Contents

PREFACE

IL

Iv.

A. BACKGROUND

THE FUTURE OF SCIENTIFIC PROGRESS

1. Methodological Prospectus

2. Speculation About the Future of Science

3. Models for the Future Course of Scientific Progress
4. The Central Thesis

HISTORICAL STAGESETTING

l. Finde Siecle

2. The Mid-Century Ethos of Limitless Progress

3. Finde Siecle Again: The Nobel Syndrome and the Eschatology
of Scientific Progress

THE POTENTIAL LIMITLESSNESS OF SCIENCE

1. The Dispensability of Cosmic Limitlessness

2. The Role of Cognitive Limits

3. The Accretional Model of Science and its Flaws
4. The Problem Situation

THE HISTORIC ACCELERATION OF SCIENCE: ADAMS’ LAW OF EXPONENTIAL
GROWTH

—_—

. Adams’ Law

2. Dimensions of the Phenomenon

An Overview of the Exponential Growth of the Scientific
Enterprise

4. The End of Adams’ Law: The Zero-Growth Hypothesis

5. Power, Complexity, and the Installment-Plan Supposition

o

xi

—

W O\ -

17
17
26

30

38

38
45
46
52

54

54
57

63
69
72



vi

VI

VII.

VIIL

IX.

Contents

B. THE PHENOMENOLOGY OF DECELERATION

COST-ESCALATION: PLANCK'S PRINCIPLE OF INCREASING EFFORT

1. The Background of the Problem: Planck’s Principle
2. Cost Escalation

3. Constant Returns on Exponentially Increasing Effort
4. The Law of Logarithmic Returns

THE QUANTITY OF QUALITY

The Problem of Quality

Rousseau’s Law

The Interrelationship of Quantity and Quality
The Quality Structure of Scientific Production
Quality-Drag

Conclusion

il ol ki

LOGARITHMIC RETARDATION

1. The Deceleration of Scientific Progress in a Zero-Growth
World

Logarithmic Retardation in the Zero-Growth World

Further Aspects of Logarithmic Deceleration

The Economic Aspect of Deceleration

Frederick Engels and the Communist Theory of Scientific
Progress

DB

79

79
82
88
90

95

95
96
98
104
108
110

112

112
113
118
120

123

THE TECHNOLOGICAL BASIS OF SCIENTIFIC INQUIRY

THE TECHNOLOGICAL DEPENDENCY OF SCIENCE

1. Methodological Preliminaries

The Conception of a Technology of Inquiry and the Techno-
logical Dependency Thesis

Data and Data-Technology

The Centrality of Data: Some Reasons Why

Dependence a Part of Interdependence

Technological Dependency Sets Technological Limits

5

v b

THE QUANTIFICATION OF TECHNOLOGICAL DEPENDENCY: THE
CAPACITY/FINDINGS RELATIOM

1. Preliminaries

2. Introduction to the Case of Synthetic (Power-Intensive)
Problems

3. The “Power”/Range Relation

4. The Idea of a Findings-Distribution Assumption

132
132

134
140
143
148
150

152
152
153

158
159




XL

XIIL

XIIL.

Contents

5. A Rationale for the Findings-Distribution Assumption: The
Analogy of Exploration and Prospecting

6. Gore’s Law and the Power/Findings Relation

7. The Case of Analytic (Complexity-Intensive) Problems

8. The Capacity/Findings Relationship

THE STRATIFICATION OF DISCOVERIES BY TECHNOLOGY-LEVELS:
TECHNOLOGICAL ESCALATION

1. T-Level Sequencing

2. The Stratification of Findings

3. Discovery Sequencing and Technological Escalation

4. The “Directionality” of Scientific Progress and the Problem of
Continuity

D. THE ECONOMICS OF DECELERATION

THE ECONOMICS OF SCIENTIFIC TECHNOLOGY: AN ARMS RACE AGAINST
NATURE

1. The Ramifications of Technological Escalation: Rising Costs

. The Economic Basis: The Cost/Capacity Correlation Thesis

. Cost Escalation: The Exponentially Increasing Cost of a
Linear Progress Through Data-Technology Levels

4. Technological Escalation in Science: The Unavailability of
Economics of Reproduction

. Cost/Capacity Correlation at the Trans-Species Level

. A Law of Logarithmic Returns: The Economics of Science
Indicate An Arms Race Against Nature

w N

(=

THE CYCLIC PATTERN OF PROGRESS AT THE PROBLEM-AREA MICRO-
LEVEL: DIMINISHING RETURNS IN THE RESTRICTED CONTEXT

1. The Microlevel: The Cycle of Progress at the Problem Areas

2. Repetitions of the Cycle: The Pulsation Model and St. Simon’s
Law

3. Diminishing Returns at the Intra-Cycle Level

AGGREGATION TO THE MACROLEVEL AND THE ORIGIN OF (SCIENTIFIC)
SPECIES

1. The Problem of Aggregation: The Transition From Local to
Global Science

2. Fission, Speciation, and the Phenomenon of Spurts of Innova-
tion

3. Speciation: The Productive Effect of Disciplinary Proliferation

4. Retrospect

vii

163
167
170
172

174

174
178
181

189

193

193
194

198

200
203

205

208
208

213
218

221

221

222
225
233



| estsdsitae CErSiiTERSEEEE s SR esisndis e eingea iR

viil : Contents a

E. RAMIFICATIONS AND IMPLICATIONS

XIV. DATA BARRIERS, UNANSWERABLE QUESTIONS, AND THE LIMITS OF

SCIENTIFIC KNOWLEDGE 234
1. The Role of Human Limitations 234
2. Limits on Data Acquisition 236
3. Power Intensiveness vs. Complexity Intensiveness: The
Coming Sea-Change 238
4. How Serious Are Data Limitations for the Progress of
Science? 242
5. Unanswerable Questions and the K ant Effect 243
6. Two Very Different Sorts of Limits 247
7. Philosophical Ramifications: Peirce and Scientific Realism 250

XV. IMPLICATIONS AND NONIMPLICATIONS OF A DECELERATION OF SCIENCE 253

1. On Not Awaiting the End of History 253
2. On Not Writing the Obituary of Science 255
3. On Not Selling Intellect Short 257
4. On Not Being Pessimistic 258
5. On Not Depreciating Achievement 259
6. On Not Overgeneralizing the Analysis 260
7. On Not Expecting Miracles 262
8. On Not Excusing Inadequate Efforts 264
APPENDIX: THE FORMAL STRUCTURE OF THE ARGUMENTATION 266
NAME INDEX 271

SUBJECT INDEX 276




