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ABSTRACT 

The thesis is concerned with an investigation of certain aspects 

of the conceptual foundations of scientific methodology as applied to 

research in the natural sciences, the social sciences, and education. 

However, it is essential that this general statement be supplemented by 

the Preface (page viii) . 
A general historical survey from ancient times to the modern is 

first undertaken, and in Chapter Two the enterprise is described in some 

detail, with particular reference to Popper's criterion of falsification. 

The discussion then turns to a philosophical analysis of selected con- 

ceptual problems, focusing specifically on the problem of discovery. 

The Kinetic-Molecular Theory of Gases is taken as a representative 

scientific theory, and an outline is appended in order to draw together 

the several ideas of the preceding sections (Appendix F). 

The problem of scientific discovery, introduced in Chapter Two, 

becomes the subject of intensive examination in Chapter Three. Two 

approaches are employed. On an empirical level, some psychological 

studies are cited, as well as quotations from scientists themselves. No 

attempt is made to present empirical evidence in detail; its use is nec- 

essary insofar as it is recognized that an explanation of discovery can- 

not be established a pYYioYYi. The remaining part of the chapter is 

devoted to a philosophical analysis (primary approach), reviewing first 

the traditional problem of the existence, or not, of a logic of discovery. 
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The existence of such is refuted, and alternative notions are suggested, 

of which the concept of model comes closest to being a deductive infer- 

ence technique for the formulation of fruitful hypotheses. However, it 

is shown that any attempt to treat models as - the logic of discovery 

still gives rise to difficulties. The chapter concludes with an expos- 

ition of Blackwell's recent theory of discovery. Upon analysis, the 

non-logical, creative aspect of discovery is again established. 

Chapter Four is an examination of musical creativity in order to 

draw out additional features of the "creative" discovery process intro- 

duced in Chapter Three. Again, empirical and philosophical approaches 

are employed with emphasis on the latter. The creative-subjective phase 

is described in the same terms as for discovery, and the thrust of the 

argument then shifts to an attempt to make sense of the notion of an 

"objective phase." This is done through an elucidation of the concepts 

of music theory and testing. In addition, concepts such as explanation, 

prediction, and conceptual frameworks, previously discussed in Chapter 

Two, are shown also to pertain. Thus, the claim of a relationship be- 

tween scientific discovery and musical creativity can be extended beyond 

the initial subjective stage. The chapter concludes with an exegesis of 

Richard Martin's recent attempt to expose the underlying logic of a 

fundamental theory of musical structure. An analogy is drawn between 

this theory and corresponding theories in science, such as the Atomic 

Theory (structure of matter) and the Cell Theory (structure of living 

systems). In so doing, the concept of "objective phase'' is further 

supported. 



In Chapter Five, a model is developed to relate scientific dis- 

covery and musical creativity. This is analyzed from a strictly formal 

point of view, but it is important that the logical formulae be 

interpreted in terms of the arguments of the thesis. Furthermore, the 

model is simplified, and revised models, representing more completely 

the two processes concerned, are appended (Appendix L). The thesis ends 

with the presentation of some conclusions and implications for the con- 

ceptual foundations of systematic inquiry. 
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PREFACE 

The t h e s i s  aims a t  comprehensiveness. It i s  addressed t o  ph i lo s -  

ophers ,  s c i e n t i s t s ,  mus ic ians ,  and educa tors  a l i k e .  Because of t h i s  

comprehensiveness c e r t a i n  s e c t i o n s  may be  omit ted on a  f i r s t  r ead ing ,  o r ,  

perhaps,  omit ted a l t o g e t h e r .  For example, Chapter Two, Sec t ions  I1 and 

111, c o n t a i n  f a i r l y  d e t a i l e d  d i scuss ions  of Popper, and of t o p i c s  

p e c u l i a r  t o  t h e  philosophy of s c i ence .  It is n o t  assumed t h a t  t h i s  

m a t e r i a l  is  of i n t e r e s t  t o  a l l  groups t o  which t h e  t h e s i s  i s  addressed ,  

and, f u r t h e r ,  t h i s  i s  r e l a t e d  t o  t h e  f a c t  t h a t  t h e  t h e s i s  con ta ins  - two 

arguments. These are l i s t e d  below, t oge the r  w i th  t h e  r e l e v a n t  po r t ions :  

Pr imary  
ar.qwnen t : 

Secondary 
argument : 

e s t a b l i s h i n g  a r e l a t i o n s h i p  between s c i e n t i f i c  d i s -  
covery and musical  c r e a t i v i t y .  

Chapter Two: Sec t ion  I 
Chapter Three: A l l  s e c t i o n s  
Chapter Four: A l l  s e c t i o n s  
Chapter Five:  Sec t ion  I 

drawing imp l i ca t ions  from t h e  Primary argument f o r  
t h e  conceptua l  foundat ions of i n q u i r y .  

A l l  of t h e  m a t e r i a l  f o r  t h e  Primary argument, and, 
i n  add i t i on :  

Chapter Two: Sec t ion  I1 
Chapter Five: Sec t ion  I1 

Chapters  a r e  d iv ided  i n t o  s e c t i o n s .  A t  t h e  beginning of each s e c t i o n  

t h e r e  is a summary of t h e  m a t e r i a l  contained t h e r e i n .  

A t  t h i s  t ime I should l i k e  t o  acknowledge t h e  a s s i s t a n c e  of many 

who, i n  v a r i o u s  and s e v e r a l  ways, have con t r ibu ted .  Space does not  

i x  



al low me t o  l i s t  them a l l ,  b u t  I should e s p e c i a l l y  l i k e  t o  acknowledge 

t h e  a s s i s t a n c e  of :  

(1)  P r o f e s s o r s  Gordon R. Eastwood and Cornel M. Hamm, f o r  guiding 

m e  i n t o  t h e  e x c i t i n g  realms of phi losophy;  

(2) Pro fes so r  R.  Murray Schafer ,  f o r  h i s  he lp  e s p e c i a l l y  i n  t h e  

p r e p a r a t i o n  of Chapter Four; 

(3)  Pro fes so r  Dennis H. C h i t t y ,  D.Phil.(Oxon.), F.R.S.C., P ro fe s so r  

of Zoology and of t h e  P r i n c i p l e s  and His tory  of Biology, 

Un ive r s i t y  of B r i t i s h  Columbia, who f i r s t  i n t e r e s t e d  m e  i n  

t h e  ph i lo soph ica l  foundat ions of s c i ence ;  

( 4 )  my two f a i t h f u l  t y p i s t s ,  wi thout  whose pa t i ence  t h i s  t h e s i s  

would never  have been completed. 

Inadequate  though words may be ,  t o  each and a l l  I t ende r  t h i s  sma l l  token 

of deepes t  a p p r e c i a t i o n .  



SCIENTIFIC DISCOVERY AND MUSICAL CREATIVITY 

WITH IMPLICATIONS FOR THE CONCEPTUAL 

FOUNDATIONS OF SYSTEMATIC INQUIRY 



CHAPTER ONE 

THE DEVELOPMENT OF SCIENTIFIC INQUIRY-- 

AN HISTORICAL PERSPECTIVE 

SECTION I 

Science as a rationaZ, inteZZectuaZ, and cuZturaZ ac t i v i t y ,  
i s  characterized by i t s  method. The roots of western 
science are also grounded i n  heritages other than the 
Greek. A brief  survey of ancient science: Egypt, Mesopo- 
tamia, fndia, China, Ancient Greek science, Medieval 
science. The Renaissance and early modem science. The 
17th Century and the r i s e  of the modem sc ien t i f i c  outZook. 
Determinism. Modem naturaZ science. 

I f  one were t o  i d e n t i f y  t h e  s i n g l e ,  most i n f l u e n t i a l  f a c t o r  t h a t  

has  pervaded t h e  l i f e  s t y l e  of western i n d u s t r i a l i z e d  s o c i e t i e s ,  espec- 

i a l l y  dur ing  t h e  last  t h r e e  c e n t u r i e s ,  t h a t  f a c t o r  would probably be  t h e  

impact of s c i ence  and technology. Today, e v a l u a t i o n  of t h i s  e n t e r p r i s e  

can b e  undertaken,  and t h i s  can be  enhanced by an  unders tanding  o f ,  and 

an a p p r e c i a t i o n  f o r ,  both t h e  h i s t o r y  and philosophy of  s c i ence .  This  

t h e s i s  is  concerned wi th  such an  i n v e s t i g a t i o n ,  and i s  l i m i t e d  t o  a 

b r i e f  h i s t o r i c a l  survey  of what may be termed " the  s c i e n t i f i c  t r a d i t i o n , "  

a f t e r  which t h e  focus  w i l l  s h i f t  t o  a  s p e c i f i c  problem c e n t r a l  t o  t h e  

philosophy of s c i ence ,  v i z . ,  t h e  problem of "discovery." However, be fo re  

beginning t h e  h i s t o r i c a l  a n a l y s i s ,  t h e  main f e a t u r e s  of t h e  s c i e n t i f i c  

e n t e r p r i s e  w i l l  b e  summarized. 

1 



Scientific knowledge is extremely diverse, and encompasses 

phenomena ranging from subatomic reactions to mental processes; from 

mathematical laws to thermodynamics; from the economics of educational 

financing to the laws of supply and demand; from the birth and death of 

stars to the migration of birds; from the study of extragalactic nebulae 

to the study of ultra-microscopic viruses; from the structure and func- 

tion of human bodies to laws of thought and to investigations of student 

creativity. The question then arises, "What, if anything, is common to 

this diversity?" Formal sciences apart (i.e., logic and mathematics), 

the most distinguishing feature of empirical science is the striving for 
4 

systematic and unbiased observation to satisfy the quest for explanation 

and prediction. Other features, which may be present to varying degrees, 

include systems of classification, from which generalizations or laws 

can be deduced, but this is not a claim that all laws necessarily must 

be associated with classificatory schemes. These laws (or "lawlike 

generalizations") may be applied to further observations resulting often 

in new laws, or, perhaps, resulting in alteration or even abolition of 

existing ones. However, the final appeal is to observation, often in 

the form of experiment. 

From this brief overview one may catch a glimmer of what is meant 

when it is said that science is a dynamic enterprise, for the term 

I! science" is now less associated with "knowledge" per se (as its ety- 

mology implies) than with the making of new knowledge. That is, science 

is more nearly equated with the notion of "research," and this is to say 

that the distinguishing characteristic of science is not its content, 



but its method. This does not imply that the method is flawless; nor 

that it cannot be changed or improved; nor that there are no conceptual 

problems involved; nor that the method cannot be philosophically analyzed 

as part of, for example, the quest for greater understanding of this 

important enterprise. Moreover, if this latter is at least one of the 

primary concerns, then this treatment of the contemporary context can be 

superficial and, perhaps, misleading, for the scientific tradition 

briefly sketched above, did not just "happen." Rather, it is the product 

of a long, multifarious history. 

The purpose of this chapter is to develop an historical perspec- 

tive preparatory to an analysis of one specific conceptual problem, that 

of discovery. This is part of a program that hopefully will lead to an 

evaluation of science as a rational, intellectual activity which has 

exerted a profound effect on the development of western culture as a 

whole. 

The present interest in the history of science has revealed that 

science can no longer be considered solely a product of Greek civiliza- 

tion. For example, recent investigations of ancient Mesopotamian 

empires, such as those of Babylonia and Assyria have shown that there 

had been a far more extensive development and accumulation of information 

in astronomy and mathematics than was heretofore suspected. Furthermore, 

one may also claim that the development of geometry, for example, began 

in ancient Egypt, for it was here that the annual flooding of the Nile 

resulted in the need to develop surveying techniques. Another feature 

of ancient science was the cross-fertilization of ideas of eastern 



cultures, again in greater degree than was, until recently, suspected. 

For example, Indian science influenced, and was influenced by, the tra- 

ditions of western Asia and Greece. The chief areas of investigation 

were astronomy, physiology, psychology and plant science, the latter 

with particular reference to food supply and medicine. It also had a 

store of chemical knowledge that more closely resembled alchemy or 

materia medica. Its texts were devoid of reference to superstition and 

magic, and showed genuine attempts to seek natural explanations for 

observed phenomena. Furthermore, it possessed a theoretical logic 

against which ideas were tested. 

However, despite the fact that Indian science speculated ration- 

ally, sought detailed knowledge from observations, and formed explana- 

tory hypotheses, rarely did it experiment, except in psychology. 

Moreover, although it did have what we now call theories (which, presum- 

ably, gave mentally satisfying explanations), these were, in reality, 

founded upon insufficient facts. 

The contemporary study of scientific history has also revealed 

that Chinese science has influenced Greek- and Latin-dominated western 

thought. Under the Han Dynasty (206 B.C.-A.D. 24) techniques in bronze- 

work, lacquering, dyeing, and fermentation stimulated the growth of 

science. Later, the development of industry and commerce, under the 

Western Tsin (A.D. 265-A.D. 317) and Eastern Tsin (A.D. 317-A.D. 420), 

favoured the expansion of science and the arts. It was in this period 

that Tsu Chung-chih (A.D. 429-A.D. 500) calculated the relationship of 

the circumference of a circle to its diameter, and placed it between 



3.1415926 and 3.1415927, t hus  marking a b r i l l i a n t  s t a g e  i n  t h e  h i s t o r y  

of Chinese mathematics. During t h e  ~ ' a n g  Dynasty (A.D. 618-A.D. 907) ,  

(and a f t e r  t h e  p r i n t i n g  p r e s s  had been invented and e s t a b l i s h e d ) ,  t h e r e  

appeared an encyclopaedia,  Ch'i-min yao shu ("Treatise on AgricuZturett), 

which d e a l t  w i th  a g r i c u l t u r e  and gave u s e f u l  advice  on fe rmenta t ion .  

During t h e  Sung Dynasty (A.D. 960-A.D. 1279),  t h e  f i r s t  monograph on 

b e r i b e r i ,  e n t i t l e d  CSlzio-chfi chih-fa tsung-yao ( V o t e s  on the Treatment 

of ~ e r i b e A " )  was produced by Tung Chi. F i r s t  hand observa t ions  of 

v a r i o u s  medicines were recorded i n  Pen t f s a o  ("Materia Medical'), with  

mention of over  893 animal ,  vege tab le ,  o r  mine ra l  p roducts  which may be 

used i n  t h e  medic ina l  t rea tment  of v a r i o u s  i l l n e s s e s .  Under t h e  Ch'ing 

Dynasty (1644-1912), wes te rn  sc i ence  was in t roduced  by m i s s i o n a r i e s ,  and 

such s c h o l a r s  a s  Wang Si-chan (1628-82) and Mei Wen-ting (1633-1721) 

began t o  s tudy  t h i s  European t r a d i t i o n .  S t i l l  l a t e r ,  T a i  Chen (1723-77) 

e d i t e d  t e n  mathematical works under t h e  t i t l e  Suan ching ( W a s s i c s  of 

Mathematics "1. 

So much f o r  a b r i e f  overview of t h e  development of non-Grecian 

based sc i ence .  Much more could be s a i d ,  and much r e s e a r c h  remains t o  be  

done, b u t  i t  i s  t i m e  t o  t u r n  t o  t h e  Greek in f luence  i t s e l f .  Tradi t ion-  

a l l y ,  t h e  beginning of Greek sc i ence  i s  u s u a l l y  a s s o c i a t e d  wi th  Thales  

of Mi l e tus  who made some geometr ica l  d i s c o v e r i e s  i n  t h e  e a r l i e r  p a r t  of 

t h e  6 t h  century  B.C.  However, i t  was no t  u n t i l  Pythagorus and h i s  

fo l lowers  appeared t h a t  t h e r e  was a r i s e  of Greek i n t e l l e c t u a l i s m .  This  

"school" be l ieved  i n  t h e  independent e x i s t e n c e  of numbers, and a l s o  of 

t h e  correspondence between t h e  workings of mind and n a t u r e .  By the  



middle of the 5th century B.C., the so-called "Athenian" school had 

separated mathematics from medicine, thus marking the beginning of 

specialization that has characterized science ever since. 

The two dominant figures in Greek science during the 4th century 

B.C. were, of course, Plato (428-348 B.C.) and Aristotle (384-322 B.C.). 

Platonism held mathematics as the paradigm of thought, with a resultant 

de-emphasis on observational activity. Aristotle attempted to systema- 

tize all knowledge, his most successful endeavours being in biology. For 

five hundred years after Aristotle, the scientific centre of the world 

shifted to Alexandria, Egypt, where mathematics, under Euclid, again 
4 

assumed a predominant position. Some other prominent men of the Alexan- 

drian period were Aristarchus of Samos (fl. c. 270 B.C.) and Hipparchus 

(•’1. 146-127 B.C.) both in astronomy; Theophrastus (c. 287-212 B.C.) 

(biology, botany); Archimedes (c. 287-212 B.C.) (physics and mathematics); 

Apollonius of Perga (•’1. 220 B.C.) (mathematics, with particular refer- 

ence to conic sections); Eratosthenes (c. 276 to c. 194 B.C.) (measure- 

ment of the globe of the earth). Of all these men, particular mention 

should be made of Archimedes, generally regarded as the greatest of the 

Alexandrian school. The mathematical reconstruction of the Archimedian 

spiral, the mechanical construction of the Archimedian screw for raising 

water, and the exposition of the doctrine of levers, as well as his work 

in geometry, are all well known. Also notable during this period of 

science was the rise of anatomy and physiology as well as the exposition 

of the doctrine of atoms. 

Although from the period 30 B.C.-A.D. 200 Alexandria was under 



t h e  p o l i t i c a l  dominance of Rome, s c i ence  remained Greek i n  both  s p i r i t  

and language. Th i s  was t h e  age of Ptolemy ( f l .  c .  A.D. 140) and t h e  

geocen t r i c  theory  of t h e  un ive r se ,  and of Galen whose i n v e s t i g a t i o n s  

i n t o  human anatomy, al though i n  many i n s t a n c e s  e r roneous ,  were neverthe-  

l e s s  t o  have cons iderable  i n f luence  f o r  s e v e r a l  c e n t u r i e s  t o  come. 

During medieval t imes ,  p rogress  i n  s c i ence  was n e g l i g i b l e  u n t i l  

v e r s i o n s  of t h e  Greek s c i e n t i f i c  works occurred i n  Arabic  i n  t h e  10 th  and 

l l t h  c e n t u r i e s ,  and i n  L a t i n  (from t h e  Arabic)  i n  t h e  13 th  and 1 4 t h  

c e n t u r i e s .  The I s l amic  c o n t r i b u t i o n  t o  s c i e n c e ,  o t h e r  than  t h e  presenta-  

t i o n  of Greek sc i ence  i n  Arabic ,  cen tered  around alchemy, mathematics,  

astronomy, and medicine,  and some of t h e i r  c o n t r i b u t i o n s  i n  t h e s e  a r e a s  

had some e f f e c t  on t h e  r i s e  of modern chemis t ry ,  e s p e c i a l l y  i n  t h e  i n t r o -  

duc t ion  of new drugs,  many of which a r e  s t i l l  i n  use .  Astronomy and 

a s t r o l o g y  ( t h e r e  was, a t  t h i s  t ime,  no c l ea r - cu t  d i s t i n c t i o n )  were 

cons t an t  preoccupat ions of t h e  Arabs, who, i n  a d d i t i o n ,  developed con- 

s i d e r a b l y  t h e  geometr ica l  and o p t i c a l  works of t h e  Greeks. 

During t h e  l l t h  cen tu ry ,  s c i ence  i n  t h e  L a t i n  w e s t  came i n t o  

con tac t  w i th  t h a t  of t h e  L a t i n  e a s t  through L a t i n  t r a n s l a t i o n s  of Arabic  

works. Subsequent ly,  dur ing  t h e  1 3 t h  cen tu ry ,  t h e  r e v i v a l  of t h e  works 

of A r i s t o t l e  proved t o  be  a major f a c t o r  i n  t h e  development of what may 

be c a l l e d  " i n t e l l e c t u a l  coherence," and, fur thermore,  gave t o  s c h o l a s t i c  

s c i e n c e  i t s  e s s e n t i a l  c h a r a c t e r .  T r a d i t i o n a l l y ,  t h e  so -ca l l ed  "fore- 

runners"  of s c i e n c e ,  e s p e c i a l l y  Roger Bacon ( c .  1226-92) belong t o  t h i s  

pe r iod ,  a l though t h e  a c t u a l  c o n t r i b u t i o n s ,  s c a t t e r e d  over  two o r  t h r e e  

c e n t u r i e s ,  a r e  somewhat minute when compared t o  those  of t h e  b e s t  Greek 
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and Arabic  centuries--so much s o  t h a t  t h e s e  c o n t r i b u t i o n s  of t h e  "fore- 

runners" do no t  j u s t i f y  a  r e v i s i o n  of t h e  s tandard  view t h a t  modern 

sc i ence  has i t s  main r o o t s  i n  t h e  15 th  and 16 th  c e n t u r i e s .  However, t h e  

b e t t e r  empi r i ca l  technology of t h e  new sc i ence  was t h e  product  of t h e  

medieval c e n t u r i e s ;  and i t s  method of expos i t i on  may be  s a i d  t o  be  rooted  

i n  s c h o l a s t i c  thought.  

Ea r ly  modern s c i e n c e  may be  a s s o c i a t e d  wi th  t h e  recovery of t h e  

s c i e n t i f i c  h e r i t a g e  of t h e  Greeks, and t h i s  was accomplished l a r g e l y  by 

1550. There appeared t o  b e  a  renewal of i n t e r e s t  i n  exper imenta t ion  

and obse rva t ioq ,  and t h e  German c a r d i n a l  Nicholas  of Cusa (1401-64) 

recorded a  c a r e f u l  experiment on growing p l a n t s ,  proving t h a t  they  absorb 

some weight from t h e  a i r .  Th i s  was, i n  f a c t ,  t h e  f i r s t  modern, formal 

b i o l o g i c a l  experiment,  and t h e  f i r s t  exper imenta l  proof t h a t  a i r  h a s  

weight .  This  was a l s o  t h e  t i m e  of Copernicus and h i s  h e l i o c e n t r i c  

theory  of t h e  un ive r se ,  which theory ,  d e s p i t e  i ts  revo lu t iona ry  n a t u r e ,  

was s t i l l  Ptolmaic i n  many ways. Indeed,  t h e s e  Ptolmaic v e s t i g e s  suppor t  

t h e  c la im t h a t  Copernicus w a s ,  i n  f a c t ,  more a  conse rva t ive  s c h o l a r  than  

a  s c i e n t i f i c  i n v e s t i g a t o r .  For example, h i s  theory  r e t a i n e d  some of t h e  

Ptolmaic e p i c y c l e s ,  t h e  s p h e r i c i t y  of t h e  un ive r se ,  and t h e  n o t i o n  of 

t h e  uniform c i r c u l a r  motion of c e l e s t i a l  bodies .  

Th i s  was a l s o  t h e  e r a  of Leonardo da Vinc i  (1452-1519) whose con- 

t r i b u t i o n s  i n  many f i e l d s ,  both i n  a r t  and s c i e n c e ,  a r e  w e l l  known. It 

was a l s o  t h e  e r a  of Andreas Vesa l ius  (1514-64) whose De hwnanis c o ~ l p o r i s  

f d r i c a  (1543)  was t h e  f i r s t  g r e a t  s c i e n t i f i c  monograph i n  t h e  modern 

manner, a l b e i t  founded s o l i d l y  on t h e  (mistaken) t r a d i t i o n  of Galen. 



A s  Medieval s c i ence  was rooted  i n  A r i s t o t e l i a n  thought ,  Renais- 

sance  sc i ence  witnessed a  r e v i v a l  of P l a t o n i c  thought .  Simon S t r e v i n  

(1548-1620) s t a t e d  t h a t  s c i ence  could no t  w e l l  advance u n t i l  i t s  mathe- 

m a t i c a l  framework was improved. H e  was a l s o  one of t h e  e a r l i e s t  t o  

d e t e c t  f laws  i n  A r i s t o t l e ' s  system. 

The g r e a t  exponents of s c i e n t i f i c  method i n  t h e  e a r l i e r  p a r t  of 

t h e  17th  century  included G a l i l e o ,  Kepler ,  and Desca r t e s ,  each of whom 

made va luab le  c o n t r i b u t i o n s  t o  both mathematics and phys ics .  By t h e  

middle of t h i s  cen tu ry ,  A r i s t o t l e ' s  cosmology had f a l l e n ,  and h i s  

b io logy  was being r e b u i l t .  I n  a  s ense ,  s c i e n c e  had reached a ma tu r i ty  

t h a t  was r i p e  f o r  formal o rgan iza t ion  i n  t h e  per iod  which fol lowed.  

Most of t h i s  newly found m a t u r i t y  was exemplif ied i n  t h e  b r i l l i a n t  work 

and p e r s o n a l i t y  of Ga l i l eo .  

The beginning of t h e  modern s c i e n t i f i c  out look d i d  no t  occur  

u n t i l  t h e  f i r s t  h a l f  of t h e  17 th  cen tu ry ,  and f ea tu red  a  de-emphasis on 

s c h o l a s t i c  r a t i o n a t i o n  concomitant wi th  a  new r e l i a n c e  on exper ience ,  

e s p e c i a l l y  through experiment,  a s  a  means of acqu i r ing  knowledge. I n  

cosmology, t h e  h e l i o c e n t r i c  theory  had rep laced  t h e  g e o c e n t r i c ,  and 

chemistry had rep laced  alchemy. Phys i ca l  experiments were expressed a s  

f a r  a s  p o s s i b l e  i n  mathematical terms, and physiology s e t  phys ics  a s  i t s  

i d e a l .  I n  t h e  b i o l o g i c a l  s c i e n c e s ,  Harvey had worked out  t h e  c i r c u l a t i o n  

of t h e  blood,  and a new c l a s s i f i c a t i o n  of bo th  animals  and p l a n t s  ( a l b e i t  

by b a s i c a l l y  A r i s t o t e l i a n  methods) was begun. 

From t h e  l a t t e r  h a l f  of t h e  17th  century  t o  t h e  end of t h e  19 th  

cen tu ry ,  i t  is  s a f e  t o  c la im t h a t  western c i v i l i z a t i o n  was most 
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influenced by the deterministic framework of Newton (1642-1727). Within 

this conceptual scheme all material events would be grounded in mathe- 

matical and/or logical rules. Indeed, this "ideal" became the main task 

of his "philosophy" and, for that matter, of science in general. More- 

over, scientific determinism also influenced the approach to the study 

of mental phenomena. Charles Darwin's Origin of Species contained the 

germ of biological determinism, and Karl Marx's Zur Kritik Der PoZi- 

t ischen &onomie contained the germ of psychological determinism; taken 

together, both works may be said to form the basis of social determinism. 

Contemporary science has laid less emphasis on determinism, and 

the formulation of one basic conceptual scheme. Indeed, it has sought to 

question much more closely the conceptual foundations, such as the 

ontological and epistemological bases of its assumptions, conclusions, 

and methodology. This kind of philosophic inquiry has exposed, for 

example, the danger of transferring concepts from their original fields 

of reference, such that one becomes more careful in using such terms as 

11 evolution," "race," "heredity" and "value" as an attempt to give a 

scientific status to what, in fact, may be nonscientific judgments. As 

well, this inquiry has sharpened understanding and cleared away some of 

the confusion surrounding such terms as "substance," "theory," "idea," 

I I cause," "purpose," and "function" as they are construed in scientific, 

theological, or philosophical fields of study. Moreover, it has pointed 

up some of what may perhaps appear to the layman as conceptual and/or 

methodological "weaknesses" of science. For example, the bases for 

observations often require a presupposed theoretical framework, and this 
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raises the problem of limitation (or closure) in the generation of 

hypotheses. A further problem is that of the intrinsic limitation of 

all experiments, and this includes not only the problem of the onto- - 
logical status of theoretical constructs, such as the electron, but 

also includes the intrinsic limitation of all experimentation vis-;-vis, 

for example, the Heisenberg Uncertainty PrincipZe which principle states 

that it is impossible to specify or determine precisely both the posi- 

tion and the velocity of a particle. This can be expressed as the 

inequality: 

or, as usually expressed, in terms of momentum p 

Now, when one is discussing macroscopic quantities, the uncertainty is of 

little consequence, because h is very small (6.6 x ergslsec.), and 

where m is relatively large; but uncertainty is of obvious importance 

when one is considering electrons ( m  = 9.0 x gms .) and other small 

particles. As mentioned earlier, this raises extremely interesting 

philosophical problems, for it implies intrinsic limits to experimenta- 

tion. Relatedly, then, a further philosophical problem emerges concern- 

ing the status of scientific conclusions, for even the most general laws 

may not be (and probably cannot be) "ultimate" goals; they may have only 

provisional status in the service of, say, explanation and prediction, 
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o r  they  may be only  t h e  s t a r t i n g  p o i n t s  f o r  f u r t h e r  i n v e s t i g a t i o n s .  

Many of t h e s e  problems w i l l  be  encountered aga in  a s  t h e  t h e s i s  develops.  

Hence, today t h e r e  i s  an  expanded i n t e r e s t  i n  t h e  philosophy of 

s c i ence .  This  emphasis on conceptual  i n v e s t i g a t i o n  i s  i t s e l f  a  p a r t  of 

one of t h e  main features--and s e c r e t s  of success--in s c i e n c e ,  v i z . ,  

t h a t  of s p e c i a l i z a t i o n ,  and of subsequent a p p l i c a t i o n  of knowledge 

gained i n  one a r e a  t o  o t h e r  a r e a s ,  r e s u l t i n g  i n  a  s t r o n g  i n t e r d i s c i p l i n -  

a r y  approach. Science never  cons ide r s  (and cannot cons ider )  t h e  world 

a s  a  whole. Each s c i e n c e ,  w i t h i n  i t s  own concepts  and language, 

d e s c r i b e s  only a  l i t t l e  b i t  of t h e  un ive r se .  

SECTION I1 

A brief  his torical  survey of the social sciences. Social 
science and normative philosophy. Rise of scientism and 
the schism of socia2 science from normative phizosophy. 
Contributions of Comte and Marx, and a br ie f  reference as 
t o  why the ir  theories failed. Social sciences today. The 
use of the term "sociaZ science" as classi f icat ion.  

The s c i e n t i f i c  approach t o  t h e  s tudy  of s o c i a l  phenomena d id  n o t  

begin u n t i l  t h e  n ine t een th  century .  Previous  t o  t h a t  t i m e  t h e  r u l e s  of 

s o c i a l  o rgan iza t ion  were o r i e n t e d  towards a  normative,  ph i lo soph ica l  

b a s i s  which emphasized t h e  r u l e s  such a s  they  ought t o  be ,  r a t h e r  than  

seeking  t o  d iscover  r u l e s  of s o c i a l  o rgan iza t ion  a s  they e x i s t .  However, 

t h i s  does no t  n e c e s s a r i l y  imply t h a t  t h e s e  normative problems a r e  e a s i l y  

so lved ,  and indeed,  according t o  some phi losophers  and s o c i a l  s c i e n t i s t s ,  

s o l u t i o n  may be  imposs ib le .  



Duverger (1961) s t a t e s  t h a t :  

. . . i n  i t s  o r i g i n a l  form, s o c i a l  s c i ence  was embedded i n  a  mass of 
normative cons ide ra t ions  of a  moral o r  ph i lo soph ica l  n a t u r e .  . . . 
The p ropor t ion  of s c i e n t i f i c  observa t ion  r e l a t i v e  t o  t h e  normative 
cons ide ra t ions  va r i ed  depending on t h e  au tho r .1  

However, h e  goes on t o  say  t h a t  " the metaphysical  and normative context  

h indered  n e i t h e r  c a r e f u l  a n a l y s i s  of t h e  r e a l  world nor  t h e  development 

of t h e  comparative method: i n  t h i s  r e s p e c t  A r i s t o t l e  remains a model."' 

Duverger is  c la iming  then ,  t h a t  some e s s e n t i a l  f e a t u r e s  of s c i e n t i f i c  

a t t i t u d e  were p r e s e n t ,  f o r  c a r e f u l  obse rva t ion  and an i n t e l l e c t u a l  tem- 

perament disposed t o  r e f l e c t i o n  on informat ion  a l r eady  a v a i l a b l e  and, 

moreover, prepared t o  seek  new informat ion ,  a r e  important  f e a t u r e s  of 

s c i e n t i f i c  methodology. 

A s  t h e  s c i e n t i f i c  approach became i n c r e a s i n g l y  predominant, a 

d e c i s i v e  s e p a r a t i o n  between sc i ence  and t h i s  type  of normative philosophy 

occurred.  Concomitantly t h e r e  appeared t h e  no t ion  t h a t  s o c i a l  phenomena 

may have a  r e g u l a r  c h a r a c t e r  such a s  t o  a l low t h e i r  being subsumed under 

n a t u r a l  laws more o r  less analogous t o  those  which govern phys i ca l  

phenomena i n  t h e  un ive r se .  Unfor tuna te ly ,  t h e  e ighteenth-century  au tho r s  

n e i t h e r  c l e a r l y  de l imi t ed  t h e  f i e l d  of s o c i a l  s c i e n c e ,  nor  p r e c i s e l y  

de f ined  i t s  purpose. Indeed, it i s  n o t  u n t i l  t h e  c o n t r i b u t i o n s  of 

Auguste Comte and Kar l  Marx t h a t  one a r r i v e s  a t  a  program f o r  t h e  e s t ab -  

l ishment  of t h e  o b j e c t i v e  and s c i e n t i f i c  c h a r a c t e r  of s o c i a l  s c i ence .  

From t h e  pe r spec t ive  of t h e  d i scuss ion  s o  f a r ,  probably t h e  main 

c o n t r i b u t i o n  of Comte was, a s  Duverger sugges t s ,  " the a s s e r t i o n  of t h e  



p o s i t i v e  c h a r a c t e r  of t h e  s o c i a l  s c i ences  and t h e i r  d e f i n i t i v e  s e p a r a t i o n  

f r o e  morals  and metaphysics  .") Unfor tuna te ly  , f o r  f u t u r e  development, 

Comte thought t h a t  " the  whole s o c i a l  mechanism rests on opinions114 and 

he  thus  imparted a s u b j e c t i v e  c h a r a c t e r  t o  t h e  soc io logy  he developed. 

Marx, however, went f u r t h e r  i n  an a t tempt  t o  s ecu re  s o c i a l  s c i e n c e  an 

o b j e c t i v e  base  by h i s  c la im t h a t  j u r i d i c a l  r e l a t i o n s ,  p o l i t i c a l  forms, 

and t h e  whole s o c i a l  s t r u c t u r e  r e s t e d  on t h e  economic i n f r a s t r u c t u r e ,  

and on t h e  r e l a t i o n s  of t h e  f o r c e s  of product ion.  I n  f a c t ,  Marxism was 

t h e  f i r s t  complete system which at tempted t o  e x p l a i n  a l l  s o c i a l  phenomena. 

Desp i t e  i t s  inadequacies  and e r r o r s ,  Marxism has  exe r t ed  cons ide rab le  
I 

i n f luence  a s  a b a s i c  framework and r e f e r e n c e  system, b u t  t h a t :  

The comprehensiveness of t h e  doctzvhe ( i t a l i c s  added) has  encouraged 
Marxis t s  t o  u s e  deduct ive  reason  r a t h e r  t han  experimental  r e sea rch ,  
t hus  developing a new scho la t i c i sm wi th in  a dogmatic framework; t h e  
d i s c i p l i n e s  of one of t h e  g r e a t e s t  among t h e  founding f a t h e r s  have 
t h u s ,  pa radox ica l ly ,  r e tu rned  t o  t h e  p r i m i t i v e  confusion between 
sc i ence  and philosophy .5 

The development of p a r t i c u l a r  s o c i a l  s c i ences  i s  n o t  wholly a 

twen t i e th  century  occurrence f o r  even when s o c i a l  s c i e n c e  was s t i l l  dom- 

i n a t e d  by metaphysical  and moral cons ide ra t ions ,  some s p e c i a l i s t  d i s c i -  

p l i n e s  were founded centered  around t h e  c r i t e r i o n  of exper imenta l  method. 

An example of t h i s  i s  p o l i t i c a l  economy, which was e s t a b l i s h e d  a s  an 

autonomous s c i e n c e  c l e a r l y  s epa ra t ed  from philosophy by t h e  Phys ioc ra t s  

and Adam Smith. 

With t h e  i n c r e a s i n g  amount and complexity of s u b j e c t  m a t t e r ,  i t  

was almost i n e v i t a b l e  t h a t  s o c i a l  s c i ence  would d i v i d e  i n t o  a number of 
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s e p a r a t e  d i s c i p l i n e s .  Today, t h e  s c i e n t i f i c  e n t e r p r i s e  is o f t e n  viewed, 

in to to ,  a s  comprising t h r e e  broad d i v i s i o n s :  t h e  phys i ca l  s c i e n c e s ,  t h e  

b i o l o g i c a l  s c i e n c e s ,  and t h e  s o c i a l  s c i ences .  However, t h e  boundaries  

are o f t e n  n e i t h e r  d i s t i n c t  nor  s t a t i c .  For example, psychology and 

anthropology may be  considered i n  p a r t  s o c i a l  and i n  p a r t  b i o l o g i c a l ,  

s c i e n c e s ,  whereas geography would, a s  a  d i s c i p l i n e ,  c u t  a c r o s s  a l l  t h r e e  

major d i v i s i o n s .  Also, h i s t o r y  may b e  c l a s sed  by some a s  a  s c i e n c e ,  b u t  

o t h e r s  would inc lude  i t  a s  a  d i s c i p l i n e  w i t h i n  t h e  humanit ies  a long wi th  

l i t e r a t u r e  and t h e  f i n e  a r t s .  S o c i a l  psychology i s  v a r i o u s l y  c l a s s e d  as 

a branch of psychology, a s  a  branch of soc io logy  and a s  a  s c i e n c e  i n  i t s  

own r i g h t .  Any c l a s s i f i c a t i o n  then ,  i s  only f o r  convenience i n  desc r ip -  

t i o n  and s tudy ,  and need n o t  exclude a l l  doub t fu l  ca ses  i n  o r d e r  t o  be 

u s e f u l .  What i s  important  i s  t h a t  - a l l  t h e s e  d i s c i p l i n e s  s t r i v e  t o  employ 

t h e  b a s i c ,  methodological p r i n c i p l e s  of t h e  n a t u r a l  s c i e n c e s  which have 

been surveyed i n  t h e  previous  s e c t i o n .  

SECTION 111 

Herbart and the beginnings of the s c i e n t i f i c  study of educa- 
t ion.  G. Stanley Hall and the ThiZd Study Movement. " The 
'Vultural Epochs Theory" (Recapitulation Theory), J .  M .  Rice, 
MaxueZZ and the modem s c i e n t i f i c  movement. S t a t i s t i c s  i n  
educationaZ research. Deve Zopment of standards. Binet and 
the I.&. metric. Laboratory studies.  SchooZ surveys and the 
establishment of bureaus of research. 

The s c i e n t i f i c  approach t o  t h e  s tudy  of educa t ion  may be s a i d  t o  

have begun wi th  Johann F r i e d r i c h  Hebart (1776-1841) who d i d  most of h i s  
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work between 1800 and 1841. He he ld  t h a t  educa t ion  should be  based on 

two fundamental s c i ences ,  psychology and e t h i c s .  Indeed, t h e  development 

of psychology dur ing  t h e  l a s t  decade can be  t r a c e d ,  i n  very  l a r g e  

measure, t o  t h e  i n f l u e n c e  of Herbar t ;  and i n  Germany, Herba r t ' s  "move- 

ment" was s o  e f f e c t i v e  a s  t o  l ead  t o  t h e  es tab l i shment  of l a b o r a t o r i e s  

f o r  t h e  s tudy  of mental p rocesses  of both a d u l t s  and c h i l d r e n .  

The work of G .  S tan ley  H a l l  (1846-1924) and h i s  "Child Study Move- 

ment" was a l s o  t o  prove extremely i n f l u e n t i a l .  The emphasis was aga in  

on t h e  psychology of c h i l d r e n ,  and t h e  ch ief  means of i n v e s t i g a t i o n  was 

t h e  ques t ionna i r e .  D i f f e r e n t  a s p e c t s  of c h i l d r e n ' s  mental  development 

were formulated i n t o  ques t ions  which were s e n t  t o  p a r e n t s  and t eache r s  

a l l  over t h e  United S t a t e s .  The r e s u l t s  were recorded b u t ,  u n f o r t u n a t e l y ,  

conclus ions  were subsequent ly drawn wi thout  very  s e r i o u s  regard  t o  t h e  

v a l i d i t y  of t h e  answers themselves.  In  s h o r t ,  t h e  movement f a i l e d  be- 

cause  of an  unsystematic  methodology of i n v e s t i g a t i o n ,  and a l l  t h a t  was 

obta ined  was a  c o l l e c t i o n  of i n t e r e s t i n g  m a t e r i a l  about t h e  development 

of c h i l d r e n  which, i n  gene ra l ,  was n o t  b e n e f i c i a l  t o  educa t iona l  p r a c t i c e .  

Another a t tempt  a t  a  s c i e n t i f i c  approach t o  educa t ion  culminated 

i n  t h e  " c u l t u r a l  epoch theory' '  ( r e c a p i t u l a t i o n  theory)  which he ld  t h a t  

t h e  development followed by c h i l d r e n  c l o s e l y  p a r a l l e l s  t h e  l i n e  of 

development he ld  by t h e  human r a c e .  For example, p a r a l l e l i s m s  were 

drawn between c h i l d r e n ' s  drawings and t h e  a r t  of p r i m i t i v e  peoples .  To 

t h e  fo l lowers  of Herbar t ,  t h e  theory  was viewed a s  a  method by which a  

course  of s tudy  appropr i a t e  f o r  t h e  schools  could be l a i d  o u t .  They had 

only  t o  f i n d ,  by a  c a r e f u l  s tudy  of t h e  h i s t o r y  of t h e  r a c e ,  t h e  d i f f e r e n t  
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epochs (stages) through which civilization had passed. The theory proved 

unsatisfactory, mainly as a result of its crude generalization. However, 

it did have one beneficial effect, and that was to create a great deal 

of criticism and skepticism of traditional teaching methods, and to sug- 

gest the possibility of new methods. For example, at this time the 

Herbart Society, which set up experimental schools for the study of 

teaching methods, was formed. 

The so-called "measurement movement" was founded by J. M. Rice 

(1857-1934) whose investigation of spelling and arithmetic, by means of 

tests, spread t,o almost all other subjects of the curriculum. Rice's 

tests, together with a close examination of the results and implications 

of these tests, were carried out in the United States in 1894 to 1895. 

The influence of this movement is still felt today. 

The modern scientific approach in education may be said to have 

begun with Superintendent Maxwell's Reports of the New York school 

system. Basically, he called attention to the fact that numerous assump- 

tions with regard to the progress of children through the elementary 

school grades were without support. Also, studies in biology and anthro- 

pology revealed that mental characteristics, like physical ones, seem to 

follow the same law of distributions. For instance, in a given popula- 

tion, there always seemed to be a few highly gifted individuals (if not 

geniuses) as well as a few extremely dull individuals (if not idiots) 

but the individuals of the whole sample tended to group around a centre 

or average. This, of course, is the normal distribution the application 

of which is still in use. The point of mentioning it here, however, is 
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t o  i n d i c a t e  t h e  rise of i n t e r e s t  i n  s t a t i s t i c s ,  which i n t e r e s t  subse- 

quent ly  gave rise t o  s t u d i e s  i n  a c c e l e r a t i o n ,  r e t a r d a t i o n  and el imina-  

t i o n .  Some of t h e  most product ive  s c i e n t i f i c  s t u d i e s  i n  t h e  e a r l y  1900's  

were done on t h e s e  l a t t e r  two c a t e g o r i e s .  

The p u b l i c a t i o n  of L .  P .  Ayrest (1879-1946) book, Laggards i n  Our 

Public Schools (1909) had much in • ’  h e n c e .  The "age-grade t a b l e s "  c a l l e d  

a t t e n t i o n  t o  r e t a r d a t i o n  i n  schools ,  and s t imu la t ed  t e a c h e r s  and admin- 

i s t r a t o r s  t o  make a t tempts  a t  improvements. The r e s u l t s  have been pos i -  

t i v e ,  f o r  now t h e  p ropor t ion  of s t u d e n t s  who achieve  grade  e i g h t  s t a t u s  

i s  over  twice  t h e  number b e f o r e  t h e s e  s c i e n t i f i c  i n v e s t i g a t i o n s  w e r e  

undertaken. The way was now prepared f o r  t h e  development of s t anda rds  

i n  school  work, which s t anda rds  can perhaps b e  f i r s t  a t t r i b u t e d  t o  E .  L.  

f horn dike's (1874-1949) handwri t ing s c a l e  (1909) based on numerical  

terms. Teachers no longer  had t o  make t h e  assumption t h a t  c h i l d r e n  i n  

d i f f e r e n t  grades can w r i t e  p e r f e c t l y .  Furthermore, such s t a n d a r d i z a t i o n s  

spread  t o  o t h e r  s u b j e c t s  of t h e  curr iculum, b u t  i t  should be understood 

t h a t  s t a n d a r d i z a t i o n  was not meant t o  be  t h e  r educ t ion  of a l l  school  work 

t o  an a b s o l u t e  uni formi ty .  It can b e  argued t h a t  t h i s  could never  b e  s o .  

The advantage i s  t h a t  now t h e  degree of exce l l ence  t h a t  - can b e  obta ined  

can be  s p e c i f i e d ,  and t h e  t eache r  can thus  a d j u s t  t h e  methods of 

i n s t r u c t i o n .  

Together w i t h  t h e  advent of measurement, s t a t i s t i c s ,  t e s t i n g  and 

s t a n d a r d i z a t i o n  came t h e  u s e  of i n t e l l i g e n c e  t e s t s ,  which, i n  America, 

were v igorous ly  promoted by James McKeen C a t t e l l .  B i n e t ' s  tests of 

i n t e l l i g e n c e  soon followed bu t  no a t tempt  was made t o  p r e d i c t  a  c h i l d ' s  
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f u t u r e  mental age, and t h i s  had important  r a m i f i c a t i o n s  f o r  t h e  s tudy  of 

r e t a r d a t i o n .  Ea r ly  i n  t h e  h i s t o r y  of i n t e l l i g e n c e  tests, t h e r e f o r e ,  

psychologis t s  adopted t h e  p r a c t i c e  of s t a t i n g  t h e  r e l a t i o n s h i p  between 

mental  age (M.A.) and chronologica l  age  (C.A.) a s  a r a t i o ,  t h e  i n t e l l i -  

gence q u o t i e n t  ( I . Q . ) .  The concept of I . Q .  was used i n  t h e  development 

of i n t e l l i g e n c e  t e s t s  by L.  M. Terman. Today, t h e s e  and o t h e r  ve r s ions  

of t h e  t e s t s  a r e  w e l l  known and w i l l  n o t  be  d e a l t  wi th  he re ,  s u f f i c e  t o  

s ay  t h a t  they  a r e  always a  measurement of r e l a t i v e  i n t e l l i g e n c e  expressed 

a s  a  s i n g l e  numerical  t e r m .  The S tanford  Revisions of t h i s  test l e d  t o  

ex t r emis t  views i n  educa t ion ,  such a s  t h e  grouping of - a l l  s t u d e n t s  a t  

one l e v e l  of I . Q .  w i t h  each o t h e r ,  r e g a r d l e s s  of o t h e r  f a c t o r s  such a s  

age. Again, a l l  t h e  problems t h a t  such a  misuse of t h e  s c a l e  g ives  rise 

t o  w i l l  n o t  b e  d e a l t  w i t h  i n  t h i s  t h e s i s .  It only needs t o  b e  s a i d  t h a t  

t h e s e  t e s t s  a r e  now used t o  suppor t  t h e  r e s u l t s  of o t h e r  e v a l u a t i o n s ,  

and t e a c h e r s '  judgments, i n  c l a s s i f y i n g  s t u d e n t s  i n  a l l  grades i n  t h e  

schools .  Th i s  i s  perhaps t h e i r  most l e g i t i m a t e  u s e ,  f o r  i t  appears  t h a t  

they  cannot b e  used t o  t h e  exc lus ion  of a l l  o t h e r  evidence wi th  regard 

t o  s tuden t  achievement. 

A f u r t h e r  s c i e n t i f i c  approach i s  based on l a b o r a t o r y  s t u d i e s  

centered  on t h e  phys i ca l  maturing of t h e  c h i l d  and t h e  r e l a t i o n s h i p  t o  

l ea rn ing .  This  has  l e d  t o  d e t a i l e d  knowledge o f ,  f o r  example, t h e  pre-  

school  c h i l d ,  s t u d i e s  i n  r e a c t i o n  measurements, and s t u d i e s  i n  reading  

and eye movements. I n  t h e  l a t t e r  ca se ,  photographs have been made of 

t h e  movements of t h e  eye which have l e d  t o  d i s c o v e r i e s  of d i f f i c u l t i e s  

which a r i s e  i n  t r a i n i n g  t h e  c h i l d  t o  read .  
6 
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Finally, school surveys have been used to obtain general measures 

of the efficiency of an educational system. The New York Survey in 1912 

was received with severe criticism especially with respect to method- 

ology. The Portland (Oregon) survey of 1913 was more successful, method- 

ologically, and was noteable for the very full statement it made of the 

theory of administrative organization for a city like Portland. The 

Springfield (Illinois) survey, conducted by L. P. Ayres gave special 

attention to the buildings. It also employed the methods of measurement 

and tests with more completeness than did any of the previous surveys. 

The report was much less open to question and much more significant as 

an illustration of scientific methodology in the evaluation of school 

organization. The Cleveland Survey, in twenty-five volumes, covered in 

detail every aspect of school organization and classroom work. Since 

these early times, many other surveys have been carried out, and Bureaus 

of Educational Research have been established to provide continuous 

studies of school systems and school operations for the maximization of 

the educational experience for all concerned. 

SUMMARY 

After a brief sketch of the scientific enterprise as it is known 

today, a survey of the history of this enterprise has been undertaken. 

It was shown that contemporary interest in the history of science has 

revealed that many other cultures have contributed to its origins. The 

civilizations of ancient Egypt, Mesopotamia, India, and China have all 
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in f luenced  t h e  Greek-based o r i g i n s  of Western s c i e n t i f i c  thought .  Some 

of t h e  main "schools ,"  such a s  t h e  "Athenian" and t h e  "Alexandrian" 

have been no ted ,  i n  a d d i t i o n  t o  some of t h e  most s i g n i f i c a n t  people: 

P l a t o ,  A r i s t o t l e ,  Archimedes and Ptolemy i n  anc i en t  t i m e s ;  Roger Bacon, 

Nicholas  of Causa, Leonardo da Vinci., and Andreas Vesa l ius  i n  medieval 

t imes ;  G a l i l e o ,  Kepler ,  and Descar tes  i n  r ena i s sance  t imes.  Also noted 

was t h e  f a c t  t h a t  t h e  o r i g i n s  of modern sc i ence  d i d  n o t  begin  u n t i l  t h e  

f i r s t  h a l f  of t h e  1 7 t h  cen tu ry ,  and t h i s  new out look  f ea tu red  a  r e l i a n c e  

on experiment.  Mention was a l s o  made of t h e  Newtonian d e t e r m i n i s t i c  

framework t h a t  he ld  sway from t h e  17th  cen tu ry  t o  t h e  end of  t h e  1 9 t h  

century .  F i n a l l y ,  a  few examples were given of t h e  types  of conceptua l  

problems t h a t  a r e  be ing  i n v e s t i g a t e d  today ,  such i n v e s t i g a t i o n s  be ing  

one of t h e  ch ief  c h a r a c t e r i s t i c s  of t h e  modern s c i e n t i f i c  e n t e r p r i s e  

( i . e . ,  r i go rous  ques t ion ing  of i t s  - own conceptua l  and methodological  

foundat ions  i n  a d d i t i o n  t o  a  g r e a t e r  i n t e r e s t  i n  t h e  h i s t o r i c a l  founda- 

t i o n s )  and t o  which types  of problems t h e  remaining chap te r s  of t h e  

t h e s i s  w i l l  be  devoted. 

Sec t ions  I1 and I11 have been inc luded  t o  show how s c i e n t i f i c  

methodology has  been employed i n  t h e  behavioura l  d i s c i p l i n e s .  I n  

s e c t i o n  11, a b r i e f  h i s t o r i c a l  survey of t h e  development of t h e  s o c i a l  

s c i e n c e s ,  w i th  p a r t i c u l a r  r e f e rence  t o  Comte and Marx, was undertaken,  

and i n  s e c t i o n  111 a s i m i l a r  survey t rea tment  was app l i ed  t o  t h e  sc ien-  

t i f i c  movement i n  educa t ion .  The c o n t r i b u t i o n s  of such men as J .  F. 

Herbar t ,  G .  S tan ley  H a l l ,  J .  M. Rice,  and A.  Binet were b r i e f l y  men- 

t ioned . 



This chapter has been included specifically to develop an 

historical perspective preparatory to a detailed examination of the 

modern enterprise. For example, it is easy to overlook the fact that 

the origins of scientific methodology are grounded not only in Greek 

culture, but also in Chinese, Indian, and Mesopotamian cultures as 

well. Moreover, despite the fact that scientific inquiry today may be 

regarded as systematic, controlled, critical, and objective, this has 

not always been the case. Historical analysis, by elucidating these 

and similar points can contribute much to a deeper understanding of 

the conceptual foundations of research, not only in the natural sciences, 

but also in the social sciences and in education. 

This concludes the historical survey for "background" purposes 

of the thesis. The investigation will now be limited to an examination 

of the conceptual foundations, focusing specifically on the nature of 

scientific discovery. The emphasis in Chapter Two through Chapter Four 

will be on the natural sciences, and in Chapter Five the implications 

of the conclusions will be extended to include also the social sciences 

and education. 



FOOTNOTES 

'M. Duverger , Introduction to the Social Sciences (London: George 
Allen and Unwin Ltd .  , 1961) , p.  12.  

 an^ o t h e r  p sycho log i s t s  have made important  c o n t r i b u t i o n s  t o  
educa t iona l  psychology. Perhaps t h e  most famous is t h e  Swiss psycholo- 
g i s t ,  Jean P iage t  (1896-19--) who has  been a  l ead ing  i n v e s t i g a t o r  of 
thought procesdes among c h i l d r e n .  The most d i s t i n c t i v e  f e a t u r e  of  
P i a g e t ' s  con t r ibu t ion  t o  experimental  psychology i s  h i s  developmental o r  
g e n e t i c  approach. H i s  system s e e s  c o g n i t i v e  development a s  a  gradual  
advance toward more thorough and i n t e l l i g e n t  adap ta t ion  t o  t h e  environ-  
ment, marked by more complete equ i l i b r ium among psychologica l  processes .  
Some psychologis t s  who have inf luenced  educa t ion  inc lude  J. S. Bruner,  
S. S. Colvin,  L.  J .  Cronbach, John Dewey, J .  P. Gu i l fo rd ,  William 
James, B. F. Skinner ,  Charles  Spearman, Lewis Terman, and many o t h e r s .  



CHAPTER TWO 

THE STRUCTURE OF SCIENTIFIC RESEARCH 

SECTION I 

Brief overview of sc i en t i f i c  research (IrSR Model A") .  The 
d is t inc t ion  between "pure" and "appliedrr research. The 
reZationship of theory t o  research. Theory construction 
( t o  be examined i n  more detai l  i n  Section I I I )  and the 
hypothetico-deductive system ( "SR Mode Z B and C") . The 
Popperian. modification of the traditional hypothetico- 
deductive system. 

For introductory purposes, the scientific research enterprise can 

be schematically represented as follows: 

hypothesis(es) -+ law(s) -4 theory ---t explanation and 

prediction A 

scientific research I 

SR Model A 

It should be noted that any random trial of something new does 

not necessarily qualify as research. Scientific research is a systematic, 

controlled, empirical, critical and objective investigation concerning 

hypothetical propositions about assumed relationships among natural 

phenomena. (The latter characteristic of "objectivity" is a particularly 

thorny problem, and will be taken up in more detail later in the thesis.) 

24 
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In  s h o r t ,  t h e  b a s i c  purpose of r e sea rch  i s  t h e  formulat ion of theory  (o r  

t h e o r i e s )  which, i n  t u r n ,  is  aimed a t  t h e  product ion  of s a t i s f a c t o r y  

explana t ions  ( r a t h e r  than  mere d e s c r i p t i o n s )  i n  o rde r  t h a t  one may 

a r r i v e  a t  a  b e t t e r  understanding of t h e  phenomenon i n  ques t ion .  Scien- 

t i f i c  knowledge begins  w i t h  t h e  n o t i c e  of r e g u l a r i t i e s  i n  t h e  course  of 

even t s ,  and t h e s e  r e g u l a r i t i e s  a r e  analyzed f o r  t h e i r  va lue  n o t  only i n  

explana t ion ,  b u t  a l s o  i n  p r e d i c t i o n  and c o n t r o l .  Of ten ,  however, c o n t r o l  

i s  n o t  d i r e c t ,  f o r  wh i l e  on t h e  one hand an  astronomer can r e l i a b l y  

p r e d i c t  e c l i p s e s ,  he  cannot i n  f a c t  c o n t r o l  t h e i r  occurrences;  on t h e  

o t h e r  hand, a meteoro logis t  might p r e d i c t  r a i n s ,  and al though he  e x e r t s  

no d i r e c t  c o n t r o l ,  per se over  them, adjustments  such a s  e r e c t i o n  of 

dams, emergency measures,  evacuat ions ,  and s o  on can be  made. I n  t h e s e  

cases ,  a l though t h e  c o n t r o l  is  i n d i r e c t ,  some type  of c o n t r o l  i s  p o s s i b l e  

on t h e  b a s i s  of t h e  s c i e n t i s t ' s  a b i l i t y  t o  p r e d i c t .  A s  Hospers says :  

The s c i e n t i f i c  e n t e r p r i s e  could be  descr ibed  as t h e  search  f o r  gen- 
u i n e  i n v a r i a n t s  i n  n a t u r e  f o r  r e g u l a r i t i e s  wi thout  excep t ion ,  s o  
t h a t  we a r e  enabled t o  s a y ,  "Whenever such-and-such cond i t i ons  a r e  
f u l f i l l e d ,  t h i s  k ind  of t h i n g  aZways happens. "1 

But i t  should b e  emphasized t h a t  t h e s e  r e g u l a r i t i e s  which we do 

observe a r e  ve ry  seldom s t r i c t  i n v a r i a n t s .  Moreover, t h e  exp lana t ions  

wi th  which s c i e n t i f i c  r e sea rch  is  concerned a r e  t hose  which a r e  s t a b l e ,  

t h a t  f i t  i n  w i th  o t h e r  e x i s t i n g  t h e o r i e s ,  t h a t  have been t e s t e d ,  and 

t h a t  have been t r e a t e d ,  i n s o f a r  a s  p o s s i b l e ,  "objec t ive ly"  ( t h a t  i s ,  

f r e e  from any preconceived n o t i o n s ) .  S t i l l  f u r t h e r ,  theory  and explana- 

t i o n  have unique and s p e c i f i c  purposes,  namely t o  provide  knowledge 



through which p r a c t i c e  can be  rendered more e f f e c t i v e .  

It i s  g e n e r a l l y  recognized t h a t  t h e r e  a r e  two f a c e t s  t o  t h e  r e -  

search  process  : "basic"  o r  "pure" r e sea rch  and "applied" r e sea rch .  The 

former i s  designed s o  t h a t  an organized body of knowledge can be  extended; 

i t  does no t  n e c e s s a r i l y  r e s u l t  i n  any immediate p r a c t i c a l  va lue .  The 

l a t t e r  type  of r e sea rch  - is  undertaken t o  s o l v e  an immediate p r a c t i c a l  

problem, and i s  thus  concerned w i t h  t h e  a p p l i c a t i o n  of knowledge, gained 

from b a s i c  r e s e a r c h ,  t o  p r a c t i c e .  A s  such ,  any c o n t r i b u t i o n  of app l i ed  

r e sea rch  t o  t h e  organized fund of knowledge i s  secondary. 

A s  has  f l r e a d y  been mentioned above, t h e  immediate aim of s c i en -  

t i f i c  r e sea rch  i s  theory cons t ruc t ion .  When a s c i e n c e  f i r s t  beg ins ,  it 

i s  almost e n t i r e l y  empi r i ca l  i n  n a t u r e ,  concerned d i r e c t l y  and almost 

completely wi th  observable  phenomena, and wi th  r e l a t i o n s h i p s  among them. 

