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VOLUME I 
 
Logic and Methodology of Science: An Introduction to the Philosophy of Science  1 
P. Lorenzano, National University of Quilmes (UNQ), Argentina National Council of Scientific and 
Technical Research (CONICET), Argentina 
 
1. Introduction: Nature and function of the Philosophy of Science 

1.1. The Metascientific Studies 
1.2. The Philosophical Theorization about Science or Philosophy of Science 

1.2.1. Its Nature and Relationship with Other Metascientific Disciplines 
1.2.2. The Distinction between General and Special Philosophy of Science 
1.2.3. The Distinction between Synchronic and Diachronic Philosophy of Science 
1.2.4. A Brief History of the Philosophy of Science 

2. Scientific Concepts and Hypotheses 
2.1. The Language of Science 
2.2. Scientific Concepts 

2.2.1. Kinds of Concepts 
2.2.1.1. Classificatory (or Qualitative) Concepts 
2.2.1.2. Comparative (or Topological) Concepts 
2.2.1.3. Metric (or Quantitative) Concepts 

2.3. Scientific Statements: Hypotheses and Their Testing 
2.3.1. The Testing of Hypotheses 
2.3.2. The Elements of a Test 
2.3.3. Conditions for a Good Test 

2.3.3.1. First Condition: The Prediction is Logically Implied 
2.3.3.2. Second Condition: The Prediction is Improbable 

2.3.4. The Structure of a Test: Arguments in Favor of or Against the Hypothesis 
2.3.4.1. Negative Evidence (Refutation) 
2.3.4.2. Positive Evidence (Corroboration or Confirmation) 

2.3.5. Crucial Tests 
2.3.6. Final Remarks on Hypotheses Evaluation 

3. Scientific Laws and Explanation 
3.1. The Concept of Scientific Law 

3.1.1. Condition of Truth 
3.1.2. Condition of Universality 
3.1.3. Condition of Unrestriction 

3.2. Scientific Explanation 
3.2.1. Explanation and Covering-Law Model 

3.2.1.1. Particular Deductive-Nomological Explanation (P D-N) 
3.2.1.2. General Deductive-Nomological Explanation (G D-N) 
3.2.1.3. Deductive-Statistical Explanation (D-S) 
3.2.1.4. Inductive-Statistical Explanation (I-S) 

3.2.2. The Pragmatics of Explanation 
3.2.3. The Causal Approach 
3.2.4. The Unificacion Approach 
3.2.5. Teleological and Functional Explanation 

4. Scientific Theories 
4.1. The Classical Conception of Theories 

4.1.1. Calculi and Axiom Systems 
4.1.2. Interpretation and Rules of Correspondence 

4.2. The Historicist Conceptions of Theories 
4.2.1. Theories as Research Projects 

4.3. The Semantic Conceptions of Theories 
4.3.1. Theories as Model-Theoretical Entities 
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The Nature and Structure of Scientific Theories  51 
C. U. Moulines, Seminar fur Philosophie, Logik und Wissenschaftstheorie, University of Munich 
 
1. Introduction 
2. The Problem of the Meaning of Scientific Concepts 

2.1. The Semantic Specificity of Scientific Concepts 
2.2. The Definition of Scientific Concepts: Its Possibilities and Limits 

3. The Axiomatic Construction of a Scientific Theory 
3.1. The General Idea 
3.2. A Simple Example of Axiomatization 

4. The Formalist Conception of Theories 
5. Theories as Interpreted Calculi 
6. The Radical Empiricist View of Scientific Theories 
7. The Two-Levels View of Empirical Theories 

7.1. Theoretical Concepts 
7.2. Correspondence Rules and the Two Conceptual Levels of a Scientific Theory 
7.3. The ‘Eliminability’ of Theoretical Concepts 
7.4. Some Difficulties with the Classical View of Scientific Theories 

8. Model Building as a Bridge Between Theory and Experience 
9. The Modelistic Determination of Empirical Theories 

9.1. A General Characterization of Modelistic Approaches 
9.2. The Set-Theoretical View of Scientific Theories 

9.2.1. Intended Interpretations 
9.2.2. Assigning Data Models to Theoretical Models 

9.3. The Nature of Scientific Theories According to Constructive Empiricism 
9.4. Metatheoretical Structuralism 

10. Are Successful Scientific Theories True? 
11. Conclusion 
 
 
Natural Science  99 
G. E. Allen, Department of Biology, Washington University in St. Louis, USA 
 
