opposite side under certain conditions.
(“pp. 274-311).

!Note: The above content in English is abbreviated and translated by authors of this book.
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3.3 Behavior of Individual and Groups, and Their
Relations with the Social Environment

3.3.1 Personality of Individual and the Human Behavior

3.3.1.1 Necessity to Study Personality

The major area of application of social systems engineering is to study and improve
the overall design of a social system. A social system is generally composed of
individuals, families, various social groups, business units and a country with
structure of a hierarchical level. The behavior of structural elements of a society and
the behavioral relationship between these structural elements to perform appropriate
functions are based on the personality and the behavior of individuals. Therefore, to
explore the personality of individuals is meaningful and important.

3.3.1.2 Definition of Personality and Theories of its Development

(1) Definition

Personality is an organic combination of status of psychology and physiology
specific to individual, it includes the components of heredity and those acquired in
experience of living. Personality makes one distinguished from others. Personality
can be shown from one’s behavior and relationship with the environment (natural
and social), with others and social groups.

The Chinese philosopher Mengzi (Mencius) and Xunzi in the Warring State
Period had different perspectives on the nature of people, the former kept the view
that the basic human nature was good, while the latter’s view considered that the
basic human nature was bad, therefore education and legal system are important to
keep the society in order.

(2) The Studies of the Theory of Personality in the Hellenistic Period in the
Western Society

Plato analyzed the nature of a person from two aspects, the soul (sprit) and the
body (flesh). Aristotle integrated the study of psychological activity of a person
with one’s organism. He recognized that the person’s inward activity was due to the
transfer of information and knowledge by sensory organs (ears and eyes) to the
heart and caused inward activities of the person. He had a major treatise On the Soul
which discussed the kind of souls possessed by different kind of living things,
distinguished by their different operations. Ancient Greeks had also given expla-
nations to the difference of personalities from physiological perspective. The Greek
doctor Galeno (AD 129-216) recognized that the sentiments and healthy of the
people depended upon the balance of four types of humors in the human body.
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(3) Development of Various Schools of Psychology Post the Renaissance Period

In the period of scientific revolution and afterward, social science and psychology
were gradually entering into stage of development. English philosopher and
physician John Locke (1632-1705) and David Hume (1711-1776), started to study
the theory of mind with empiricism. Development of physiology in the period of
scientific revolution had greatly impacted the study of psychology in 18th and 19th
century. Five schools of psychology have been established since the 19th century.

(1) Experimental Psychology or Psychology of Structuralism by Wilheim
Maximilan Wundt (1832-1920)

Wilheim Maximilan Wundt was a German doctor, psychologist, physiologist and
philosopher. He recognized that psychology is a kind of science, he established it to
be an independent discipline, separate from physiology and philosophy. Wundt is
credited to be “Father of Experimental Psychology.” He established the first formal
laboratory in University of Leipzig to proceed the study of psychology. It was
possible for him to explore the nature of religious belief, identify the abnormal
consciousness and behavior, and discover the damaged part of the brain. He clas-
sified the consciousness of the people into sense (visual and auditory sense, etc.),
emotion (good or vicious etc.) and image (concept) in the brain, and the process of
self-observation of inner things, thereby leads to the analysis of consciousness. This
approach is called “The method of introspection’, because it explores structural
elements of consciousness. This psychology of structuralism had been dispersed to
the U.S.

(i1) Behavioral Psychology by John Watson (1878-1958)

American psychologist John Watson observed the behavior of the rat. He held the
view that although people have no way to understand the internal consciousness of
the rat, it is possible to master its behavior, because behavior is the explicit
expression of internal consciousness. Therefore he suggested that there was no need
to observe the consciousness which cannot be mastered objectively. There was a
need for personality measurement and personality test through scientific means.
John Watson became the founder of the school of behavioral psychology.

Behavioral psychologists recognize that the purpose of psychology is “to predict
and control the behavior.” The process is to collect information and data and
determine two objectives of research: “predict which kind of response will happen
after stimulation” and “which kind of stimulation is effective in the production of
certain responsive process.”

In the definition of social system and social systems engineering given in this
book, the term “behavior” plays a very important role. Therefore, “behavioral
psychology” will be an important theory of micro-foundation in studying social
systems engineering.
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(iii) Gestalt Psychology Founded by Max Wertheimer (1880—1943)

Wertheimer founded his Gestalt psychology in 1925 in Germany during the period
that Watson founded his behavioral psychology. Gestalt theory recognized: the
perception of the people to various external stimulations is not recognized indi-
vidually, it is processed to be a mutually interrelated whole with all stimulations to
be recognized. There are similar features with respect to the memory of the people.
Therefore, Gestalt psychology of Wertheimer is a type of psychology with the
perspective of systems. He added new systems perceptions to psychology on the
basis of analysis and inheritance of both Wundt’s Empirical Psychology and
Watson’s Behavioral Psychology.

(iv) Psychoanalytical School by Sigmund Freud (1856—1939)

Sigmund Freud was an Austrian doctor of new biologist, known as the founding
father of psychoanalysis, this term psychoanalysis was first used by him in 1896.
His structure of the consciousness of the people is shown in Fig. 3.3.

Based upon Freud’s view (Fig. 3.3), the consciousness of the people includes
three elements, one is ego, which is a general term of psychology concerned with
the conception about one’s self including values and attitude. In Freud’s psychol-
ogy, the term refers specifically to the elements of human mind that represents the
conscious process concerned with reality which is in conflict with id and the
superego.

The second element Superego in Freud’s psychology is the element of the
human mind concerned with the ideal, responsible for ethics and self-imposed
standard of behavior. It is characterized as a form of conscience, restraining the ego,
and responsible for feeling of guilty when the moral code is broken.

The third element Id is the instinctual element of the human mind concerned
with pleasure which demand immediate satisfaction. It is the unconscious element
of the human psychology and it is in conflict with ego and superego.

Fig. 3.3 Structure of

consciousness of the people ego
based on Freud’s theory ]~ Conscious

superego

Inconscious
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(v)-1  Humanistic Approach (or person centered) Psychology by Carl Rogers
(1902-1987)

He was an American psychologist and among the founders of the humanistic
approach to psychology. He is also widely considered to be one of the founding
fathers of psychotherapy research. He wrote 16 books. His theory was based on 19
propositions. Several selected propositions are listed below to explain partially
‘person centered’.

e All individuals (organisms) exist in a continually changing world of experience, of
which they are the center.

e The organism reacts to the field as it is experienced and perceived. This perceptual field
is “reality” for the individual.

e A portion of the total perceptual field gradually becomes differentiated as the self.

e The result of interaction with the environment especially a result of evolutional inter-
action with others, the structure of the self is formed as an organized consistent con-
ceptual pattern of perceptions of characteristics and relationships of one with others,
together with values attached to these concepts.

e The organism has one basic tendency to actualize, maintain and enhance the experi-
encing organism.

e Behavior is basically the goal directed attempt of the organism to satisfy its needs as
experienced. [Note: Needs will be explored in (v)-2]

e Any experience which is inconsistent of the organization of the structure of the self may
be perceived as a threat, and the more of these perceptions there are, the more rigidly
the self-structure is organized to maintain itself.

The above seven selected propositions of Rogers can provide some perceptions
of formation of personality and the rigidity of the ‘self” structure. And the following
Maslow’s theory will give the detail of changing human needs.

(v)-2 Hierarchy of Human needs by Abraham H. Maslow (1908—1970)

Maslow was an American psychologist, and he was also a humanistic psychologist
who believed that every person has a strong desire to realize his or her full potential
to reach a level of self-actualization. He established a hierarchical level of human
needs which is shown in Fig. 3.4.

3.3.1.3 Two Schools of Thoughts of Personality and Their Core
Concepts

The process of development of theory of personality and psychology has been
described previously. The perception of personality can be classified into two types
based on different assumptions.

(1) The ‘Rigidity’ Assumption of the Personality

The assumption of one type of theory does recognize that the personality of the
people is rigid, unchangeable. This type of theory stresses the view that the people
should recognize themselves, and obey this situation. This is so called
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morality,
creativity,
lack of prejudice,

acceptance of facts,

 Self-actualization action after more thinking
self-esteem,confidence,
e Esteem achievement,respect of others,

respect by others

* Love/Belonging

* Safety

* Physiological and Basic
Needs

food,water,clothing,sex sleep,etc.

Fig. 3.4 Maslow’ s hierarchical level of human needs

existentialism. This theory reflects a passive and pessimistic view to life, i.e. the
source of troubles to human life is too broad to overcome, people can control, at
most, a part of the trouble. While the other type of theory created by Rogers and
Maslow is relatively optimistic, they consider that human nature is malleable and
flexible, and can be changed and developed. Basic human nature is born good
(which is similar to the view of Chinese philosopher Mencius), a bad society is the
source of all troubles of the mankind, therefore, there are needs to reform society to
improve the well-being of people. But the authors of this book recognize that it is
possible that there are bad natures of a part of people due to inheritance and genetic
reasons, but a good social environment can suppress the bad aspects.

(2) The ‘Flexibility’ Assumption of the Personality

The other type of assumption does recognize the personality is changeable with a
system of five core concepts of theory of personality.

(1) Motivation Theory

This theory explains the reason of action of people is due to their motivation.
Motivation is an important endogenous variable of theory of personality. There are
also two types of theory related to the concept of motivation: one is based on the
view of biology and physiology, such as the desire to achieve goals or to satisfy
needs, passion, impulse etc. Physiological theory applies a few fixed motives to
explain the motivation of human beings, nearly every person has similar motiva-
tion. These motivations belong to the scope of the unconscious mind, they exceed
the scope to be controlled rationally, the other type of theory is based on the
psychological perspective: such as value, expectation, attitude, preference and
objectives etc. Psychological theory recognizes that human beings have a relatively
broad individual specific motivation. These motivations are the choice of
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rationality, which can be modified through education or self-examination. In short,
biological motivation drives the behavior, psychological motivation guides the
behavior.

(i) Development Theory of Personality

There are also two schools of theory related to development of personality. One is
the Classic School, which recognizes that the development of personality can be
divided into stages based upon growth of age. When people develop from one stage
to another stage, the structure of their personality will have significant qualitative
changes. Classic development theory of personality also assumes that the living
experience of people at an early stage will have the most significant influence to
people, including extending its influence to the personality in later stages. Scholars
of this school, for example Freud, etc. recognized that the origin of neurosis or
mental neurosis of adults comes from their infant period and childhood. The other is
the Learning School, which recognizes that the development of personality is linear
in nature. Scholars of this school, for example, the behavioral scholars, recognize:
there are differences between adults and children, the former learn more methods in
dealing with their external world. There is no structural change in the process of
development. The more experiences acquired, the more development in breadth and
in depth. Scholars of this school deny that the experience of development in an
early stage is more important than that in later stages. The origin of mental neurosis
of adults comes not from their childhood, it is due to the current status of the
people.

(iii) Theory of Development of Morality

Due to the importance of development of morality with respect to the personality,
and its important impact to social development, it has become an independent area
of research. This area is sometimes called ‘socialization’. Four aspects will be
discussed for moral development. The first is the necessity of morality. Theory of
psychological analysis recognizes the extreme importance of moral development
with respect to the survival and development of human civilization. The process of
establishment of morality is the process of transformation of an individual from a
child of anti-society to become a member of social civilization. Children must
suppress their inherent nature in order to survive in society. Classic sociology also
recognizes that children must internalize the moral factor of culture, only then will
they develop to become real people. The second is the exploration of causes in
forming morality. There are two different views of exploration. One view recog-
nizes that the moral development of people is a natural process of development of
mankind from the children to develop into people, and adults should not interfere in
this process. The other view held by Freud etc. recognizes that parents and society
have the responsibility of training in the process of development of the morality of
children. The moral quality of adults is the reflection of the quality of training. The
third is the explanation of process of socialization. There are three different views.
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The first view recognizes that development of personal morality closely depends
upon the amount of internalization of social role and social value of that person, and
also the sense of guilt of that person to destroy those rules. Generally criminals have
less internalization of social rule and value, and they are also lacking the guilty
feeling in destroying those rules. The second view is related to the attitude of people
towards authority, those people holding a positive attitude to authority are easily in
compliance with the requirements and orders of authorities, while those people with
insufficient socialization are generally in opposition to authorities. The third view
an explanation of socialization, recognizes that those people who can reflect pos-
itively on the needs and expectations of others are more socialized. The fourth
aspect of moral development is related to personal autonomous consideration, many
theoretical workers recognize that moral development depends upon the willingness
of people to accept the rules and regulations set up by families and culture.

(iv) Self Perception Theory (SPT)

This theory was developed by psychologist Daryl Ben, it asserts that people
develop their attitude by observing their own behavior and concluding what atti-
tudes have caused it. This theory is in contradiction from conventional thinking of
attitudes determining behavior. There are four different views with respect to this
theory of elements that constitute the theory of personality. One view is to minimize
its nature of importance; the second view recognizes that self-perception is the
precondition of one’s existence; the third view recognizes that self-perception is
equivalent to personality; the fourth view acknowledges that self-perception is one
of the elements which constitutes the personality. In fact, the reality of a person
compared with one’s ideal self-perception is one of the indicators in the mea-
surement of psychological health of a person.

(v) Process of Unconsciousness

The process of unconsciousness has been an important concept of psychiatry and
psychology, which is shown in Fig. 3.3 (the part id). There are different views and
debates in the academic field. For example, the School of Existentialism recognizes
that people in general lie to themselves for some unhappy facts (such as too fat, lazy
etc.). These lies, including certain memories or events of what was said or done, are
‘forgotten’. The contents of these lies are contained within the unconscious mind.
No matter how many different theories exist, the development of the theory of
personality has different views as to the importance of the theory of ‘uncon-
sciousness.” The older the theory was, the more the importance of ‘unconscious-
ness’ was emphasized. But relatively modern theories focus more on creativity,
self-actualization, personal sound development, etc. except for the issue of insanity.

The above five: motivation, development of personality, development of
morality, self-perception and unconscious mind constitute an overall system of
personality theory.
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3.3.1.4 Group Dynamics

(1) Definition of Group Dynamics and its Application
(i) Definition

Group Dynamics is a discipline which studies the system of behaviors and psy-
chological process occurring within a social group (intragroup dynamics), or
between social groups (intergroup dynamics).

(i1) Application

Mankind has existed in groups since the beginning history of its existence.
Individual behavior is different from the behavior of social groups. This study can
be applied to better understand decision-making behavior, better implement certain
action plans for groups, and also follow the emergence of new ideas and tech-
nologies. It can also be applied to sociology, anthropology, political science,
economy, education and business, etc.

(2) Brief History of Development

The development of Group Dynamics originated from the principle of system
science, “The whole is greater than the sum of its parts.” The social group should be
studied as a whole, its nature cannot be understood by studying the nature of an
individual. Study of Group Dynamics also originated from the development of
psychology and sociology. Wundt, the founder of experimental psychology had a
special interest in the psychology of groups. He recognized that some phenomena,
human language, customs and religion could not be described through the study of
individuals. The sociologist Durkheim also recognized collective phenomena, such
as public knowledge. William McDougall, a psychologist believed that a “group
mind” had a distinct existence born from the interaction of individuals. Gestalt
psychologist, Max Wertheimer stated in 1924 “There are entities where the
behavior of the whole cannot be derived from its individual elements, nor from the
way these elements fit together; rather the opposite is true, the property of any of the
parts are determined by the intrinsic structural laws of the whole” (Wertheimer,
1924, p. 7).

The social psychologist Kurt Lewin (1890-1947) had developed this discipline
relatively systematically, and is credited as the founder of this discipline. He
explained ‘Group Dynamics’ to be action and reaction of groups and individuals
with respect to the changing environment. He defined the role of Group Dynamics
as exploring the laws of development of nature of a group and their mutual rela-
tionship with individuals, other groups and large institutions. The term Group
Dynamics can be understood from two sides. One is group, and group is constituted
by two, or more than two persons with common belief and value, members of the
group have goals and tasks in common; the other is dynamics, which means “co-
ordinated continuous action to achieve pre-set goals.” Lewin established The Group
Dynamics Research Center at the Massachusetts Institute of Technology in 1945.
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Wilfred Bion (1897-1989), an American psychologist, studied Group Dynamics
from a psychoanalytic perspective. He established the Tavistock Institute in
London, the institute has developed and further applied Bion’s theory and practice.
Bruce Tuckman, a professor of psychology at Ohio State University in the U.S.,
proposed a four stage model called Tuckman’s Stages for a group. His model states
that the ideal group decision making process should occur in four stages. Forming;
Storming; Norming and Performing.

(3) Types of Group Dynamics

Study of Group Dynamics can be divided into two types: Intragroup Dynamics and
Intergroup Dynamics.

(1) Intragroup Dynamics

The objects of study of Intragroup Dynamics are specific social groups, such as
religious groups, political groups, military groups, environmental groups, work
groups, etc. Scope of study includes: study of the cause of formation of a group,
either through mutual attraction due to psychological effect or formation of social
cohesion through attachment to social stratum, etc.; study of the specification to
form the group, identification of the role of the members and their mutual relations
and the set-up of common goals, etc.

(1) Intergroup Dynamics

Intergroup Dynamics studies the behavioral and psychological relation between
two, or more than two groups, which includes the recognition, understanding,
attitude, opinion and behavior to one’s group and to other groups. Intergroup
Dynamics may be favorable to society in some cases, for example, organization of
different research groups to accomplish a project with common goals. However
Intergroup Dynamics may create conflicts in some cases, for example, it is common
that there are conflicts between different countries or different social groups. There
is the social identity theory in explanation of the intergroup conflict, which starts
with a process of comparison between individuals in one group to those of other
group. If this comparison is biased and not objective, then this process will become
a mechanism of enhancing one’s self esteem. Generally, the individual tends to
favor its own members rather than the individuals of another group, and therefore
will exaggerate and even overgeneralize the differences. Conflicts will occur in this
comparison.

3.3.2 Human Behavior and Social Environment

All events in the history of mankind are marked by interaction between the people
and the nature and also between people themselves. Correct behavior of the people
will result positive effect to the progress of human society no matter how large or
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small it may be. Therefore, study of human behavior is important. Although several
studies related to human behavior have been described in previous sections, the
rapid explosion of knowledge requires a further supplementary discussion of this
theme.

3.3.2.1 Limits of One Dimensional or Single View Approach

Although several schools of thoughts related to the human behavior, theory of
development of personality and moral development had been described, there are
relatively correct recognition of human behavior to certain extent due to progress of
natural science and social science. But our knowledge to human behavior has not
reached the stage of physical science, there are many laws of physics and chemistry,
that the degree of accuracy can reach several places of decimals. But in the study of
human behavior, there are only a few laws that can be established. For example, in
the World Development Report 2015, with the theme of “Mind, Society and
Behavior.” Three principles of thinking and behavior are identified: First, people
make most judgements and most choices automatically, not deliberately. The
second, how people act and think often depends on what others around them do and
think. The third, individuals in a given society share a common perspective on
making sense of the world around them and understanding themselves. From the
authors’ perspective of working for policy research and gave advises to the leaders
and governmental officials, for more than 30 years the above two principles can be
termed to be “laws” rather than to be “principles.” It can be seen from later two
principles, all of them have close relations with the environment. Even the first
relation has also the relations with the growth and development of the person with
the environment state of interaction with other living systems and with other
non-living components of the system’s physical environment.

3.3.2.2 A Multidimensional Perspective of Human Behavior
in the Social Environment

Ashord and Lecroy (2010) had established a multidimensional framework to study
the human behavior and the social environment. They also have the perception that
the social systems will guide this multidimensional framework. Only several major
concepts will be briefed below:

(1) Emergence of Multidimensional Perspective

Due to rapid development of behavioral science, biology, genetic engineering and
social science, the academic field recognized that the development of human
behavior should not be observed from single dimension, a framework of multidi-
mensional perspective should be used in the analysis. There is further recognition
that the impact of biological, psychological or social factors to human behavior is
not isolated, human behavior is a part of a system, which is formed by a network
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system of feedback from process of various causes. It must be emphasized that
human beings are social and cultural animals.

According to Ashford and Lecroy (2010), there are four fundamental assump-
tions of framework of multidimensional perspective.

(i) There are three basic dimensions for assessing human behavior and the social

environment: biophysical, psychological, and social.

(i) These three dimensions are conceptualized as a system of biopsy chosocial
function.

(iii) This system involves multiple systems that are organized in a hierarchy of
levels from the smallest (cellular)to the largest (social).

(iv) This ascending hierarchy of system is in a constant state of action with other
living system and with other non-living component of its physical environ-
ment (p. 17).

(2) The Dimension of Biophysical System

The biophysical system is an important subsystem to understand human growth and
development. Genetics is the core theory in the study of biophysical system, it is the
study of genes, genetic variation, and heredity in living organism. Greg or Mendel
who is the father of genetics who studied “trait inheritance” patterns in the way traits
are handed down from parents to offspring. He observed that organisms inherit traits
by way of discrete “units of inheritance”, so called “gene”. The progress of studies
continued from cytogenetics (around 1910-1940) to microbial genetics (around
1940-1960) and further to molecular genetics (after 1953). Scientists begin to
understand that the basic function of the cell is controlled by DNA and RNA. These
nucleic acids determine the human characteristics in heredity. There is a further
understanding of the capacity of biophysical system of the human beings in response
to changes through study of structure of brains, biochemical process in the nervous
system, and growth and development of neurons.