To put  i t  another  way, s c i ence  begins  w i th  obse rva t ion ,  such a s  t h e  

f a l l i n g  of an app le  o r  t h e  observa t ion  t h a t  combustion is imposs ib le  

when a i r  i s  removed, o r  t h a t  s tones  of d i f f e r e n t  s i z e s  and weights  f a l l  

a given d i s t a n c e  i n  t h e  same time i n t e r v a l .  These even t s  a r e ,  wi thout  

doubt ,  i n  t h e  realm of obse rva t ions ,  b u t ,  a s  such ,  cannot e x p l a i n  t h e s e  

events .  U n t i l  one begins  t o  understand why t h e  observable  phenomena 

occur ,  t h e  s c i ence  i s  crude and p r i m i t i v e  and eminent ly i ncapab le  of ex- 

p l ana t ion .  

What does i t  mean "to expla in"  a phenomenon x? It may be assumed 

t h a t  t o  exp la in  x i s  t o  understand x i n  such a  way as t o  b r i n g  someone 

e l s e  t o  understand i t .  I f  t h i s  assumption i s  g ran ted ,  then  two l e v e l s  

of explana t ion  may be  d i s t i ngu i shed .  A t  t h e  p r i m i t i v e  l e v e l  i s  



1 I e xp la in ing  - how" which i s  a s soc i a t ed  wi th  t h e  concepts  "understanding 

how" and " l ea rn ing  how." One can speak then ,  of exp la in ing  how t o  p lay  - 

t h e  p iano ,  and t h i s  would involve  t h e  s t u d e n t ' s  l e a r n i n g  how t o  s i t ,  how 

t o  p o s i t i o n  t h e  f i n g e r s ,  hands and arms, how t o  u s e  t h e  peda l s ,  and s o  

on. But,  i f  one were t o  t a k e  t h e  example of t h e  i n t e r p r e t a t i o n  of a  

Bach fugue,  one i s  a t  once concerned wi th  a  h ighe r  l e v e l  of exp lana t ion ,  

f o r  h e r e  one i s  d e a l i n g  wi th  a conceptua l  framework, namely t h e  Baroque 

musica l  s t y l e .  I n  t h i s  ca se ,  t h e  t e a c h e r ' s  t a s k  i s  t h a t  of exp la in ing  

why and i s  a s s o c i a t e d  n o t  only wi th  unders tanding  why and l e a r n i n g  why, 

on t h e  p a r t  of t h e  s t u d e n t ,  b u t  a l s o  w i t h  t h e  g i v i n g ,  t h e  t eache r  - t o  

t h e  s t u d e n t ,  of v a l i d  reasons .  I n  c o n t r a s t  t o  "explaining how," which 

is  concerned w i t h  t h e  a c q u i s i t i o n  of some pe rcep tua l  motor -sk i l l  o r  

h a b i t ,  "expla in ing  whyw is concerned wi th  t h e o r e t i c a l  o r  conceptual  jus -  

t i f i c a t i o n s ,  and t h i s  involves  t h e  formation of concepts  and t h e  employ- 

ment of some form of i n fe rence .  

It i s  t h i s  second type  of exp lana t ion  ("explanat ion why") which 

i s  of concern t o  t h e  s c i e n t i s t ,  I n  h i s  a t tempt  t o  "understand why" he 

i n v e n t s  o r  d i scove r s  such a b s t r a c t  concepts  as "gravi ty ,"  "energy," 

I I mass," "heat," and "ve loc i ty , "  a l l  of which cannot be observed d i r e c t l y ,  

and hence a r e  i n  t h e  realm of theory .  The ph i lo soph ica l  problems a r i s i n g  

from t h e  o n t o l o g i c a l  s t a t u s  of t h e s e  t h e o r e t i c a l  c o n s t r u c t s  a r e  l e g i o n ,  

and w i l l  n o t  be  taken up h e r e ,  s u f f i c e  t o  say  t h a t  i t  i s  through t h e s e  

a b s t r a c t  concepts ,  and t h e  r e l a t i o n s h i p s  t h a t  a r e  hypothesized t o  e x i s t  

between them t h a t  t h e  s c i e n t i s t  does come t o  exp la in ,  unders tand ,  pre-  

d i c t ,  and o f t e n ,  t o  some e x t e n t  a t  l e a s t ,  t o  c o n t r o l  phenomena which may 

b e  d i r e c t l y  observed. 
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A s  s c i ences  mature,  they  become i n c r e a s i n g l y  concerned wi th  

theory  and p ropor t iona te ly  l e s s  concerned (though n o t  a b s o l u t e l y )  wi th  

observables .  Indeed, i t  can be q u i t e  e a s i l y  argued t h a t  t h e  m a t u r i t y  of 

a  s c i ence  may be a sce r t a ined  by us ing  a s  a  measure t h e  development and 

s o p h i s t i c a t i o n  of i t s  t h e o r i e s  which, i n  a d d i t i o n  t o  being explana tory  

and p r e d i c t i v e ,  should a l s o  b e  comprehensive, sys t ema t i c ,  e m p i r i c a l l y  

demonstrable ,  and capable  of e x e r t i n g  some type  of c o n t r o l  over observ- 

a b l e  even t s .  According t o  t h e s e  c r i t e r i a ,  t h e  s c i ences  of phys ics  and 

chemistry would seem t o  b e  t h e  most advanced, whereas t h e  behavioura l  

s c i ences  (of which educa t iona l  r e sea rch  may be  considered one) a r e  con- 

s i d e r a b l y  f a r  behind. I n  t h e s e  d i s c i p l i n e s ,  many of t h e  t h e o r i e s  a r e  

ques t ionable  n o t  only on conceptua l  and methodological  grounds, bu t  a l s o  

because of t h e i r  i s o l a t e d  and fragmented s t a t u s .  

It should b e  poin ted  out  t h a t  s c i e n t i f i c  r e s e a r c h  both  fo l lows  

and precedes theory .  Af t e r  theory  c o n s t r u c t i o n ,  exper imenta l  r e sea rch  

provides t h e  means whereby theory  i s  t e s t e d ,  as w e l l  a s  t h e  means f o r  

ob ta in ing  informat ion  on which theory  i s  based ,  and a l s o  by which theory  

is  modified and improved. In  s h o r t ,  r e s e a r c h  cannot e x i s t  a t  an advanced 

l e v e l  wi thout  t heo ry ,  a l though "theory" can e x i s t  without  r e s e a r c h ,  i n  

which case  t h e  s c i e n t i f i c  va lue  of t h e  theory  i s  dubious. (This  no t ion  

of " t e s t "  i s  c e n t r a l  t o  Popper 's  approach which w i l l  be  d i scussed  

s h o r t l y . )  A t  t h i s  t i m e  i t  w i l l  be  s u f f i c i e n t  t o  s ay  t h a t  u n l e s s  a  theory  

i s  subjec ted  t o  r i go rous  empi r i ca l  t e s t  through t h e  r e s e a r c h  p roces s ,  

t h e r e  i s  no way t o  judge i t s  v a l i d i t y ,  and s o  t h e  theory  w i l l  be  no more 

than mere opinion.  It can be s t a t e d ,  then ,  t h a t  t h e  f i r s t  requirement 
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of a scientifically sound theory is that it be amenable to test, and 

that this testing be performed. Research cannot exist without theory, 

and valid and useful theory cannot exist without research. 

It is time now to focus briefly on the nature of "theory." The 

term is often used very loosely, but to a scientist it may be generally 

defined as a deductive system of abstract, hypothetical (or theoretical) 

constructs, and of relationships among them, which is intended to explain 

particular aspects of nature, or of human behaviour, and which can gen- 

erate testable predictions. 

Theory c,onstruction is initiated by an unexplained phenomenon. 

One may then attempt to build a "new" theory by derivation from the 

observations, assumptions or postulates. These postulates are statements 

of the principle assumed despite the lack of direct evidence, after 

which, by inductive inference, a "new" theory, or a modification of an 

existing theory is constructed. From this tentative theoretical system, 

a statement (or statements) of predictions, called an hypothesis is 

deduced which is then subjected to experimental testing, and, if 

validated, the hypothesis can then be reformulated as a - law or lawlike 

generalization. It may then be combined with further laws (arrived at 

in the same manner) or with already existing laws, to constitute a com- 

prehensive, systematic, explanatory theory. Alternatively, the initial, 

unexplained phenomenon, instead of requiring the formulation of postu- 

lates, may require only an appeal to an already existing theory, or to 

extant theoretical formulations from which the hypothesis(es) may be de- 

duced. This process of theory construction, known traditionally as 
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the hypothetico-deductive system, may be represented schematically as: 

(SR Mode2 B )  

unexplained phenomenon 

derivation of assumptions: 
postulates 

"new" theory, or modification 
of an existing theory 
6 

I 
\ (deduct ion) \ 

appeal to an existing theory, 
or to already existing 
theoretical formulations 

'I. 
(deduction) 

I 

statement of predictions: 
hypotheses 

testing of hypotheses 

law or lawlike generalization - 
I / 

SR Mode 2 B 

It should be noted that in Path I, the theory produced will be of 

course the "vindication," so to speak, of what was earlier referred to as 

the "new" theory, and it must also be tested for its "fit" with already 

established theories. So also with Path 11, where the new theory pro- 

duced must also be tested for "fit" with other theories. Moreover, the 



"new" theory h e r e  ( a s  a l s o  i n  Pa th  I )  may r e q u i r e  modi f ica t ion ,  o r  even 

abandonment of o t h e r  t h e o r i e s ,  i nc lud ing ,  a s  i n  t h e  case  of Pa th  11, t h e  

theory  which was appealed t o  i n  o rde r  t o  a r r i v e  a t  an hypothes is .  This  

would r e s u l t  i n  what T.  S. Kuhn would c a l l  a  " s c i e n t i f i c  r evo lu t ion . "  

The above i s  t h e  t r a d i t i o n a l  account of t h e  hypothet ico-deduct ive 

system, and a s  t h e  t h e s i s  proceeds,  mod i f i ca t ions  w i l l  be  in t roduced .  A 

symbolized scheme w i l l  now be  presented  (SR Model C) i n  which t h e  follow- 

i n g  abbrev ia t ions  w i l l  b e  used: 

UPh = unexplained phenomenon 

P = p o s t u l a t e s  (assumptions) 

NTh = new theory  L = law 

ETh = e x i s t i n g  theory  Th = theory  

H = hypothes is  . ( I )  = i nduc t ion  

TH = t e s t i n g  of hypothes is  (D) = deduct ion  

I n  a d d i t i o n ,  t h e  fo l lowing  t e r m s  w i l l  b e  used: 

I 
SD s p  = s c i e n t i f i c  d i scovery ,  s p e c i a l  s ense ,  p a t h  I 

I 
SD s p  = s c i e n t i f i c  d i scovery ,  s p e c i a l  s e n s e ,  pa th  I1 

L 
SD g = s c i e n t i f i c  d i scovery ,  gene ra l  s e n s e ,  l e v e l  of 

formula t ion  of laws 

Th 
SD g = s c i e n t i f i c  d i scovery ,  gene ra l  s e n s e ,  l e v e l  of 

formula t ion  of theory  



The symbolized scheme will then be: 

UPh 

validation 

NTh ETh 

test for "fit" 

This scheme locates the concept of "scientific discovery" which 

is of primary concern in this thesis. However, before the subject is 

treated in more depth (Chapter Three), it will be necessary, in order to 

understand fully the content of Chapter Five, to investigate in some 

depth a number of additional preliminaries. 

In the outline of the hypothetico-deductive method just undertaken, 
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it was pointed out that - if an hypothesis is tested and confirmed it is 

then admitted, as it were, into the status of "law" or "lawlike general- 

ization." According to hypothetico-deductive theorists, each additional 

confirmation lends greater support to the theory, and n confirmations 

(where n approaches infinity), it may be taken that the theory will then 

be verified. The status of a scientific theory, then, will vary directly 

with the number of confirmations that aim at verification of the theory. 

Presumably, this would also provide a measure for demarcating a scien- 

tific theory from a pseudo-scientific one, for in the case of the latter, 

very few, if any, confirmations would be possible. 
1 

But in fact, such a probabalistic approach is unsatisfactory, for 

one is immediately thrown up against Hume's problem of induction. In 

the consideration of confirming instances of a theory, there still re- 

mains the brutal fact that no matter how many confirmation are obtained 

(n ) ,  there is no logical guarantee that the next instance (n+1) will 

also be a confirming one. 

It was this very problem that led Karl Popper to modify the 

hypothetico-deductive method. He maintains that scientific research 

should - not attempt to produce highly probable hypotheses (and, hence, 

laws and theories) or hypotheses that are highly confirmed by evidence. 

Popper's position will be examined in more detail in the immediately 

following section, but for the time being it will be sufficient to say 

that his modification of the traditional hypothetico-deductive account 

centers on the criterion of falsifiability. He holds that scientific 

theories should make bold assertions about the world, and also be both 
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r i s k y  and t e s t a b l e .  One must make every at tempt  t o  f a l s i f y  one ' s  own 

theory,  and only  i f  i t  has  withstood such r i g o u r ,  can i t  then  be  i d e n t i -  

f i e d  as, no t  confirmed, b u t  cor robora ted .  Thus, such a  theory  cannot be 

regarded a s  f i n a l  t r u t h ;  i n  t h e  long run it is  a s  s t r o n g  a s  i t s  i n i t i a l  

hypothes is ,  and t h e  s t a t u s  of t h a t  hypothes is  w i l l  b e ,  i n  t h e  end, noth- 

i n g  more than  a  t e n t a t i v e  con jec tu re .  

I n  l o g i c a l  terms, Popper i s  arguing  a g a i n s t  Modus Ponens: 

which i s  t h e  l o g i c a l  s t r u c t u r e  of t h e  t r a d i t i o n a l  hypothet ico-deduct ive 

account .  It can be e a s i l y  seen  t h a t  Popper 's  method of f a l s i f i c a t i o n  

and co r robora t ion  i s  l o g i c a l l y  captured  by Modus ToZZens: 

It should a l s o  b e  no t i ced  t h a t  whi le  f a l s i f i c a t i o n  can b e  d i r e c t l y  assoc-  

i a t e d  w i t h  Modus ToZZens, Popper 's no t ion  of co r robora t ion  i s  n o t  assoc- 

i a t e d  w i t h  Modus Ponens i n  t h e  same way. That i s  t o  s a y ,  t h e r e  i s  an  

asymmetry revea led  h e r e ,  f o r  hypotheses a r e  not regarded a s  t r u e  (by 

Modus Ponens) simply because they  a r e  h igh ly  cor robora ted .  That i s ,  

Modus Ponens i s  a  necessary  t r u t h ,  b u t  accord ing  t o  Popper 's  c r i t e r i o n ,  

i f  Modus Ponens "occurs" i n  t h e  t e s t  of an hypothes is ,  t h e  r e s u l t  is  a  

h igh  co r robora t ion ,  even i n  s p i t e  of t h e  f a c t  t h a t  l o g i c a l l y  i t  remains 

a  necessary  t r u t h .  This  i s  because necessary  t r u t h s  a r e  a priori  and 

a n a l y t i c ,  and have no necessary  e x i s t e n t i a l  c laim i n  t h e  un ive r se  of 

exper ience .  When h igh ly  cor robora ted ,  such hypotheses must be regarded 



a s  s t i l l  possess ing  t h e  s t a t u s  of t e n t a t i v e  con jec tu re ,  and must s t i l l  

b e  sub jec t ed  t o  t h e  s e v e r e s t  p o s s i b l e  c r i t i c i s m .  Moreover, f a l s i f i c a t i o n ,  

i n  i t s e l f ,  cannot e s t a b l i s h  a s c i e n t i f i c  hypo thes i s ,  f o r  i f  an h y p o t h e s i s -  

i s  f a l s i f i e d ,  many a l t e r n a t i v e  hypotheses remain u n f a l s i f i e d .  S i m i l a r l y ,  - 

t h e r e  i s  noth ing  excep t iona l  about an hypothes is  t h a t  su rv ives  without  

having been f a l s i f i e d ,  f o r  t h e r e  would remain many o t h e r  u n f a l s i f i e d  

hypotheses t o  exp la in  t h e  same phenomenon. 

But hypotheses do d i f f e r  w i th  r e s p e c t  t o  t h e  - e a s e  w i t h  which they  

can be  f a l s i f i e d ,  and t h i s  e n t a i l s  a c r i t e r i o n  f o r  choosing one hypo thes i s  

over  another .  A s  Salmon w r i t e s :  

Popper d i r e c t s  u s  t o  s eek  hypotheses t h a t  a r e  a s  h igh ly  f a l s i f i a b l e  
a s  p o s s i b l e .  Science . . . i s  i n t e r e s t e d  i n  bold con jec tu re s .  These 
con jec tu re s  must b e  c o n s i s t e n t  w i th  t h e  known f a c t s ,  b u t  they  must 
run  a s  g r e a t  a r i s k  a s  p o s s i b l e  of being cont rover ted  by t h e  f a c t s  
s t i l l  t o  be  accumulated. Furthermore, t h e  s ea rch  f o r  a d d i t i o n a l  
f a c t s  should be guided by t h e  e f f o r t  t o  f i n d  f a c t s  t h a t  w i l l  f a l s i f y  
t h e  hypothes is .  2 

Furthermore, i t  may be s t a t e d  t h a t  h igh  p r o b a b i l i t y  means low 

f a l s i f i a b i l i t y ,  f o r  t h e  g r e a t e r  t he  l o g i c a l  p r o b a b i l i t y  of an hypo thes i s ,  

t h e  fewer t h e  p o t e n t i a l  f a l s i f i e r s .  I n  a d d i t i o n ,  h igh  content  means h igh  

f a l s i f i a b i l i t y ,  f o r ,  as Salmon w r i t e s :  

The g r e a t e r  t h e  number of  p o s s i b l e  s t a t e s  of a f f a i r s  excluded by a 
s t a t emen t ,  t h e  g r e a t e r  i t s  con ten t ,  f o r  t h e  more i t  does t o  p i n  down 
our a c t u a l  world by r u l i n g  ou t  p o s s i b l e  bu t  nonac tua l  s t a t e s  of 
a f f a i r s .  A t  t h e  same t ime,  t h e  g r e a t e r  t h e  range of f a c t s  excluded 
by a statement--the g r e a t e r  t he  number of s i t u a t i o n s  wi th  which t h e  
s ta tement  i s  incompatible--the g r e a t e r  t h e  r i s k  i t  runs  of be ing  
f a l s e .  A s ta tement  w i th  h igh  content  has  more poten t ia l  faZs i f i e rs  
than  a s ta tement  w i th  low content .  For t h i s  reason ,  h igh  content  
means h igh  f a l s i f i a b i l i t y . 3  
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A s  Popper 's  approach w i l l  become important  t o  t h e  main argument of t h e  

t h e s i s ,  a  c l o s e r  examination of h i s  p o s i t i o n  w i l l  now be undertaken. 

SECTION I1 

Popper's problem concerning the status of s c i e n t i f i c  theories 
(reference t o  Marx and Freud) and the attempt t o  arrive a t  a 
cr i ter ion  for demarcating a s c i e n t i f i c  theory from a non- 
s c i e n t i f i c  one. The approach of the Logical Posi t iv is ts--  
ver i f ica t ion  by confirmation (also problems of Induction). 
Popper's c r i t e r i o n  of f a l s i f i c a t i o n  as preparation for a 
closer investigation of s c i e n t i f i c  theories.  A second look 
a t  the theories of Marx and ~ r e u d  i n  terms of Popper's c r i -  
terion. 

The problem t h a t  l e d  Popper i n t o  examining t h e  s c i e n t i f i c  s t a t u s  

of t h e o r i e s  stemmed from t h e  fo l lowing  ques t ion :  "When should a  theory  

be  ranked a s  s c i e n t i f i c ? "  o r  "Is t h e r e  a c r i t e r i o n  f o r  t h e  s c i e n t i f i c  

c h a r a c t e r  o r  s t a t u s  of a  theory?"  T r a d i t i o n a l l y ,  s c i e n c e  i s  d i s t i n g u i s h e d  

from pseudo-science by i t s  empi r i ca l  method, which i s  e s s e n t i a l l y  

i n d u c t i v e ,  proceeding from observa t ion  o r  experiment .  However, f o r  

Popper,  t h i s  c la im was u n s a t i s f a c t o r y ,  f o r  he  was appa ren t ly  s t r u c k  by 

some f a c t o r  o r  f a c t o r s  t h a t  made Marx's theory  of h i s t o r y  and s o c i e t y  

and Freud's  psychoanalysis  theory  of p e r s o n a l i t y  d i f f e r e n t  from, f o r  ex- 

ample, E i n s t e i n ' s  theory  of r e l a t i v i t y .  Popper himself  says :  

It was dur ing  t h e  summer of 1919 t h a t  I began t o  f e e l  more and more 
d i s s a t i s f i e d  wi th  t h e s e  t h r e e  theor ies - - the  Marxis t  theory  of  h i s t o r y ,  
psychoanalys is ,  and i n d i v i d u a l  psychology; and I began t o  f e e l  
dubious about t h e i r  c laims t o  s c i e n t i f i c  s t a t u s .  My problem perhaps 
took t h e  s imple form, "What i s  wrong wi th  Marxism, psychoanalys is ,  



and i n d i v i d u a l  psychology? Why a r e  they  s o  d i f f e r e n t  from phys i ca l  
t h e o r i e s ,  from Newton's t heo ry ,  and e s p e c i a l l y  from t h e  theory  of 
r e l a t i v i t y .  "4 

He goes on t o  s t a t e  t h a t ,  a t  t h a t  s t a g e ,  he was n o t  concerned w i t h  

t h e  t r u t h  of any of t h e s e  t h e o r i e s ,  nor  w i th  t h e  problems of exac tnes s  

o r  measu rab i l i t y .  H i s  p e r p l e x i t y  a rose  from t h e  apparent  explana tory  

power of t h e s e  t h e o r i e s ,  and of t h e  c h a r a c t e r i s t i c ,  i n c e s s a n t  flow of 

conf i rmat ion ,  of obse rva t ions  which "ve r i f i ed"  t h e  t h e o r i e s  i n  ques t ion .  

To quote Popper again: 

Once your gyes were thus  opened you saw confirming i n s t a n c e s  every- 
where: t h e  world was f u l l  of verifications of t h e  theory .  Whatever 
happened always confirmed i t  . . . A Marxis t  could not  open a  news- 
paper without  f i n d i n g  on every  page confirming evidence f o r  h i s  
i n t e r p r e t a t i o n  of h i s t o r y ;  n o t  only i n  t h e  news, b u t  a l s o  i n  i t s  
presentation--which revea led  t h e  c l a s s  b i a s  of t h e  paper--and espec- 
i a l l y  of course  i n  what t h e  paper  d i d  not  s ay .  The Freudian 
a n a l y s t s  emphasized t h a t  t h e i r  t h e o r i e s  were c o n s t a n t l y  v e r i f i e d  by 
t h e i r  " c l i n i c a l  observa t ions"  . . . What, I asked myse l f ,  d id  i t  
confirm? No more than  t h a t  a  case  could b e  i n t e r p r e t e d  i n  t h e  
l i g h t  of t h e  theory  . . . It was p r e c i s e l y  t h i s  f ac t - - tha t  they  
always f i t t e d ,  t h a t  they  were always confirmed--which i n  t h e  eyes  of 
t h e i r  admirers  c o n s t i t u t e d  t h e  s t r o n g e s t  argument i n  favour of  t h e s e  
t h e o r i e s .  It began t o  dawn on me t h a t  t h i s  apparent  s t r e n g t h  was i n  
f a c t  t h e i r  weakness. 5 

Such was t h e  t r a d i t i o n a l  account of exper imenta l  method a s  conceived by 

e m p i r i c i s t s ,  i nc lud ing  t h e  l o g i c a l  p o s i t i v i s t s .  Before cont inuing  wi th  

Popper 's problem, i t  may be  h e l p f u l  t o  r e c a l l  t h e  program of t h e  l o g i c a l  

p o s i t i v i s t s .  

The v e r i f i a b i l i t y  p r i n c i p l e  s t ands  h i s t o r i c a l l y  i n  a l i n e  of d i r -  

e c t  descent  from t h e  empiricism of Hume, J. S. M i l l ,  and Erns t  Mach. 

From i t ,  t h e  most d i s t i n c t i v e  d o c t r i n e  of l o g i c a l  p o s i t i v i s m  was founded, 

namely, t h a t  i n  o rde r  f o r  a sen tence  t o  be  c o g n i t i v e l y  meaningful i t  
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must express  a s ta tement  t h a t  i s  e i t h e r  a n a l y t i c  o r  e m p i r i c a l l y  v e r i -  - 

f i a b l e .  Th i s  was no t  meant t o  imply t h a t  sen tences  may no t  have "emo- 

t i v e , "  "imperative" o r  o t h e r  s o r t s  of meaning ( f o r  example, "What a 

l o v e l y  day!" o r  "Open t h e  window!"). However, t h e s e  sen tences  have no 

c o g n i t i v e  meaning, f o r  they  do n o t  express  anything t h a t  could be  t r u e  

o r  f a l s e ,  o r  a p o s s i b l e  s u b j e c t  of knowledge. Apart from sentences  

express ing  a n a l y t i c  s t a t emen t s ,  t h e  l o g i c a l  p o s i t i v i s t s  claimed t h a t  f o r  

a sen tence  t o  have "cogn i t i ve  , I 1  " f a c t u a l  ," "desc r ip t ive ,  " o r  " l i t e r a l "  

meaning ( f o r  example, "The sun i s  n ine ty- three  m i l l i o n  mi l e s  from t h e  

ea r th" )  i t  must exp res s  a s ta tement  t h a t  could ,  a t  l e a s t  i n  p r i n c i p l e ,  
I 

b e  shown t o  be  t r u e  o r  f a l s e ,  o r  t o  some degree  probable ,  by r e fe rence  

t o  empi r i ca l  observa t ions .  Thus, i t  would be t h a t  such sen tences  a s  

"God i s  love ,"  and "Beauty i s  s i g n i f i c a n t  form," must be  c o g n i t i v e l y  

meaningless.  The v e r i f i a b i l i t y  p r i n c i p l e ,  i t  was claimed, demonstrates  

t h e  i m p o s s i b i l i t y  of metaphysics,  and from t h i s  i t  w a s  concluded t h a t  

empi r i ca l  s c i e n c e  i s  t h e  only method by which one can have knowledge 

concerning t h e  world. 

However, t h i s  very  p r i n c i p l e ,  t oge the r  w i t h  t h e  t r a d i t i o n a l  s o r t s  

of problems r a i s e d  a g a i n s t  induct ion ,  were a t t acked .  Indeed,  t h e  w e l l -  

known d i f f i c u l t i e s  of i nduc t ion  s t i l l  l a c k  any g e n e r a l l y  accepted so lu-  

t i o n .  For convenience they  may be descr ibed  a s :  

(1) The gene ra l  problem of j u s t i f i c a t i o n :  Why, i f  a t  a l l ,  i s  i t  

reasonable  t o  accept  t h e  conclus ions  of c e r t a i n  i n d u c t i v e  

arguments a s  true--or a t  l e a s t  probably t r u e ?  
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The comparative problem: Why i s  one i n d u c t i v e  conclus ion  p re fe r -  

a b l e  t o  another  a s  b e t t e r  supported? Why i s  one r u l e  of 

i n d u c t i v e  in fe rence  p r e f e r a b l e  t o  another  a s  more r e l i a b l e  o r  

more deserv ing  of r a t i o n a l  t r u s t ?  

The a n a l y t i c a l  problem: What a r e  t h e  c r i t e r i a  f o r  dec id ing  t h a t  

one r u l e  of i n d u c t i v e  in fe rence  i s  s u p e r i o r  t o  another?  

Although t h e s e  problems w i l l  n o t  be d iscussed  i n  any d e t a i l  h e r e ,  

they a r e  l i s t e d  t o  g ive  an i n d i c a t i o n  of t h e  scope of t h e  problem. For 

t h e  context  of t h i s  t h e s i s ,  it w i l l  b e  s u f f i c i e n t  t o  r e p e a t  t h a t ,  t r a d i -  

t i o n a l l y ,  t h e  d i s t i n g u i s h i n g  f e a t u r e  of s c i e n c e  has  been i t s  e m p i r i c a l  

method, which is  e s s e n t i a l l y  i n d u c t i v e ,  proceeding from obse rva t ion  o r  

experiment.  But i t  was t h i s  very  process  t h a t  bothered Hume, f o r  he 

argued t h a t  i nduc t ion  cannot be l o g i c a l l y  j u s t i f i e d  ( t h i s  i s  problem (1) 

l i s t e d  above).  He claimed t h a t  t h e r e  can b e  - no v a l i d  l o g i c a l  arguments 

a l lowing  u s  t o  e s t a b l i s h  " t h a t  those  i n s t a n c e s ,  of which w e  have had no 

exper ience ,  resemble those ,  of which we have had exper ience .  Thus, 

"even a f t e r  t h e  obse rva t ion  of t h e  f r equen t  o r  cons t an t  conjunct ion  of 

o b j e c t s ,  we have no reason t o  draw any i n f e r e n c e  concerning any o b j e c t  

beyond those  of which w e  have had experience.  "7 In  c a r r y i n g  Hume I s  prob- 

lem t o  i ts  l o g i c a l  conclus ion ,  i t  i s  found t h a t  any a t tempt  t o  j u s t i f y  

t h e  p r a c t i c e  of i nduc t ion  by an appea l  t o  exper ience  must l e a d  t o  an 

i n f i n i t e  r e g r e s s .  Consequently, i t  may be  claimed t h a t  t h e o r i e s  can 

never b e  i n f e r r e d  from observa t ion  s t a t emen t s ,  o r  r a t i o n a l l y  j u s t i f i e d  

by them. I n  terms of t h e  v e r i f i a b i l i t y  p r i n c i p l e ,  t h e  problem of 



i nduc t ion  has  deeper  imp l i ca t ions ,  f o r  i f  one were t o  a t tempt  t o  j u s t i f y  

( v e r i f y )  a  theory  by an appea l  t o  i nduc t ion ,  then t h e  problem becomes 

one of dec id ing  how many conf i rmat ion  i n s t a n c e s  a r e  r equ i r ed  t o  confirm 

t h e  theory .  This  is  an i n f i n i t e  c l a s s ,  and t h e  problem (problem (1) 

preceding)  remains.  A t  b e s t ,  i t  seems, one can only speak of degree  of 

v e r i f i a b i l i t y  , and t h i s  w i l l  b e  p r o b a b i l i s t i c ,  no t  exac t .  

I n  t h e  l i g h t  of t h e  problems r a i s e d  concerning t h e  t h e o r i e s  of 

Marx and Freud, i nduc t ion ,  and t h e  V e r i f i a b i l i t y  P r i n c i p l e ,  Popper was 

l e d  t o  t h e  problem of demarcation of s c i ence  from non-science, and thence  

of determining a  c r i t e r i o n  f o r  t h e  s c i e n t i f i c  s t a t u s  of a theory .  V e r i -  

f i a b i l i t y  based upon induc t ion  ( i . e . ,  i n f e r e n c e  based on many observa- 

t i o n s )  was inadequate .  Now, i n  cons ider ing  E i n s t e i n ' s  t heo ry ,  Popper 

no t i ced  a  s t r i k i n g  d i f f e r e n c e  when i t  was compared t o  t hose  of Marx and 

Freud, e s p e c i a l l y  w i th  r e s p e c t  t o  t h e  p r e d i c t i o n  which was confirmed by 

t h e  f i n d i n g s  of Eddington's expedi t ion .  This  was based on E i n s t e i n ' s  

g r a v i t a t i o n a l  theory ,  which theory  l e d  t o  t h e  r e s u l t  t h a t  l i g h t  must be 

a t t r a c t e d  by heavy bod ie s ,  such a s  t h e  sun ,  p r e c i s e l y  a s  m a t e r i a l  bodies  

a r e  a t t r a c t e d .  Eddington's f i nd ings  a r e  w e l l  documented, and i t  w i l l  

no t  be necessary  t o  go i n t o  d e t a i l  h e r e  ( s ee  Appendix A ) .  The important  

f e a t u r e ,  according t o  Popper, i s  t h e  r i s k  involved i n  a  p r e d i c t i o n  of 

t h i s  k ind .  He w r i t e s :  

I f  obse rva t ion  shows t h a t  t h e  p red ic t ed  e f f e c t  i s  d e f i n i t e l y  absen t ,  
then  t h e  theory  i s  simply r e f u t e d .  The theory  i s  incompatibZe with 
certain possible r e s u l t s  of observat ion-- in f a c t  w i th  r e s u l t s  which 
everybody be fo re  E i n s t e i n  would have expected.  This  i s  q u i t e  d i f f e r -  
e n t  from t h e  s i t u a t i o n  I have p rev ious ly  desc r ibed ,  when i t  turned  
out  t h a t  t h e  t h e o r i e s  i n  ques t ion  were compatible w i th  t h e  most 



d ive rgen t  human behaviour ,  s o  t h a t  i t  was p r a c t i c a l l y  impossible  t o  
d e s c r i b e  any human behaviour  t h a t  might n o t  be  claimed t o  b e  a  ve r -  
i f  i c a t i o n  of t h e s e  t h e o r i e s  .8 

Thus, t o  Popper,  t h e  c r i t e r i o n  of t h e  s c i e n t i f i c  s t a t u s  of a  theory  is 

i t s  f a l s i f i a b i l i t y  (or  r e f u t a b i l i t y ,  o r  t e s t a b i l i t y ) .  It can be  seen  

t h a t    in stein's theory  of g r a v i t a t i o n  c l e a r l y  s a t i s f i e s  t h i s  c r i t e r i o n ,  

f o r ,  even i f  ou r  measuring ins t ruments  ( t hen  and now) were incapable  of 

a l lowing u s  t o  a r r i v e  a t  a  d e f i n i t e  r e s u l t ,  t h e r e  was ( i s ) ,  n e v e r t h e l e s s ,  

a c l e a r  p o s s i b i l i t y  of r e f u t i n g  t h e  theory .  However, i f  one now recon- 

s i d e r s  t h e  Marxis t  theory  of h i s t o r y ,  e s p e c i a l l y  i n  t h e  pe r spec t ive  o f ,  

a s  mentioned b e f o r e ,  t h e  cons tan t  s t ream of d a i l y  conf i rmat ions ,  t h e  

fo l lowing  ques t ions  must s e r i o u s l y  be  considered:"Is  h i s t o r i c a l  mater- 

i a l i s m  t h e  s ta tement  of an e s t a b l i s h e d  h i s t o r i c a l  o r  s o c i o l o g i c a l  law? 

o r  is  i t  simply an extremely wide-ranging and complex hypo thes i s  l i a b l e  

t o  r e f u t a t i o n  a s  r e sea rch  advances?" Considering t h e  whole pe r spec t ive  

of Marx's works, i t  seems s a f e  t o  say  t h a t  h i s t o r i c a l  ma te r i a l i sm was a  

view t h a t  Marx was c o n s t a n t l y  t r y i n g  t o  suppor t  b u t  never  t o  r e f u t e .  

For example, Marx's a n a l y s i s  of t h e  c h a r a c t e r  of t h e  "coming s o c i a l  

revolu t ion"  l e d  t o  p r e d i c t i o n s  t h a t  were t e s t a b l e  and, i n  f a c t ,  

f a l s i f i e d .  However, i n  o r d e r  t o  "save" t h e  theo ry ,  va r ious  ad hoe mod- 

i f i c a t i o n s  were r equ i r ed .  A s  Popper himself says :  

Yet i n s t e a d  of accept ing  t h e  r e f u t a t i o n s  t h e  fo l lowers  of Marx r e -  
i n t e r p r e t e d  bo th  t h e  theory  and t h e  evidence i n  o r d e r  t o  make them 
agree .  I n  t h i s  way they  rescued t h e  theory  from r e f u t a t i o n ;  bu t  
they  d i d  s o  a t  t h e  p r i c e  of adopting a device  which made i t  i r r e f u t -  
a b l e .  They thus  gave a "convent iona l i s t  t w i s t "  t o  t h e  theo ry ;  and by 
t h i s  s t r a t egem they  destroyed i t s  much adve r t i s ed  c la im t o  s c i e n t i f i c  
s t a t u s .  9 



However, i n  t h e  case  of Freud, t h e  theory  was simply no t  t e s t a b l e ,  

and hence i r r e f u t a b l e .  No conceivable  human behaviour  could c o n t r a d i c t  

i t .  Again, t o  quote  Popper (who a l s o  r e f e r s  t o  Adler ' s  i n d i v i d u a l  psy- 

chology theory) :  

This  does no t  mean t h a t  Freud and Adler  w e r e  no t  s ee ing  th ings  
c o r r e c t l y :  I pe r sona l ly  do n o t  doubt t h a t  much of what they  say  i s  
of cons ide rab le  importance, and may w e l l  p l ay  i t s  p a r t  one day i n  a  
psychologica l  s c i ence  which i s  t e s t a b l e .  But i t  does no t  mean t h a t  
t h e s e  " c l i n i c a l  observa t ions"  which a n a l y s t s  na ive ly  b e l i e v e  confirm 
t h e i r  theory  cannot do t h i s  any more than  t h e  d a i l y  conf i rmat ions  
which a s t r o l o g e r s  f i n d  i n  t h e i r  p r a c t i c e  . . . These t h e o r i e s  des- 
c r i b e  some f a c t s ,  bu t  i n  t h e  manner of myths. They con ta in  most 
i n t e r e s t i n g  psychologica l  sugges t ions ,  b u t  n o t  i n  a  t e s t a b l e  form.1•‹ 

Popper 's approach can b e s t  be  summarized i n  t h e  fo l lowing  quo ta t ion  from 

Conjectures and Refutations: 

"1) It i s  easy  t o  o b t a i n  conf i rmat ions ,  o r  v e r i f i c a t i o n s ,  f o r  
n e a r l y  every  theory--if  one looks f o r  conf i rmat ions .  

2) Confirmations should count only i f  they a r e  t h e  r e s u l t  of r i sky  
predictions; t h a t  i s  t o  say ,  i f ,  unenl ightened by t h e  theory  i n  
ques t ion ,  one should have expected an event  which was incompat- 
i b l e  w i t h  t h e  theory--an event  which would have r e f u t e d  t h e  
theory .  

3)  Every "good" s c i e n t i f i c  theory  i s  a  p r o h i b i t i o n :  i t  f o r b i d s  
c e r t a i n  t h ings  t o  happen. The more a  theory  f o r b i d s ,  t h e  b e t t e r  
i t  is .  

4 )  A theory  which i s  n o t  r e f u t a b l e  by any conceivable  event  i s  non- 
s c i e n t i f i c .  I r r e f u t a b i l i t y  is  n o t  a  v i r t u e  of a  theory  ( a s  
people o f t e n  th ink )  bu t  a  v i c e .  

5 )  Every genuine test of a  theory i s  an a t tempt  t o  f a l s i f y  i t ,  o r  
t o  r e f u t e  i t .  T e s t a b i l i t y  i s  f a l s i f i a b i l i t y ;  b u t  t h e r e  a r e  de- 
g rees  of t e s t a b i l i t y ;  some t h e o r i e s  a r e  more t e s t a b l e ,  more 
exposed t o  r e f u t a t i o n ,  than  o t h e r s ;  they  t ake ,  a s  i t  were, 
g r e a t e r  r i s k s .  

6 )  Confirming evidence should no t  count except when i t  i s  the re- 
su l t  of a genuine t e s t  of the theory; and t h i s  means t h a t  i t  



can be presented a s  a  s e r i o u s  b u t  unsuccessfu l  a t tempt  t o  
f a l s i f y  t he  theory.  ( I  now speak i n  such cases  of "corroborat-  
i n g  evidence. ") 

7) Some genuinely t e s t a b l e  t h e o r i e s ,  when found t o  be f a l s e ,  a r e  
s t i l l  upheld by t h e i r  admirers--for example by in t roduc ing  ad 
hoc some a u x i l i a r y  assumption, o r  by r e - i n t e r p r e t i n g  t h e  theory  
ad hoe i n  such a  way t h a t  i t  escapes r e f u t a t i o n .  Such a  pro- 
cedure i s  always p o s s i b l e ,  bu t  i t  r e scues  t h e  theory from 
r e f u t a t i o n  only a t  t h e  p r i c e  of des t roy ing ,  o r  a t  l e a s t  lowering,  
i t s  s c i e n t i f i c  s t a t u s .  ( I  l a t e r  descr ibed  such a  r e scu ing  oper- 
a t i o n  a s  a  "convent iona l i s t  t w i s t "  o r  a  "convent iona l i s t  
stratagem.") 

One can sum up a l l  t h i s  by say ing  t h a t  the cri terion of the scien- 
t i f i c  status of a theory i s  i t s  fa l s i f iab i l i t y ,  or re fu tab i l i t y ,  or 
t e s tab i l i t y .  

F i n a l l y ,  i n  keeping wi th  Popper 's  n o t i o n  of f a l s i f i c a t i o n ,  sc ien-  

t i f i c  explana t ion  i s  - n o t  ( a s  i s  cus tomar i ly  he ld )  t h e  r educ t ion  of t h e  

unknown t o  t h e  known. I n  pure s c i ence ,  Popper ho lds ,  exp lana t ion  i s  

always t h e  l o g i c a l  r educ t ion  of hypotheses t o  o t h e r s  which a r e  of g r e a t e r  

u n i v e r s a l i t y ,  incorpora ted  i n  a h ighe r  l e v e l ,  r i s k i e r  t heo ry  which i s  

s t i l l  t o  be  t e s t e d .  I n  t h i s  s ense ,  s c i e n t i f i c  explana t ion  i s  the  reduc- 

t i o n  of t h e  known t o  t h e  unknown. - 

SECTION 111 (Note: This  s e c t i o n  i s  no t  e s s e n t i a l  f o r  t h e  main argument, 
and s o  may be omit ted on a  f i r s t  reading .  P l e a s e  r e f e r  t o  
P r e f a t o r y  Note.) 

This section i s  a d e t a i l e d  investigation of the s c i e n t i f i c  re- 
search enterprise with special reference t o  Popper and t o  the 
concept of ttdiscovery" (both of which have been introduced 
ear l ier ) .  This i s  preparatory t o  the detailed treatment of 
Sc ien t i f i c  Discovery t o  be taken up i n  Chapter Three. The 
fu l l  import of the analysis given i n  t h i s  section w i l l  be 
made more expl ic i t  i n  Chapter Five. 



What i s  a sc i en t i f i c  hypothesis? FactuaZ hypotheses and 
heuris t ic  hypotheses. Sc ien t i f i c  Zms are descriptive rather 
than prescriptive. The ZogicaZ structure of Zaws i s  that  of 
empirical hypothetical universal affirmative statements. 
Types of s c i e n t i f i c  laws: 

(a )  numerical laws; 
(b )  physicaZ laws; 
( c )  bioZogical and behavioural laws; 
(dl his torical  laws. 

Sc ien t i f i c  Zaws have no time constraints and hence may be used 
for prediction. Laws are systematized within theories. The 
diZema of the truth-value of Zawlike statements, and the dis-  
t inc t ion  between "law of nature" (Ln) and " Z a w  of science" 
(Lsl .  The rea l i s t  position: a Z a w  of science i s  a postulate, 
and an object of warranted rationaZ bel ie f  i f  and only i f  the 
corresponding law of nature i s  true. The nominalist position: 
universals do not e&st; Zms are only names denoting cZasses 
of inuariances. The conceptualist position: Zaws are con- 
ceptuaZized i n  the mind as universals brought out by the 
order of things. Just i f icat ion for support of the concept- 
u a l i s t  position. The concept of discovery vis-:-vis hypotheses, 
Zaws of nature, and Zaws of science. 

Theories aZways contain some unobserved e n t i t i e s  which may be 
jus t i f ied  on certain cr i ter ia .  Theories are deductive systems. 
The "inner structure " (abstract caZcuZus) of theories. Mode Zs 
as Zogical extensions of theories. The "outer structure" of 
theories and experimental test ing.  Sc ien t i f i c  theories and 
another Zook a t  the concept of discovery and Popper's cri terion 
of fa l s i f iab i l i t y .  Sc ien t i f i c  theories and the ontoZogicaZ 
status of theoretical constructs. The real i s t  position : 
theoretical constructs are warranted approximations t o  what i s  
"reaZZy real.  " The constructivist  position: theoretical en t i -  
t i e s  are mental constructs that  are jus t i f ied  on functional 
grounds. The position of t h i s  thes is :  the pragmatist position: 
theoretical e n t i t i e s  are "creatively" f o m l a t e d  but must be 
subject t o  rigorous t e s t  (reference t o  Popper) and are just i -  
fied on "pragmatic" cr i ter ia .  The value of a good theory. A 
return t o  Popper and the concept of discovery. 

An examination of sc i en t i f i c  explanation. The d is t inc t ion  be- 
tween "giving reasons" and "giving exp Zanations . " Exp Zanation 
of Zaws, and the explanatory and predictive power of theories.  
A return t o  the problem of ontoZogicaZ status of theoretical 
e n t i t i e s  and the acceptability of theories.  Newtonian 



mechanism as a model of s c i e n t i f i c  explanation. Critique of 
Newtonian mechanism. The Covering-Law Mode2 and the Prob- 
abal i s t ic  Mode Z of exp lanation. Te ZeoZogicaZ explanation: 
goals and functions. FunctionaZism. Te ZeoZogicaZ Zanguage 
can be translated t o  the nonteZeological and can be subsumed 
under theories, such as Darwin's Theory of Evolution. 

A scientific hypothesis (as opposed to one which is common- 

sensical or metaphysica1)is a proposition which, if true, can attain 

the status of a law. Furthermore, when it has attained lawlike status, 

it can, with other laws, form a theory, which theory can aid the quest 

for explanation, and prediction. Often an hypothesis may seem at first 

outlandish, but in fact, the degree of plausibility is only one consider- 

ation. More important (as will be discussed below) is its - use within an 

explanatory system. 

To emphasize the point that an hypothesis is a proposal to 

accept some statement x as true (thus bestowing upon the statement a ten- 

tativeness) compare the following sentences: 

(a) What if x were the case? 

(b) x is the case; - 
(c) It can be demonstrated that x is the case. 

Clearly, only sentence (a) is the expression of an hypothesis. 

A distinction too can be made between two types of hypotheses 

both of which are found within the framework just delimited. There are 

those hypotheses which concern matters of fact ("factual hypotheses," 

such as the heliocentric hypothesis) which are testable, or at least, 
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t e s t a b l e  i n  p r i n c i p l e .  Over a per iod  of t i m e ,  dur ing  which f u r t h e r  ex- 

per imenta l  support  i s  adduced, hypotheses tend t o  e l a b o r a t e  i n t o  f u l l -  

f ledged  explana tory  systems i n  themselves.  That i s  t o  s a y ,  t hey  become 

t r e a t e d  a s  t h e o r i e s ,  and t h i s  t rea tment  suppor t s  t h e  claim t h a t  t h e s e  

t h e o r i e s  themselves can be reduced t o  noth ing  more than very  gene ra l  

hypotheses.  But t h i s  t rea tment  of theory  a s  hypothes is  i n  some ways a t  

l e a s t ,  i s  u n s a t i s f a c t o r y ,  because s c i e n t i s t s  themselves do no t  t r e a t  

such a system (e .g . ,  h e l i o c e n t r i c  system) a s  a s imple hypothes is  b u t ,  

indeed a s  a ( t e s t e d )  theory .  Moreover, t rea tment  of theory  - a s  hypo- 

t h e s i s  i s  c i r c u l a r ,  and i t  would b e  d i f f i c u l t  t o  work i n  t h e  n o t i o n  of 

explana t ion  i f  a p r o p o s i t i o n a l  s t a t emen t ,  of u n c e r t a i n  t r u t h  s t a t u s ,  

simply genera ted ,  i n  t h e  end, no th ing  more than  a subsequent ,  more 

gene ra l  s ta tement  a l s o  of u n c e r t a i n  t r u t h  s t a t u s .  I f  one wishes t o  

po in t  ou t  t h e  u n c e r t a i n t y  of a f i n a l  t r u t h  s t a t u s  of a theory  (which w i l l  

b e  taken up l a t e r ) ,  t hen  t h i s  can s t i l l  be accomplished w i t h i n  t h e  

hypothet ico-deduct ive system and Popperian no t ion  of co r robora t ion  i n  

which t h e o r i e s  can always be  modif ied,  up-dated, d r a s t i c a l l y  a l t e r e d ,  o r  

completely abandoned. I n  t h i s  account ,  t h e  r e l a t e d  no t ions  of "explan- 

a t i on"  and "search f o r  t r u t h "  can be  accommodated, and t h e  r e s e a r c h e r ' s  

purpose becomes one of focus ing  as c l o s e l y  a s  p o s s i b l e  ( a t  any one 

moment) on t h e  sea rch  f o r  t r u t h .  I n  t h e  f i r s t  account ,  t h e  s ea rch  f o r  

t r u t h  would be  imposs ib le ,  s i n c e ,  even a f t e r  t e s t i n g ,  one would have t o  

accord t h e  gene ra l  s ta tements  ( t h e o r e t i c a l  s ta tements )  by d e f i n i t i o n ,  a s  

only a ' 'yet-to-be-tested" t r u t h ,  such t h a t ,  l o g i c a l l y  speaking,  one 

could n o t  ever  use ,  f o r  example, t h e  k ine t ic -molecular  theory  of gases  



t o  e x p l a i n  t h e  behaviour of gases .  Thus s t r i c t l y  (and l o g i c a l l y )  

speaking,  one can only t e s t  t h i s  theory--and t h i s  i s  no t  only what i s  - 
done, f o r  indeed such a theory  - is  used f o r  explana t ion .  I n  s h o r t ,  t o  

say  t h a t  a theory  is l i k e  an  hypothes is  i s  meaningful,  b u t  t o  say  t h a t  a 

theory  - i s  an hypothes is  is  n o t .  Moreover, t h e  non-treatment of theory  - 
a s  simply hypothes is  i s  i n  no way i n c o n s i s t e n t  w i th  t h e  requirement t h a t  

a good theory  should b e  a b l e  t o  gene ra t e  f u r t h e r  hypotheses.  Thus, t h e  

11 f a c t u a l "  approach appears  inadequate  f o r  a concept ion of t h e  term 

"hypothesis." 

The second approach t o  t h e  t rea tment  of hypotheses i s  t o  cons ider  

them as s ta tements  which simply expres s ,  i n  a h e u r i s t i c  manner, how t h e  

f a c t s  might p r o f i t a b l y  be conceived. The i r  s t a t u s  now would - no t  be t h a t  

of theory.  But,  i n  any case ,  no ma t t e r  how hypotheses a r e  t r e a t e d ,  i t  i s  

s t i l l  n o t  enough t o  g ive  i n s i g h t  on how they  o r i g i n a t e .  Th i s  i s  t h e  

problem of s c i e n t i f i c  d i scovery  ( s p e c i a l  s ense )  which w i l l  b e  taken up 

i n  d e t a i l  i n  Chapter Three. 

A s c i e n t i f i c  law d i f f e r s  from a s o c i a l  o r  p o l i t i c a l  law i n  t h a t  

t h e  former i s  - d e s c r i p t i v e  r a t h e r  than - p r e s c r i p t i v e .  Although t h e r e  a r e  

norms about - how one ought t o  observe,  a s  w e l l  a s  norms of v a l i d  i n f e r -  

ence,  i t  would be  odd t o  say  t h a t  a law of s c i e n c e  p r e s c r i b e s  how n a t u r e  

ought t o  happen. For example, K e p l e r V s  laws of p l a n e t a r y  motion - desc r ibe  

r a t h e r  than  - p r e s c r i b e  how t h e  p l a n e t s  a c t u a l l y  do move. Moreover, t h e  

laws of s c i e n c e  a r e  o f t e n  d e s c r i p t i o n s  of t h e  behaviour of e n t i t i e s  

under i d e a l  cond i t i ons .  Cha r l e s r  Law regard ing  t h e  volume of a gas does 

not  hold a t  extreme temperatures;  s i m i l a r l y ,  Galilee's Law of F a l l i n g  

Bodies d e s c r i b e s  t h e  v e l o c i t y  a t  which bodies  f a l l  i n  a vacuum. The l o g i c a l  
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form of a  s c i e n t i f i c  law (except  numerical ones) i s  t h a t  of an empi r i ca l  

and h y p o t h e t i c a l  u n i v e r s a l  a f f i r m a t i v e .  Moreover, i f  such a  s ta tement  

" A l l  A i s  B" i s  t o  count a s  a  law, A and B must express  no t  only an i n -  

va r i ance ,  b u t  a l s o  a cont ingent  (not  a p17ios o r  n e c e s s a r i l y  t r u e )  re- 

l a t i o n s h i p .  Thus, t h e  u n i v e r s a l  p ropos i t i on :  " A l l  i r o n  r u s t s  when 

exposed t o  oxygen," when s t a t e d  a s  a s c i e n t i f i c  law, becomes: "If i r o n  

i s  exposed t o  oxygen, then  i t  w i l l  r u s t . "  

A f u r t h e r  problem a r i s e s  concerning t h e  s t r u c t u r e  of s c i e n t i f i c  

laws. Consider t h e  sentence:  "If  t h e r e  a r e  unicorns ,  then  they  a r e  

white ,"  and al though t h i s ,  t o o ,  may b e  symbolized a s  a  c o n d i t i o n a l  uni- 
4 

v e r s a 1  a f f i r m a t i v e  (x) (Ux> Wx), i t  is  l o g i c a l l y  t r u e  even though both 

the  an tecedent  and t h e  consequent a r e  f a l s e .  Now recons ide r  t h e  s t a t e -  

ment: " I f  ( a l l )  i r o n  i s  exposed t o  oxygen, then  i t  w i l l  r u s t . "  Here t o o ,  

t h e  compound p ropos i t i on  w i l l  b e  l o g i c a l l y  t r u e  even though both  compon- 

e n t  p ropos i t i ons  could be  f a l s e .  That i s  (x) ( I x  3 Rx), where "I = i r o n "  

and "R = w i l l  r u s t "  w i l l  b e  t r u e  even i f  Ix and Rx a r e  both  f a l s e .  - 
What, then  makes (x) ( I x  3 Rx) a  s c i e n t i f i c  law, whi le  (x) (Ux 3 

Wx) i s  n o t ?  The d i f f e r e n c e  l i e s  i n  t h e  f a c t ,  t h a t ,  i n  t h e  ca se  of s c i en -  

t i f i c  laws, t h e r e  i s  evidence from o t h e r  laws t h a t  t h e s e  laws a r e  t r u e .  

However, t h e  p ropos i t i on  about un icorns  is  connected wi th  no o t h e r  laws 

whatsoever,  and can,  moreover, b e  e a s i l y  reduced t o  an a n a l y t i c  s t a t e -  

ment ( s e e  Appendix B) . 
Seve ra l  types  of s c i e n t i f i c  laws may be d i s t i n g u i s h e d .  A 

numerical law i s  a u n i v e r s a l  s ta tement  of i n v a r i a n t  r e l a t i o n s h i p  among 

numerals,  and which c o n s i s t s  of i n d i v i d u a l  v a r i a b l e s ,  c o n s t a n t s ,  and 



some arithmetical connectives (such as "+," "- , " and so on) . In a 

purely formal uninterpreted system, such laws are factually empty, al- 

though it is always possible to interpret the relationship. 

Consider the law represented by the formula: 

which is an explicit expression of the general functional relationship 

(mathematical law): 

Substitution of ordinals x=l, x=2, etc. yields the following values of y: 

y = o  

y = l  

y = 3  

y = 6  

y = 10, etc. 

where the difference between each successive term and the one before it 

also yields a series, namely: 

y' = 1 

y1 = 2 

y 1  = 3 

y' = 4, etc. 



Now ( fo l lowing  Wartofsky's example)'' one o r  bo th  of t h e  s e r i e s  may be  

i n t e r p r e t e d .  For example, i n  t h e  "y" s e r i e s ,  t h e  va lue  of "x" may des- 

i g n a t e  t h e  number of p o i n t s ,  and t h e  a s s o c i a t e d  "y" va lue  would desig-  

n a t e  t h e  number of l i n e s  connect ing t h e  p o i n t s  given i n  o r d i n a l  sequence, 

assuming t h a t  t h e r e  i s  one and only one l i n e  between any two p o i n t s .  

Then, 

i f x = l  then  y = 0 

= 2 = 1 

= 3 = 3 

y i e l d i n g  co-ordinates  (1,O) 

(2,1) 

(3,3) 

(4,6) 

and t h e s e  may be i n t e r p r e t e d  geometr ica l ly  a s :  

The numerical  l a w  can be  considered a s  a  means of "predic t ion"  of 

t h e  number of l i n e s  t o  be  a s soc i a t ed  wi th  a  g iven  number of p o i n t s .  

S i m i l a r l y ,  t h e  number of l i n e s  may be  s a i d  t o  have been "explained" by 

t h e  gene ra to r  formula. But t h e  most important  f a c t  i s  t h a t  t h e r e  i s  a 

complete isomorphism between t h e  a l g e b r a i c  and t h e  geometr ic  systems;  t h e  

one i s  t h e  t ransform of t h e  o t h e r .  

A s  a l r eady  touched upon e a r l i e r ,  t h e  form of such laws i s  always 

such t h a t  f o r  every va lue  of some independent v a r i a b l e  (x) t h e r e  i s  

a s soc i a t ed  some va lue  of a  dependent v a r i a b l e  (y) according t o  an in -  

v a r i a n t  r e l a t i o n s h i p  a s  expressed by t h e  law. Such laws may be 
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interpreted into another formal system (as shown above: from algebra to 

geometry) or they may be given a physical interpretation in which the 

use of numbers is connected with the number properties of some physical 

magnitude. This could then lead to some physically interpretable hypo- 

theses which may then be tested to see whether the deductive conse- 

quences agree with empirical measurements. It should be noted that now 

the concept of "physical law" is being treated. Moreover, whereas it is 

awkward to talk of "explanation" and within a purely formal, 

uninterpreted calculus, these terms do accord with their ordinary sig- 

nificance when applied to an empirically interpreted calculus (i.e., 
I 

physical law). 

The form of numerical laws yields the form of physical laws, 

except in the latter the numerals are taken to represent number proper- 

ties of physical magnitudes. Such properties would be, for example, 

length, charge, mass, and weight. Physical laws, then, will be given 

the immense powers of deductive inference as well as that of mathematical 

computation. Consider Galilee's Law of Free Falling Bodies. The 

hypothetico-deductive system generates the numerical Law: 

where s = distance 

t = time 

g = gravitational constant. 

This numerical law is an interpretation of the physical magnitudes dis- 

tance and time, and the law can then be tested, as a physical law, by 

further experimentation. 
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I n  gene ra l ,  b i o l o g i c a l  and behavioura l  laws a r e  n o t  a s  r e a d i l y  

expressed i n  q u a n t i f i a b l e  forms, a l though i n  some a r e a s ,  such as g e n e t i c s  

and ecology,  numerical  formula t ions  a r e  becoming i n c r e a s i n g l y  f r equen t .  

Indeed,  such q u a n t i f i c a t i o n  may g ive  an i n d i c a t i o n  of t h e  n a t u r e  of a  

"complete" b io logy ,  soc io logy ,  o r  psychology ( t o  s e l e c t  a  few examples).  