1. Introduction 
2. Characteristics of Science As A Rational Way of Knowing 

2.1. Observation, Fact and Conceptualization 
2.2. Types of Conceptualizations: Generalizations and Explanations 

2.2.1. Generalizations 
2.2.2. Explanations 

3. Testing Hypotheses by Observation and Experiment 
3.1. Testing Hypotheses by Observation 
3.2. Testing Hypotheses by Experimentation 

4. The Philosophical Bases of Modern Science: Terminology 
4.1. Materialism and Idealism 
4.2. Forms of Materialism 

4.2.1. Mechanistic Materialism 
4.2.2. Holistic and Dialectical Materialism 

5. Philosophies of Science: Historical Development 
5.1. Empiricism and Inductivism 
5.2. Auguste Comte and Positivism 
5.3. Marxism and the Natural Sciences 
5.4. Karl Popper and Falsifiability in Natural Science 
5.5. Thomas Kuhn and Paradigm Shifts in Natural Science 

5.5.1. The Nature of Paradigms and Normal Science 
5.5.2. Anomalies 
5.5.3. Paradigm Shifts and Scientific Revolutions 
5.5.4. The Pursuit of Normal Science: Puzzle-solving, Articulation 
5.5.5. Kuhn and His Critics 
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5.6. The Social Construction of Science Movement 
6. "Laws" in the Natural Sciences 

6.1. Overview 
6.2. "Laws" in the Physical and Biological Sciences 

7. Science and Technology 
8. Conclusion 

 
 
Incommensurability of Knowledge: Theories and Values  134 
Paul Hoyningen-Huene, University of Hannover, Germany 
Peter Schaber, University of Zurich, Switzerland 
 
1. Introduction 
2. Incommensurability of Theories 

2.1. What Does the Incommensurability of Theories Concern? 
2.2. Semantic Incommensurability 
2.3. Methodological Incommensurability 

3. Incommensurability of Values 
3.1. Incommensurability of Values: the Different Meanings 
3.2. Arguments in Favor of Rough Equality and Incomparability 
3.3. Objections 
3.4. Theoretical and Practical Incomparability 
3.5. Practical Consequences 

 
 
Science and Religion   149 
E. Agazzi, Department of Philosophy, University of Genoa, Italy 
 
1. Introduction  
2. What Do We Mean by Science? 
3. What Do We Mean by Religion? 
4. Relations Between Science and Religion in History 
5. The "Scientific Revolution" of the Renaissance 

5.1. The Fundamental Traits of the Galilean Revolution 
5.2. Galileo’s Trial and Sentence 

6. The Partition between Matter and Spirit and the Cartesian Compromise 
7. From the Ontological to the Epistemological Dualism: Kant 
8. Evolutionism and Religion 
9. Knowledge, Belief, Faith and Rationality 
10. The Point of View of "the Whole" 
11. The Point of View of the Whole and the "Problem of Life" 
12. Science and the Question of the Whole 
13. Conclusions 
 
 
Scientific Knowledge And Religious Knowledge - Significant Epistemological Reference Points 
 185  
Adrian Lemeni, University of Bucharest, Romania 
 
1. The Constitutive Principles of Modernity 

1.1. The Premises of Modernity 
1.2. The Relationship between the Reformation and Modernity 
1.3. Scientific knowledge in the Traditional and Modern Paradigm 

2. The Enlightenment - The Religious Consciousness as Illusion 
3. Epistemological Mutations in the Paradigm of Contemporary Science 

3.1. The Epistemological Implications of Quantum Physics 
3.1.1. The Uncertainty Principle and its Consequences 

3.2. Discontinuity as the Principle of Quantum Physics 
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3.3. Methodological Limits of Science Evidenced by Quantum Physics 
 
 
Episodes of XX Century Cosmology: A Historical Approach  201 
V. R. Rodríguez, Faculty of Philosophy and Humanities, National University of Cordoba, Argentina 
 