(3) The Dimension of Psychology

Five schools of psychology had been described briefly in Sect. 3.3.1 previously.
Some other theories will be supplemented here. In Freud’s psychodynamic theory,
the experience of people in the period of infant and childhood is emphasized and it
is considered that those experiences will have a deterministic impact to the char-
acter of the people entering into adult time. Freud’ s psychological analysis also
recognized that the spiritual motive force of the people comes mainly from sex
instinct. But some contemporary psychologists held different views. Several theo-
ries will be described. Erik Erikson (1902—-1994), an American German develop-
ment psychologist, known for his theory on psychosocial development. He believed
that personality evolves across the life span. The sequence of development stages
include tasks from which the results from both biological force and age related
social or cultural expectations. He had classified eight psychological stages based
on ages: the infancy, the early child hold, play age, school age, adolescence, young
adulthood, maturity and old age. There are psychological conflicts in each stage.
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In the stage of infancy, there are conflict of trust vs. mistrust. According to his view,
people must grapple with the conflicts of one stage before they can move on to a
higher one. Chinese philosopher Confucius had a more or less similar view in age
related social or cultural expectations. In The Analects, Book II (1999) The Master
said, “At fifteen, I set my heart upon learning. At thirty, I had planted my feet firm
upon the ground. At forty, I no longer suffered from perplexities. At fifty, I knew
what were the biddings of Heaven. At sixty, I heard them with docile ear. At
seventy, I could follow the dictates of my own heart; for what I desired no longer
overstepped the boundaries of right.” (p. 11)

It had been described previously that John B. Watson is recognized as the father
of behaviorism. He believed firmly that the development of personality and
behavior depended upon learning. Burrhus Frederic Skinner built on Watson’s
theory and experiment studied a form of learning occurred under controlled con-
ditions. He observed that behavior is repeated when followed by positive conse-
quence and that it will not be repeated when followed by negative or neutral
consequences.

Skinner recognized that the people change their behavior through learning due to
passive impact by the environment. Later on, Albert Bandures (1925-), a Canadian/
American psychologist and professor of social science in Psychology at Stanford
University, was influential in the transition between behaviorism and cognitive
psychology. He is credited to be the originator of social learning theory. He rec-
ognized that people can learn to develop themselves by observing the pattern of
development of others. People can process the information, actively effect the
environment which controls them rather than to be controlled by the environment
surrounding them. The people should have the core element “Self-efficacy”, that is,
the adults shall believe their capability to achieve the expected goal of their
behavior of action.

(4) The Social Dimension

Social systems theory is generally applied in the social dimension of
multi-dimensional perspective.

General System Theory has been briefed in relative detail in Chapter 2. It had
been accepted by social scientists and they recognized. According to Ashford and
Le Croy (2010) that a social system is a system in which the components are
people. These people participate in a number of social systems that influence their
development. Brim (1975) and Bronfenbrenner (1979) had identified four levels of
social systems: Microsystems, meso-systems, exo-systems and macro-systems.
Microsystems involve face to face or direct contact among system participants;
meso-systems are the network of personal settings in which the people spend their
social lives; exo-systems in Bronfenbrenners’s scheme are the large institutions of
society that influence the personal system; and macro-systems are the larger sub-
cultural and cultural contexts in which the micro-systems, meso-systems, and
exo-systems are located (pp. 134—135). All these concepts are useful to study in
impact of external environment to the behavior of individual or group in addition to
various theories of development of personality as well as psychologies.
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Fig. 3.5 Bronfenbrenner’s
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Bronfenbrenner had established an ecological model to describe the environ-
mental contexts of human development, which is shown in Fig. 3.5.

3.4 Social System and Parsons’ AGIL Framework
of System of Action

3.4.1 Discussion of Definition of Social Systems and Theory
of Its Development of Social Systems Theory

3.4.1.1 Definition of Social System

Although the definition of “Social Systems” had been described in the very
beginning of Chap. 1 of this book, it is better to have some further discussions on
its definitions in order to have an in depth understanding. We shall compare several
definitions from different sources.

(1) Definition of Social Systems from Marshall, G (1994) in his Dictionary of
Sociology as follows:

The concept of system appears throughout the social and natural sciences and has generated
a body of literature of its own (general systems theory). A system is any pattern of
relationship between elements, and is regarded as having emergent properties of its own,
over and above the properties of its elements. The system is seen as possessing and inherent
tendency towards equilibrium and analysis of systems is the analysis of the mechanism
which maintain equilibrium both internally and externally, in relation to other systems.
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@

3

“

The functionalism of Talcott Parsons offers the fullest employment of systems theory in
sociology (see especially The Social System 1951). In Parsonsian terms social system can
refer to a stable relationship between two actors, to society as a whole, to systems of
societies, or indeed any level between these. All are analyzed principally in terms of their
so-called cybernetic aspect: that is, as systems of information exchange and control, where
equilibrium is maintained through, symbolic exchange with other systems across bound-
aries...” (p. 494).

Definition from Jary and Jary (1991) “any, especially a relatively persistent
patterning of social relations across time-space, understood as reproduced
practice” (Giddens, 2001). Thus in the general sense, a society, or any orga-
nization or group constitutes social system...” (p. 598).

It can be pointed out the above definition of social system is different from the
view of Niklas Luhmann (1984), the author of ‘Social System’ in German
edition. In his perception of general theory of social systems, systems can be
classified into four types: Machines; Organisms; Social Systems; Psychic
Systems. And social systems has three subsystems; Interactions; Organizations
and societies. (p. 2 English edition).

Definition by Checkland (1981), who is a British management scientist and
emeritus professor of Systems at Lancaster University. He presents a com-
prehensive characteristic of social system, which calls human activity system.
He writes in his book (1981).

Systems Thinking, Systems Practice, and states as follows:

Natural and engineered systems cannot be other than what they are Human activity sys-
tems, on the other hand, are manifested through the perceptions of human beings who are
free to attribute a variety of meanings to what they perceive. There will never be a single
(testable) account of human activity systems, only a set of possible accounts, all valid
according to particular Weltans chauunge. (p. 14)

Given man and his abilities, we have the huge range of activities systems, from

the one-man-with-a-hammer at one extreme to the international political systems

(-

21).
It can be seen from above quotations that there are different views on the

definition of ‘social system’. Even there are different views between the sociologists
because there are only two available publications related to “Social Systems” by
sociologists. Therefore a brief discussion of development of social systems theory
will result a better understanding of ‘Social System.’

3.4.1.2 Development of Social Systems Theory and Brief Introduction

@

of Two Publications on “Social System”

Talcott Parsons (1951) The Social System

Parsons’ The Social System is the first publication to study the social system based
upon the concept of ‘systems’. He is influenced by Professor Henderson’ Pareto’s
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General Sociology, to notice the extreme importance of the concept of system
theory. His first publication is The Structure of Social Action in 1937 which may be
related to the volume Toward a General Theory of Action by members of the
Harvard University Department of Social Relations and their collaborators.

Therefore, in his book The Social System in 1951, it is the exposition and
illustration of a conceptual scheme for the analysis of social systems in terms of the
action frame of reference. The starting point of his analysis is system of social
action which includes three aspects: a social system; the personality systems of the
individual actors and the cultural system which is built into their action.

He also described in his book the units of social systems is the act, (p. 24) and a
social system is a system of processes of interaction between actors, it is the
structure of the relations between the actors as involved in the interactive process
which is essentially the structure of the social system. The system is a network of
such relationships (p. 25).

There are also functional prerequisites for a successful system of actions: the
biological prerequisite; adequate motivation and adequate cultural resources and
organization for the maintenance of the social system. In the aspect of adequate
motivation, Parsons has divided further into two aspects: a negative and positive.
The negative is that of a minimum of control over disruptive behavior. This means
actions which interferes with the action of others in their roles in the social system.

Parsons’ book contains 12 chapters with in-depth theoretical discussion of
related aspects of systems of action and social systems. It has three chapters dealing
with structure of social system, and one chapter of case of Modern Medical
Practice, two chapters related to ‘Roles’, etc. Chapter 12, the concluding chapter
with a subtitle “The Place of Social Systems in the General Theory of Action.”

(2) Niklas Luhmann (German Ed. 1984, English version 1995) Social Systems

He studied under Talcott Parsons around the 1960s. In later years, he dismissed
Parsons’ theory, developing a social systems theory of his own. His book also
contains 12 chapters, they are: System and Function; Meaning; Double
Contingence; Communication and Action; System and Environment; Interpretation;
The Individuality of Psychic Systems; Structure and Time; Contradiction and
Conflict; Society and Interaction; Self-Reference and Rationality; Consequences for
Epistemology. He challenged Parsons’ theory of action through his concept of
Double Contingency of Chapter 3 which may be too theoretical to be explained in
simple words. Therefore, authors of this book will not discuss the academic debate
between Luhmann and Parsons between Parsons and Giddens.
Several main concept of Luhmann’s book:

(i) He emphasizes the basic element of the society is communication while
individuals are socially meaningless.

(i) The environment is a system-relative situation. Therefore, the environment
for each system is different (p. 181).
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(iii) He also emphasizes a determinate relation among elements is only realized
under some conditions. The connections among relations must somehow
regulated (p. 23).

It can be seen from the above limited quotations, we not only see the dif-
ference of Luhmann’s concepts in opposing Parsons, but also the comple-
mentary aspects.

3.4.1.3 Discussions

Although there are many good studies of sociology, but there are only two studies
of ‘social systems’ from sociologists. To study the society from the perspective of
systems has a very short history in Western countries. It started with Talcott Parsons
around the 1930s. It is also a macro-study containing many aspects and can be
analyzed from various perspectives. Challenges to Parsons’ concepts by Luhmann
are based on the latter’s perception that focuses more on communication in the age
that the global society is in transition from an age of industrial society to an age of
information society or knowledge economy. No theory can be perfect, there must be
missing points so that there are many schools of economics and there are always
debates among economists on certain policy. The social system is a complex and
sophisticated system. Luhmann’s social system can be complementary study to
Parsons. It can also be seen from above quoted definitions, most of them are in
consensus on the features of “relationship” and “activity” suggested by Parsons,
therefore, Parsons’ AGIL framework of analysis of action system will be discussed
and explored in next section.

3.4.2 Parsons Framework of a System of Action—The
AGIL Framework

3.4.2.1 Original Framework of Parsons

(1) Parsons’ Purpose to Establish the AGIL Framework

The AGIL framework of a system of action is contained in the book Economy and
Society published in 1956, which is written jointly by Talcott Parsons &
Neil J. Smelser. The purpose of this book is for the “Integration of Economic and
Sociological Theory.” In fact, Parsons tried to create “The General Theory of Social
Systems”, which can be seen from the title of chapter six of this book, which is
titled “Conclusion: Economic Theory and the General Theory of Social System.”

This book is also a continuation of Parsons’ past books, Structure of Social
Action (1937) and The Social System (1951), many special terms used in this book
had been fully explained in The Social System, but they have not been explained
further in this book. It may cause readers to have some difficulties to have an
in-depth understanding in reading this book.
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(2) Main Contents of Parsons’ AGIL Framework

The main contents are shown in Fig. 3.6 which is reproduced from Fig. 1 in his
book Economy and Society (p. 19).

(3) Explanation of AGIL Framework of Parsons

A large part of original sentences are quoted from different pages of Economy and
Society in order to avoid distortion of Parsons’ purpose.

“According to the general theory: process in any social system is subject to four
independent functional imperatives or “problems” which must be met adequately if
equilibrium and/or continuing existence of the system is to be maintained.

A social system is always characterized by an institutionalized value system. The
social system’s first functional imperative is to maintain the integrity of that value
system and its institutionalization. This process of maintenance means stabilization
against pressure to change the value system, pressures which spring from two
primary sources: (1) Cultural sources of change.” (pp. 6-17) and (2) Motivational
sources of change. “The first functional imperative, therefore, is “pattern mainte-
nance and tension management” relative to the stability of the institutionalized
value system.

Every social system functions in a situation external to it. The process of
interchange between system and situation forms the second and third major func-
tional imperatives.

“The first interchange concerns the situation’s significance as a source of con-
summatory goal gratification or attainment. A goal state, for an individual actor or
for a social system, is a relation between the system of reference and one or more
situation objects which (given the value system and its institutionalization) maxi-
mizes the stability of the system.” (p. 17) The system must “seek” goal states by
controlling elements of the situation.

The second interchange deals with the problem of controlling the environment
for purposes of attaining goals.” (pp. 17-18) When a social system or the “adap-
tive” functions is simply an undifferentiated aspect of the process of goal attain-
ment. But in complex systems with a plurality of goals and sub-goals the

Fig. 3.6 The functional
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differentiation between goal attainment and adaptive process is often very clear.”
(p- 18)

“The fourth functional imperative for a social system is to ‘maintain solidarity’
in the relation between the units in the interest of effective functioning this is the
imperative of system integration.”

“The four fundamental systems problems under which a system of action, in
particular a social system, operates are this (latent) pattern maintenance (including
tension management), goal attainment, adaptation, and integration. Their gross
relation to each other are schematically represented in Fig. 1.” (p. 18)

(4) Briefing of the Book Economy and Society

The authors had applied AGIL framework to prove “Economic theory is a special
case of the general theory of social systems and hence of the general theory of
action” and “An economy, as the concept is usually formulated by economists is a
special type of social system.” This application can be seen from the following
figures. It can be seen that Parsons had applied AGIL framework to analyze the
economic and society respectively in Fig. 3.7a, b, and he put further economy to be
A (adaptive) in the AGIL framework of society and put polity to be the goal. This is
true for every nation. He had also studied the second level of economic action
systems in Fig. 3.7c, d.

The authors have also devoted substantial efforts to study institutional structure
of the economy (Chapter 3, with more than 80 pages) and economic process within
the social system (Chapter 4, with more than 60 pages) to prove their purpose that
to integrate economic and sociological theory is academically rigorous.

a b
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Investment Sub-system Distribution and Sales.
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Fig. 3.7 a Functional and differentiation of the economy as a system (Fig. 2)* (Source: p. 44 of
Economy and Society) b The differentiated sub-systems of society (Fig. 3)* (Source p. 53 of
Economy and Society) ¢ Production sub-system (Fig. 15)* (Source p. 199 of Economy and
Society) d Investment-capitalization sub-system (Source p. 200 of Economy) (Fig. 16)*. Note
No. of figure bracketed is the original number of figures in the book of Economy and Society
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3.4.2.2 Revised AGIL Framework of Parsons’ A System of Action

ey

2)

From the perspective of authors of this book t Parsons’ AGIL framework is a
useful framework of system of action, through his continuous study of social
action over 16 years, but his efforts in trying to integrate the theory of economy
and social system seems to be debatable in spite of the fact that economic
system is a subsystem of social system in a broader sense. His use of adaptation
to be one of the functional imperatives may be inappropriate, therefore his
concept as commented on by Bertalanffy “overemphasizes maintenance,
equilibrium, adjustment,...etc.” (Bertalanffy 1968) which we discussed previ-
ously. If he keeps the view of system of action, his AGIL framework can be
simply revised to be a general framework of systems of action.

Revised AGIL framework of systems of action. The revised framework of
AGIL is shown in Fig. 3.8.

The rational of this revised framework of action is explained as follows:

3

(i) Based upon Parsons’ original sentences, “...the ‘adaptive’ functions are
simply undifferentiated aspects of the process of goal attainment.” A pro-
cess must involve actions. Therefore, we simply delete the word ‘adaptive,
and replace it with ‘action’. Actions can be of different types depending
upon the object to be studied.

(i) All actions must be adapted to the environment, in Parsons’ words, adap-

tation is ‘relations to the situation.” In fact, adaptation is a separate subject
of study. It can be passive or active. A U.S. scientist and Professor of
psychology, electrical engineering and computer science John H. Holland
(1929-2015) had published several books related to ‘Adaptation’, for
example Hidden Order-How Adaptation Builds Complexity in 1995 and
Adaptation in Nature and Artificial Systems in 2008.

(iii) The authors of Economy and Society may have spent too much effort to

prove the subject ‘The Economy as a Social System’ due to pursuit of
academic rigor, but based upon traditional classification of social science,
economics is a branch of the social science. Economic system is a sub-
system of social system in broad sense. We can also define social system in
narrow sense to exclude economic activity.

(iv) The authors the Economy and Society also spent substantial effort to study

Fig. 3.8 AGIL framework of A G
system of action

the ‘Boundaries’ and the interchange between the subsystems (from pp. 52—
100). This study is important not only with its academic rigor, but it is very
important in the real world. There are some lessons in China’s transition

Action System Goal System

Cultural System .
L Integrative System
Motivational System
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)

(vi)

(vii)

(viii)
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from a former central planned economy to a socialist market economy.
There is a need to avoid the confusion between the role of market and the
role of public administration through a relatively perfect legal system.
A detailed study of boundary between subsystem is critical. It is also true
that there are overlapping areas between subsystems, or a so called grey
area. This grey area needs special treatment to avoid rent-seeking behavior.
The revised AGIL framework of System of Action can be applied to analyze
economic system with ‘A’ to be economic action system and ‘G’ to be
economic goal system. There are many available economic indicators
devised by various international organizations for example, the UN has 14
indicators for economy, they can be used for ‘G’, the goal system. The
action system on the supply side can be action system of production of
primary, secondary and tertiary sectors, or a system of factors of production,
i.e. the labor, capital and total factor of productivity, the action system on
the demand side can be investment, consumption, export and import, etc.

In the revised AGIL framework, we use cultural system and motivational
system in L to replace pattern maintenance which is passive in nature. Both
cultural system and motivational system are used which is in consistent with
the content of page 1617 of Economy and Society that the social system’s
first functional imperative is to maintain the integrity of the value system
while the pressure of change may come from cultural source and motiva-
tional source. Motivational source can also be a promotional source of
change to a better future. Therefore, use of both of these two can adapt to
external environment in a positive sense.

based upon revised AGIL framework of action system, Figs. 3.9 and 3.10
can also be established as follows:

This revised framework of AGIL of System of Action can be applied to any
stage of the process of lifecycle of a system, i.e. planning or design, con-
struction, operation and maintenance (or reform for social or economic
system), etc.

Fig. 3.9 AGIL framework of
S&T system of action

Fig. 3.10 AGIL framework
of social system of action
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3.5 Summary Points

. This chapter ‘Social Science and the Social System’ is divided into four parts:

(1) Definition of social science and its development. (2) Development of social
science in 20th century and emergence of the concept of a social system.
(3) Behavior of individual and groups, and their relations with the social
environment. (4) Social system and Parsons’ AGIL framework of systems of
action.

The basic approach is similar to Chapter 2, (dealing with natural science and

technology) it is necessary through the historical approach (vertical) and compar-
ative approach (horizontal, or cross spatial) that it is possible to understand an
object of study with relatively in-depth and in breadth.

2.

ey
2

3.

Section 3.1 dealing with definition of social science and its history of devel-
opment up to 20th century.

Social science is also termed behavioral science post 1950s. There is also
debate among sociologists that whether social science is scientific.

Both social studies in China in the Spring and Autumn period and the Warring
State period and the Hellenistic period are described. In fact, the social studies
of China in that period were well developed. Some Western scholars, or experts
of China’s study had translated many social thoughts of Chinese philosophers
in that period. Social studies in the Hellenistic period are described, which is
also sources of Western civilization. Comparative study of these two is
favorable to understand the two civilizations better.

Section 3.2 dealing with the development of social science in Western countries
in the 20th century. This is period of rapid development of social science within
the context of democratic and industrial revolution. The rapid and turbulent
changes of society since the 19th century emerged many social issues. Three
major thoughts effect the development of social science are described:
(1) Impact of Marxism and others; (2) Influence of Freud, who promoted further
the study of behavior and enriched the social science greatly; (3) Further spe-
cialization and cross-disciplinary approaches were developed in parallel. Social
systems theory is the natural output of growth of social science and the trend of
cross disciplinary studies.

Section 3.3 deals with behavior of individual and their relations with the
environment. The feature and basic theories of social systems engineering are
general system theory of Bertalanffy and theory of the social system of Parsons.
The basic units of a social system are the individual and groups. Therefore, to
understand Parsons’ theory one must understand the personality of the indi-
vidual and the human behavior, various schools of psychology are introduced,
behavioral psychology by John Watson, Gestalt psychology by Max
Wertheimer, psycho analytic school by Sigmund Freud, the humanistic
approach psychology by Carl Rogers and Maslow are introduced.
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Two schools of thoughts of personality and two types of group dynamics are also
briefed.

Human behavior is also effected greatly by social environment, if academic rigor
is pursued, human behavior is effected also by natural environment. In order to
simplify the discussion, only social environment is emphasized with multidimen-
sional perspective.

5. Section 3.4 deals with Social System and Parsons’ AGIL Framework of System
of Action.

(1) Four definitions of social system are given for comparative purpose. Parsons’
definition of social system had been given in Chapter 1. Briefing of Niklas
Luhmann’s Social System is also given. But Luhmann has not given definition
of social system in his book.

(2) Parsons’ Framework of A System of Action-the AGIL framework is the core
part of this chapter. Parsons’ original AGIL framework, titled “the Function
Imperatives of A System of Action” was published in the book Economy and
Society jointly written by Parsons and his follower, Neil J. Smelser, their
original purpose is “A study is the integration of Economic and Social theory”,
but on the cover of the book, it is written “A major contribution of economic
and sociological theory”. From the perspective of authors of our book, eco-
nomics and sociology are separate branches of social science, each branch has
its many theories and features. But if based upon actions and relations, they are
universal in sense. The authors of our book have replaced “Adaptive” with
“Action” to form a revised Parsons’ AGIL framework of systems of actions.
There will be relatively detail description of goal system (G), cultural system
(L), and integrative system (I) in remaining parts of our book.
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Chapter 4 M)
Development of Social Systems pas
Engineering

4.1 Development of “Social Systems Engineering”
in International Society

Development of the discipline of “social systems engineering” is far slower than that
of systems engineering in academic sense. It had been described in Chap. 2 that the
United States published the first Handbook of Systems Engineering in the 1960s; it
established the International Council on Systems Engineering (INCOSE) in the
1990s, and that Council had published several versions of Systems Engineering
Handbook. The first edition of process framework of Systems Engineering was issued
in 2002, this standard was adopted as IEEE 15288 in 2004. There was a former
military standard of systems engineering MIL STD 499A in 1969, and it was updated
several times, the most recent update is ISO/IEC 15288 (2015). However, there are
large disparities in the development and practice of social systems engineering from a
pragmatic perspective. There are some fragmented studies in Western Europe, such as
Germany and the U.K. Japan started the academic study relatively earlier, while study
by the United States is more or less a recent activity. The development in Japan and
the United States will be briefly discussed below.