Many explana t ions  i n  b io logy  a r e  answers t o  ques t ions  such a s  

"What is  X fo r?"  o r  "Why does X func t ion  a s  i t  does?" It  appears  then ,  

t h a t  such exp lana t ions  w i l l  b e  t e l e o l o g i c a l  i n  n a t u r e ,  d e s p i t e  t h e  f a c t  

t h a t  b i o l o g i s t s  and phi losophers  hold t h a t  b io logy  i s  fundamentally non- 

t e l e o l o g i c a l  (more w i l l  be s a i d  covering t h e  n a t u r e  of t e l e o l o g i c a l  

exp lana t ion  l a t e r  i n  t h i s  s e c t i o n ) .  However, f o r  p re sen t  purposes i t  

w i l l  s u f f i c e  t o  s a y  t h a t ,  i n  terms of t h e  formula t ion  of laws,  such a 

s ta tement  a s :  "The f u n c t i o n  of t h e  h e a r t  is  t o  pump blood throughout t h e  

organism" can be reduced t o :  "If anything i s  a h e a r t ,  then  i t s  func t ion  

i s  t o  pump blood throughout t h e  organism." Th i s  i s  aga in  t h e  form of an 

h y p o t h e t i c a l  u n i v e r s a l  a f f i r m a t i v e ,  and can b e  supported by exper imenta l  

evidence.  That i s ,  one could formulate  an hypo thes i s  t h a t  such i s  t h e  

f u n c t i o n  of t h e  h e a r t  and then  t r y  t o  f a l s i f y  i t  by,  f o r  example, t r y i n g  

t o  show t h a t  i t s  func t ion  i s  t h a t  of producing i n s u l i n ,  Af t e r  numerous 

o t h e r  a t t empt s  i t  may be  corroborated ( i n  Popperian language) t h a t  

pumping of blood i s  indeed t h e  func t ion  of t h e  h e a r t .  I n  t h i s  way, then ,  

t he  fundamental l o g i c a l  s t r u c t u r e  of laws i s  main ta ined ,  b u t  whether 

such laws can be incorpora ted  i n t o  a  sys t ema t i c  theory ,  and hence j u s t i f y  

i n  more important  terms i t s  being c a l l e d  a  law, i s  a f u r t h e r  ques t ion  

t h a t  s h a l l  no t  be i n v e s t i g a t e d  a t  t h i s  t ime.  
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F i n a l l y ,  t h e r e  a r e  those  s o c i a l  s c i e n t i s t s  who main ta in  t h a t  h i s -  

t o r y  a l s o  exempl i f ies  laws. I n  i t s  s t r o n g e s t  form t h i s  p o s i t i o n  ho lds  

t h a t  h i s t o r i c a l  laws a r e  e x a c t l y  l i k e  those  of na tu re .  Thus, a sc ien-  

t i f i c  s tudy  of h i s t o r y  i s  no d i f f e r e n t ,  i n  p r i n c i p l e ,  from t h e  sc i en -  

t i f i c  s tudy  of n a t u r a l  phenomena. Some of t h e  arguments adduced both 

f o r  and a g a i n s t  t h i s  c la im w i l l  be  b r i e f l y  surveyed,  b u t  i t  must b e  

admit ted t h a t ,  u n l i k e  t h e  forms previous ly  d i scussed ,  t h e  p re sen t  s t a t u s  

of h i s t o r i c a l  laws seems open t o  much g r e a t e r  c r i t i c a l  d i scuss ion .  

Consider t he  p ropos i t i on  expressed a s  t h e  aphorism: "History never  

r e p e a t s  i t s e l f . "  This  can be reformulated i n  s tandard  language a s :  "If  

t h i s  i s  an event  i n  h i s t o r y ,  then  i t  w i l l  never  be  repeated."  But i s  

t h i s  re formula t ion  enough t o  confer  l awl ike  s t a t u s ?  Those who would 

judge nega t ive ly  would do s o  on t h e  grounds of t h e  uniqueness of human 

events  a s  opposed t o  t h e  non-uniqueness of n a t u r a l  ones.  To t h i s  argu- 

ment t h e  proponents may concede t h a t ,  a l though i n d i v i d u a l  agen t s  may be  

unique, i t  can b e  claimed t h a t  t h e  r e l a t i o n s h i p s  among them d i s p l a y  law- 

l i k e  inva r i ances .  An example o f t e n  used i n  t h a t  of Marx's "s tages" of 

h i s t o r i c a l  development, i n  which i t  i s  h e l d  t h a t  i n  Western i n d u s t r i a l  

s o c i e t i e s ,  a t  l e a s t ,  t h e r e  w i l l  always be  t h e  fo l lowing  p a t t e r n  e x h i b i t e d :  

s l a v e r y ,  feudal ism,  and cap i t a l i sm.  (The p r e d i c t i o n  i s  t h a t  t h e  l a t t e r  

w i l l  g ive  r i s e  t o  soc i a l i sm. )  This  p o s i t i o n ,  emphasizing t h e  l awl ike  

n a t u r e  of r e l a t i o n s h i p s ,  i s  o f t e n  a t t acked  a s  commonsensical, vague, and 

u n t e s t a b l e ,  t o  which t h e  r ep ly  i s  t h a t  all s c i e n t i f i c  laws,  t o  some 

ex ten t  a t  l e a s t ,  a r e  a l s o  l i a b l e  t o  t h i s  charge.  This  seems v a l i d ,  a t  

l e a s t  i n  p a r t ,  f o r  such a  law a s  ~ o y l e ' s  Law (volume of a  gas  v a r i e s  in -  

d i r e c t l y  wi th  p re s su re )  does,  prima facie seem obvious, does con ta in  
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I I vague" terms,  such a s  "molecular speed,"  " c o l l i s i o n , "  and a t  extreme 

p re s su res  cannot be  t e s t e d ,  o r  i f  s o ,  cannot b e  accepted wi thout  modifi-  

c a t i o n .  That i s ,  t h e  law ho lds  s t r i c t l y  t r u e  only w i t h i n  a c e r t a i n  

range of p re s su re s .  

Fu r the r  arguments r a i s e d  a g a i n s t  t h e  e x i s t e n c e  of h i s t o r i c a l  

laws concern conceptual  frameworks f o r ,  i t  i s  claimed, h i s t o r i c a l  f a c t s  

a r e  always i n t e r p r e t e d  from some p o i n t  of view s o  t h a t  f a c t s  can always 

be made t o  " f i t "  t h e  framework. But i t  should be  r e a l i z e d  t h a t  laws i n  

phys i ca l  s c i ence  a l s o  a r e  viewed w i t h i n  conceptua l  frameworks. F i n a l l y ,  

i t  is  claimed t h a t  a s  human h i s t o r y  concerns t h e  a c t i o n  of f ree-wi l led  
d 

agents ,  such a c t i o n s ,  i f  f r e e ,  w i l l  then  b e  unpred ic t ab le  and hence 

unexpress ib le  i n  l awl ike  terms. (The n o t i o n  of t h e  p r e d i c t a b i l i t y  of 

laws fo l lows  immediately.)  I f  no p r e d i c t i v e  powers a r e  a v a i l a b l e ,  then  

no claim t o  l awl ike  s t a t u s  can be made--and t h i s  i n  s p i t e  of much s t a t i s -  

t i c a l  suppor t .  The counterclaim,  q u i t e  t r u e ,  i s  t h a t ,  a t  t h e  quantum 

l e v e l ,  even t s ,  though unpred ic t ab le ,  n e v e r t h e l e s s  do y i e l d  s t a t i s t i c a l  

" t rends ,"  and, f o r  l a r g e  "samples" - do produce p r o b a b i l i t y  func t ions  f o r  

a "run" of unique even t s .  I f  such a  l a c k  of p r e c i s e  p r e d i c t a b i l i t y  is  

l e g i t i m a t e  i n  phys ics ,  why n o t  i n  h i s t o r y ?  These f u r t h e r  problems w i l l  

no t  be d e a l t  w i th  h e r e ,  bu t  w i l l  be  touched upon aga in  i n  Chapter Five.  

For t h e  scope of t h i s  t h e s i s ,  s o  ends t h e  background m a t e r i a l  on t h e  

forms of s c i e n t i f i c  laws, o r  of those  laws which a s p i r e  t o  s c i e n t i f i c  

s t a t u s .  

The no t ion  of p r e d i c t a b i l i t y  has  a l r eady  been r a i s e d  concerning 

laws. A s  laws of n a t u r e  have no time r e s t r i c t i o n ,  t h e  formulat ion of 



5 5 

such laws (of s c i ence )  imp l i e s  a c laim t h a t  t h e  l a w  (of na tu re )  ex tends  

i n t o  t h e  f u t u r e .  Th i s  may b e  considered t h e  most important  s i n g l e  

f e a t u r e  of laws, f o r  i t  enab le s  them t o  be made t h e  b a s i s  f o r  p r e d i c t i o n .  

Moreover, a p ropos i t i on  i s  n o t  accorded t h e  s t a t u s  of law u n l e s s  t h e r e  

is  some d i r e c t  evidence f o r  i t .  Laws a r e  no t  viewed i s o l a t e d  from each 

o the r ;  they  a r e ,  i n  f a c t ,  ordered i n t o  a system ( theory)  o r  systems such 

t h a t  each w i l l  mutual ly r e i n f o r c e  t h e  o t h e r .  The l a w s  t h a t  s c i e n t i s t s  

most d i s l i k e  t o  abandon a r e  t hose  which a r e  c e n t r a l  t o  t h e  system, f o r  

abandonment of any c e n t r a l  law w i l l  u s u a l l y  r e q u i r e  t h e  abandonment, o r  

a t  l e a s t  a l t e r a t i o n ,  of a l a r g e  number of o t h e r  laws i n  t h e  system. 

Thus, i n  a "strong" system, an obse rva t ion  t h a t  d i r e c t l y  co r robora t e s  

one law i n d i r e c t l y  co r robora t e s  a group of o t h e r  laws because of t h i s  

systemic,  i n t e r r e l a t i o n a l  s t r u c t u r e .  On t h e  o t h e r  hand, a t r u e  hypo- 

t h e t i c a l  u n i v e r s a l  a f f i r m a t i v e  p ropos i t i on  = supported by evidence 

would have l i t t l e  fundamental va lue  (o r  perhaps no va lue  a t  a l l )  i n  

s c i ence ,  f o r  i t  could be e a s i l y  abandoned without  any e f f e c t  on t h e  r e s t  

of t h e  system. But cons ider  a counter - ins tance  of " A l l  me ta l s  a r e  good 

h e a t  conductors" (reformulated a s  "If t h i s  is  a me ta l ,  then  i t  is  a good 

h e a t  conductor").  Such a counter - ins tance  would have f a r  reaching  conse- 

quences f o r  a l l  of phys ics  and chemistry.  

So f a r ,  t h e  d e t a i l e d  d i scuss ion  of t h e  concept of " s c i e n t i f i c  

l a w "  has  n o t  l e d  t o  any major conceptual  problems, b u t  such problems 

a r i s e  when one tries t o  d i s t i n g u i s h  amongst t h r e e  a l t e r n a t i v e  philosoph- 

i c a l  p o s i t i o n s  on t h e  n a t u r e  of s c i e n t i f i c  laws. These d i f f i c u l t i e s  

w i l l  a l s o  have some imp l i ca t ions  f o r  t h e  concept of s c i e n t i f i c  d i scovery .  
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It has a l r e a d y  been s a i d  t h a t ,  f o r  a s ta tement  S t o  be  considered 

a law, i t  must exemplify t h e  fo l lowing  form: 

S = (x) (Fx 3 Gx) . 

Now, i t  i s  no t  p o s s i b l e  t o  know i f  S i s  a law un le s s  i t s  t ru th-va lue  i s  

known, and t h i s  cannot b e  known u n l e s s  every circumstance t o  which S 

a p p l i e s  i s  cons idered ,  and i t s  t ru th-va lue  a s c e r t a i n e d .  I n  ve ry  r e s t r i c t e d  

cases ,  t h i s  is  p o s s i b l e ,  bu t  f o r  s c i e n t i f i c  laws i t  i s  very  o f t e n  no t  

poss ib l e .  One way out  would be  t o  cons ider  S a s  t h e  foundat ion of an hypo- 

t h e s i s  which i f  t r u e  i n  a l l  p o s s i b l e  worlds ,  would be a law; S would then  
7 

be b e s t  descr ibed  a s  a " lawl ike  s ta tement . "  

But,  i f  S i s  "lawlike,"  it i s ,  i n  t h e  last  a n a l y s i s ,  - n o t  a law; S's 

being l i k e  a law i s  not  equ iva l en t  t o  i t s  be ing  a law. The problem, then ,  

appears unresolved,  f o r  i t  i s  expected t h a t  a law can go beyond t h e  pre-  

s e n t l y  a v a i l a b l e  evidence i n  o rde r  t o  be used i n  p r e d i c t i o n .  Yet,  i n  t h i s  

way, one i s  forced  t o  s a c r i f i c e  t h e  a b i l i t y  t o  a s c e r t a i n  i t s  t ru th -va lue ,  

f o r  a t  any one moment it i s  no t  p o s s i b l e  t o  determine t h e  f u t u r e  t r u t h -  

va lue  of t h e  s ta tement .  I n  s h o r t ,  i f  a law i s  t r u e ,  then  i t  cannot b e  

known, and i f  a h y p o t h e t i c a l  u n i v e r s a l  a f f i r m a t i v e  p ropos i t i on  i s  t r u e  

f o r  a l l  of i t s  i n s t a n c e s  then  i t  is n o t  a law. 

However, i f  a d i s t i n c t i o n  i s  made between a "law of na tu re"  (Ln) 

and a "law of sc ience"  ( L s )  then  t h e  problem can be a t  l e a s t  p a r t i a l l y  

1 2  
solved.  Consider t h e  c a s e  of s = T g t  . Thi s  may be  considered a form- 

u l a t ed  law of s c i ence  which s t ands  f o r  a law of n a t u r e .  I t  d id  no t  be- 

come a law of n a t u r e  because G a l i l e o  formulated i t ,  f o r  i t  i s  t r u e  now, 
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was t r u e  i n  t h e  p a s t ,  and presumably w i l l  be  t r u e  i n  t h e  f u t u r e .  u s i n g  

t h i s  d i s t i n c t i o n  a l lows  sense  t o  be  made of t h e  no t ion  of s c i e n t i f i c  d i s -  

covery, f o r  t h e  inva r i ance  would then  hold t r u e  whether i t  i s  known o r  

no t .  - 
But what about t h e  t ime be fo re  t h e r e  were any human be ings?  The 

s ta tement  can b e  formulated a s  S' below: 

S t  = I f  anyone were t o  observe a f a l l i n g  body p r i o r  t o  t h e  appear- 

ance of human be ings ,  then  t h e  body would have a c c e l e r a t e d  

1 2  
according t o  t h e  r e l a t i o n s h i p  a s  expressed i n  s = 7 g t  . 

This  s ta tement  S' i s  a cont ra ry- to- fac t  c o n d i t i o n a l  and ep i s t emolog ica l ly  

impossible .  Th i s  may be  solved by t ransforming t h e  ep i s t emolog ica l  

a s s e r t i o n  S i n t o  t h e  o n t o l o g i c a l  a s s e r t i o n  S": 

Sf' = I f  t h e r e  were a f a l l i n g  body, t hen  i t  would have a c c e l e r a t e d  

1 2  
accord ing  t o  t h e  r e l a t i o n s h i p  a s  expressed i n  s = g t  . 

This  i s  a subjunct ive-condi t iona l  sen tence .  

Now t h a t  t h e  d i s t i n c t i o n  between a l a w  of n a t u r e  (Ln) and a law 

of s c i e n c e  ( L s )  has  been drawn, t h e  r e a l i s t  p o s i t i o n  on laws may b e  pre-  

sen ted .  B r i e f l y ,  t h i s  d o c t r i n e  holds  t h a t  a l a w  of s c i ence  i s  an hypo- 

t h e s i s  ( o r  p o s t u l a t e )  which is  an o b j e c t  of r a t i o n a l  b e l i e f  on t h e  b a s i s  

of sound evidence,  such t h a t  i f  a law of s c i e n c e  i s  t r u e ,  then  i t  s t a t e s  

a law of n a t u r e .  I n  s h o r t :  

L s  i s  t r u e  i f  and only i f  Ln is  t r u e .  



Herein l i e s  t h e  f a l l a b i l i t y  of laws, f o r  Ln i s  "objec t ive ly"  t r u e ,  whereas 

Ls  i s  t h e  express ion  of a p ropos i t i on  which c o n s t a n t l y  approximates Ln 

a s  a l t e r n a t i v e  hypotheses a r e  f a l s i f i e d .  On t h e  c r i t e r i o n  of t r u t h -  

v a l u e s ,  then ,  t h e  r e a l i s t  ho lds  t h a t  only laws of n a t u r e  a r e  t h e  " r e a l l y  

r e a l . "  This  p o s i t i o n  harkens back t o  P l a t o ' s  un iversa ls - -h is  theory  of 

Forms and "two-world view" of t h e  un ive r se .  

Unlike r ea l i sm,  nominalism i s  n o t  s o  much concerned w i t h  t r u t h -  

va lues .  Laws have only t h e  s t a t u s  of names which do no t  have r e f e r e n c e  

t o  some u n i v e r s a l  " rea l . "  Laws, then ,  r e f e r  t o  c l a s s e s  of i nva r i ances  o r  

c o l l e c t i o n s  of p a r t i c u l a r  i n s t a n c e s .  I n  t h i s  way they  may a l s o  be  seen 

as pragmatic  " instruments"  more o r  l e s s  adequate  a s  a means f o r  dea l ing  

wi th  n a t u r e ,  e s p e c i a l l y  i n  terms of economy and/or  e f f i c i e n c y .  Formulat- 

1 2  
i n g  t h e  law s = - g t  f r e e s  one from having t o  t e s t  t h e  a c c e l e r a t i o n  of 2 

a body i n d i v i d u a l l y ,  o r  from remembering what t h e  i n d i v i d u a l  a c c e l e r a t i o n s  

f o r  each body is .  This  would be impossible .  But expressed a s  a law of 

s c i ence ,  one need only remember t h e  formula,  and t h e  a c c e l e r a t i o n  i s  

s imple  t o  compute each t i m e  a s  requi red .  Although t h e  problem of t h e  

t r u t h  of t h e  L s  i s  n o t  so lved ,  i t s  use  i s  j u s t i f i e d  on pragmatic  grounds. 

The t h i r d  p o s i t i o n ,  c a l l e d  t h e  concep tua l i s t  view, ho lds  t h a t  i f  

one i s  t o  t a l k  of u n i v e r s a l s  a t  a l l ,  then  they  must be  conceived of as 

u n i v e r s a l s  cons t ruc t ed  o r  conceptual ized i n  t h e  mind a s  t h e  o rde r  

brought ou t  by i n q u i r y ;  u n i v e r s a l s  do not have an independent e x i s t e n c e  

a s  i d e a l  forms. Laws of s c i ence  a r e  t h e  forms ( o r  formula t ion)  i n  which 

laws of n a t u r e  become o b j e c t s  of r ea son ,  o r  of conceptual  judgment, and 

t h e i r  t ru th-va lues  a r e  determined by t h e  manner (o r  t o  t h e  degree)  which 
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they  do o r  do n o t  adequate ly  r e p r e s e n t  t h e  lawful  i n v a r i a n t s  i n  n a t u r e .  

Unlike nominalism, conceptual ism does no t  hold t h a t  laws of s c i e n c e  a r e  

j u s t  mere conventions f o r  e f f i c i e n c y ,  economy, and s o  on. Consider t h e  

I I a l t e r n a t i v e "  laws of s c i ence :  

I 

Ls and Ls  r ep re sen t  t h e  same L n ;  they  a r e  a l t e r n a t i v e  convent ions of ex- 

p r e s s i n g  t h e  same p ropos i t i on ;  b u t  t h e  p r o p o s i t i o n  i t s e l f  i s  n o t  j u s t  a  

convention. 

The t h e s i s  has  presented  b u t  t h e  b r i e f e s t  ske t ch  of t h e s e  t h r e e  

d o c t r i n e s ,  and has  n o t  even at tempted t o  g ive  t h e  va r ious  "subdivis ions" 

w i t h i n  each. Much d i s c u s s i o n  i s  s t i l l  be ing  c a r r i e d  o u t ,  e s p e c i a l l y  be- 

tween t h e  f i r s t  two s t a n d s .  For t h e  purposes of t h e  p re sen t  t h e s i s ,  t h e  

view supported w i l l  b e  t h e  c o n c e p t u a l i s t  on t h e  fo l lowing  grounds: 

( a )  i t  seems t o  be  t h e  manner i n  which s c i e n t i s t s  themselves con- 

ce ive  of laws. S c i e n t i s t s  - a r e  concerned w i t h  o b j e c t s  of b e l i e f  

t h a t  a r e  supported by evidence,  and a r e  n o t  normally concerned 

wi th  t h e  more ephemeral a s c r i p t i o n  of o n t o l o g i c a l  s t a t u s  incor -  

pora ted  i n  t h e  r e a l i s t  p o s i t i o n ;  
t 

(b) t h e  example shown above ( L s  and L s )  t ends  t o  put  t h e  nomina l i s t  

view i n  dimmer l i g h t .  The nea t  d i s t i n c t i o n  is  "laws a s  conven- 

t i ons"  and " a l t e r n a t e  convent ions of laws." No one would deny 



t h a t  laws of s c i ence  a r e  formulated t o  make one 's  l i f e  e a s i e r .  

But one should no t  c o n f l a t e  "laws a s  conventions" w i t h  "conven- 

t i o n s  of express ing  laws"; i n  t h i s  way one avoids  confusing t h e  

t 
two convent ions (Ls  and L s )  a s  two s e p a r a t e  laws; 

(c)  t h e  c o n c e p t u a l i s t  view most c l o s e l y  accords w i t h  s c i e n t i f i c  re -  

s ea rch  methodology, f o r  t h e  s c i e n t i s t  does look f o r  a  common 

"theme" which i s  conceptual ized a s  a law and hence possesses  a t  

l e a s t  rudimentary e x p l a n a t o r y l p r e d i c t i v e  power. (More w i l l  b e  

s a i d  about  explana t ion  and p r e d i c t i o n  very  s h o r t l y . )  According 

t o  t h e  nomina l i s t  view t h e  law i s  a  convenient  summary of f a c t s  

( c l a s s e s  of i n s t a n c e s ) ,  b u t  t h i s  does n o t  accord w i t h  r e sea rch  

procedure. C l a s s i f i c a t i o n  i s  one t h i n g ;  d e r i v i n g  t h e  common 

theme, formula t ing  and e x p l i c a t i n g  i t ,  i s  one s t e p  ( o r  more) 

beyond. To a  s c i e n t i s t ,  s = gt2 i s  more than  j u s t  t h e  c o l l e c -  2 

t i o n  of a l l  i n s t a n c e s  of a c c e l e r a t i o n  of f a l l i n g  bodies ;  

(d)  any t a l k  of u n i v e r s a l s  i n i t i a t e s  problems of j u s t i f i c a t i o n  which 

o f t e n  tend t o  become metaphysical .  That i s ,  t h e r e  i s  no way of 

e m p i r i c a l l y  v e r i f y i n g  i t s  t r u t h  v a l u e .  (Empir ical  v e r i f i c a -  

t i o n s ,  of course ,  a r e  n o t  r equ i r ed  of p r o p o s i t i o n s  which a r e  

n e c e s s a r i l y  t r u e ;  bu t  laws of s c i ence  a r e  n o t  t h e s e  types  of 

p r o p o s i t i o n s ,  except ing  mathematics and l o g i c . )  Not only a r e  

u n i v e r s a l s  d i f f i c u l t  t o  j u s t i f y ,  they  f a i l  t o  accord wi th  t h e  

s c i e n t i s t s '  concept ion of laws; 

(e )  t h e  c o n c e p t u a l i s t  view most c l o s e l y  f i t s  t h e  i d e a s  and arguments 

of t h e  t h e s i s  a s  brought out  i n  Chapters  Three through Five .  
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The f u l l  import of t h i s  j u s t i f i c a t i o n  must n e c e s s a r i l y  be de- 

f e r r e d  f o r  t h e  p r e s e n t .  

One f u r t h e r  d i s t i n c t i o n  needs t o  be  drawn, l e s t  confusion r e s u l t .  

The term "discovery" a s  used i n  t h i s  t h e s i s  r e f e r s  t o  t h e  formula t ion  of 

an hypo thes i s  and thence of a  law of s c i ence .  This  i s  n o t  t o  be  confused 

wi th  t h e  second sense  of t h e  term,  a s  d iscussed  i n  t h e  immediately pre-  

ceding s e c t i o n ;  t h a t  is, t h e  sense  i n  which laws of n a t u r e  a r e  d iscovered .  

And f o r  t hose  who wish t o  a s s o c i a t e  "discovery" only  wi th  "laws" i t  

should b e  noted t h a t  on ly  a t h i n  l i n e  s e p a r a t e s  t h e  concept of "a ( f r u i t -  
I 

f u l )  hypothes is f f  (which i s  what t h e  s c i e n t i s t  - is i n t e r e s t e d  i n )  and a  

corroborated "law." The form and l o g i c a l  s t r u c t u r e  of t h e  two a r e  t h e  

same, bu t  a  law of s c i e n c e  has  t o  be  s u c c e s s f u l l y  t e s t e d .  This  i s  i n  no 

way i n c o n s i s t e n t  w i th  t h e  concept of "discovery" a s  app l i ed  t o  a  law of 

na tu re .  However, i t  i s  w i t h  t h e  usage a s  a s s o c i a t e d  w i t h  hypothes is  

t h a t  t h e  term w i l l  b e  t r e a t e d  i n  t h i s  t h e s i s .  

While i t  may be s a i d  t h a t  laws a r e  d iscovered ,  i t  may be  s a i d  t h a t  

t h e o r i e s  a r e  cons t ruc t ed .  A s c i e n t i f i c  theory  always con ta ins  some term 

( r ep resen t ing  a  concept) which denotes  something t h a t  cannot be  observed 

d i r e c t l y .  Th i s  i s  c a l l e d  a t h e o r e t i c a l  e n t i t y ,  and when i t  i s  p a r t  of a 

s ta tement ,  one ob ta ins  a  t h e o r e t i c a l  s ta tement .  Such a  d e s c r i p t i o n  

a p p l i e s  t o  t h e  p ropos i t i on :  "Protons and neut rons  a r e  component p a r t s  of 

atoms." Both e n t i t i e s  cannot be  observed, b u t  they  a r e  assumed t o  e x i s t  

i n  order  t h a t  many d i f f e r e n t  observa t ions  may be  expla ined .  In  s h o r t ,  

t h e  unobserved i s  invoked t o  exp la in  t h e  observed. A t heo ry ,  t hen ,  i s  
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not  j u s t  a  summary of observed f a c t s ,  f o r  such a "system" would have no 

explana tory  power. It must con ta in  concepts  from which new f a c t s  may be  

deduced. The s c i e n t i f i c  potency of a  theory  i s  d i r e c t l y  p ropor t iona l  

t o  t h e  q u a n t i t y  and range of f a c t s  i t  e x p l a i n s ,  p a r t i c u l a r l y  t hose  t h a t  

were unknown be fo re  t h e  theory  was cons t ruc t ed .  It is  now t ime t o  inves-  

t i g a t e  more c l o s e l y  t h e  concept of "theory" and i t s  cons t ruc t ion .  

Rudner d e f i n e s  "theory" a s  "a s y s t e m a t i c a l l y  r e l a t e d  s e t  of s t a t e -  

ments, i nc lud ing  some l awl ike  g e n e r a l i z a t i o n s ,  t h a t  i s  empi r i ca l ly  

t e s t a b l e .  "I3 He goes on t o  add t h a t  a  s c i e n t i f i c  theory  is  a deduct ive  

system, which f e a t u r e  i s  t h e  b a s i s  of i ts  sys t ema t i c  r e l a t e d n e s s .  Thus, 

i f  i t  can be shown t h a t  one s ta tement  i s  l o g i c a l l y  connected wi th  a  

number of o t h e r s ,  a d d i t i o n a l  suppor t  i s  obta ined  i n  t h e  sense  t h a t  t h e  

evidence f o r  a l l  t h e  c o n s t i t u e n t  s t a t emen t s  i s  "pooled" and can b e  drawn 

upon i n  suppor t  of any given s ta tement .  

The " inner  s t r u c t u r e "  of t h e o r i e s  w i l l  now be cons idered .  (The 

I I i nne r  s t r u c t u r e "  i s  concerned wi th  t h e  c o n s t r u c t i o n  and ove r -a l l ,  

formal s t r u c t u r e  of t h e o r i e s ,  wh i l e  t h e  "outer  s t r u c t u r e "  i s  concerned 

wi th  t e s t i n g  of t h e  system.) According t o  Nagel, i n  t h e  i n i t i a l  cons t ruc-  

t i o n  of a theory ,  t h e r e  a r e  ( o r  should be)  t h r e e  major components. F i r s t ,  

t h e r e  is  an a b s t r a c t  c a l c u l u s ,  o r  " l o g i c a l  ske l e ton , "  o r  explana tory  

system, t h a t  i m p l i c i t l y  d e f i n e s  t h e  b a s i c  no t ions  of t h e  system ("implic- 

i t l y  def ined"  means " those th ings  t h a t  s a t i s f y  t h e  cond i t i ons  s t a t e d  i n  

t h e  p o s t u l a t e s " ) .  Next, t h e r e  i s  a s e t  of r u l e s  t h a t  a s s i g n s  an 

empi r i ca l  conten t  t o  t h e  a b s t r a c t  c a l c u l u s  by r e l a t i n g  i t  t o  t h e  conc re t e  

m a t e r i a l s  of obse rva t ion  and experiment.  F i n a l l y ,  t h e r e  is  an 
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interpretation or model which supplies some "flesh" to the skeletal 

structure in terms of association with somewhat more familiar conceptual 

or visualizable materials. If one accepts the assumption that every 

expression employed in constructing a model is in some sense "meaning- 

ful," then a theory, provided with an appropriate model, can be con- 

sidered completely interpreted. This explanation-understanding is one 

of the "natural homes" of models. Another natural home for models is in 

the context of discovery, where it will be later shown that they can play 

a powerful heuristic role. However, the immediate task here is to inves- 

tigate more closely the notion of "logical skeleton," (abstract 

calculus). 

Theories are composed of both logical and non-logical terms. The 

non-logical terms can always be disassociated from the concepts to which 

they refer. Now, in philosophical language, "sense," "connotation" and 

I1 intention" are treated as roughly equivalent; so too are "reference," 

"denotation," and "extension." With respect to non-logical terms, it may 

be held that they are, or are treated as, both intension-free - and 

extension-free, such that they should refer neither to the concept of 

the non-logical term (e.g., the concept of "table") nor to the object 

designated (e . g . , the object called "table") . Thus, these non-logical 

terms are cognitively "neutral" simply by ignoring the concepts and 

images associated with the particular term, and attention can now be 

focused exclusively on the logical relations of the terms. In fact, one 

may go one step further and replace all the non-logical terms with 

neutral symbols, as shown by the following syllogism: 



A l l  men a r e  mor t a l  

Soc ra t e s  i s  a man 

Therefore ,  Soc ra t e s  i s  mor t a l .  

This  sy l log ism may be symbolized by r e p l a c i n g  t h e  non-logical  terms wi th  

symbols : 

A l l  x a r e  y 

The focus  now is on l o g i c a l  r e l a t i o n s  independent of any connota t ive  and 

deno ta t ive  elements ,  and y e t  t h e  argument i n  symbolic form i s  j u s t  as 

v a l i d  a s  t h e  non-symbolic. Indeed, i t  may be  argued t h a t  t h e  symbolic 

form is s u p e r i o r  i n  t h a t  i t  i s  more gene ra l .  

However, no t  a l l  c a l c u l i  a r e  a s  easy  a s  t h e  example j u s t  c i t e d .  

For more d i f f i c u l t  ones,  i t  i s  necessary  t o  s p e c i f y  e x a c t l y  and i n  d e t a i l ,  

what s o r t s  of i n fe rences  can be l e g i t i m a t e l y  made. These r u l e s  of i n f e r -  

ence would then  a l low t h e  t ransformat ion  of a s e t  of premises i n t o  a 

conclus ion  wi th  t h e  guarantee  t h a t ,  i f  t h e  premises a r e  t r u e ,  then t h e  

conclusion cannot be  f a l s e .  Thus, when a t heo ry  is  s o  c a r e f u l l y  cod i f i ed  

by t h e s e  symbols - and i n f e r e n c e  r u l e s ,  then  it acqu i r e s  t h e  form of a 

deduct ive  system, and t h e  fundamental assumptions of t h e  theory  formula te  

noth ing  b u t  an a b s t r a c t  r e l a t i o n a l  s t r u c t u r e  ( c a l c u l u s ) ,  o r  " log ica l  

ske le ton ."  

It i s  opportune now t o  touch b r i e f l y  on t h e  h e u r i s t i c  r o l e  of  

models, when models a r e  considered a s  l o g i c a l  ex t ens ions  of t h e o r i e s ,  f o r  
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i f  t h e  non-logical  words ( i  . e . ,  words o t h e r  than " A l l  , I t  " a re  ," "is")  a r e  

now s u b s t i t u t e d  by meaningful words, a model i s  obta ined .  I f  t he  

symbolic express ion:  " A l l  x a r e  y" were t o  have t h e  unknowns s u b s t i t u t e d ,  

some examples of t h e  r e s u l t a n t  s ta tements  would be: " A l l  men a r e  mor ta l , "  

" A l l  Athenians a r e  wise,"  " A l l  swans a r e  wh i t e , "  and t h e s e  could be  

t r e a t e d  a s  a l t e r n a t i v e  models of t h e  same under ly ing  ca l cu lus .  A model 

t hen ,  seems in t e rmed ia t e  between theory  and experimentat ion.  The theory  

i s  a s e t  of a b s t r a c t  r e l a t i o n s h i p s ,  whereas t h e  model i s  a s e t  of s t a t e -  

ments based on,  and der ived  from, t h i s  a b s t r a c t  r e l a t i o n s h i p ,  and oper- 

a t e s  i n  conjunct ion  w i t h  a l ex i con  of p r e c i s e  terms, t r ans fo rma t iona l  
4 

r u l e s  f o r  t h e  employment of t hose  terms when changing from a b s t r a c t  t o  

s u b s t a n t i v e  s t a t emen t s ,  and syntax  r u l e s .  I n  a d d i t i o n ,  models a r e  heur- 

i s t i c ,  a s  when, f o r  example, " A l l  x a r e  y ,"  spec i fy ing  an a b s t r a c t  

r e l a t i o n s h i p  i s  transformed i n t o  " A l l  swans a r e  white"  one i s  l e d  t o  

d i scove r ,  o r  a t tempt  t o  d i s c o v e r ,  whether t h i s  s ta tement  i s  f a c t u a l l y  

t r u e .  

The "outer  s t r u c t u r e "  of a theory  i s  concerned wi th  t h e  t e s t i n g  

of t h e  system by experimentat ion,  and checking t h e  p o s t u l a t e s  a g a i n s t  

t h e  a posteriori  r e s u l t s .  Viewed i n  t h i s  l i g h t ,  theory  i s ,  then  very  

much l i k e  an hypothes is .  When t h e  observa t ions  of f a c t s  do n o t  ag ree  

wi th  theory-- that  i s ,  when they  do no t  make sense  w i t h i n  t h e  frame of 

theory  which i s  be ing  u t i l i z e d  i n  c a r r y i n g  out  t h e  research--then t h e  

theory  must be  d i sca rded ,  t o  b e  rep laced  by one which, hope fu l ly ,  more 

c l o s e l y  c o r r e l a t e s  w i th  t h e s e  f a c t s .  

I n  r e c a p i t u l a t i o n ,  then ,  t h e  gene ra l  f e a t u r e s  of theory  cons t ruc-  

t i o n  inc lude  t h e  fol lowing:  



1 )  t h e  formula t ion  of hypotheses;  

2)  t h e  deduct ion of t e s t a b l e  consequences; 

3) t h e  e l imina t ion  of hypotheses whose consequences do n o t  with- 

s tand  t e s t i n g .  

However, t h e r e  appears  t o  be  l i t t l e  o r  no agreement a s  t o  t h e  

i n i t i a l  formula t ion  of hypotheses;  t h a t  is  t o  s a y ,  how hypotheses a r e  

a r r i v e d  a t  w i t h i n  t h e  context  of d i scovery .  Th i s  i s  a c e n t r a l  problem i n  

the  philosophy of s c i ence ,  and more w i l l  b e  s a i d  of i t  as t h e  t h e s i s  

develops. A t  t h i s  p o i n t  i t  w i l l  only be neces sa ry  t o  touch upon i t  a s  

p repa ra t ion  f o r  subsequent development. 

Nagel ho lds  t h a t  a s c i e n t i f i c  theory  (generated from an  hypo- 

t h e s i s )  is  o f t e n  suggested by m a t e r i a l s  of f a m i l i a r  exper ience  o r  by 

c e r t a i n  f e a t u r e s  noted i n  o t h e r  t heo r i e s .14  Furrado claims t h a t  a 

s c i e n t i f i c  s o c i a l  theory  presupposes t h e  e x i s t e n c e  of problems whose 

s o l u t i o n  i s  a ma t t e r  of concern t o  some s o c i a l  group. l5 ~ h u s ,  i t  fo l lows  

t h a t  i t  i s  e s s e n t i a l  t o  recognize  t h e  e x i s t e n c e  of a problem i n  o r d e r  

t h a t  a s o l u t i o n  may become t h e  o b j e c t  of i n q u i r y ,  even though t h e  recog- 

n i t i o n  of t h e  e x i s t e n c e  of a problem i s  n o t  always easy .  Popper, how- 

eve r ,  c laims t h a t  hypothes is  formula t ion  i s  = a s s o c i a t e d  wi th  induc t ive  

g e n e r a l i z a t i o n s  i n  t h e  sense  of d e r i v i n g  t h e o r i e s  from obse rva t ions .  

A s  was d iscussed  b e f o r e ,  according t o  Popper,  t h e  most important  

aspec t  of t h e o r i e s  i s  contained i n  t h e  quest ion:  "How d id  one t e s t  t h e  

theory?" and no t  i n :  "How d i d  one d i scove r  t h e  theory?" Tes t ing ,  then ,  

becomes c e n t r a l  t o  t h e  n o t i o n  of theory ,  f o r  i t  can l ead  t o  new 
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obse rva t ions .  It i s  an a t tempt  t o  weed ou t  f a l s e  t h e o r i e s ,  t o  f i n d  t h e  

weak p o i n t s  of a  theory  i n  o rde r  t o  r e j e c t  i t  i f  i t  is  i n v a l i d a t e d  by 

the  t e s t .  I n  f a c t ,  f o r  t h e  very  reason one aims t o  e s t a b l i s h  t h e o r i e s  

a s  w e l l  a s  p o s s i b l e ,  one must t e s t  them a s  s eve re ly  a s  p o s s i b l e .  That 

is, one must t r y  t o  f i n d  f a u l t  w i t h  them, one must t r y  t o  f a l s i f y  one ' s  

own t h e o r i e s .  I f ,  i n  s p i t e  of one 's  b e s t  e f f o r t s ,  t h e  theory  appears  

u n f a l s i f i a b l e ,  then  one can say  only t h a t  i t  i s  h igh ly  cor robora ted ,  

t h a t  i t  has  s tood  up t o  s eve re  t e s t s .  For t h i s  reason ,  t h e  d iscovery  of 

i n s t a n c e s  which confirm a  theory  means l i t t l e  i f  one has  not  t r i e d ,  and 

f a i l e d ,  t o  d iscover  r e f u t a t i o n s .  The main p o i n t ,  then ,  i s  t h a t  i f  one 

is  u n c r i t i c a l  one s h a l l  always f i n d  what one wants.  Tes t ing  t h a t  i s  

designed t o  confirm hypotheses n e i t h e r  advances our  knowledge nor 

gene ra t e s  new problems. 

A t  t h e  beginning of t h i s  d i scuss ion  on t h e o r i e s  i t  was s t a t e d  

t h a t  laws a r e  d iscovered ,  b u t  t h e o r i e s  a r e  cons t ruc t ed .  Th i s  i s  perhaps 

somewhat t o o  n e a t ,  f o r  t h e  term "discovery" can a l s o  be  app l i ed  t o  

t h e o r i e s ,  a l b e i t  i n d i r e c t l y  through t h e  c o n s t r u c t s  a s  f i r s t  formulated 

i n  hypotheses,  thence t o  law, and, f i n a l l y ,  t o  become incorpora ted  i n  

t h e  s t r u c t u r e  of theory .  It can be  seen  t h a t  t h e  "patht1 from hypothes is  

t o  theory  is l i k e  a  continuum. A f t e r  s u c c e s s f u l  t e s t i n g ,  a concept i n -  

troduced i n  an hypothes is  ( "hypothe t ica l  cons t ruc t" )  becomes, w i t h i n  a  

theory ,  a  " t h e o r e t i c a l  e n t i t y "  ( t h e o r e t i c a l  c o n s t r u c t ) .  This  b r i n g s  up 

one of t h e  c e n t r a l  problems i n  t he  philosophy of s c i e n c e  (and one t h a t  i s  

c l o s e l y  bound wi th  t h e  problem of d iscovery) :  v i z . ,  t h e  o n t o l o g i c a l  s t a t u s  

of t h e s e  concepts ,  f o r ,  a s  mentioned b e f o r e ,  t h e s e  terms denote t h e  



unobservable. (This is preparatory to Chapters Three and Five where - 

this problem will be touched upon again. See Appendices C and D.) 

Realism holds that these theoretical entities are warranted ap- 

proximations to reality as tested not only by their empirical adequacy, 

but also by their systematicity within the theory and with other 

theories. On the other hand, constructivism holds that these theoretical 

entities are imaginary or ideal constructs which are known not to be 

true, but which function to aid the imagination, or function as econ- 

omical representations for the purpose of theory formation. Both 

positions present many problems. The realist view raises serious ques- 

tions of empiricist and rationalist criteria of truth, and the latter 

constructivist position presents the awkward consequence of having false 

explanations for laws which are presumed to be true (since, to repeat, 

in constructivism theoretical entities are known not to be true). This 

thesis will present a slightly different view, perhaps best labelled as 

11 pragmatic." Theoretical constructs may or may not approximate reality, 

but hopefully they do, Their employment can be justified on criteria of 

adequacy (rather than truth-value); as explanatory and predictive de- 

vices; on their "fit" within the theory and amongst other theories; and 

their simplicity. In this way they may be freely created since they will 

be subjected to rigorous empirical testing (i.e., Popper's criterion) 

and, hence, a testing of their value according to these criteria. More- 

over, such an approach seems to accord with the way scientists treat 

these concepts, and also accords with the main argument of this thesis. 

The value of a good theory lies not only in the answers it gives, 
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b u t  a l s o  i n  t h e  - new ques t ions  i t  r a i s e s ,  l ead ing ,  hope fu l ly ,  t o  new 

t h e o r e t i c a l  formula t ions ;  f o r ,  i f  upon t e s t i n g  an hypothes is  one f i n d s  

t h a t  i t  does n o t  accord wi th  t h e  f a c t s ,  then  i t  must be modif ied,  and 

hence a  "new" hypo thes i s ,  i s  generated.  (The "new" hypo thes i s ,  o f  

course ,  may r e q u i r e  only s l i g h t  mod i f i ca t ions ,  o r ,  perhaps a  completely 

new, o r  almost completely new hypothes is  i s  r equ i r ed . )  Also, i n  t e s t i n g  

an hypo thes i s ,  one may perhaps come ac ros s  m a t e r i a l  o r  d a t a  t h a t  sugges t  

o t h e r  l i n e s  of i n q u i r y  such t h a t ,  i n  o rde r  t o  i n v e s t i g a t e  t h i s  m a t e r i a l ,  

"new" hypotheses aga in  a r e  generated.  Furthermore, a s  noted be fo re ,  a  

theory  i s  a  s y s t e m a t i c a l l y  r e l a t e d  s e t  of s t a t emen t s ,  w i th  each s ta tement  

ga in ing  suppor t  from t h e  o t h e r s .  I n  t h e  same way, t h e  va lue  of - a theory  

i s  enhanced by i t s  i n c l u s i o n  i n  a  - set of t h e o r i e s ,  j u s t  a s  a  theory  i s  

of more va lue  than  one t h e o r e t i c a l  s ta tement .  Furthermore, a s  any theory  

is  used,  i t s  meaning becomes p rog res s ive ly  more f i x e d ,  a l though,  a s  

16 
Kaplan a rgues ,  some degree of "open-ness" remains.  Also,  i t  i s  pos- 

s i b l e  t h a t  some t h e o r i e s ,  such a s ,  perhaps,  t h e  s o c i a l  theory  of Marx, 

may be turned  i n t o  dogmas, such t h a t  i t  may no t  be  s u s c e p t i b l e  t o  change 

by any b u t  t h e  most d r a s t i c  means. Yet i t  would indeed seem odd, no t  t o  

mention u n s c i e n t i f i c ,  t o  t r y  t o  r e t a i n  some theory  a t  t h e  expense of an 

unwarrant ly l a r g e  number of ad hoe hypotheses,  l e t  a lone  f o r  pu re ly  

dogmatic o r  i d e o l o g i c a l  reasons .  

And t h i s  b r i n g s  t h e  d i scuss ion  t o  a  r e t u r n  t o  Popper, and h i s  

important  c r i t e r i o n  of f a l s i f i a b i l i t y  (o r  t e s t a b i l i t y ) ,  a l though he may 

perhaps be  accused o r  unwarrant ly de-emphasizing t h e  r o l e  played by 

exper ience  ( e s p e c i a l l y  i n  regard t o  d iscovery)  i n  t h e  t o t a l  s c i e n t i f i c  



e n t e r p r i s e .  This  i s  Blackwell ' s  po in t  when he argues t h a t  t h e  f i r s t  

s t a g e  of d i scovery ,  "discovery t h a t , "  i s  an e l a b o r a t i o n  of exper ience ,  

of an i n t e r a c t i o n  between ma t t e r  and mind. Th i s  w i l l  be  d iscussed  i n  

t h e  next  chapter .  Yet Popper,  i n  terms of s p e c i f y i n g  a  c r i t e r i o n  ( t h a t  

is, f a l s i f i a b i l i t y ) ,  seems c o r r e c t  i n  a rguing  t h a t  t e s t i n g ,  w i th  a  

c r i t i c a l  and c o n s t r u c t i v e  a t t i t u d e  toward e r r o r s ,  is  of extreme impor- 

tance .  He says :  

Our p ropens i ty  t o  look ou t  f o r  r e g u l a r i t i e s ,  and t o  impose laws on 
n a t u r e ,  lea'ds t o  t h e  psychologica l  phenomenon of dogmatic t h ink ing  
o r ,  more gene ra l ly  dogmatic behaviour: we expect  r e g u l a r i t i e s  every- 
where and a t tempt  t o  f i n d  them even when t h e r e  a r e  none; . . . 17 

He goes on t o  say  

. . . For t h e  dogmatic a t t i t u d e  i s  c l e a r l y  r e l a t e d  t o  t h e  tendency 
t o  v e r i f y  our  laws and schemata by seeking  t o  apply them and t o  con- 
f i r m  them, even t o  t h e  p o i n t  of n e g l e c t i n g  r e f u t a t i o n s ,  whereas t h e  
c r i t i c a l  a t t i t u d e  i s  one of r ead ines s  t o  change them--to test them; 
t o  r e f u t e  them; t o  f a l s i f y  them, i f  p o s s i b l e .  This  sugges t s  t h a t  we 
may i d e n t i f y  t h e  c r i t i c a l  a t t i t u d e  wi th  t h e  s c i e n t i f i c  a t t i t u d e ,  and 
t h e  dogmatic a t t i t u d e  w i t h  one which w e  have descr ibed  a s  pseudo- 
s c i e n t i f i c  . . . 

The c r i t i c a l  a t t i t u d e ,  t h e  t r a d i t i o n  of f r e e  d i s c u s s i o n  of 
t h e o r i e s  w i t h  t h e  a i m  of d i scove r ing  t h e i r  weak s p o t s  s o  t h a t  they  
may be  improved upon, i s  t h e  a t t i t u d e  of reasonableness ,  of r a t i o n -  
a l i t y  . . . The Greeks' d i scovery  of t h e  c r i t i c a l  method gave r i s e  
a t  f i r s t  t o  t h e  mistaken hope t h a t  i t  would l e a d  t o  t h e  s o l u t i o n  of 
a l l  t h e  g r e a t ,  o l d  problems . . . t h a t  i t  would h e l p  t o  prove our  
t h e o r i e s ,  t o  j u s t i f y  them. But t h i s  hope was a  r e s i d u e  of t h e  dog- 
mat ic  way of t h ink ing ;  i n  f a c t  no th ing  can b e  j u s t i f i e d  o r  proved 
( o u t s i d e  of mathematics and l o g i c ) .  The demand f o r  r a t i o n a l  proofs  
i n  s c i ence  i n d i c a t e s  a f a i l u r e  t o  keep d i s t i n c t  t h e  broad realm of 
r a t i o n a l i t y  and t h e  narrow realm of r a t i o n a l  c e r t a i n t y :  i t  is  unten- 
a b l e ,  an unreasonable demand. 18  

Popper then  goes on t o  p o i n t  ou t  ( a s  t h i s  t h e s i s  w i l l  suppor t )  a  most 

c r u c i a l  p o i n t :  t h a t  t h e o r i e s  i n  s c i ence  a r e  p r o v i s i o n a l ,  and s u b j e c t  t o  

modi f ica t ion  and r e v i s i o n  ( i f  no t  replacement) .  
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A s  mentioned e a r l i e r  ( see  "SR models") t h e  g r e a t  advantage of 

t h e o r i e s  i s  t h a t  they possess  g r e a t  explana tory  power. But one must be 

c a r e f u l  t o  d e l i n e a t e  what "explanation" is.  Th i s  w i l l  b e  t h e  purpose of 

t h e  fol lowing d i scuss ion .  

A r eques t  f o r  an answer t o  t h e  word "Why" . . .? may o r  may n o t  

r e s u l t  i n  an exp lana t ion ,  f o r  one may simply r e c e i v e  noth ing  b u t  a num- 

be r  of reasons.  I n  gene ra l ,  t h e  reasons  f o r  p a r e  simply those  proposi-  

t i o n s  which, i f  t r u e ,  make b e l i e f  i n  p more p l a u s i b l e .  The g iv ing  of 

reasons ,  t hen ,  i s  most c l o s e l y  a s soc i a t ed  wi th  b e l i e f s .  Explana t ion ,  on 

t h e  o the r  hand i s  more c l o s e l y  a s soc i a t ed  wi th  even t s ,  p roces ses ,  
4 

phenomena, o r  happenings ( e .g . ,  "Why does i r o n  rus t ? " ) .  Furthermore, i n  

s c i e n t i f i c  exp lana t ions ,  i t  is o f t e n  n o t  p a r t i c u l a r  even t s  t h a t  a r e  i n  

want of exp lana t ion ,  b u t ,  r a t h e r ,  t h e  laws themselves,  and t h i s  i s  

accomplished by t h e  g iv ing  of o t h e r  laws and t h e o r i e s .  A s  Hospers s ays :  

Both t h e o r i e s  and laws a r e  normally involved i n  exp la in ing  laws;  cer -  
t a i n l y  we cannot go f a r  i n  exp la in ing  laws wi thout  r e f e r e n c e  t o  a 
theory .  19 

Consider t h e  quest ion:  "Why does t h i s  w i r e  conduct e l e c t r i c i t y ? "  

Also, cons ider  t h e  answer: " A l l  copper conducts e l e c t r i c i t y , "  which 

r ep ly  may be reduced t o  two f u r t h e r  sen tences :  "This w i r e  i s  made of 

copper" ( a  p a r t i c u l a r  f a c t )  and "Copper i s  a conductor of e l e c t r i c i t y "  

( a  law),  and t h i s  l a t t e r  law may be  transformed i n t o  s t anda rd  form "If 

t h i s  i s  a sample of copper,  then  i t  conducts e l e c t r i c i t y . "  Th i s  provides  

an explana t ion  of t h e  immediate phenomenon, b u t  i t  may s t i l l  be asked: 

11 Why does copper conduct e l e c t r i c i t y ? "  This ,  of course  i s  a r eques t  f o r  
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an explana t ion  of a  law. I n  t h i s  ca se ,  phys i ca l  theory  ( t h e o r i e s )  must - 
be r e s o r t e d  t o ,  s p e c i f i c a l l y  t h e  theory  of e l e c t r i c i t y  and t h e  theory  

of t h e  c r y s t a l  s t r u c t u r e  of metal .  Moreover, t h i s  theory must b e  one 

t h a t  i s  a l ready  accepted.  

But how does one determine t h e  " a c c e p t a b i l i t y  s t a t u s "  of a  

theory? F i r s t  of a l l ,  i t  should be  noted than an exp lana t ion  t h a t  ex- 

p l a i n s  every th ing  i n  f a c t  exp la ins  nothing.  According t o  Popper,  t h e  

more t h a t  one excludes by f a l s i f i c a t i o n ,  t h e  more r e a l  knowledge one has  

a t  h i s  d i s p o s a l .  Thus, i f  one "explains"  t h e  expansion of water  upon 

f r e e z i n g  by say ing  "God w i l l s  i t ,"  one has  no t  expla ined  anything a t  a l l .  

The s t a t u s  of an explana t ion  may be  determined by how much i t  goes be- 

yond t h e  immediate event  ( o r  law) t o  be  explained.  For example, does 

theory  X a l s o  exp la in  o t h e r  even t s  o r  laws as w e l l ,  and does i t  a l s o  ex- 

p l a i n  some even t s  o r  laws whose e x i s t e n c e  was no t  known o r  even suspected 

p r i o r  t o  t h e  formulat ion of theory X? Another t e s t  of t h e  va lue  of a  

theory  is  i t s  a b i l i t y  t o  p r e d i c t .  I n  t h e  p re sen t  example, knowing t h a t  

water  expands on f r e e z i n g  a l lows  one t o  p r e d i c t  t h e  b u r s t i n g  of water 

p i p e s ,  and hence c o n t r o l  measures can then  be  taken .  

But one may wish t o  argue t h a t  a l though g e o l o g i s t s  know t h e  "laws 

of ear thquakes" they  a r e  s i n g u l a r l y  i n e p t  a t  p r e d i c t i n g  ( l e t  a lone  con- 

t r o l l i n g )  new ones. This  c a l l s  i n t o  ques t ion  t h e  c r i t e r i o n  of p r e d i c t i o n  

f o r  determining t h e  s t a t u s  of t h e o r i e s .  However, t h i s  o b j e c t i o n  does 

not  i n  f a c t  upse t  t h e  c r i t e r i o n ,  f o r  i t  i s  n o t  j u s t  t h e  laws t h a t  a r e  

involved i n  explana t ion ,  bu t  t h e s e  laws i n  combination wi th  i n i t i a l  con- 

d i t i o n s .  It i s  no t  t h e  laws t h a t  a r e  a t  f a u l t  ( i . e . ,  have no p r e d i c t i v e  
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power) bu t  t h a t  s o  l i t t l e  i s  known of t h e s e  i n i t i a l  cond i t i ons .  I n  con- 

t r a s t ,  consider  Newton's Law of Universa l  G r a v i t a t i o n  which has  enormous 

explanatory - and p r e d i c t i v e  powers. It can e x p l a i n  t h e  f a l l i n g  of an 

apple  a s  w e l l  a s  t h e  motion of t h e  p l a n e t s ;  and i t  can a l s o  p r e d i c t  such 

d i v e r s e  phenomena a s  t h e  e c l i p s e  of t h e  sun and t h e  evo lu t ion  of g a l a x i e s  

i n t o  a  s p a t i a l  s t r u c t u r e .  This  b r i n g s  up aga in  t h e  ques t ion  of ontolog- 

i c a l  s t a t u s  f o r ,  i n  cons ider ing  why a p i e c e  of copper expands when 

hea ted ,  recourse  was made t o  a theory  t h a t  included such terms a s  e l ec -  

t r o n s ,  p ro tons ,  and s o  on. Why could no t  a  gremlin have been employed 

i n  such an explana t ion?  It i s ,  l i k e  t h e  e l e c t r o n ,  a l s o  unobservable.  

But s c i e n t i s t s  hold onto t h i s  theory  because t h e s e  t h e o r e t i c a l  

e n t i t i e s  - do have g r e a t  explana tory  and p r e d i c t i v e  power. From t h e  b e l i e f  

i n  e l e c t r o n s  many consequences can be  deduced such t h a t  t h e i r  occurrences ,  

which - a r e  observable ,  tend t o  suppor t  ( i . e . ,  co r robora t e )  t h e  theo ry .  

But from t h e  gremlin theory ,  no f u r t h e r  consequences can be deduced. 

So ends t h e  overview of s c i e n t i f i c  exp lana t ion .  The t h e s i s  w i l l  

now concern i t s e l f  w i t h  some important  forms of exp lana t ion .  

A s  mentioned i n  Chapter One, t h e  modern s c i e n t i f i c  ou t look  d i d  

not  begin u n t i l  t h e  17 th  century .  It was a l s o  noted t h a t  from t h e  l a t t e r  

h a l f  of t h a t  cen tury  u n t i l  t h e  1 9 t h  cen tu ry ,  much of t h e  thought of wes- 

t e r n  c u l t u r e  ( s c i e n t i f i c  and o therwise)  was inf luenced  by t h e  determin- 

i s t i c  framework of Newton i n  whose conceptua l  scheme a l l  m a t e r i a l  even t s  

were he ld  t o  be  grounded i n  mathematical and l o g i c a l  r u l e s .  Th i s  p a r t i -  

c u l a r  form of determinism may be  l a b e l l e d  "mechanism," and i n  t h e  context  

of explana t ion ,  "mechanical explana t ion ."  Today, however, ph i losophers  



u s e  t h i s  term only t o  r e f e r  t o  exp lana t ions  w i t h i n  t h e  context  of one - 
type  of phys i ca l  theory descr ibed  a s  mechanical,  namely, Newtonian 

mechanics. Since t h i s  explana t ion  "type" has  exe r t ed  such profound 

in f luence ,  t h e  t h e s i s  w i l l  cons ider  i t  i n  some d e t a i l  b e f o r e  going on t o  

d i s c u s s  t h e  main "type," namely t h e  Deductive o r  Covering Law Model of 

Explanat ion.  

Newton's t h r e e  axioms o r  l a w s  of h o t i o n ,  a s  presented  i n  h i s  

PhiZosophae NaturaZis Principia Mathematics (1687) a r e :  

I. Every body cont inues  i n  i t s  s t a t e  of r e s t ,  o r  of uniform motion 
i n  a  r i g h t  ( t h a t  i s ,  s t r a i g h t )  l i n e ,  u n l e s s  i t  i s  compelled t o  
change t h a t  s t a t e  by f o r c e s  impressed upon i t .  

11. The change of motion i s  p r o p o r t i o n a l  t o  t h e  motive f o r c e  i m -  
p ressed;  and i t  i s  made i n  t h e  d i r e c t i o n  of t h e  r i g h t  l i n e  i n  
which t h a t  f o r c e  is  impressed. 

111. To every a c t i o n  t h e r e  is  always an equal  r e a c t i o n ;  o r ,  t h e  
mutual a c t i o n s  of t h e  bodies  upon each o t h e r  a r e  always e q u a l ,  
and d i r e c t e d  t o  con t r a ry  p a r t s .  

Now, i n  accordance w i t h  Newton's D e f i n i t i o n  11, t h e  word "motiont' 

may be rep laced  by llmomentum," which i s  mass m u l t i p l i e d  by v e l o c i t y .  

The second law i s  u s u a l l y  expressed mathematical ly  a s :  

F = m.a (where F = f o r c e ;  m = mass; 

a  = a c c e l e r a t i o n )  

o r ,  i n  d i f f e r e n t i a l  c a l c u l u s  a s :  
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( t h a t  i s ,  "force" i s  equal  t o  mass m u l t i p l i e d  by t h e  r a t e  of change of 

v e l o c i t y  w i th  r e s p e c t  t o  t ime) .  

Phys i ca l  systems i n  Newtonian mechanics a r e  t r e a t e d  a s  "masses" 

i n  motion (changing wi th  r e s p e c t  t o  t ime) ,  a f f e c t i n g  each o t h e r  by 

I I f o r c e s , "  which i n  t u r n  a r e  s p e c i f i e d  i n  terms of t h e  spat io- temporal  

r e l a t i o n s  of masses and c e r t a i n  c o n s t a n t s  a s s o c i a t e d  wi th  those  masses.  

Very s imply,  then ,  t h e s e  t h r e e  laws and t h e i r  consequences s p e c i f y  t h e  

behaviour of such masses,  motions, and f o r c e s .  