1. Introduction 
2. Cosmological Lessons from Earlier Centuries 
3. From Nebulae to Galaxies 
4. The Emergence of the Idea of Expansion 
5. The Principal Cosmological Models of the First Half of the Century 
6. The Discovery of Cosmic Background Radiation and Some Implications 
7. The COBE Results and the Analysis of the Fluctuations 
8. Changes in the Epistemological Status of Cosmological Research Programmes 
9. A Brief Panorama of Contemporary Cosmology 
 
 
A Concise History of Biotechnology - Some Key Determinants 228 
John E. Smith, Institute of Pharmacy and Biomedical Sciences, University of Strathclyde, Glasgow, 
Scotland 
 
1. Introduction 

1.1. Biotechnology - What's in a Name? 
1.2. Biotechnology - A Three Component Central Core 

2. Biotechnology of Traditional Fermented Foods and Beverages 
2.1. Food Fermentations 

2.1.1. People and Environment 
2.1.2. Substrate 
2.1.3. Microorganisms 
2.1.4. Cultured Dairy Products 

2.2. Beverage Fermentations 
3. Biotechnological Production of Biomass, Organic Acids, Solvents and Waste Treatment Processes 

under Non-Sterile Conditions   
3.1. Biomass Inocula 
3.2. Organic acids 
3.3. Waste Treatments and Water Purification 

4. Biotechnological Processes Produced Under Conditions of Sterility 
4.1. Introduction 
4.2. The Penicillin Story 
4.3. Microbial Enzyme Production 
4.4. The Bioreactor 

5. Downstream Processing 
6. Applied Genetics and Genetic Engineering – Their Influence on Biotechnology 

6.1. Improvement of Industrial Microorganisms 
6.2. The Impact of Genetic Engineering on Biotechnology 

6.2.1. Cutting and Forming DNA Molecules 
6.2.2. Joining DNA Molecules 

6.3. Polymerase Chain Reactions (PCR) 
6.4. Genomic Library 
6.5. Gene Cloning in Plant Cells 
6.6. Gene Cloning in Animal Cells 
6.7. Monoclonal Antibodies 
6.8. The Potential Biohazards of Biotechnology – the Asilomar Conferences 

7. Public Perceptions of Biotechnology 
7.1. What are the Main Areas of GM Technology that Appear to Create the Greatest Level of Public 

Concern? 
7.1.1. Antibiotic-Resistance Genes 
7.1.2. Transfer of Allergens 
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7.1.3. Release of Genetically-Manipulated Organisms into the Environment 
7.1.4. Safety of Genetical Engineered Foods 
7.1.5. Applications of Human Genetic Research 

8. Conclusions 
 
 
History and Philosophy of the Systems Sciences: The Road Toward Uncertainty  270 
Charles Oscar Francois, GESI, Grupo de Estudio de Sistemas, Argentina 
 
1. Introduction 
2. Medieval Universals 
3. The Snake of Rational Curiosity alive in Medieval Garden 
4. The Slow Dawn of Technology in Medieval Europe 
5. Descartes, the not very Systemic Systemist 
6. The Expansion of the Universe of Knowledge 
7. The Twilight of Scientific Simplicity: A Can of Conceptual Worms in 20th Century Science 
8. In Search of a New Coherence 

8.1. Overview 
8.2. Bertalanffy, the Stitcher 
8.3. Energy Rules 
8.4. Cybernetics in its Prime 
8.5. New Views on Organization 
8.6. Cybernetics Observed 
8.7. The Nature of Autonomy 
8.8. New Views on Order and Disorder 
8.9. Structure and Function in a New Light 
8.10. Models for Autogenesis, Self Construction and Autopoiesis 
8.11. Thermodynamics Reconsidered 
8.12. Networks and Networkers: Natural and Artificial 
8.13. Societies as Systems 
8.14. New Concepts, Models and Methodologies 
8.15. Practical Systemists 

9. Conclusion 
 
 
The Structure Of The Darwinian Argument In The Origin Of Species  302 
Anna Carolina K. P. Regner, Graduate Program in Philosophy, Universidade do Vale do Rio dos Sinos, 
Brazil 
 