4.1.1 Academic Development of Social Systems Engineering
in the United States and Japan

4.1.1.1 Development of Social Systems Engineering in the United
States

(1) Exploration of Social Systems Engineering in Early Stages

In the field of systems engineering, many pioneering scholars and engineers had
electrical or electronic engineering backgrounds, for example Harold (Hall)
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Chestnut of General Electric and A. D. Hall of Bell Laboratory. Therefore, in
publications and Journals of Institute of Electrical and Electronics Engineers
(IEEE), there were several papers titled social systems engineering published in the
1960s, but most of them were written from the perspective of control engineering.
In 1996, there was a change from this perspective, and one of the first book from
this different perspective was Designing Social Systems in a Changing World. It
was stated by the author Banathy (1996) in the Introduction that “In the design
literature, there is today a back of attention to the fields of social work, health and
other help services; to education and human development; to community and
volunteer agencies; and to the field of public policy.” (p. 2) His study was an
approach to social systems engineering because ‘design’ is generally an important
part of engineering.

(2) In Recent Years, Several Universities in the United States have Launched
Programs with Slightly Different Terms:

"University of Pennsylvania, School of Engineering and Applied Science has a
program ‘Networked and Social Systems Engineering’ for undergraduate students.
The purpose of this program emphasizes that: It is necessary to understand people,
systems and incentives and how the structure and properties of networks affects
interactions in order to understand people and predict behavior and to design new
capabilities and services.”

The courses offered in the part of ‘networked’ of this program includes structural
property of network, contagion in network, navigation in network, how do real
network work, model of network formation, incentive and collective behavior,
introduction to networked game theory, networked games: coloring, consensus and
voting, trading in networks, internet economics etc.

Harvard University, School of Public Health launched a program “Engineering
Social System” (“ESS”).

(1) Purpose of this Program

The purpose of this program is exploration of solutions for important global
problems and to inform leadership and policymakers so that they can transform
great ideas into changes of reality to make a better world.

(ii) Criteria for Measurement of the Achievement of the Program

There are four aspects of criteria for the measurement of success or failure of the
program, which are shown in Fig. 4.1.

(iii) Background of ESS and its Contents

With the popularization of information and communication technology, huge
amounts of data produced through the actions, communications and transactions by

'Source: www.nets.upenn.edu/.
Source: www.hsph.harvard.edu/engineering/social/systems.
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Fig. 4.1 Four aspects of criteria for measurement of the achievement of the program

mobile phones and credit cards are measured in Petabytes or PB,? this has formed
the major background of ESS. This program will analyze through topology and
dynamics of social networks of both developed and developing countries, it will
couple the data of communication and financial transactions of millions of people
with names unknown with vertical data of health care and socio-economic condi-
tions. The ESS program is developing machine learning and computational rule of
network analysis to better understand human society.

The meaning of research of the ESS program is to apply these new under-
standings to improve the society in which the billions of people producing the PB’s
of data live.

(iv) Organized Research Groups

Harvard University has cooperated with industrial organizations and other univer-
sities such as MIT and Northeastern University to enhance research capability.

(v) Cross Disciplinary Study

Cross disciplinary study is now being done by two new mutually complementary
academic teams. One team involves social physics, while the other involves
computational social science, an emerging discipline that studies the behavioral
pattern of personal and groups through data in large scale of certain sets. The
researchers of this team come from computer science and social science.

31 Petabyte = 10'° bytes.
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4.1.1.2 Development of Academic Education in Japan on Social
System Engineering*

(1) Introduction

Early in the 1970s, the Japanese academic field launched a program of social
engineering in undergraduate studies of universities. Colleges specialized in the
study of public policy and the making of plans. The Japanese also offered graduate
studies of social engineering.

For example, the University of Tsukuba, set up a five year doctoral curriculum of
social engineering in 1978, the major courses offered included formulation of
institutions and plans, management engineering and formulation of cities’ and
regional planning, etc. Subsequently, there was a reorganization in the Graduate
School of Social Engineering, four aspects of courses were offered: socioeconomic
system; systems and mathematics of information; urban and environmental system;
and, financial institutions and management.

In 2000, there was a further reorganization of the Graduate School of Social
Engineering, which became the Graduate School of Information Technology, and a
five year doctoral education program was offered. The Graduate School was further
divided into two fields: social systems engineering; and, financial institutions and
management. The courses for social systems engineering were based on three fields:
socioeconomic system; systems and mathematics of information; and urban and
environment systems. Further changes were made in 2005.

In 2014, University of Tsukuba announced, in view of the further progress of the
cross disciplinary research and practice of business and public administration, three
programs of graduate studies—social system and management, social system
engineering, business management and public policy were to be unified into the
Department of Policy and Planning Science (PSS). Education in the PSS strategi-
cally focuses on enhancing advanced capacity to design the society through organic
integration of essential social aspects of assets and resource, space and environ-
ment, organization and behavior, PSS provides graduate programs at both the
Master’s and Doctoral levels.

(2) Goal of Education and Qualification of Students in the PSS

The goal is to train the student with three types of skills: skill in the analysis of
socioeconomic systems; skill in organizational management; and, skill in the for-
mulation of policy and planning of urban and environmental systems.

PSS seeks four qualities in the students for its Master’s and Doctoral programs.
Chinese have an old proverb: “Teach students in accordance with aptitude.”
Therefore, defining the qualities of students for this graduate study seems appro-
priate. The four qualities for students of social systems engineering are: (1) the

*Source: www.sk.tsukuba.ac.jp/sse/english.
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students should be interested in continuous evolutionary society, and have the
willingness to proceed with innovation; (2) have the willingness to explore theory
of social systems of 21st century with originality; (3) possess global perspective and
sensitivity to problems and issues, and solve them from a global perspective; and,
(4) have interest and consider issues relating to morality and moral engineering, and
possess the willingness to improve social welfare.

(3) Content of Curriculum of the Master’s Program of Social Systems Engineering

The academic development of social systems engineering of University of Tsukuba
has occurred for more than 35 years. Development can be seen from the general
description in 2-(1) that there were several reorganizations of the educational program
in this area. Table 4.1 is an abbreviation of the curriculum for illustrative purposes,
and this may be a useful reference for other countries (Tables 4.1 and 4.2).

Table 4.1 Abbreviation of content of curriculum of master’s program of social systems

engineering

Socioeconomic system

Management science

Formulation of urban
planning

1. 21 courses offered

1. 20 courses offered

1. 19 Courses offered

2. 10 courses in the name of
economics, or related to
economics. Eg.: Public
Economics; Banks and
Finance

2. 10 courses in the name of
management, or related to
management. Eg.: Strategic
management; organizational
behavior

2.7 courses in the name of
urban. Eg. Urban risk
management; local survey of
urban space

3. 3 courses common for
socioeconomic, management
science and formulation of
urban planning. Eg.:
Discussion and method of
management science

3. 3 courses common for
socioeconomic, management
science and formulation of
urban planning.

Eg.: Discussion and method
of issues of formulation of
urban planning

3. 3 courses common for
socioeconomic,
management science and
formulation of urban
planning. Eg.: Discussion
and method of issues of
socioeconomics

4. 3 courses in the form of
seminar. Eg.: Seminar of
method of social survey

4. 4 courses of mathematics
Eg.: Optimization theory and
method

4. 3 Seminars.
Eg.: International exchange
seminar

5. 2 courses of Analysis.
Ex: Data analysis

5. 3 other course: economic
psychology; Information
network; data exploration
and treatment

5. 2 courses in the name of
region.
Eg.: Regional science

6. 3 other courses: Game
theory; evaluation of
systems; senior decision
theory

6. 3 courses in the name of
environment. Eg.:
Environmental information
science

7. Others: Formulation of
planning of advanced
transport
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4.1.2 Discussion of Development of Theory and Practice
of Social Systems Engineering

4.1.2.1 Comparison of Academic Studies Between the United States
and Japan

Global society was in competition with the development of science and technology
post World War II. The United States had a program SDI (Strategic Defense
Initiative) during the Reagan administration, and the European Commission had a
program “Eureka” for funding research and coordination of science and technology
activities in Europe. Japan was strong on technology, in that its manufacturing
sector had once taken the lead among the world since the later part of the 1980s.
The academic and industrial fields in the United States organized a joint research
project to study how to revitalize their manufacturing sector and published a book
Made in America-Regaining the Productive Edge in 1989. Therefore, generally
speaking, the United States and certain European countries took the lead in science
and education, and Japan took the lead in technology in the later part of the 20th
century. This broad context of historical development illustrates the differences in
the education of social systems engineering between the United States and Japan.

The academic training of ESS program is biased more towards the scientific side,
it has explored and promoted a new discipline ‘social physics’ in this program. It
has further promoted the application of mathematics to the study of social science
so that social science may become a true ‘science’, similar to the natural sciences, to
avoid the debate among social scientists. Computational social science was further
developed by the ESS program of Harvard. In fact, the United States already
established the Computational Social Science Society of the America. This society
may also take the lead globally.

The development of social systems engineering in Japan is more pragmatic. For
example, its three blocks of content of education, focus more on the linkage
between economy and society, its application is focused on the formulation of
urban planning. The study of urban planning will be simpler than that of a national
planning, but they should have some features in common.

In fact, the United States published many excellent studies related to national
planning in the 1960s, for example, Jan Tinbergen’s Development Planning
(Translated from the Dutch by N. D. Smith) published in 1967, W. Arthur Lewis’s
Development Planning: The Essentials of Economic Policy published in 1966, both
were Nobel Prize winners. However, due to the ideology of politicians and a part of
main stream economics, the United States has not implemented planning at the
national level. Yet, at the township and city levels in several states, small planning
offices are existed.
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4.1.2.2 Development of a National Planning System is Effected
by Politics in Western Countries

(1) Planning Practice in Western Developed Countries

Planning practice in Western developed countries is also affected by ideology of
parties and it is biased to economic side. This can be seen in a paper The Central
Planning Bureau of the Netherland written by Don and van den Berg (1990). The
related part of their paper is abstracted below, which shows the impact of politics of
parties and the role of leadership on planning institutions.

Case Study of Establishment of the Central Planning Bureau of the
Netherland. Refer to Box 4.1 below.

Box 4.1 °Establishment of The Central Planning Bureau of the
Netherland

1. General

The Central Planning Bureau of the Netherland is an independent Dutch
government agency founded at Sept. 1945 by Nobel laureate Jan Tinbergen.
It is well known for its performance of short term (up to two years ahead) and
medium term forecasting and study of economic problems and analysis of
policy proposals in medium term as well as study of structural problems and
policy options in long term through scenario analysis.

2. The difficulties met in the establishment due to politics of parties

The Dutch government had drafted a law on “preparing the assessment of a
National Economic Plan” post the second world war. The Minister of
Economic Affairs by that time was the socialist Hein Vos, who intended to
found a Central Planning Bureau to prepare a national economic plan to
coordinate economic, social and financial policy on a regular basis and help
the government in planning and guiding the economic process.

The Minister met with strong opposition from the non-socialist parties in
parliament who eschewed central economic planning. Huysmans of the
catholic party succeeded Vos as Minister of Economic Affairs in July 1946
after general elections. He held on to the text of the law as drafted, but in a
memorandum to parliament explained the Central Planning Bureau would, be
a strictly advisory body and only serve to compile information on the current
economic situation and prospects.

SNote: Most of descriptions in Box 4.1 is from a conference paper contributed by Don and Berg in
Nov. 1990.
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3. The critical role of the Leadership of the new institution played

In Sept. 1945, a Central Planning Bureau (under formation) had been started
in anticipation of a legal basis. With Tinbergen as its first director, it offered
an assessment of the economic situation and suggested a number of policy
measures in Feb. 1946. The usefulness of the information collected in this
document, which was published in May has helped to convince parliament of
the merits of the institution.

The law passed both houses of parliament unchanged in early 1947. It still
mentions that the Bureau should regularly prepare a Central Economic Plan
containing estimates and guidelines for the national economy, the final
contents of the Plan to be decided by the government. Tinbergen contributed
much to establishing the role of the Bureau While inspired by current
questions of economic policy, he took a scientific and independent approach
to help answering them. The open-mindedness and quality of the work done
by him and the Bureau’s staff in the early day soon commanded respect, a
respect indispensable for the Bureau to work in the way it does to this day.

It can be seen from Box 4.1 that planning in Western countries is also affected
greatly by the politics of parties and parliament, and the development of an insti-
tution is heavily dependent upon the leadership.

(2) Planning Practices in the United Nations

The United Nations, and its related organizations, have also engaged in planning
and are similarly concerned about social issues, and provides a demonstration of the
importance of planning in the process of development.

The United Nations was established on October 24, 1945, after World War II.
The UN is a supra-national organization with 193 member states and 2 observer
states, currently. It has launched four strategic international development plans
since 1961, the so called ““Decade of Development of the UN.” Tt was replaced by
Millennium Development Goals from 2000-2015 and 2030 Agenda for Sustainable
Development from 2015-2030. The following is abstract of International
Development Strategy and the Fourth Decade of Development of UN for illustrative

purpose.
(i) Contents

This document is composed of 6 parts with 112 articles. They are Preface (articles
1-12), objectives and Targets (articles 13—19), Policy and Measures (articles 98—

SUN had prepared several Decade of Development plans since 1945. The authors of this book had
a copy of Third Decade of Development. It seems that UN had stopped this practice, and replaced
with Millennium Development Goals since 2000. And Sustainable Development Goals since
2015.
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102), Exceptional circumstances (articles 98—102), The Role of UN system (articles
108-112), examining process and Evaluation (articles 108—112) respectively. The
previous 4 parts will be abstracted.

(i1) Preface

It gives a retrospect of objectives and targets set up in the Third Decade of
Development of UN had not been achieved, basis of expected growth had been
vanished due to appearance of unexpected unfavorable situation.

Projections of the situations of 1990s by various organizations of UN show that
there will be no large difference between the previous decade and next decade if
there are no important changes of policy.

Projects show that the growth of some Asian Countries will be relatively faster,
but the growth of other countries will be continuously stagnated, especially.

(iii) Objectives and Targets

The main purpose of the strategy is to guarantee the 1990s should be a decade of
accelerated development of developing countries and consolidation of international
cooperation. There will be great improvement of developing countries and the
reduction of disparity between rich and poor countries, and also the global society
should find means to satisfy the needs but the environment will not be worsened in
this decade. Strategy should guarantee the participation of economic and political
life of all people, protect the cultural feature, and guarantee the measures of nec-
essary survival of all people. Strategy should provide an environment, which
support various regions to implement gradually a political system based on
approval and respect of human rights and rights of society and economy, and legal
system to protect all citizens.

Every country has the responsibility to formulate economic policy based upon
concrete conditions of its country to promote its national development, every
country should be responsible to the life and welfare of all citizens.

To achieve these main purposes, it is necessary to achieve six mutually related
targets. These targets are: Accelerate the steps of economic growth of developing
countries; Push forward the progress of sustainable development which can take
care the social needs, reduce the large amount of worst poverty, promote the
development and utilization of human resources and skills without detrimental
effect to environment; Improve international monetary, financial and trading system
to support the process of development; Create a strong and stable environment of
the global economy, implement a sound macro-economic management at national
and international level; Strengthen international development cooperation deci-
sively; Solve the issues of least developed countries, i.e. the weakest countries in
developing countries with special effort.

(iv) Policy and Measures

It is divided into 2 parts.
Part A is vitalizing development. It includes a framework of economic policy,
foreign debt, fund for development, international trade and commodities, and also
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dealing with important domestic policies, such as science and technology policy
agricultural policy and industrial policy.

Part B is priorities of development, which includes elimination of poverty and
hunger; human resources and institutional development, population and environment.

(3) Planning Techniques for a better Future

This is a book written by Pyatt and Thorbecke, published in 1976 by International
Labor Office of UN, and is the result of a three year research project on planning for
growth, redistribution and employment supported by ILO (International Labor
Organization). These two authors helped to further develop the Social Accounting
Matrix which has becomes an important framework of planning and it also forms the
backbone of the Computable General Equilibrium (CGE) model. Both CGE models
and SAM (Social Accounting Matrix) have been heavily relied upon by the World
Bank for development analysis. Pyatt moved to the World Bank in the 1980s.

4.1.3 Current Status of Development of Social Systems
Engineering

4.1.3.1 Social Systems Engineering Is in the Process of Development,
but There Are Barriers that Exist at the Country Level

As described in the beginning of this book “The social system exists ever since the
existence of human beings.” Mankind has the responsibility to improve the social
system, that is the role of social systems engineering. It can be seen from Sect. 4.1.1
that the United States is well known for its advance in science, natural and social. It
has taken the lead in the development of systems engineering, but its study of social
systems engineering seems to be lagged behind that of Japan. Japan has an
established Department of Policy and Planning Science in its University since 2014.
While “planning” is a concept unacceptable by some political parties, even a part of
scholars of economics, although the global society had been changed greatly
compared to the period of Adam Smith. The development of planning practice of
UN and a part of countries together with the social systems engineering seems to be
on the right track. Theoretical studies of the United States are useful tools for
development of social systems engineering, e.g. the development of social” physics
and computational social science, which will promote further the development of

"Note: Social physics is a new discipline to be explored. It is defined by Pentland (2014) in his
book Social Physics that “Social physics is a quantitative social science that describes reliable,
mathematical connections between information and idea flow on the one hand and people’s
behavior on the other.” Social physics helps us understand how ideas flow from person to person
through the mechanism of social learning and how this flow of ideas ends up shaping the norms,
productivity, and creative output of our companies, cities and societies.
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social systems engineering. Some system engineers have also done work related to
national development, which will be described to be a case study in Sect. 4.3.

4.1.3.2 Planning in the UN and Its Related Organizations Have
Provided Conditions of Development of Social Systems
Engineering

United Nations launched four International Development Strategy, Decade of
Development of UN since 1960s. This document of development provides a very
good example of planning with concepts of integration of science and technology,
economy and society. UN recognized openly the failure to achieve the objective
and targets of the Third Decade of Development of UN, but it is not strange due to
the complexity of the global society. And also due to the incomplete statistics of
various countries of the world. The UN had promulgated the Millennium
Development Goals (8 Goals), since the beginning of 21st century. The UN General
Assembly further adopted the “2030 Agenda for Sustainable Development” with a
set of 17 development goals. The goals are to be implemented and achieved in
every country from the year 2016 to 2030. The World Bank cooperated with many
institutions and published World Development Indications 2012 with more than
1000 indicators of 216 economies. Special focus to 8 goals of MDG® was given. It
has also published World Development Indicators 2016 with a special focus on the
statistics of 17 goals set up in “2030 Agenda for Sustainable Development” of U.N.

It can be seen that the UN and its related organizations have done substantial
work, including compiling statistics, to provide an opportunity and environment to
improve national conditions through development and application of social systems
engineering.

4.2 Planning and Design of Social Systems Engineering

4.2.1 General Discussion of Planning and Design of Social
Systems Engineering

Although in the English-Chinese dictionary, there is little difference between the
meaning of these two words, design and planning, there are differences in their
application in daily affairs.

8Note: Millennium Development Goals were the eight international development goals for the year
2015 adopted by United Nation Millennium Declaration in 2000.
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4.2.1.1 Planning

Planning is a set of steps that one takes towards a goal. In a national plan, there are a
system of goals. The product of planning is a description of a sequence of activities
(or action system in Revised AGIL Framework of Parsons’ Systems of Actions) to
be accomplished in a time schedule, (for example, five years’ planning currently
adopted by China and India, or planning of three or four years’ period formerly
adopted by France, etc.).

4.2.1.2 Design

Design is generally used in micro sense. It is a process which creates a description
of a product or a system that has the capacity or capability to attain a set of
purposes. The product of design is the model,” or the specification of the system
which consists of four parts: description of inputs; specification of output;
description of environment and location, and measure of value (Gosling, 1962).
Once the specification is set up, then a plan can be prepared and one can proceed to
bring the design to life.

4.2.1.3 The Difference Between Planning and Design

In an engineering sense, design and planning may be different in their details of
study and content. It can be seen from the phases of the coarse structure of mor-
phology of systems engineering and its activity matrix, in the phases of an engi-
neering project, the first phase is program planning, and the second phase is project
planning (and preliminary design), i.e. project planning is equivalent to preliminary
design. In the practice of engineering design by Chinese design institutions, they
generally classify design into three stages: preliminary design, technical design and
drawings for construction details. This classification of stages of design is for hard
systems engineering. This can also be useful for reference of design for soft systems
engineering.

Since design is in more detail than that of planning, from the application of
general systems theory, “the systems design process” and “planning” are treated in
separate chapters in Applied General Systems Theory, and emphasize “Planning in
the context of system design” (p. 533). Therefore, it is necessary for planners to
have some understandings of design, which will be discussed in Sect. 4.2.2.

“Note: Model is a qualitative or quantitative representation of a process, or behavior or real
substance. It can be classified into several types: its degree of semblance, it can be a scale model,
analogue model, symbolic model or mathematical model. [Wang, 1980 Introduction to Systems
Engineering (Chinese version, pp. 59-60)].
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4.2.2 Design in a Changing World

The process of design is as old as the existence of human history, e.g. the design of
stone tools for survival by early human ancestors. Also, there is the design of basic
social systems by primitive tribes for basic survival in fighting against nature and
competing tribes. However, design became a part of scientific and technological
process during the scientific revolution. It is further developed quickly during the
industrial revolution. It is more or less a matured process in the area of hardware
engineering and hardware systems, but in the area of software or social systems,
they have become an emerging new discipline, while design of software has pro-
gressed faster than the design of social system. Here under, a brief discussion of
design, especially the design of hardware system will be given to show its relevance
to social system.

4.2.2.1 Definitions of Design

There are many definitions of design because it is practiced by many professions in
many different ways. Several definitions defined by different authors will be listed
below to broaden the concept.

(1) Design is the initiation of change in man-made things (Johns, 1966). This
definition is better adapted to design of hardware.