To t h e  e igh teen th  and much of t h e  n i n e t e e n t h  c e n t u r i e s ,  Newton 

became i d e a l i z e d  a s  t h e  p e r f e c t  s c i e n t i s t :  coo l ,  o b j e c t i v e ,  never  ventur -  

i n g  beyond what t h e  f a c t s  warran t  t o  s p e c u l a t i v e  hypotheses.  Principia 

(1687) became t h e  model of s c i e n t i f i c  knowledge, and t h e  express ion  of 

t h e  Enlightenment concept ion of t h e  un ive r se  a s  a  r a t i o n a l l y  ordered 

machine governed by s imple mathematical laws. Mechanics came t o  be  re-  

garded a s  t h e  u l t i m a t e  explana tory  s c i e n c e ,  and i t  was be l i eved  t h a t  

phenomena of any kind could and should be  expla ined  i n  terms of mechani- 

c a l  concept ions .  I n  f a c t ,  mechanism became equated wi th  determinism, 

and t h e  Newton world p i c t u r e  came t o  b e  thought  of a s  a  p i c t u r e  of a  

Newtonian world machine. 

There have been many c r i t i c i s m  a g a i n s t  Newtonian mechanics,  and 

t o  cons ider  a l l  of them t o  d a t e  would be  t o  go f a r  beyond t h e  scope of 

t h i s  t h e s i s .  One of t h e  main d i f f i c u l t i e s  stemmed from t h e  Car t e s i an  

n o t i o n  of "mechanics" which i n s i s t e d  t h a t  t h e  f o r c e s  involved i n  any 

u l t i m a t e l y  v a l i d  mechanical exp lana t ion  must b e  con tac t  f o r c e s ,  a s  a c t i o n  

a t  a d i s t a n c e  was considered impossible .  Newton himself  tended t o  agree  
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with his critics that his theory was incomplete in this respect, such 

that gravitation, being a force acting at a distance, required a 

I 1  deeper" mechanical explanation. Furthermore, there is still some ques- 

tion as to how much influence the work of Galileo actually had on Newton, 

and it has been claimed that the laws of motion, in fact, were derived 

rather from Cartesian physics via the principle of the conservation of 

momentum. To this day, controversy still remains regarding the kind and 

degree of justification, if any, for accepting the Newtonian laws of 

motion; the relations between them; the role they play in mechanics; the 

interpretation of the fundamental terms occurring in them; the presuppos- 
1 

itions, if any, of these laws; and whether these laws and the terms 

occurring in them are fundamental in mechanics, or, indeed, in all 

science. 

The nineteenth century also witnessed growing dissatisfaction with 

the foundations of mechanics. Critiques such as those put forth by Mach, 

Pearson, Stallo, and PoincarG developed formulations of mechanics that 

were claimed to be epistemologically more satisfying than Newton's. How- 

ever, these alternative versions, though equivalent mathematically to 

Newton's, may not also be equivalent in all other important respects. In 

short, controversies still remain regarding the fundamental concepts and 

propositions of Newtonian mechanics, and also between that and other 

versions of classical mechanics, and between classical mechanics and 

other types of mechanical theories. Such explanation, then, becomes hard 

to justify as a model for all disciplines, social science included. 

It is now appropriate to examine a model of explanation that seems 
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more b r i e f l y  s t a t e d  a s  p (G, F )  = r where 0 5 - r - 5 1. When t h e  v a l u e ,  r, 

of s t a t i s t i c a l  p r o b a b i l i t y  i s  c l o s e  t o  1, such a  law can be used t o  ex- 

p l a i n  why an event  of kind G occurred on t h e  b a s i s  of t h e  a d d i t i o n a l  

information t h a t  an event  of kind F occurred .  The l o g i c a l  form can be 

expressed as :  

b i s  an F o r  more b r i e f l y  Fb 

where b i s  some i n d i v i d u a l  case .  An example from phys ics  would b e ,  s a y ,  

t h e  emergence of a  muon-neutrino p a i r ,  expla ined  by p o i n t i n g  ou t  t h a t  a  

pion decayed and t h a t  an overwhelming percentage  ( say ,  99.986 per  cen t )  

of pion decays r e s u l t  i n  muon-neutrino p a i r s .  

The explana tory  power of such a  p r o b a b i l i s t i c  model i s  weaker 

than  t h a t  e f f e c t e d  by a  deduct ive  exp lana t ion  because t h e  explanans of a 

p r o b a b i l i s t i c  explana t ion  does n o t  l o g i c a l l y  imply t h e  explanandum; t h e  

former only g ives  a  more o r  less h igh  degree  of i nduc t ive  suppor t  o r  con- 

f i rma t ion  t o  t h e  l a t t e r .  Furthermore, t o  meet t h e  requirement  of " t o t a l  

evidence,"  t h e  explanans must inc lude  a l l  t h e  a v a i l a b l e  informat ion  t h a t  

i s  induc t ive ly  r e l e v a n t  t o  t h e  explanandum. 

An important c o r o l l a r y  of t h e  Covering Law Model i s  t h e  t h e s i s  

t h a t  explana t ion  and p r e d i c t i o n  sha re  i d e n t i c a l  l o g i c a l  s t r u c t u r e s ,  and 

t h i s  i s  due t o  t h e  f a c t  t h a t  t h e  explana t ion  i s  an argument i n  l o g i c a l  

form. I f  t h e  premises a r e  known, t h e r e  i s  s u f f i c i e n t  war ran t ,  e i t h e r  de- 

duc t ive  o r  i n d u c t i v e ,  f o r  t h e  a s s e r t i o n  of t h e  explanandum a s  a  p r e d i c t i o n  
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I n  f a c t ,  t h e  symmetry i s  much g r e a t e r  than  a t  f i r s t  g l ance ,  f o r  i t  may 

occur  between exp lana t ions  and ~ r o j e c t i v e  arguments i n  gene ra l ,  whether 

p r e d i c t i v e  o r  r e t r o d i c t i v e ,  f o r  i f  E i s  an explana tory  argument expla in-  

i n g  an event  e ,  then  E can be used t o  p r e d i c t  e be fo re  t h e  occurrence of 

e ( p r e d i c t i o n ) ,  t o  r e t r o d i c t  e a f t e r  i t ,  and t o  i n f e r  t h e  occurrence of 

e simultaneously wi th  i t .  For t h e  a c t u a l  u s e  of an exp lana t ion  a s  a 

p r e d i c t i o n ,  i t s  premises may have t o  be a s c e r t a i n e d  by independent pre- 

d i c t i v e  o r  r e t r o d i c t i v e  arguments, which may b e  p r a c t i c a l l y  imposs ib le ,  

b u t  t h i s  does n o t  d e t r a c t  from t h e  g e n e r a l i t y  of t h e  t h e s i s .  

There have been many c r i t i c i s m s  r a i s e d  a g a i n s t  t h i s  model which 

c r i t i c i s m s  aga in  go f a r  beyond t h e  scope of t h i s  t h e s i s .  The j u s t i f i c a -  

t i o n  f o r  i t s  p r i o r i t y  i s  t h a t ,  i f  t h e  d i s t i n c t i o n  between law of  n a t u r e  

and law of s c i e n c e  i s  kept  i n  mind, then  t h e  explanandurn i s  l o g i c a l l y  

v a l i d .  (Problems a r i s e  from t h e  Modus Ponens s t r u c t u r e  of t h e  model, 

f o r  i f  a law i s  f a l s e ,  i t  may y i e l d  a l o g i c a l l y  t r u e  conclus ion  by v a l i d  

i n fe rence .  But t h i s  problem w i l l  no t  be  d e a l t  w i t h  h e r e . )  However, 

perhaps t h e  s t r o n g e s t  j u s t i f i c a t i o n  f o r  i t s  u s e  is  t h a t  i t  - i s  a s t anda rd  

s c i e n t i f i c  method of i n fe rence .  I f  one i n s i s t s  on t h e  t ru th -va lue  s t a t u s  

of laws,  and pushes t h e  i n d u c t i v e  problem t o  i t s  l i m i t ,  then  one may have 

t o  r e s o r t  t o  t h e  l e s s  a c c u r a t e  p r o b a b i l i s t i c  model. But t h i s  w i l l  s t i l l  

be  i n  accord w i t h  s c i e n t i f i c  r e sea rch  methodology. It i s  now t i m e  t o  

examine one f u r t h e r  exp lana t ion  type ,  found e s p e c i a l l y  i n  t h e  b i o l o g i c a l  

and behavioura l  s c i e n c e s ,  namely t e l e o l o g i c a l  exp lana t ion .  

The s o c i a l  s c i e n c e s ,  a s  t h e  term i m p l i e s ,  a r e  concerned wi th  

people,  and a s  people o f t e n  a c t  o r  behave pu rpose fu l ly ,  a l l  of t h e  s o c i a l  
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sc i ences  have a t  l e a s t  some concern w i t h  t h e  exp lana t ion  of phenomena of 

such purposive,  goal-or iented systems. C o l l e c t i v e l y ,  t h e s e  a r e  termed 

t e l e o l o g i c a l  systems,  and, i n  t h e  context  of exp lana t ion ,  t e l e o l o g i c a l  

explana t ions .  Men have o f t e n  i n t e r p r e t e d  a wide v a r i e t y  of sys t ema t i c  

phenomena a s  being t e l e o l o g i c a l  i n  n a t u r e .  To Hegel and Marx, human, o r  

a t  l e a s t  s o c i e t a l ,  h i s t o r y  is  only unders tandable  a s  a  goal-directed 

system, and f o r  Marx, t h i s  meant t h e  downfal l  of c a p i t a l i s m  and t h e  

a r r i v a l  of t h e  new, c l a s s l e s s ,  communistic s t a t e .  

However, t h e  s t a t u s  of t e l e o l o g i c a l  exp lana t ions  i n  t h e  s o c i a l  

(and n a t u r a l )  s c i ences  has always been an u n s e t t l e d  one, and t h i s  has  

l e d  some au tho r s  t o  argue t h a t  a  d i s t i n c t l y  s e p a r a t e  l o g i c  of j u s t i f i c a -  

t i o n ,  is  appropr i a t e  t o  t h e  s o c i a l  s c i ences .  Rudner terms t h e s e  w r i t e r s  

t h e  " s e p a r a t i s t s , "  of whom t h e i r  most important  t e n e t  is  t h e  b e l i e f  t h a t  

s o c i a l  phenomena a r e  pe rvas ive ly  t e l e o l o g i c a l  i n  c h a r a c t e r .  

I n  a l l  of t h e  s o c i a l  s c i e n c e s ,  bu t  p a r t i c u l a r l y  i n  soc io logy ,  

anthropology, and p o l i t i c a l  s c i e n c e ,  t h e  t e l e o l o g i c a l  problems a r e  most 

c l o s e l y  a s soc i a t ed  i n  terms of func t ions  of say ,  c e r t a i n  s o c i a l  p r a c t i c e s  

seen a s  f u n c t i o n a l  f o r  t h e  b i o l o g i c a l  needs of i t s  members, o r  perhaps 

of t h e  t o t a l  s o c i a l  l i f e  seen  a s  a  u n i f i e d  s o c i a l  system. 

One of t h e  c e n t r a l  problems of func t iona l i sm (amongst o t h e r s ,  in-  

c luding  j u s t  what i t  *, and what i t s  merits a r e ,  i f  any, w i t h  r e s p e c t  

t o  a  methodological procedure i n  t h e  s o c i a l  s c i ences )  can be  r a i s e d  by 

t h e  quest ion:  "Is t e l e o l o g i c a l  exp lana t ion  r a d i c a l l y  d i f f e r e n t  from, and 

n o t  r educ ib l e  t o ,  t h e  type  of s c i e n t i f i c  exp lana t ion  t h a t  i s  a s s o c i a t e d  

wi th  - non- t e l eo log ica l  phenomena?" This  ques t ion ,  then ,  i s  c l o s e l y  
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a s s o c i a t e d  wi th  t h e  s e p a r a t i s t  s tand  on methodology f o r ,  on a  r e l a t i v e l y  

s i m p l i s t i c  l e v e l ,  i t  i s  q u i t e  ea sy  t o  argue t h a t  c e r t a i n  s tatements--  

o rd ina ry ,  commonsensical d i scour se  about human behaviour ,  f o r  example-- 

a r e  about behaviour whose occurrence i s  understood a s  caused o r  expla ined  

by c e r t a i n  goa ls  o r  ends. For example, one may be l e d  t o  assert t h a t  

John X ' s  behaviour  ( s tudying  hard)  i s  expla ined  o r  caused by h i s  goa l  

(graduat ing  wi th  an honours degree) .  However, i t  seems t h a t  such an  ex- 

p l a n a t i o n  of behaviour l e a d s  t o  t h e  paradoxica l  conclusion t h a t  f u t u r e  

(and hence, nonex i s t en t )  even t s  have causa l  e f f i c a c y ,  f o r ,  a t  t h e  t ime 

of t h e  a s s e r t i o n  of t h e  cause,  John X ' s  g raduat ion  has  n o t  a s  y e t  

occurred.  However, t h i s  problem may b e  r e so lved  by adopting a  more ex- 

p l i c i t  and r igo rous  language, f o r  what w a s  in tended  i n  t h e  o r i g i n a l  

a s s e r t i o n  may be  expressed by t h e  fo l lowing  sentence:  "John X ' s  p r e s e n t  

hard work i s  explained o r  caused by h i s  (p re sen t )  d e s i r e  t o  achieve  t h e  

goa l  of graduat ing  w i t h  honours." Now, s i n c e  t h e  cause of John X ' s  

behaviour  i s  i d e n t i f i e d  wi th  a  s t a t e  of a f f a i r s  t h a t  does - n o t  occur  sub- 

sequent  t o  i t s  e f f e c t ,  and s i n c e  t h e  same a n a l y s i s  w i l l  apply mutatis 

m t a n d i  t o  - any a s s e r t i o n  of un rea l i zed  goa l s  a s  causes ,  t h e  problem i s  

solved.  One i s  no t  forced  t o  conclude, d e s p i t e  t h e  mis leading  p o s s i b i l -  

i t ies  of o rd ina ry  usage,  t h a t  t h e  realm of t e l e o l o g i c a l  even t s  i s  in -  

hab i t ed  by ephemeral s t a t e s  of a f f a i r s  t h a t  a r e  nonex i s t en t ,  y e t  i n  

some manner c a u s a l l y  e f f i c a c i o u s .  

However, t h e  above example is  f a r  from complicated.  Examples of 

more t e c h n i c a l  t e l e o l o g i c a l  explana t ions  a r e  t h e  fol lowing:  
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The whi teness  of t h e  f u r  of p o l a r  b e a r s  is due t o  t h e  f a c t  t h a t ,  

i n  t h e i r  n a t u r a l  h a b i t a t ,  t h i s  makes i t  d i f f i c u l t  f o r  them t o  b e  

seen  by t h e i r  prey. 

The purpose served by an i n c r e a s e  of l eucocy te s  i n  t h e  blood 

s t ream dur ing  t i m e s  of i n f e c t i o n  i s  t h a t  of guarding t h e  body 

a g a i n s t  a t t a c k  by d e l e t e r i o u s  invading organisms, 

Among t h e  c o n s t i t u e n t s  of any human p e r s o n a l i t y  system w i l l  b e  a 

mechanism such a s  t h e  p ropens i ty  t o  f o r g e t  m a t e r i a l ,  t h e  conscious 

en ter ta inment  of which would cause  g r e a t  pa in .  Without a 

mechanism such a s  r e p r e s s i o n ,  f o r  example, t h e  p e r s o n a l i t y  sys-  

tem might w e l l  g ive  way under t h e  s t r a i n  of c o n f l i c t s  t oo  pain- 

f u l  t o  be  long t o l e r a t e d .  

The p e r s i s t e n c e  of type-X b u r i a l  customs i n  s o c i e t y  Y is  ex- 

p l a ined  no t  by t h e  mani fes t  func t ions  o r  purposes a t t r i b u t e d  t o  

them by t h e  members of t h a t  s o c i e t y ,  b u t  r a t h e r  by t h e i r  l a t e n t  

func t ion :  shor ing  up t h e  members' f e e l i n g s  of group s o l i d a r i t y  

and hence improving morale i n  t h e  f a c e  of t h e  t e r r o r s  dea th  in-  

e v i t a b l y  i n s p i r e s  i n  most humans. 

A l l  of t h e s e  examples a r e  t y p i c a l  of many t h a t  can be  found i n  

textbooks and s c i e n t i f i c  t r e a t i s e s .  A l l  of them r e f e r ,  e i t h e r  e x p l i c i t l y  

o r  i m p l i c i t l y  t o  func t ions  o r  purposes and, a s  such ,  a r e  t e l e o l o g i c a l .  

However, they  do d i f f e r  from t h e  "John X" example i n  t h a t  t hey  make no 

o v e r t  r e f e r e n c e  t o  nonex i s t en t  t h i n g s  a s  causes of e x i s t e n t  ones.  

I n  t h e  f i r s t  example, t h e  sugges t ion  of t e l e o l o g i c a l  agencies  i s  

n o t  obvious;  i t  i s  ob l ique ,  y e t  s t r o n g  enough t o  b e  charged w i t h  t h e  
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claim t h a t  i t  - does i l l u s t r a t e  a type  of exp lana t ion  r a d i c a l l y  d i f f e r e n t  

from ones t h a t  a r e  a p p r o p r i a t e  t o  n o n t e l e o l o g i c a l  phenomena. To t h e  

s e p a r a t i s t ,  t h e  whiteness  of t h e  f u r  i s  explained by a  " func t ion ,"  o r  

"end," o r  "purpose," namely, i t s  confe r r ing  of a  comparative i n v i s i b i l i t y  

from prey. However, t h e  s c i e n t i s t ,  t a k i n g  t h e  s ta tement  a s  explana tory ,  

can argue t h a t  i t  is  simply (but  s eve re ly )  e l l i p t i c a l ,  and he  may o f f e r  

an a l t e r n a t i v e  t h a t  is meaningful ly equ iva l en t  t o  t h e  o r i g i n a l  e l l i p s i s  

and, fur thermore,  worded i n  a  methodology of exp lana t ion  n o t  u n l i k e  t h a t  

used i n  explana t ions  of - non- te leo logica l  even t s .  Th i s  a l t e r n a t i v e  pre- 

s e n t a t i o n  draws upon t h e  conceptual  r e sou rces  provided by Darwin's 

evolu t ionary  theo ry ,  f o r ,  by employing such concepts  a s  "mutationt1 and 

"na tu ra l  s e l e c t i o n , "  s t a t emen t s  l i n k i n g  t h e  p r o b a b i l i t y  of s u r v i v a l  of 

t h e  p o l a r  bea r  w i t h  enhanced a b i l i t y  t o  c a r r y  on preda tory  a c t i v i t i e s  

t h a t  wh i t e  f u r  c o n t r i b u t e s ,  a r e  capable of provid ing  a  s t anda rd  explana- 

t i o n  f o r  t h e  phenomenon i n  ques t ion .  A more f u l l y  e x p l i c i t  a l t e r n a t i v e  

might s t a t e  t h a t  i n  snowy reg ions ,  t h e  occurrence of  wh i t e  f u r  as a 

mutat ion w i l l  i n c r e a s e  t h e  p r o b a b i l i t y  of s u r v i v a l  of t hose  animals i n  

which i t  does occur because i t  i n c r e a s e s  t h e i r  p r o b a b i l i t y  of s u c c e s s f u l  

food-gathering which i n  t u r n  i n c r e a s e s  t h e  p r o b a b i l i t y  t h a t  they  w i l l  

l i v e  long enough t o  reproduce and t r ansmi t  t h e  mutant gene ( s ) .  I n  suc- 

ce s s ive  gene ra t ions ,  t h e  propor t ion  i n  t h e  t o t a l  s p e c i e s  of members ex- 

h i b i t i n g  t h e  s u c c e s s f u l  mutat ion i s  l i k e l y  t o  rise (assuming random 

matings i n  any given l o c a t i o n )  u n t i l  wh i t e  f u r  occurs  v i r t u a l l y  wi thout  

except ion  i n  t h e  s p e c i e s .  Such s t a t emen t s  by t h e  n o n s e p a r a t i s t s ,  sup- 

por ted  by t h e  c o n t r i b u t i o n s  of Darwin, have become almost r o u t i n e .  I n  



s h o r t ,  an a l t e r n a t i v e  and e x p l i c i t  formula t ion  of t h e  exp lana t ion  of whi te  

f u r  i n  p o l a r  b e a r s  - can b e  given which does invo lve  t h e  r e l a t i v e  i n v i s i -  

b i l i t y  t o  prey confer red  by t h a t  c h a r a c t e r i s t i c ,  b u t  which r e f e r s  only 

t o  t h e  - n o n t e l e o l o g i c a l  mechanisms of evo lu t iona ry  theory .  (Statements  

2, 3 ,  and 4, however, a r e  s l i g h t l y  more complicated,  making an e s s e n t i a l  

r e f e rence  t o  t e l e o l o g i c a l  systems which w i l l  n o t  be d e a l t  w i t h  i n  t h i s  

t h e s i s .  See a l s o  Appendix E.)  

However, very  few ( i f  any) s c i e n t i s t s  o r  ph i losophers  of s c i ence  

would now deny t h a t  some human beings sometimes behave i n  a purposive o r  

goa l -d i rec ted  manner, and many would, fur thermore ,  a rgue  t h a t  s o c i a l  

groups,  some nonhuman animals ,  and perhaps even some machines, behave i n  

such a t e l e o l o g i c a l  manner. A s  Rudner s t a t e s  

I n  any case ,  i t  i s  e s p e c i a l l y  important  t o  n o t i c e  t h a t  t h e  non- 
s e p a r a t i s t  p o s i t i o n  by no means involves  e i t h e r  a  d e n i a l  t h a t  t h e r e  
a r e  such t h i n g s  a s  purposes,  o r  a  d e n i a l  t h a t  t h e  t e r m  "purpose" may 
come t o  f i g u r e  e s s e n t i a l l y  i n  some s c i e n t i f i c  t h e o r i e s  and explana- 
t i o n s .  Indeed, some phenomena f o r  which ana lyses  could b e  f o r t h -  
coming might very  w e l l  b e  t e l e o l o g i c a l  systems of human purposes.  
I n  such cases  t h e r e  may be  no ques t ion  of t h e  i n d i s p e n s a b i l i t y  of  
l o c u t i o n s  such a s  "purpose," "goal," o r  "end." I n  sum, t h e  s o c i a l  
s c i e n t i s t  may have t o  cope no t  only wi th  examples i n  which t h e r e  a r e ,  
o s t e n s i b l y ,  r e f e rences  t o  t h e  purposes of obviously nonpurposive 
e n t i t i e s ,  b u t  a l s o  wi th  examples such a s  3  and 4 ,  which r e f e r  t o  
systems con ta in ing  c o n s t i t u e n t s  t h a t  undeniably a r e  purposive e n t i -  
t i e s :  human be ings  and t h e i r  purposive behaviour.20 

It i s  time now t o  r e t u r n  t o  t h e  s o c i a l  s c i e n c e s  i n  o rde r  t o  ana lyze  

and e v a l u a t e  t h e  f u n c t i o n a l i s t  approach, e s p e c i a l l y  a s  i t  has  had such 

g r e a t  i n f l u e n c e  on such d i s c i p l i n e s  a s  c u l t u r a l  o r  s o c i a l  anthropology. 

Such in f luences  a r e  no t  o f t e n  o v e r t ,  b u t  may be h idden ,  i m p l i c i t ,  o r  

e l l i p t i c a l l y  rendered by c e r t a i n  f u n c t i o n a l i s t  l o c u t i o n s .  The fo l lowing  

quo ta t ions  a r e  examples: 



Any c u l t u r a l  p r a c t i c e  must be f u n c t i o n a l  o r  i t  w i l l  d i s appea r  be fo re  
long. That i s ,  i t  must somehow c o n t r i b u t e  t o  t h e  s u r v i v a l  of t h e  
s o c i e t y  o r  t o  t h e  adjustment  of t h e  ind iv idua l .21  

One chap te r  later i n  t h e  same work, h i s  involvement w i t h  a  system, 

wh i l e  s t i l l  t h e r e ,  i s  n o t  n e a r l y  s o  o v e r t .  

Let  u s  t a k e  t h e  example of t h e  Ghost Dance c u l t  among t h e  Sioux 
Ind ians  s i x t y  yea r s  ago when they were b e s e t  on a l l  s i d e s  by t h e  
White Man. The more gene ra l  f e a t u r e s  of t h i s  predominantly n a t i v e  
r e l i g i o n  can probably be  expla ined  i n  f u n c t i o n a l  terms. 22 

The f u n c t i o n  of a  p a r t i c u l a r  s o c i a l  usage i s  t h e  c o n t r i b u t i o n  i t  
makes t o  t h e  t o t a l  s o c i a l  l i f e  a s  t h e  func t ion ing  of  t h e  t o t a l  s o c i a l  
system. It aims a t  t h e  exp lana t ion  of an th ropo log ica l  f a c t s  a t  a l l  
l e v e l s  of t h e i r  development by t h e i r  func t ion ,  by t h e  p a r t  which they  
p l a y  w i t h i n  t h e  i n t e g r a l  system of c u l t u r e ,  by t h e  manner i n  which 
they  a r e  r e l a t e d  t o  each o t h e r  w i t h i n  t h e  system. Embedded i n  every 
f u n c t i o n a l  a n a l y s i s ,  i s  some concept ion,  t a c i t  o r  expressed ,  of t h e  
f u n c t i o n a l  requirements  of t h e  system under observa t ion .23  

Now, i n  e v a l u a t i o n  of func t iona l i sm,  i t  may be  argued t h a t  t h e r e  

need n o t  be  any r a d i c a l  methodological  break  ( t h a t  i s  " s e p a r a t i s t "  ve r sus  

"nonsepa ra t i s t " ) ,  f o r  f u n c t i o n a l  exp lana t ions  a s  they  o f t e n  occur  i n ,  

s ay ,  t h e  an th ropo log ica l  l i t e r a t u r e  do - n o t  f u l f i l  a l l  t h e  necessary  and 

s u f f i c i e n t  c r i t e r i a  f o r  such systems a s  l a i d  ou t  by Rudner. A s  he goes 

on t o  s t a t e :  

. . . t h e  a c t u a l  achievement o f ,  s ay ,  an th ropo log i s t s  who claim t o  
have a r r i v e d  a t  f u n c t i o n a l  exp lana t ions  of c u l t u r a l  i t ems ,  is  minis- 
c u l e .  The r e s u l t s  produced t o  d a t e  must b e  seen  t o  amount only ( so  
f a r  a s  exp lana t ion  i s  concerned) t o  t h e  a r t i c u l a t i o n  of some pre-  
s c i e n t i f i c  hunches o r  p ious  hopes t h a t  a  f u n c t i o n a l  explana t ion  f o r  
t h e  i tem i n  ques t ion  can u l t i m a t e l y  be  given.24 

Moreover, Rudner claims t h a t  t h e  va lue  of such exp lana t ions  can b e s t  be 

employed i n  t h e  context  of d i scovery .  



SUMMARY 

Having surveyed b r i e f l y  t h e  h i s t o r y  of t h e  s c i e n t i f i c  r e sea rch  

e n t e r p r i s e  i n  Chapter One, t h e  t h e s i s  has  been concerned i n  Chapter Two 

wi th  a  f a i r l y  i n t e n s i v e  examination of t h e  e n t e r p r i s e  i t s e l f .  F i r s t ,  a  

b r i e f  overview was presented  and summarized i n  t h r e e  models, and t h e  

Popperian modi f ica t ion  of t h e  t r a d i t i o n a l  hypothet ico-deduct ive account 

was emphasized. This  l e d  i n t o  t h e  nex t  s e c t i o n  which d e a l t  e x c l u s i v e l y  

wi th  Popper 's approach. The f i r s t  two s e c t i o n s  a r e  s u f f i c i e n t  i n  them- 

s e l v e s  f o r  t h e  r eade r  t o  main ta in  t h e  c o n t i n u i t y  of t h e  main argument 

a s  i t  w i l l  culminate  i n  Chapter Five. 

Sec t ion  111 i n i t i a t e d  a  more i n t e n s i v e  examination of t h e  two 

preceding s e c t i o n s ,  w i t h  s p e c i a l  a t t e n t i o n  drawn t o  d iscovery  and t o  

Popper 's approach, bo th  of which, having been in t roduced  i n  t h e  two 

previous  s e c t i o n s ,  a r e  t o  be  considered a s  p repa ra to ry  f o r  t h e  a n a l y s i s  

of d i scovery  t o  which a l l  of Chapter Three w i l l  b e  devoted. 

In  Sec t ion  111 d i scuss ions  a r e  c a r r i e d  out  on t h e  main i tems of 

s c i e n t i f i c  r e sea rch .  A s  compared t o  Sec t ion  I ,  t h e  focus may be  des- 

c r ibed  a s  "sharper" and a t  "higher power." Hypotheses and laws were 

taken up,  i nc lud ing  t h e  l o g i c a l  sen tence  s t r u c t u r e ,  forms of laws, and 

t h e  no t ion  of p r e d i c t i o n .  The d i s t i n c t i o n  between a  "law of na tu re"  and 

a  "law of sc ience"  was made which f a c i l i t a t e d ,  i n  p a r t ,  t h e  d i scuss ion  

of t h e  r e a l i s t ,  nomina l i s t ,  and c o n c e p t u a l i s t  p o s i t i o n  on t h e  s t a t u s  of 

laws. The t h e s i s  suppor t s  t h e  l a t t e r  p o s i t i o n ,  and j u s t i f i c a t i o n s  a r e  

given. Next, t h e o r i e s  were taken up invo lv ing  a  d i scuss ion  of t h e  a b s t r a c t  
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calculus, models, and the ontological status of theoretical entities. 

Two positions on theories were taken up, and the thesis developed a mod- 

ified third approach, called the pragmatic. Popper's notion of testa- 

bility was again emphasized. Finally, an investigation was carried out 

on the concept of "scientific explanation," with some special attention 

given to Newtonian mechanism because of its historical importance. The 

main thrust, however, was centered upon the Covering-Law Model, teleo- 

logical explanation, and the reduction of teleological statements into 

nonteleological ones. The thesis of the symmetry between explanation 

and prediction was also mentioned. 

Appendix F deals with an examination of the Kinetic-Molecular 

Theory in order to point up some of the key terms as previously outlined. 

Some of the concepts discussed included: empirical observation and for- 

mulation of assumptions; empirical justification of assumptions; Boyle's 

Law, Charles' Law, Dalton's Law, Brownian Motion, and Graham's Law. It 

is hoped that the reader may reflect upon this and the previous discus- 

sions and so better understand the manner in which a standard theory in 

science is generated and presented. 

In the historical overview presented in Chapter One, it was in- 

dicated that the scientific tradition has had a long and singularly 

successful history. However, it was also hinted that the enterprise was 

not without conceptual and/or methodological, foundational problems. 

Some of these have been touched upon in Chapter Two, with special atten- 

tion given to one of these problems in particular, namely, scientific 

discovery. This will be the subject of intensive examination in the fol- 

lowing chapter. 
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CHAPTER THREE 

SCIENTIFIC DISCOVERY 

SECTION I 

Introduction: Whilst the main argument of the thesis  i s  
conceptuat, some empirical approaches are ci ted for additional 
support. 

The d i scuss ion  of s c i e n t i f i c  d i scovery  w i l l  be  based upon f o u r  

approaches as fol lows:  

(a)  p sycho log ica l ,  focus ing  on t h e  manner i n  which some psycho log i s t s  

d e s c r i b e  t h e  process ;  

(b) d i r e c t  r e p o r t ,  be ing  a s e l e c t i o n  of q u o t a t i o n s  from prominent 

men of s c i ence  ( c l o s e l y  r e l a t e d  t o  (a )  above); 

(c) p h i l o s o p h i c a l  ( I ) ,  being a d i scuss ion  and s t and  on t h e  t r a d i t i o n a l  

problem of t h e  e x i s t e n c e ,  o r  n o t ,  of a l o g i c  of s c i e n t i f i c  d i s -  

covery. Borrowing concepts  from psychology, t h e  t h e s i s  assumes, 

f o r  s i m p l i c i t y  of argument, t h e  exhaus t iveness  of  a " logic"  and a 

11 non-logic" of  discovery.  Convergent t h ink ing  is  taken t o  be 

equated w i t h  " logic"  and d ivergent  w i t h  "non-logic," and, a s  

I I divergent1'  i s  equated wi th  "c rea t ive , "  then  "non-logic" i s  

a s s o c i a t e d  wi th  " c r e a t i v i t y . "  

90 
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Thus, i f  d i scovery  can be  argued a s  =-logical  then  i t  may b e  

considered d ive rgen t  and, hence, c r e a t i v e ;  

(d) a l t e r n a t i v e  approaches f o r  a  l o g i c  of d i scovery  founded on t h e  

no t ions  of t h e  l o g i c  of h e u r i s t i c  p l a u s i b i l i t y  i n f e r e n c e s  and 

on models; 

( e )  ph i lo soph ica l  (11) ,  exeges i s  and a n a l y s i s  of Blackwell ' s  t heo ry  

of discovery.  

SECTION I1 

D. 0. Hebb distinguishes two categories: ( a )  discovery and 
(b) veri f icat ion.  F. C. McLean emphasizes science as an art .  
H. A. Simon asswnes the creat iv i ty  of s c i e n t i f i c  discovery and 
attempts t o  develop a psychoZogicaZ theory (as yet  incomplete) 
of s c i en t i f i c  discovery. These empiricaZ studies t o  Zend 
support t o  subsequent conceptua Z c Zairns. 

I n  A Textbook of PsychoZogy, D .  0. Hebb inc ludes  a  chap te r  

e n t i t l e d  "Problems Re la t ing  t o  Thought" of which one s e c t i o n  i s  concerned 

w i t h  d iscovery ,  i nven t ion  and logic '  vis-&vis t h e  n a t u r e  of s c i e n t i f i c  

thought.  He d i s t i n g u i s h e s  two ca t egor i e s :  (1) d i scovery  o r  t h e  a t t a i n -  

ment of new i d e a s ,  and (2) v e r i f i c a t i o n ,  o r  t h e  p roces s  of t e s t i n g ,  

c l a r i f y i n g ,  and sys temat iz ing  t h e s e  ideas .  The r e s e a r c h e r  o f t e n  does 

n o t  know what combination he  i s  looking  f o r  and, a f t e r  exhaus t ing  t h e  

l o g i c a l  procedures  a v a i l a b l e ,  t u r n s  t o  what may b e  descr ibed  as a "blind" 

manipulat ion of t h e  problem elements.  Hebb a l s o  ho lds  t h a t  h e r e  chance 

p l ays  a  s i g n i f i c a n t  r o l e .  It i s  i n t e r e s t i n g  t o  n o t e  a  p sycho log i s t ' s  



minimal a s c r i p t i o n  of l o g i c  t o  t h e  d iscovery  process .  Often t h e r e  seems 

t o  be no l o g i c a l  j u s t i f i c a t i o n  t o  t h e  en ter ta inment  of t h e  i d e a  except  

t h a t ,  i n  t h e  end, a s  Hebb says ,  i t  "works." 

Hebb does admit of a r o l e  f o r  formal l o g i c a l  a n a l y s i s ,  such a s  

sy l log ism and sys temat ic  i nduc t ion ,  b u t  t h e s e  are w i t h i n  t h e  context  of 

v a l i d a t i o n .  I n  t h e  context  of d i scovery  he  speaks of " in s igh t "  and 

It  purpose," no t ing  t h a t  "new i n s i g h t  c o n s i s t s  of a re-combination of pre- 

e x i s t i n g  mediat ing processes"  which l a t t e r  a r e  products  of sensory  da t a .  

To him, t h e s e  re-combinations a r e  o r i g i n a l  and c r e a t i v e .  

F. C. McLean i n  h i s  essay  "The Happy Accident" (publ ished i n  The 

1 S c i e n t i f i c  Monthly) emphasizes t h e  f a c t  t h a t  s c i e n c e  is  a n  a r t .  He 

main ta ins  t h a t  t h e r e  i s  some misconception a s  t o  t h e  r o l e  played by 

r a t i o n a l  a n a l y s i s  i n  d iscovery ,  and t h a t  r a t i o n a l  a n a l y s i s  can,  a t  b e s t ,  

on ly  "point  t h e  way" t o  d iscovery .  

McLean holds  t h a t  t h e  pe rcep t ion  of unexpected r e l a t i o n s h i p s  f i r s t  

occurs  i n  t h e  unconscious t o  which t h e  s c i e n t i s t  adds m a t e r i a l  gained 

from conscious a c t i v i t y .  Th i s  "addition1'  l e a d s  t o  d iscovery ,  b u t  t h e  

process  as a whole cannot be t r a i n e d .  

Herbert  A .  Simon's a r t i c l e  " S c i e n t i f i c  Discovery and t h e  Psychology 

of Problem Solving" (publ ished i n  Mixd and Cosmos i n  t h e  Un ive r s i t y  of 

P i t t s b u r g h ' s  l e c t u r e  s e r i e s ) '  argues t h a t  d i scovery  i s  a form of problem- 

so lv ing ,  and can be explained i n  t h e  terms t h a t  have been used t o  exp la in  

t h e  l a t t e r .  I n  developing h i s  psychologica l  theory  of s c i e n t i f i c  d i scovery  

he  hypothesizes  t h a t  t h e r e  i s  no q u a l i t a t i v e  d i f f e r e n c e  between work of 

high c r e a t i v i t y ,  a s s o c i a t e d  wi th  what T. S. Kuhn would term "revolu t ionary  
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science," and "journeyman" c r e a t i v i t y ,  associa ted  wi th  "normal science.  " 

It can be seen t h a t  Simon assumes t h e  c r e a t i v i t y  of s c i e n t i f i c  discovery. 

Moreover, h i s  theory emphasizes t h e  "hard work" of discovery,  e s p e c i a l l y  

t h e  painstaking process of s e l e c t i v e  t r i a l  and e r r o r .  The theory a l s o  

provides f o r  a mechanism t h a t  would account f o r  t h e  process of "incuba- 

tion" and t h e  phenomenon of "illumination." The theory,  a s  Simon po in t s  

ou t ,  makes no pre tense  a t  a complete understanding of  the  t o t a l  s t r u c t u r e  

of t h e  psychological processes involved. 

The d a t a  used were obtained from in terviews wi th ,  and ques t ionnai res  

sent  t o  s c i e n t i s t s ,  and t h e  passages discussed here  seem t o  sugges t ,  from 
t 

a psychological  point  of view, support f o r  a claim of non-convergence o r  

non-logical formation of new ideas  (hypotheses). Much work i s  s t i l l  

being done on t h e  na tu re  of t h e  psychology of c r e a t i v i t y ,  and these  

present  s t u d i e s  do inc lude  sample populat ions of s c i e n t i s t s  a s  w e l l  a s  

t h e  perhaps more commonly perceived types of c r e a t i v e  ind iv idua l s  such 

a s  w r i t e r s ,  p a i n t e r s  and musicians. The t h e s i s  makes no p re tense  t h a t  

t h e  psychological work t h a t  has been done, and i s  being done, supports  

a s t rong (necessary) claim f o r  t h e  c r e a t i v i t y  of s c i e n t i f i c  discovery.  

S t i l l  l e s s  does i t  pretend t h a t  t h e  t h r e e  d iscuss ions  by psychologis ts  

presented i n  t h i s  s e c t i o n  a r e  s u f f i c i e n t .  Thei r  inc lus ion  is  simply t o  

show another means of inves t iga t ion ,  a l b e i t  empir ica l ,  which can perhaps 

be f r u i t f u l l y  pursued and u t i l i z e d  i n  support of the  conceptual claims 

t o  be made l a t e r .  



SECTION I11 

Introduction: another approach for investigating the nature 
of discovery i s  t o  examine what sc i en t i s t s  themselves say, 
which approach i s  very cZoseZy reZated t o  that  of the immediateZy 
preceding section. The four categories in to  which these quota- 
t ions  are systematized: 

(2 )  subjective specuZation and the humanistic dimension: 
( A .  Szent-Gyorgyi. R. R. Wilson. A. Einstein. H.  ~o incarg .  
W. I .  B .  Beveridge). 

(2) (creat ive)  imagination: 
(M. PZanck. F .  ~ekuZ6.  R. B. Lindsay. J.  TyndaZZ). 

(3) Inventiveness, i n tu i t ion  and ingenuity : 
(A .  Einstein. H .  ~o inear; .  K. Gauss). 

( 4 )  SeZectivity,  c r i t i c a l  evaZuatwn, and roZe of prior know Zedge: 
( H .  Poincars. W .  I .  B. Beueridge. J.  Watson. R. B. Lindsay). 

The t h e s i s  t a k e s  t h e  s t and  t h a t  a f r u i t f u l  approach t o  t h e  under- 

s t and ing  of s c i e n t i f i c  d i scovery  is  t o  examine what eminent s c i e n t i s t s  

themselves have s a i d  about it. For t h e  most p a r t  t h e s e  thoughts ,  al- 

though recorded ,  have no t  been systematized.  A f t e r  an  examination of 

s e v e r a l  passages,  a number were s e l e c t e d  and ca t egor i zed  i n t o  f o u r  "themes" 

i n  o rde r  t o  f a c i l i t a t e  t h e  t o t a l  argument. The c a t e g o r i e s  a r e  a r b i t r a r y  

and a r e  n o t  intended t o  be c l ea r - cu t ,  i n d i s p u t a b l e  c l a s s i f i c a t i o n s ;  indeed,  

i t  is  n o t  always easy  t o  a r t i c u l a t e  t h e  exac t  d i f f e r e n c e  between any two 

terms. Furthermore, they  a r e  probably i n t e r - r e l a t e d  and inter-dependent .  

These f o u r  c a t e g o r i e s  a r e :  

(1) s u b j e c t i v e  specu la t ion  and t h e  humanis t ic  dimension; 

( 2 )  ( c r e a t i v e )  imaginat ion;  
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(3 )  invent iveness ,  i n t u i t i o n ,  i ngenu i ty ;  

(4)  s e l e c t i v i t y ,  c r i t i c a l  e v a l u a t i o n  and r o l e  of p r i o r  knowledge. 

(1) Subjective specuZation and the humanistic dimension: 

I s r a e l  S c h e f f l e r  has  coined t h e  t e r m  " the  s tandard  view of 

science" which term d e s c r i b e s  t h e  a t t i t u d e  t h a t  many people have toward 

t h e  e n t e r p r i s e .  It is a view which n o t  on ly  a s c r i b e s  a  co ld  o b j e c t i v i t y  

t o  s c i e n t i f i c  methodology, b u t  a l s o  a s s e r t s  t h a t  s c i e n c e  i s  wholly a  

sys t ema t i c ,  p u b l i c  e n t e r p r i s e ,  c o n t r o l l e d  by l o g i c  and e m p i r i c a l  f a c t ,  

and having f o r  i t s  purpose t h e  formula t ion  of t r u t h s  about  t h e  n a t u r a l  

world. S c i e n t i s t s  themselves would no t  deny t h e  o b j e c t i v e  n a t u r e  of 

t h e i r  d i s c i p l i n e .  However, i f  i t  is over-emphasized, t hen  one tends  t o  

underes t imate  and even concea l  t h e  humanist ic  a spec t  of s c i e n t i f i c  

discovery.  Based upon t h e  w r i t i n g s  of s c i e n t i s t s  themselves,  t h i s  a spec t  

i nc ludes  a  s ense  of inwardness,  of c r e a t i v e  impulse and s e c r e t  ambit ions,  

of i r r a t i o n a l i t i e s  and i n t e l l e c t u a l  growth--in s h o r t ,  of s c i e n c e ,  

s c i e n t i s t s ,  and s c i e n t i f i c  a c t i v i t i e s  as express ions  of b a n  endeavour. 

Any p i c t u r e  of t h e  s c i e n t i s t  as a c o l d ,  detached robo t ,  d i s cove r ing  g r e a t  

t r u t h s  by sys temat ic  methods and r igo rous  c o n t r o l s  would be t o  d i s t o r t  

g r o s s l y  what may b e  termed t h e  s u b j e c t i v e ,  humanis t ic  n a t u r e  of s c i e n t i f i c  

r e sea rch ,  f o r  (as  has  been i n d i c a t e d  i n  t h e  immediately preceding s e c t i o n )  

i t  appears  t h a t  t h e  func t ion  of systems and c o n t r o l s  i n  s c i e n c e  is n o t  t o  

gene ra t e  d i s c o v e r i e s  by mechanical r o u t i n e s ,  b u t  r a t h e r  t o  channel c r i t i c -  

i s m  and f a c i l i t a t e  eva lua t ions .  Discovery i s  probably a  more humanist ic ,  

personal ,  and s u b j e c t i v e  process  such t h a t ,  a s  S c h e f f l e r  says :  "The co ld  

and aloof  s c i e n t i s t  i s ,  then ,  a  myth."' 



A s  support f o r  t h i s  claim of sub jec t ive  specula t ion  and humanistic 

endeavour, consider  what Nobel-laureate Alber t  Szent-Gyorgyi writes: 

Natura l ly  l i k e  a l l  o the r  s c i e n t i s t s ,  when I publ ish  o r  speak 
about my work, I l i k e  t o  make i t  appear a s  though i t  has been 
one s t r a i g h t  l i n e ,  one preconceived l o g i c a l  u n i t .  

But while I work I usua l ly  do not  know where I am going. I 
j u s t  fol low hunches. I dream up a l l  s o r t s  of t h e o r i e s  a t  
n igh t  and then disprove them i n  t h e  labora tory  t h e  next  day. 
Checking a hunch, sometimes I see some discrepancy,  something 
unexpected--then I fol low i t  up. Success depends on whether 
t h e  hunch was good o r  bad . . . . 
Yes, I was more lucky than many of my colleagues and t h i s  s u r p r i s e s  
me sometimes. So many s c i e n t i s t s  t h a t  I meet here  during t h e  
summer know much more than I. They can put  down t h e i r  ideas  much 
more c l e a r l y ,  more mathematically, and can desc r ibe  exac t ly  what 
they a r e  a f t e r  . . . I j u s t  wander about ,  without  e s p e c i a l l y  c l e a r  
ideas  o r  preconceived not ions  so  f a r  a s  I know, and now and then 
something pops up--boom!--something t h a t  i s  e n t i r e l y  new, t h a t  
l e a d s  t o  new l i n e s  of research  . . . . 
Claude Bernard, t h e  g r e a t e s t  of phys io log i s t s  and one of my i d o l s ,  
worked i n  t h i s  way, too. I l i k e  t h e  d i s t i n c t i o n  he made between 
the  two kinds of knowledge--that which has been achieved already 
and t h a t  which has y e t  t o  be wrung from t h e  unknown. The g rea t  
s c i e n t i s t s  were those  who were a t  home i n  t h e  unknown and l e f t  
t h e i r  foo t s t eps  there.4 

Also, consider  t h e  following quota t ions  from American nuclear  

p h y s i c i s t  Robert R. Wilson speaking of h i s  subjec t :  

I do t h i n k  of i t  a s  a form of human a c t i v i t y ,  and I ' v e  thought of 
physics a s  a way i n  which I ' v e  expressed myself not  only t o  o t h e r s  
but a l s o  t o  myself. There 's  much more t o  it--but t h i s  i s  an 
important p a r t .  5 

I n  speaking of one of h i s  f a i l u r e s  he  mentions t h e  c r e a t i v i t y  of sc ience ,  

Yes, a f a i l u r e ,  but t h a t  d i d n ' t  t ake  away from t h e  t h r i l l  of 
c r e a t i v i t y ,  and the  s t rong  i d e n t i f i c a t i o n  of oneself .  Through i t  



I had become involved suddenly w i t h  a l l  humanity. It's a p e c u l i a r  
way of t h ink ing  about your se l f  and t h e  r e s t  of t h e  world.6 

and he  goes on t o  l i k e n  t h i s  p l easu rab le  c r e a t i v i t y  t o  a r t i s t ic  c r e a t i -  

v i t y .  H i s  r e p l y  t o  a ques t ion  a s  t o  whether o r  no t  he  cons ide r s  t h a t  

t h e r e  is  a q u a l i t a t i v e  d i f f e r e n c e  between s c i e n t i f i c  c r e a t i v i t y  and t h e  

more f a m i l i a r  a r t i s t i c  c r e a t i v i t y ,  he  r e p l i e d :  

No, I don ' t ,  I would guess  t h a t  t h e y ' r e  i d e n t i c a l .  When I am 
doing phys i c s ,  a s  I s a i d  e a r l i e r ,  I don ' t  t h i n k  of i t  as s c i e n c e  
w i t h  a c a p i t a l  S. I am a n l y  conscious of myself as a man doing 
what I am doing i n  a  manner nowise d i f f e r e n t  from t h a t  when I 
do o t h e r  t h i n g s  than physics .  I don ' t  l i k e  t h a t  connotat ion.  I 
wish we w e ~ e n ' t  known as s c i e n t i s t s .  I t h i n k  of myself on ly  as 
a person working i n  a pe r sona l  manner. I ' m  s u r e  i f  I could make 
a  good poem, I would exper ience  t h e  same f e e l i n g s . 7  

A lbe r t  E i n s t e i n  a l s o  speaks of c r e a t i v i t y  i n  s c i ence ,  bo th  w i t h  concepts:  

. . . a l l  our  t h ink ing  i s  of t h i s  n a t u r e  of a f r e e  p l ay  w i t h  
concepts  . . . 8 

and a l s o  wi th  f u n c t i o n a l  r e l a t i o n s h i p s :  

The ve ry  f a c t  t h a t  t h e  t o t a l i t y  of our  sense  exper iences  is  such 
t h a t  by means of t h ink ing  (ope ra t ions  w i t h  concepts ,  and t h e  
c r e a t i o n  and u s e  of d e f i n i t e  f u n c t i o n a l  r e l a t i o n s  between them, 
and t h e  coo rd ina t ion  of s ense  exper iences  t o  t h e s e  concepts )  i t  can 
be pu t  i n  o rde r ,  t h i s  f a c t  is  one which l e a v e s  u s  i n  awe, b u t  which 
we s h a l l  never  understand. 9 

Valuable i n s i g h t s  can a l s o  be obta ined  from Henri  ~ o i n c a r g ' s  ce l eb ra t ed  

essay  e n t i t l e d  "Mathematical Creation." H e  n o t e s  two phases of t h e  

d iscovery  process ,  t h e  f i r s t  being a  type  of " insp i ra t ion1 ' :  

Most s t r i k i n g  a t  f i r s t  is  t h i s  appearance of sudden i l l u m i n a t i o n ,  
a manifest  s i g n  of long,  unconscious p r i o r  work. The r o l e  of t h i s  



unconscious work i n  mathematical i nven t ion  appears  t o  me incon- 
t e s t a b l e  . . . . These sudden i n s p i r a t i o n s  . . . never  happen 
except  a f t e r  some days of vo lun ta ry  e f f o r t  which has  appeared 
a b s o l u t e l y  f r u i t l e s s  . . . . It i s  necessary  t o  p u t  i n  shape 
t h e  r e s u l t s  of t h i s  i n s p i r a t i o n ,  t o  deduce from them t h e  
immediate consequences. 10 

Thi s  s t a g e  is  followed by a  more r a t i o n a l l y  c o n t r o l l e d  one, one which 

has  a l r eady  been l a b e l l e d  t h e  context  of v a l i d a t i o n :  - 

A s  f o r  t h e  c a l c u l a t i o n s  themselves, '  they  must be  made i n  t h e  
second per iod  of conscious work, t h a t  which fo l lows  t h e  i n s p i r a -  
t i o n ,  t h a t  i n  which one v e r i f i e s  t h e  r e s u l t s  of t h i s  i n s p i r a t i o n  
and deduces t h e i r  consequences. The r u l e s  of t h e s e  c a l c u l a t i o n s  
a r e  s t r i c t  and complicated. They r e q u i r e  d i s c i p l i n e ,  a t t e n t i o n ,  
w i l l ,  and Sheref o r e  consciousness .  11 

Also,  ~ o i n c a r ;  compares mathematical c r e a t i o n  t o  a r t i s t i c  c r e a t i o n :  

It may b e  s u r p r i s i n g  t o  s e e  emotional s e n s i b i l i t y  invoked 2 
propos mathematical demonstrat ions which, it  would seem, can 
i n t e r e s t  only t h e  i n t e l l e c t .  Th i s  would be  t o  f o r g e t  t h e  f e e l i n g  
of mathematical beauty,  of t h e  harmony of numbers and forms, of 
geometric e legance.  Th i s  i s  a  t r u e  a e s t h e t i c  f e e l i n g  t h a t  a l l  
r e a l  mathematicians know, and s u r e l y  i t  belongs t o  emotional  
s e n s i b i l i t y .  12 

Beveridge suppor ts  t h i s  view: 

Emotional s e n s i t i v i t y  is  perhaps a  va luab le  a t t r i b u t e  f o r  a  
s c i e n t i s t  t o  possess .  I n  any event  t h e  g r e a t  s c i e n t i s t  must 
be  regarded a s  a  c r e a t i v e  ar t is t  and i t  is q u i t e  f a l s e  t o  t h i n k  
of t h e  s c i e n t i s t  a s  a  man who merely fo l lows  r u l e s  of l o g i c  and 
experiment. 13 

I n  a d d i t i o n ,  he  n o t e s  t h a t  bo th  E i n s t e i n  and Planck were keen music ians ,  

and t h a t  Pas t eu r  had a  d i s t i n c t  a p t i t u d e  f o r  pa in t ing .  



( 2 Imagination 

Although t h e  c o n t r o l l e d  th ink ing  as advocated by Dewey has a  

p l a c e  i n  s c i ence ,  i t  seems t h a t  r e s e a r c h e r s ,  i n  seeking  o r i g i n a l  i d e a s ,  

o f t e n  abandon t h i s  mode of thought and a l low t h e i r  imagina t ions  t o  

wander f r e e l y .  Consider what t h e  famous p h y s i c i s t  Max Planck once s a i d :  

Again and aga in  t h e  imaginary p l a n  on which one a t tempts  t o  b u i l d  
up o r d e r  breaks  down and then  we must t r y  another .  Th i s  imagina- 
t i v e  v i s i o n  and f a i t h  i n  t h e  u l t i m a t e  succes s  a r e  i nd i spensab le .  
The pure  r a t i o n a l i s t  has  no p l a c e  here.14 

Th i s  imagina t ive  c a p a c i t y ,  s u b j e c t i v e  though i t  may be,  seems d e f i n i t e l y  

t o  p l a y  a  more brominent r o l e  t h a n  i s  o r d i n a r i l y  r e a l i z e d .  I t  has  been 

r epor t ed  t h a t  Clark  Maxwell was i n  t h e  h a b i t  of making mental p i c t u r e s  

of problems, a s  a l s o  w a s  Paul  E h r i l i c h .  Of p a r t i c u l a r  h i s t o r i c a l  

i n t e r e s t  i s  t h e  manner i n  which t h e  German chemist ~ e k u l 6  h i t  upon t h e  

s t r u c t u r a l  formula f o r  benzene ( t h e  benzene r i n g  0 ) C6H6. 

'But i t  d i d  n o t  go we l l ;  my s p i r i t  was w i t h  o t h e r  t h ings .  I 
tu rned  t h e  c h a i r  t o  t h e  f i r e p l a c e  and sank  i n t o  a  h a l f  s l eep .  
The atoms f l i t t e d  be fo re  my eyes.  Long rows, v a r i o u s l y ,  more 
c l o s e l y ,  un i t ed ;  a l l  i n  movement wr igg l ing  and t u r n i n g  l i k e  snakes. 
And s e e ,  what w a s  t h a t ?  One of t h e  snakes s e i z e d  i t s  own t a i l  
and t h e  image whi r led  s c o r n f u l l y  be fo re  my eyes.  As though from 
a f l a s h  of l i g h t e n i n g  I awoke; I occupied t h e  rest of t h e  n i g h t  
i n  working out  t h e  consequences of t h e  hypothes is  . . . . L e t  u s  
l e a r n  t o  dream, gentlemen. ' 15 

Also, cons ider  what Lindsay w r i t e s  concerning imaginat ion:  

Ac tua l ly  t h e  process  of theory  b u i l d i n g  and mod i f i ca t ion  has  many 
elements  t h a t  r e l a t e  i t  c l o s e l y  t o  a r t i s t i c  c r e a t i v i t y .  

The next  s t e p  r e q u i r e s  a c l o s e r  look a t  t h e  n a t u r e  of t h e  p o s t u l a t e s  
at t h e  b a s i s  of p h y s i c a l  t h e o r i e s .  Where do they  come from? A 



t h e o r y  beg ins  a s  an  a c t  of imaginat ion;  it  is  i n  essence  t h e  crea-  
t i o n  of a p i c t u r e  i n  t h e  mind of t h e  s c i e n t i s t .  Th i s  i n t roduces  
t h e  problem, b u t  h a r d l y  s o l v e s  i t ,  f o r  how does t h e  p h y s i c i s t  g e t  
t h e  i d e a s  t h a t  form t h e  b a s i c  elements  of t h e  p i c t u r e ?  A s  w e  
have a l r e a d y  sugges ted ,  t h i s  is  a problem i n  psychology and one 
t o  which t o o  l i t t l e  a t t e n t i o n  has  s o  f a r  been devoted. Too few 
s c i e n t i s t s  have eve r  divulged i n  any d e t a i l  t h e  processes  they  
have gone through i n  s e t t i n g  up t h e i r  t h e o r i e s ,  and even when they  
have d iscussed  t h e  m a t t e r ,  what they have w r i t t e n  has  n o t  u s u a l l y  
been h e l p f u l .  Th i s  mag be due p a r t l y  t o  a f e e l i n g  t h a t  t h e  l i n e  
o f  thought being followed was s o  s t r a igh t fo rward  and compelling 
t h a t  i t  should appear  obvious wi thout  f u r t h e r  comment t o  a l l  think- 
i n g  persons.  It may a l s o  b e  due t o  a f e e l i n g  t h a t  i n s p i r a t i o n  i s  
n o t  d i scussab le .  It i s  t r u e  t h a t  some very  famous s c i e n t i s t s  have 
w r i t t e n  about f l a s h e s  of i l l u m i n a t i o n  t h a t  came t o  them when, a f t e r  
l o n g  p e r i o d s  of unsuccessfu l  conscious thought ,  they  had at tempted 
t o  f o r g e t  t h e  m a t t e r  a t  i s s u e  i n  t h e  hope t h a t  t h e  subconscious 
would t a k e  over .  Such s t o r i e s  are sugges t ive  bu t  do n o t  r e a l l y  
i n s t r u c t .  Perhaps t h e r e  i s  no i n s t r u c t i o n  t o  be  had i n  such ma t t e r s ,  
excep t  by c l o s e  a s s o c i a t i o n  w i t h  t h e  c r e a t i v e  s c i e n t i s t .  Th i s  is ,  
however, p o s s i b l e  f o r  few. Psychologis t s  acquainted w i t h  phys ics  
should  g ive  t h e  problem g r e a t e r  a t t e n t i o n .  l6 

The importance of imagina t ion  i s  f u r t h e r  emphasized by t h e s e  two quota- 

t i o n s  by Tyndall:  

( a )  Newton's passage from a f a l l i n g  app le  t o  a f a l l i n g  moon was an 
act of t h e  prepared imaginat ion.  Out of t h e  f a c t s  of chemistry 
t h e  c o n s t r u c t i v e  imaginat ion of  Dal ton formed t h e  atomic theory.  
Davy was r i c h l y  endowed w i t h  t h e  imagina t ive  f a c u l t y ,  wh i l e  w i t h  
Faraday i t s  e x e r c i s e  was i n c e s s a n t ,  preceding,  accompanying and 
gu id ing  a l l  h i s  experiments.  H i s  s t r e n g t h  and f e r t i l i t y  a s  a 
d i s c o v e r e r  a r e  t o  be r e f e r r e d  i n  g r e a t  p a r t  t o  t h e  s t imu lus  of 
t h e  imaginat ion.  17 

(b) With a c c u r a t e  experiment and obse rva t ion  t o  work upon, imaginat ion 
becomes t h e  a r c h i t e c t  of p h y s i c a l  theory.  l8 

But, dreams and images a r e  u s e l e s s  i n  s c i ence  un le s s  reason t u r n s  them 

t o  u s e f u l  purpose. Vague i d e a s  must be formulated i n t o  s p e c i f i c  proposi- 

t i o n s  o r  hypotheses.  Although imaginat ion can  be a f r u i t f u l  sou rce  of 

new knowledge, i t  must be balanced by c r i t i c i s m  and judgment. 