1. Introduction: The Hypothetical-Deductive Reconstruction 
2. Analyzing The Hypothetical-Deductive Reconstructions 

2.1. A Referential Case 
2.2. The Logical Structure 
2.3. The Empirical Support 
2.4. The Tautology Problem 

3. The Historical Reconstructions 
4. Bringing Together History and Philosophy of Science 
5. Towards a New Analysis 
 
 
Index 329 
 
 
About EOLSS 335 
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VOLUME II 
 
A Short History Of Molecular Biology  1 
Hans-Jörg Rheinberger, Max Planck Institute for the History of Science, Berlin 
 
1. Methodological Introduction 
2. Some Important Lines of Development between 1930 and 1950 

2.1. From Colloid Chemistry to the Macromolecule: Ultracentrifugation 
2.2. X-Ray Structure Analysis 
2.3. UV Spectroscopy 
2.4. Biochemical Genetics: Neurospora 
2.5. Tobacco Mosaic Virus (TMV) 
2.6. Electron Microscopy 
2.7. Bacteriophages 
2.8. The Transformation of Pneumococci 
2.9. The Genetics of Bacteria 
2.10. Nucleic Acid-Paper Chromatography 
2.11. The Construction of Protein Models 
2.12. Radioactive Tracing and Protein Synthesis 
2.13. Summary: A New "Technological Landscape" 

3. The Structure of DNA and the Establishment of a New Paradigm (1950-1965) 
3.1. The DNA Double Helix: X-Ray Structure Analysis and the Building of Models 
3.2. The "Central Dogma" of Molecular Biology 
3.3. In vitro Protein Synthesis and Transfer RNA 
3.4. From Enzymatic Adaptation to Gene Regulation: Messenger RNA 
3.5. An in vitro System for Deciphering the Genetic Code 
3.6. Summary: The New Keywords 

4. Molecular Biology and the Origins of Gene Technology 
4.1. Recombinant DNA 
4.2. Genome Analysis 

5. Molecular Biology and Evolution 
 
 

A History of Conservation 32 
Martin Holdgate, Cambridge, UK 
 
1. The Origins of Conservation 

1.1. Conservation and Development 
1.2. The Roots of Conservation 
1.3. The Roots of Conservation 

2. The Rise of Conservation 
2.1. The Creation of National Parks and Nature Reserves 
2.2. The Foundation of National Societies 
2.3. American Conservation under Roosevelt 

3. International Action for Conservation 
3.1. The Beginnings of International Action 
3.2. The First Steps Towards a Global Organization 
3.3. The Creation of the International Union for the Protection of Nature 
3.4. The Early Years of International Conservation 
3.5. Science and Conservation 
3.6. The World Wildlife Fund—the First Global Campaigner 

4. The Environmental Revolution 
4.1. The Rise of the "New Environmentalism" 
4.2. The United Nations Conference on the Human Environment 

5. Strategies for Conservation and Sustainable Development 
6. The New Conservation Scene  

6.1. Expanding Action 
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6.2. Conservation with a Human Face 
6.3. The 1992 "Earth Summit" 
6.4. A Regionalized Conservation Network 

7. Perspective 
 
 
History of Biodiversity Conservation, Protected Areas and The Conservation Movement  55 
Naill E. Doran, Department of Primary Industries, Water and Environment, Tasmania, Australia 
Alastair M.M. Richardson, University of Tasmania, Australia 
 
1. Global Overview 
2. History of Biodiversity Conservation and Protected Areas 

2.1. Biodiversity Conservation 
2.1.1. Biodiversity 
2.1.2. Biodiversity Problems 
2.1.3. Biodiversity Conservation 

2.2. Protected Areas 
2.2.1. Origins of Protected Areas 
2.2.2. Time Scales 

2.3. Priorities 
2.3.1. Biodiversity 
2.3.2. Geodiversity 
2.3.3. Marine Protected Areas 

3. A Global Approach 
3.1. Preservation versus Collaborative Management 

4. Putting a Financial Value on Conservation 
5. History of the Conservation Movement 

5.1. Early History 
5.2. Wise Use versus Protectionism 
5.3. Postwar Developments 
5.4. Animal Welfare 
5.5. Zero Population Growth 
5.6. Green Political Parties 
5.7. Professional Scientists and Environmentalism 
5.8. Tactics 
5.9. Nongovernment Organizations 