(2) Design is the use of scientific principles, technical information, and imagination
in the definition of a system to perform specific functions with maximum
economy and efficiency (Archer, 1966). This is a very general definition of
design, which distinguished the process of design before the scientific and
industrial revolution. It can be applied to engineering system or social systems
engineering if the wording of “maximum economy and efficiency” after “with”
is replaced by the appropriate phrase adapted to the objective or system to be
designed.

(3) Design is the translation of information in the form of requirements, constraints,
and experience into potential solutions which are considered by the designer to
meet required performance characteristics (Luckman, 1984).

(4) Design generates, organizes, and evaluates a large number of alternatives;
keeping focused on the best possible or most ideal solution, rather than on
collecting and analyzing data about the problem (Nadler & Hibno, 1990).

Both (3) and (4), above, should be considered together as the general process of
design. In fact, it is one of the principles of design that ‘there must be an alter-
native’, then the designer can identify a satisfactory solution from all alternatives.
The later wording “rather than” of (4), above, should be replaced by ‘in addition’,
because collecting and analyzing data are important steps of design. The wording of
“rather than” may cause a misunderstand of the importance of “collection and
analysis of data.”
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(5) A purposeful activity, design is directed toward the goal of fulfilling human
needs (Asimow, 1962).

(6) Design is concerned with how things ought to be. The designer devises a course
of action aimed at changing an existing situation into a preferred one (Simon,
1969).

These two definitions of design, (5) and (6), above, linked together with revised
AGIL'" frame of systems of action can be used appropriately for design of social
systems.

(7) Reengineering is the fundamental rethinking and radical redesign of processes
to achieve dramatic improvement in measures of performance (Hammer &
Champy, 1993).

This definition is very important in engineering and social systems engineering.
In the engineering field, there existed many engineering facilities and systems, but
due to change of material, energy and information and also due to the changing
demand, reengineering is an appropriate process to adapt to change, which is a
universal phenomenon in the daily life of the human beings. It is especially
important for social systems. There exist a great variety of social systems globally,
although a large part of them may not be adapted to contemporary global envi-
ronment. The author cautions that designing a new social system to replace the old
one is generally not feasible due to cultural rigidity, and also, there may be larger
unacceptable social disturbance. Reengineering or reform of a part of the existing
social system is however feasible, and this can be illustrated from the relatively
successful story of China’s reform of gradualist approach, and the relatively
unsatisfactory reform of the former Soviet Union due to a shock therapy approach.

4.2.2.2 Evolution of Design

(1) Design of a Single Product for Sales

The process of engineering design is well established due to the process of
industrialization of more than 200 years. Nearly all large manufacturing companies
in both developed and developing countries, have accumulated manuals for the
design of equipment. With the manufacture of boilers, for example, the former
Soviet Union transferred all of those design manuals to Chinese manufacturers of
boilers, manual for thermal calculation, manual for calculation of circulation of
water, calculation of preparation of pulverized fuels, etc. The design of a boiler is
completed and standardized drawings are produced with modification of certain
dimensions or components. China established her manufacturing capability quickly
in her first and second five year planning period due to transfer of those designing
and processing documents from the former Soviet Union.

1ONote: Revised AGIL framework of systems of action, please refer to Chap. 3.
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There were weaknesses in the manufacturing sector of China in her preliminary
stage of manufacturing development. For example, the designers who worked in the
manufacturing sector of power plant equipment, had no experience with the
operation and maintenance work of the power plant, and this became a weakness of
the manufacturing sector in China, which needed to be improved for the product in
its initial stage of development. International experience has shown that the matured
manufacturing companies have set up an application department to collect infor-
mation from users, and studied the operational problem of their manufactured
equipment. This organizational issue is also an issue of system concept. Figure 4.1
is the process of design of a new product for sales. This figure is adapted from a
textbook Introduction to Engineering (Mayne & Margolis, 1982). Authors of this
book have simplified the original figure to correspond more with conditions of the
real world. A line of feedback information is added from block of sales to
customers.

(2) Design of a Process Plant and Engineering System in Western Countries

The evolution of design from a single product to the design of a whole process plant
developed quickly in Western countries due to accumulated experiences of
designing and the construction of many industrial projects. Donald Beeman, the
manager of Industrial Engineering Section of Industrial Power Engineering edited
the Industrial Power System Handbook together with around 15 members who
worked at General Electric, which had given an overall design of power system in a
manufacturing plant, or commercial building, including generation, distribution,
selection of equipment and protective devise, etc. in fact, this is also a book of
systems engineering in nature. There is no shortage of books in dealing with the
design of a process plant, for example, the publication of Project Engineering of
Process Plants (Rase & Barrow, 1957), which dealt with the role of the project
engineer, included major steps in plant design; business and legal procedures;
details of engineering design and equipment selection. The actual process is quite
complicated. This book was jointly written by a university associate professor of
chemical engineering (Rase) and a project engineer Barrow who worked in the
Foster Wheeler Corporation. Rase and Barrow’s book shows clearly the fact that
cooperation between the academic field and the practical engineering field is ben-
eficial for the development of new knowledge with practical applications. The
project engineer is also called chief designing engineer in China, or systems
engineer from the perspective of authors of this book. At this time, there was also
the publication of The Design of Engineering System (Gosling, 1962), etc.
(Fig. 4.2).

(3) Design of Engineering System in China

Since the First Five Year Planning Period (1953-1957), China has established
many engineering designing institutes supported by the former Soviet Union, such
as electric designing institutes, transportation designing institutes, communication
designing institutes, all of which are systems engineering in nature. A project
engineer in Western countries is called chief designing engineer in China. Due to
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Fig. 4.2 Design process of new product (Source Adapted from Mayne and Margolis 1982
(Fig. 6.1, p. 328).

the many engineering projects for design and construction during China’s indus-
trialization process, even before its reform and opening, the Chinese chief designers
have cumulated experience through doing and learning. The project organization of
an electric power plant is shown in Fig. 4.3.

Table 4.3 shows the crucial points of design of engineering system (hard
engineering system) summarized by the Chinese Electric Designing Institute. This
reference is also useful for the design of social systems, shown in Table 4.3.
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Table 4.2 Crucial points in engineering system design, the Chinese experience and its relevance
to social system

Serial | Crucial points | Importance to engineering Relevant reference for social
no. system design system
1 Selection of Site of plant is important to get | A country is situated in a global
sites access of all inputs and facilitate | environment, collection and
the transfer of outputs. (useful analysis of data of social
output and various wastes) (including political), economic,
science and technology, etc. of
the external environment of a
country is crucial
2 Original data | All kinds of data, relevant to the | All kinds of data relevant to the
performance of plant are projection of supply and demand
important, especially, the of the economy, budgetary
precision of data is crucial. income and public expenditure
This is the basic procedure of of social needs and security
engineering system design. The | issues etc. should be collected,
principle of selection of and carefully evaluated.
production process and choice of
alternatives
3 Principle of Choice of capacity of main Basic goals of socio-economic
design equipment to adapt to current development should be set
and future needs. Choice of up. Projection of the feasibility
matching capacity of all of achievements of goals of
auxiliary systems. Layout of all | system and all subsystems. Set
plants including main and up structure and function to
auxiliary plant etc. perform the goal system, they
should be carefully designed,
improved and coordinated in
consistency
4 Calculation All principles of design should | All goals and performance of
be based upon calculation with | system and subsystems should
appropriate method. There is one | be based upon quantitative
principle: The best engineers do | analysis as much as possible.
not use the most sophisticated There are available many types
mathematics, but instead use the | of models. The choice of model
most appropriate mathematics should follow the same principle
of calculation of design of
engineering system
5 Construction It is important that the process of | In planning or design of social
organizational | construction can be implemented | system, it should be supported
design in order and in time with qualitative judgement, such

as historical or cross country
comparison and logic. The
process (phases of actions) of
implementation should be
carefully monitored. And
behavior of various targeted
groups should be analyzed and
watched

(continued)
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Table 4.2 (continued)
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Serial | Crucial points | Importance to engineering Relevant reference for social

no. system design system

6 Connection For a large project, there is the | In Revised Parsons’ AGIL
and involvement of many specialized | framework of Action System,
cooperation disciplines. In the phase of integration and cooperation is

construction, there are quite a lot
of activities of cooperation and

the difficult and tedious part,
integration of principle of design

connection among different
special fields, for example,
buried parts or open holes in the
structure of civil engineering
required by mechanical,
chemical or electric sectors, etc

of various subsystem,
coordination of major or minor
action in the implementation of
policy of different subsystems,
must be analyzed in detail and
coordinated properly with
necessary trade-off among
interested group but insisting on
basic principle and goal

Table 4.3 Quality of life model for judging the performance of a nation

5 Major category with weight
based upon Chestnut’s paper

Social (24)

“Sustainable development goals 2030 UN

(1) No poverty
(2) Zero hunger
(3) Gender equality

Economy (20) (4) Affordable and clean energy

(5) Productive employment

(6) Industry, Innovation and Infrastructure
(7) Reduced inequalities

(8) Responsible production and consumption
(9) Good health and well being

(10) Quality education

(11) Clean water and sanitation

(12) Climate action

(13) Sustainable cities and communities

(14) Life below water

(15) Life on land

(16) Peace, justice and strong institutions
(17) Partnership for global development

Health and education (22)

Environment (15)

National vitality and security (19)

“Note UN has 17 development goals and 169 associated targets. UN has not classified 17 goals into
5 categories. Authors of this book have classified these 17 goals primarily in correspondence to
five major categories
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4.3 Nation as Large Scale Social Systems
Engineering—Three Case Studies

Planning or designing of a nation is an important field of study in social systems
engineering. Three case studies will be provided here, which will assist the readers
to better understand this theme.

4.3.1 Case Study 1 of "' Nations as Large Scale Systems
Studied by Harold Chestnut

4.3.1.1 General

The Case Institute of Technology, Case Western Reserve University organized the
Case Centennial Symposium on Large Scale Systems to address the art and science
of modeling, optimization, and decision making of large scale systems in the 1980s.
Harold Chestnut of General Electric presented a paper Nations as Large Scale
Systems in this Symposium. His paper was collected to be Chapter 7 of the book
Large Scale Systems edited by Haimes, Y. Y. and published by North-Holland
Publishing Co. in 1982.

4.3.1.2 Features and Outline of the Paper

Although it is a short paper with only 29 pages and 9 sections, it covers essential
aspects of planning and designing a nation within the global context. The Paper has 12
diagrams which clearly explain the essential structure and function of a nation, and also
trade relationship with other countries and analysis and suggestions of a world security
system. The content of the Paper can roughly, be divided into two parts: Part 1 contains
Sections 1-6, and deals with the basic concept of nations as large scale systems; Part 2
deals with national systems at the international level, including trade and security
issues. These two parts will be abstracted in Sections 3 and 4 in the following to be
backbone of the theme “Nation as Large Scale System”, authors of this book have
supplemented them in several aspects to adapt more to current situation.

4.3.1.3 Abstracts of Part 1 of the Paper

(1) Descriptions and Comments

Part 1 of the Paper includes six sections: introduction; systems definitions applied to
nations; science, technology, and change; bases for the performance of a nation;

"Note: Chestnut (1982).
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hierarchical levels of national large scale systems and models of large scale systems
at national level.

In the introduction, Chestnut emphasizes that systems people should use their
skill and expertise to understand nations better in terms of how the nation can be
considered as a large scale system. He also pointed out that nations should set up
objectives (goal system) to meet the needs of people. The planner must have the
awareness that many people in a nation with their different needs, and a nation has
many stakeholders for whom the nation must concern.

(2) '*System Definitions Applied to Nations

The core part in this section is that Chestnut has classified the people of a nation
into four groups: persons benefiting directly from the system, i.e. the users; sup-
pliers of the nation, i.e., the owners’, government (integrating system) and finan-
ciers; persons who plan and build the system; persons operating, performing and
maintaining the necessary activities (action system) to enable the goods and ser-
vices to be provided, i.e. the workers and managers who make the system operate,
but they are paid to perform their parts so that the suppliers and users can both feel
the benefits to them exceed their cost.

In considering the nation as a large scale system, it is necessary to consider the
effects of the activities (action system) of the nation and their results from the view
of above four groups. System function should be optimized with objective and
subjective criteria to be kept in mind. There is also a need to have a dynamic
perspective, because the benefits and costs to these different groups may change
with time so that some sort of a “life cycle cost and benefit” consideration should be
employed to be part of the judgement process.

The system’s concept of looking at a nation as a system, which interacts with
other nations in a world system, and interacts with the various subsystem with the
nation that makes it, will provide useful insights in the contemporary world in the
process of globalization and regionalization. Experiences, and concepts with
cooperative systems and competitive systems in other contexts have useful coun-
terparts as they affect behavior within and among nations.

(3) Science, Technology and Change

With the experience of a system engineer, Chestnut has a full awareness that
science and technology have become a major driving force on society, but it is not a
technological determinism Chestnut claimed that the number and size of many large
scale systems, through application of technology, are frequently affected by the
knowledge, wealth, and other resources of the nation, which is shown in Fig. 4.4.

2Note: The words in the bracket of this section are added by authors of this book to link
Chestnut’s concept to revised Parsons’ AGIL framework of action systems.
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Fig. 4.4 Influence of technological change on society (Source Chestnut, 1982, Fig. 1, Chapter 7,
p. 158)

Figure 4.4 shows that the physical and cultural needs of Block (A) form the
driving function to the decision-making process of Block (B), which establishes an
appropriate and feasible goal based upon (a) (b) (c) (d), and allocate financial and
capital resources to existing social conditions, economic applications and techno-
logical change [Block (C) (D) (E)]. The outputs of technological change, Block
(F) flows through to Block (D) and (E) providing new products for economic
applications, and new capabilities for new knowledge. Chestnut also saw the issues
that flow from technology change will cause new problems or new situations for the
social conditions, for example, the change from an agricultural society to industrial
society, there were many lessons and experiences to be learned from the history of
development of many developed countries as well as developing countries.
Currently, a part of countries especially the developed countries are in transition
from the industrial society to an information or knowledge society, challenges to
social conditions should be well analyzed.

It is also pointed out correctly by Chestnut (1982) “there is just an insatiable
desire on part of people to have more and different things than heretofore, thus there
is this drive to provide technological change.”

(4) Bases for Judging the Performance of a Nation

During the period that Chestnut prepared his paper, the EPRI Journal presented
quality of life indicators as a basis for judging the performance of a nation. There
were five major categories with proper weighting, the five major categories and
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Table 4.4 Share of Swedish Budget of different ministries and others 1990/91*

Serial Item Share of

No. budget Ex.%

1 Ministry of Justice 1.42

2 Ministry for Foreign Affairs 3.67

3 Ministry of Defense 8.68

4 Ministry of Health and Social Affairs 27.88

5 Ministry of Transport and Communications 3.94

6 Ministry of Finance 6.43

7 Ministry of Agriculture 13.64

8 Ministry of Education and Cultural Affairs 1.2

9 Ministry of Labor 6.68

10 Ministry of Housing and Physical Planning 5.14

11 Ministry of Industry 0.6

12 Ministry of Public Administration 3.84

13 Ministry of Environment and Energy 0.4

14 Sum of Royal household and residences, Parliament and its 0.15
Agencies, unforeseen expenditure

15 Interest on National Debt, etc. 2.4

16 Other expedited estimated 13.7

“Note Derived from the Swedish Budget 1990/1991

weighting were: social (2413), economic (20), health and education (22), environ-
mental (15), and national vitality and security (19). Chestnut emphasized that “this
idea of identifying a number of categories and weighting them and their
sub-categories with appropriate weights does represent a way in which nations can
be compared and in which optimizations can be used...” (Chestnut, 1982). Yet,
there are also many kinds of indicator systems established by the UN, various
international organizations, and the private sectors or World Forum, after the
publication of Chestnut’s Paper. Table 4.4 is prepared based upon Table 1 of the
paper with five major categories supplemented with 17 sustainable development
goals, set up in the 2030 Agenda for sustainable development adopted by the UN
General Assembly on Sept. 25th, 2015.

The authors of this book are in agreement with the weight given to social, health
care and education as well as environment. Experience of global development in
past two centuries has yielded many lessons to be learned. Generally, many
countries focus too much on economic goals and create numerous issues on social
development with detrimental results to the environment.

3Note: Number in these brackets are weighting of the categories concerned.
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Fig. 4.5 Hierarchical structure of a nation system

(5) Hierarchical Levels of National Large Scale System

Chestnut studied the function and structure through hierarchical analysis of general
system theory. He classified the national system into four hierarchical levels
(Fig. 4.5). Nation system is the first level with seven sectors; demography,
household, production, utilities, labor, government, finance is the second level, and
under utility, there are four subsystems which are the third level, i.e. energy,
transportation, communication and water, etc. He presented three diagrams to
illustrate the hierarchical level of a national system, and one diagram of flow
process of three large scale subsystem of fourth level, i.e. telephone communication
system under the communication system (third level subsystem) which is under the
scope and control of utility system (second level). A communication system can
also be classified into several types of subsystems depending upon the criteria, for
example, optical communication system, radio communication system, power line
communication system etc., the above three subsystems chosen are based upon the
media used in transmission. Similarly, the other two diagrams of flow process are
the electric utility generating system, which is also at fourth level, and it is a
subsystem of energy (third level); and jet air transportation system (fourth level)
which is a subsystem of transportation.

Therefore, application of hierarchical analysis of general systems theory will
facilitate the understanding of the structure of the system.

In the Chestnut’s original paper, he ranked the system’s structure from bottom to
top, he ranked the lowest one to be the first level, for example, he ranked gas, oil, coal
etc. to be the first level and the national system to be the fourth level. In our discussion,
the labeling level is top-down, the national system is ranked to be first level.

In Chestnut’s paper, he made hierarchical arrangement of various levels, he only
made relatively detailed analysis of the utility system and energy system for
illustrative purposes. His focus is biased to the relationship between sectors from
economic perspectives, which can be seen from Section 6 of his Paper.

In the application of social systems engineering to national planning, it is nec-
essary to focus on the structure and function of the national administration.
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Fig. 4.6 Hierarchical administrative structure of a national system (Note: The first and second
levels of Fig. 4.5 is drawn based upon A Summary Published by the Ministry of Finance (1990)
The Swedish Budget (1990/91) Stockholm: Norstedts Tryckeri The third and fourth level are drawn
arbitrarily based upon common administrative practice)

Figure 4.6 is prepared by authors of this book based upon the structure and function
of the Swedish Government, functions of selected ministries are described to have
some recognitions of function and structure of a government in the sense of
administration.

According to the Swedish Budget (1990) descriptions of selected Ministries are
quoted for illustrative purpose.

(i) Function of Ministry of Justice.

Principal responsibilities: Constitutional legislation, panel legislation and much of
the other legislation regulating the position of individuals, vis-a-vis the state and
other bodies, as well as laws regulating the affairs of private individuals, for
instance family law, commercial law and copyright law. Authorities in the field of
this Ministry includes the law courts, the prosecution administration and the cor-
rectional administration, as well as the Office of the Chancellor of Justice, the Data
Inspection Board, Crime Prevention Board, the Crime Injury Compensation Board,
the Accounting Standard Board and other bodies. (p. 24)

(ii) Function of Ministry of Health and Social Affairs.

Principal responsibilities: Matters concerning social insurance in the form of health
insurance (including dental insurance), basic pensions, national supplementary
pensions (ATP), semi-retirement pension insurance and occupational injury insur-
ance; also health and medical services, social welfare and treatment, alcohol and
narcotics policy.

Also matters concerning child allowances and other financial support for families (in-

cluding parental insurance), child welfare, child environments, care of the aged, service for
the disabled, support from the State Inheritance Fund and social research. (p. 47)
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(iii) Function of Ministry of Housing and Physical Planning.

Principal responsibilities: Housing provision, including the construction and
financing of housing as well as housing allowances, management of natural
resources, energy management in buildings, building administration, building
research, surveying, mapping and real estate data, rent policy, housing cooperatives
and the management of rental housing and issues. (p. 116)

The principal of the hierarchical level of a nation should be as simple as possible,
but it depends upon the size and population of a nation. The function and
responsibility of every line ministries or bureaus should be clearly identified,
announced and transparent, and should avoid duplication or overlapping of
responsibility as much as possible. The role of Ministry of Finance is important,
because fiscal policy and monetary policy are two major policies to affect the
national development. For developed countries, the fiscal expenditure is focused
mainly on the social side, the growth of national economy depends on guidance of
policy and create a sound and legal environment to create a normal environment for
the activities of the market force. Table 4.6 presents the share of budget expenditure
of Swedish government in 1990 for the activities of different ministries.

(6) Models of Large Scale System at the National Level

Model is a qualitative or quantitative representation of a physical objective, process
and behavior, it should express the deterministic features of the above three under
study. (Wang, 1980).

Chestnut discussed the development of national economic modeling, and there
were probably from 20 to 100 or more economic models developed in the United
States by the year 1982. Analysts and decision makers make forecasts and estimate
the economic environment within the nation, or a geographical region, or industrial
sector of nation.

Chestnut quoted a flow chart of the Wharton Annual and Industrial Forecasting
Model to be an example to explain major variables and policies. He also con-
structed Fig. 4.7 which shows economic relationship among national seven sectors.

4.3.1.4 Abstract of Part 2 of the Paper

Large scale system at the international level is dealt with in Section 7 of his paper,
which discusses both the issues of international trade and searching for
world-security domains; Section 8 deals with barriers to success to establish a
cooperation world system, and Section 9 is a conclusion, focused mainly on the
world cooperative system.

As a system engineer, Chestnut had a clear concept that a national system is a
subsystem of international system, and has a close relationship with other countries
on flow of goods, services and funds, and also it is necessary to identify the actions
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Fig. 4.7 Simplified description of relationships among national sectors (Note Chestnut, 1982,
Fig. 9, p. 172)

needed to improve world stability and security. Several of his observations will be
quoted respectively in (1) and (2) in the following, some supplementary remarks are
also given to adapt Chestnut’s discussion more to the contemporary world.