(3)  Intui t ion and ingenuity 

The psychology of i n t u i t i o n  is not  thoroughly understood, but  

t h e  so-cal led i n t u i t i v e  l e a p  is genera l ly  recognized and an important 

element i n  most problem solving.  The most c h a r a c t e r i s t i c  circumstances 

of an i n t u i t i o n  a r e  a period of in tense  work on t h e  problem accompanied 

by a d e s i r e  f o r  i t s  s o l u t i o n ,  temporary abandonment of t h e  work, and 

then t h e  appearance of t h e  idea  wi th  dramatic suddenness and o f t e n  a 

f e e l i n g  of c e r t a i n t y .  There i s  a f a i r l y  genera l ,  though no t  un ive r sa l ,  

agreement t h a t  these  i n t u i t i o n s  a r i s e  from t h e  subconscious a c t i v i t i e s  

of t h e  mind which has continued t o  t u r n  over t h e  problem, though on the  

conscious level  i t  appears t h a t  t h e  mind i s  no longer g iv ing i t  a t t e n t i o n .  

Consider what E ins te in  has sa id :  

There i s  no l o g i c a l  way t o  t h e  discovery of these  elemental  laws. 
There is  only t h e  way of i n t u i t i o n ,  which is helped by a f e e l i n g  
of t h e  order  ly ing  behind t h e  appearances. l 9  

Poincar6 r e l a t e s  how, a f t e r  a long period of i n t e n s e  mathematical work 

he went f o r  a journey i n t o  t h e  country and dismissed h i s  work from h i s  

mind : 

J u s t  a s  I pu t  my foot  on t h e  s t e p  of t h e  brake, t h e  i d e a  came 
t o  me . . . t h a t  t h e  transformations I had used t o  de f ine  Fuchsian 
func t ions  were i d e n t i c a l  wi th  those  of non-Euclidian geometry. 20 

On another  occasion,  when ba f f l ed  by another  problem he went f o r  a walk 

along t h e  s e a s i d e ,  and: 

thought of  e n t i r e l y  d i f f e r e n t  things.  One day, a s  I was walking 
on t h e  c l i f f  t h e  idea  came t o  me, again wi th  t h e  same c h a r a c t e r i s t i c s  



of conciseness ,  suddenness and immediate c e r t a i n t y ,  t h a t  a r i t h -  
m e t i c a l  t ransformat ions  of i n d e f i n i t e  t e r n a r y  q u a d r a t i c  forms a r e  
i d e n t i c a l  w i th  those  of non-Euclidian geometry.21 

The " f l a s h  of i n t u i t i o n "  is  a l s o  r e l a t e d  by Gauss: 

. . . f i n a l l y  two days ago I succeeded . . . l i k e  a sudden f l a s h  
of l i g h t e n i n g  t h e  r i d d l e  happened t o  b e  solved.  I cannot myself 
say  what w a s  t h e  conducting th read  which connected what I p rev ious ly  
knew w i t h  what made my success  poss ib l e .22  

(4)  Selec t iv i ty ,  c r i t i c a l  evaZuation and ro le  of prior knowledge 

With r e s p e c t  t o  mathematical c r e a t i v i t y ,  Poincar6  w r i t e s :  

To c r e a t e  c o n s i s t s  p r e c i s e l y  i n  no t  making u s e l e s s  combinations 
and i n  making t h o s e  which a r e  u s e f u l  and which are only a s m a l l  
minor i ty  . . . 23 

He goes on t o  say:  

The t r u e  work of t h e  inven to r  c o n s i s t s  i n  choosing among t h e s e  
combinations s o  as t o  e l i m i n a t e  t h e  u s e l e s s  ones o r  r a t h e r  t o  
avoid t h e  t r o u b l e  of making them . . . they  a r e  f e l t  r a t h e r  than  
formulated.  24 

and i n  f u r t h e r  desc r ib ing  t h e s e  u s e f u l  combinations h e  s a y s  they  a r e  

"p rec i se ly  t h e  most b e a u t i f u l  ."25 

According t o  Beveridge, "The f e r t i l e  mind t r i e s  a l a r g e  number 

and v a r i e t y  of combinations. 1126 To s e e  how s e l e c t i v i t y  and combination 

toge the r  w i th  t h e  r o l e  of p r i o r  knowledge p l a y  a s i g n i f i c a n t  p a r t  i n  

s c i e n t i f i c  d i scovery ,  cons ide r  t h e  d iscovery  of t h e  s t r u c t u r e  of t h e  

DNA (Desoxyribonucleic Acid) molecule by Nobel l a u r e a t e  James Watson and 

F ranc i s  Crick.  



Watson's method of model b u i l d i n g  was h igh ly  d is regarded  at 

f i r s t ;  t h e  s tandard  method was X-ray c rys t a l log raphy .  It is  i n t e r e s t i n g  

t o  n o t e  t h a t  Maurice Wilkins ,  who played a s i g n i f i c a n t  r o l e  i n  t h e  

d iscovery  by provid ing  t h e  X-ray evidence,  f i n a l l y  a r r i v e d  a t  model 

bu i ld ing  a s  a  v a l i d  method. According t o  Watson: 

. . . our p a s t  hoot ing  about model b u i l d i n g  r ep resen ted  a s e r i o u s  
approach t o  s c i ence  . . . 27 

Watson had e a r l i e r  developed a  model which had s e v e r a l  f laws.  Th i s  

f i r s t  model involved l ike-wi th- l ike  p a i r i n g  of bases ,  b u t  t h e  model 
1 

f a i l e d ,  amongst o t h e r  t h ings ,  t o  e x p l a i n  t h e  Chargaff r u l e s  ( t h a t  t h e  

concen t r a t ion  of adenine. = t h e  concen t r a t ion  of thymine and t h a t  t h e  con- 

c e n t r a t i o n  of  gudnine = t h e  concen t r a t ion  of cy tos ine ) ,  and t h e  l a c k  of 

any X-ray evidence f o r  a  r e g u l a r  Hydrogen-bonding. Watson w r i t e s :  

Though I i n i t i a l l y  went back t o  my l ike-wi th- l ike  p r e j u d i c e s ,  
I saw a l l  t oo  w e l l  t h a t  they  l e d  nowhere. When J e r r y  came i n  
I looked up, saw t h a t  i t  was not  F ranc i s ,  and began s h i f t i n g  
t h e  bases  i n  and out  of v a r i o u s  o t h e r  p a i r i n g  p o s s i b i l i t i e s . 2 8  

Today, g e n e t i c s  s t u d e n t s  a r e  expected t o  have a  reasonable  under- 

s t and ing  of bo th  o rgan ic  chemistry and biochemistry.  Watson, however, 

without  t h i s  ready informat ion  had unknowingly copied t h e  i n c o r r e c t  

s t r u c t u r a l  formulae of t h e  n i t r o g e n  bases  from t e x t  books. It was only 

a f t e r  he was informed by a  chemist t h a t  t h e  c o n f i g u r a t i o n s  were i n c o r r e c t ,  

o r  a t  b e s t ,  very  tenuously accepted ,  t h a t  Watson w a s  a b l e  t o  make f u r t h e r  

progress .  



. . . . Suddenly I became aware t h a t  an adenine-thymine p a i r  h e l d  
toge the r  by two hydrogen bonds were i d e n t i c a l  i n  shape t o  a 
guanine-cytosine p a i r  h e l d  t o g e t h e r  by a t  l e a s t  two hydrogen bonds. 
A l l  t h e  hydrogen bonds seemed t o  form n a t u r a l l y ;  no fudging was 
r equ i r ed  t o  make t h e  two types  of base  p a i r s  i d e n t i c a l  i n  shape. 
Quickly I c a l l e d  J e r r y  over  t o  a sk  him whether t h i s  t ime h e  had 
any o b j e c t i o n  t o  my new base  pa i r s .29  

Th i s  quo ta t ion  i s  a  good example of t h e  r o l e  of s e l e c t i v i t y ,  

o rde r ing ,  and c r i t i c a l  eva lua t ion .  According t o  Beveridge, product ive  

s c i e n t i f i c  t h ink ing  begins w i th  an  awareness of d i f f e r e n c e s ,  a f t e r  which 

a suggested s o l u t i o n  probably s p r i n g s  i n t o  mind and i s  considered (plaus- 

i b i l i t y  cons ide ra t ions ) ,  o r  r e j e c t e d .  Then, new combinations o f t e n  a r i s e  

from r a t i o n a l  a s s o c i a t i o n ,  o r  from fancy ( imagina t ion) ,  o r  perhaps by 

chance circumstances.  

Lindsay echoes t h e  same thoughts  r ega rd ing  t h e  r o l e  of p r i o r  

knowledge. 

One t h i n g  i s  su re .  The thoughts  t h a t  develop i n t o  va luab le  
p h y s i c a l  c o n s t r u c t s  come t o  t h o s e  who a r e  equipped t o  r e c e i v e  
them by thorough pre l iminary  p repa ra t ion  i n  t h e  s u b j e c t  m a t t e r  
i n  ques t ion .  It is  obviously imposs ib le  t o  s tar t  t o  t h e o r i z e  
on a branch of phys ics  about which one knows no th ing ,  and it is  
equa l ly  c l e a r  t h a t  every t h e o r i s t  i n e v i t a b l y  is inf luenced  i n  
t h e  c r e a t i o n  of new i d e a s  by t h e  i d e a s  he  has  obta ined  from 
o t h e r s  i n  h i s  prev ious  study.3* 

SECTION I V  

The ph-:loscphicaZ (I) approach t o  the problem of discovery. 
The tradi t iomZ arguments i n  favour of a Zogic of discovery. 
Francis Bacon and J .  S.  Mill: exegesis and cri t ic ism.  Can 
any sense be made of a Zogic of discovery? N. R. Hanson's 
position: pZausibiZity considerations. W. C. SaZmon's cr i t ic i sm 
of Hanson's position: f o m Z a t i o n  o f  hypotheses are prior t o  



considerations of pZausibiZity. G. HoZton and the X -, 
Y -, and Z - planes of sc i en t i f i c  research. C.  HempeZ ' s  
position. R. Rudner's position: one must not confuse the 
context of discovery  with that  of v a l i d a t i o n .  M. PoZyani: 
the concept of "sc ient i f ic  neutratity" i s  akin t o  Schef f ler ' s  
"standard view of science." I .  Scheffler: there i s  both an 
o b j e c t i v e  and a s u b j e c t i v e  phase to sc ien t i f i c  research. 
The nature of sc i en t i f i c  subject ivi ty  and i t s  reZationship 
t o  discovery. 

PhiZosophicaZ discourse on the na-ture of sc i en t i f i c  discovery 
i s  systematized in to  the same categories as i n  Section III,  
.z.e., 

(1) subjective specuZation and the humanistic dimension; 
( I .  Schef f ler .  K. Popper). 

(2) (creative) imagination; 
(C. HempeZ. A. N.  Whitehead). 

(3) i n tu i t ion  and ingenuity; 
(C. Hempel. I. Scheff Zerl . 

( 4 )  se lec t i v i t y ,  c r i t i c a l  evaluation, and the role  o f  prior 
know Zedge. 
(C. Hempel) . 

The two s t r o n g e s t  advocates  of an i n d u c t i v e  approach t o  d iscovery  

were F ranc i s  Bacon (Novm Organwn) and John S t u a r t  M i l l  (A System of 

Logic). Bacon was t h e  f i r s t  of what was t o  develop a s  a long  l i n e  of 

s c i e n t i f i c a l l y  minded phi losophers  who n o t  on ly  emphasized t h e  importance 

of i nduc t ion ,  a s  opposed t o  deduct ion,  b u t  a l s o  at tempted t o  f i n d  some 

s u p e r i o r  type  of i nduc t ion  t o  r e p l a c e  what i s  termed " induc t ion  by s imple 

enumeration." For example, Bacon's method as app l i ed  t o  d i scove r ing  t h e  

n a t u r e  of h e a t  (which he  supposed, r i g h t l y ,  t o  c o n s i s t  of r a p i d ,  i r r e g u l a r  

motions of t h e  sma l l  p a r t s  of bodies)  would have been t o  make l ists  of 

ho t  bodies ,  co ld  bodies ,  and of bodies  of va ry ing  degrees  of hea t .  H e  



t hen  expected t h a t  t h e s e  l i s t s  would then  show some c h a r a c t e r i s t i c  

always, f o r  example, p re sen t  i n  h o t  bod ie s ,  and absent  i n  co ld  bodies ,  

and p re sen t  i n  vary ing  degrees  i n  bodies  of d i f f e r e n t  degrees  of h e a t .  

By t h i s  method he  expected t o  a r r i v e  a t  g e n e r a l  l a w s ,  which would f i t  

i n t o  a h i e ra rchy  according t o  degree of g e n e r a l i t y .  However, notwith- 

s t and ing  both h i s  ignorance of t h e  developments i n  s c i ence  of h i s  day, 

as w e l l  a s  h i s  unapprec i a t ive  a t t i t u d e  towards mathematics and s y l l o g i s -  

t i c ,  Bacon's i nduc t ive  method i s  f a u l t y  because of h i s  i n s u f f i c i e n t  

emphasis on hypothes is .  H e  hoped t h a t  mere o r d e r l y  arrangement of d a t a  

would make t h e  c o r r e c t  hypothes is  obvious,  b u t ,  i n  f a c t ,  t h i s  i s  seldom 

the case.  Indeed, n o t  on ly  is  t h e  framing of hypotheses o f t e n  t h e  most 

d i f f i c u l t  p a r t  of s c i e n t i f i c  i n q u i r y ,  b u t  what is  gene ra l ly  overlooked 

is t h a t  u sua l ly  some hypothes is  i s  a l o g i c a l l y  p r i o r  c o n d i t i o n  t o  the  

c o l l e c t i o n  of f a c t s .  The a c t  of hypothes is  gene ra t ion ,  t hen ,  seems devoid 

of any rule-centered method. 

M i l l ,  i n  applying p r i n c i p l e s  of Empiricism t o  s c i e n t i f i c  method, 

advocated (by rounding out  and p e r f e c t i n g  ~ a c o n ' s  i nduc t ive  technique) ,  

i nduc t ion  as a new approach t o  problem-solving t h a t  would supersede  

A r i s t o t e l i a n  deduct ive  l o g i c .  Moreover, he contended t h a t  a l l  reasoning  

i s  e s s e n t i a l l y  i n d u c t i v e ,  t h a t  we reason  from p a r t i c u l a r  i n s t a n c e s  and 

then  g e n e r a l i z e  upon them. A s  f o r  M i l l ,  no twi ths tanding  h i s  f i v e  canons 

of i nduc t ive  method, t h e  same charges l a i d  a g a i n s t  Bacon hold. Further-  

more, h i s  canons can be  u s e f u l l y  employed so  long  a s  t h e  law of c a u s a l i t y  

i s  assumed, b u t  t h i s  law i t s e l f ,  a s  he himself  had t o  confess ,  is  t o  be 

accepted s o l e l y  on t h e  b a s i s  of i nduc t ion  by s imple enumeration. Moreover 



i t  i s  n o t  a l t o g e t h e r  c l e a r  whether t h e s e  canons f i t  i n t o  t h e  con tex t  

of d i scovery  o r  t h e  context  of v a l i d a t i o n .  

Consider t h e  fo l lowing  passage from M i l l :  

An hypothesis  i s  any suppos i t i on  w e  make ( e i t h e r  wi thout  a c t u a l  
evidence,  o r  on evidence avowedly i n s u f f i c i e n t )  i n  o r d e r  t o  
endeavor t o  deduce from i t  conclus ions  i n  accordance w i t h  f a c t s  
which a r e  known t o  be r e a l ,  under t h e  i d e a  t h a t ,  i f  t h e  con- 
c l u s i o n s  t o  which t h e  hypothes is  l e a d s  a r e  known t r u t h s ,  t h e  hypo- 
t h e s i s  i t s e l f  e i t h e r  must be ,  o r  a t  l e a s t  i s  l i k e l y  t o  be t r u e .  . . . 
We want t o  be  assured  t h a t  t h e  law we have h y p o t h e t i c a l l y  assumed i s  
a t r u e  one, and i t s  l ead ing  deduc t ive ly  t o  t r u e  r e s u l t s  w i l l  a f f o r d  
t h i s  assurance ,  provided t h e  c a s e  be  such t h a t  a f a l s e  law cannot 
l ead  t o  a t r u e  r e s u l t ,  provided no law except  t h e  v e r y  one which we 
have assumed can l e a d  deduc t ive ly  t o  t h e  same conclus ions  which 
t h a t  l e a d s  to .  . . . It appears ,  t h e n  t o  be  a c o n d i t i o n  of t h e  most 
genuinely s c i e n t i f i c  hypothes is  t h a t  i t  be  n o t  d e s t i n e d  always t o  
remain an hypothes is  b u t  b e  of such a  n a t u r e  a s  t o  b e  e i t h e r  proved 
o r  disproved by comparison wi th  observed f a c t s  .31 

He makes i t  c l e a r  t h a t  hypothes is  a r e  t o  b e  a s s o c i a t e d  w i t h  f a c t s  of 

exper ience  (consider  e s p e c i a l l y  t h e  l a s t  s en t ence ) ,  bu t  contemporary 

s c i e n t i f i c  methodology (contemporary empir ic i sm) ,  e s p e c i a l l y  i n  phys i c s ,  

u se  hypotheses h igh ly  t h e o r e t i c a l  i n  n a t u r e  and which have no immediate 

obse rva t iona l  consequences. But t h i s  i s  no t  t o  deny t h a t  a t  some p o i n t ,  

u s u a l l y  a t  t h e  end of a long deduct ive  cha in ,  p r o p o s i t i o n s  do come i n t o  

con tac t  wi th  f a c t s  of experience.  Never the less ,  t h e  immediate hypothes is  

i t s e l f  may be  formulated q u i t e  a p a r t  from t h e  obse rva t iona l  p r e d i c a t e  of 

t h e  un ive r se  of experience.  Moreover, M i l l  wants t o  t r e a t  hypotheses as 

an in fe rence  technique  t o  a r r i v e  a t ,  presumably, d i s c o v e r i e s ,  o r  a t  l e a s t  

11 t o  deduce from it f a c t s  which a r e  known t o  be  r e a l "  which f a c t s  a r e  " t o  

be e i t h e r  proved o r  disproved by comparison w i t h  observed f a c t s . "  But 

i f  t h i s  be M i l l ' s  p o s i t i o n  ( t h a t  is,  t h a t  t h e  t r u t h  and t h e  v e r i f i c a t i o n  
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of an hypothes is  i s  t h e  same a s  t h e  t r u t h  of t h e  consequent i n  a m a t e r i a l  

imp l i ca t ion  a f f i rming  t h e  an t eceden t ) ,  then  he  has  committed a l o g i c a l  

e r r o r  ( f a l l a c y  of a f f i rming  t h e  consequent) ,  f o r  

i s  - n o t  l o g i c a l l y  necessary.  I n  s h o r t ,  M i l l ' s  p o s i t i o n  can  b e  a t t acked  

on a t  l e a s t  two l o g i c a l  grounds f o r ,  a s  argued i n  Chapter Two, hypotheses 

are never proved, b u t  on ly  cor robora ted .  M i l l  i s  fo l lowing  t h e  t r a d i -  

t i o n a l  hypothet ico-deduct ive account and t h i s  t u r n s  ou t  t o  be  l o g i c a l l y  

unsupportable ,  f o r ,  as has been d iscussed  p rev ious ly ,  Modus Ponens 

al though l o g i c a l l y  necessary ,  i s  inadequate  t o  d e s c r i b e  t h e  empi r i ca l  

s c i e n t i f i c  r e sea rch  e n t e r p r i s e ,  and t h a t ,  i n  f a c t ,  Modus ToZZens 

is more accura te .  This  po in t  demonstrates  M i l l ' s  f a l l a c y  i n  t a l k i n g  about  

hypotheses a s  being " e i t h e r  proved o r  disproved by comparison wi th  observed 

f a c t s . "  But M i l l  seems t o  s t r a y  f u r t h e r  when, as d iscussed  e a r l i e r ,  h e  

goes on t o  commit t h e  f a l l a c y  of a f f i rming  t h e  consequent.  

Can any sense ,  t hen ,  be  made of a l o g i c  i n  t h e  d iscovery  process?  

It seems undeniable  t h a t  s c i ence  uses  a type  of deduct ive  i n f e r e n c e  a t  

l e a s t  l o o s e l y  a k i n  t o  t h e  hypothet ico-deduct ive method, and t h i s  has  l e d  

many people t o  conclude t h a t  t h e  l o g i c  of s c i ence ,  and of d i scovery ,  i s  

an i n d i s p u t a b l e  f a c t ,  thoroughly deduct ive  i n  cha rac t e r .  The p r e v a i l i n g  
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s tand  of modern phi losophers  of  s c i e n c e  i s  t h a t  t h e r e  i s  no such l o g i c ,  

and t h a t  t h e  process  by which s c i e n t i f i c  hypotheses a r e  thought  up, a t  

l e a s t  i n  p a r t ,  i s  a  psychologica l  one r e q u i r i n g  i n s i g h t ,  o r i g i n a l i t y  and 

ingenui ty ,  r a t h e r  t han  any mechanical procedure.  A s  W. S. Salmon s a y s ,  

Science . . . is  no t  a  sausage machine i n t o  which you f eed  t h e  
d a t a  and, by t u r n i n g  a crank,  produce f i n i s h e d  hypotheses.32 

However, t h i s  view i s  d i sappo in t ing ,  even i n t o l e r a b l e ,  t o  some 

because i t  i s  d i f f i c u l t  t o  accept  t h a t ,  f o r  a  s c i e n t i s t  g rapp l ing  w i t h  a  

d i f f i c u l t  problem, l o g i c  is  of no h e l p  whatsoever i n  e f f e c t i n g  a s o l u t i o n .  

Indeed, i t  i s  v&ry probable t h a t  l o g i c  does f i g u r e  i n  very  impor t an t ly  i n  

s c i e n t i f i c  discovery (genera l  s e n s e ) ,  s o  t h a t  one may then  ag ree  w i t h  

phi losophers ,  such a s  N. R. Hanson, who have t r i e d  t o  demonstrate  t h a t  

l o g i c  has  indeed a  very  r e a l  bea r ing  on s c i e n t i f i c  method. He main ta ins  

t h a t ,  i n  add i t i on  t o  t h e  admi t ted ly  psychologica l  a s p e c t s  of s c i e n t i f i c  

d i scovery ,  c e r t a i n  l o g i c a l  cons ide ra t ions  p l a y  an important  r o l e  i n  for-  

mulat ing t h e  hypotheses.  

What would be ou r  reasons  f o r  accept ing  H? These w i l l  b e  t h o s e  
we might have f o r  t h ink ing  H t r u e .  But t h e  reasons  f o r  sugges t ing  
H o r i g i n a l l y ,  o r  f o r  formulat ing H i n  one way r a t h e r  than  ano the r ,  
may n o t  be  those  one r e q u i r e s  be fo re  t h ink ing  H t r u e .  They are, 
r a t h e r ,  t hose  reasons  which make H a  pZausibZe type of conjecture. 33 

However, a s  s h a l l  be  i n v e s t i g a t e d  i n  more d e t a i l ,  i t  could a l s o  be argued 

t h a t  Hanson may n o t  have adequately analyzed t h e  concept  of s c i e n t i f i c  

discovery,  e x p e c i a l l y  i n  r e s p e c t  t o  t h e  d i s c e r n i n g  of a  d i f f e r e n c e  between 

a  genera l  and a  s p e c i a l  sense  of t h e  term "discovery." 
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W. C. Salmon, i n  h i s  d i s c u s s i o n  of Hanson' s l o g i c  of d i scovery ,  

begins by cau t ion ing  a g a i n s t  ove r ly  s t r i n g e n t  o r  exces s ive  demands on 

such a l o g i c ,  say ing  t h a t  such an  a lgo r i thm of mechanics gene ra t ing  t r u e  

explana tory  hypotheses is probably imposs ib le  a s  t h e r e  seems t o  be  no 

way of determining f o r  c e r t a i n  whether o r  n o t  one has i n  f a c t  a t r u e  

hypothes is .  A s  Salmon says:  

Not s i n c e  F ranc i s  Bacon has  any e m p i r i c i s t  regarded t h e  l o g i c  
of s c i ence  a s  an  a lgor i thm t h a t  would y i e l d  a l l  s c i e n t i f i c  
t r u t h .  34 

It may then  be  asked: "What i s  t h e  n a t u r e  of Hanson's log ic?"  

He says  t h a t  i t  must no t  be understood a s  a method of gene ra t ing  t r u e  

hypotheses,  bu t  r a t h e r  a s  a method of gene ra t ing  p l a u s i b l e  con jec tu re s .  

Hanson d i f f e r e n t i a t e s  two s t ages :  

A reasons  f o r  accep t ing  H - 

( suppor t ing  reasons)  reasons  f o r  I 
t h ink ing  H i s  t r u e  " v a l i d a t i o n  o r  I 
j u s t i f i c a t i o n " ) .  1 

B reasons  f o r  sugges t ing  H in - 
t h e  f i r s t  p l a c e  (or  f o r  formu- 

l a t i n g  H i n  one way r a t h e r  than 

another ) .  

( suppor t ing  reasons)  reasons  

which make H a p a l u s i b l e  con- 

j e c  t u r e .  

Hanson r e a d i l y  concurs,  a t  l e a s t  i n  p a r t ,  w i t h  those  who have denied 

t h e  e x i s t e n c e  of a l o g i c  of d i scovery ,  ag ree ing  w i t h  them t h a t  t h e  process  

of d i scovery  i s  governed by psychologica l  f a c t o r s  and by t h e  e x i s t e n c e  of 
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nonlogica l  a spec t s .  However, he does a rgue  f o r  t h e  e x i s t e n c e  of good, 

l o g i c a l  reasons  f o r  regard ing  c e r t a i n  hypotheses a s  t h o s e  most l i k e l y  

t o  succeed. Moreover, t h e s e  reasons  a r e  l o g i c a l l y  d i s t i n c t  from t h e  

suppor t ing  reasons given under - A i n  t h e  diagram above. These k inds  of 

j u s t i f i c a t i o n s ,  a l low one t o  e l e v a t e  t h e  hypo thes i s  from t h e  l e v e l  of 

p l a u s i b l e  con jec tu re  t o  t h a t  of accep tab le ,  t r u e  o r  h igh ly  confirmed 

hypothesis .  

In  h i s  c r i t i c i s m  of Hanson, Salmon beg ins  by d i f f e r e n t i a t i n g  t h r e e  

a s p e c t s  of t h e  t rea tment  of s c i e n t i f i c  hypotheses,  each a s p e c t  of which 

may be taken  s e p a r a t e l y ,  t oge the r ,  o r  i n  any o rde r .  These t h r e e  s t a g e s  

a r e :  (1) t h ink ing  up t h e  hypothes is ;  (2) p l a u s i b i l i t y  cons ide ra t ions ;  

and (3) t e s t i n g  o r  confirmation.  

Salmon agrees  w i th  Hanson's argument t h a t  t h e r e  is a n  important  

l o g i c a l  d i s t i n c t i o n  between p l a u s i b i l i t y  arguments (B - suppor t ing  reasons  

i n  diagram above) and t h e  reasons  t h a t ,  a f t e r  t e s t i n g ,  confirm a hypo thes i s  

(A suppor t ing  reasons,  above). On t h e  b a s i s  of Hanson's example, which 

uses  Kepler 's  e l l i p t i c a l - o r b i t  hypothes is ,  Salmon argues  t h a t  Hanson has  

mistakenly conf l a t ed  p l a u s i b i l i t y  arguments w i t h  d iscovery ,  o r  more spec i -  

f i c a l l y ,  w i t h  a l o g i c  of discovery.  There is ,  presumably, a t ime l a p s e  

between t h e  moment of t h ink ing  up an hypo thes i s  and of subsequent ly con- 

s i d e r i n g  i t s  p l a u s i b i l i t y .  It is t h i s  f i r s t  s t e p  of Salmon's system t h a t ,  

i n  Chapter Two of t h i s  t h e s i s  has  been termed t h e  s t a g e  of s c i e n t i f i c  

discovery ( s p e c i a l  sense) .  

Salmon's system, w i t h  t h e  t h r e e  s t a g e s  of a s c i e n t i f i c  hypo thes i s ,  

can be viewed from another  pe r spec t ive .  Gerald Holton speaks of t h e  t h r e e  



dimensions of sc ience  a s  (1) t h e  X - plane  of empirical  observat ion  

and experiment; (2) t h e  Y - plane  of heur i s t i c -ana ly t i c  theor iz ing ;  and 

(3) the  Z - plane  of fundamental presupposi t ions ,  methodological judg- 

ments, dec is ions  and notions,  a l l  of which he  c o l l e c t i v e l y  terms "themata." 

These themata, such a s  those of "constancy," "conservation," and "quanti- - 
f i c a t i o n , "  a r e  no t  d i r e c t l y  r e so lvab le  i n t o  o b j e c t i v e  observat ions ,  on 

t h e  one hand, nor l o g i c a l ,  mathematical, o r  o the r  formal, a n a l y t i c ,  o r  

exact  reasoning on the  o ther  hand. He then goes on t o  say: 

. . . perhaps a l l  of t h e s e  themata a r e  n o t  r e s t r i c t e d  merely t o  
uses  i n  s c i e n t i f i c  context ,  bu t  seem t o  come from t h e  l e s s  
spec ia l i zed  ground of our genera l  imaginative capaci ty .  35 

Hempel a l s o  tends t o  r u l e  out  a l o g i c  of s c i e n t i f i c  discovery. 

He desc r ibes  t h e  process which, according t o  Bacon, involves induct ion  

and a s e t  of mechanical r u l e s  applied t o  observed f a c t s  t h a t  l ead  t o  

corresponding general  p r i n c i p l e s ,  which mechanical r u l e s  could be  compared 

t o  those  of mul t ip l i ca t ion .  He argues t h a t  i f  we were t o  have such an 

e f f e c t i v e  means of s c i e n t i f i c  discovery,  many chronica l ly  perplexing 

problems, such a s  a cure  f o r  cancer,  o r  a p r o b a b a l i s t i c  b a s i s ,  would 

have a l ready been discovered. Furthermore, it  i s  doubtful  whether such 

a l o g i c  could even be  formulated, one reason being t h a t  s c i e n t i s t s  use  

t h e o r e t i c a l  terms t h a t  do no t  occur a t  a l l  i n  t h e  desc r ip t ions  of t h e  

empir ica l  f indings  on which t h e  theory r e s t s .  However, i t  may be poss ib le  

t o  i n f e r  induc t ive ly  a hypothesis  a s  long a s  i t  con ta ins  no novel  terms. 

Consider a s  an example of t h e  f i r s t  case  t h e  t h e o r i e s  about t h e  atomic 

and subatomic s t r u c t u r e  of mat ter ,  i n  which "novel" terms such a s  atom, 
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proton, neutron and psi-function a r e  used, bu t  whose e x i s t e n c e  a r e  no t  

d e s c r i p t i v e  of t h e  empi r i ca l  obse rva t ions ,  such as t h e  s p e c t r a  of v a r i o u s  

gases ,  t r a c k s  i n  cloud and bubble chambers, s t e r eochemis t ry ,  and so  

f o r t h .  On t h e  b a s i s  of t h e  f a c t  t h a t  t h e s e  terms do n o t  d e s c r i b e  t h e  

l a b o r a t o r y  observa t ions ,  one may argue t h a t  a  l o g i c  of d i scovery  can  

never  be found. I n  t h e  o t h e r  ca se ,  where i t  would b e  p o s s i b l e  t o  in- 

duc t ive ly  i n f e r  a  hypothes is  a s  long  a s  t h e r e  a r e  no novel  terms, Hempel 

u ses  t h e  example of t h e  s p e c i a l ,  and r a t h e r  s imple  r e l a t i o n s h i p  of t h e  

l eng th  of a  copper w i re  a s  a  one-to-one f u n c t i o n  of t h e  temperature.  

A f t e r  p l o t t i n g  t h e  d a t a  and drawing curves ,  t h e  s c i e n t i s t  f i n d s  t h a t  

t h e  l eng th  v a r i e s  d i r e c t l y  w i t h  t h e  temperature and hence one may assume 

t h a t  he has  discovered t h e  hypothes is  ( l eng th  v a r i e s  d i r e c t l y  w i th  

temperature)  by a  mechanical r o u t i n e  o r  l o g i c  of d i scovery  ( i n d u c t i v e  

in fe rence ) .  However, Hempel draws a t t e n t i o n  t o  t h e  f a c t  t h a t  t h i s  mech- 

a n i c a l  procedure a c t u a l l y  presupposes an an tecedent ,  l e s s  s p e c i f i c  hypo- 

t h e s i s ,  v i z . ,  t h a t  a  s i n g l e  v a r i a b l e ,  l eng th ,  i s  a  f u n c t i o n  of one s i n g l e  

o t h e r  v a r i a b l e ,  temperature.  Also t h e  hypo thes i s  con ta ins  no new terms, 

and is  e x p r e s s i b l e  i n  terms of  t h e  concepts  of  tempera ture  and l e n g t h  

which a r e  a l s o  used i n  desc r ib ing  t h e  da t a .  

Rudner a l s o  cau t ions  a g a i n s t  confusing t h e  "context  of v a l i d a t i o n "  

( t h e  acceptance o r  r e j e c t i o n  of an hypothes is )  w i t h  t h e  "context  of d i s -  

covery," o r  how one a r r i v e s  a t  good hypotheses and t h i s  means, i n  t h e  

case  of t h e  s o c i a l  s c i ences ,  how one draws upon s o c i o l o g i c a l ,  psycho- 

l o g i c a l ,  p o l i t i c a l ,  o r  economic cond i t i ons  conducive t o  t h ink ing  up 

f r u i t f u l  hypotheses.  He says :  



No one, i n  f a c t ,  has demonstrated t h a t  the re  is  o r  could be 
such a th ing a s  a l o g i c  of discovery. On t h e  o the r  hand, a l o g i c ,  
or  methodology of v a l i d a t i o n ,  of explanation,  o r  of p red ic t ion ,  i s  
p rec i se ly  what is re fe r red  to  when i t  is  asse r t ed  o r  denied t h a t  
(regardless of d i f fe rences  i n  technique of observation o r  experi- 
ment) the  s c i e n t i f i c  method i s  pervasive through a l l  t h e  sc iences  
o r  i s  appl icable  i n  t h e  i n v e s t i g a t i o n  of s o c i a l  a s  w e l l  a s  non- 
s o c i a l  phenomena. 36 

Polanyi has been l a r g e l y  concerned wi th  t h e  process by which 

order and coherence a r e  ext rac ted  from t h e  s c i e n t i f i c  and technological  

manipulation of mat ter ,  and he holds t h a t  the  discovery of s i g n i f i c a n t  

pa t t e rns  i n  nature  o f t en  involves a c t s  of personal  judgments and p a r t i c i -  

pa t ion t h a t  r e f u t e ,  t o  a t  l e a s t  some degree, t h e  "ideal" of s c i e n t i f i c  

n e u t r a l i t y  i n  dealing with n a t u r a l  phenomena. This s c i e n t i f i c  n e u t r a l i t y  

would probably be what Schef f l e r  would l a b e l  " the  standard view of 

science. " 

One comes, then,  t o  an examination of t h i s  not ion of s c i e n t i f i c  

s u b j e c t i v i t y  which was mentioned e a r l i e r  a s  being bound up i n  some way 

with the  process of s c i e n t i f i c  discovery. I s r a e l  Schef f l e r  has  w r i t t e n  

s u b s t a n t i a l l y  on t h i s  t o p i c ,  and h i s  argument i s  b a s i c a l l y  t h a t  s c i e n t i f i c  

method employs both an ob jec t ive  and a sub jec t ive  phase, t h e  l a t t e r  of 

which i s  of ten  l i t t l e  understood, recognized, o r  even admitted by many 

scholars  and laymen a l i k e .  Object iv i ty  i n  sc ience  is  l a r g e l y  confined t o  

t h a t  p a r t  of t h e  t o t a l  methodology leading t o  t h e  s c i e n t i f i c  discovery 

(general sense) t h a t  dea l s  with tests, con t ro l s  and c r i t i q u e .  It i s  

involved i n  t h e  processing of ideas t h a t  have been independently and 

f r e e l y  generated. The following diagram shows t h i s  object ive-subject ive 

dichotomy: 



Step  I1 is  o b j e c t i v e ,  and i s  t h e  s t a g e  where r i g o r o u s  d i s c i p l i n e  

c r e a t i o n  of theory:  t e s t i n g  of theory:  

e n t e r s  i n t o  t h e  eva lua t ion  of t h e  theo ry ' s  empi r i ca l  adequacy, l o g i c a l  

s c i e n t i f i c  d i s -  

coherence, and r e l a t i v e  s i m p l i c i t y .  

S c i e n t i f i c  o b j e c t i v i t y ,  t hen ,  i n  imposing t h e  c o n s t r a i n t s  of 

f r e e ,  subjective / + I r i go rous ,  objeckivel = mz:; (genera l  1 

d e s c r i p t i v e  accuracy, t h e o r e t i c a l  coherence and l o g i c a l  d i s c u s s i o n ,  i s  
4 

n o t  a  r o u t i n e  f o r  t h e o r e t i c a l  d i scovery ,  f o r  t h i s  l a t t e r  concept  pre- 

supposes,  a s  S c h e f f l e r  would a rgue ,  no g e n e r a l  l i m i t a t i o n s  of pas s ion ,  

imaginat ion o r  f l a i r .  There i s  a s u b j e c t i v e  n a t u r e  t o  t h e  s c i e n t i f i c  

e n t e r p r i s e ,  f o r  as t h e r e  appears  t o  be  no o b j e c t i v e  r o u t i n e  f o r  s c i e n t i f i c  

d i scovery ,  one must u s e  imaginat ion t o  s p e c u l a t e ,  and t h i s  p roces s  i s  

sub jec t ive .  S c h e f f l e r  says :  

Nor does s c i e n t i f i c  o b j e c t i v i t y  c o n s i s t  i n  a r o u t i n e  f o r  theor-  
e t i c a l  discovery;  i f  t h e  s c i e n t i s t  is n o t  a  disembodied and 
pas s ion le s s  i n t e l l e c t ,  n e i t h e r  i s  h e  a  robot.37 

What is  t h e  na tu re  of t h i s  s u b j e c t i v e  a spec t  of s c i e n t i f i c  

discovery? According t o  S c h e f f l e r ,  i n  t h i s  a c t  t h e  s c i e n t i s t  chooses and 

r e v i s e s  d e s c r i p t i v e  c a t e g o r i e s ,  guesses  a t  hidden f a c t o r s ,  e x t r a p o l a t e s  

s e l e c t i v e l y  on l i m i t e d  d a t a  and i n v e n t s  new mechanisms, c a l c u l i ,  and 

t h e o r i e s  which only l a t e r  a r e  submit ted t o  o b j e c t i v e ,  c r i t i c a l  assess -  

ment. I f  t h i s  be  t h e  t r u e  n a t u r e  of  s c i e n t i f i c  d i scovery  ( s p e c i a l  s e n s e ) ,  
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then t h e  Baconian i dea l  of devising mechanical r u l e s  of s c i e n t i f i c  dis-  

covery i s  not supportable, and M i l l ' s  method of experimental inquiry 

w i l l  be reduced simply t o  a method of t e s t i n g  hypotheses r a the r  than 

a method of discovery. This kind of subject ive ,  speculative thinking 

seems t o  be the  basis  of discovery i n  t h e  spec ia l  sense. 

The bas i s  f o r  t he  establishment of a subject ive  foundation f o r  

s c i e n t i f i c  discovery has now been completed. The t he s i s  w i l l  now attempt 

t o  r e l a t e  the  four "themes" of Section 111 i n  terms of what philosophers 

of science have sa id  about discovery. These four themes, by which the  

quotation of several  s c i e n t i s t s  were categorized,  a r e  a s  follows: 

(1) subjective speculation and the  humanistic dimension; 

(2) (creat ive)  imagination; 

(3)  inventiveness, i n t u i t i o n  and ingenuity; 

(4) s e l e c t i v i t y ,  c r i t i c a l  evaluation,  and t h e  r o l e  of p r i o r  

knowledge. 

(1) Subjective specuZation and the hwnanistic dimension: 

Scheff ler ,  i n  discussing t h e  r o l e  of speculation i n  s c i e n t i f i c  

thought, says: 

For impar t i a l i ty  and detachment a r e  not t o  be thought of as 
substant ive  q u a l i t i e s  of the  s c i e n t i s t ' s  personal i ty  o r  the  s t y l e  
of h i s  thought; s c i e n t i s t s  a r e  a s  variegated i n  these  respects  as 
any other  group of people. S c i e n t i f i c  hab i t s  of mind a r e  compat- 
i b l e  with passionate advocac strong f a i t h ,  i n t u i t i v e  conjecture 
and imaginative speculation. 3 s 

Also, Karl Popper echoes somewhat t he  same idea  when, i n  h i s  The Logic 

of Sc ient i f ic  Discovery he writes:  



Science i s  not  a system of c e r t a i n ,  o r  wel l -es tabl i shed,  s t a t e -  
ments; nor i s  i t  a system which s t e a d i l y  advances towards a s t a t e  
of f i n a l i t y .  . . . We do not  know: we can only guess. And our 
guesses a r e  guided by the  u n s c i e n t i f i c  . . f a i t h  i n  laws, i n  
r e g u l a r i t i e s  which we can uncover-discover .i9 

I n  Salmon's system, t h i s  would probably be an a c t  i n  t h e  s t a g e  

of thinking up the  hypothesis ,  antecedent  t o  any considera t ion  of 

p l a u s i b i l i t y ,  but n o t ,  a s  Han~on might suggest  a concurrent event with 

these  same p l a u s i b i l i t y  cons idera t ions .  

( 2 )  Creative imagination 

Hempel has w r i t t e n  on t h i s  r o l e  of c r e a t i v e  imagination t o  sc ience ,  

saying t h a t :  

There a r e ,  then,  no genera l ly  app l i cab le  " ru les  of induction,"  
by which hypotheses o r  t h e o r i e s  can be  mechanically derived o r  
i n f e r r e d  from empir ica l  data.  The t r a n s i t i o n  from d a t a  t o  
theory requ i res  c r e a t i v e  imagination. 40 

He goes on t o  d i scuss  two c l a s s i c  examples from t h e  h i s t o r y  of 

sc ience  i n  which imagination played a most i n t e r e s t i n g  r o l e .  The f i r s t  

i s  Kepler 's study of p lanetary  motion, a study which was i n s p i r e d  by 

t h e  s c i e n t i s t ' s  pass ion ,  almost obsession,  t o  demonstrate a myst ica l  

doc t r ine  about numbers, and t o  demonstrate t h e  music of t h e  spheres.  The 

second example involves  the  chemist,  Kekul6, and h i s  dream of snakes t h a t  

l e d  him t o  a r r i v e  a t  t h e  s t r u c t u r a l  formula ( 0) f o r  t h e  benzene mole- 

cule  (C6H6). Thus, i n  t h e  endeavour t o  a r r i v e  a t  a s o l u t i o n  of a problem, 

a s c i e n t i s t  may o f t e n  give f r e e  r e i n  t o  h i s  imagination and, i n  the  course 

of h i s  c r e a t i v e  th inking,  may be influenced even by s c i e n t i f i c a l l y  question- 

a b l e  methods. This  same type of c r e a t i v e  imagination p lays  a s i m i l a r l y  



important r o l e  i n  non-empirical sc i ences ,  such a s  mathematics, f o r  here ,  

too, i t  i s  t h e  r e s u l t s  which a r e  va l ida ted  exclus ively  by deductive 

reasoning. I n  o the r  words, t h e  r u l e s  of deductive inference  a r e  no t ,  i n  

mathematics, a  l o g i c  of discovery,  f o r  i f  we a r e  given a s e t  of s t a t e -  

ments o r  premises, t h e  r u l e s  of deduction give no d i r e c t i o n  whatever t o  

t h e  i n f e r e n t i a l  p rocedures to  be employed. Moreover, these  r u l e s  do n o t  

s i n g l e  out  any one statement a s  t h e  only poss ib le  de r ivab le  conclusion 

t o  be obtained from t h e  o r i g i n a l  ~ r e m i s e ( s ) ,  nor  do they lead  n e c e s s a r i l y  

t o  i n t e r e s t i n g  o r  sys temat ica l ly  important conclusions;  they a r e  n o t  a 

s e t  of mechanic+ rou t ines  o r  p o s t u l a t e s  f o r  de r iv ing  s i g n i f i c a n t  mathe- 

mat ica l  theorems. Hempel says: 

. . . . The discovery of important,  f r u i t f u l  mathematical theorems, 
l i k e  the  discovery of important ,  f r u i t f u l  t h e o r i e s  i n  empir ica l  
science,  r equ i res  inven t ive  ingenuity;  i t  c a l l s  f o r  imaginative,  
i n s i g h t f u l  guessing. But again ,  t h e  i n t e r e s t s  of s c i e n t i f i c  
o b j e c t i v i t y  a r e  safeguarded by t h e  demand f o r  an objective vaZida- 
t i on  of such conjec tures .  41 

Furthermore, Hempel s t a t e s  t h a t  once a mathematical proposi t ion  

has been proposed a s  a  conjec ture ,  i ts  proof o r  disproof s t i l l  r equ i res  

imagination and f u r t h e r  conjec ture ,  o f t e n  of a higher order .  Salmon 

appears t o  be  i n  agreement here  wi th  Hempel, when he  w r i t e s :  

I should th ink  i t  i s  psychological ly more r e a l i s t i c  t o  regard 
discovery a s  a  process involving f requent  i n t e r p l a y  between 
unfe t tered  imaginative c r e a t i v i t y  and c r i t i c a l  evaluat ion .  42 

A.  N. Whitehead a l s o  speaks of t h e  c r e a t i v i t y  of mathematics (and 

a l s o  makes a passing reference  t o  the  main argument of t h i s  t h e s i s ) :  



The Science of Pure Mathematics, i n  its modern developments, 
may claim t o  be t h e  most o r i g i n a l  c r e a t i o n  of t h e  human s p i r i t .  
Another claimant f o r  t h i s  pos i t ion  is music. But w e  w i l l  put  
a s i d e  a l l  r i v a l s ,  and consider t h e  ground on which such a claim 
can be made f o r  mathematics. The o r i g i n a l i t y  of mathematics 
c o n s i s t s  i n  t h e  f a c t  t h a t  i n  mathematical sc ience  connections be- 
tween th ings  a r e  exhibi ted  which, a p a r t  from the  agency of human 
reason, a r e  extremely unobvious. Thus the  ideas ,  now i n  t h e  
minds of contemporary mathematicians, l i e  very remote from any 
not ions  which can be immediately derived by perception through 
t h e  senses; unless indeed it be perce t i o n  st imulated and guided 
by antecedent mathematical knowledge. e 3 

( 3 )  Intuition and ingenuity : 

Hempel s t a t e s  t h a t  s c i e n t i f i c  

than being derived from observed f a c t s ,  t o  account 

f o r  t h e  data .  This inventiveness involv  

a t  r e la t ionsh ips  t h a t  might e x i s t  between t h e  phenomena under study,  

and of the  uni formit ies ,  r e g u l a r i t i e s  and p a t t e r n s  t h a t  may under l i e  

t h e i r  occurrence. Furthermore, t h i s  inventiveness,  o f t en  resembling 

"happy guesses," requires  g rea t  ingenuity,  o f t e n  involving,  as i n  t h e  

case of t h e  formulation of r e l a t i v i t y  theory and quantum theory,  a r a d i c a l  

departure from current  modes, o r  a s  T. S. Kuhn would term "paradigms," of 

s c i e n t i f i c  thinking,  Phrased i n  another manner, one might say t h a t ,  i n  

sc ience ,  f o r  f r u i t f u l  endeavour t o  occur, a c e r t a i n  i n t u i t i o n  and appro- 

p r i a t e  contempt f o r  au thor i ty  i s  l i k e l y  t o  be required.  

I n  terms of t h i s  not ion of i n t u i t i o n ,  i t  is  appropr ia te  t o  quote 

again,  i n  p a r t ,  the  following by Scheffler:  

S c i e n t i f i c  h a b i t s  of mind a r e  compatible with pass ionate  advocac 
s t rong  f a i t h ,  i n t u i t i v e  conjecture ,  and imaginative specula t ion.  11 



120 

( 4 )  SeZectivity, criticaZ evaZuation, cmd role of prior knowZedge 

Invent iveness  ingenui ty  and i n t u i t i o n ,  even c r e a t i v e  imagina t ion  

and specu la t ion  a l ready  d i scussed ,  seem t o  be r e l a t e d ,  i n  some way, and 

t o  va ry ing  degrees,  w i th  p r i o r  knowledge. Moreover t h i s  knowledge need 

no t  b e  understood i n  a narrow sense ,  i . e . ,  knowledge of on ly  one f i e l d  

i n  depth ,  bu t  more i n  terms of a broad b u t  s ecu re  g ra sp  of s e v e r a l  f i e l d s .  

Hempel t akes  up t h i s  theme when he i n t i m a t e s  t h a t  t h e  inven t iveness  

of s c i e n t i f i c  r e sea rch  w i l l  b e n e f i t  from a s o l i d  f a m i l i a r i t y  w i t h  t h e  

c u r r e n t  knowledge i n  t h e  f i e l d .  A s  P a s t e u r  h a s  i n t ima ted ,  i n  t h e  realm o f  

observa t ion ,  chance favours  only  t h e  prepared mind. 

A complete novice,  such as an h i s t o r i a n  ( t o  u s e  a r a t h e r  extreme 

example) would ha rd ly  be expected t o  make impor tan t  s c i e n t i f i c  discover-  

i e s  (such a s  t hose  made by Paul ing  r ega rd ing  s i c k l e - c e l l  anaemia). How- 

e v e r ,  more r e a l i s t i c a l l y ,  and i n  an even more s p e c i f i c  s ense ,  an animal  

g e n e t i c i s t ,  f o r  example, might b e  g rapp l ing  w i t h  a problem s l i g h t l y  

o u t s i d e  h i s  f i e l d ,  such a s  t h e  biochemical  g e n e t i c s  of v i r u s e s ,  strain X, 

(assuming f o r  argument t h a t  t h e s e  v i r u s e s  have a t t acked  c e r t a i n  animals 

i n  which he has been s tudying  g e n e t i c  d i s e a s e s ) .  He might,  f o r  example 

simply enc lose  himself by h i s  own f a v o r i t e  t h e o r i e s  and methods (de r ived ,  

f o r  example, from knowledge of animal g e n e t i c s ) ,  d u p l i c a t e  what has  been 

t r i e d  be fo re ,  o r  simply run  a g a i n s t  w e l l  e s t a b l i s h e d  f a c t s  o r  t h e o r i e s  of  

which he is unaware. Th i s  b r i n g s  u s  t o  another  s l i g h t l y  d i f f e r e n t  ca se ,  

t h a t  of t h e  s c i e n t i s t  (not a complete novice)  who, be ing  new t o  a s p e c i a l  

f i e l d  (such as a biochemist doing g e n e t i c  r e s e a r c h ) ,  o f t e n  i s  a t  an 

advantage i n  t h a t  he  is  a b l e  t o  s t and  s l i g h t l y  a p a r t  from t h e  problem and 



take a f r e s h ,  new look t h a t  may w e l l  l ead  t o  a s i g n i f i c a n t  hypothesis o r  

theory. 

It may be seen,  then,  t h a t  i n  t h e  general  view of most philoso- 

phers of sc ience ,  t h e r e  i s  no l o g i c  o r  algori thm mechanically leading 

t o  s c i e n t i f i c  d iscover ies ,  and t h i s  i s  i n  no way incons i s t en t  with t h e  

f a c t  t h a t  t h e  s c i e n t i f i c  e n t e r p r i s e  (formal sciences excluded) i s  

empir ica l ly  based. The induct ive  perception of phenomena i n  t h e  universe  

of experience does no t  guarantee t h e  formulation of an hypothesis ,  f o r  

these  l a t t e r ,  a s  has  been argued, a r e  f r e e l y  created.  One must not  b l u r  

o r  conf la te  t h e  induct ive  process on which empirical  sc ience  i s  based 

with the  discovery process ( spec ia l  sense),  i . e . ,  t h e  formulation of 

hypotheses. The former may lead t o  t h e  latter,  but  i s  not  equivalent  t o  

the  l a t t e r .  This d i s t i n c t i o n  w i l l  be discussed f u r t h e r  i n  Section V I .  

SECTION V 

Alternative suggestions and "working notions" of a logic of 
discovery which "logics" are not s t r i c t l y  i n  accord with the 
term as it i s  traditwnaZZy employed but which have de f in i t e  
heuristic value. The logic of heuris t ic  plausibi l i ty  inferen- 
ces. The approach of C. S. Peirce. Kaplan's d is t inc t ion  o f  
"reconstructed Zogic " and llZogic-in-use. l1 Consideration of 
models as a.Zogic of discovery. 

The heuris t ic  role  of models. Inferring techniques are linked 
with models i n  the context of discovery. Evidence of the 
explanatory power revealed i n  the model's a b i l i t y  t o  explain 
higher-level phenomenen. Refraction. Mathematical models and 
theories. Mathematical models tradi t ionally  have had a physical 
model "understood," which physical model may be a redundancy. 
Mathematical models i n  the social sciences. Advantage of mathe- 
matical models. Recapitulation: role  of models i n  the context 
of discovery. 



"Model" as "logic of  discovery": an anaZogy i s  drawn with 
Hwnets problem of induction showing the weakness of t h i s  notion. 
Limitations of models: 

overemphasis on symbo Zs 

overemphasis on form 

oversimplification 

overemphasis on rigour 

map reading 

pictorial  realism 

accord with data. 

There does appear ,  however, t o  b e  a more promising approach f o r  

what may be  termed a  ru le -centered  l o g i c  t h a t  works f o r  some, i f  n o t  a l l ,  

ca ses  of s c i e n t i f i c  d i scovery  (Polya 1945; 1965 and Durbin 1968). T h i s  

" log ic  of h e u r i s t i c  p l a u s i b i l i t y  inferences ' '  i s  centered  around t h e  

eva lua t ion  of c r e d i b i l i t y ,  and i t s  fundamental l o g i c a l  p a t t e r n  is:  

q is  t r u e  

. . p i s  more c r e d i b l e  

This  type  of l o g i c  is  n o t  r e d u c i b l e  t o  e i t h e r  s t anda rd  deduct ive  

l o g i c  o r  t o  t r a d i t i o n a l  i nduc t ive  l o g i c  f o r ,  on t h e  one hand, i t s  con- 

c lu s ions  do no t  n e c e s s a r i l y  fo l low and, on t h e  o t h e r ,  i t  r e l a t e s  t o  t he  

formulat ion of hypotheses r a t h e r  t han  t o  t h e i r  subsequent acceptance o r  

r e j e c t i o n  through procedures  of v e r i f i c a t i o n .  In  r e l a t i o n  t o  t h e  problem 



of d i scove ry ,  i t  i s  more c l o s e l y  a s s o c i a t e d  w i t h  t h e  assignment of a 

degree  of p l a u s i b i l i t y  t o  an  hypothes is  a f t e r  o r  wh i l e  it is be ing  for -  

mulated, b u t  p r i o r  t o  i t s  submission t o  t h e  context  of v a l i d a t i o n .  Of 

course ,  t h e  proponents  of t h i s  approach do n o t  t r y  t o  c la im t h a t  t h i s  

l o g i c  p rov ides  a mechanical,  l o g i c a l  means f o r  t h e  gene ra t ion  of new 

hypotheses i n  s c i ence .  It is ,  s imply,  a h e u r i s t i c  dev ice ,  and i n  t h e  

f i n a l  e v a l u a t i o n ,  a d i s t i n c t i v e  h e u r i s t i c  a p p l i c a t i o n  of l o g i c a l  pro- 

cedures  i s  n o t  enough t o  e s t a b l i s h  a d i s t i n c t i v e  l o g i c  as such. 

Cha r l e s  Sanders P e i r c e ' s  approach has  a l s o  not  been ve ry  success-  

f u l ,  f o r  a l though h e  introduced t h e  term "abduction" t o  r e f e r  t o  t h e  

l o g i c a l  p roces s  used i n  a r r i v i n g  a t  a p l a u s i b l e  hypothes is ,  he has  n o t  

expanded on t h i s  method; indeed,  it appears  t h a t  a l l  he has  accomplished 

i s  t h e  l a b e l l i n g  of t h e  mental  p rocess  t h a t  l e a d s  t o  what Hanson has  

a l r eady  c a l l e d  " p l a u s i b i l i t y  cons idera t ions ."  Never the less ,  i t  could b e  

claimed t h a t  h i s  c o n t r i b u t i o n  w a s  i n  t r y i n g  t o  s t e p  o u t s i d e  t h e  frame- 

work of  deduc t ive  o r  i n d u c t i v e  l o g i c a l  approaches t o  d iscovery ,  and t o  

sugges t  t h e  need f o r  a new look  a t  t h e  problem. 

Another approach is  p o s s i b l e  by apply ing  Kaplan's d i s t i n c t i o n  

between "logic-in-use" and " recons t ruc ted  log ic . "  He w r i t e s :  

Now t h e  word "logic" i s  one of those ,  l i k e  "physiology" and 
I I h i s to ry , "  which is used both f o r  a c e r t a i n  d i s c i p l i n e  and f o r  
its s u b j e c t  matter. We a l l  have phys io log ie s  and h i s t o r i e s ,  and 
some of u s  a l s o  t h i n k  and w r i t e  about t h e s e  th ings .  S i m i l a r l y ,  
s c i e n t i s t s  and phi losophers  u se  a logic--they have a c o g n i t i v e  
s t y l e  which is  more or less logical--and some of them formulate  
i t  e x p l i c i t l y .  I c a l l  t h e  former t h e  Zogic-in-use, and t h e  
l a t t e r  t h e  reconstructed Zogic. 45 



Y e t ,  is i t  necessary t o  view standard deductive and induct ive  

log ics  a s  the  only acceptable ones, notwithstanding t h e  undeniable 

success of the  former a s  manifested i n  s c i e n t i f i c  inqui ry  by t h e  so-called 

l 'hypothetical-deductive method?" Kaplan goes on: 

The myth of a "na tu ra l  logic ,"  de f in ing  a un ive r sa l  r a t i o n a l i t y ,  
has been penet ra t ingly  analyzed by Benjamin Lee Whorf and h i s  
successors among l i n g u i s t s  and anthropologis ts .  Not only lan- 
guage and c u l t u r e  a f f e c t  t h e  logic-in-use, but  a l s o  t h e  s t a t e  of 
knowledge, t h e  s t age  of inqui ry ,  and t h e  s p e c i a l  condi t ion  of 
t h e  p a r t i c u l a r  problem.46 

Against the  background of t h i s  n o t i o n  of "reconstructed logic ,"  

I 

then,  one may wish t o  focus on t h e  h e u r i s t i c  va lue  of models. Logics 

funct ion  a s  inference  techniques, and i f  one a l s o  agrees  t h a t  models a r e  

metaphors plus a  ca lcu lus  of inference ,  then models may be viewed a s  

(reconstructed) log ics .  Moreover, i f  they funct ion  s i g n i f i c a n t l y  i n  t h e  

context  of discovery,  then perhaps a workable not ion  of a  l o g i c  of dis-  

covery i s  poss ib le .  

Consider a s p e c i f i c  example t o  i l l u s t r a t e  t h i s  h e u r i s t i c  r o l e  of 

models. Suppose t h e  following i s  observed (following Toulmin) 
47 

( i )  t h e r e  i s  a wa l l  s i x  f e e t  high;  

( i i )  t h e  sun is  shining;  

( i i i )  t he  l eng th  of t h e  shadow c a s t  by the  wa l l  is  t e n  f e e t ,  

s i x  inches; 

( i v )  the  angle of e l eva t ion  is measured a t  30•‹ 

A s  discussed i n  Chapter Two, t h e  aim of inquiry  i s  explanation.  

The quest ion t h a t  comes t o  mind, when confronted with these  d a t a ,  is 



how can one exp la in  why t h e  shadow i s  1 0  f e e t  6 inches  long. A diagram 

such a s  t h e  fol lowing can be  drawn: 

Now, i f  it i s  assumed t h a t  l i g h t  t r a v e l s  i n  s t r a i g h t  l i n e s ,  and 

given t h a t  t h e  w a l l  i s  6 f e e t  h igh ,  and t h a t  t h e  ang le  of e l e v a t i o n  of 

t h e  sun i s  30'; t hen  t h e  shadow - must be t e n  and a h a l f  f e e t  deep, and 

t h i s  conclusion fo l lows  from t h e  way i n  which l i g h t  has  been represented .  