6. The Future 
 
 
Biogeography           89 
Michael E. Meadows, University of Cape Town, South Africa 
 
1. Introduction: defining the indefinable 
2. History of biogeography 

2.1. Development of the spatial tradition 
2.2. Ecological biogeography 

3. The major approaches to biogeography 
3.1. The spatial tradition: phytogeography and zoogeography 
3.2. The spatial tradition: historical biogeography 
3.3. The spatial tradition: vicariance and dispersal 
3.4. The ecological tradition: ecosystems 
3.5. The ecological tradition: palaeoecology 
3.6. The ecological tradition: island biogeography 

4. Towards an applied biogeography 
4.1. Conservation biology 
4.2. Global change studies 
4.3. Ecosystem management 
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Theory and Methods in Geography        120 
Maria Sala, University of Barcelona, Spain 
 
1. Theories 

1.1. Introduction 
1.2. The Basic Scientific Principles 
1.3. The Main Conceptions in Human Geography 
1.4. The Regional Approach 
1.5. Systematic Studies 
1.6. The Coexistence of Naturalism and Historicism 

2. Methods 
2.1. Methods Related to Scale 
2.2. About Fieldwork 
2.3. The structure of field research 
2.4. Field Sampling 
2.5. Examples of Geographical Field Research 
2.6. Teaching Based on Direct Observation 
2.7. Display and Analysis of Data 

 
 
The History of Archaeology         139 
Stephen E. Nash, Department of Anthropology, The Field Museum, USA 
 
1. The Nature of Archaeology 

1.1. Distinctions Between Old World and New World Archaeology 
1.2. The Multidisciplinary Nature (and Strength) of Modern Archaeology 

2. Writing the History of Archaeology 
2.1. Chronicle: Scholars and Their Discoveries 
2.2. Chronicle: Development of Archaeological Method and Theory 
2.3. Biography 
2.4. Autobiography 
2.5. Issues of Professionalization, Confirmation, And Verification 

3. The Fragmentary Nature of the Archaeological Record 
3.1. Differential Preservation 
3.2. Breakage 
3.3. Changes in Archaeological Fieldwork and Collecting Criteria 
3.4. Improvements in Analytical Techniques 

4. Foundations of Archaeological Inquiry 
4.1. The Enlightenment 

4.1.1. The Scientific Revolution 
4.1.2. The Industrial Revolution 

4.2. The Age Of The Earth 
4.2.1. Uniformitarianism and Catastrophism 
4.2.2. Stratigraphy and The Law Of Superposition 

4.3. The Antiquity of Man 
4.3.1. Fossil Human Ancestors 
4.3.2. The Three-Age System 

4.4. Evolution by Natural Selection 
4.5. The Concept of Culture 
4.6. Evolutionism 

5. Foundations of Archaeology in The New World 
5.1. The Myth of the Mound Builders 
5.2. Historical Particularism and Cultural Relativism 
5.3. Archaeology, Museums, and the Reason for Collections 
5.4. Culture Areas and Culture History 

6. Archaeological Dating 
6.1. Seriation 
6.2. Dendrochronology 
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6.3. The Implications of Paleoindian Occupation of the New World 
6.4. Radiocarbon Dating 

6.4.1. Calibration Of The Radiocarbon Timescale 
6.5. Other dating techniques 

7. The New Archaeology 
8. Post-Processual Archaeology 
9. Conclusion 
 
 
A Brief History of Soil Science         160 
Eric C. Brevik, Departments of Natural Sciences and Agriculture and Technical Studies, Dickinson 
State University, Dickinson, ND, USA 
 
1. Introduction 
2. Soil Science/Agriculture In Ancient Times And Early History (Up To 4th Century AD) 

2.1. Mesopotamia 
2.2. Greeks And Romans 
2.3. Other Mediterranean Civilizations 
2.4. Northern Europe 
2.5. Asia 
2.6. Americas 
2.7. Ancient Times And Early History Summary 