(1) Large Scale System at the International Level

Chestnut has a concept that in some particular specialized field, the world does act
as a single large scale international information system. He studied the national
system at international level from two aspects: the first is from the aspect of trade
which is shown in Fig. 4.8 (quoted from his paper) with transfer of goods, services,
funds and people, Chestnut also pointed, out that there are flows of information to
the national decision makers who in turn may influence the operation of national
sectors involved.

He also pointed out the possibility exists for instabilities among the nations
involved to occur. Not only there should be some stabilizing means to overcome the
tendencies for instability, but also there should be means for sharing information
among decision makers in different countries to improve the possibility of inter-
national stability. His suggestions remind us of the two large global financial crisis
post WWL

In fact, the situation of trade had been changed greatly by the process of
globalization. There is one chapter in Gidens’s Sociology (2001) in which he states:



158 4 Development of Social Systems Engineering

NATIONAL _ | SECTORS _ GOODS SERVICES FUNDS
DECISION OF
MAKERS » NATIONS >
A A
INFORMATION
INFORMATION
l_. NATIONAL »{ SECTORS -
DECISION OF
MAKERS i NATIONS - GOODS SERVICES FUNDS
B B

Fig. 4.8 Interaction of nations with transfer of goods, services, funds and people (Note Chestnut,
1982, Fig. 11, p. 175)

“Globalization is often portrayed solely as an economic phenomenon. Much is
made of the role of transnational corporations stretch across national borders,
influencing global production processes and the international distribution of labor.
Others point to the electronic integration of global financial markets and the
enormous volume of global capital flows.” (p. 52). Economically, production
overseas to serve local markets to lower production costs has long been a feature of
FDI (Foreign Direct Investment) by the United States, a similar pattern has also
taken place by Japanese TNCs (Transnational Corporation) Global production
networks were developed, and there were reorganization of production at interna-
tional level, In the 1990s, a new framework, called Global Commodity Chains
(GCC) and the concept of value-added chain has also been used to the global
organization of industries. Although these global production and trade networks are
generally beneficial to the global economy, except for the issue of distribution of
income, for example, China is responsible for final assembly of I-Phones, but China
receives around only 1.5% of the total amount of the cost of sales. The global
capital flow had caused two great financial crisis in recent years, the Asian financial
crisis in 1997 and global financial crisis in 2008. Stability of the global economy
due to financial flows is a real issue to be studied seriously.

The second aspect concerning Chestnut is from the perspective of searching for
world security. He has identified nine aspects to be searched, which is shown in
Table 4.5.

(2) Barriers to Success

Chestnut (1982) stated in his paper that “...in solving the larger scale system
problems, in the part, has been to identify what the obstacles or constraints are,
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Table 4.5 Search for world-security domain®

Serial Domain to be searched Chestnut’s awareness
No.
1 Search for common values and standards | Difficult to achieve now
of conduct
2 Evaluation of principal world-security
options
3 Organization for global and regional
security
4 Peace keeping force Realized, have been talked in early
days of UN
5 Inspection and verification Difficult to accomplish up to present
International dispute settlement
7 Controlling new weapons-usable
technologies
8 Building international economic
infrastructure
9 Phasing the world-security process Challenge is to develop a cooperative

Security System

4Source Chestnut (1982, p. 176)

what are the barriers to success, and gradually eliminate them.” This statement is
true for engineering systems, but may only be true partially for social systems
engineering especially for the international system, because there are many different
cultural systems in different countries, and too many stakeholders with different
interests. But Chestnut’s analysis of major barriers to success is still meaningful as
shown in Table 4.5, unfortunately, there is no knowledge as to how long it will take
to overcome these barriers.

4.3.2 Case Study 2 of China Towards the Year 2000

4.3.2.1 General

China started its opening and reform process in late 1970s. It had been targeted by
the 12th Congress of the Party to quadruple'® the gross value of industrial and
agricultural output by the year 2000 compared to the year 1980. There was also a
trend of future studies by that time. For example, there was the publication of The
Global 2000 Report to the President Entering the Twenty-First Century by the
United States, focused on the intensifying stresses of environment, resource and

“Note: China had adopted the MPS (material Production System) of former Soviet Model by that
time.
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population to the quality of human life on our planet. The purpose of China’s study
was to serve as the “the foundation of long term planning”. The Secretary General
of CCP Hu Yaobang had high awareness both domestically and internationally, and
requested Ma-Hong in 1981, the Vice President of Chinese Academy of Social
Science (CASS) and also Director General of newly established
Technical-Economic Research Center (TERC) of the State Council, to implement
the study of China towards the year 2000, to give a relatively clear vision of China
twenty years or even fifty years later.” This study was listed to be key project of
planning of social science in China’s Sixth Five Year Plan. The former TERC (it
was emerged into Development Research Center in later period) started this project
on May, 1983, and completed this project on May 1985.

4.3.2.2 'SAn Overall Introduction to the Study “China Towards
the Year 2000~

(1) Background of the Study

After ten years of turbulence during the Cultural Revolution, the Eleventh Central
Committee of the Communist Party of China (CCCPC) at its Third Plenary Session
had brought order out of chaos. The Party and the nation had successfully shifted
the focus of national strategies to four modernizations. A series of guidelines of
economic and social development had been formulated by the Party and the
Government and achieved tremendous success that has attracted the attention of the
whole world. On this basis, it is necessary for China to study its prospects to the end
of the century and after. Since the Autumn of 1982, the former Technical Economic
Research Centre (TERC will be used in later part) of the State Council'® had carried
out a systematic research project with the contents and organization of this theme.
This subject was accepted in 1982 as a key research project for the philosophy and
social sciences during the Sixth Five-Year-Plan period.

The research project was carried out with the objective of presenting a relatively
clear, concrete and vivid scenario of the development of China’s socialist eco-
nomic, cultural, scientific and technological, people’s living and spiritual civiliza-
tion through an overall and comprehensive study, through synthesis and analysis of
the subjective and objective conditions, domestic and international environmental
studies under the guidelines set up by the Twelfth National Congress of the
Communist Party of China. The research goal was to find out a relatively

">Note: Nearly the whole part of this case study from 2 to 4 are from the paper Wang and Li
(1986).

'Note: The Technical Economic Research Center is emerged into Research Center for Economic,
Technological and Social Development of the State Council in 1985. Later, the Center is further
called to be Development Research Center of the State Council. (Abbreviated to be DRC).
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satisfactory development pattern through comparative study of different feasible
ways in achieving the strategic objective of socialist construction and also to study
the basis and decision for the realization of these objectives as well as the necessary
policy system for its realization. An analytical study and evaluation of this policy
system had been carried out. In short, the project of the research “China Towards
the Year 2000” is to realize better the strategic goal set up by the Twelfth National
Congress of the Communist Party of China; to supply a systematic reference with
scientific basis for the decision making and policy making for the Party and the
State Council; to provide an overall scenario for the development planning of
sectors and regions. It is hoped that through this concrete scenario Chinese people
will be further encouraged to concert their efforts towards realizing the ambitious
guidelines of the Party. In other words, the study “China Towards the Year 2000 is
to find a way to achieve the socialist modernization process of the Chinese pattern.
This project was highly recommended by former governmental leadership, his message
to the annual plan submitted by the Research Centre in 1983: “‘China Towards the
Year 2000° was an important project, if this study was well researched it would be of a
great significance, it was necessary that efforts should be made to do a good job of it.”

Headed by Ma Hong, a number of leaders from the State Planning Commission,
State Economic Commission, State Science and Technology Commission, the
Chinese Academy of Social Science and the former TERC of the State Council
formed a major leading team. They established a research team including personnel
from the Research Centre and China Scientific and Technical Information Institute
responsible for the organizational and research work. The research received
cooperation from scholars and administrative officials from various scientific
research institutes, economic management departments, planning institutes and
institutes of higher learning. This research project was divided into three hierar-
chical levels. More than 400 research fellows were involved in the first and second
level study. 108 science and technology associations were involved in the third
level study. Through more than two years of hard work including collection of data,
field survey, qualitative and quantitative analysis, synthesis and analysis, research
results of the first level study were completed in May 1985.

The main results include one main report, thirteen sub reports and a collection of
projection data. The titles of these are: Main Report-China Towards the Year 2000,
Population and Employment of China Towards the Year 2000, Economy of China
Towards the Year 2000, Consumption of the People of China Towards the Year
2000, Natural Resources of China Towards the Year 2000, Energy of China
Towards the Year 2000, Education of China Towards the Year 2000, Science and
Technology of China Towards the Year 2000, Environment of China Towards the
Year 2000, Agriculture of China Towards the Year 2000, Transportation System of
China Towards the Year 2000, International Environment of China Towards the
Year 2000, Macro-Economic Model Projections of China Towards the Year 2000,
and Summary of Data of Projections of China Towards the Year 2000. Besides the
above mentioned main report and sub reports that were the direct responsibility of
each group leader, the second level reports of special topics were done by various
ministries i.e., social life, culture, athletic and sports, broadcasting and television,
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communication, foreign trade, construction materials, oceanic development strat-
egy, natural resources, railway transportation, highway transportation, ocean
transportation, domestic waterway transportation, urban passenger transportation,
civil aviation, pipeline transportation and health care system.

(2) Research Methodology

The object of the study “China Towards the Year 2000” covers a large and complex
socio-economic system. The research work must ensure that a proper coverage is
given to the selection of the contents. Methodologically, it is necessary to sum up
the experience of the past, to stand up in the present and to face the future. In
organizational aspects, it is a multi-level interdisciplinary task oriented transient
organization (ToTo). A system design for the research contents and organization
was prepared.

In undertaking the research, attention was also given to the proper trade off
between the long term goal and the current national status, with the latter as the
starting point; to the combination of conceptual framework with the concrete sce-
nario and started with the latter; to stress the theoretical research with the practical
study and to emphasize the latter. Emphasis was given to combine the qualitative
and quantitative analysis properly; the routine and the modern method in combi-
nation; an in depth survey in combination with the comprehensive research; special
research combined with coordinated study. In short, mutual complementary
research methods have been used throughout the study.

Problem Definition

T

Research Organization Methodology

T T

Fig. 4.9 System approach for research of complex problem



4.3 Nation as Large Scale Social Systems Engineering—Three Case Studies 163

Figure 2: Organization of the Research Report “"China Towards the Year 2000"
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Fig. 4.10 Organization of the research report “China towards the year 2000”

(1) A System Approach to the Subject of Study

A system approach of this subject includes a comprehensive study of related
aspects, i.e. the problems involved in the research object, the research methodology
and the research organizational system design. These three are interrelated aspects,
their relationships is shown in Fig. 4.9.

(i1) The Organization of the Research Contents

The research contents to be included have been carefully studied, the final topics
have been chosen through screening from a series of topics of socio-economic
activities including production, consumption and circulation done mainly by human
resource and this socio-economic system is studied within an international and
ecological environment. This conception of organization of the research contents is
shown in Fig. 4.10.

(iii) Inter-related Elements of Research

Figure 4.11 also shows the dynamic concept and the connection between related
elements. The research object includes a number of fields and socio-economic
activities. It is necessary to get a clear picture of the current status and problems of
all these fields and the possible state of their development towards the year 2000 in
a dynamic pattern. Meanwhile the major concern is the development pattern under
proper policy control for the coordinated development of economy, society, science
and technology to achieve the strategic goal set up by the Twelfth Congress.
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Fig. 4.12 An integrated system view of organization

Therefore, it is also necessary to study the design of overall strategy and policy
system at different levels. These relationships are shown in Fig. 4.11.

China Toward the Year 2000 study covers very broad areas. The problems of
these areas are mutually relative and interactive, such as how the change of the
internal political and economic environment will affect the development of China
and the policy to be adopted. Certain constraining factors are changing constantly
with the changing environment. For example, in the First Five-Year planning period
in China, there was a sufficient amount of land and water resources, and they did
not impose constraints on the site selection for industrial plants but today, land and
water have become serious constraints in the selection of plant site in certain
regions. Therefore, care needs to be taken on the overall and regional restraining
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factors and their change in the future development process. Development strategies
and policies need to be adopted to the changing situations.

(iv) An Integrated Systems View of Organization

Whether a project can be carried out effectively or not depends upon an effective
organization. Organization theory and management practice are evolving continu-
ally, our organization for this task is also based upon the system approach, i.e. to
view the transient organization in interaction with its environment and relationships
among subsystems. The conception of organization is shown in Fig. 4.11. This
point is important for the ‘“Management Coordination” function performed by
TERC and the Project Coordinator. In Fig. 4.12, the structural subsystem refers to
the choice of a proper institution or personnel for this study. The process subsystem
means a proper organization of the process for this project, such as preliminary
system design by the project coordinator, preliminary group exploration to define
the problem ... up to the final publication of the reports. The group behavior
subsystem is also a subject to be taken care of by the management coordination,
because scholars from research institutes, professors from universities and officials
from the ministries may have different views and behave differently in thinking in
this interdisciplinary study. Only when all of these aspects are taken care of, then
can the project be completed in time and in accordance with the goal system set up.

(3) Scenario of China Towards the Year 2000
Eight scenarios were developed in this study.
(1) Population will be 1.2 Billion or Slightly Larger

The “Population” problem is the starting point and the end point of studying the
development of society and economy. If the estimated annual rate of natural
increase 0.95% is realized as from 1983 to 2000, the projected population size will
be approximately 1.2 billion by the year 2000; if it is 1.34% the total size will be
1.28 billion. The data shows that from 1949 to 1982, with the only exception in
1959, 1960 and 1961, the average annual rate of natural increase was higher than
1.34%. China had two periods of baby boomers, i.e. from 1950 to 1957 and from
1962 to 1973, the annual rates of natural increase in those periods were all higher
than 2%. The children born during these years have entered or will enter their
reproductive age before or shortly after the year 2000. Therefore, despite the family
planning efforts through the national programs, which have been indeed very
successful for the last few years, to achieve the earlier targeted population size of
1.2 billion will be very difficult, if not impossible to be realized. The possibility is
that if the 1.25 billion projection is realized, China’s population will constitute
20.4% of total population of the world, which will be 6.12 billion approximately.

The other phenomena related to population include the infant mortality rate
dropping from 2.1% in 1981 to 2% in 2000; the life expectancy increasing from 68
in 1982 to 72 in 2000; the age group of 65 and above occupying 4.9% in 1982 to
6.9% in 2000; a population transition from young age type to adult type; urban
population rising from 20.8% in 1982 to 38.0% in 2000.
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(i1) “Relatively Comfortable Living Standard” of Different Levels

The living standards of the people by the year 2000 will be up to the standards
internationally termed as “satisfaction of basic needs” for the developing world or
higher. Nation-wide consumption will be higher than present middle-income
families in cities, i.e. 700 yuan (RMB) as annual consumption per capita averaged
for both urban and rural population, three times higher than 227 yuan in 1980.
Urban residents will have a consumption of annual 1200 yuan per capita, small
town residents of annual 600 yuan per capita. The difference between the urban and
rural sectors will be diminished by the end of the century, i.e. 2.7:1 in 1980 to
1.7-2:1 in 2000. Nevertheless, regional inequality will still exist in consumption,
the more developed areas around Beijing, Tianjin, Shanghai and Guangdong
(Canton), as compared with remote areas that are economically less developed.
However, it is necessary to tackle this problem of regional inequality in the process
of development. In that respect, there are different opinions among the Chinese
scholars on the strategy of development. If one sticks to the latitudinal gradient
theory, i.e. the coastal area of China is relatively developed, so the development
process will be a gradient process from East to West. Others are advocates of the
point-axis development process, i.e. with selected developed cities as points and
these cities are connected by certain transportation system such as natural navigable
waterway or railway etc. (axis), and then the development process should be a
diffusion process from the point and the axis. The project coordinator is biased to
the opinion that the development process should be a diffusion process. It is nec-
essary to build up certain developed areas to form a gradient relative to its sur-
roundings by utilization of the comparative advantage properly, then a proper
diffusion process can be taken into consideration. There must be a proper trade-off
between the development from the cost-benefit analysis on the basis of pure eco-
nomic consideration, and the consideration of social equity on the other.

(iii) The Fifth or Sixth Economic Power in the World

The gross value of industrial and agricultural output of China by the year 2000 will
be 2953.5 billion yuan, 4.1 times that of 720.7 billion yuan in 1980. This growth
rate if realized will have exceeded the expected rate for the target of “quadrupling
the GVIAO'"”. The average growth rate will be 7.3%. GNP by the year 2000 will
be in US dollars, 1184 billion, 4.4 times that in 1980, and the average growth rate
will be 7.7%. Taking 1.25 billion as the population size of that time, GNP per capita
will reach approximately US$950. According to this projection, China’s economic
status will rank the fifth or sixth place in the world. Although the GNP per capita by
that time is still very low, China viewed from an angle of total strength will be one
of the leading economic powers in the world. By the year 2000, China still will not
be able to stand among the first eighty countries as far as national income per capita

"Note: GVIAO is the abbreviation of gross value of industrial and agricultural output, which is
unit of measurement of economic growth of MPS system adopted by former Soviet Union.
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is concerned, China will still be lower-middle income country by the end of this
century.

(iv) The Gross Value of Industrial Output will be as high as the United States in
the early part of the 1980s

By the year 2000 China’s gross value of industrial output will be 2420 billion yuan,
4.7 times that in 1980 (519.4 billion). This volume is as high as the United States in
the early part of the 1980s.

With regard to industrial infrastructure, transport for instance, by the year 2000,
the total length of railway will be 70,000-75,000 km; the total length of road
transport system range from 1.3 million to 1.5 million kilometers; the airline
400,000-450,000 km.

Projection for the energy requirement will be 1.56—1.7 billion tons of coal, but
the availability envisaged will be only 1.3—1.48 billion tons.

(v) Agriculture will meet the needs of the people and country’s economic
development

By the year 2000, the gross value of agricultural output (including township
enterprises) will be 1010 billion yuan with an average annual growth rate of 7.2%.

By the end of this century, grain output envisaged will be 500-535 billion kg,
cotton 4.8-5.25 million tons; rapeseed 21.3-21.8 million tons; meat 27.8-30 mil-
lion tons. Both staple and cash crops will be sufficient to meet the needs of the
people and the economic development.

(vi) Remarkable Achievements in Science and Technology, but Still Lagging by
Ten to Twenty Years Behind Advanced Countries

China’s science and technology by the year 2000 will be comparable to the level of
the most developed countries in mid-latter part of the 1980s or in the beginning of
the 1990s; as far as the overall technological capability is considered, China will
compare herself to the world standard in the latter part of the 1970s or the early part
of the 1980s.

By the year 2000, China will have a group of outstanding scientists in basic
research, e.g. mathematics, astronomy, life sciences, earth sciences, probably
leading the world.

China’s technology will be less developed than basic sciences, but in petroleum,
petrochemicals, machinery and some other fields the gap between the advancement
level of China and the world will probably be very small. This is not only because
China has already built up her technical capability in these areas, but also the rate of
technical progress of these in advanced countries will be slower in the future. But
the possible widened gap may be seen in such areas as nuclear fusion, artificial
intelligence and oceanographic research. The impact of combining high technology
and traditional technology forming a technological complex will become increas-
ingly greater on the country’s economic development.
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(vii) Rapid Development of People’s Education of Three Orientation

By the end of the -century, the world-oriented, future-oriented and
modernization-oriented education will develop rapidly and bear the following
features: stress will be made on both formal education prior to job taking and on-job
training, thus forming a continuous system of life education; the philosophy of
education will be altered from knowledge-imparting to intelligence-developing.

By the end of the century, the rural population will get a primary school com-
pulsory education, the urban population will get a junior middle school compulsory
education, of which a segment living in big cities will get senior middle school
education. The proportion of those having higher education attainment in the year
2000 will be 2.0% compared to the present percentage of 0.6. Efforts to achieve
basic literacy will be further strengthened and the projected illiterate rate in the year
2000 will be 8% in comparison to 23.5% in 1982, the fact that more than 50% of
the age group of 45 years old and above are illiterate makes the whole endeavor
difficult.

By the year 2000 the projected demand of personnel with specialized education
will be 49 million, three times greater than the 14 million available in 1983, hence
from the fall of 1983 to 2000 China will need to train at least 14 million personnel.

(viii) Development Prospect

The whole national economy will become a vigorous one of the
opening-to-the-outside-world type and a socialist economic system with Chinese
characteristics will be basically formed. Traditional mentality will be greatly
changed and socialist spiritual civilization considerably strengthened.

It is expected that by the end of this century, China will become a powerful
socialist country with political stability, prosperous economy, strong national
feelings and with peace-loving and happy people. China will display to the whole
world a comparatively perfect, creative and vigorous socialist model with Chinese
characteristics.

(4) Basic national condition and major difficulties to achieve the goals
(1) Background for Formulation the General Strategy and Policy

The recognition of the present natural conditions and the development goal of
China is the foundation for the formulation of the general strategy and the full
analysis of the constraints possibly encountered in the development process pro-
vides the major basis for working out the policy system.

The basic national conditions of China are as follows: China has a vast territory
but a very unbalanced economic development. She has a large population and rich
human and natural resources but the cultural and technological quality of the people
are low which causes hardship to the society and economy; natural resources are
abundant as a whole but on per capita basis it is small, economic and cultural
constructions are considerably large in size but economic development is at a low
level; science and technology lags behind those of the developed countries; in
particular, infrastructures are insufficient; advanced socialist political and economic
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systems have been established but still need perfecting; the malady of economic
system and the closed-door status of economy formed in past years are retained to a
large extent; the ‘open door’ policy to the outside world has made it possible for
China to use the experience of other countries for reference and utilize foreign
capital, techniques and markets, but at the same time China shall stick to the
establishment and perfection of her socialism.

The outlook may reflect various possibilities, but not realities. Between “pos-
sibility” and “reality” there is a gap which requires the full analysis of goal, present
status, difficulties and various changes to be possibly encountered during the
development. Studies show that in realizing the magnificent goal of the year 2000,
China shall face difficulties as follows.