This  r e p r e s e n t a t i o n  i s  a model of t h e  way i n  which l i g h t  does t r a v e l  

(and hence may be c a l l e d  a Model of t h e  R e c t i l i n e a r  Propogat ion of 

L igh t ) .  Th i s  may no t  be t h e  only  explana tory  model f o r  l i g h t  (and i t  

is no t )  b u t  i t  does e x p l a i n  t h e  phenomenon p re sen ted ,  and i t s  acceptance 

marks t h e  i n t r o d u c t i o n  of t h e  explana tory  techniques  which go t o  make up 

geometr ica l  o p t i c s ,  v i z . ,  t h e  model of l i g h t  as something t r a v e l l i n g  i n  

s t r a i g h t  l i n e s  from a source ,  and t h e  use  of geometr ica l  o p t i c a l  diagrams 

t o  i n f e r  what phenomena a r e  t o  b e  expected i n  any g iven  circumstance.  It 

is  i n  f a c t ,  a conceptua l  d i scovery  ( a s  opposed t o  an empi r i ca l  one ) ,  o r ,  

a s  Blackwell would say ,  a "discovery why" r a t h e r  t han  a "discovery tha t . "  

One i s  l e d  t o  look a t  a f a m i l i a r  phenomenon i n  a new way, n o t  a t  new 
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phenomena i n  a  f a m i l i a r  way. Moreover, a  v i t a l  p a r t  of t h e  model i s  

t h e  drawing of "p ic tures"  ( t he  i n f e r r i n g  technique)  s o  t h a t  they  f i t  

t h e  f a c t s ,  b u t  t h e  model need n o t  f i t  a l l  t h e  time. For example, i f  

under some circumstances,  such a s  r e f r a c t i o n  and d i f f r a c t i o n ,  one needs 

t o  use  a  model of l i g h t  t r a v e l l i n g  a s  waves, o r  even as p a r t i c l e s ,  

t h e s e  phenomena w i l l  n o t  des t roy  t h e  range t o  which t h e  r e c t i l i n e a r  

model is  app l i cab le .  One simply w i l l  have two a d d i t i o n a l ,  equa l ly  use- 

f u l  models f o r  exp la in ing  phenomena n o t  inc luded  w i t h i n  t h e  c l a s s  f o r  

which t h e  f i r s t  model se rves .  (See Appendix G ) .  The c o r e  of d i scovery  

as represented  i n  our  p r e s e n t  example, seems t o  b e  (a)  t h e  development 

of a technique f o r  r ep re sen t ing  o p t i c a l  phenomena which w a s  found t o  

f i t  a  wide range of f a c t s ,  and (b) t h e  adopt ion ,  a long  wi th  t h i s  tech- 

n ique ,  of a  new model, o r  a  new way of regard ing  t h e s e  phenomena, and 

of understanding why they  a r e  a s  they  are. I n  t h e  r e c t i l i n e a r  model, 

one does no t  n e c e s s a r i l y  expect  t o  f i n d  l i g h t  atomized i n t o  i n d i v i d u a l  

rays;  one simply r e p r e s e n t s  ( i . e . ,  =-presents) i t  a s  c o n s i s t i n g  of 

such r ays ,  and t h e  diagram w e  draw, a s  Toulmin would argue,  p l a y s  an 

i n d i s p e n s i b l e  p a r t  i n  t h e  explana t ion .  

However, as mentioned e a r l i e r ,  t h e  model (of r e c t i l i n e a r  propo- 

ga t ion  of l i g h t )  should sugges t  f u r t h e r  t e s t  imp l i ca t ions ;  and, i n  f a c t ,  

i t  does,  f o r  one may then go on t o  ask  what depth t h e  shadow would be 

a t  t h e  he igh t  of f o u r  f e e t .  The c a l c u l u s  of i n f e r e n c e ,  i n  t h i s  ca se ,  

p lane  geometry, would g ive  t h e  answer t o  b e  t h r e e  f e e t ,  s i x  inches.  

0 
Again, i f  one were t o  assume t h e  ang le  of e l e v a t i o n  t o  b e  15  , 

then  t h e  depth of t h e  shadow is c a l c u l a t e d  a s  22 f e e t ,  4 inches .  It 



'0'. \ 
' I '  

appears, then,  t h a t  t h e r e  is no l i m i t  t o  the  number of such ques t ions  

which t h i s  i n • ’  e r r i n g  technique ( i .  e.  , ray  diagram) and the  model of - 
I 

t he  r e c t i l i n e a r  propogation of l i g h t  can be used t o  answer. 

However, f u r t h e r  evidence of t h e  explanatory power of t h i s  model 

can be seen i n  i ts  a b i l i t y  t o  expla in  higher-level  phenomena which may 

be s t a t e d  i n  more general  terms than t h e  r a t h e r  s p e c i f i c  example above. 

For example, i t  may be observed t h a t ,  when l i g h t  t r a v e l s  from one 

medium t o  another ,  i t  bends, a phenomenon t h a t  is  c a l l e d  r e f r a c t i o n .  

This i s  diagramed below: 
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Now, r ep re sen t ing  t h e  phenomenon a s  t h e  bending of r a y s  of l i g h t ,  

a r e l a t i o n s h i p  o b t a i n s  between t h e  two ang le s  which i s  s t a t e d  by S n e l l ' s  

Law: - 

Whenever any r a y  of l i g h t  is  i n c i d e n t  a t  t h e  s u r f a c e  which s e p a r a t e s  
two media, i t  i s  bent  i n  such a  way t h a t  t h e  r a t i o  of t h e  s i n e  of 
t h e  a n g l e  of inc idence  t o  t h e  s i n e  of t h e  angle  of r e f r a c t i o n  is 
always a  cons tan t  q u a n t i t y  f o r  t hose  two media. 

Th i s  l a w  may be s t a t e d  mathematical ly  as: 

s i n  i -- - C 
s i n  r 

where "c" is  t h e  cons t an t  quan t i t y .  Although i n  a  few cases  where t h i s  

r e l a t i o n s h i p  appears  anomalous, i t  is  gene ra l  enough t o  b e  c a l l e d  a  law, 

and t h e  cons t an t  q u a n t i t y  f o r  r e f r a c t i o n  ou t  of a i r  i n t o  t h e  subs tance  

i s  c a l l e d  t h e  r e f r a c t i v e  index of t h e  substance.  Furthermore, i t  can  be  

seen  t h a t  t h e  l i n e s  drawn i n  t h e  diagram do n o t  n e c e s s a r i l y  s t and  f o r  

i n d i v i d u a l  " things" o r ,  as Blackwell would probably s a y  "phys ica l  f a c t s , "  

i n  t h e  s t a t e  of a f f a i r s  represented ,  f o r  t h e  model d e r i v e s  i t s  meaning 

as much from our  diagram a s  from t h e  phenomenon represented .  

A f u r t h e r  p o i n t  comes t o  t h e  s u r f a c e  h e r e ,  and t h i s  concerns t h e  

language, f o r  i n  t h e  model of t h e  r e c t i l i n e a r  propogat ion of l i g h t ,  t h e  

key words, " l i gh t "  and " t r a v e l l i n g "  a r e  given new u s e s  i n  t h e  very  s t a t e -  

ment of t h e  d iscovery .  A s  Toulmin says:  

A c r u c i a l  p a r t  of t h e  s t e p  we a r e  examining i s ,  then ,  simply t h i s :  
coming t o  t h i n k  about shadows and l i gh t -pa t ches  i n  a  new way and 
i n  consequence coming t o  ask  new ques t ions  about t h e  ques t ions  l i k e  
"Where from? ," "Where to?." and "How f a s t ?  ,I1 which a r e  i n t e l l i g i b l e  
only i f  one t h i n k s  of t h e  phenomena i n  t h i s  new way.48 
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I n  essence ,  t hen ,  one i s  r equ i r ed  t o  extend t h e  n o t i o n s  of " l i gh t "  

and " t r a v e l l i n g .  " 

" P i c t o r i a l "  models a r e  n o t  t h e  only  type  used i n  t h e  conduct of 

i nqu i ry ,  f o r  mathematical models appear t o  be p l ay ing  a n  i n c r e a s i n g l y  

prominent r o l e .  A s  a ma t t e r  of f a c t ,  t h e  l o g i c a l  r o l e  played i n  geo- 

m e t r i c a l  o p t i c s  by "diagram-models" i s  taken  over  by l e s s  p r i m i t i v e  

k inds  of mathematics,  bu t  which o f t e n  a r e ,  n e v e r t h e l e s s ,  very  s o p h i s t i -  

ca ted  and complex when juxtaposed t o  t h e  former type.  They p l ay  a 

comparable r o l e ,  f o r  t h e  mathematical models s t i l l  s e r v e  as techniques  

of drawing in fe rences .  In  dynamics, f o r  example, t h e  equa t ions  of motion 
4 

of t h e  system of bodies  under i n v e s t i g a t i o n  correspond t o  t h e  geometr ica l  

o p t i c a l  diagram, and t h e s e  equa t ions ,  as Toulmin c l a ims ,  can then  be  

thought of a s  provid ing  i n  a mathematical form, a ' p i c t u r e '  o f  t h e  

motions of t h e  system, l o g i c a l l y  p a r a l l e l  t o  t h a t  which our  diagram g ives  

of o p t i c a l  phenomena. 

But what i s  meant when one speaks of a mathematical  model o r  

theory? For example, t h e  mathematical theory  of f r e e  f a l l i n g  bod ie s  

under t h e  i n f l u e n c e  of g r a v i t y  i s  represented  by: 

&L = g where v i s  t h e  v e l o c i t y  
d t  

t i s  t ime 

g is t h e  g r a v i t a t i o n a l  c o n s t a n t ,  

of which i n t e g r a t i o n  of t h i s  equat ion  g ives :  

where v i s  o r i g i n a l  v e l o c i t y ,  and s and s r e f e r  t o  d i s t a n c e .  
0 0 



Now, what i s  meant by say ing  t h a t  t h e s e  equa t ions  con ta in  a 

theory  of t h e  f a l l i n g  body is  t h a t  t h e  numbers ob ta inab le  by t h e  phy- 

s i c a l  manipulat ions s a t i s f y  t h e  equa t ions  when s u b s t i t u t e d  i n t o  i t .  In 9 

gene ra l ,  then ,  one might say t h a t  a mathematical theory  enab le s  u s  t o  

set up correspondence between t h e  mathematical q u a n t i t i e s  (symbols) of 

t h e  equat ion  and t h e  measured q u a n t i t i e s  of experience.  

T r a d i t i o n a l l y ,  mathematical models have had a p h y s i c a l  model 

I t  understood," a s ,  f o r  example, i n  t h e  kinet ic-molecular  theory  of gases  

which, i n  t h e  background, " r e l i ed"  on a model c o n s i s t i n g  of i d e a l i z e d  

molecules even though such s imple  i d e a l i z a t i o n s  ( a s  revea led  by spectrum 

a n a l y s i s )  were known t o  b e  f a l s e .  Never the less ,  t h e  molecules  were 

s i m p l i f i e d  i n  o rde r  t o  make them amenable t o  mathematical  t r ea tmen t ;  

b u t ,  a t  t h e  s ake  of redundancy. I n  f a c t ,  what one has  ( f o r  t h e  model 

i s  s t i l l  i n  u s e  today) i s  a type  of double theory:  a mathematical  theory  

of t h e  i d e a l i z e d  model, and a l s o  a phys i ca l  theory  c o n s i s t i n g  of t h e  

s ta tement  t h a t  t h e r e  i s  a corresponding r e l a t i o n s h i p  between t h e  i d e a l i z e d  

model and t h e  a c t u a l  phys i ca l  system. The reason ,  of course ,  i n  cons t ruc t -  

i n g  t h e  i d e a l i z e d  model i s  t h a t  it  does posses s  a mathematical t heo ry  

s imple enough t o  be manipulated. Thus one has: 

phys i ca l  system mathematical  theory  

phys i ca l  model 

Yet,  t h e r e  appears  t o  b e  a redundancy h e r e ,  s i n c e  a correspondence 

t o  a correspondence i s  a l s o  a correspondence. It seems t h a t  t h e  



11 intermediate" step, the physical model, is a technique so deeply 

embedded in the conduct of inquiry that the model tends to become 

identified with the actual physical system. 

However, this intermediate step involving the physical model is 

becoming a less frequent manoeuvre for just such an absence of a physical 

model has led to, particularly in the work of Dirac, what seems to be 

brilliant success in the mathematical treatment of wave mechanics. What 

one now has are mathematical models with greater theoretical power and 

this is, in turn, due to the vastly greater wealth of possibilities among 

the structures of mathematics than in the physical models which one can 
I 

visualize, and which have a simple enough mathematical theory. 

Nevertheless, despite these advantages, something appears to be 

missing when mathematical models are employed. Upon analysis, one is 

likely to discover that it is the explanatory power that seems to be 

lost. A mathematical model, it can be argued, cannot be visualized in 

the same sense as a physical model can be, especially if one conceives 

of explanation-understanding as the analysis of a complex system into 

simpler systems so that one may recognize in the larger system the 

interplay of elements already so familiar that one does not consider them 

in need of explanation. A theory using a physical model is at the same 

time an "explanation" if one can find in the physical system the counter- 

part of assumed elements in the physical model. For example, if one 

considers the kinetic-molecular theory of gases, it might be argued that 

its "superiority" over the mathematical model (consisting of the first 

and second laws of thermodynamics and a characteristic function or two) 



l ies i n  t h e  f a c t ,  from t h e  po in t  of view of exp lana t ion  of t h e  behaviour 

of a  gas ,  t h a t  t h e r e  i s  evidence from o t h e r  phenomena of t h e  e x i s t e n c e  

i n  t h e  gas of molecules a s  pos tu l a t ed  i n  t h e  p h y s i c a l  model. Th i s  

b r i n g s  one back t o  t h e  problems of d i scovery ,  ontology,  exper ience ,  

measurement, and p r o b a b i l i t y ,  t o  name only  a  few. 

The u s e  of mathematical models h a s  a l s o  been taken up by s o c i a l  

s c i e n t i s t s ,  bu t  w i th ,  as y e t ,  only l i m i t e d  success .  I n  t h e  v a r i o u s  

d i s c i p l i n e s  of s o c i a l  sc ience ,  one c h a r a c t e r i s t i c a l l y  encounters ,  a s  

Mas Black s t a t e s ,  such expressions a s  "mapping" an  "objec t  system" upon 

one o r  s e v e r a l  so-cal led "mathematical systems," o r  "mathematical models." 

H e  goes on t o  say:  

When used unemphatically,  "model1' i n  such con tex t s  i s  o f t e n  no 
more than  a  p r e t e n t i o u s  s u b s t i t u t e  f o r  "theory" o r  "mathematical 
t rea tment .  Usual ly,  however, t h e r e  a r e  a t  l e a s t  t h e  fo l lowing  
t h r e e  a d d i t i o n a l  suggest ions:  The o r i g i n a l  f i e l d  i s  "projected" 
upon t h e  a b s t r a c t  domain of s e t s ,  f u n c t i o n s ,  and t h e  l i k e  t h a t  i s  
t h e  s u b j e c t  matter of t h e  c o r r e l a t e d  mathematical theory ;  t hus  
s o c i a l  f o r c e s  are s a i d  t o  be "modeled" by r e l a t i o n s  between mathe- 
m a t i c a l  e n t i t i e s .  The "model" i s  conceived t o  b e  sinrpZer and 
more abstract than  t h e  o r i g i n a l .  Often t h e r e  is  a sugges t ion  of 
t h e  model's being a  kind of e t h e r e a l  analogue model, a s  i f  t h e  
mathematical equat ions  r e f e r r e d  t o  an i n v i s i b l e  mechanism whose 
ope ra t ion  i l l u s t r a t e s  o r  even p a r t i a l l y  e x p l a i n s  t h e  o p e r a t i o n  of 
t h e  o r i g i n a l  s o c i a l  system under i n v e s t i g a t i o n .  Th i s  l a s t  sugges- 
t i o n  must be  r e j e c t e d  a s  an i l l u s i o n . 4 9  

The advantages of t h e  mathematical theory ,  a l lows one 

(1) some p r e c i s i o n  i n  t h e  formula t ion  of r e l a t i o n s h i p s ;  

(2) ease  of i n fe rence  based upon mathematical c a l c u l a t i o n ;  

(3)  i n t u i t i v e  grasp  of t h e  s t r u c t u r e s  revea led  ( f o r  example, 

t h e  emergence o f ,  s ay ,  a  " l o g i s t i c  func t ion"  o r  a 

I I p a r abo l i c  funct ion" a s  an organiz ing  device) .  



However, as referred to previously, there are some dangers involved. 

For example, the oftentimes drastic simplifications demanded for effecting 

a successful mathematical analysis entail a very serious risk of confusing 

accuracy of the mathematics with the strength of empirical investigation 

in the original field. As in the case of the previously mentioned example 

of the theory of free falling bodies, (dv/dt = g), it is especially 

important to remember that the mathematical treatment really furnishes 

little by way of explanation, for as Black would contend: 

Mathematics can be expected to do no more than draw consequences 
from the original empirical assumptions . . . We may say, if we 
like, that the pure mathematics provides the form of an explana- 
tion, by showing what kinds of functions would approximately fit 
known data . . . In their inability to suggest explanations, 
"mathematical models" differ markedly from the theoretical 
models . . . 50 

Summarized below is the heuristic role of models--mathematical as 

well as pictorial--in the context of discovery: 

(i) models serve as techniques of inference-drawing, but 

generally not of the syllogistic type; 

(ii) the basis of all major discoveries, (in the physical sciences 

at least), is the discovery of novel methods of representation, 

and so of fresh techniques by which inferences can be drawn, 

and, moreover, drpm in ways which fit the data. Models are 

especially amenable to those criteria of representation; 

(iii) the guiding criterion for employing models in scientific 

inquiry is that of explanation. In addition, Toulmin says 
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t h a t  p r e d i c t i o n  and r e p r e s e n t a t i o n  a r e  f u r t h e r  c r i t e r i a  t h a t  

j u s t i f y  t h e  use  of models. Those f e r t i l e  ques t ions  and hypo- 

t heses  t h a t  a p a r t i c u l a r  model sugges t s  w i l l ,  however, b e  

found i n  t h e  course  of a c t u a l  r e sea rch .  

( i v )  t h e  model should sugges t  f u r t h e r  ques t ions ,  t a k i n g  t h e  

r e sea rche r  beyond t h e  phenomena from which h e  began, and 

sugges t  hypotheses which may t u r n  ou t  t o  be  exper imenta l ly  

f e r t i l e .  

The u s e  of models a s  a l o g i c  of d i scovery  h a s  l i m i t a t i o n s ,  f o r  

t h e  cho ice  of types  of models i s  p r i o r  t o  t h e  use ,  and t h e r e  is  no 

a lgor i thm o r  deduct ive  c a l c u l u s  t h a t  l e a d s  t o  t h e  "cor rec t"  o r  "most 

s u i t a b l e "  one. Th i s  is  s i m i l a r  t o  Hume's problem rega rd ing  induc t ion ,  

f o r ,  i f  a model X i s  chosen, t h e r e  i s  no l o g i c a l  guarantee  t h a t  model Y 

could n o t  be  a b e t t e r  o r  more s u i t a b l e  one. O r ,  t o  phrase  t h e  problem 

another  way, i f  one chooses t o  i n v e s t i g a t e  n number of models, and 

f i n d s  one t h a t  i s  s u i t a b l e ,  t h e r e  i s  no l o g i c a l  guarantee  t h a t  t h e  nex t  

model, r r t l  would n o t  b e  a b e t t e r  o r  more s u i t a b l e  one. It appears ,  t hen ,  

t h a t  - t h e  method f o r  a r r i v i n g  a t  - t h e  model f o r  a p a r t i c u l a r  problem i s  

nonex i s t en t ,  a l though once a m o d e l 2  chosen it can  f u n c t i o n  as a c a l c u l u s  

of i n f e r e n c e  w i t h i n  t h e  con tex t  of d i scovery  by l l forc ingl l  t h e  r e sea rche r  

t o  look f o r  isbmorphisms, - i f  such a r e  a v a i l a b l e .  

Employment of models a t  any t ime e n t a i l s  a number of dangers  a r i s -  

i n g  from t h e i r  i n t r i n s i c  l i m i t a t i o n s .  Some of t h e s e  w i l l  now b e  d i scussed ,  

and should be r e l a t e d  p a r t i c u l a r l y  t o  t h e  problem of discovery.  



(a)  Overemphasis on symbols: perhaps based upon a  c e r t a i n  

mystique i n  t h e  "magic" of symbols; t h e  symbolic s t y l e  i s  

o f t e n  only a  manner of speaking,  and, a l though i t  may 

confer  on a p r o p o s i t i o n  a  c e r t a i n  s c i e n t i f i c  u se fu lnes s ,  

w i th  regard  t o  form, i t  does n o t  n e c e s s a r i l y  fo l low t h a t  

t h e  content  i s  s o  rendered.  "The essence  of mathematics 

i s  n o t  i t s  symbolism, bu t  i t s  method of deduct ion.  1151 

(b) Overemphasis on form: models a r e  e a s i l y  cons t ruc t ed ,  

a l though they may n o t  always b e  u s e f u l  i n  a  given s t a t e  

of ,knowledge, and, indeed,  may impose a  premature c l o s u r e  

on one 's  i d e a s ,  thereby  l i m i t i n g  t h e  awareness of unexplored 

p o s s i b i l i t i e s  of concep tua l i za t ion .  Indeed, one may a l low 

t h e  models t o  usurp t h e  importance of t h e  ends they  a r e  

meant t o  serve .  Inco rpora t ing  subjec t -mat te r  i n  a model 

does n o t  au toma t i ca l ly  g ive  such knowledge s c i e n t i f i c  

s t a t u s .  It i s  easy  t o  f a l l  i n t o  t h e  h a b i t  of b u i l d i n g  

models f o r  t h e  sake  of b u i l d i n g  them. 

For example, important  concepts  such as "personal i ty ,"  " cu l tu re , "  

and "ideology" may, by imposing an e x p l i c i t  d e f i n i t i o n ,  i n  f a c t  l i m i t  

t h e i r  app l i ca t ion .  On t h e  o t h e r  hand, i t  i s  p o s s i b l e  t o  f ake  a  c l o s u r e  

by us ing  symbols ( f o r  example, "P," "C," "I,") b u t  t h e i r  openness of 
I 

meaning w i l l  become apparent  i n  t h e i r  i n t e r p r e t a t i o n ,  no ma t t e r  how 

s o p h i s t i c a t e d  t h e  mathematics o r  o t h e r  symbolic r e l a t i o n s  may become. 

I n  t h e  context  of educa t iona l  r e sea rch ,  t h e s e  same problems apply,  

and a  s t i p u l a t i v e  d e f i n i t i o n  f o r  "achievement," which i n  i t s e l f  may be 



dependent upon somewhat a r b i t r a r y ,  bu t  aga in  s t i p u l a t i v e  d e f i n i t i o n s  of 

I I c r e a t i v i t y , "  " o r i g i n a l i t y , "  and " r o t e  learn ing"  may i n  f a c t  prematurely 

c l o s e  o r  l i m i t  t h e i r  a p p l i c a b i l i t y .  On t h e  o t h e r  hand, by us ing  

symbols such a s  "C," "Or" and "Lv" one does n o t  have a  s u f f i c i e n t  guaran- 

t e e  t h a t  t h e s e  same concepts  have been "closed enough," and t h e i r  vague- 

nes s  cannot i n  t h e  long  run be  masked by symbols and/or  s o p h i s t i c a t e d  

equat ions .  

This  raises t h e  problem of a r t i f i c i a l  languages, which i n  

behavioura l  s c i ences  i s  o f t e n  doubly a r t i f i c i a l .  Kaplan says:  

Like  o t h e r  devices  con t r ived  t o  f i l l  what i s  thought t o  b e  a  
de f i c i ency  of n a t u r e ,  i t  may look  even b e t t e r  than  t h e  real 
th ing ,  b u t  i t  i s  u s u a l l y  d i sappo in t ing  i n  i t s  performance. 52 

Kaplan then  goes on t o  s t a t e  t h a t  one must n o t  l o s e  s i g h t  of t h e  va lue  

of empi r i ca l  m a t e r i a l s ,  and t h a t  behavioura l  s c i e n t i s t s  should perhaps 

be  more concerned wi th  subjec t -mat te r ,  and less concerned w i t h  whether 

o r  not  one is bu i ld ing  a  "Science." 

(c)  Overs impl i f ica t ion :  When models are v i r t u a l l y  u s e l e s s ,  

t h e  f a i l i n g  which i s  c h i e f l y  r e spons ib l e  i s  l i k e l y  t o  b e  

o v e r s i m p l i f i c a t i o n ,  f o r  one may i n  f a c t  b e  mis tak ing  t h e  

n o t i o n  of "s impl ic i ty"  i n  s c i e n c e  ( i . e . ,  t o  formula te  only  

what is  e s s e n t i a l  f o r  understanding,  p r e d i c t i o n ,  o r  c o n t r o l ) .  

It is p o s s i b l e  t h a t  one may have s i m p l i f i e d  i n  t h e  wrong 

way o r  i n  t h e  wrong p l aces .  Also,  one may have neglec ted  

something important  f o r  t h e  purposes of t h e  model ("under- 

c o r n p l i c a t i ~ n . ~ ' )  Kaplan uses  t h e  example of drawing 



colored b a l l s  from an  urn ,  which, wh i l e  d e s p i t e  t h e  

s i m p l i f i c a t i o n  involved,  may s e r v e  a s  a  u s e f u l  model i n  

gene t i c s .  However, i t  may be an i n a p p r o p r i a t e  model f o r  

an a c t u a l  game of cards.  As Kaplan s t a t e s :  " In  s h o r t ,  a 

crude b u t  more r e a l i s t i c  s e t  of hypotheses may s e r v e  t h e  

purposes of i n q u i r y  i n  p a r t i c u l a r  ca ses  f a r  b e t t e r  than  

a  r e f i n e d  bu t  ove r s imp l i f i ed  model. 1153 

(d) Overemphasis on r i g o r :  Models may be  improperly exac t ,  

c a l l i n g  f o r  measures t h a t  one cannot i n  f a c t  o b t a i n ,  o r  

t h a t  one would n o t  know how t o  u s e  even i f  one d i d  o b t a i n  

them, (e.g. ,  Hedonic c a l c u l i  v s .  mathematical ly  c ruder  

b u t  empi r i ca l ly  more s u b t l e  and s o p h i s t i c a t e d  accounts  of 

mot iva t ion) .  Kaplan s t a t e s  t h a t  many p o s t u l a t i o n a l  and 

formal  models have no remarkable deduct ive  f e r t i l i t y .  He 

a l s o  main ta ins  t h a t  where t h e r e  - i s  deduct ive  f e r t i l i t y ,  

t h e r e  i s  n o t  n e c e s s a r i l y  a corresponding h e u r i s t i c  f e r t i l i t y  

( i . e . ,  of be ing  r i c h  i n  imp l i ca t ions  f o r  f u r t h e r  observa- 

t i o n ,  experiment,  o r  concep tua l i za t ion ) .  A s  Kaplan says :  

11 Carefu l  obse rva t ion  and shrewd even i f  unformalized i n f e r -  

ence have by no means o u t l i v e d  t h e i r  day. 1154 

( e )  Map reading:  Th i s  r e s u l t s  from f a i l u r e  t o  r e a l i z e  t h a t  n o t  

a l l  f e a t u r e s  of a model correspond t o  some c h a r a c t e r i s t i c  

of i t s  subjec t -mat te r .  I n  a sense ,  t h i s  i s  t h e  obverse of 

t h e  e r r o r  of ove r s imp l i f i ca t ion .  A model always has some 

i r r e l e v a n t  f e a t u r e s  i n  v i r t u e  of t h e  isomorph, ( f o r  



example--supposing t h a t  the  B r i t i s h  Empire i s  everywhere 

pink because t h e  map s o  d e p i c t s  i t ) .  

Within the  context of s o c i a l  sc ience  research,  and probably a t  

l e a s t  equally,  o r  even more so ,  wi th in  t h e  perspect ive  of educat ional  

research ,  formulations of theor ie s  using such concepts as  "learning,"  

I I teaching," and "education," a r e  o f t e n  e f fec ted  wi th  only a sketchy idea  

of the  l o g i c a l  s t r u c t u r e  of what Rudner would c a l l  " the  empir ica l  theory 

of primary concern.'' Without, a t  t h i s  po in t ,  dwelling on poss ib le  

h e u r i s t i c  import of such educational  models, Dewey's growth model o r  t h e  

" a c t i v i t y  movement" model i n  education f a l l  i n t o  p r e c i s e l y  t h i s  same 

e r r o r ;  t h a t  i s ,  t h e  assumption of complete isomorphism when i t  i s ,  i n  

f a c t ,  only p a r t i a l .  When employing such models i n  education one must 

always b e  aware t h a t ,  given an empir ica l  o r  mathematical theory,  no 

matter  how b e a u t i f u l l y  i t  seems " to  f i t , "  one must, a t  t h e  same time 

be cautious enough t o  admit t h a t  p a r t s  of t h e  l o g i c a l  s t r u c t u r e  may be 

ignorant  t o  him. I n  o ther  words, one 's  confidence i n  employing t h e  

model v a r i e s  without knowledge of i t s  isomorphism wi th  t h e  theory of 

primary concern. When one is s o  ignorant ,  t o  t r a n s l a t e  from t h e  theorems 

of some system t h a t  one i s  guessing t o  be  a model, such as the  growth 

model o r  t h e  moulding model, is t o  r i s k  a t t r i b u t i n g  t o  t h e  theory of 

teaching/ learning impl ica t ions  t h a t ,  q u i t e  l i t e r a l l y ,  t h e  theory does 

not  have. This danger i s  present  j u s t  a s  long as  the  required isomorphism 

between model and theory remains undemonstrated. 

( f )  P i c t o r i a l  realism: Consider t h e  d i s t i n c t i o n  between exogen- 

eous and endogenous va r i ab les .  Those v a r i a b l e s  i r r e l e v a n t  
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t o  t h e  s t r u c t u r e  of t h e  model a r e  termed exogenous ( f o r  

example, co lo r ing  i n  t h e  c o u n t r i e s  of t h e  B r i t i s h  Empire 

p ink  on a map--this r e l a t e s  t o  t h e  e r r o r  of map reading ,  

prev ious ly  d iscussed ,  which l a t t e r  e r r o r  i s  t h e  f a i l u r e  t o  

d i s t i n g u i s h  between t h e  two v a r i a b l e s ,  and f u r t h e r ,  t r e a t -  

i n g  a s  r e l e v a n t  t o  t h e  model some p r o p e r t i e s  t h a t  a r e  

i r r e l e v a n t ) .  Moreover, even i f  t h e  endogenous p r o p e r t i e s  

a r e  proper ly  i d e n t i f i e d  a s  such,  one may s t i l l  misconceive 

them a s  c o n s t i t u t i n g  an image o r  l i k e n e s s  of what is  be ing  

modeled ( f o r  example, Mercator map p r o j e c t i o n s  y i e l d  good 

maps, though they  d i s t o r t  t h e  p o l a r  r eg ions ,  and t h e  d i s t o r -  

t i o n ,  endogenous t o  t h e  model, should n o t  b e  conceived as 

a n  image of what i s  be ing  modeled). E s p e c i a l l y  i f  one 

t h i n k s  of a  model a s  a  s c i e n t i f i c  metaphor, one must avoid 

" t h a t ' s  what i t  - is" i n s t e a d  of " t h a t ' s  what i t ' s  l i k e . "  

Bra i thwai te  a l s o  d i s c u s s e s  t h i s  problem, e s p e c i a l l y  i n  t h e  l i g h t  

of t h e  e a r l i e r  d i scuss ion  of "model" a s  an a l t e r n a t i v e  i n t e r p r e t a t i o n  of 

a ca lcu lus .  A l l  t h a t  i s  r equ i r ed  i n  t h e  r e l a t i o n s h i p  of model t o  theory  

is  s i m i l a r i t y  of formal  s t r u c t u r e .  I n  chemistry,  models f o r  t h e o r i e s  

o f t e n  d e p i c t  molecules as l i nked  systems of atoms, whereas i n  phys ics ,  

models f o r  t h e o r i e s  o f t e n  d e p i c t  atoms a s  " s o l a r  systems" of s e p a r a t e  

elementary p a r t i c l e s  such a s  e l e c t r o n s  and protons.  The danger l i e s  i n  

supposing t h a t  atoms o r  e l e c t r o n s  s h a r e  c h a r a c t e r i s t i c s  of t h e  model 

o t h e r  than  those  which make t h e  model a n  a p p r o p r i a t e  one, a l though,  i n  

t h i s  p a r t i c u l a r  ca se ,  t h e  danger i s  l e s s  p reva len t  now because of new 



concept ions of t h e  atom. Never the less ,  i t  l ies l a t e n t  whenever one may 

choose, a s  perhaps i n  s c i e n c e  t each ing  t o  u se  t h i s  model. To quote 

Brai thwaite:  

Thinking of s c i e n t i f i c  t h e o r i e s  by means of  models i s  always 
as-if th inking;  hydrogen atoms behave ( i n  c e r t a i n  r e s p e c t s )  as 
i f  they were s o l a r  systems each w i t h  an  e l e c t r o n i c  p l a n e t  revolv- 
i n g  around a p ro ton ic  sun, But hydrogen atoms a r e  n o t  s o l a r  
systems; it  is  only u s e f u l  t o  t h i n k  of them a s  i f  they  were such 
systems i f  one remembers a l l  t h e  t ime t h a t  they  a r e  not .  The 
p r i c e  of  t h e  employment of models i s  e t e r n a l  ~ i ~ i l a n c e . 5 5  

The imposing of empi r i ca l  f e a t u r e s  on to  t h e  concepts  of t h e  model 

is  only one danger,  f o r  an  even more s u b t l e  one is  t h a t  of t r a n s f e r r i n g  
4 

t h e  l o g i c a l  n e c e s s i t y  of some f e a t u r e  of t h e  chosen model on to  t h e  

theory ,  and thus  of supposing,  t h a t  t h e  theory ,  e i t h e r  i n  whole o r  i n  

p a r t ,  has  a l o g i c a l  n e c e s s i t y  which i s ,  i n  f a c t ,  f a l l a c i o u s .  

Rudner a l s o  d i s c u s s e s  t h i s  danger ,  f o r  when one uses  such empi r i ca l  

models as t h e  hydrau l i c  model f o r  e l e c t r i c a l  c u r r e n t  f low,  o r  t h e  pigment- 

mixture  model f o r  t h e  humors theory  of  p e r s o n a l i t y ,  one need n o t  assume 

t h a t  t h e  axioms and theorems of t h e  model a r e  exhaus t ive ,  f o r ,  indeed,  

one does know very much more about water  t han  merely how i t  behaves i n  

condui t s .  S imi l a r ly ,  one knows much more about p a i n t  pigments t han  about 

t h e  co lours  they  y i e l d  i n  c e r t a i n  combinations. A s  Rudner w r i t e s :  

But i n  employing t h e  water-conduit t heo ry ,  o r  t h e  pigment-mixing 
theory  a s  models, i t  would be  q u i t e  u n j u s t i f i e d  t o  t r a n s l a t e  any 
informat ion  no t  a c t u a l l y  deducib le  i n  t hose  models i n t o  t h e  theory 
of concern, no ma t t e r  how f a m i l i a r  w i th ,  o r  how conf iden t  o f ,  
t h i s  e x t r i n s i c  informat ion  we might be. To t a k e  a f i n a l  example 
of t h i s  p o i n t ,  i f  we a r e  employing some theory  about body-ternper- 
a t u r e  homeostasis i n  whales a s  a model f o r  a theory  about some 
homeostat ic  c h a r a c t e r i s t i c  of modern p o l i t i c a l  s t a t e s ,  i t  would 



be  f a l l a c i o u s  t o  t r a n s l a t e  our  e x t r i n s i c  knowledge of t h e  way i n  
which whales c a r e  f o r  t h e i r  young i n t o  any corresponding hypothes is  
about t h e  way i n  which modern s t a t e s  d e a l  w i th  t h e i r  co lon ie s  (no 
ma t t e r  how well-confirmed our  knowledge o f ,  say ,  suck l ing  behaviour  
of whales may be ) .  56 

He then  goes on t o  say:  

When t h e  model r e l a t i o n s h i p  does o b t a i n ,  we a r e ,  so  t o  speak,  
guaranteed t h a t  imp l i ca t ions  of t h e  model have corresponding 
imp l i ca t ions  i n  t h e  theory  of concern. But t h i s  guarantee  
extends only  t o  imp l i ca t ions  i n  the mode2 and n o t  t o  any 
e x t e r i o r  knowledge of t h e  model 's  s u b j e c t  mat te r .  57 

Rudner terms t h i s  e r r o r  t h e  f a l l a c y  of unwarranted e x p l o i t a t i o n  

of e x t r i n s i c  s u b s t a n t i v e  knowledge, and, h e  warns t h a t ,  i n  t h e  c a s e  of 

formal models, t h e  danger r e s u l t s  from an unwarranted t r a n s f e r  of c e r t a i n  

formal c h a r a c t e r i s t i c s  of t h e  model's s ta tements  t o  presumed correspond- 

i n g  s ta tements  i n  t h e  theory  of primary concern. H e  says:  

I n  p a r t i c u l a r ,  t h e  a p r i o r i  c h a r a c t e r i s t i c s  ( f o r  which t h e  t e r m  
' a n a l y t i c i t y '  o r  ' l o g i c a l  n e c e s s i t y '  a r e  gene ra l ly  used)  of s t a t e -  
ments of an  a n a l y t i c  model a r e  n o t  r o u t i n e l y  t r a n s f e r a b l e  t o  t h e i r  
corresponding s ta tements  i n  t h e  theory  of concern. While t h e  
tempta t ion  t o  make t h i s  kind of t r a n s f e r  t o  observation s t a t emen t s  
( those  r e f e r r i n g  t o  observable  f e a t u r e s  of t h e  world)  of t h e  
theory  might be  s l i g h t ,  t h e  tempta t ion  t o  make t h e  t r a n s f e r  t o  
theoretical s ta tements  38 t h e  theory  must be,  perhaps,  more v i g i -  
l a n t l y  guarded aga ins t .  

(g) Accord wi th  da ta :  Kaplan p o i n t s  ou t  t h a t  models i n  

behavioura l  s c i e n c e  cannot b e  expected t o  f i t  t h e  d a t a  

e x a c t l y  because some of t h e  r e l e v a n t  v a r i a b l e s  a r e  l i k e l y  

t o  have been omi t ted ,  and t h e  v a r i a b l e s  which - a r e  brought  

i n t o  t h e  a n a l y s i s  a r e  n o t  l i k e l y  t o  be measured wi th  g r e a t  



exactness. P r o b a b i l i s t i c  cons idera t ions  thus assume 

considerable importance. One must s t r i v e  t o  maintain 

t h e  " i n t e g r i t y  of the  dataH--to make the  models f i t  - t h e  

da ta  r a t h e r  than assuming t h a t  behaviour has j u s t  t h e  

p roper t i e s  needed f o r  t h e  models t o  be mathematically 

workable (e.g., assumptions such a s  normal d i s t r i b u t i o n s ,  

l i n e a r  funct ions ,  a d d i t i v e  opera t ions  and fo rces  indepen- 

dent of ac t ion) .  
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Exegesis  : 

The problem of d iscovery  has  been a t r a d i t i o n a l l y  neg lec t ed  one, 

and y e t  t h e  process  seems t o  be  p o t e n t i a l l y  s i g n i f i c a n t  f o r  t h e  conduct 

of i nqu i ry .  I n  h i s  r ecen t  work, Discovery in the PhysicaZ Sciences (1969) 

P ro fe s so r  Richard Blackwell a rgues  t h a t  i n  o r d e r  t o  ge t  t h e  program o f f  

t h e  ground one must postpone f o r  t h e  t ime be ing  t h e  t r a d i t i o n a l  formula- 

t i o n  of  t h e  problem, wi th  i t s  emphasis on t h e  " logic"  of  d i scovery ,  and 

develop,  i n s t e a d ,  a "theory" of discovery t h a t  w i l l  enable  a t  l e a s t  a 

p a r t i a l  understanding of t h i s  v i t a l  p rocess .  

This  s e c t i o n  begins wi th  an exeges i s  of Blackwel l ' s  theory  a f t e r  

which a l o g i c a l  a n a l y s i s  i s  performed which e s t a b l i s h e s  an asymmetry be- 

tween t h e  two b a s i c  t h e o r e t i c a l  c o n s t r u c t s ,  "discovery t h a t "  and 

11 d i scovery  why," and t h i s  s e r v e s  a s  t h e  genes i s  f o r  a subsequent exam- 

i n a t i o n  of t h e  r ea son( s )  t h a t  g ive  r i s e  t o  t h i s  r e l a t i o n s h i p .  This  l eads  

i n t o  a d i scuss ion  of t h e  epistemology of d i scove ry ,  and an argument i n  

favour of Blackwell ' s  s tand  a s  a p o s s i b l e  s o l u t i o n  t o  t h e  problems a s  

posed by t h e  Car t e s i an  and S p i n o z i s t i c  p o s i t i o n s  on t h e  mind-matter 

dualism. I n  a d d i t i o n ,  Blackwell ' s  r e f u t a t i o n  of Hume's epistemology is  

a l s o  supported.  

Having argued f o r  t h e  conceptual  foundat ion of Blackwel l ' s  t heo ry ,  

i , e . ,  h i s  t rea tment  of t h e  mind-matter dual ism,  t h e  t h e s i s  r e t u r n s  t o  a 

second look a t  t h e  asymmetrical r e l a t i o n s h i p s  of t h i s  theory a s  thereby 

genera ted ,  wi th  t h e  argument t h a t  t h i s  kind of r e l a t i o n s h i p ,  i m p l i c i t  

though i t  may be ,  a l lows one t o  ga in  some s p e c i a l  i n s i g h t s  i n t o  t h e  pro- 

c e s s ,  such a s  t h e  viewing of s c i e n t i f i c  d i scovery  a s  a form of c r e a t i v i t y .  



F i n a l l y ,  t h e  s e c t i o n  concludes w i t h  an eva lua t ion  of t h e  theory  a s  a  

whole. 

Blackwell begins by l o c a t i n g  t h e  p roces s  of d i scovery  a s  somewhere 

along t h e  t r a n s i t i o n  from d a t a  t o  t h e  gene ra t ion  of a  hypothes is .  A s  

has a l r eady  been d iscussed  i n  Sec t ion  I V ,  he  a l s o  n o t e s  t h a t  t h e r e  

appears  t o  be no d i s c e r n i b l e  formal p a t t e r n ( s )  of l o g i c a l  i n fe rence  i n  

going from d a t a  t o  hypo thes i s ,  and t h i s  has  l e d  most ph i losophers  t o  con- 

c lude  t h e r e  i s  no l o g i c  of d i scovery .  A quo ta t ion  from Hans Reichenbach 

suppor ts  t h i s  claim: 

The a c t  of 'd iscovery escapes l o g i c a l  a n a l y s i s ;  t h e r e  a r e  no l o g i c a l  
r u l e s  i n  terms of which a  'd i scovery  machine' could be cons t ruc ted  
t h a t  would t ake  over  t h e  c r e a t i v e  func t ion  of t h e  genius .  But i t  i s  
no t  t h e  l o g i c i a n ' s  t a s k  t o  account f o r  s c i e n t i f i c  d i s c o v e r i e s ;  a l l  
he can do i s  t o  ana lyze  t h e  r e l a t i o n  between given f a c t s  and a  
theory  presented t o  him w i t h  t h e  c la im t h a t  i t  e x p l a i n s  t h e s e  f a c t s .  
I n  o t h e r  words, l o g i c  i s  concerned only w i t h  t h e  context  of j u s t i -  
f i c a t i o n  .59 

Karl  Popper a l s o  i s  i n  agreement, f o r  he  says :  

The i n i t i a l  s t a g e ,  t h e  a c t  of conceiving o r  i nven t ing  a  t heo ry ,  
seems t o  me n e i t h e r  t o  c a l l  f o r  l o g i c a l  a n a l y s i s ,  nor  t o  be  suscep- 
t i b l e  t o  i t .  The ques t ion  how i t  happens t h a t  a  new i d e a  occurs  t o  
a  man--whether i t  i s  a  musical  theme, a  dramat ic  c o n f l i c t ,  o r  a  
s c i e n t i f i c  theory--may b e  of g r e a t  i n t e r e s t  t o  empi r i ca l  psychology; 
b u t  i t  i s  i r r e l e v a n t  t o  t h e  l o g i c a l  a n a l y s i s  of s c i e n t i f i c  k n o ~ l e d ~ e . 6 0  

Many of t h e  d i f f i c u l t i e s  of t h e  p re sen t  problem r e s i d e  i n  t h e  g r e a t  

i n e x a c t i t u d e  wi th  which i t  i s  approached. For example, what does one 

mean by "logic"  i n  t h i s  case?  Does one mean only deduc t ive ,  formal l o g i c ,  

o r  may one a l s o  inc lude  induc t ive  l o g i c  and p r o b a b i l i t y  i n f e r e n c e s  a l s o ?  

Does one simply mean reasonable  and unders tandable  explana t ion?  It might 



b e  suggested t h a t  discovery i s  purely a psychological  ma t t e r ,  

o r  i s  t h i s  only a convenient way out  of d i scuss ing  i t ?  F i n a l l y ,  

what a r e  t h e  o b j e c t s  of discoveries--facts ,  empir ica l  laws, 

t h e o r e t i c a l  e n t i t i e s  and t h e i r  i n t e r r e l a t i o n s ?  

It i s  not expected t h a t  a l l  t hese  r e l a t e d  problems can be 

soived with f i n a l i t y ,  although many of them w i l l  be  answered i n  

t h e  course of t h e  d iscuss ion.  However, Blackwell does conclude 

t h e s e  prel iminary remarks by cautioning aga ins t  using t h e  term 

" logic  of discovery" i n  t h e  sense of a formal algori thm, and h e  

then goes on t o  a s s e r t  t h a t  a theory of discovery may be  another ,  

perhaps more f r u i t f u l  approach t o  the  problem. 

Blackwell contends t h a t  "discovery" c a r r i e s  an h o n o r i f i c  

connotation. Also, two condi t ions  which X must s a t i s f y  i f  i t  i s  

t o  be counted a s  a discover are:  

( i )  X must become p a r t  of t h e  accepted body of r e l i a b l e  

s c i e n t i f i c  knowledge, and 

(ii) X must be  of r e l a t i v e l y  permanent value.  

There a r e  two b a s i c  types of discovery,  v i z . ,  "discovering 

tha t"  and discovery why." The former type r e f e r s  more t o  t h e  

determination of t h e  phys ica l  s t a t e  of a f f a i r s ,  and conta ins  fewer 

conceptual impl ica t ions ;  the  l a t t e r  presupposes t h e  former, i s  

primari ly i n t e r p r e t i v e ,  r equ i res  i n t e g r a t i o n  i n t o  an over-a l l  

s t r u c t u r e  of human knowledge, and implies t h a t  an explanation 

i s  sought. For example, i t  might be  s a i d  t h a t  Kepler discovered 



t h a t  t h e  p lane t s  move i n  c e r t a i n  ways, while it  was Newton who 

discovered why they s o  do. 

It seems t h a t  both these fundamental types of discovery 

a r e ,  i n  f a c t ,  two s i d e s  of the  same coin ,  although one o r  t h e  o the r  

may be t h e  more prominent i n  a  given ins tance .  Nevertheless,  

i n  each case  new knowledge i s  produced t h a t  i s  judged t o  be  a discovery 

i n  terms of i t s  a c c e p t a b i l i t y  i n t o  t h e  cu r ren t  body of s c i e n t i f i c  

knowledge. 

A s  a  p rocess ,  "discovery tha t "  l eads  t o  the  statement of 

t h e  explanandum, whereas "discovery why" i s  t h a t  process which 

uncovers t h e  explanans needed f o r  t h e  explanandum. However, i f  

one is  considering t h e  problem of discovery,  one i s  s t i l l  l e f t ,  

a s  i t  were, i n  t h e  cold,  f o r  t h e r e  i s  s t i l l  not  a  s a t i s f a c t o r y  

answer t o  the  ques t ion  of the  o r i g i n  of t h e  explanans and t h e  explan- 

andum. What one does have i s  simply a l o g i c a l  r e l a t i o n s h i p  between 

t h e  components of explanation and t h e  process of discovery. 

Going s t i l l  f u r t h e r ,  one might say t h a t ,  ep is temologica l ly ,  

"discovering tha t"  i s  empi r i ca l ly  o r i en ted ,  whereas "discovering 

why" is t h e o r e t i c a l l y  d i rec ted .  For example, i f  one observes 

t h a t  t h e  p ressure  of a  given volume of gas under s t a n d a r t  condi t ions  

of temperature and p ressure  ( i . e . ,  not  extremes of these  v a r i a b l e s )  

vary d i r e c t l y  and i n d i r e c t l y  r e spec t ive ly ,  t h e  following r e l a t i o n s h i p s  

may be formulated: 

( i )  V " 1 and ( i i )  V " T ,  
P 



which may b e  converted i n t o :  

and ( i v )  V = kT. ( i i i )  V = - 
P 

The former equat ion  i s  Boyle 's  Law, and t h e  l a t t e r  i s  Char les '  

l a w  which laws may be  combined, and commonly l a b e l l e d  "The Pe r fec t -  

Gas Law": 

where .n  i s  t h e  number of moles, and R is  t h e  gas cons tan t .  

However, t h e  explana t ion  of t h e  behaviour  of gases  according 

t o  t h e s e  laws i s  e f f e c t e d  by employing non-observable s m a l l  p a r t i c l e s  

a s  pos tu l a t ed  i n  t h e  kinet ic-molecular  theory .  I n  t h i s  s ense ,  

then ,  "discovery why" is  more t h e o r e t i c a l l y  o r i e n t e d .  

Consider another  way of c l a s s i f y i n g  types  of d i scove r i e s .  

The h i s t o r y  of t h e  d iscovery  of t h e  n e u t r i n o  i s  an example of what 

may be  termed r o u t i n e  discovery.  The e l e c t r o n s  emi t t ed  i n  t h e  

+ray decay of  a nucleus presented  two problems t o  p h y s i c i s t s :  

(i) I f  a comparison of ene rg i e s  i s  made b e f o r e  and a f t e r  

emission, and i n  t hose  cases  where t h e  energy of t h e  

emi t ted  e l e c t r o n  i s  less than  t h e  p r e d i c t e d  va lue ,  t h e  

d i f f e r e n c e  r e p r e s e n t s  an unaccounted f o r  l o s s  of energy,  

a s i t u a t i o n  which would tend t o  r e f u t e  t h e  law of conserva t ion  

of energy. 



( i i )  According t o  quantum theo ry ,  t h e  emi t ted  e l e c t r o n  i s  

t h e  product  of t h e  t r ans fo rma t ion  of a  neut ron  i n t o  a 

pro ton ,  and t h i s  t ransformat ion  r e q u i r e s  a  charge of t h e  

angular  momentum (o r  s p i n  quantum number) equal  t o  un i ty .  

However, i n  f3-decay, t h e  s p i n  quantum number equa l s  on ly  

%, a s i t u a t i o n  which would tend t o  r e f u t e  t h e  law of conser- 

v a t i o n  of angular  momentum. 

Fermi and P a u l i ,  i n  o rde r  " t o  save" t h e  conserva t ion  p r i n c i p l e s ,  

p o s t u l a t e d  a  new p a r t i c l e  e x p l i c i t l y  de f ined  t o  make up t h e  d i f f e r e n c e  

i n  energy and angular  momentum, and i n  1956, t h e  e x i s t e n c e  of t h i s  

p a r t i c l e ,  c a l l e d  t h e  "neutr ino,"  was v e r i f i e d  f o r  t h e  f i r s t  time. 

Another example (and many more a r e  a v a i l a b l e )  w i l l  s u f f i c e  

t o  i l l u s t r a t e  t h i s  type  of discovery.  The d iscovery  of t h e  p l a n e t  

Neptune r e s u l t e d  from observed i r r e g u l a r i t i e s  i n  t h e  motion of 

t h e  p l a n e t  Uranus which observa t ions  meant t h a t  t h e  laws of Newtonian 

mechanics were i n  need of mod i f i ca t ion ,  o r  t h a t  t h e r e  e x i s t s  a n  

as y e t  unobserved p l a n e t  beyond Uranus which could account  f o r  t h e  

i r r e g u l a r i t i e s  p r e c i s e l y  according t o  t h e s e  same Newtonian laws. 

I n  1848, Adams and L e v e r r i e r ,  working independent ly,  made t h e  

requi red  c a l c u l a t i o n s  from Newtonian p r i n c i p l e s ,  and Ga l l e  i n  

B e r l i n  discovered t h e  p l ane t  on h i s  very f i r s t  a t tempt .  Routine 

d i scove r i e s ,  t hen ,  may be  s a i d  t o  r e s u l t  from deduct ive  a p p l i c a t i o n  

of e s t a b l i s h e d  p r i n c i p l e s  t o  new empi r i ca l  evidence,  o r  t h e  ex t ens ion  

of an e s t a b l i s h e d  s e t  of p r i n c i p l e s  t o  new a r e a s ,  o r  t h e  mathematical 



re formula t ion  of a p r i o r  theory.  They a r e  made w i t h i n  t h e  con f ines  

of an e s t a b l i s h e d  conceptual  framework, and may be  considered 

ex tens ions  o f ,  o r  a d d i t i o n s  t o ,  t h i s  s t r u c t u r e .  

Revolutionary d i s c o v e r i e s ,  on t h e  o t h e r  hand, involve  a 

major conceptual  r e v o l u t i o n ,  a d e l i b e r a t e  break  from e a r l i e r  views. 

For example, i n  1900, Max Planck encountered t h e  so-ca l led  " u l t r a -  

v i o l e t  ca tas t rophe"  which l o g i c a l l y  fo l lows  from t h e  exp lana t ion  

of black-body r a d i a t i o n  accord ing  t o  c l a s s i c a l  e l ec t romagne t i c  theory ,  

and which p red ic t ed  t h a t  t h e  i n t e n s i t y  of r a d i a t i o n  becomes i n f i n i t e l y  

l a r g e  a s  t h e  frequency becomes h ighe r  and h igher .  Planck,  r e a l i z i n g  
4 

t h a t  t h i s  ca t a s t rophe  could n o t  be  aver ted  merely by an  ex tens ion  

o f ,  o r  an a d d i t i o n  t o ,  t h e  c l a s s i c a l  theory ,  formulated two p o s t u l a t e s :  

( i )  Radia t ion  can b e  emi t ted  from a sou rce  only w i t h  e n e r g i e s  

which a r e  i n t e g r a l  m u l t i p l e s  of t h e  frequency m u l t i p l i e d  

by Planck ' s  cons t an t ,  and 

( i i )  a t  thermal  equ i l i b r ium only  a few atoms w i t h i n  t h e  b l ack  

body a r e  capable  of high-frequency emissions and t h e  r a t e  

of t h e s e  emissions is low. 

It should be  emphasized t h a t  i n  formula t ing  t h e s e  p o s t u l a t e s ,  

Planck was breaking  completely from t h e  c l a s s i c a l  assumption t h a t  

r a d i a t i o n  occurs  over a continuous range of e n e r g i e s  ( f o r  i t  was 

t h i s  c o n t i n u i t y  of t h e  r a d i a t e d  enrgy which allowed t h e  i n t e n s i t y  

of t h e  r a d i a t i o n  from a b l ack  body t o  b u i l d  up g radua l ly  t o  i n f i n i t e  

va lues  a s  t h e  frequency increased) .  With P lanck ' s  s t i p u l a t i o n s ,  



t h e  " u l t r a - v i o l e t  ca tas t rophe"  could b e  avoided, b u t  t h e  p r i c e ,  

as Planck was w e l l  aware, was h igh ,  f o r  t h e  whole concept ion of 

t h e  n a t u r e  of e lec t romagnet ic  r a d i a t i o n  had t o  be  changed. Essen- 

t i a l l y ,  what Planck formulated w a s  a  weak v e r s i o n  of t h e  new quantum 

assumption, v i z . ,  t h a t  energy i s  quant ized a t  t he  t i m e  and p l a c e  

of emission,  b u t  l a t e r  merges i n t o  a  cont inuous f i e l d  a s  depic ted  

i n  t h e  wave theory  of l i g h t .  E i n s t e i n ' s  subsequent d i scovery  and 

i n t e r p r e t a t i o n  of t h e  p h o t o e l e c t r i c  e f f e c t  l e d  t o  an acceptance  of 

a  s t r o n g e r  v e r s i o n  of t h i s  assumption, whereby e lec t romagnet ic  

energy is  not  qyant ized  dur ing  emission only,  b u t  a l s o  remains 

quant ized a f te rward .  The quantum theo ry ,  t hen ,  was a d e l i b e r a t e  

break from e a r l i e r  views, and r e s u l t e d  i n  a major conceptual  r e v o l u t i o n  

i n  physics .  There a r e  many o t h e r  such examples, such as t h e  s p e c i a l  

and gene ra l  t h e o r i e s  of r e l a t i v i t y ,  Harvey's d i scovery  of t h e  f u n c t i o n s  

of t h e  h e a r t ,  P a s t e u r ' s  germ theo ry ,  and Newton's l a b o r i o u s  s t r u g g l e  

i n  f i n d i n g  t h e  p r i n c i p l e s  of c l a s s i c a l  mechanics, and t h e  consequent 

r e j e c t i o n  o f ,  f i r s t ,  t h e  A r i s t o t e l i a n  and, l a t e r ,  t h e  C a r t e s i a n  

views of ma t t e r  and motion. 

Revolut ionary d i s c o v e r i e s  do n o t  occur  i n  i s o l a t i o n ,  b u t  

w i t h i n  a  conceptual  scheme from which they  then  break  away. The 

appearance of what Kuhn c a l l s  a  " s c i e n t i f i c  anomaly" is  t h e  immediate 

occasion f o r  a  r evo lu t iona ry  d iscovery ,  and t h e  r e s u l t  of such 

a  r evo lu t ion  i s  s c i e n t i f i c  growth. 

Accidenta l  d i s c o v e r i e s  (e.g. ,  Goodyear's d i scovery  of vulcanized 

rubber)  a r e  r e l a t e d  more t o  cond i t i ons  of obse rva t ion  r a t h e r  than  

t o  understanding and i n s i g h t  which a r e  t h e  f o c a l  p o i n t s  of r o u t i n e ,  
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and e s p e c i a l l y  revolu t ionary ,  discovery.  Accidental  d i scover i e s  

a r e  usua l ly  of t h e  "discovery tha t"  type ,  wi th  an emphasis on 

f o r t u i t o u s  events ,  r a t h e r  than  i n s i g h t .  

I n  order  t o  expla in  t h e  process of discovery Blackwell sugges ts  

fou r  approaches : 

(a) The Logical  Approach--the t r a d i t i o n a l  way, i . e . ,  formulated 

a s  t h e  problem of a " log ic  of discovery"; 

(b) The Psychological  Approach; 

(c) The H i s t o r i c a l  Approach; 
I 

(d) The Epistemological  Approach--this i s  Blackwell 's  approach, 

and t h e  springboard of h i s  "theory of  discovery." 

The l o g i c a l  approach i s  mainly represented  by N.  R. Hanson 

whose program has  a l ready been discussed.  Blackwell 's  c r i t i c i s m  

of Hanson i s  e s s e n t i a l l y  t h e  same, although he goes on t o  d i f f e r e n t i a t e  

two senses  of l 'hypothesis" i n  accordance wi th  h i s  d i s t i n c t i o n  

between "discovering tha t "  and "discovering why." 

(5) 

( i i )  

hypothesis  ( f i r s t  sense)--a genera l  s tatement  of explanatory 

power. Blackwell agrees  wi th  Hanson t h a t  t h e s e  k inds  

of s ta tements  a r e  not  produced by t h e  methods of enumerative 

induct ion .  This  sense  of t h e  t e r m  i s  l inked t o  "discovery 

why. " 

hypothesis  (second sense)--a genera l  s tatement  express ing  

empir ica l  r e g u l a r i t y ,  such a s  " a l l  copper conducts e l e c t r i c i t y . "  



Blackwell argues t h a t  h e r e  t h e  methods of enumerative 

induc t ion ,  l i nked  t o  "discovery tha t "  a r e  r e l e v a n t .  