3. Soil Science In The Middle Ages (5th To 14th Centuries AD) 
3.1. Byzantium And Europe 
3.2. Arabia And The Middle East 
3.3. Southeast Asia 

4. Soil Science In The Renaissance Period (15th To 17th Centuries) 
4.1. Studies In Soils And Plant Nutrition 
4.2. Soils And Government 
4.3. Soils Recognized By Geologists 
4.4. Drainage Of Wet Soils 

5. Soil Science In The Age Of Enlightenment (18th Century) 
5.1. The "Humus Theory" 
5.2. Soil As An Evolutionary Body 
5.3. Beginnings Of Soil Mapping 

6. Soil Science Becomes A True Science (19th Century) 
6.1. Lewis And Clark 
6.2. The "Mineral Theory" 
6.3. Agrogeology 
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6.5. Darwin And Soil Biology 
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7.2. National Detailed Mapping Programs 
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8. Concluding Remarks 
 
 
A History of Astronomy, Astrophysics and Cosmology  185 
Malcolm Longair, Cavendish Laboratory, University Of Cambridge, JJ Thomson Avenue, Cambridge 
CB3 0HE  
 
1. Introduction  
2. Prehistoric, Ancient and Mediaeval Astronomy up to the Time of Copernicus  
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3. The Copernican, Galilean and Newtonian Revolutions  
4. From Astronomy to Astrophysics – the Development of Astronomical Techniques in the 19th 
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5. The Classification of the Stars – the Harvard Spectral Sequence  
6. Stellar Structure and Evolution to 1939  
7. The Galaxy and the Nature of the Spiral Nebulae  
8. The Origins of Astrophysical Cosmology – Einstein, Friedman, Hubble, Lemaître, Eddington  
9. The Opening Up of the Electromagnetic Spectrum and the New Astronomies  
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11. The Interstellar Medium  
12. Galaxies, Clusters Of Galaxies and the Large Scale Structure of the Universe  
13. Active Galaxies, General Relativity and Black Holes  
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15. The Evolution of Galaxies and Active Galaxies with Cosmic Epoch  
16. The Origin of Galaxies and the Large-Scale Structure of The Universe  
17. The Very Early Universe  
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Jan Lastovicka, Institute of Atmospheric Physics, Prague, Czech Republic 
Oldrich Novotny, Charles University, Prague, Czech Republic 
Emil Jelinek, Charles University, Prague, Czech Republic 
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3.1.4. Earth Tides 
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3.2.1. Basic Data on Earthquakes 
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3.10.1. Applied Geochemistry 
 
 
Index 345 
 
 
About EOLSS 349 
 

©Encyclopedia of Life Support Systems (EOLSS) 



HISTORY AND PHILOSOPHY OF SCIENCE AND TECHNOLOGY 

VOLUME III 
 
History Of Measurement Theory  1 
J. A. Díez, Department of Logic, History and Philosophy of Science, University of Barcelona 
 
1. Measurement and Measurement Theory 

1.1. Measurement as Numerical Representation 
1.2. Derived and Fundamental Measurement 

2. The Formation Period 
2.1. Helmholtz on Alikeness and Additivity 
2.2. Holder on Axiomatics and Real Morphisms 
2.3. Campbell on Order and Additivity 
2.4. Stevens on Scale Types 

3. Suppes on Representation and Uniqueness 
3.1. Suppes on Representation and Uniqueness for Extensive Systems 
3.2. Suppes' Foundational Role 

4. The Mature Theory 
4.1. Non-extensive Systems 
4.2. Other Issues 

 
 
Historical Review of Elementary Concepts in Physics     33  
Peter Otto Hess, Instituto de Ciencias Nucleares,Universidad Nacional Autonoma de Mexico (UNAM), 
México 
 
1. Introduction 
2. Newtonian Physics 
3. Electricity Magnetism and Optics 
4. Thermodynamics 
5. Quantum Mechanics 
6. Theory of Relativity 
7. Final Remarks 
 
 
Mathematics through Millenia         51 
Vagn Lundsgaard Hansen, Department of Mathematics, Technical University of Denmark, Denmark 

 
1. Introduction 
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3.2. Number Theory 
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7. Mathematics and the scientific revolution 
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