(i1) There are Six Major Difficulties

(a) There will be a net increase of more than two hundred million in population,
causing heavy burdens on employment and social overhead cost;

(b) Education, science and technology are far from being adaptable to the devel-
opment of the national economy;

(c) Transportation, energy, communication etc. will form the bottlenecks of
development. These infrastructures are far from being satisfactory when com-
pared to international standards but it is very costly to expand these infras-
tructures in greater scale.

(d) Some problems related to natural resources. China is short of surface resources
and per capita resources are small. For instance, the per capita cultivated land,
forests, grasslands and water resources are 36, 11, 46, and 25% of the average
of those of the world, respectively. Although reserves of some of the ground
minerals such as tungsten, bismuth, titanium, rare earth metals, pyrite, asbestos
ranked first in the world, some of them are rarely used in world market and
some cannot be fully processed by China at present. Furthermore, there are
problems in natural resources such as the unbalanced distribution of resources,
the low quality of resources etc., the abundance of low grade ore and scarcity of
high grade ore and the large quantity of associated and Paragenic ore deposits
and rareness of deposits with a single mineral or ore with a single composition.
The surface resource problem is further exemplified by distribution of water
resources and cultivated land. The area south of the Yangtze River domain
possesses 80% of the total water resources of China and only 36% of the total
cultivated land, whereas the area north of the domain has 18% of the total water
resources and 64% of the total cultivated land. In particular, the Huanghe River,
Huaihe River and Haihe River domains have only 7% of the total water
resources and 40% of the total cultivated land. This situation is also the case
with coal resources (Table 4.7).

(e) Ecological environment tends to be deteriorated. China is a forest poor country.
The percentage of world forest is 31.3% while China has only 12%. There is
also serious soil erosion, which is estimated around five billion metric tons per
year.
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(f) Insufficiency of capital is a major factor restricting the development of national
economy and the reform of economic system.

A correct strategy and policy should be worked out from a long-term and overall
point of view. The key point is to coordinate well the controlling factors between
the long term and various stages as well as between the whole and individual parts
so as to achieve the proposed goal. The macroscopic study of China in 2000 should
of course be made from a long-term and overall point of view but the development
strategy and policy of each stage and every local area must be coordinated with
those of the long term and the whole country.

(5) General Strategy of Development

On the basis of the above background, this study has formulated, through research,
the general strategy, which is described as follows:

(1) The Strategy Arising from the Relationship between Systems and Subsystems

(a) A strategy of coordinated development of the ecological environment, social,
economic and scientific and technological system should be adopted.
Compared with the growth of population, land and forests are limited and
atmospheric environment is of limited capacity. Thus, great attention must be
paid to this. This problem should be appropriately handled through compre-
hensive consideration from the long and short term conditions. China is a
country with a low percentage of forest covering and hence afforestation is a
very pressing problem. Vice Premier Wan Li has instructed that restrictions on
afforesting barren hills and mountains should be relaxed. He said: “Covering the
motherland with trees is a great cause that benefits our children and grand-
children. And it is one of the basic national policy”. As for atmospheric pol-
Iution, the annual average of grained substances from waste gases discharged
by factories in China is now 0.9 mg/m’ in northern cities and 0.4 mg/m’ in
southern cities and that of sulphur dioxide is more than 15 million tons.
However, the degree of urbanization of China is not high at present, and to
process the sulphur dioxide would be very costly. Considering both the urgency
of short-term economic growth and insufficient financial resource at present,
and the importance of protection of ecological and physical environment in the
long term, studies have been set up for the environment strategic goal of
“controlling the deterioration of environment and emphatically improving
environment quality and status” towards the year 2000.

(b) The social development strategy studies address three aspects. The first, is the
relation between the social and economic system. The Central Committee of the
Chinese Communist Party announced the Decision on Economic System
Reform, the Decision of the Reform of Science and Technology System and the
Decision on Educational System Reform in 1984 and 1985 respectively. In
these decisions, the interaction between the social system and economic and
science-technological developments had been considered to a certain extent.
The second is to correctly handle the contradiction between the short and
long-term social developments. For example, human resource development is
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of great importance to social and economic development. From a short-term
policy, the investment in the education system is contradictory to the financial
resource required in material and economic construction, but their relationship
must be well handled. The third is to deal with the long and short-term relation
of regional development, properly bring the comparative advantage of various
regions into full play and promote the achievement of common prosperity.
China has a vast territory and an uneven distribution of resources and exhibits a
very imbalanced development of economic and production structure, it is
necessary to a “gradient structure” in the level of development of the regions.
The comparative advantage of various regions should be realized fully,
dynamically promoting the dispersion of the gradient of economic potential and
at the same time encouraging the constant formation of a new gradient struc-
ture. However, it should also be noted that the horizontal gradient of economy
between the regions would not be increased uncontrollably, there are needs to
set different development goals and adopt corresponding different policies in
different regions or areas. These regions or areas should be developed from
their comparative advantage in factors of production, and it is the role of the
government to organize inter-regional professional coordination to realize the
optimum inter-regional combination of factors of production to achieve
the maximum social efficiency. At the same time, attention should be paid to
the construction of modern industrial patterns and the enhancement of scientific
and technological levels in less developed regions in order to transform them
into developed ones, to promote the common prosperity and gradually reduce
the degree of imbalance between them.

In the formulation of the strategy for economic development, the project has
studied through a system of mathematical models, simulated and calculated
different consumption patterns, industrial structural patterns and accumulation
rate and coupling with qualitative analysis and judgement, determined the
scheme that under the premise of achieving the “quadruple” goal, the national
economic strength will be considerably increased and the living standard of the
people fairly raised and more material benefit obtained. In addition, studies
have taken notice of restraint factors mentioned above such as infrastructures
(energy, transportation and communication) and proposed the policies to give
attention to the economic structure with energy saving kept in mind, and to
strengthening these infrastructures in the development of economy. Based on
the characteristics of China that the per capita quantity of resources is low and
the quality and distribution of resources are uneven, studies have also decided
to adopt the policy of economizing on resources and relying on science and
technology to strengthen comprehensive exploitation and multi-purpose uti-
lization of resources in the development of China’s economy.

China has now more than 0.40 million large, medium-sized and small enter-
prises and possesses a considerable production potential. For a period of time,
in the past, the growth of China’s economy mainly relied on the “extensive
type”, not the “intensive type”, i.e. on the increase of investment, equipment
and manpower, but little progress was made in the improvement of work
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quality, products, technology, organization and management. For a period of
time in the future, the policy for economic development will be focused on the
technological rehabilitation of existing enterprises, with the purpose of raising
the quality of products and the economic efficiency of production.

(e) In the strategy of scientific and technological development, studies have noticed
the international trend of rapidity in the development of science and technology
and, in the light of the concrete conditions of China, proposed a development
strategy of combining new technology and traditional industries. At the same
time, China has emphasized a policy of accelerating the transfer of science and
technology from foreign countries to China, military to civil utilization, coastal
areas to the interior of China, and laboratory to production fields.

(i1) The Strategy of Persistent, Stable and Coordinated Development

A correct development strategy and a policy system ensuring its success requires
the consideration of persistent, stable and coordinated development of science and
technology, economy and society. The experience in development strategy acquired
by developing countries since World War II has proved that to pursue a short-term
super high speed growth of economy, if violating the objective law of economic and
social development, would not generally lead to the effect of persistent and stable
growth. In the strategy of economic development, therefore, studies have deter-
mined, through prediction and comparison, to reject the scheme of heavy
industry-type structure and super high speed development and chosen the scheme
of persistent, stable and coordinated development of national economy. The main
point is to combine organically the growth of the economy and materially benefit
the people. Summing up the experience in the past and international development,
study has taken note of the role of consumption. The purpose of the socialist
production is to meet to the maximum, the increasing needs of the people in
material and cultural respects. This is the starting point, as well as the end result, of
the research in development strategy and policy. Study indicates that there are
different consumption patterns for suitably selected consumption levels. Production
elements and resource conditions existed may decide a corresponding consumption
structure. This structure should be taken as a Chinese long-term goal, to guide
economic development so that various production factors are utilized to the highest
possible degree in order to achieve a relatively high level of consumption, and
provide more material benefit for the people.

(6) Policy System

The realization of the strategic goal of economic and social development requires a
scientific and coordinated policy system that can promote the development of
socialist commodity economy. The policy is a tool used by the state to macro-
scopically instruct, control and adjust the development of economy, society and
science and technology, a lever to handle the relation between state, collective and
individual, and a pivot for controlling major respects strictly and relaxing restriction
on minor ones. It should possess a larger coverage, sufficient to control the social
and economic activities of the whole state. In particular, under the conditions of the
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socialist'® planned commodity economy, a policy system which is effective in
adjusting economic activities, and considering social factors is needed. The whole
society and national economy form a very large and complex system. Various links
in the economic field are interconnected and interdependent. In adjusting the
movement of their mechanism, both strategic and tactical policies, capable of
solving both macroscopic and microscopic problems, are needed. For different
economic activities, corresponding policies are required to control production,
circulation, consumption, and domestic and foreign trades. These policies should
form an organic whole.

(1) Three Aspects should be Considered in the Formulation of a Policy System

(a) The function of a policy is that it can affect the action of people under different
conditions.

Generally, it can lead people to take some actions, adjust the action to the required
pattern and check or forbid the undesirable action and its diffusion. A policy may
have all these three functions but a particular one may be emphasized in the
formulation of it.

(b) A policy should be selected based on the comparison of various policy
alternatives.

When selecting a certain scheme, evaluation of the degree of possible effectiveness
of this policy should be done.

(c) The consequences of the policy should be predicted.

A policy often induces secondary unexpected consequences. If the consequences
are highly uncertain, collective exploration techniques should be adopted during the
formulation of a policy, in order to expose various aspects of the uncertainty.
Seminars are a possible form of solution and pilot schemes are another acceptable
form.

The policy system suggested by the research is mainly as follows:

(iii) Structure of the Policy System

The structure of the policy system is diagrammatically shown in Fig. 4.13. The
letters in the bracket designate the corresponding policy in the next paragraph.

There are many background considerations for each policy, but explanations will
be only given to (n), (0), (u) below for illustrative purposes.

(a) The “quadrupling” strategy must be selected that makes both the nation and the
people rich.

(b) Practical effects should be strived for full effort in the implementation of
environment protection measures.

"¥Note: In the period of implementation of the study “China towards the year 2000, the political
economists advocated a system of “Socialist Planned Commodity Economy”.
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4.13 Structure of the policy system

The growth of population must be strictly controlled in order to realize a
comfortable living standard for the people.

A large variety of ways should be opened up for the employment of 250 million
people, which is the number of projected growth of the labor force towards the
year 2000.

Educational concepts should be updated and creative-type personnel should be
trained.

The comparative advantage of different regions should be brought into full play
and improve the economic gradient structure.

The adjustment or industrial structure should be based on a guided consumption
pattern of consumption.

Technological rehabilitation of existing enterprises should be placed with
priority.

'Y An enterprise should be established as a community closely bound up with
the destinies of the state, collectives and individuals.

"“Note: In the period (1983-1985) of studying the project “China Towards the year 2000, the
national environment has not matured to raise the policy on reform of State Owned Enterprise.
This policy recommendation has only been adopted since the year 2016.
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The agricultural structure should be adjusted on the order of the
trade-industry-agriculture framework.

The bottlenecks of the transportation and communication system, energy sys-
tem and the raw materials must be broken through.

The growth of consumption by the people and that of per capita national
income should be in synchronism.

The consumption structure of the people should conform to the national con-
ditions of China.

*The fundamental way to solve the housing problem in cities and towns is to
sell them as commodities. The housing problem is a social problem in general,
but we classify this policy statement as one component of consumption policy.
Because P.R.C., executed a very low rent housing policy, the rent paid for
housing by ordinary staff and workers may be only three or four percent of the
monthly wage. Housing was not considered as a type of commodity in the past,
it forms part of the social welfare. The Chinese people have a very peculiar
consumption pattern. The urban household has a high percentage of color TV
sets, refrigerators and other consumer durables, but they paid a very small
amount of their share on housing rent. The intention of this policy is to
diversify the consumption pattern on one hand, and to promote the develop-
ment of construction and the construction material industry on the other.

In price adjustment, a “small step-by-step” method should be used. The price
distortion problem in China has been serious in the past, and prices of nearly all
types of goods were official designated prices. There are significant distortions
in levels of relative prices between and within sectors. The prices of many
commodities reflect neither their value, nor the relation or supply to demand. It
had been pointed out in the “Decision on reform of economic structure” that
this irrational price system has to be reformed. There are different opinions on
how to carry out the price reform. The study foresees difficulties in imple-
menting a comprehensive price reform in a country like China. This process
will inevitably be a slow and difficult one. The solution recommended is to
implement the price reform in a small “step-by-step” process.

The issue of currency and the extension of credit must be strictly under
macroscopic control.

The system of criteria for judging the development of a national economy
should be perfected.

Accounting prices should be used to provide a basis for macroscopic decision
making.

The utilization of foreign funds should be appropriate in quantity and studied
well in advance.

2Note: This policy recommendation is correct in the period of study of the project. But in the later
period, especially the years post 2000, the housing rental market is not well established. The
housing market has become too much commodity oriented, its basic social nature is distorted due
to speculation.
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(t) The optimum structure of foreign trade should be established on the basis of
economic level; creation of a worldwide market channel should be examined.

(u) The reform should be carried out to enable state funds to be paid back after
being used; (In the past, nearly all enterprises were state-owned and
collectively-owned and a large percentage of investment was paid by the
government. The suggestion for such a policy is to improve that situation. Now
the state had changed the policy from direct allocation of funds for investment
to new construction projects through credit.)

(v) The construction of key projects should be ensured by economic means.

(w) Investments in “non-production construction” should not be reduced.

(x) A new type of “technological complex™ should be established.

(y) Resource-saving and energy-saving type technique should be placed with
certain priority.

4.3.2.3 Foreign Trade of China and International Comparison
of Similar Projects

(1) Development Trend of World Trade and Foreign Trade of China Towards the
End of this Century

It is predicted that the growth of the economy in the Western countries will be still
low in the second half of the 1980s. The growth of the world economy is expected
to pick up speed in the 1990s, but instability and imbalance will still exist. Due to
the low growth rate of the world economy, there will be unstable factors in the
international monetary system and the development of world trade may be not fully
optimistic. Currently, the trade protectionism is gaining momentum, prices of pri-
mary products in international market are dropping, the imbalance of world trade is
sharpening and the burdens of international debts are heavy. These are all unfa-
vorable factors to the development of world trade. The present low oil price, low
exchange rate of the U.S. dollar, although favorable to the expansion of world trade,
have caused different economic effects on various countries because of the differ-
ence in their position. Since there is a considerable uncertainty in the prospects of
world trade, the figures or the development of world trade given below are estimates
that can only be used for reference. According to our estimates, the average annual
growth of world trade will be about four percent in the second half of the 1980s and
about five percent in the 1990s, whereas the value of world trade will be nearly
2500 billion U.S. dollars in 1990. It is estimated that the world trade will be up to
4000 billion U.S. dollars by the year 2000. From the structure of different countries
and regions, at the end of this century the developed, developing and centrally
planned economy countries will account for 69, 25, and 10%, respectively of the
total of world trade. The trade of the Circum-Pacific region will be considerably
developed. With the experience of other countries coupled with the concrete con-
ditions of China, it is necessary to adopt a mixed strategy of export orientation and
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import substitution in foreign trade and assign different proportions to different
industries, and development stages in an attempt to obtain a suitable balance
between the opening of economy and the protection of China’s own industry. The
prediction obtained by linear regression shows that the total export value of China
will be US$100 billion (87 billion at minimum) in the year 2000, making up about
2.3% of the total export value of the world in the same year, and the total import
and export value will be about US$180 billion by the year 2000. In the export
commodity structure, the values of primary and finished products account for 49.9
and 50.1%, respectively in 1984, and 34.5 and 65.5%, respectively in the year 2000.
In the import commodity structure, the values of capital goods and subsistence
make up 81 and 19%, respectively in 1984 and 85 and 15%, respectively in the year
2000.

China’s present import and export markets are relatively concentrated. China’s
imports from and exports to the markets of developed countries account for more
than 60% of the total of its imports and exports, but China’s trade with developing
countries makes up less than 30% of the total, and that with the Soviet Union and
Eastern European countries about 6%. The trade balances of China’s imports and
exports also are characterized by a regional disequilibrium. An unfavorable balance
occurs in the trade with developed countries such as United States, Canada and
Japan, whereas a trade surplus is achieved in the trade with Hong Kong, Aomen
(Macao) and Southeast Asia. With the development of world trade and the shift of
comparative advantage, in addition to the continued consolidation and expansion of
presently available markets, a diversified market strategy should be adopted in the
future in order to reduce the influence on the overall situation by events suddenly
occurring in a certain key market to relieve the pressure caused by trade protec-
tionism in some import countries. Besides maintaining the key market in North
America, Japan and Western Europe and the export markets in Hong Kong and
Aomen (Macao), the trade with developing countries will be expanded and that
with the Soviet Union, Eastern Europe and the Circum-Pacific region will be
remarkably increased.

(2) International Comparison of Similar Projects and Prospects of the Asian-
Pacific Region

(i) After World War II, a new economic upsurge appeared around the globe. As
people were intoxicated with optimism, the club of Rome issued a warning in
1972: if the world population, industry, pollution and food production con-
tinue to grow and the natural resources to decrease at the current rate, there
will be physical limits to growth resulting from the limited availability of the
world’s natural resources; or the absorptive capacity of the ecosystem, stag-
nation occurs leading to sudden decline in population and industrial produc-
tion with the probable consequence of loss of control and recession. This
warning drew the attention of all countries. People thought it was necessary to
begin research into the future in order to provide guidelines for the present.
The World Futures Studies Federation was founded by scholars in 1973. Many
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projects of study or future had been initiated at government level with different
emphasis of concern. For example, “Interfutures”, a project initiated by the
Government of Japan in May 1975 and organized within the frame work of
OECD, was aimed “to providle OECD Member Governments with an
assessment of alternative patterns of a longer-term world economic develop-
ment in order to classify their implications for the strategic policy choices
open to them in the management of their own economies, in relationship
among them, and in their relationships with developing countries,” and in The
Global 2000 Report to the President it was proposed by former United States
President Jimmy Carter to study the “probable changes in the world’s popu-
lation, natural resources and environment through the end of the century” to
serve as the foundation of long term planning. “Japan in the year 2000” was
to study the Japanese economy facing the challenges of the twenty-first cen-
tury, the progress of internationalization, design for a Japanese type aging
society and invigoration of a matured economic society. These types of studies
change with the changing world and domestic environment. The concept of
the “Pacific Shift”, i.e. the transfer of economic wealth, cultural myth and idea
innovation from the Atlantic Center to the Pacific Center, is one of these. The
new post- industrial society and social impact of advanced computer tech-
nology are other subjects concerned by many nations and regions.

Since the industrialization process of” China is still ongoing, and the research
objective has been mentioned in the background previously, economic
development perspective is the practical objective of this study, although, the
mutual effects between social, economic, and S&T systems should not be
ignored. The World Bank carried out “a study of some of the key development
issues that China faces in the next twenty years”, the project of the World
Bank initiated in 1983, was completed in May of 1985. The time period of the
World Bank project coincidentally matched the Chinese study. The World
Bank Study “China-Long-Term Development issues and Options” and
Chinese study, shall be compared briefly below.

The World Bank Report studied mainly the economic system. The content of
the report is: one main report with eleven chapters and supplemented by six
volumes. China Issues and Prospects in Education, Agriculture to the year
2000, the Energy Sector, Economic Model and Projections, Economic
Structure and International Perspective, the Transport Sector. 1t is also sup-
ported by many background papers such as “The Asian Experience in Rural
Non-agricultural Development and its Relevance for China”, “Productivity
Growth and Technological Change in Chinese Industry”, “International
Experience in Urbanization and its Relevance for China, “International
Experience in Budgetary Trends during Economic Development and their
Relevance to China” etc.

The content of Chinese study has been mentioned previously. Chinese study
carried down to the third hierarchical level into very detailed sectoral studies with
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Table 4.6 Barriers to success®

Serial Sources of barriers

No.

1 National security distrust of other countries

2 Economic instability caused by disarmament due to shift of labor force from

defense industry

3 Competition for needs of energy and material resources

4 Inadequate national leadership support for peace effort

5 Congress-executive leadership rivalry

6 Ideological differences between nations

7 Lack of financial support for R&D for world security and world stability

“Note Chestnut (1982, p. 179)

Table 4.7 International comparison of certain infrastructure

Country Year Transportation Final energy consumption Rate of

popularization
telephone set
Density per Commercial | Total incl.
thousand inhabitants | (kgce/capita) | biomass
(kgce/capita)

Rail |Road | Total

China (1981) [0.05 | 0.91 [0.96 105 329 (1980) | 0.43

(Taiwan not

included)

India (1979) [0.09 | 2.43 |2.52 25 175 0.43

Japan (1980) (0.21 | 9.52 [9.73 | 1169 1169 46.00

uU.s. (1979) |1.60 |28.02 |29.62 | 4007 4007 78.90

seventy volumes responsible by the CAST (Chinese Association of Science and
Technology) such as: Electronics, Petroleum Industry, Iron and Steel, Light Industry,
Standardization, Meteorology, Psychology, Geology, Library Industrial Design, etc.
From the comparison mentioned above, it can be seen that the Chinese project
covers a broader area while the World Bank project is concerned mainly with
economic perspective. The Chinese team has the comparative advantage to carry
out an in-depth study of domestic sectors while the World Bank team has the
comparative advantage in making international cross country comparative study.