11 Two a d d i t i o n a l  d i s t i n c t i o n s  can be  made, v i z . ,  ru le -centered  

inference"  and "content-centered inference."  The former type  focuses  

p r i m a r i l y  on t h e  formal s t r u c t u r e  of p r o p o s i t i o n s  independent ly 

of  t h e i r  meaning. For example, i n  t h e  e a r l i e r  example concerning 

t h e  r o u t i n e  d i s c o v e r i e s  of t h e  n e u t r i n o  and o f  t h e  p l a n e t  Neptune, 

t h e s e  d i s c o v e r i e s  could be c l a s s i f i e d  under ru le -centered  i n f e r e n c e  

because,  a s  mentioned be fo re ,  (and t a k i n g  t h e  Neptune example) 

they  r e s u l t e d  from a deduct ive  a p p l i c a t i o n  of Newtonian mechanics 

t o  account  f o r  t h e  i r r e g u l a r i t i e s  of motion of t h e  p l a n e t  Uranus. 

The second type  of i n f e r e n c e  (content-centered type)  f i n d s  i t s  

n a t u r a l  home i n  t h e  con tex t  of r evo lu t iona ry  d i s c o v e r i e s ,  and 

t h e  focus  i s  p r i m a r i l y  on t h e  meaning-content of t h e  s t a t emen t s  

involved.  For example, r e l a t i v i t y  theory  i s  n o t  simply a n  ex tens ion  

of Newtonian mechanics, nor  i s  t h e  l a t t e r  any k ind  of ru le -centered  

development of A r i s t o t e l i a n  physics .  In  s h o r t ,  a fundamental re- 

al ignment  of  concepts  and meaning i s  involved i n  r evo lu t iona ry  

discovery.  

The psychologica l  approach c e n t e r s  on d e l i n e a t i n g  how t h e  

mind o p e r a t e s  i n  t h e  formation of new i d e a s  and al though no compre- 

hens ive  psychologica l  theory  has  been advanced, a s  y e t ,  t o  exp la in  

t h e  a c t  of d i scovery ,  t h i s  i s  n e i t h e r  t o  deny nor  t o  a f f i r m  t h e  

p o s s i b i l i t y  of t h e  eventua l  c o n s t r u c t i o n  of such a theory  ( r e f e r  

t o  Sec t ion  11). Arthur  Koes t l e r  i n  The A c t  of Creation (1964)  



desc r ibes  a  p a t t e r n  which he c a l l s  " the  b i s o c i a t i v e  act." E s s e n t i a l l y ,  

it i s  t h e  r ecogn i t ion  of s i m i l a r i t i e s  between two previous ly  unre la t ed  

matr ices  of thought.  Using Newton once again ,  an example of t h i s  

b i s o c i a t i v e  a c t  would be  i n  t h e  r ecogn i t ion  t h a t  t e r r e s t r i a l  and 

c e l e s t i a l  motions, which requi red  s e p a r a t e  accounts i n  A r i s t o t e l i a n  

physics ,  a r e  governed by t h e  same laws. Koes t le r  a l s o  d i f f e r e n t i a t e s  

between t h e  unconscious and conscious l e v e l s  of  awareness, and 

claims t h a t  b i s o c i a t i o n ,  and hence discovery,  occurs  through t h e  

i n t e r p l a y  of t h e s e  l e v e l s  of awareness. 

The ch ie f  proponent of t h e  h i s t o r i c a l  approach i s  T. S .  

Kuhn. I n  h i s  f a s c i n a t i n g  book The Structure of Scientific RevoZutions 

(1962) he t r a c e s  t h e  h i s t o r y ,  b i r t h ,  and dea th  of conceptual  paradigms, 

and e l u c i d a t e s  a  s i m i l a r  genera l  p a t t e r n  common t o  a l l  s c i e n t i f i c  

revolu t ions .  To quote Kuhn himself :  

Discovery commences wi th  t h e  discovery of anomaly, i .e. ,  wi th  
t h e  r ecogn i t ion  t h a t  n a t u r e  has  somehow v i o l a t e d  t h e  paradigm- 
induced expec ta t ions  t h a t  govern normal sc ience .  It then continues 
wi th  a  more o r  l e s s  extended exp lo ra t ion  of t h e  a r e a  of anomaly. 
And i t  c l o s e s  only when t h e  paradigm theory has been ad jus t ed  
s o  t h a t  t h e  anomalous has become t h e  expected. Ass imi la t ing  
a new s o r t  of f a c t  demands a  more than a d d i t i v e  adjustment 
of theory ,  and u n t i l  t h a t  adjustment i s  completed--until t h e  
s c i e n t i s t  has  learned t o  s e e  n a t u r e  in6? new way--the new f a c t  
is  n o t  q u i t e  a  s c i e n t i f i c  f a c t  a t  a l l .  

When t h e  c r i s i s  i s  a t  i ts  peak, t h e r e  i s  a  per iod  of freedom 

from o lde r  p a t t e r n s  of thought ,  and theor i z ing  i n  a l l  s o r t s  of new 

d i r e c t i o n s  is n o t  only accepted,  but  encouraged. It i s  a t  t h i s  

juncture  t h a t  the  a c t  of discovery occurs.  The t h r u s t  of Kuhn's 



presen ta t ion ,  then ,  i s  t h e  s o c i a l  n a t u r e  of s c i e n t i f i c  thought ,  

and t h e  h i s t o r i c a l  explanat ion of discovery c o n s i s t s  i n  viewing t h e  

ind iv idua l  a c t  i n  i t s  proper p lace  wi th in  t h e  wider h i s t o r i c a l  

processes which surround i t .  Although one may argue t h a t ,  i n  f a c t ,  

no - theory of discovery i s  thereby e f f e c t e d ,  Kuhn never the le s s  o f f e r s  

a t  l e a s t  a p a r t i a l  exp l i ca t ion .  (However, i t  may be claimed t h a t  

he probably never intended t o  develop a theory of discovery a s  

such. ) 

The epis tmologica l  approach i s  t h e  b a s i s  of Blackwell 's 

theory,  and involves t h e  i n v e s t i g a t i o n  of t h e  process of d iscovery  
6 

from t h e  poin t  of view of the  meaning-content of the  knowledge 

involved. For example, t h e  c r e a t i v e  s c i e n t i s t  f r e e l y  in t roduces  

non-observable e n t i t i e s  and events  a s  explanat ions  of empir ica l  

laws. Blackwell then wishes t o  ask: "How i s  t h i s  t ransmiss ion  

made?", "what r e s idue ,  i f  any, of phys ica l  meaning remains i n  

such t h e o r e t i c a l  cons t ruc ts?"  and "what does t h i s  r e v e a l  about the  

process of t h e o r e t i c a l  discovery?" 

Blackwell 's presupposi t ion  i s  t h a t  t h e  human mind and phys ica l  

na tu re  a r e  somehow appropr i a t e  f o r  each o t h e r ,  and t h a t  t h e  a c t  

of discovery is loca ted  a t  t h e  poin t  of conjunct ion between t h e s e  

two realms of na ture .  The d i s t i n c t i o n  between empiricism and ra t iona l i sm 

is no t  a s  c l e a r  cut  a s  Bacon claimed, and sc i ence  does n o t  merely 

pass ive ly  a r i s e  from what Blackwell terms " the  d i c t a t e s  of nature",  with 

t h e  mind an unobtrusive "observer." However, Blackwell would a l s o  

wish t o  claim t h a t  sc ience  is  not  simply t h e  product of t h e  c r e a t i v e  
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mind ope ra t ing  a s  an u n r e s t r i c t e d  l e g i s l a t o r .  I n  terms of a  mind-nature 

dualism, t h e  epistemology of d i scove ry  becomes t h e  problem of 

exp la in ing  how s c i e n c e  a r i s e s  from t h e  merging of t h e  d i c t a t e s  

of n a t u r e  and t h e  c r e a t i v e  func t ions  of t h e  mind. I n  t h e  l a s t  

a n a l y s i s ,  n e i t h e r  phys i ca l  n a t u r e  no r  t h e  human mind have any meaning 

i n  i s o l a t i o n  from each o ther .  Furthermore, mind and n a t u r e ,  though 

n o t  i d e n t i c a l ,  e x h i b i t  d i s t i n c t l y  d i f f e r e n t  p r o p e r t i e s ,  and a r e  

i n t r i n s i c a l l y  r e l a t i o n a l  e n t i t i e s  which possess  r e a l i t y  and meaning 

only  w i t h i n  t h e  ove r -a l l  ma t r ix  of t h e s e  r e l a t i o n s .  

Blackwell 's  theory  of d i scovery  i s  founded, i n  t u r n ,  upon 

h i s  theory  of a d a p t a t i o n ,  o r  t h e  p roces s  of going from n a t u r e  t o  

mind. Th i s  a d a p t a t i o n  is comprised of two p a r t s :  e l a b o r a t i o n  and 

t ransformat ion .  I n  o r d e r  t o  f a c i l i t a t e  understanding of t h e s e  

p a r t s  he draws s e v e r a l  ana log ie s ,  s c a t t e r e d  throughout t h e  t e x t ,  

and drawn t o g e t h e r  h e r e  f o r  convenience: 

( i )  space-time anaZogy t o  exp la in  t h e  dual ism of mind and 

na ture :  t h e  topo log ica l  p r o p e r t i e s  of space  and t i m e  a r e  

d i f f e r e n t ;  f o r  example, t h e  former i s  u n i d i r e c t i o n a l  wh i l e  

t h e  l a t t e r  posses ses  c a u s a l  a s p e c t s  of temporal r e l a t i o n .  

Never the less ,  accord ing  t o  r e l a t i v i t y  t heo ry ,  t h e  r e a l i t y  

and meaning of space  and t i m e  a r e  interwoven and i n t e r -  

dependent. Ne i the r  i s  any longe r  viewed as a complete 

and se l f -conta ined  e n t i t y .  

( i i )  ontogeny--phylogeny analogy t o  e x p l a i n  t h e  dual ism of 

h i s  theory:  e l a b o r a t i o n  i s  l i k e  the  g e s t a t i o n  and matura t ion  
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of t h e  i n d i v i d u a l  organism, and t r ans fo rma t ion  i s  l i kened  

t o  t h e  process  of evolu t ion .  

( i i i )  anthropoZogicaZ or socioZogicaZ analogy a l s o  t o  e x p l a i n  

t h e  dual ism of adap ta t ion :  t h e  s tudy  of man may b e  c a r r i e d  

out  a t  t h e  l e v e l  of t h e  i n d i v i d u a l  o r  a t  t h e  l e v e l  of 

community, a l though each s e p a r a t e l y  g ives  only  a  p a r t i a l  

p i c t u r e  of man. S i m i l a r i l y ,  t h i s  is  t r u e  of t h e  d i c t a t e s  

of n a t u r e  and t h e  f u n c t i o n s  of t h e  mind w i t h  r e s p e c t  t o  

t h e  epistemology of discovery.  

Br ie f  r e c a p i t u l a t i o n :  Blackwell a rgues  t h a t  i f  bo th  mind and 

n a t u r e  are viewed a s  be ing  e s s e n t i a l l y  r e l a t i o n a l  e n t i t i e s ,  t hen  

t h e r e  is  at l e a s t  a  foundat ion  f o r  an epis temological ly-based 

approach t o  an understanding of discovery.  

Blackwell emphasizes t h e  i n t e r a c t i o n  of mind and n a t u r e ,  

and claims t h a t  a t  c e r t a i n  t imes  any one s i d e  may be pre-eminent i n  

some a spec t  of discovery.  Also, d i scovery  may come i n  a " f l a s h  

of i n s i g h t , "  b u t  t h e  p r e p a r a t i o n  f o r  i t  i s  long  and ex tens ive ,  

and forms an i n t e g r a l  p a r t  of i t s  s t o r y  ( these  p o i n t s  have been 

d iscussed  p rev ious ly ) .  Two f u r t h e r  d i s t i n c t i o n s  can then  b e  made: 

( i )  complexity of  t h e  d i c t a t e s  of n a t u r e ;  

( i i )  complexity of pre-es tab l i shed  conceptua l  frameworks. 

Both complexi t ies  i n t e r p l a y  wi th  each o t h e r  and d iscovery  emerges 
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from t h i s  i n t e r a c t i o n .  This  is  simply ano the r  s ta tement  of Blackwell ' s  

t rea tment  of t h e  mind-nature dualism. 

The f i r s t  s t a g e  of t h e  theory  of d i scovery  is  termed e l a b o r a t i o n ,  

which i s  de f ined  a s  t h e  process  of p r o g r e s s i v e  s p e c i f i c a t i o n  of 

phys i ca l  meaning from t h e  amorphous mind-nature con f ron ta t ion  

r e s u l t i n g  i n  t h e  emergence of a discovered s t r u c t u r e .  T h i s  l a t te r  

term r e f e r s  t o  an i n d i v i d u a l  p h y s i c a l  f a c t ,  o r  a gene ra l i zed ,  empi r i ca l  

law. E labora t ion  comprises f o u r  s t a g e s :  

(a )  The sor t ing-out  process .  Th i s  is  simply t h e  i d e n t i f i c a t i o n  

of r e l e v a n t  p h y s i c a l  f a c t o r s ,  presupposing, of course ,  

an  anomaly, t h e  la t ter  of which presupposes a p r i o r  conceptua l  

framework. 

(b) I n t e r r e l a t i n g  recognized components of a s t r u c t u r e .  

E labora t ion  has ,  a s  i t s  goa l ,  t h e  development of p h y s i c a l  

meaning which i s  a t t a i n e d  i n  t h e  discernment of t h e  r e l a t i o n a l  

s t r u c t u r e  i n  na tu re .  A s c i e n t i f i c  law i s  n o t  a mere ca ta logue  

of  r e l e v a n t  f a c t o r s  w i th  a s ta tement  of t h e i r  degrees  of 

re levance .  Rather ,  i t  i s  t h e  i n t e r r e l a t i o n  of t h e s e  

f a c t o r s  i n t o  a meaningful p a t t e r n  t h a t  i s  r equ i r ed ,  and 

t h a t  b r i n g s  t h e  f i r s t  l e v e l  of s c i e n t i f i c  d i scovery  t o  

s u c c e s s f u l  completion. 

( c )  I n t e g r a t i o n  wi th  o t h e r  knowledge. A f t e r  a s t r u c t u r e  

i s  d iscovered ,  it must be r e l a t e d  t o  o t h e r  s t r u c t u r e s  

a l r e a d y  a v a i l a b l e  t o  human knowledge. For example, mass 
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and f o r c e ,  space and t ime a r e  concepts  which have meanings 

extended f a r  beyond t h e i r  o r i g i n a l  con tex t s .  They become 

elements i n  a complex, conceptual  whole, and t h e s e  p o s i t i o n s  

they then  hold  c o n t r i b u t e  s i g n i f i c a n t l y ,  i n  t u r n ,  t o  t h e  

f u l l n e s s  of t h e i r  - own meanings. Furthermore, they  i n f l u e n c e  

t h e  cou r se  of i n q u i r y  by sugges t ing  new problematics .  

(d) Transcending a c t u a l  experience.  Th i s  i s  e s s e n t i a l l y  

t h e  p roces s  of g e n e r a l i z a t i o n ,  a shorthand convenience 

t o  avoid l i s t i n g  a l l  a c t u a l l y  examined in s t ances .  However, 

t h e r e  is a l s o  a  b u i l t - i n  p rov i so  t h a t  except ions  may a r i s e ,  

and, as such, t h e s e  g e n e r a l i z a t i o n s  a r e  understood as 

p r o v i s i o n a l  un ive r sa l s .  

Although t h e r e  is a temporal d u r a t i o n  t o  t h e  p roces s  of  

e l a b o r a t i o n ,  cu lmina t ing  i n  a  d i scovery ,  t h e  elements i n  e l a b o r a t i o n  

a r e  n o t  tempoally d i s t i n c t  s t e p s .  I n  e l a b o r a t i o n ,  t h e  d i c t a t e s  

of n a t u r e  e x e r t  predominating i n f l u e n c e ,  and t h e  discovered s t r u c t u r e  

provides  adequate  understanding of t h e  problem and, f u r h t e r ,  sugges ts  

new problems f o r  t h e  con t inua t ion  of i nqu i ry .  Consider t h e  fo l lowing  

diagram: 

S t r u c t u r e  

nature--a p h y s i c a l  
f a c t  

of considered from t h e  p o i n t  of 
view of t h e  mind, a s t r u c -  
t u r e  i s  a concept 



A d i s t i n c t i o n  may be  drawn between empi r i ca l  laws (which 

a r e  d iscovered  s t r u c t u r e s )  and t h e o r i e s ,  t h e  former r e l a t i n g  p r i m a r i l y  

t o  de te rmina t ion  of f a c t s ,  and r e s u l t i n g  from t h e  e l a b o r a t i o n  of 

s t r u c t u r e s ;  t h e  l a t t e r  r e f e r r i n g  p r i m a r i l y  t o  t h e  i n t e r p r e t a t i o n  

of f a c t s .  Examples of a  discovered s t r u c t u r e  a s  " fac t"  i nc lude  

G a l i l e o ' s  d i scovery  of sunspots  o r  t h e  d iscovery  of Neptune by 

Adams and Leve r r i e r .  Examples of such d iscovered  s t r u c t u r e s  as 

gene ra l i zed  empir ica l  laws inc lude  G a l i l e o ' s  law of f r e e  f a l l i n g  

bodies  o r  K e p l e r f s  laws of p l a n e t a r y  motion. 

I I Transformation" i s  def ined  a s  t h a t  t y p e  of mind-nature 
4 

adap ta t ion  which i s  t h e  p roces s  of t h e  development of t h e o r e t i c a l  

meaning. A theory  i s  a deduc t ive ly  organized system of exp lana t ion  

i n  which t h e  explanandum i s  a s t r u c t u r e  p rev ious ly  d iscovered  by 

e l a b o r a t i o n ,  and i n  which t h e  explanans con ta ins  both o t h e r  d i scovered  

s t r u c t u r e s  & menta l ly  c r e a t e d ,  non-observable t h e o r e t i c a l  e n t i t i e s .  

However, t h i s  i s  n o t  q u i t e  accu ra t e ,  f o r  t h e  explanandum i s  sometimes 

i t s e l f  a  theory ,  as i n ,  f o r  example, t h e  c a s e  of t h e  e l ec t romagne t i c  

theory of l i g h t  which i s  a t  l e a s t  p a r t i a l l y  expla ined  by t h e  quantum 

theory  of t h e  atom. 

A s  i n d i v i d u a l  p h y s i c a l  f a c t s  and gene ra l i zed  empi r i ca l  laws 

p r o l i f e r a t e ,  t h e  d r i v e  f o r  o r d e r  and u n i t y  becomes more pronounced. 

Furthermore, when t h e  s c i e n t i s t  seeks  t h e  reasons  why a c e r t a i n  

phys i ca l  s t a t e  of a f f a i r s  occurs  he conver t s  a d iscovered  s t r u c t u r e  

i n t o  an explanandum, and, a s  i s  a l s o  t r u e  i n  t h e  process  of e l a b o r a t i o n ,  

t h e  a r t i c u l a t i o n  of t h e  problem a t  t h i s  p o i n t  is  f r e q u e n t l y  a ma t t e r  

of genius and g i f t e d  i n s i g h t .  



The process  of t ransformat ion  a l s o  has  a d u a l  n a t u r e ,  f o r  

i t  i s  product ive  of bo th  explanatory systems a s  w e l l  a s  t h e o r e t i c a l  

e n t i t i e s ,  t h e  l a t t e r  i n  which t h e  main burden of exp lana t ion  f a l l s .  

Furthermore, t h e s e  t h e o r e t i c a l  e n t i t i e s  always bea r  some r e s i d u e  

of p h y s i c a l  meaning. 

Transformation i s  t h e  occasion f o r  t h e  c r e a t i v e  f u n c t i o n s  

of t h e  mind. It i s  comprised of t h r e e  p a r t s :  

(a) I d e a l i z a t i o n .  This  is  perhaps t h e  most fundamental s t e p .  

It i s  t h e  conversion of d i scovered  s t r u c t u r e s  i n t o  forms 

which a r e  n o t ,  and o f t e n  cannot b e ,  a c t u a l  p h y s i c a l  

f a c t s .  They should n o t  be  confused w i t h  t h e  discovered 

s t r u c t u r e s  ( i . e . ,  Whitehead's f a l l a c y  of  misplaced 

concre teness  must b e  avoided. See Appendix H )  Examples 

of t h e s e  t h e o r e t i c a l  e n t i t i e s  i nc lude  "poin t  l oca t ions"  

and " i n s t a n t s  of t i m e . "  Another example of i d e a l i z a t i o n  

is t h e  "thought experiment," such a s  E i n s t e i n ' s  e l e v a t o r  

experiment t o  i l l u s t r a t e  t h e  p r i n c i p l e  of equivalence.  

Moreover, t h e o r e t i c a l  e n t i t i e s  a r e  explana tory  i n s o f a r  

as they  a r e  placed i n  sys t ema t i c  r e l a t i o n  t o  t h e  discovered 

s t r u c t u r e s  from which they a rose .  

(b) C r e a t i v e  pos tu l a t ion .  This  i s  de f ined  a s  t h e  formula t ion  

of t h e o r e t i c a l  e n t i t i e s  by t h e  s t i p u l a t i o n  of a  s e t  of 

components which, i f  assumed, w i l l  enable  t h e  deduct ion 

and p r e d i c t i o n  of observed p h y s i c a l  f a c t s .  Furthermore, 

t h e  components s t i p u l a t e d  may be  taken from v i r t u a l l y  



any a v a i l a b l e  source  i n  p r i o r  knowledge, whether s c i e n t i f i c  

o r  n o t ,  a s  long as i t  is supposed t h a t  such components 

w i l l  c o n t r i b u t e  t o  t h e  gene ra t ion  of an  explana t ion .  

Th i s  process  aga in  al lows f o r  a wide range of genius  

and g i f t e d  i n s i g h t .  The atomic theory  of matter and 

t h e  n e u t r i n o  are examples of such p o s t u l a t i o n .  

( c )  S u b s t i t u t i o n  through analogy. Th i s  p roces s  i s  t h e  

r ecogn i t i on  of s i m i l a r i t i e s  between two o r  more conceptua l  

frameworks, and t h e  subsequent t r a n s f e r e n c e  of a t h e o r e t i c a l  

exp lana t ion  from one domain t o  another .  The e s s e n t i a l  
4 

po in t  is t h a t  p r i o r  knowledge can uncover resemblances 

which a r e  sugges t ive  of explana tory  hypotheses.  Another 

important  term i s  " t h e o r e t i c a l  discovery,"  and t h i s  

is  def ined  a s  t h e  grasp ing  of an  exp lana t ion  of a p rev ious ly  

d iscovered  s t r u c t u r e  i n  terms of i t s  deduc t ive  d e r i v a t i o n  

from a s e t  of t h e o r e t i c a l  e n t i t i e s .  

Recap i tu l a t ion :  

Blackwell ' s  arguments c e n t e r  around t h e  m i d - n a t u r e  con f ron ta t ion ,  

t h e  common ma t r ix  ou t  of which a l l  n a t u r a l  human knowledge a r i s e s .  

He w r i t e s  : 

The a c t  of d i scovery  bea r s  no d i s t i n c t i v e  l o g i c a l  s t r u c t u r e .  
It does n o t  occur  i n  a step-by-step fash ion .  One cannot l a y  
down e x p l i c i t  r u l e s  which, i f  f a i t h f u l l y  fol lowed,  w i l l  l e a d  
t o  a discovery.  The element of genius and g i f t e d  i n s i g h t  i s  
a cons t an t  a t t e n d a n t  of t h e  d iscovery  process .  . . . The problem 
of how s c i e n t i f i c  knowledge i s  o r i g i n a l l y  generated from exper ience  
is  t h e  t a s k  of t h e  theory  of d i scovery ,  which, even i f  on ly  
p a r t i a l l y  r e a l i z a b l e ,  adds cons iderably  t o  our  understanding 
of t h e  n a t u r e  of science.62 



Blackwell c laims t h a t  a  s c i e n t i f i c  o b j e c t  is o n t o l o g i c a l l y  

r e a l  i n s o f a r  as i t  e x i s t s  i n  n a t u r e ,  o r  exp res ses  a d i c t a t e  of  na tu re .  

He c o n t r a s t s  t h i s  w i t h  i n t e n t i o n a l  r e a l i t y ,  t h e  mode of e x i s t e n c e  

c o n s t i t u t e d  by t h e  func t ion ing  of t h e  mind i n  t h ink ing  about an 

o b j e c t .  A s  concepts ,  s c i e n t i f i c  o b j e c t s  e x i s t  i n t e n t i o n a l l y .  

Indeed, i t  may be more a c c u r a t e  t o  speak of degrees  of o n t o l o g i c a l  

s t a t u s ,  which would be c o r r e l a t e d  w i t h  t h e  degree  t o  which t h e  s c i e n t i f i c  

o b j e c t  expresses  t h e  d i c t a t e s  of n a t u r e .  For example, t h e  e l e c t r o n  

is o n t o l o g i c a l l y  r e a l  i n s o f a r  a s  i t  expresses  t h e  d i c t a t e s  of 

n a t u r e  involved i n  t h e  phenomena of e l e c t r i c a l  conduc t iv i ty ,  chemical 

composition, i o n i z a t i o n ,  spec tographic  evidence,  and s o  on. 

Analys is  : 

Symmetrical and Asymmetrical Binary Rela t ionships :  

I f  x  i s  equal  t o  a ,  and y i s  a l s o  equal  t o  a, 

then  

( i )  x = y ,  a n d a l s o  y = x  

Now, t o  g e n e r a l i z e  t h i s  r e l a t i o n s h i p  one may w r i t e :  

( i i )  xRy and a l s o  yRx 

and such a  r e l a t i o n s h i p  between x and y  i s  s a i d  t o  b e  symmetrical. 

I f  x i s  t h e  b r o t h e r  of y ,  and both  x  and y  a r e  male, and i t  is t r u e  

t h a t  x  and y  a r e  b r o t h e r s ,  then  t h e  r e l a t i o n s h i p  may be w r i t t e n  a s :  

( i i i )  xBy and yBx 



The general  form of symmetry a s  presented i n  ( i i )  i n  t h e  no ta t ion  

of symbolic l o g i c  as:  

where (x) ,  (y) a r e  the  un ive r sa l  q u a n t i f i e r s ,  and A i s  t h e  s e t  

of which x and y a r e  both members. 

I f ,  however, x i s  g r e a t e r  than a and y i s  equal  t o  a  then 

(v) x > y ,  and a l s o  y < x 

To genera l ize  these  r e l a t i o n s h i p s  one would ob ta in  

and such a r e l a t i o n s h i p  between x and y is s a i d  t o  be asymmetrical. 

I f  x is t h e  f a t h e r  of y ,  and x i s  male and i t  is t r u e  t h a t  x i s  t h e  

f a t h e r  of y,  then one may w r i t e  the  fol lowing general ized re l a t ionsh ips :  

( v i i )  xFy and %yFx 

I n  t h e  no ta t ion  of symbolic l o g i c  then,  asymmetry may be 

w r i t t e n  as:  

( v i i i )  (x) (y) (xsA yeA xRy -+ ~ y R x )  

Formula ( v i i i )  is app l i cab le  t o  an ana lys i s  of Blackwell 's 

theory i n  which the re  i s  a l o g i c a l  asymmetry between t h e  two fundamental 

cons t ructs  of t h e  theory,  "discovering tha t"  and "discovering 

why." The following passages show how Blackwell uses  t h e s e  not ions ,  

e i t h e r  e x p l i c i t l y  o r  i m p l i c i t l y .  



( a )  Merely knowing t h a t  such-and-such is t h e  c a s e  does n o t  
f u l l y  s a t i s f y  human c u r i o s i t y .  We would a l s o  l i k e  t o  
know why. Consequently,  a new problematic  i s  formulated,  
r e q u i r i n g  a new type  of i n q u i r y ,  which w i l l  r e s u l t  i n  
s c i e n t i f i c  d i s c o v e r i e s  a t  another  l e v e l .  63 

(b) Never the less ,  t h e  exp lana t ion  of discovered s t r u c t u r e s  
themselves i s  t h e  u l t i m a t e  o b j e c t i v e  of a l l  t h e o r i e s  i n  
sc ience .  . . . 

The n e t  r e s u l t  of t h i s  a n a l y s i s  i s  t h a t  t h e r e  a r e  two 
l e v e l s  of d i scovery  i n  p h y s i c a l  s c i e n c e ,  t h o s e  d e a l i n g  
wi th  t h e  a r t i c u l a t i o n  of s t r u c t u r e s  a t  t h e  l e v e l  of e la -  
b o r a t i o n  and those  d e a l i n g  wi th  t h e  grasp ing  of exp lana t ions  
a t  t h e  l e v e l  of t h e o r e t i c a l  t ransformat ion .  The former 
a r e  concerned wi th  t h e  de t e rmina t ion  of f a c t s ,  t h e  l a t t e r  
w i t h  t h e  i n t e r p r e t a t i o n  of f a c t s .  The former a r e  an  under- 
s t and ing  of i n d i v i d u a l  phys i ca l  f a c t s  and empi r i ca l  laws, 
t h e  l a t t e r  a r e  an  understanding of explana tory  t h e o r e t i c a l  
e n t i t i e s .  The former a r e  i n s t ances  of "discovering t h a t  ," 
t h e  l a t t e r  a r e  i n s t a n c e s  of "d iscover ing  why.1164 

(c) I n  f a c t ,  w e  have argued f o r  a cont inuous g rada t ion  of 
such o b j e c t s ,  from t h e  l e v e l  of common-sense knowledge 
through e l abora t ed  s t r u c t u r e s  t o  t h e  t h e o r e t i c a l  e n t i t i e s  
cons t ruc t ed  by t h e  mind f o r  explana tory  purposes.  6 5 

A s  mentioned i n  t h e  exeges i s ,  Blackwell argues t h a t  h i s  

d u a l i s t i c  theory ,  a r i s i n g  ou t  of t h e  mind-nature c o n f r o n t a t i o n ,  

g ives  a t  l e a s t  an understanding of t h e  p roces s  of discovery.  

If t r ans fo rma t ion  of discovered s t r u c t u r e s  i n t o  conceptual  i n t e r p r e -  

t a t i o n s  r e p r e s e n t s  a h ighe r  s t e p  of development towards what may 

be  termed t h e  e x t e r n a l  e v a l u a t i v e  c r i t e r i o n  of explanation-under- 

11 s t and ing  (and, indeed, "discovery why" presupposes d iscovery  

tha t" )  t hen  t h e s e  two fundamental t h e o r e t i c a l  c o n s t r u c t s  a r e  asymmetrical.  

One could then  w r i t e :  

( i )  "discovery tha t "  = x and 

(ii) "discovery why" = y 



such that, in terms of "greater explanatory power," E 

(iii) yEx and %xEy, 

and this relationship is a more specific case of 

(iv) yRx and %xRy 

mentioned above. Using A to represent the class of which x and y are 

both members, one can write the general formula for asymmetry again: 

where (x), (y) represent "for all 'discoveries that"' and "for all 'dis- 

coveries why,'" respectively, and A is the class of discoveries in 

general. 

However, "greater explanatory power" E need not be the only exter- 

nal evaluative criterion, for one may also consider "greater ontological 

reality," 0 as the criterion. Consider what Blackwell says: 

(a) Of the two, discovered structures clearly possess the higher 
degree of ontological reality. They are much closer to the 
realm of nature as immediately experienced; they are much more 
explicit expressions of physical meaning; they are much more 
directly descriptive of the dictates of nature.66 

(b) In short, the closer is the descriptive empirical base of 
science, the less pressing is the issue of the ontological 
value of scientific assertions .67 

One may then write xOy and %yOx. However, if one wishes to speak of 

II greater intentional reality," I then y > x in terms of I, and the re- 

lationship is still one of asymmetry. Similarly, in terms of "greater 
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c r e a t i v e  power requi red ,"  C, then yCx and %xCy. The t a s k  now is  t o  i n -  

v e s t i g a t e  t h e  reasons t h a t  g i v e  rise t o  t h e s e  r e l a t i o n s h i p s .  

Blackwell ' s  t rea tment  of t h e  mind-nature dual ism no t  only g ives  

r i s e  t o  t h e  asymmetry d iscussed  e a r l i e r ,  bu t  a l s o  is  t h e  foundat ion 

s t o n e  of h i s  e n t i r e  theory .  Although one may contend t h a t  h i s  t rea tment  

i s  "middle of t h e  road,"  and, hence, an easy way of avoid ing  t h e  ep i s -  

temological  problems t h i s  dual ism e f f e c t s ,  i t  may n e v e r t h e l e s s  be  

claimed t h a t  h i s  t rea tment  i s  extremely v i a b l e  j u s t  because of t h i s  

very  "neut ra l"  p o s i t i o n .  I n  f a c t ,  t h i s  n e u t r a l i t y  i s  one of t h e  s t r o n g e s t  

p o i n t s  of t h e  theo ry ,  f o r  i t  seems t o  g ive  enough ground upon which t o  

b u i l d  wi thout  having t o  r e s o r t  t o  any metaphysical  n o t i o n s .  

Descar tes ,  a s  i s  w e l l  known, claimed t h a t  t h e  un ive r se  is  com- 

posed of on ly  two b a s i c  c o n s t i t u e n t s ,  o r  "substances,"  and, i n  u s ing  

t h i s  l a t t e r  term was fo l lowing  h i s t o r i c a l  usage i n  which "substance" 

means " tha t  which r e q u i r e s  noth ing  bu t  i t s e l f  i n  o r d e r  t o  e x i s t . "  The 

de f in ing  c h a r a c t e r i s t i c  of body (o r  mat te r ) - - tha t  i s ,  i t s  e s s e n t i a l  

c h a r a c t e r i s t i c  wi thout  which i t  would n o t  be  what i t  is--is ex tens ion ,  

t h e  possess ion  of dimensions; t h e  d e f i n i n g  c h a r a c t e r i s t i c  of mind (mental 

subs tance)  i s  thought ,  o r  a c t i v i t y  of t h ink ing .  Descar tes  a l s o  main- 

t a ined  t h a t  on ly  body and mind a r e  subs tances ,  and eve ry th ing  i n  t h e  

un ive r se  i s  r educ ib l e  t o  one o r  t h e  o t h e r ,  but--and t h i s  i s  t h e  c r u c i a l  

point--body and mind a r e  n o t  r educ ib l e  t o  each other--they a r e  s e p a r a t e  

and s e l f - s u s t a i n i n g .  Whereas body has none of t h e  p r o p e r t i e s  of mind, 

s o  too  does mind have none of t h e  p r o p e r t i e s  of body. However, t h i s  

s e l f - s u s t a i n i n g  power be ing  d iscussed  h e r e  i s  perhaps a  l i t t l e  mis leading  
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f o r ,  s t r i c t l y  speaking,  Descar tes  a l s o  claimed t h a t  God ( o r  t h e  d i v i n e  

substance)  is  a lone  u l t i m a t e l y  s e l f - s u s t a i n i n g ,  such t h a t  t h e  o the r  two 

subs tances  a r e  subs tances  by v i r t u e  of h i s  power. 

The problem wi th  Car t e s i an  dual ism i s  w e l l  known, f o r  Descar tes  

was never  a b l e  t o  exp la in  s a t i s f a c t o r i l y  t h e  problem of i n t e r a c t i o n ,  of 

t h e  r e l a t i o n  of mind and body i n  t h e  human organism. He suggested t h a t  

t h e  mind o r  s o u l  might o p e r a t e  from a l o c a l i z e d  s e a t  i n  t h e  b r a i n ,  and 

he suggested t h e  p i n e a l  gland.  However, t h i s  imp l i e s  t h a t  t h e  "sea t"  i s  

loca t ed  i n  space,  o r  extended,  and, as has  been noted Descar tes  was a t  

pa ins  t o  emphasize t h a t  ex t ens ion  i s  t h e  p rope r ty  of ma t t e r  a lone .  Mind 
# 

i s  def ined  s o l e l y  a s  thought and has  none of t h e  p r o p e r t i e s  of body. 

However, even i f  mind could somehow func t ion  wi thout  be ing  l o c a t e d ,  t h e  

manner of i t s  i n t e r a c t i o n  wi th  t h e  body remains n e c e s s a r i l y  myster ious ,  

f o r ,  how can two subs tances  wi thout  any p r o p e r t i e s  i n  common i n t e r a c t  i n  

any way a t  a l l ?  Descar tes  himself  recognized t h e  d i f f i c u l t y ,  and u l t i -  - 

mately appealed t o  t h e  hypothes is  of God t o  "explain" t h e  i n t e r a c t i o n .  

Consider b r i e f l y  t h e  p o s i t i o n  of Spinoza. A l l  t h a t  t h e  contem- 

porary n a t u r a l i s t  would inc lude  i n  n a t u r e  i s ,  f o r  Spinoza,  "substance" 

t h e  order  of n a t u r e ,  and t h i s  i nc ludes  both  an o rde r  of extended t h i n g s  

a s  w e l l  a s  a  l o g i c a l  o r d e r  of t h e i r  "ideas" o r  i n t e l l i g i b l e  a s p e c t s .  

Mind and ma t t e r  a r e  t hus  two " a t t r i b u t e s "  o r  ways i n  which t h e  o rde r  of 

n a t u r e  i s  i l l u s t r a t e d .  They a r e  no longe r ,  a s  i n  Desca r t e s ,  independent 

subs tances  ( i n  a d d i t i o n  t o  t h e  d iv ine )  bu t  a r e ,  r a t h e r ,  exempl i f i ca t ions  

of t h e  one all-embracing subs tance .  Furthermore, according t o  Spinoza, 

t h i s  subs tance  ( a s  t h e  i n c l u s i v e  o rde r  of n a t u r e  comprises t h e  u n i t y  and 



i n t e r r e l a t i o n  of a l l  t h a t  e x i s t s ) ,  a l s o  con ta ins  w i t h i n  i t s e l f  a l l  happen- 

ings .  It is ,  t h e r e f o r e  " e t e r n a l , "  " i n f i n i t e , "  and "omnipotent," and 

f o r  t h i s  reason he c a l l s  i t  "God" a s  w e l l  a s  "nature."  A s  Spinoza him- 

s e l f  s a id :  "Whatever i s ,  i s  i n  God, and without  God noth ing  can b e ,  o r  

be conceived." This  is  t h e  b a s i s ,  i t  seems, of Spinoza 's  Pantheism and 

Metaphysical Monism. 

Now, i n  t h e  l i g h t  of some understanding ( a l b e i t  ske tchy)  of t h e  

Ca r t e s i an  and S p i n o z i s t i c  s t a n d s  of dualism, t h e  p o i n t  h e r e  i s  t o  argue 

t h a t  Blackwell i s  j u s t i f i e d  i n  t ak ing  what seems t o  be  a  "middle road" 

f o r ,  bo th  Descar tes  and Spinoza, i n  t h e  f i n a l  a n a l y s i s ,  had t o  make re -  

course t o  metaphysical  no t ions ;  Blackwell,  by h i s  r e l a t i o n a l  and i n t e r -  

a c t i o n a l  t rea tment  of t h i s  dualism, does n o t  need t o  make such a  recourse .  

He simply cannot be  pushed i n t o  t h e s e  "extreme" cases .  A s  Blackwell 

himself  w r i t e s :  

It i s  n o t  my i n t e n t i o n  h e r e  t o  d i s s o l v e  a l l  d i s t i n c t i o n  between mind 
and n a t u r e  and l a p s e  i n t o  an  i n d e f e n s i b l e  monism. Both mind and 
n a t u r e  have d i s t i n c t i v e  f e a t u r e s .  Rather ,  a l though mind and n a t u r e  
a r e  n o t  i d e n t i c a l ,  each possesses  a r e a l i t y  which a l s o  inc ludes  an 
e s s e n t i a l  r e l a t i o n  t o  t h e  o t h e r .  The a l t e r n a t i v e s  t o  be  considered 
a r e  n o t  simply t h e  extremes of a  mind and n a t u r e  a s  d i s p a r a t e  
r e a l i t i e s  bea r ing  no r e l a t i o n a l  dependencies o r  a s  i d e n t i c a l  e n t i t i e s  
w i t h  no d i s t i n g u i s h i n g  c h a r a c t e r i s t i c s .  We have l i v e d  t o o  long i n  
t h e  shadow of t h e  C a r t e s i a n  dualism of mind and m a t t e r  and t h e  f a l s e  
problems which i t  gene ra t e s .  . . . If we i n s i s t  i n  t h ink ing  i n  t h e s e  
c a t e g o r i e s ,  our  only  op t ions  a r e  t o  accept  Desca r t e s '  t o t a l  separa-  
t i o n  o r  Spinoza 's  t o t a l  i d e n t i f i c a t i o n  of mind and m a t t e r .  . . . 

Although mind and ma t t e r  a r e  d i s t i n c t i v e l y  d i f f e r e n t  r e a l i t i e s ,  
i t  does n o t  fo l low t h a t  e i t h e r  i s  a complete and se l f - con ta ined  
r e a l i t y .  . . . The i n t e n t i o n  i s  t o  argue t h a t  t h e  mental  and p h y s i c a l  
po le s  of r e a l i t y  have each w i t h i n  them an e s s e n t i a l  r e l a t i o n  t o  t h e  
o t h e r .  . . . 68 
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Nevertheless ,  Blackwell does n o t  want t o  c la im t h a t  h i s  approach 

is  s o  very  new, al though one may s t i l l  agree  wi th  him t h a t  t h e  problems 

c rea t ed  by t h e  Car t e s i an  and S p i n o z i s t i c  s t a n d s  have been p r i m a r i l y  r e s -  

pons ib le  f o r  t h e  neg lec t  i n  t h e  examination of t h e  d iscovery  a spec t  of 

s c i e n t i f i c  i nqu i ry .  T r a d i t i o n a l l y ,  t h e  emphasis has  been s h i f t e d  t o  

what - now appears t o  be  an adequate  account of t h e  hypothet ico-deduct ive 

method. But t h i s  account ,  a s  i l l u s t r a t e d  by Bra i thwa i t e ,  Reichenbach, 

and Popper is  l i m i t e d  t o  t h e  l o g i c a l  a n a l y s i s  of t h e  f i n i s h e d  s c i e n t i f i c  

system, and does no t  t ake  i n t o  cons ide ra t ion  t h e  reasons  which o r i g i n a l l y  

suggested t h e  q r i n c i p l e s .  C e n t r a l  t o  t h e  theory  of d i scovery  a r e  t h e s e  

two phases which have a l r eady  been termed " the  context  of discovery" and 

"the context  of v a l i d a t i o n . "  Blackwell makes t h i s  d i s t i n c t i o n  c l e a r ;  

t h e  former context  i s  more c l o s e l y  a s s o c i a t e d  wi th  t h e  "nature" a spec t  

of t h e  dualism, and t h e  l a t t e r  more n e a r l y  a s s o c i a t e d  wi th  t h e  "mind" 

a spec t .  

However, a s  mentioned above, Blackwell does no t  c laim t h a t  t h i s  

d i f f e r e n c e  has  never be fo re  been s p e c i f i e d .  He r e f e r s  t o  Newton's d i s -  

t i n c t i o n  between t h e  a n a l y t i c  and s y n t h e t i c  phases,  t h e  former be ing  t h e  

s t a g e  of going from d a t a  t o  pr inc ip les - - the  d iscovery  phase--and t h e  

l a t t e r ,  t h e  going from p r i n c i p l e s  t o  conclus ions  i n  t h e  o r d e r  of explan- 

a t i o n .  

Blackwell ' s  argument a g a i n s t  t h e  Humean ep i s t emolog ica l  i n f luence  

i n  contemporary philosophy of s c i ence  seems v a l i d ,  f o r  a s t r o n g  charge 

may be  l a i d  a g a i n s t  Hume t o  t h e  e f f e c t  t h a t  he leaves  no room f o r  t he  

a c t  of discovery i n  t he  usua l  sense  of t h e  term. According t o  Hume, a l l  
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human knowledge u l t i m a t e l y  reduces t o  what he  c a l l s  " impressions,"  t h e  

c e n t r a l  f e a t u r e  of which i s  t h a t  they a r e  a t o m i s t i c  and do n o t  bear  

w i t h i n  themselves i n t e r n a l  r e l a t i o n s h i p s  t o  each o t h e r .  I n  Humean 

epistemology t h e  development of human knowledge c o n s i s t s  i n  t h e  mind's 

a c t i v e l y  making up f o r  t h i s  de f i c i ency  of impressions ( i . e . ,  t h e  absence 

of r e l a t e d n e s s )  by cons t ruc t ing  r e l a t i o n s h i p s  between them and o t h e r s  t o  

form t h e  o b j e c t s  of t h e  experienced world.  For Hume t h e r e  is simply noth- 

i ng  about t h e  impressions t h a t  can be  d iscovered .  The mosaic of human 

knowledge i s  u l t i m a t e l y  composed of minute p i e c e s  which have no i n t e r n a l ,  

pregiven r e l a t i o n s h i p s  t o  each o t h e r ,  n o t  even, i t  would seem s i m i l a r  

shades o f ,  say ,  t h e  co lou r  b lue .  What can be  done w i t h i n  such an ep i s -  

temology, e s p e c i a l l y  wi th  r e s p e c t  t o  discovery? It should come a s  l i t t l e  

s u r p r i s e  t h a t  t h e r e  i s ,  i n  f a c t ,  l i t t l e  t i k &  about d i scovery ,  b u t  a good 

d e a l  more i s  s a i d  w i t h  r e s p e c t  t o  cons t ruc t ion ism.  

The problems w i t h  Hume's epistemology have been encountered much 

e a r l i e r ,  f o r  a l though i t  may seem a t  f i r s t  a l i t t l e  p e c u l i a r ,  i t  can b e  

claimed t h a t  Hume's impressions a r e  i n  t h e  same ep i s t emolog ica l  c l a s s  a s  

t h e  P l a t o n i c  Forms. It is w e l l  known t h a t  P l a t o  in t roduced  h i s  Forms i n  

o rde r  t o  have an a p p r o p r i a t e  set of o b j e c t s  f o r  t h e  un ive r se  of i n t e l l e c -  

t u a l  d i scour se ,  b u t ,  a s  shown i n  h i s  l a t e r  d i a logues  he  came t o  r e a l i z e  

t h a t  i f  each Form e x i s t s  i n  i s o l a t i o n  from t h e  o t h e r s ,  a s  he appa ren t ly  

o r i g i n a l l y  thought ,  t h e  whole argument comes t o  nought. It seems t h a t  

i n t e r r e l a t edness - - a s  Blackwell i s  a t  pa ins  t o  show w i t h i n  h i s  own theory  

of discovery-- is  an e s s e n t i a l  cond i t i on  f o r  meaning and i n t e l l i g i b i l i t y .  

Blackwell ' s  f u r t h e r  charge a g a i n s t  Hume a l s o  seems v a l i d ,  t h i s  



charge being that Hume's epistemology is untrue to living human exper- 

ience. As Blackwell says: 

Direct experience is of a complex world composed of a huge variety 
of interrelated objects and events that any viable epistemology must 
take as its starting point and can deny only at its own peril. This 
point has been made over and over again, often with great eloquence, 
by various philosophers. Yet the Humean view still strongly persists. 
Perhaps this is because it is so reductionistic and mechanical, 
attributes which appeal strongly to the modern mind.69 

It can now be said that, in addition to the Cartesian and Spino- 

zistic stands on dualism, the Humean stand on epistemology also creates 

unviable (as well as untrue) artificial situations that Blackwell's 

approach (emphasizing the relationshi1 and interaction of mind and 

nature)--avoids. It seems that Hume's emphasis on the atomistic nature 

of sense impressions, and the further development of this notion in later 

sense data theories have resulted in a progressive depletion of meaning- 

ful content from immediate sense experience, leading logically, in the -' 
end to a complete vacuity of meaning. 

Another virtue of this particular treatment of the dualism is 

simply that by positing relatedness and interaction one also avoids 

objectifying abstractions. For example, if one were to take the Cartes- 

ian notion of total separation, and attempt to discuss an epistemology 

in terms of it, one would most likely find oneself dealing in such 

abstractions as "nature-in-itself" and "mind-in-itself .I1 But these are 

abstractions, and the danger for understanding any epistemology is the 

tendency to objectify such abstractions and to take them as the primary 

concrete realities under discussion. This is Whitehead's fallacy of mis- 

placed concreteness, and this fallacy Blackwell avoids. 
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The c e n t r a l  f e a t u r e  of Blackwell ' s  t rea tment  of t h e  p re sen t  

dual ism i s  based then  on two b a s i c  c h a r a c t e r i s t i c s ;  v i z . ,  r e l a t i o n s h i p  

and i n t e r a c t i o n .  The asymmetry between "discovery t h a t "  and "discovery 

why," t h e  two fundamental t h e o r e t i c a l  c o n s t r u c t s ,  a r i s e s  from t h e s e  two 

c h a r a c t e r i s t i c s .  

And i t  i s  t h i s  asymmetry t h a t  h e l p s  one t o  focus on o t h e r  

f e a t u r e s  of d i scovery ,  such a s  t h e  view of s c i e n t i f i c  d i scovery  a s  a  

form of c r e a t i v i t y .  Consider t h e  asymmetry formulas i n  t h e  fo l lowing  

order:  

( i )  xOy a i d  %yOx 0 i s  "g rea t e r  o n t o l o g i c a l  r e a l i t y 1 ' ;  

( i i )  y I x  and w d y  I i s  "g rea t e r  i n t e n t i o n a l  r e a l i t y " ;  

( i i i )  yEx and %xEy E i s  "grea te r  explana tory  p o t e n t i a l . "  

Formulas ( i )  t o  ( i i i )  i nvo lve  an i n c r e a s i n g l y  g r e a t e r  emphasis on mind, 

such t h a t  formula ( i v )  below r e p r e s e n t s  a  v i a b l e  consequence: 

( i v )  yCx and %xCy C i s  "more c r e a t i v e  than .  " 

There a r e  s e v e r a l  passages i n  r e s p e c t  of ( i v ) :  

(a )  On t h e  o t h e r  hand t h e o r e t i c a l  knowledge i s  contained i n  s t a t e -  
ments which express  t h e  r e l a t i o n s  among non-observable e n t i t i e s  
and even t s  and which a r e  produced by c r e a t i v e  assumptions of 
t h e  mind .70 

(b)  . . . i t  fo l lows  t h a t  c r e a t i v e  p o s t u l a t i o n  o f f e r s  a  wider  range 
f o r  genius and g i f t e d  i n s i g h t .  Knowing how t o  p o s t u l a t e  theo- 
r e t i c a l  e n t i t i e s  of explana tory  va lue  i s  a  ma t t e r  of cons iderable  
i ngenu i ty ,  and i t  d e f i e s  l o g i c a l  a n a l y s i s .  But t h i s  should not  
l ead  us t o  unde r ra t e  c r e a t i v e  p o s t u l a t i o n ;  i t  is  one of t h e  
ch ief  types  of t ransformat ion  i n  t h e  genes i s  of a  s c i e n t i f i c  
theory .  71  



(c)  The t h e o r e t i c a l  e n t i t i e s  which r e s u l t  a r e  t o  a  l a r g e  e x t e n t  
t h e  products  of t h e  c r e a t i v e  func t ions  of t h e  mind. To t h i s  
e x t e n t  they  a r e  no t  o n t o l o g i c a l l y  r e a l .  They a r e  menta l ly  
c r ea t ed  symbols which, a s  such,  a r e  i n t e n t i o n a l  e n t i t i e s . 7 2  

One of t h e  s t r o n g e s t  charges a g a i n s t  Blackwell ' s  theory  could 

come from those  who c la im t h a t  t he  gene ra t ion  of hypotheses must be in-  

dependent of exper ience ,  and, moreover, t h a t  they  must be  a r r i v e d  a t  

deduct ive ly .  These cond i t i ons  a r e  intended t o  maximize t h e  p o s s i b i l i t y  

of ob ta in ing  an hypothes is  t h a t  i s  f r e e  of t h e  i n v e s t i g a t o r ' s  p r i o r  d i s -  

p o s i t i o n s ,  va lues ,  a t t i t u d e s ,  and s o  on. It may be he ld  t h a t  Blackwel l ' s  

i n t e r a c t i o n  t rea tment  of t h e  mind-nature dual ism may prec lude  t h i s  con- 

c e p t u a l  o b j e c t i v i t y .  I n  f a c t ,  however, t h e r e  is  no incons i s t ency ,  f o r  

Blackwell i s  t a l k i n g  about t h e  in f luence  of t h e  un ive r se  of exper ience  

i n  t h e  o r i g i n  of t h e  i d e a ,  t h e  l o g i c a l l y  and temporal ly  p r i o r  s t a g e  

be fo re  any at tempt  a t  t h e  formula t ion  of even a  crude,  t e n t a t i v e  hypo- 

t h e s i s .  The f a c t  t h a t  he  makes such a  s t r o n g  case  f o r  t h e  transforma- 

t i o n a l  processes  of i d e a l i z a t i o n  and, e s p e c i a l l y ,  c r e a t i v e  p o s t u l a t i o n ,  

i n d i c a t e s  t h a t  he  too  i s  aware of t h e  problems of "objec t ive"  ( i n t e r -  

s u b j e c t i v e )  hypothes is  gene ra t ion .  Perhaps because of t h i s  same problem 

he speaks of t h e  f i r s t  adap t ive  s t a g e  a s  "e l abora t ion  of exper ience ,"  

and in t roduce  t h e  new term "transformation" t o  r e f e r  t o  t h a t  s t a g e  cu l -  

minat ing i n  t h e  formula t ion  of an hypothes is .  

Ce r t a in  a r e a s  of Blackwell ' s  d i scuss ion  do,  however, seem some- 

what vague. For i n s t a n c e ,  i n  t r y i n g  t o  j u s t i f y  h i s  t rea tment  of t h e  

mind-nature dual ism he r e s o r t s  t o  vague expres s ions  such a s  " the  human 

mind and phys i ca l  n a t u r e  a r e  somehow appropr i a t e  f o r  each o the r . "  One 
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may then ask  f o r  a  more p r e c i s e  meaning of t h e  phrase  "somehow approp- 

r i a t e , "  and a l s o  h i s  j u s t i f i c a t i o n  and/or  empi r i ca l  ev idence ,  f o r  t h i s  

claim. One may a l s o  ques t ion  h i s  use  of mind-nature con f ron ta t ion ;  i n  

what s ense ,  i f  any, does " in t e rac t ion"  d i f f e r  from "confronta t ion ,"  o r  

i s  t h e  l a t t e r  term simply a  l a b e l  f o r  a  temporal ly  p r i o r  s i t u a t i o n ?  I n  

a d d i t i o n ,  h i s  i d e a s  of " e l abora t ion  of n a t u r e , "  " d i c t a t e s  of na tu re , "  

and "progressive s p e c i f i c a t i o n "  a r e  a l l  l e f t  somewhat u n s a t i s f a c t o r i l y  

expla ined ,  and i t  seems Blackwell r e l i e s  t oo  heav i ly  on a  quasi-  

i n t u i t i o n i s t ,  perhaps "common-sense" approach; n e v e r t h e l e s s  t h e s e  (and 

perhaps o t h e r )  terms a r e  v i t a l  t o  h i s  proposed theory ,  and it might be 

expected t h a t  h e  would d e l i n e a t e  them more e x p l i c i t l y .  These appear  t o  

be  some of t h e  more obvious weaknesses of t h e  theory  a s  p r e s e n t l y  

o f f e red ;  perhaps o t h e r s  a r e  p re sen t  a l s o .  

However, t h e  theory  does seem t o  succeed i n  i t s  b a s i c  purposes o f :  

c a l l i n g  a t t e n t i o n  t o  t h i s  important  a spec t  of t h e  s c i e n t i f i c  

e n t e r p r i s e .  Whether t h e  success  is  complete w i l l  depend, i t  may 

be  sugges ted ,  on whether h i s  work s t i m u l a t e s  f u r t h e r  e f f o r t  i n  

t h e  s tudy  of t h i s  process  which perhaps,  on t h e  empi r i ca l  l e v e l ,  

could l e a d  t o  a d d i t i o n a l  i n s i g h t s  and d i s c o v e r i e s ;  

s e p a r a t i o n  of t h e  context  of d i scovery  from t h e  context  of v a l -  

i d a t i o n ,  and t o  develop e x p l i c i t l y  t h e  former,  which has no t  

been done h i t h e r t o ;  

p rovid ing  a t rea tment  which may be c o r r e c t i v e  f o r  t hose  who may 

a t t r i b u t e  a  n a i v e l y  r e a l i s t i c  s t a t u s  t o  s c i e n t i f i c  e n t i t i e s  ( a s ,  
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f o r  example, by showing t h a t  t h e o r e t i c a l  e n t i t i e s  a r e  o f t e n  

very  "crea t ive"  i n  n a t u r e ) .  

I n  a d d i t i o n  t h i s  t h e s i s  has  argued i n  suppor t  of Blackwel l ' s  

theory  i n  terms of :  

(1) h i s  t rea tment  of t h e  mind-matter dual ism wi th  r e s p e c t  t o  t h e  

problems r a i s e d  by P l a t o ,  Desca r t e s ,  Spinoza, Hume, and 

Whitehead; 

(2) t h e  i m p l i c i t  asymmetry t h a t  a l lows  f u r t h e r  understanding o f ,  

and i n s i g h t s  i n t o ,  t h e  n a t u r e  of t h i s  process .  

F i n a l l y ,  i t  may be worth r epea t ing ,  e s p e c i a l l y  f o r  t hose  who f e e l  

a f u r t h e r  a n a l y s i s  of  a  l o g i c  of d i scovery  has  been f o r f e i t e d :  Blackwel l ' s  

theory is no t  t o  prec lude  any such f u r t h e r  s tudy  of t h e  " logic"  involved,  

i f ,  indeed,  i t  e x i s t s .  The ou t s t and ing  f e a t u r e  of Blackwel l ' s  cont r ibu-  

t i o n  i s  t h a t  i t  al lows one t o  g e t  on wi th  t h e  a t tempt  t o  understand t h e  

d iscovery  process  simply by approaching t h e  problem from a new perspec- 

t i v e ,  and wi thout  becoming s t i f l e d  by t r y i n g  t o  s e e  "how many angels  can 

dance on t h e  head of a  pin"; t h a t  i s ,  wi thout  be ing  s t i f l e d  by t r y i n g  t o  

determine whether o r  n o t  a  l o g i c  of d i scovery  does i n  f a c t  e x i s t .  

SUMMARY 

This  chap te r  has  been an i n t e n s i v e  examination of s c i e n t i f i c  d i s -  

covery wi th  t h e  aim of acqu i r ing  some understanding of t h e  p roces s ,  a s  

w e l l  a s  i d e n t i f y i n g  some of i t s  c h a r a c t e r i s t i c  f e a t u r e s .  T r a d i t i o n a l l y  
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t h i s  has  been a  neglec ted  a r e a ,  and phi losophers  have simply r e f e r r e d  

t h e  ma t t e r  t o  p sycho log i s t s .  Some of t h e  psychologica l  work done t o  

d a t e  have been c i t e d ,  and, a s  witnessed by Simon's a r t i c l e s ,  psychologi- 

c a l  t h e o r i e s  of s c i e n t i f i c  d i scovery  a r e  be ing  developed. However, 

t h e r e  i s  n o t  a s  y e t  a  s i n g l e ,  complete theory .  

The p h i l o s o p h i c a l  approach has  focused on e l u c i d a t i n g  a l o g i c  of 

d i scovery  (Bacon, M i l l ,  Hanson) b u t  a n a l y s i s  of t h e i r  t r ea tmen t s  r e f u t e  

t h e  e x i s t e n c e  of such a  l o g i c .  Other methods have been t r i e d .  P e i r c e ' s  

"abduction" f a i l s  because i t  simply reduces t o  a  term d e s c r i b i n g  t h e  

mental p rocesses  by which hypotheses a r e  formulated.  Polya ' s  l o g i c  of 
4 

h e u r i s t i c  p l a u s i b i l i t y  i n fe rences  f a r e s  b e t t e r .  Models a r e  perhaps t h e  

c l o s e s t  technique t o  such a  " logic ,"  b u t  t h e r e  i s  no a lgo r i thm genera t -  

i n g  - t h e  model from which t h e  most f r u i t f u l  hypotheses may b e  deduced. 