(iv) Both have used qualitative and quantitative analysis. Chinese projection by the
year 2000 has been mentioned previously in this case study, and in greater
detail in following section of this case study “General Quantitative Analysis of
China’s Economy Towards the Year 2000.” While the projection of several
aggregate indicators of the World Bank is shown in Table 4.6 (Table 4.7).
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Table 4.8 Average annual growth of national income alternative projections, 1981-2000
(percent, at 1982 prices)*

Measure ‘ Quadruple Moderate Balance
National income

GDP 6.6 54 6.6
NMP 6.3 5.1 6.2
National income per capita

GDP 5.5 43 5.5
NMP 52 4.1 5.1
Gross value of industrial and agricultural output 7.2 6.0 6.4

4Source The World Bank (1985), China, p. 36

Note A Western measure of national income, GDP (gross domestic product) is the net output of all
sectors, including all services, plus depreciation. The Chinese measure, NMP (net material
product) is the materially productive sectors.

Table 4.9 Prospects growth rate of GDP for Asian-Pacific region towards the year 2000

1982 | 1985 | 198-1985 1990 | 1980-1990 2000 | 1990-2000
growth rate growth rate growth rate
(%) (%) (%)
U.S.A. 3010 | 3460 | 4.8 4011 |3 5391 |3
Canada 290 | 323 | 3.7 373 |3 503 |3
Japan 1062 | 1210 | 4.5 1473 |4 2180 |4
Australia 164 | 183 | 3.6 212 |3 285 |3
New Zealand 24 25 | 1.7 29 |3 39 |3
Republic of 68 87 | 82 122 |7 239 |7
Korea
Taiwan 49 63 | 9.1 88 |7 174 |7
Hong Kong 24 30 | 6.8 42 |17 82 |7
Singapore 15 18 | 8.0 26 |7 51 |7
Malaysia 26 31 | 6.6 44 |7 104 |9
Thailand 37 43 | 57 61 |7 145 |9
Indonesia 9 | 103 | 4.7 145 |7 343 |9
Philippines 40 29 | 1.0 47 |4 112 |9
China 260 | 351 (104 492 |7 967 |7

(v) By comparison between the World Bank study and Chinese research, many
conclusions are similar, for example, in the projection of composition of final
demand, the shares of household consumption for food is 49% in the
“Balance” scenario, this is exactly the same as Chinese prediction for the
urban citizen in the year 2000. There are certain different opinions on human
development. But generally speaking, the point of view is very similar in these
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two research results. The projection of growth of Chinese economy done by
the World Bank is shown in Table 4.8.

(3) The Pacific Shift

In recent years, there has been chaos on “the pacific shift”, i.e. the region of the
Pacific Rim now has the possibility of running the world economy. The economic
expansion of this region is very rapid and while we are not going to discuss this
problem, a table of the projection of related countries and regions is quoted in
Table 4.9.

4.3.2.4 *'Overall Quantitative Analysis of China’s Economy Towards
2000

(1) Introduction

In a large and complex research project such as “China Towards the Year 20007,
it is inadequate to merely analyze the law of development of the main factors and
the relationship among them by using only traditional methods. The system analysis
and quantitative method should be integrated to enable an in-depth study to be
made and scientific conclusions to be reached.

The macroeconomic study of China by the year 2000 is research of a long-term,
strategic and comprehensive nature. The objects to be studied are the strategy of
coordinated development and policy analysis in aspects of Chinese economy,
technology and society. The national economy is a large and complex system which
should be studied by combining qualitative analysis with quantitative analysis, as
well as combining traditional methods with modern approaches, including estab-
lishing mathematical models and systems engineering.

The qualitative analysis is the prerequisite and basis of quantitative analysis. The
former may help grasp the crux and essence, whereas the latter provides the
deepening and the basis for conclusions of the former. Hence, both should be
combined to supplement each other. As compared with the qualitative analysis, the
quantitative analysis is a weaker link in the economic research in China. In the
macroeconomic study of “China Towards the Year 20007, efforts are made to
strengthen the research of quantitative analysis. Not only mathematical models are
used in most of the sub-reports, but also establish a set of model systems for the
overall quantitative analysis, The part of the research work is the basis of quanti-
tative analysis for the main report and the means of the quantitative coordination
among sub-reports as well.

(2) Overall Quantitative Model System of Macro economy

The system consists of seven models and their titles and designers are as follows:

2INote: This part comes from Li, Xia, Li, and Pan (1986).
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(i) The development strategy and policy analysis model by the
Technical-Economic Research Centre under the State Council of China;
(i) The macroeconomic model by Fudan University;
(iii) The coordinated development of’ population and economy model by
Jiaotong University in Xi’an;
(iv) The model of quantitative analysis of economic structure by Tsinghua
University;
(v) The model of expanded reproduction of two main categories by Nankai
University;
(vi) The long-term development trend models by Jiaotong University in Shanghai
and Shanghai Mechanical College; (System Dynamics Model)
(vii) The medium and long-term planning macroeconomic model by the Forecast
Centre of the State Planning Commission.

By use of the model system made up of the above-mentioned seven models, the
development trends of Chinese economy, technology and society are studied from
various angles and with different approaches, the future pictures are depicted and
the development strategies and policy problems concerning the long-range goals are
described. Viewing from the nature and use of the models, there are the compre-
hensive balance model, the overall quantity analysis model, the structural analysis
model, the goal system model, the scientific and technological advancement anal-
ysis model, the model of” coordinated development for population and economy,
etc. The analysis periods of most models are from 1980 to 2000, whereas those of
system dynamics models are from 1980 to 2080. The set of models includes both
the theoretical mathematical model which describes socio-economic operations and
the development mechanism in China with emphasis on the expounding of the
interrelation among the variables and the practical qualitative calculation model in
which analyses are carried out laying stress on the support of practical data and
practical planning and prediction. The theoretical mathematical model or the
principle model lays particular emphasis on the comprehension of the economic
system and operation mechanism, while the practical quantitative calculation model
pays particular attention to the development forecasting and policy testing as well
as the acquisition of conclusion data. Thus, it can be seen that the former is the basis
of the latter, which in turn is the judging factor of the former. There are also
individual models which study the development trend of Chinese economy by use
of the international comparison method and the structural analysis method and
those which analyze the development prospect of China in the next 100 years. In
the set of model systems, the coordinated development of economy, science and
technology and society is taken into consideration, with the economic analysis as
the main task. The problems studied by the models are partly overlapped so as to
facilitate the horizontal checking. With the set of models, calculations have carried
out and policy analysis of many development plans is done and strategic alterna-
tives which lie ahead in the long-term development process are identified. The
contents predicted include: the consumption level and structure of China by the year
2000, industrial structure, investment scale and structure, the import and export
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structure and rate of economic growth. The corresponding policies and measures
are put forward based on the various figures predicted. With these models, the
positive effects of technological progress to the economic growth in China and the
constraint forces of population, resources, energy and transport and communication
to Chinese economic development as well as foreign capital utilization scale and
benefit plans are analyzed and discussed. In addition, problems concerning the
reform of price, finance and banking are also studied. The model system as a whole
has very rich and wide research content and strongly supports the research of the
main report “China Towards the Year 20007, thus helping form the overall quan-
titative analysis report.

Only one of the models will be described as follows for illustrative purpose.

Model 1: The Development Strategy and Policy Analysis Model.

The model consists of three parts; the long-term planning and development law
model, the annual or short-term optimal comprehensive balanced development
model and the short-term model of the integration of plans and markets.

The long-term planning and development law model takes dynamic input-output
equation as the kernel, expanding the distribution equation of the national income.
It includes both the goal system model and the optimal structural development path
model and the equation of productive capital construction investment, the equation
representing the economic goals and the equation indicating the steadily balanced
growth after the year 2000. The goal system model takes certain kind of long-term
consumption structure plan as the goal for assessment under the presupposition that
the gross annual value of industrial and agricultural production is to be quadrupled
and works out the goal system suited to the consumption structure while meeting
the requirements of the steadily balanced development after the year 2000. The goal
system consists of the total social products, the national income, the sector output,
the accumulation rate, the investment structure, the balanced development rate and
other economic indicators, The optimal structural development path model consists
or dynamic input and output model, the equation of consumption pattern, the
equation of annual capital construction investment, the equation of national income
and consumption level, the model of continual economic development after the
targeted year and the equation of rough locus for controlling development. The
optimal structural development path is solved by the annual dynamic simultaneous
equations. With the long-term planning model, various long-range consumption
structures, accumulation rate plans and different development strategies of eco-
nomic structures are assessed and their natures are compared from the angle of the
possibility for realization. The calculation results thus obtained of optimal annual
distribution of accumulation rate and optimal investment structure time series can
be input into the annual or short-term optimal overall balance development model
to play the guiding role for the operation.

The annual or short-term optimal overall balance development model is one kind
of model system of recursive programming and may be divided into three
sub-models. Sub-model I is about the dividable decision and annual optimal con-
dition. It divides, guiding by the long-term plan and taking into consideration
various expected behaviors, as far as possible the plan decision or social decision
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Yearly recursion of the balance growth model for 1981-2000
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Fig. 4.14 Yearly recursion of the balance growth model for 1981-2000 (development strategy
and policy analog)

into smaller problems, separating part of the decision problems from the annual
overall balance for the reason that certain relevant data are hard to obtain. The
dividable decision will include the selection of the share contributed by the
industrial investment and environmental protection investment, the proportional
relationship of sectoral investment which is used for expanding the reproduction of
extensive or intensive type, the shares used in large, medium and small-sized
enterprises, the proportion of investment in the simple reproduction in mining
sector to the geological prospecting and the financial policies related to the overall
economic scale and the overall investment scale. By summing up these factors, all
data needed for the optimal balance problem can be obtained. Sub-model II is an
annual optimal balance model of larger scale. It includes a total comprehensive
balance relationship which may be used for determining the annual output value of
sectors, the total amount and the structure of import and export, the utilization rate
of foreign capital, the employment rate, the actual accumulation rate and the situ-
ation of financing and credit. Sub-model III describes the going beyond the year
evolution of socio-economic phenomena and based on the data of the first two parts
and using the system dynamics model and econometrics model, indicates the for-
mation and abandonment of fixed assets, the change of natural resources, the change
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of population and cultural level, the index of pollution and the sum of repaying
capital with interest of foreign capital.

The short-term model of interaction of plan and market is designed to describe
the law and interaction of mandatory planning, guidance planning and market
regulation. The state will increase the use of such economic levers as taxes, interest
rates, exchange rates, credit, tariff and subsidies to guide the supply-demand
behavior of the market. There exists between planning and market an
inter-conditional and interdependent relationship. The model is designed to,
through analogue study, assess economic levers and make the trend forecast so as to
provide the basis for analysis and reference for the reform of the economic struc-
ture, see Fig. 4.14.

4.3.2.5 Features of This Case Study

This study has four unique features:
(1) It is a Massive Project of Organizational Study

At the top level it involves senior officials and scholars. A leading team with
Mr. Ma Hong to be the head, who is a famous Chinese economist, as well as the
former deputy secretary general of the State Council, vice president of Chinese
Academy of Social Science and the head of TERC of the State Council. By that
time there are also eight members in this team, for example, Zhangshou, the vice
president of the State Planning Commission and Zhu Rongji, the vice president of
the State Economic Commission at that time, and also other six members.

A working group is also established, led by its chief Madam Li Boxi from the
Technical Economic Research Center (TERC) and two deputy chiefs, Li Jinchang
from TERC and Bao Jinzhang from China’s S&T Information Research Institute
(CSTIRI). There are fifteen members in this working group, six of them come from

Table 4.10 International comparison of popularization rate of telephone set (the number in this
table is end of 1980)

Name of country Total no. of telephone set Unit Popularization rate (%)
America 19,160 10% set | 83.7

Japan 5801 10* set | 495

Britain 2778 10 set | 49.7

West Germany 2855 10* set 46.3

France 2487 10 set | 45.8

Former Soviet Union 2371 10* set 8.8

China 419 10* set 0.43

‘World total 50,829 10* set 11.5
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TERC and nine of them come from CSTIRI. The junior author of this book Madam
Li Shantong was one of the members. There are also two persons responsible for
edition and publication.

There are also thirteen groups of people responsible separately for thirteen
reports listed in Fig. 4.10. All groups are composed by members from production,
academic field, research institutes and governmental officials. For example, the
study of energy sector, is led by Lin Hanxiong, who is the head of the Bureau of
Material of Construction and the Chairman of Energy Association, this group has
forty-five members, five of them are responsible for writing the report of study, they
come respectively from the Research Academy of Science of Electric Power, S&T
Information Research Institute of Ministry of Coal Industry, Industrial technolog-
ical Bureau of State S&T Commission, China’s S&T Information Research Institute
and S&T Information Research Institute of Ministry of Nuclear Industry.

(2) Well Organized Process
The process was well organized in the preparation stage and intermediate stage.
(i) Preparation Stage

In the preparation stage, Chinese State S&T Information Research Institute collects
all relevant information for long term planning studies. Officials or professionals
wrote background papers for this project. For example, the former vice minister
Zhu BoLu of Ministry of Post and Communication had presented his background
paper Chinese Communication System Towards the Year 2000, which described
current status of Chinese communication system, gave international comparison of
development of Chinese Communication System with other countries (which is
shown in Table 4.10), forecasting the target of communication and investment
required, etc.

Large scale conference and preliminary guidance at the top level was done in the
preparation stage. TERC of the State Council and China Association for Science
and Technology (with 108 member associations) jointly organized a large scale
conference on the project “China Towards the year 2000” to mobilize the partici-
pants (professionals of natural science, social science and engineering). Mr. Ma
Hong gave a speech including two aspects:

(a) Purpose of this study;

(b) Content of this study. He set forth twelve points to be studied, in fact, he gave
his views to guide this study. For example, he emphasized an integrated study
of China’s trend of development of society, economy, culture, science and
technology etc., and general rules under them; various schemes of projection
and forecasting of different countries; case study of pattern of development of
various countries, experiences of success and lessons of failure of them; to
establish the goal system of economic and social development of China and
other points.
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China Towards the Year 2000
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Fig. 4.15 Preliminary design of the research (first version)

(ii) Intermediate Stage

Preliminary design of this study had been done and revised several times.
Figure 4.14 was the first version of structure of research content (prepared in early
1983) which differs greatly from the final version shown in Fig. 4.15.

Outline of the main report (2 schemes) was prepared by three responsible people,
Zhang Pan, Lin Zixin, Wang Huijiong and the outline of several sub-reports was
also prepared on January, 1984 by responsible people of each of the sub-reports.

Important research results were sent to the decision makers (for example, the
secretary general, the prime minister etc.) in the process of study, so that essential
information is accessible to the decision makers in time.

(3) Huge Impact Domestically

The studies wide and significant impact is due to strong organization at the team
leading level (especially Mr. Ma Hong, who contributed great effort) and the working
level (around four hundred people who participated in the first level research, and the
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contribution of thousands of people from the China Association of Science and
Technology to the third level research with seventy reports. The influence of this study
was huge domestically. It provided a demonstrative effect to all provinces and autono-
mous regions of China. For example, Lioning province, Jiangsu province etc. had pre-
pared their provincial studies towards the year 2000, this trend of study even down to
municipal level. It also impacted China’s planning system, for example, the Seventh Five
Year Plan of China. In the Sixth Conference of Sino-US Joint Economic Commission, it
was also part of the speech given in the macro-economic management of that conference.
China’s State Economic Commission and the Ministry of Foreign Affairs hosted a
Beijing Conference on the Asian and Pacific Economy Toward, the year 2000 jointly
sponsored by the Asian and Pacific Development Center, the Chinese Academy of Social
Sciences and the former TERC, and there were seven papers which are part of study of
China Toward the year 2000 presented to that conference, the former Premier Zhao
Ziyang had received all participants and had a photograph together with all participants.

H. J. Wang had been invited to give a keynote speech of “China towards the year
2000” in the opening session of a large scale international conference “Euro
prospective” jointly organized by the Centre National de la Recherche Scientifigue/
CNRS, the Center for Long-term Forecasting and Evaluation/CPE, the French
Planning Commission/CGP, the commission of the European Communities on
23rd, April 1987 in Paris. This speech was translated into French and published on
the Journal “futuribles” April, 1988.

(4) Attention from Abroad

Wang also participated in the 15th International Conference of the Korean Institute
of International Studies, and gave the speech China Towards the year 2000 and its
impact on the Development of Asian Pacific hosted by University of Hong Kong on
Aug. 1987.

He was also invited by Dr. Gerald U. Barney the study director of the Global
2000 Report to the President, to speak on behalf of Mr. Ma Hong on July 18th in
the World Future Society’s Sixth General Assembly and Exposition from July
16-20, 1989 in Washington D.C. This was a conference of significant scale with
over 3000 participants and more than 200 sessions. 21st Century Studies at Future
View is a special program of the 1989 General Assembly. There were around 46
“21st century studies” presented at that conference. They covered a broad range of
future studies, and only a part of them dealt with whole country, for example, there
were presentations on “Britain in 2010 and ‘Reflections on the Project “Portugal
2000’. The presentation by Dr. Wang on behalf of Mr. Ma Hong was “The
Research Program on China’s Future in the year 2000 and Beyond”.

4.3.2.6 Conclusions from Theoretical Side
This massive organizational study of national long term planning is a tedious

process that requires a disciplined inquiry. This process can be expressed in
Fig. 4.16 as follows.
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The effective performance of rule based large scale organized inquiry depends
upon several factors. If its purpose is national planning for the top decision makers,
then a strong leadership team with significant influence is crucial, the successful
results of the project “China towards the year 2000” illustrate this point. This can
also be shown when compared with the next case study, “Integrated Economic
Development Policies and Planning”. One more point, is that documentary process
and record keeping are also important, and this aspect is weak in many developing
counties. Mankind has created a vast amount of knowledge and practice in history,
but only part is kept and recorded. Yet, the progress of mankind depends upon both
inheritance and innovation.

4.3.3 Case Study 3 Integrated Economic Development
Policies and Planning

4.3.3.1 General

(1) Initiation of the Project

The launch of the concept for this project was in early 1988, the former Vice
President Wu Mingyu of the Development Research Center of the State Council
submitted a research proposal titled “ A system of policy recommendations to the
Chinese government to accelerate the process of industrialization of China” to
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UNDP. The purpose of this proposal had two aspects: One is, there is an urgent
need to explore emerging issues in the transitional period of China from a central
planned economy to new economic system, to study new development strategy,
targets of economic reform and related policies of opening and reform adopted
since the third Plenary Session of the 13th Party’s Congress; the other is that there
are many policy research institutions established in China since 1980, there is a
necessity for those institutions to exchange information with research organizations
abroad and to establish a worldwide information network to promote research
capability and upgrade the research level. This initial concept was supported by the
former UNDP representative Mr. Kulessa. A preliminary research proposal was
drafted by DRC. It had been discussed several times with the officials and staff of
UNDP Beijing Residence Mission and Head Office of New York. The final title of
the project “Integrated Economic Development Policies and Planning” was sug-
gested by Mr. Sagakuchi from New York UNDP Head Office.

A large amount of preliminary work such as project design and organizational
aspects were done before 1989. DRC appointed Mr. Wu Mingyu to be the director
of the project. A project office was established based upon Wu’s suggestion.
Huijiong Wang was appointed to be director of the project office and also
responsible one of three task forces. The other two task forces were led by Madam
Li **Boxi and Mr. Wu Jinglian. The final English research proposal was evaluated
and completed through collaborative effort by Professor Nathan Rosenberg of
Stanford University. Dr. Oldham, the former director of Science Policy Research
Unit (SPRC) and staff of DRC. The UNDP Representatives of Beijing Residence
Mission involved in this project proposal were Mr. Kulessa, Mr. D. Morey, and
Mr. H. Behrstork.

(2) Sign of Project Document and Organization of Steering Committee

The project document number CPR/88/029/B/01/99 was signed officially on Sept.
11, 1989 by three parties. Wang Huijiong signed on behalf of implementing agency
(Mr. Wu Mingyu could not perform his duty by that time due to certain unexpected
reasons); Long Yongtu the deputy director of CICETE on behalf of the executing
agency; and Mr. H. Behrstock on behalf of UNDP. This UNDP project is a large
scale policy oriented research project. The nominal inputs of UNDP are
US$2,963,000. Based upon the project document, which is divided into five
immediate objectives with 55 outputs and 212 activities, DRC regrouped these 55
outputs into 3 sub-projects.

Sub-project I deals with China’s industrialization and policies, but it is further
divided into 9 task forces to study 24 outputs of the singed document.

Sub-project II deals with issues of reform, it covers the study of major policy
recommendations to demand management and China’s evolution to a socialist
market. It covers 6 outputs of the signed document.

22Note: Li Boxi is the same person Li Poxi in “China Towards the Year 2000.”
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Sub-project III deals with regional development issues and prospects. It covers
25 outputs of the signed document.

A Steering Committee was established for this project to monitor the progress
and give necessary guidance to the director of project office. The Steering
Committee consisted of eleven members, seven Chinese members and four inter-
national members. There were three members from DRC, headed by Mr. Ma Hong,
the four other Chinese member were Gui Shiyong from the former State Planning
Commission, Mr. Gao Shangquan from the former State Commission for
Restructuring Economic System, Madam Zhu Lilan from the former State S&T
Commission, and Mr. Long Yongtu, from the China International Center for
Economic and Technical Exchanges, attached to the former Ministry of Foreign
Economic Relations and Trade. The four international members were Roy D.
Morey and Jan Mattson from Beijing Office UNDP, and also Professors Rosenburg
and Oldham.

4.3.3.2 Research Content and Reports

(1) Research level

This research not only covered the national planning at macro-level as Case 2. It
also studied in detail to the meso-level industrial policies, regional development etc.
and select topics relevant to market economy and society. This research content has
an important component for improvement of institutional building and improve-
ment of the capacity of Chinese “think tanks”. The earliest “think tank™ in Western
countries was the Institute for Defense and Security Studies founded in 1831 in
London. Such organizations in China were only recently formed, having been
established in the beginning of China’s reform, and opening in late 1970s. DRC had
a comprehensive national study of China from 1983-1985 from the project “China
Towards the Year 2000”, there is need to have an in-depth study at the level of
sectors and regions to improve its learning curve, because China is too large to be
understood only at a macroscopic level. Therefore, selected provinces in Eastern,
Central and Western region and one municipality were chosen to be studied.

(2) The Content of Research of Sub-project 1 includes Eleven Parts

Economic development and policy; Restructuring of Chinese industrial
structure-overall analysis, expected prospects and policy options; Comprehensive
study of key industrial clusters; Study of Chinese industrial organization; Study of
Chinese industrial technological policy: Issues and policy options; Study and design
Chinese macro-economic multi-sector dynamic model; Current status of income
distribution of China and policy options; The role of government in China’s eco-
nomic development and her macro-economic policy; Population, employment and
urbanization in the industrialization process of China; Analysis of current status of
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utilization of foreign investment of China and policy recommendations; Study of
optimization of structure of trade of China and projections.

(3) The Content of Research of Sub-project Il includes Five Parts

Toward the evolution and the role of socialist market; Chinese financial policy and
reform of financial system; Chinese fiscal policy and reform of fiscal system;
Chinese investment system and some issues relevant to investment policy; Pricing
and anti-inflation in the process of reform of China’s economic system.

(4) The Content of Research of Sub-project Il includes Eight Parts

Current status of regional development planning of China and explorations;
Exploration of classification of economic regions of China; Comparative study of
economic development policy and planning of Sichuan, Hubei, Shandong province
and Tianjin municipality; Study of industrial policy and planning of Shandong
province; Comprehensive study of economic development policy and planning of
Hubei province; Comprehensive study of economic development policy and
planning of Tianjin municipality; Quantitative analysis and study of economic
development of Chinese regions.

(5) Research Reports

There are a large number of reports, in addition to the interim reports, there are five
volumes of reports in Chinese, published by Social Science Literature Press in 1994
with different titles Economic Development Reform and Policies. In order to meet
the needs of appraisal by experts from abroad, five volumes of Integrated Economic
Development Policies and Planning in English are also printed in limited numbers.

In the above five volumes, Volume IA and IB were translated from the reports of
sub project I, Volume II was translated from the reports of sub-project II,
Volume III was translated from sub-project III. “Although DRC has accumulated
certain experiences through purposefully exercising learning by doing principle in
TOTOS (Task Oriented Transient Organization) for large policy oriented project by
organization of domestic experts since its establishment in 1981. But this CPR/88/
029 is the first large project including the organization of international experts. It
also involved the invitation of selected qualified international experts to provide
complementary study on the same subject and supplement new subjects which were
not included in the signed document”.?® These sub-contracted studies are published
in Volume IV of the English version of this study, which includes: Macro-
Economic Management in Development’ Planning; Chinese Economic
Development and Industrialization Policies; Comparative Advantage in Chinese
Trade to complement the study of sub-project 1. Strategy and Policy Issues for
China’s Economic Reform and Development From an International Perspective to
complement both sub-project I and II. Social Security-A comparative Analysis to
complement sub-project II, and Towards the New Strategies for regional

ZNote: Wang (1994) Preface to the English Version of Final Reports.
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Development to complement Sub-project III. All of these contract research papers
have provided significant concept and policy suggestions to China’s national and
regional economic development and reform, they also provide a basis for com-
parison between domestic study and expert views from an international perspective.

It was commented by Christin Wong, professor of University of California in her
last sentence of her appraisal (1994) “Indeed, it would be very surprising if in the
course of reading over 2000 pages of reports, I could not find some faults to note!”

4.3.3.3 Appraisal of the Project from Experts Abroad

A concluding conference was held in June 1994. Mr. Lu Baifu, the Vice President of
DRC and Jan Mattson, the Chief Representative, Beijing Office, UNDP attended. There
were several days of small meetings arranged in the conference. Four international
experts were invited to appraise the final reports. The international experts invited were
Lawrence Lau (professor of Stanford University), Shelley M. Mark (professor of
University of Hawaii), Christin Wong (professor of University of California) and K.
C. Yeh (Senior Researcher and professor of Hong Kong University of S&T and The
Rand Corporation). Three of the invited experts gave their report of appraisal. They
studied the final version of English reports in detail, and provided objective comments.
All of the experts confirmed the reports. Selected comments from them are quoted
which may be useful references for the study of social systems engineering.

(1) Comments on Subprojects I (Mainly by Professor Mark and Yeh)

The unique feature of the study is its integrated approach.... It treats explicitly development
and reform as two sets of interrelated issues to be analyzed within a single framework, in
contrast to other approaches that consider them as separate issues or one as the core
problem and the other peripheral. (by Yeh 1994)

(1) Organization of the Study

A study of such breath in scope and such depth in analysis definitely needs a summary.
Presumably, Vol. I, Part A, this part is clearly too long for the decision-makers to read and
absorb. In my opinion, the report should be so organized as to anticipate the needs of three
groups of audience: First are the decision-makers who will read only the policy options, the
trade-offs between these options with respect to specific objectives and the recommenda-
tions. The second will be the large group of readers concerned with problems of economic
development and reform in China. The third will be some specialists interested in the
technical details of the analysis. Accordingly, the study should have three components: an
executive summary of the sort one finds in a World Bank Report, a core study such as the
one presented, and a set of technical appendices. As it is, the first and the third component
are lacking. While the third may perhaps be skipped, the first is essential. (by Yeh 1994)
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(i1) Policy Recommendations and Alternative Options

A basic objective of this study is to propose policy measures to the decision-makers. Not
surprisingly, the study has come up with many specific recommendations that are both
useful and timely. However, give the wide range of proposals it seems clear that not all of
them can be carried out simultaneously, if only because of resource limitations. This means
that setting priorities will be desirable. Yet no priorities for the large number of proposals
have been established.

A related issue is that some measures complement each other, (e.g., defining property rights
and corporatization) so that they need to be implemented together either simultaneously or
sequentially. Identifying and grouping these policies might be useful. A third and perhaps
more important question relates to the single set of recommendations for each issue. The
decision-maker thus faces a take-it-or-leave-it situation. No options are offered other than
the one proposed.... In general, when specific views of the current and future leaders as
well as other exogenous factors are uncertain, it seems more useful to offer, first, alternative
measures with their corresponding positive and negative impacts on the various objectives,
and then the recommendations. (by Yeh 1994)

(ili) Models for Projection and Simulation

Several models have been developed or adopted from other studies for purposes of pro-
jection and simulation. However, not much information other than the results have been
presented. It appears that some additional information on these models could have made the
study even more useful to the readers, for two reasons. First, some of the results presented
in the study are markedly different....

A second reason why such information will be useful to many readers is that the economy
is in rapid transition and will remain so in the foreseeable future. This means that the
coefficients in these models are bound to change because of differential rates of growth of
the individual sectors, technological changes, and continuous institutional restructuring.
Any projections into the future must allow for that (by Yeh 1994).

(iv) Agriculture, Investment in Human Capital, and Interregional Resource Flows:
Some Neglected Issues

It is generally unfair to criticize a study for omitting issues that the reviewer believes
important, However, in the present case, there are three possible exceptions. The first is
agriculture. The importance of agriculture has been clearly recognized by the authors. (See
I, pp. 971, 1043) Yet, the issue has been left virtually untouched in a 1271-page study on
China’s key development problems.

Another notable omission is the issue of investment in human capital. Empirical studies
have clearly shown that educational attainment of a country’s adult population is strongly
positively related to that country’s GDP growth rate. For China this is especially significant
because at present the educational level of the population is rather low (by Yeh 1994).

(v) Overall Comments on the Reports

I observed that each report very carefully followed a procedure of identifying the key
issues, providing necessary background, discussing the important factors involved, and
then coming forward with recommendations. This appears to be a well structured and useful
approach. However, in a few cases the analytical section was mainly an extended
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restatement of the previous background material, true economic analysis requires the writer
not only to stipulate what took place and when, but also why it happened and how the
situation might be changed before policy recommendations are made. My suggestion for
future be further research or presentation of findings and recommendations to policymakers,
is that the analytical portions be strengthened and some indication of priorities along with
the underlying rationale for your choices be given. Presenting the economic leadership with
five or six different options for the same task at the same time without some order of
preference can be unproductive and quite confusing. (by: Skelly M. Mark)

(vi) Changing Role of Government

In my oral comments on the task force report, I have stressed a continued strong, though
revised role for state planning.... Market reform is a complex process and cannot take place
overnight. There has to be a long-term vision as to where the economy is going and how
best to get there...market failure is prevalent even in the most industrialized countries...
centralized oversight, though more indirect in approach, more open to alternative views,
and much less rigid in implementation. Also warned against the prospect of government
failure, where bureaucrats are more interested in seeking rents or maintaining power, thus
jeopardizing the achievement of basic reform objectives.... Thus centralized planning and
macro management must confront the challenge of how to coordinate and integrate the
different policies to ensure macro stability and keep the economy on the path of sustained
growth.... Extensive planning will be required as much to relinquish the old as to introduce
then new. Establishment and maintenance of a nationwide social safety net to supplant the
welfare functions of state enterprises, which have been a major reason for their continued
budgetary support, would be a case in point...and other contingencies support the case for a
revived revised role for Chinese state planning. (by Shelley M. Mark)

(2) Comments on Subprojects 11

In sum, this is a world-class piece that demonstrates exceptionally clear thinking. It is
comprehensive and boldly prescriptive. This is the kind of writing that should stimulate
debate, further thinks and further work on the reform program.

One area of further work that is clearly indicated by the Wu Jinglian piece is the exploration
of the relationship between the state (government) and state-owned enterprises (SOEs).
I was disappointed that the Subproject did not include such a section. Although some of the
other Subprojects dealt with enterprise reforms, none examined the topic in depth.

This omission was all the more unfortunate because of the paradigmatic shift in thinking
about enterprise reform in China that took place in the early 1990s.... In fact, what to do
with SOE:s is the single most important problem of reform in China-the transition from a
planned economy to a market economy cannot be successfully completed until the gov-
ernment can find a solution to the problem of state-owned enterprise. For this “problem” is
at crux of all the “difficult” sectors of reform: the fiscal and monetary/financial sectors, in
investment policy, and even in legal reform (by Christine Wong).

Finally, I want to make three criticisms of the overall project:

The first is the omission of politics and the distribution of political interests in the studies
this is so critical to how the reform agenda is shaped ... why some measures are imple-
mented and others are not, or what separates a feasible set of reforms from an infeasible
ones. While a discussion of elite politics and leadership changes may be too speculative and
sensitive to broach, a discussion of the real politics of distribution of power among
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ministries and departments, between the central and local governments would have pro-
vided a useful guide to the prospects and projection of reform in the future. Especially
neglected are the role and interests of local governments, and how they might be different
between coastal areas and inland regions.

The second is that the volumes do not make much effort to explain the methodology to their
readers...the third is that the project did not develop its own data base for answering some
basic questions, but instead, seemed to rely on official statistics (by Christine Wong).

(3) Comments on Subproject 111

A very important contribution of the study is the analysis of regional differences in China’s
Development. The study would have been even more useful if interregional resource flows
were also analyzed. Apparently data for such flows were lacking. But it may be worthwhile
to compile them, for they could provide the empirical basis for indentifying the changing
pattern of interregional interdependence and developing regional link models. In this
connection, one may also want explore the policy option of reducing regional income gaps
through expanding interregional trade rather than simply transferring aid to the underde-
veloped areas. (by Yeh 1994)

There are also some comments from International Consultant. Professor
Nagamine’ Haruo of Graduate School of International Development Nagoya
University was not invited to appraise the final report. But he was invited to be
international consultant to present a paper related to regional studies. Because there
are few comment on sub-project III, but he had read the mid-Term Report of
Integrated Economic Development Policies and Planning of Shandong, Sichuan,
Hubei Province and Tianjin, professor Haruo’s paper is titled “Towards the New
Strategies for Regional Development”, which will be abstracted here to supplement
some views on subproject III.

His paper is divided into four sections and two appendixes. The four sections
are: introduction: The problems; Systems Building for Development: Identification
of needs and actions at the grass root; New horizons for rural development; and
Conclusions. His paper has not only introduced his concept of regional planning,
but it has also discussed the behavior of the bureaucratic system and its impact on
development planning which is meaningful for social systems engineering. His
paper has 44 pages. Only very limited aspects of his paper will be briefed in the
following.

Professor Haruo pointed out correctly that a province in China often has both
demographic and geographical scale comparable to countries in the Asian region such
as Malaysia, Japan etc. The province of Sichuan is about 50% greater than Japan, and
the population size of the two are quite similar (Sichuan: 108 million, Japan: 120
million), therefore, a provincial development in China should introduce
sub-provincial territorial as one of framework of planning. Nonetheless, except the
report on Shandong, other reports are totally silent on the sub-provincial dimension.**

2*Note: This is an issue of information exchange and language barrier. In fact, Sichuan had
published a study “Sichuan Towards the year 2000” in four volumes in Chinese on 1989. One of
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Professor Harus also pointed out correctly that the nature of changes the policy
makers in China confront today. “There can be no dependable textbooks whatso-
ever. Under the circumstances, the best approach is that of steering the path of
development through trials and errors.” It is necessary to establish a two-way
feedback mechanism through which the central policy makers can accurately
monitoring progress and problems encountered in the development process.

Haruo has noted the complexity of choice of policies in the development
planning of a bureaucratic system. “In a bureaucracy, a failure in achieving
expected results often means that the career of the incumbent is furnished. As a
result, bureaucrats tends to prefer inaction to committing themselves in risking
decisions, no matter how meaningful these might be in certain crucial respects.
Consequently, it becomes extremely important to introduce a career promotion
system that can distinguish the irresponsible inaction from sincere and risk-taking
attitudes, even if the final result of the later might be a failure.”

(4) System Building for Development Management: Identification of Needs and
Actions at the Grass Root

Professor Haruo had a view that a development plan should be formulated with
three fundamental objectives:

Objective A: To upgrade economic viability of the territorial unit in question;
Objective B: To meet the basic needs of the people in the unit;
Objective C: To ensure sustainability of development of the unit.

He also proposes a two level approach to regional development: the high level
approach of Regional Planning Unit and the lower level approach by Local
Development Unit, which are briefly shown below.

(1) Regional Development Planning at RPU Level (Level-I)

Main Purpose: Top-down disaggregation of national development objectives (i.a.
Guidelines for resource allocation)

(a) Divide the entire country into 20 or less number of regions;

(b) Articulate development policies/strategies with regard to each of them;

(c) Determine the framework of development targets in terms of key development
variables such as population, production (by sectors), land use, essential
physical infrastructures environmental control, provision of basic social ser-
vices pertaining to RPU, and guide lines relative to institutional reforms;

(d) Spell out principles of resource allocation, particularly the multi-level public
fund allocation;

(e) Add other basic policies relative to problem/potentials specific to each region;
and

(f) Relevant maps of appropriate scales

the four volumes focused on sub-provincial study. This is also true for development of other
provinces.
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(i1) Local-level Development Planning at LDU Level (Level-II)

Main Purpose: Bottom-up integration of essential needs as perceived by people, and
organization of arrangements for development management at the grass root.

(g) Identify programmes/projects to be undertaken within each LDU in a given
time frame, based upon a carefully conducted needs identification survey;

(h) In the above programmes/projects package, the training activities should con-
stitute an essential component;

(1) Identify responsibilities to be borne by each agency/committee/community
group individual concerned for ensuring successful implementation;

Spell out those institutional arrangements which are needed for ensuring close
dialogue between government functionaries.

In Section 3 “New horizon for rural development”, professor Haruo has intro-
duced the experience of Agricultural Cooperative Corporation, a successful experiment
of Yamagishism Commune (TGC) which may be a useful reference for further rural
reform of China. And in the conclusion, professor Haruo emphasized correctly that
“Development strategies merely aspiring for accomplishing economic targets cover only
a small part of the game. It is the values of the people that ultimately matters.”

4.3.3.4 Lessons and Experiences

(1) Although this project is massive in scale, it has passed the triparty evaluation
with favorable comment, but its influence on policy makers and social influence
are far smaller than Case 2. This is due to two reasons: the first, in Case Study 2
“China Towards the Year 2000, the theme of study was assigned by the top
decision makers, the former secretary general Hu Yaobang and the former
premier Zhao Ziyang. It is a top down process. It is also similar to the study
“The Global 2000 Report to the President” by the United States, this study
came from the President’s environmental message to the Congress of May 23,
1971, “directed the council on Environmental Quality and the Department of
State, working with other federal agencies, to study the ‘probable changes, in
the world’s population, natural resources, and environment through the end of
the century.” This endeavor was to serve as ‘The foundation of our long term
planning.” Therefore, this project was initiated and had influenced the global
society widely. Although this is also due to the high level of quality of study of
the United States but intention of the top decision maker played a dominant role
of its influence; the second, there was a strong organization of leading team
composed of high ranking officials in the study of Case 2, the contribution and
organizational efforts, of Ma Hong is important, while in the implementation of
study of Case 3, the theme of study was raised by DRC, and Mr. Ma Hong was
too old in age to take actual responsibility, the project was led by project office.
This is the second reason for its lack of influence.
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The second lesson and experience learned in this project is the relationship
between the subject of research and time span of the project. It is necessary to
pay serious attention to the ‘timing effect’ of the applicability of the policy
oriented research. In the implementation of this project in a rapidly changing
global and domestic socio-political and socio-economic environment.
Although, this project had been designed very carefully in the beginning, and
although DRC is in a privileged position to submit the research results to the
decision makers, a part of research faced “Timing Effect Failure’, i.e. a part of
study cannot catch up with the changes. This is also an objective of policy
oriented research. Recognition of this is important in design of a large policy
oriented project. It is necessary to balance and coordinate properly the rela-
tionship between applied and basic research, long term strategy and short term
tactics in the design of the project. And flexibility should be kept in
implementation.

The third point is adaptation of organization to deal with international experts
and institutions. Although DRC has certain experience in organization of large
domestic projects, this project is the first one for DRC involving the organi-
zation of relatively large number of foreign experts from different institutions.
Although English is a common language applied internationally, due to his-
torical reasons, a large part of Chinese scholars, although qualified in the
domain of certain discipline, cannot write English reports by themselves, the
final reports had to be translated, but all translators were only trained in English
language with nearly no background in professional knowledge. Therefore, the
English version of the final report cannot transmit the information of research in
a perfect sense. Hence the English version of the final reports are printed in
limited copies to be used by foreign experts who participated the project, and
also to be the final product to be sent to UNDP. It is expected that this weakness
will be overcome in the future.

Implementation of this project has greatly improved the capability of Chinese
researchers and also greatly improved the institutional building of China’s
“think tanks”.

4.4 Summary Points

1.

This chapter consists of three parts: Trend of development of social systems
engineering in global society; design and planning of social systems engineer-
ing; three case studies of social systems engineering.

. Trend of development of social systems engineering is far slower than systems

engineering. The Institute of Electric and Electronic Engineers published several
papers titled “Social Systems Engineering” from control engineering perspec-
tive. The United States started its academic study only in recent years. Harvard
has a program “Engineering Social System” composed of two teams: “Social
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Physics”; and, computational social science, which is science oriented. The
program may be beneficial for development of social systems engineering in the
future based on a sound foundation of scientific research.

. Japan initiated the program of social engineering in undergraduate studies of
universities quite early, and graduate studies of social systems engineering more
than 35 years ago. It is engineering oriented, and its areas of application are
planning and policy.

. Difference of development of social systems engineering between the United
States and Japan may be effected by an ideological barrier, party scholars and
politicians in the United States and other developed countries think that national
planning is in conflict with free market economy.

. The United Nations prepared four plans of “Decade of Development” since its
establishment. Its “4th Decade of Development” is abstracted for illustrative
purpose. The global society is very complicated and the development of global
society is very unbalanced, and certain planning is unavoidable to coordinate a
relatively balanced development. The U.N. has provided a good example of the
need to develop the discipline of social systems engineering.

. The concept of planning and design is clarified, and the evolution of design from
a single product, to project and to engineering system in Western Countries are
summarized to illustrate the principle of process of recognition and thought.

. Some of the Chinese experience of engineering design are summarized, and
several points relevant to social systems engineering are discussed.

. Three case studies to study nation as a large scale system are listed. One study
came from Chestnut, an expert of systems engineering from the United States,
two other case studies from organized research of DRC. One study is “China
Towards the Year 20007, 1t is a national study of long term development, which
was highly influential both domestically and abroad, the other is “Integrated
Economic Development Policies and Planning” funded by UNDP, which was
organized with participation from domestic and international experts. This
project studied China’s development policies down to meso level, i.e., it has
focused on sectors and regions within the context of national development.
Selected aspects of appraisal report from international experts are also quoted,
which are pragmatic and objective. It has improved the research capacity of
DRC, a national think tank.

References

Archer, L. B. (1966). Systematic method for designers. London: Council of Industrial Design.
Asimow, M. (1962). Introduction to design. NJ: Prantice Hall.

Babathy, B. H. (1996). Designing social system in a changing world (p. 2). New York: Plenum

Press.

Chestnut, H. (1982). Nation as large scale system. In Y. Y. Haimes (Ed.), Large scale system

(pp. 155-183).



References 201

Don, F. J. H.,, & van den Berg, P. J. C. M. (1990). The Central Planning Bureau of the
Netherlands: Its role in the preparation of economic policy. Conference paper.

Gidens, A. (2001). Sociology (4th ed.). Cambridge: Polity Press.

Gosling, W. (1962). The design of engineering systems. London: Hey & Co Ltd.

Hammer, M., & Champy, J. (1993). Reengineeirng the corporation. New York: Harper Collins.

Johns, C. J. (1966). Design method revisited. In S. A. Gregory (Ed.), The design method (pp. 295—
310). New York: Plenum Press.

Lewis, W. A. (1966). Development planning: The essentials of economic policy. New York:
Harper & Row, Publishers.

Li, P. X, Xia, S. W., Li, S. T., & Pan, B. X. (1986). Overall quantitative analysis of China’s
economy towards the year 2000. In F. C. Lo (Ed.) (1987), Asian and Pacific economy 