A s  w e l l ,  models possess  many i n t r i n s i c  l i m i t a t i o n s .  

Empir ica l ly  (by what p sycho log i s t s  r e p o r t  and by what s c i e n t i s t s  

themselves say)  a s  w e l l  a s  conceptua l ly ,  d i scovery  appears  t o  be  non- 

l o g i c a l  and "c rea t ive . "  But t h i s  i s  no t  t o  s a y  t h a t  f u r t h e r  s tudy ,  

e s p e c i a l l y  f u r t h e r  ph i lo soph ica l  s tudy  i s  impossible .  Blackwell ' s  work 

does throw more l i g h t  on d iscovery  and b a s i c a l l y  succeeds i n  exp la in ing  

t h e  process .  Moreover, a n a l y s i s  of h i s  arguments aga in  shows up t h e  

c r e a t i v i t y  of s c i e n t i f i c  d i scovery .  The fo l lowing  model can then be 

cons t ruc t ed .  
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CHAPTER FOUR 

MUSICAL CREATIVITY 

SECTION I Introduction 

The previous chap te r  e s t a b l i s h e d  two phases of s c i e n t i f i c  d i s -  

covery (genera l  s ense ) ,  namely, t h e  s u b j e c t i v e  and t h e  o b j e c t i v e .  The 

former is  a s s o c i a t e d  wi th ,  i n  psychologica l  terms, d ive rgen t  t h ink ing  

and c r e a t i v i t y  and wi th  t h e  con tex t  of discovery;  t h e  l a t t e r  i s  asso-  

c i a t e d  wi th  convergent th inking ,  w i th  adherence t o  r u l e s  of v a l i d  i n -  

f e r ence ,  and w i t h  t h e  con tex t  of v a l i d a t i o n .  This  p r e s e n t  chapter  w i l l  

b e  devoted t o  a n  examination of musical  c r e a t i v i t y ,  bu t ,  a s  t h i s  a c t i -  

v i t y  and concept may b e  considered a  s tandard  case ,  o r  paradigm, of 

c r e a t i v i t y  ( a s  t h e  term i t s e l f  imp l i e s )  t h e  emphasis w i l l  b e  a n  a t tempt  

t o  e s t a b l i s h  an  o b j e c t i v e  base  such t h a t  a  r e l a t i o n s h i p  may b e  formulated 

between s c i e n t i f i c  d i scovery  (genera l  sense)  and musica l  c r e a t i v i t y  

(gene ra l  s e n s e ) .  That is ,  t h e  r e l a t i o n s h i p  need not  b e  r e s t r i c t e d  t o  

t h e  es tab l i shment  of a c rea t ive-subj  ec t i v e  phase, b u t  can b e  extended 

t o  i nc lude  a l s o  a ru le -centered ,  o b j e c t i v e  one. This  w i l l  then  a l low 

a r e l a t i o n s h i p  between both t h e  s p e c i a l  t h e  g e n e r a l  s enses  of each 

term. 

The g e n e r a l  p l an  of t h e  chapter  w i l l  b e  a s  fo l lows:  

(A) empi r i ca l  ( I ) ,  be ing  b r i e f  summaries of what psychologis t s  have 

w r i t t e n  about  t h e  s u b j e c t ;  
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(B) empi r i ca l  (11) ,  be ing  a c o r r e l a t i o n  of what composers themselves 

have s a i d  about musical  c r e a t i v i t y .  These quo ta t ions  w i l l  b e  ca t egor i zed  

a s  i n  Chapter Three, namely: 

(1) s p e c u l a t i o n  and t h e  humanis t ic  dimension; 

(2) ( c r e a t i v e )  imaginat ion;  

(3)  invent iveness ,  i ngenu i ty ,  i n t u i t i o n ,  and t h e  r o l e  of 

p r i o r  knowledge; 

(4) s e l e c t i v i t y  and c r i t i c a l  eva lua t ion .  

Again (1) and (2) w i l l  b e  c l o s e l y  r e l a t e d .  

(C) conceptua l  (I) : an  argument t o  e s t a b l i s h  an  o b j e c t i v e  b a s e  through 

a n  a t tempt  t o  c l a r i f y  t h e  n o t i o n  of "music theory"; 

(D) conceptua l  (11):  an  expos i t i on  of t h e  l o g i c  underlying a b a s i c  

theory of musica l  s t r u c t u r e  (" the  Proto-theory of Music") which can b e  

seen  a s  'supplying a fundamental conceptua l  framework analogous t o ,  f o r  

example, t h e  atomic theory  of ma t t e r .  

SECTION I1 

Some psychoZogicaZ approaches that  have been ef fected t o  
attempt t o  understand musical creat iv i ty ,  which studies 
are intended t o  support the conceptuaZ cZaims t o  be made 
Zater i n  the thes is .  

e m p i r i c a l  (I) approach: psychoZogicaZ studies.  R. H. 
WiZman: emphasizes the principle of s e l e c t i v i t y .  A. R. 
Arasteh supports t h i s  principle and suggests that  it 
applies t o  aZZ types of creat iv i ty .  Evelyn Benham's 
auditory images comprise the f i r s t  phase of musicaZ 
creat iv i ty ,  but are associated with t r a i n e d  observation. 



R. H. Wilman r e l a t e s  ("An Experimental I n v e s t i g a t i o n  of t h e  Crea t ive  

1 
Process  i n  Music") how h e  chose twenty-two "standard" and t e n  "popular" 

composers, wi th  vary ing  degrees of musical  t r a i n i n g .  One p a r t  of t h e  

experiment cons i s t ed  of i n t e rv i ews  wi th  t h e  composers themselves,  and a 

s i g n i f i c a n t  f i n d i n g  was t h a t  s e l e c t i v i t y  was observed t o  e n t e r  t h e  c r e a t i v e  

p roces s ,  involv ing  choice  among a l a r g e  number of p o s s i b i l i t i e s ,  and 

pe rcep t ion  of t h e  r e l a t i o n s h i p s  of t h e  choice  i n  regard  t o  s p e c i f i c  

s i t u a t i o n s .  A. Reza Arasteh (Crea t iv i t y  i n  The L i f e  S t y l e )  ag rees  wi th  

Wilman and sugges ts  t h a t  t h i s  p r i n c i p l e  of s e l e c t i v i t y  n o t  only a p p l i e s  

t o  c r e a t i v e  musicians b u t  t o  every c r e a t i v e  person (presumably, i nc lud ing  

s c i e n t i s t s ) .  H e  goes on t o  s ay  (and l a t e r  e l a b o r a t e s  i n  some d e t a i l )  

t h a t  a l l  c r e a t i v e  processes  seem s i m i l a r  t o  one ano the r ,  a l though t h i s  

i s  n o t  t o  say t h a t  they  a r e  i d e n t i c a l .  Each type  of c r e a t i v i t y  is  uniquely 

determined by i t s  c r e a t o r  ( a r t i s t ,  musician) ,  and a l s o  by t h e  form and 

des ign  of t h e  work. However, i n  music, t h e  techniques of t h e  ins t ruments  

and v o i c e s  and t e c h n i c a l  s k i l l  i n  a c t u a l  composition p lay  a g r e a t e r  r o l e  

i n  determining what has  been c a l l e d  musical  c r e a t i v i t y  (gene ra l  s e n s e ) .  

I n  o t h e r  words, of a l l  t h e  a r t s ,  i t  seems t h a t  music is  t h e  most h igh ly  

t e c h n i c a l ,  bo th  i n  i t s  c r e a t i o n  and i n  i t s  performance. 

P e t e r  Racine F r i c k e r  says :  

Perhaps t h e  a r t  of composing music needs a very c l e a r  head. 
I may b e  be ing  bumptious about t h i s ,  b u t ,  t o  my mind, t h e r e  
a r e  s o  many more t e c h n i c a l  ques t ions  involved i n  composing 
music than i n  p a i n t i n g  o r  l i t e r a t u r e  t h a t  you need a c l e a r e r  
mind t o  cope wi th  them . . . 2 

Evelyn Benham ("The Crea t ive  Ac t iv i ty :  I n t r o s p e c t i v e  Experiments i n  

3 
Musical  Composition") p r e s e n t s  observa t ions  based on h e r  own experiences 



p r i o r  t o  and dur ing  t h e  process  of composing music. Amongst o t h e r  r e s u l t s ,  

s h e  concludes t h a t  aud i to ry  images comprise t h e  i n i t i a l  s t a g e  ( c f .  l a t e r  

Copland's term, "sound image") b u t  t h a t  t r a i n e d  obse rva t ion  is  needed 

t o  g e t  a t  i t .  This sugges ts  t h a t  p r i o r  t r a i n i n g  ( c f .  " ro l e  of  p r i o r  

knowledge") i s  a l s o  e s s e n t i a l .  

This  concludes t h i s  b r i e f  survey of empi r i ca l  r e s u l t s  which have 

been presented  i n  va r ious  psychologica l  j ou rna l s  ( s e e  b ib l iog raphy) .  

Again, t h e  t h e s i s  makes no p r e t e n s e  t h a t  t h e  i n v e s t i g a t i o n s  i n  t h i s  

area a r e  complete, o r  t h a t  f u r t h e r  s tudy  is  no t  wanting. These works 

a r e  c i t e d  h e r e  i n  suppor t  of c laims t o  b e  made i n  subsequent s e c t i o n s .  

SECTION I11 (empir ica l  11) 

An attempt i s  made t o  understand further the nature of 
musical creat iv i ty  by examining some quotations of com- 
posers themselves. As was the case with s c i e n t i f i c  dis- 
covery, these quotations have not been systematized; 
they are gathered here i n  four categories which categories 
have already been introduced i n  Chapter Three. For review 
purposes, these categories are: 

(1) SpecuZation and the hvmnis t i c  dimension: 
I. Stravinsky. H .  Searle. P. R. Fricker. 
S i r  Michael Tippett .  

( 2 )  Creative imagination: 
I .  Stravinsky. A. CopZand. H .  Searle. 

(3) Inventiveness, ingenuity, i n tu i t ion ,  and the 
role  of prior knmledge: 
I .  Stravinsky. A .  Benjamin. P .  R. Fricker. 

( 4 )  Se l ec t i v i t y  and criticaZ evaZuation: 
I .  Stravinsky. A. Copland. E.  WeZZez. 

Summary and indication of the subsequent direction of the 
discussion. 
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(1) Speculation and the humanistic dimension: 

One of t h e  "themes" upon which a  r e l a t i o n s h i p  between s c i e n t i f i c  

d i scovery  and musical  c r e a t i v i t y  (genera l  s enses )  can be b u i l t  i s  t h a t  

of specu la t ion ,  and t h e  ske t ch ing  ou t  of a  b a s i c  framework b e f o r e  f i l l i n g  

i n  t h e  d e t a i l s .  The l a t e  Igo r  S t rav insky  has  d iscussed  music a s  a  phe- 

nomenon of i n n a t e  complexi t ies  and p o s s i b i l i t i e s  t h a t  r e q u i r e  s p e c u l a t i o n ,  

where t h e  composer's w i l l ,  f i r s t  moving i n  an  a b s t r a c t  realm even tua l ly  

r e s u l t s  i n  something conc re t e ,  t h e  f i n a l  musical  composition. I n  h i s  

Poetics of Music h e  w r i t e s :  

For t h e  phenomenon of music i s  noth ing  o t h e r  than  a phe- 
nomenon of specu la t ion .  There is  noth ing  i n  t h i s  exp res s ion  
t h a t  should f r i g h t e n  you. It simply presupposes t h a t  t h e  
b a s i s  of musical  c r e a t i o n  i s  a  pre l iminary  fee l ing-out  . . . 4 

This  pre l iminary  s p e c u l a t i o n  i s  a l s o  confirmed by Humphrey S e a r l e ,  

who says:  

. . . I s k e t c h  out  a  composition ve ry  quick ly  and then  go back 
and f i l l  i n  t h e  d e t a i l s .  I f  you looked a t  some of t h e  unf in ished  
s c o r e s  of Schubert you would g e t  an i d e a  of what mine look l i k e  
a f t e r  t h i s  f i r s t  s tage- - jus t  t h e  b r i e f e s t  i n d i c a t i o n s  f o r  l a t e r  
reworking. I l i k e  t o  have a  framework be fo re  me and I l i k e  t o  
g e t  i t  e r e c t e d  a s  quick ly  a s  p o s s i b l e .  I sketched my t h i r d  sym- 
phony i n  t h r e e  weeks; then  I went back and spen t  t h r e e  months 
on t h e  d e t a i l s .  5 

and t h i s  i s  f u r t h e r  supported by P e t e r  Racine F r i c k e r  who, i n  t h e  follow- 

i n g  passage a l s o  makes r e f e rence  t o  Beethoven: 

. . . Beethoven, I b e l i e v e  s a i d  t h a t  he  had a  ' p i c t u r e '  
of a  work be fo re  he wrote  i t - -not  a  programme, b u t  a  con- 
cep t ion  about how t h e  p i ece  w i l l  work o u t .  He meant, I t h i n k ,  



t h a t  h e  saw t h e  o u t l i n e s  of  t h e  work c l e a r l y  and knew how 
and where t h e  d i f f e r e n t  c h a r a c t e r i s  t i c s  of t h e  work would 
emerge. I f e e l  much t h e  same - t h e  work begins  t o  t ake  
shape b e f o r e  I w r i t e  a  n o t e  of i t  .6 

F i n a l l y ,  S i r  Michael T i p p e t t  says  : 

. . . I begin  by f i r s t  becoming aware of t h e  o v e r a l l  
l eng th  of t h e  work, t hen  of how i t  w i l l  d i v i d e  i t s e l f  i n t o  
s e c t i o n s  (perhaps movements), and then  of t h e  kind of tex-  
t u r e  o r  ins t ruments  t h a t  w i l l  perform i t .  I p r e f e r  no t  
t o  look  f o r  t h e  a c t u a l  no tes  of t h e  composition u n t i l  t h i s  
process  h a s  gone a s  f a r  a s  p o s s i b l e .  F i n a l l y  t h e  no te s  
appear and, i n  gene ra l ,  I f i n d  t h a t  dur ing  the  pure ly  mental 
p rocess  of  a r t i c u l a t i n g  my imaginat ion t h e  p r e c i s e  m a t e r i a l  
has  been forming i t s e l f  subconsc ious ly ,  s o  t h a t  I never  
have t o  s t r p g g l e  t o  f i n d  i t  .7 

(2) Creative imagination: 

Stravinsky  speaks of c r e a t i v e  imaginat ion i n  h i s  composing i n  

t h a t  any inven t ion  presupposes i t .  Moreover, i t  is  t h i s  imagina t ive  

f a c u l t y  t h a t  h e l p s  t h e  composer t o  pass  from t h e  conceptua l  rea lm t o  

t h a t  of r e a l i z a t i o n .  Also, he sugges ts  t h a t  c r e a t i v e  imaginat ion goes 

hand-in-hand w i t h  observa t ion .  He w r i t e s :  

The f a c u l t y  of c r e a t i n g  i s  never  g iven  t o  us a l l  by it- 
s e l f .  I t  always goes hand i n  hand w i t h  t h e  g i f t  of obser-  
va t ion .  8 

Aaron Copland, ano the r  prominent 20th century composer, and perhaps 

t h e  l e a d e r  of t h e  American schoo l  of composers, a l s o  w r i t e s  on t h e  impor- 

t a n t  r o l e  of t h e  imaginat ion when he  says  t h a t  t he  f r e e  and imagina t ive  

mind is a t  t h e  base  of a l l  v i t a l  music making. H e  goes on t o  add t h a t  

i n  music, a  h i g h l y  c r e a t i v e ,  imagina t ive  mind is  e s p e c i a l l y  important  

because music provides t h e  b roades t  p o s s i b l e  v i s t a  f o r  t h e  imaginat ion 



s i n c e  i t  is t h e  f r e e s t ,  most a b s t r a c t ,  and l e a s t  hindered of a l l  

t h e  a r t s .  It i s  i n t e r e s t i n g  t o  observe i n  connect ion wi th  t h e s e  no t ions  

of c r e a t i o n  and a b s t r a c t i o n  what A. N. Whitehead has  w r i t t e n  ( c i t e d  

f i r s t  i n  Chapter Three, and h e r e  quoted i n  p a r t ) .  

The Sc ience  of Pure Mathematics, i n  i t s  modem develop- 
ments, may c la im t o  b e  t h e  most o r i g i n a l  c r e a t i o n  of t h e  
human s p i r i t .  Another claimant  f o r  t h i s  p o s i t i o n  is  music. 9 

Also, Humphrey S e a r l e ,  i n  connect ion w i t h  h i s  pre l iminary  sketching-out  

( specu la t ion )  a l s o  mentions t h e  no t ion  of imaginat ion:  

I t r y  t o  have a good i d e a  of t h e  formal  shape  of t h e  work 
b e f o r e  I begin;  t h e  s e r i e s  is  simply my m a t e r i a l .  I don ' t  
have any organized scheme a s  t o  how t h i s  m a t e r i a l  i n  i t s  
va r ious  forms and t r a n s p o s i t i o n s  w i l l  make i t s  appearance 
i n  t h e  work b u t  draw on i t  a s  my imagina t ion  r e q u i r e s .  What 
I sometimes do is  t o  make t h e  l a s t  two n o t e s  of one form of 
t h e  s e r i e s  t h e  same as t h e  f i r s t  two of  t h e  next  s o  t h a t  I 
have a l o g i c a l  con t inua t ion  from one t o  another  and t h i s  auto- 
m a t i c a l l y  c r e a t e s  t r a n s p o s i t i o n s  w i t h  each r e p e t i t i o n .  10 

(By t h e  term " s e r i e s , "  h e  i s  r e f e r r i n g  t o  t h e  twelve-tone method.) 

(3 )  Inventiveness, ingenuity , intui t ion: 

Stravinsky  a l s o  makes r e f e rence  t o  t h i s  p o i n t  of  i nven t iveness  

when, speaking of composers, h e  s ays  composers have a duty  toward music,  

namely t o  i nven t  i t .  Moreover, t h e  s tudy  of t h e  phenomenon of music 

r e q u i r e s ,  a s  S t rav insky  would have i t ,  an " i n t e g r a l  man," armed wi th  

a l l  t h e  resources  of h i s  s enses ,  h i s  psychologica l  f a c u l t i e s  and h i s  

i n t e l l e c t u a l  equipment. He goes on t o  say  t h a t ,  a l though invent iveness  

presupposes c r e a t i v e  imaginat ion,  i t  should no t  b e  confused wi th  i t ,  f o r  

I I i nvent iveness"  imp l i e s  a lucky f i n d  ( c f .  Hempel's "happy guesses") and 



t h e  achievement o r  f u l l  r e a l i z a t i o n  of t h a t  f i n d .  However, h e  main ta ins  

t h a t  c r e a t i v e  imaginat ion does no t  n e c e s s a r i l y  t ake  on a conc re t e  form, 

such a s  a symphony o r  s t r i n g  q u a r t e t ,  and indeed may simply remain i n  

a s t a t e  of v i r t u a l i t y .  

Arthur  Benjamin a l s o  speaks of t h i s  i n t u i t i o n ,  a l though i n  t h e  

fo l lowing  i t  is r e f e r r e d  t o  a s  an  " in s t inc t " :  

When I begin a work I never  know what form i t ' s  going t o  
take .  I never  say: 'This w i l l  b e  my second s u b j e c t ,  h e r e  
I ' m  going t o  b u i l d  a b r idge ,  o r  i t ' s  now time f o r  t h e  re -  
c a p i t u l a t i o n . '  I f e e l  t h e s e  th ings  i n s t i n c t i v e l y  when t h e  
proper  t ime a r r i v e s .  P r a c t i c e  too ,  h a s  he lped  me t o  l o s e  
a l l  s ensa t ipns  of adapt ing  myself t o  t h e  formal  n e c e s s i t i e s  
of d i f f e r e n t  works. I w i l l  say though, t h a t  l a r g e  works 
a r e  always more d i f f i c u l t .  They r e q u i r e  more mental  planning;  
one ' s  v i s i o n  must b e  broader  and one ' s  memory must b e  s t r o n g e r .  

11 

He a l s o  r e f e r s  t o  t h e  r o l e  of p r i o r  knowledge and i t s  r e l a t i o n  t o  " i n s t i n c t . "  

It simply must become second n a t u r e  t o  t h e  composer t o  b e  
a b l e  t o  b u i l d  l a r g e  movements. I n  h i s  youth h e  has  t o  prac- 
t i s e  by w r i t i n g  i n  t h e  s t r i c t  forms, f i r s t  t h e  minuet and 
then  t h e  sona ta .  To g i v e  a convincing shape t o  a fugue i n  
which t h r e e  o r  fou r  vo ices  a r e  con t inua l ly  involved w i t h  one 
another  is  one of t h e  g r e a t e s t  problems t h a t  could b e  s e t  f o r  
t h e  s tuden t  composer. Working wi th  t h e s e  s t r i c t  forms is  only 
a means of t r a i n i n g  t h e  s t u d e n t  composer f o r  t h e  l i b e r t i e s  he 
w i l l  t a k e  l a t e r  i n  o r d e r  t o  g ive  h i s  mature works a b u i l d i n g  
power t h a t  w i l l  d i s t i n  u i s h  h i s  musical  p e r s o n a l i t y .  Then 
form becomes i n s t i n c t .  K 2 

F i n a l l y ,  r e f e r e n c e  t o  i n t u i t i o n  is  aga in  made by P e t e r  Racine F r i cke r :  

For me t h e  ' v i s i o n '  of a work i s  q u i t e  a d i f f e r e n t  t h i n g  
from exper ienc ing  a mental  performance of i t .  I t  i s ,  i d e a l l y ,  
an  in s t an t aneous  p i c t u r e  o r  image of t h e  complete p i ece .  Not 
a l l  t h e  d e t a i l s  a r e  c l e a r  b u t  t h e  gene ra l  o u t l i n e s  w i l l  b e  
q u i t e  d e f i n i t e .  There seems t o  b e  no d u r a t i o n  t o  t h i s  image 
o r  a t  l e a s t  I don ' t  s e n s e  i t  consc ious ly  t h i s  way. Not a t  
f i r s t .  I don ' t  t h ink  t h i s  r e a l l y  comes u n t i l  I begin  w r i t i n g  



i t  down. Then I begin t o  ba lance  t h e  s e c t i o n s  and space  t h e  
climaxes. It i s  impossible  t o  speak about t h i s .  It has  t o  
b e  sensed i n t u i t i v e l y .  l3 

( 4 )  SeZectivify and criticaZ evatuation: 

I n  d i scuss ing  h i s  work, S t r av insky  says :  

Thus, i t  i s  not  a  ques t ion  of my p r i v a t e  f e e l i n g s  and 
t a s t e s ,  nor  is  i t  a  ques t ion  of a  theory  of music p ro j ec t ed  
through a  s u b j e c t i v e  prism. M experiences and i n v e s t i g a t i o n s  
a r e  e n t i r e l y  o b j e c t i v e  . . . 11: 

Also, h e  d ismisses  t h e  popular  n o t i o n  of "musical i n s p i r a t i o n 1 '  t h a t  

l e a d s  t o  g r e a t  compositions by saying:  

Most music-lovers b e l i e v e  t h a t  what s e t s  t h e  composer's 
c r e a t i v e  imaginat ion i n  motion is  a  c e r t a i n  emotive d i s -  
tu rbance  gene ra l ly  des igna ted  by t h e  name of inspiration. 1 5  

He main ta ins  t h a t  i n  no way i s  i n s p i r a t i o n  a  p re sc r ibed  cond i t i on  of 

t h e  c r e a t i v e  a c t ,  b u t  is ,  r a t h e r ,  a  temporal ly  secondary man i f e s t a t ion .  

H i s  i deas  a r e  c l e a r l y  s t a t e d  when h e  w r i t e s :  

Inspiration, art ,  a r t i s t  - s o  many words, hazy a t  l e a s t ,  
t h a t  keep us from see ing  c l e a r l y  i n  a  f i e l d  where eve ry th ing  
i s  ba l ance  and c a l c u l a t i o n  through which t h e  b r e a t h  of t h e  
s p e c u l a t i v e  s p i r i t  blows. It i s  a f t e rwards ,  and only a f t e r -  
wards, t h a t  t h e  emotive d i s tu rbance  which i s  a t  t h e  roo t  of 
i n s p i r a t i o n  may a r i s e  . . . 16 

H e  goes on t o  say: 

A l l  c r e a t i o n  presupposes a t  i t s  o r i g i n  a  s o r t  of a p p e t i t e  
t h a t  is brought on by t h e  f o r e t a s t e  of d i scovery .  This  fore-  
t a s t e  of t h e  c r e a t i v e  a c t  accompanies t h e  i n t u i t i v e  g ra sp  of 
an unknown e n t i t y  a l ready  possessed b u t  n o t  y e t  i n t e l l i g i b l e ,  
an e n t i t y  t h a t  w i l l  no t  t ake  d e f i n i t e  shape except  by t h e  
a c t i o n  of a  cons t an t ly  v i g i l a n t  technique.  



This  a p p e t i t e  t h a t  is  aroused i n  me a t  t he  mere thought of 
p u t t i n g  i n  o rde r  musical  e lements  t h a t  have a t t r a c t e d  my a t t e n -  
t i o n  i s  no t  a t  a l l  a  f o r t u i t o u s  t h i n g  l i k e  i n s p i r a t i o n ,  b u t  
a s  h a b i t u a l  and p e r i o d i c ,  i f  no t  a s  cons t an t ,  a s  a  n a t u r a l  
need. 

This premonition of an o b l i g a t i o n ,  t h i s  f o r e t a s t e  of a  
p l easu re ,  t h i s  condi t ioned  r e f l e x ,  a s  a  modern p h y s i o l o g i s t  
would say ,  shows c l e a r l y  t h a t  t h e  i d e a  of discovery and hard  
work i s  what a t t r a c t s  me .I7 

He main ta ins  t h a t  t h i s  s e l e c t i v i t y  and o rde r ing  of m a t e r i a l s ,  of r e l a t i n g  

i n t e r v a l s  rhythmica l ly ,  comes long b e f o r e  any ideas  a r e  born,  and t h i s  

e x p l o r a t i o n  of p o s s i b i l i t i e s ,  f o r  him, i s  always conducted a t  t h e  piano.  

Thus, on ly  after h e  has  e s t a b l i s h e d  h i s  melodic,  harmonic, and rhythmical  

r e l a t i o n s h i p s  does h e  pas s  on t o  composition, which i s  a subsequent  

expansion and o rgan iza t ion  of m a t e r i a l .  Moreover, h e  s ays  t h a t  t h e  form 

of h i s  compositions i s  t h e  " l o g i c a l  d i scuss ion"  of s e l e c t e d  musica l  

m a t e r i a l s ,  and t h a t  t h e  c r e a t i v e  phenomenon cannot b e  observed indepen- 

den t ly  of t h e  form i n  which t h e  phenomenon is made mani fes t .  Fur ther -  

more, every formal  process  proceeds from one p r i n c i p l e ,  v i z . ,  t h e  need 

t o  b r i n g  o r d e r  ou t  of chaos. 

This  o b j e c t i v e  manipulat ing and o rde r ing  of musica l  m a t e r i a l s  

is  expressed by h i s  d e s c r i p t i o n  of music a s  organized t o n a l  e lements ,  

H e  says:  " A l l  music i s  nothing more than  a  succes s ion  of impulses t h a t  

,118 converge toward a  d e f i n i t e  p o i n t  of repose  and t h a t  composing, f o r  

him, i s  

. . . p u t t i n g  i n t o  an  o rde r  a  c e r t a i n  number of t h e s e  sounds 
accord ing  t o  c e r t a i n  i n t e r v a l - r e l a t i o n s h i p s .  This  a c t i v i t y  
l e a d s  t o  a  s ea rch  f o r  t h e  c e n t e r  upon which t h e  s e r i e s  of 
sounds involved i n  my undertaking should converge. Thus, i f  
a  c e n t e r  i s  given,  I s h a l l  have t o  f i n d  a  combination t h a t  



converges upon i t .  I f ,  on t h e  o t h e r  hand, an  a s  y e t  un- 
o r i e n t e d  combination has  been found, I s h a l l  have t o  de t e r -  
mine t h e  c e n t e r  toward which i t  should l e a d .  The d i scove r  
of t h i s  c e n t e r  sugges t s  t o  me t h e  s o l u t i o n  of my problem. 18 

This  r e f e rence  t o  problem s o l v i n g  i s  e s p e c i a l l y  i n t e r e s t i n g ,  f o r ,  

i n  conversa t ion  w i t h  t h e  conductor Robert C r a f t ,  S t rav insky  has  s a i d  ( i n  

r e p l y  t o  a  ques t ion  of whether h e  regarded musical  form a s  being i n  some 

degree mathematical) :  

It is  a t  any r a t e  f a r  c l o s e r  t o  mathematics t han  t o  l i t e r -  
a t u r e  - n o t  perhaps t o  mathematics i t s e l f ,  b u t  c e r t a i n l y  t o  
something l i k e  mathematical t h ink ing  and mathematical  r e l a t i o n -  
s h i p s .  (How misleading a r e  a l l  l i t e r a r y  d e s c r i p t i o n s  of 
musical  form!) I am no t  say ing  t h a t  composers t h i n k  i n  
equat ions  o r  c h a r t s  of numbers, nor  a r e  t hose  th ings  more 
a b l e  t o  symbolize music. But t h e  way t h e  composers t h i n k ,  
t h e  way I th ink ,  is ,  i t  seems t o  me, n o t  very  d i f f e r e n t  from 
mathematical  t h ink ing .  I was aware of t h e  s i m i l a r i t y  of 
t h e s e  two modes w h i l e  I was s t i l l  a  s tuden t ;  and; i n c i d e n t a l l y ,  
mathematics was t h e  s u b j e c t  t h a t  most i n t e r e s t e d  me i n  school .  
Musical  form i s  mathematical because i t  i s  i d e a l ,  and form 
i s  always i d e a l  . . . 2 0 

It has  been i n d i c a t e d  t h a t  t h e  s e l e c t i v i t y  and o rde r ing  of m a t e r i a l s  

is  n o t  completely l e f t  t o  t h e  composer's abandon. A s  Copland s t a t e s ,  

t h e  c r e a t i v e  mind must a l s o  b e  a criticaZ one, and St rav insky  w r i t e s  

t h a t ,  a f t e r  t h e  c r e a t o r  has  s i f t e d  t h e  elements a v a i l a b l e ,  h e  must then  

impose l i m i t s ,  f o r ,  " the more a r t  is  c o n t r o l l e d ,  l i m i t e d ,  worked over ,  

t h e  more i t  i s  f r e e .  r1L1 

F i n a l l y ,  Egon Wellez desc r ibes  t h e  manner i n  which h e  was taught  

composition by Arnold Schoenberg i n  which t h e  no t ion  of " s e l e c t i v i t y "  

is  aga in  h igh l igh ted :  

When h e  saw our  work and c r i t i c i z e d  i t  h e  always gave us 
f o u r  o r  f i v e  d i f f e r e n t  s o l u t i o n s  t o  t h e  problems t h a t  confronted 



us .  That is t h e  differencebetween him and many o t h e r  
t eache r s ;  he  taught  us t h a t  every a r t i s t i c  problem can 
have a  v a r i e t y  of s o l u t i o n s .  But h e  i n s i s t e d  t h a t  one 
must always s t r i v e  f o r  i n t e g r i t y  of thought .  He taught  
t h a t  i f  t h e  melody is  s imple  you need a  s imple  harmony; 
i f  t h e  melody i s  complicated you need complicated harmony. 
I remember he once t o l d  a  pupi l :  'Didn ' t  you inven t  a  
s imple  harmony t o  t h i s  s imple  melody f i r s t ,  and then  make 
i t  complicated? '  The p u p i l  admit ted h e  had. 'Well then ,  
p l e a s e  w r i t e  i t  t h a t  way.22 

Invent iveness  and ingenu i ty ,  even c r e a t i v e  imagina t ion  and specu- 

l a t i o n  a l r eady  d iscussed ,  seem t o  b e  r e l a t e d ,  i n  some way, and t o  vary ing  

degrees ,  wi th  p r i o r  knowledge. Moreover t h i s  knowledge need n o t  b e  

understood i n  a ,nar row sense ,  i . e . ,  knowledge of only one f i e l d  i n  depth,  

b u t  more i n  terms of a  broad b u t  s e c u r e  g ra sp  of s e v e r a l  f i e l d s .  S t r a -  

vinsky touches on t h i s  i d e a  when h e  w r i t e s :  

A r t  i n  t h e  t r u e  sense  i s  a  way of f a sh ion ing  works 
according t o  c e r t a i n  methods acqui red  e i t h e r  by appren- 
t i c e s h i p  o r  by inven t iveness .  And methods a r e  t h e  s t r a i g h t  
and predetermined channels t h a t  i n s u r e  t h e  r i g h t n e s s  of  
our  opera t ion .23  

Summary: Sec t ions  I1 and I11 have been concerned w i t h  e l u c i d a t i n g  t h e  

s p e c i a l  s ense  of  musical  c r e a t i v i t y .  I n  Sec t ion  I1 t h e  emphasis h a s  

been on t h e  way psycho log i s t s  have t o  d a t e  r epo r t ed  on t h i s  p a r t i c u l a r  

phenomenon; t h e  s e c t i o n  does n o t  pre tend  t o  b e  comprehensive. Sec t ion  

I11 has  e s t a b l i s h e d  t h e  r e l a t i o n s h i p s  between s c i e n t i f i c  d i scovery  and 

musical  c r e a t i v i t y  i n  t h e  s p e c i a l  s ense  and wi th  r e s p e c t  t o  f o u r  mutual 

c a t e g o r i e s .  The t h e s i s  w i l l  now b e  d i r e c t e d  a t  e s t a b l i s h i n g  t h e  re- 

l a t i o n s h i p  i n  t h e  gene ra l  s ense .  



SECTION I V  

!The "objective phase" of  musical creat iv i ty  i s  concerned 
w i  t h  conceptual frameuorks ( theories)  and tes t ing  (Cop- 
land: tes t ing  of "sound image." A discussion of the 
concept o f  "musical creat iv i ty .  " Musical s t y  Zes as con- 
ceptual frameuorks. Theories as conceptual frameuorks. 
Musical s ty les  as musical t h e o r i e s .  The notions o f  
"explanation and prediction. " Detailed treatment of 
t h i s  argwnent with examples: 

(1) Medieval and Renaissance music; 
(2) Baroque music; 
(3)  Classical-romantic music; 
( 4 )  Schoenberg ' s  Tuelve-Tone Method (Modern) . 

(The emphasis i s  on r u l e s  of composition within these 
s ty les ,  and on form.) 

Recapitulation of the argument. Empirical foundations 
of musical theory. Schoenberg's method close ( i f  not 
equivalent) t o  a formal deductive system. Th.e notion 
of t es t ing .  

The n o t i o n  of "conceptual  frameworks" p l ays  a  s u b s t a n t i a l  r o l e  

i n  s c i e n t i f i c  r e sea rch  (and probably i n  o t h e r  d i s c i p l i n e s  a s  w e l l ) .  

The t h e o r i e s  accepted  i n  s c i ence ,  p r o v i s i o n a l  though they may be ,  e x e r t  

a  profound e f f e c t  upon t h e  way i n  which s c i e n t i s t s - - t h e o r e t i c i a n s  and 

expe r imen ta l i s t s  a l i k e - - i n t e r p r e t  t h e  world.  One has  only  t o  i n v e s t i -  

g a t e  some of t h e  major s c i e n t i f i c  r evo lu t ions  i n  o rde r  t o  a p p r e c i a t e  

t h e  i n f l u e n c e  of conceptua l  paradigms. The r evo lu t ions  e f f e c t e d  by 

t h e  t h e o r i e s  of Copernicus, G a l i l e o ,  Newton, Harvey, P a s t e u r ,  Planck,  

and E i n s t e i n  speak f o r  themselves i n  t h i s  regard .  It is  a l s o  i n t e r e s t i n g  

t o  no te  t h e  s o c i a l  contex t  which i n f l u e n c e s  t h e  development of  i n t e l l e c -  

t u a l  thought ,  and T. S. Kuhn's book The Structure of  Sc ien t i f i c  Revolutions 

should no t  b e  overlooked when s c i e n t i f i c  conceptual  frameworks a r e  being 



considered.  For example, t h e  tremendous i n f l u e n c e  of t h e  church on 

s o c i e t y  i n  Galilee's day a l s o  pervaded s c i e n t i f i c  thought.  (This  has  

been w e l l  documented i n  G. de S a n t i l l a n a ' s  book, The Crime of GaZiZeo. 

P a r t i c u l a r  n o t i c e  should b e  given t o  h i s  t r i a l  by t h e  "a r i s toc racy"  

of t h e  Church.) Perhaps such e x c r u c i a t i n g  c o n t r o l s  a r e  l e s s  f o r c e f u l  

today; a t  any r a t e ,  they a r e  l e s s  obvious. But t h e  p o i n t  remains t h a t ,  

s o c i a l  and c u l t u r a l  i n t e r a c t i o n  i n  t h e  development of t h e o r i e s  not  with-  

s t and ing ,  t h e  e f f e c t  of t h e s e  t h e o r i e s ,  once formulated,  does profoundly 

i n f l u e n c e  t h e  view of t h e  world t h a t  t h e  r e sea rche r  s e e s .  Such i s  a l s o  

t h e  case ,  t h i s  t h e s i s  ho lds ,  w i th  music and musicians.  

T r a d i t i o n a l l y ,  t h e  whole of music (performance and composition) 

has  shunned any a t tempt  a t  developing, formal iz ing ,  and sys t ema t i z ing  

i t s  m a t e r i a l s .  Music is  an a r t ,  and such i n t e l l e c t u a l i z a t i o n ,  i t  w a s  

(and i s )  he ld ,  is  anaethema t o  i t s  n a t u r e ,  l e t  a l o n e  i t s  growth. But 

as e a r l y  a s  t he  14 th  century  P h i l i p p e  de  V i t r y  (1291-1361) b ishop,  poe t ,  

and composer wro te  a  t r e a t i s e ,  Ars Nova, i n  which h e  s e t  down t h e  f i r s t  

r u l e s  of polyphonic composit i o n  whereby he: 

(1) e s t a b l i s h e d  duple  t ime where only a  t r i p l e  t ime had 
formerly been accepted (and t h i s  was due once aga in  
t o  t h e  i n f l u e n c e  of t h e  church and t h e  r e f e r e n c e  t o  
t h e  Holy T r i n i t y )  ; 

(2) in t roduced  new rhythmic schemes; 

(3 )  forbade  consecut ive  oc taves  and f i f t h s ;  

(4)  emphasized musica ficta, ( t h e  f r e e  chromatic  a l t e r a t i o n  
of music, no t  only t o  avoid t h e  succes s ion  of t h e  t r i-  
tone ,  b u t  t o  deco ra t e  t h e  approach t o  a cadence) .  

(More w i l l  b e  s a i d  of musical  " ru les"  subsequent ly . )  But i t  was not  
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u n t i l  t h e  Romantic e r a  i n  music t h a t  w r i t i n g s  about music--its pe r fo r -  

mance, h i s t o r y ,  and theory--began t o  f l o u r i s h .  Today t h e r e  has  been 

a  r a p i d  growth of j ou rna l s  and t r e a t i s e s  (not  t o  mention u n i v e r s i t y  

courses)  dea l ing  wi th  t h i s  a s p e c t .  Thus, a t  l e a s t  t h r e e  major a r e a s  

of music a r e  now recognized: composition, performance, and musicology. 

Can a more p r e c i s e  t rea tment  b e  g iven  t o  t h e  no t ion  of "music 

theory?" This  p re sen t  chap te r  w i l l  b e  an a t tempt  t o  do so ,  and t o  r e l a t e  

i t  t o  t he  proposed "ob jec t ive  phase" of musica l  c r e a t i v i t y .  

T r a d i t i o n a l l y ,  musicians have recognized s e v e r a l  gene ra l  s t y l e s  

such a s  t h e  baroque, t h e  c l a s s i c a l ,  t h e  modern, and s o  on. Each of 

t h e s e  s t y l e s  b e a r s  i t s  i n d i v i d u a l  stamp because of under ly ing  r u l e s  

t h a t  permit  c e r t a i n  composi t ional  "moves" t o  occur ,  and i t  is t h e  t o t a l i t y  

of t h e s e  r u l e s  w i t h i n  a  c e r t a i n  musical  s t y l e  t h a t  may b e  c a l l e d  t h e  

theory o r  conceptua l  framework. But what about t h e  no t ion  of "explan- 

a t i on"  t h a t  i s  t h e  aim of s c i e n t i f i c  t h e o r i e s ?  Although t h e r e  is a 

dea r th  of sys temat ized  d i scuss ion ,  i f  one were t o  ask  "Why does a sym- 

phony by Mozart sound a s  i t  does,  e l i c i t i n g  i n  t h e  l i s t e n e r  a  c e r t a i n  

emotional response  X, whereas a  symphony by Brahms sounds d i f f e r e n t ,  

e l i c i t i n g  i n  t h e  l i s t e n e r  an emotional response Y ,  i t  can b e  seen  t h a t  

t h e  vocabulary, formation r u l e s ,  t ransformat ion  r u l e s  ( t o  borrow terms 

from t h e  l o g i c a l  s t r u c t u r e  of s c i e n t i f i c  t h e o r i e s )  a r e  of two d i f f e r e n t  

types .  (This  i d e a  was b r i e f l y  touched upon i n  Chapter Two i n  t h e  con tex t  

of "explanat ion why," "understanding why" and " l ea rn ing  why," al though 

t h e  emphasis a t  t h a t  t ime was t o  t h e  performance a spec t ;  a l s o ,  compare 

t h e  "performer" and "composer" i n  music t o  t h e  "exper imenta l i s t "  and 
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and " theo re t i c i an"  i n  s c i ence . )  It i s  t ime now t o  develop t h i s  p o i n t  

i n  more d e t a i l .  Four d i s t i n c t  s t y l e s  w i l l  b e  considered.  

(1)  Medieval and Renaissance Music: 

I n  t h e  10 th  t o  t h e  12th  c e n t u r i e s ,  t h e  i n f l u e n c e  of t h e  Church on 

wes tern  music was cons iderable .  Indeed, i t  considered music t o  be ,  

i n  a very  d e f i n i t i v e  way, i t s  own s p e c i f i c  r i g h t  t o  b e  used only i n  

devo t iona l  s e r v i c e s .  Music o u t s i d e  t h e  church, ( i . e . ,  s e c u l a r  music) 

was banned. It can b e  s a i d  then  t h a t  t h i s  i n f l u e n c e  c u r t a i l e d  t h e  develop- 

ment of o r i g i n a l  music i n  Europe s i n c e  a l l  music ( a l l  " l e g i t i m a t e  music," 

t h a t  i s )  had t o  b e  founded on t h e  o l d ,  immutable melodies of Gregorian 

Chant. I n  t h e  language of c r e a t i v i t y ,  however, we could s t a t e  t h a t  t h i s  

p a r t i c u l a r  conceptua l  framework, w i th  a l l  i t s  a s s o c i a t e d  r u l e s ,  d e t e r -  

mined i n  l a r g e  p a r t  t h e  unique cha rac t e r  of t h e  music. 

Ear ly  church music was w r i t t e n  i n  unison based on f o u r  p a t t e r n s  

o r  modes, (which have t h e i r  r o o t s  i n  t h e  h e r i t a g e  of Greek music) .  It 

is be l i eved  t h a t  Pope Gregory (d. 604) ( n o t i c e  aga in  t h e  i n f l u e n c e  of 

t h e  church) added t h e  P l a g a l  (derived)modes. The p a t t e r n s ,  then ,  t o  

which composers were " l imi ted"  were: 



Au tB e n t i c  modes 
o r i a n  

t \  
I I - 

A & It 
I A e 

q G n a l s  a r e  shown a s  whote n s e s f  

- 

Myxolydian Hypomyxolydian 

In  t h e  s i x t e e n t h  century ,  t h e  fol lowing were added: 

Aeolian * Q Hypoaeolian 
r 6 '  11 I 1 t f  

A 
w 

4 = *  
II /1 - - 

J 

Ion ian  Hypoionian 

Now, a composer of t h i s  e r a  would, s t r a i g h t  o f f ,  b e  l i m i t e d  t o  t h e s e  

("church-determined") modes, and h i s  melody could make u s e  of a par- 

t i c u l a r  mode i n  one of two forms: e i t h e r  t he  melody could b e  confined 

t o  an oc t ave  range (p lus  a tone  o r  two) between t h e  lower and upper 

f i n a l s  ( a s  i n  t h e  examples below), o r  t h e  melody could descend t o  a 

f o u r t h  below and ascend t o  a f i f t h  above t h e  f i n a l  (aga in ,  p l u s  a n o t e  

o r  two). These two forms were c a l l e d  t h e  a u t h e n t i c  and t h e  p l a g a l ,  
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r e s p e c t i v e l y .  These p a t t e r n s  a r e  exemplif ied i n  t h e  fo l lowing  passages 

Lasso (1532-1594) and Okeghem (1430-1495) . 

I n  t h e  11th  century ,  a  second p a r t  sung a t  t h e  i n t e r v a l  of a  

4 th  o r  5 t h  was added t o  t h e s e  unchangeable melodies of Gregorian chant .  

This  method of composition, having a  s t a t i o n a r y  t eno r  p a r t  w i t h  an  added 

v o i c e  i n  p a r a l l e l  4 th  and 5 th ,  was c a l l e d  organwn. The fo l lowing  is  an 

example: 

D i e s  I r a e  

During t h e  12 th  and 13th c e n t u r i e s ,  s i x  rhythmic modes were added 

a s  fol lows:  

J 1 J .SJ  .* I I I 111 



Also, up t o  t h e  17th  century ,  t h e  ch ief  forms of voca l  music were a l s o  

somewhat r e s t r i c t e d  i n  number t o :  

(a)  motet: music i n  which t h e  t eno r  p a r t ,  s e t  wi th  words and 

music from Gregorian Chant, was decora ted  by one, two, o r  

t h r e e  o t h e r  p a r t s  each wi th  d i f f e r e n t  words and music (some 

r e p r e s e n t a t i v e  composers would b e  Josquin ,  Lasso, Taverner ,  

Byrd) ; 

(b)  madrigal:  s e c u l a r  voca l  music f o r  two o r  more voices  of a  

polyphonic t e x t u r e  (Gibbons, Morley, Lasso, Monteverdi);  

(c) m a s s :  a cho ra l  s e t t i n g  o f ,  u sua l ly ,  s i x  p o r t i o n s  of t h e  

Roman Ca tho l i c  Service:  Kyrie ,  G lo r i a ,  Credo, Sanctus,  

Benedictus ,  Agnus Dei (Machaut , Pales  t r i n a )  . 

These appear  t o  b e  t h e  ch ief  forms, c e r t a i n l y  i n  medieval and r ena i s sance  

music. Also, by t h e  17 th  century  two o t h e r  l a r g e  s c a l e  forms, opera  

and o r a t o r i o  had been added. (For t h e  s a k e  of  s i m p l i c i t y ,  no mention 

w i l l  b e  made of o t h e r  important  forms, such a s  conductus,  fancy,  and 

s e v e r a l  dance forms such a s  t h e  g a l l i a r d )  . 

(2)  Baroque Music: 

Cont rapunta l  music of P a l e s t r i n a ' s  t ime was very  t i g h t l y  con- 

t r o l l e d  (hence t h e  term " s t r i c t  counterpoint")  and i t  was n o t  unusual 

f o r  o l d e r  t e x t s  t o  r e f e r  t o  pe rmis s ib l e  p rog res s ions  a s  t h e  laws of 

p rog res s ions .  For example, t h e  fol lowing t a b l e  g ives  t h e  complete 

l i s t  of chords a v a i l a b l e  f o r  s t r i c t  coun te rpo in t ,  both i n  major and 

minor keys,  except ing  those  which a r e  a s t e r i s k e d  which a r e  unava i l ab l e  

i n  minor: 



Symb o 1 Chords Pos i t  ions  

I Tonic Root 
I I Super tonic  * Root 
I11 Mediant * Root 
I V  Sub dominant Root 
V Dominant Root 
V I  Submediant Root 
V I  I Leading Note 

Is t Inve r s ion  
1s t Inve r s ion  

* Is t Inve r s ion  
1s t Inve r s ion  
Is t Inve r s ion  
1s t Inve r s ion  
1s t Inve r s ion  

Thus, t h e r e  a r e  only t h i r t e e n  p o s s i b l e  p o s i t i o n s  of harmony i n  a  major 

key; t e n  i n  minor. Appendix I con ta ins  a  c h a r t  g iv ing  a l l  p o s s i b l e  

progress ions  ( t h e  "laws" of progress ions  which d e s c r i b e  (no t  p r e s c r i b e )  

what is  considered t o  b e  t h e  b e s t  "sound" w i t h i n  t h i s  framework). 

The f i v e  s p e c i e s  of S t r i c t  Counterpoint a r e :  

Spec ies  I: n o t e  a g a i n s t  no te ;  
11: two (sometimes th ree )  no te s  i n  t h e  added v o i c e ( s )  

a g a i n s t  one i n  t h e  canto  fermo (C.F.) ; 
111: f o u r  (sometimes s i x  o r  e i g h t )  a g a i n s t  one i n  t h e  

C.F.; 
I V :  two a g a i n s t  one, b u t  t h e  second n o t e  of each b a r  

i s  t i e d  over  i n t o  t h e  fol lowing measure, s o  pro- 
ducing syncopat ion;  

V: devices  of a l l  o t h e r  s p e c i e s  a r e  used from t ime t o  
t ime,  w i t h  a  few o t h e r s ,  s o  producing f l o r i d  counter-  
p o i n t .  

It is  t h i s  f l o r i d  counterpoin t  t h a t  i s  emphasized today. It 

con ta ins  a  number of r u l e s  of varying g e n e r a l i t y ,  b u t  t h e  fo l lowing  

is  one c a s t  i n t o  a  c o n d i t i o n a l  h y p o t h e t i c a l  (which, i t  w i l l  b e  remembered, 

is  t h e  l o g i c a l  form of s c i e n t i f i c  laws): 

I f  double counterpoin t  a t  t h e  oc tave  i s  w r i t t e n  then  i t  i s  
i n v e r t i b l e  a t  t h e  f i f t e e n t h  (but t h e  converse i s  not  t r u e ) .  

The fo l lowing  i s  an  example of counterpoin t  a t  t h e  oc tave  ( a )  i n v e r t e d  

both  a t  t he  oc t ave  (b) and the  f i f t e e n t h  ( c ) :  



I - " J I Cpt. 

(c) Invers ion  a t  t he  f i f t e e n t h :  , 

One f u r t h e r  such "law" should s u f f i c e :  

I f  doublecounterpoint  a t  t h e  oc tave  i s  being w r i t t e n ,  then  
t h e  p a r t s  must not  b e  wider than  an  oc tave  a p a r t  (or  they 
w i l l  not i n v e r t )  and t h e s e  p a r t s  must not  c r o s s .  

This  i s  exemplif ied by t h e  fol lowing example of counterpoin t  a t  t h e  

oc tave  (a),  and t h e  inve r s ion  (b) : 



(Same harmonies, w i th  t h e  p o s i t i o n s  changed.) 

- - 

t h e s i s  

11 music 

The p r i n c i p a l  form of polyphonic music became t h e  fugue. (The 

always assumes t h a t  two necessary  cond i t i ons  f o r  t h e  no t ion  of 

theory" developed h e r e  a r e  composi t ional  r u l e s  [ a s  t r a d i t i o n a l l y  

t r e a t e d )  and form.] Once aga in  t h e r e  is f a i r l y  s t anda rd  p l a n  (which, 

of course ,  i s  not  t o  say  t h a t  i t  i s  a n  immutable one) .  For t h e  purpose, 

a b a s i c  o u t l i n e  of f u g a l  s t r u c t u r e  i s  g iven  i n  Appendix J. 



(3)  C l a s s i c a l  - Romantic Music: 

The r u l e s  a r e  founded on t h e  "laws" of harmonic progress ion .  

(Harmony and counterpoin t  a r e  i n e x t r i c a b l y  blended - indeed,  t h e  laws 

of counterpoin t  a r e  der ived  from harmonic p r i n c i p l e s . )  Using t h e  no t ion  

of "compositional law" a s  given i n  t h e  s e c t i o n  on t h e  coun te rpo in t ,  

examples w i l l  now b e  given: 

I f  two vo ices  move i n  t h e  same d i r e c t i o n ,  then  they  may not  
move by p a r a l l e l  f i f t h s  o r  oc taves .  

The fo l lowing  then,  a r e  examples of " i n c o r r e c t  progressions":  

f i f t h s  oc taves  unisons & 8ves /oc t ave  1 ~ i f t h  

I f  chords 
fo l lowing  

i n  second i n v e r s i o n  a r e  t o  b e  used, t hen  t h e  
( a ) ,  (b ) ,  and ( c )  a r e  t h e  b a s i c  p a t t e r n s .  



I f  t h e  dominant seventh chord i s  used, then  i t  must r e s o l v e  
according t o  t h e  fo l lowing  r u l e s :  

P o s i t i o n  Symbol Figur-  Abbre- Reso- Remarks 
i n g  v i a t  i o n  l u t  i on  

Root V7a 7 7 o r  7 I a 7 f a l l s ,  3 rises 
5 3 5 ommitted from 

one chord 
3 VIa 7 f a l l s ,  3 rises 

1% 7 s t a t i o n a r y  
6 6 
5 5 I a 7 f a l l s ,  3 r i s e s  
3 

1st inve r s ion  V7b 

2nd inve r s ion  V7c 

# 

3rd inve r s ion  V7d 

6 4 I a  7 f a l l s ,  3 r i s e s  
4 3 Ib 7 r i s e s ,  3 rises 
3 

6 4 I b  7 f a l l s ,  3 r i s e s  
4 2 
2 

The ch ief  - form of t h e  c l a s s i c a l  s t y l e  is  c a l l e d  "Sonata - Allegro" ( t h e r e  

a r e  o the r  equ iva l en t  names). A b r i e f  d e s c r i p t i o n  i s  g iven  i n  Appendix K.  

(4) Schoenb e r g  's Twelve-tone Method: 

Schoenberg's method may b e  termed a t o n a l  (al though h e  himself  

d i s l i k e d  t h e  term), i n  t h a t  i t  r e j e c t s  t h e  framework of key, and i n  

add i t i on ,  by excluding consonance, s t a r t s  from dissonance ,  moving from 

one l e v e l  t o  ano the r  (maximum t e n s i o n ) .  According t o  t h i s  technique,  

every dodecophonic composition is  based on an  a r b i t r a r y  arrangement of 

t h e  twelve chromatic  tones ,  t h e  tone  row. This  fundamental s e t  is t h e  

uni fy ing  idea  t h a t  is  t h e  b a s i s  of t h a t  p a r t i c u l a r  composition, s e rv ing  

a s  t h e  source  of a l l  t h e  musical  i d e a s  t h a t  occur  i n  i t .  The twelve 

tones of t h e  row (o r  s e r i e s )  a r e  regarded a s  equa l ly  impor tan t ,  and no 
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one of them i s  permi t ted  t o  appear  more than  once ( t h i s ,  of course  i s  t o  

avoid any no t ion  of a  " tonic") .  The row may b e  i n v e r t e d ,  p resented  

backward ( r e t rog rade )  o r  ups ide  down - and backward ( re t rograde- invers ion) .  

Each of t h e s e  fou r  versions-- the o r i g i n a l  row and i t s  t h r e e  va r i an t s - -  

may begin  on any one of t h e  twelve notes  of t h e  chromatic  s c a l e ,  thus  

g iv ing  fo r ty -e igh t  p o s s i b i l i t i e s .  This  row gene ra t e s  not  on ly  t h e  melody, 

b u t  a l s o  t h e  con t r apun ta l  l i n e s  t h a t  unfold a g a i n s t  i t .  I n  a d d i t i o n ,  

i t  a l s o  gene ra t e s  t h e  harmony, s i n c e  segments of t h e  row may appear  i n  

v e r t i c a l  formations a s  chords.  The fol lowing example shows t h e  f o u r  

v e r s i o n s  of t h e  b a s i c  s e t  from ~ c h o e n b e r g ' s  Wind Quintet, Op. 26 .  

( ~ b  i s  enharmonic D*) . Schoenberg, Op. 26 

Inve r s ion  Retrograde-Inversion 

Consider a  f u r t h e r  example, Schoenberg 's P<ano Concerto, Op . 4 2 .  

The row is  



It i s  n o t  in tended  t h a t  t h e  above d i scuss ions  a r e  i n  any way 

comprehensive; indeed,  t h i s  would no t  b e  app ropr i a t e .  However, enough 

suppor t  can b e  adduced from t h e  survey undertaken t o  e s t a b l i s h  t h e  n o t i o n  

of music theory (considered a s  c o l l e c t i v e  noun) a s  i n t i m a t e l y  bound up 

w i t h  what has  been t r a d i t i o n a l l y  c a l l e d  musical  s t y l e s .  The t h e s i s  

argues t h a t  t h e s e  " s ty l e s "  may b e  equated wi th  t h e  no t ion  of "conceptual  

frameworks, " and a s  a theory  i s  such framework, one may then  have " s ty l e "  

equ iva l en t  t o  " theory."  Hence, i t  may b e  a p p r o p r i a t e  t o  speak,  i n  t h i s  

con tex t ,  of "baroque music theory ,"  " c l a s s i c a l  music theory ,"  and s o  on. 

Moreover, such a  concept ion a l lows  f o r  exp lana t ion  of why c e r t a i n  p i eces  

of d i f f e r e n t  s t y l e s  sound t h e  way they do; t h a t  i s ,  why a fugue by Bach 

i s  d i f f e r e n t  i n  sound from a symphony by Mozart. By symmetry, i f  one 

knows t h a t  composition X i s  baroque and Y i s  c l a s s i c a l ,  then  one can 

p r e d i c t  t h e  ove r -a l l  sound and s t y l i s t i c  c h a r a c t e r i s t i c s  of bo th  works 

even b e f o r e  hea r ing  them. But, one may l e g i t i m a t e l y  ask: "How were 

t h e s e  r u l e s  formulated?" 



The laws of progress ions  i n  harmony and counterpoin t  (Schoen- 

be rg ' s  method is  excluded he re ;  i t  w i l l  b e  d e a l t  w i th  p r e s e n t l y )  were 

no t  a r b i t r a r i l y  s t i p u l a t e d .  I n  f a c t ,  they have an empi r i ca l  b a s i s ,  

founded on t h e  no t ions  of "consonance" ( i n t e r s u b j e c t i v e l y  ag reeab le  

sound) and "dissonance." Consider t h e  fo l lowing ,  c a l l e d  i n  phys ics  

t h e  harmonic s e r i e s  : 

I - #  n I 

* A 
b r m  i l 

1 - - 
F. + 

S e r i e s  of Na tu ra l  Overtones 

(Overtones 6 is  a c t u a l l y  f l a t t e r  than  B- f l a t ;  overtone 10 i s  about 

half-way between F and F-sharp.) 

I n  t h e  e a r l i e s t  a t tempts  a t  harmony, t h e  only  i n t e r v a l s  considered 

consonant were t h e  oc t ave  and t h e  p e r f e c t  f i f t h ,  a s  w e l l  a s  t h e  i n v e r s i o n  

of t h e  f i f t h ,  t h e  p e r f e c t  fou r th .  From t h e  above, i t  can b e  s e e n  t h a t  

t h e s e  i n t e r v a l s  correspond t o  t h e  f i r s t  t h r e e  n a t u r a l  over tones .  (These 

i n t e r v a l s  have a l r eady  been encountered i n  t h e  previous  d i s c u s s i o n  of 

organm i n  medieval and r ena i s sance  music.) It i s  ex t r ao rd ina ry  t h a t  

t h e s e  crude beginnings a t  harmony should have  t h e  only t h r e e  i n t e r v a l s  

considered consonant corresponding t o  t h e  f i r s t  two over tones ,  ( o r  f i r s t  

t h r e e  i f  t h e  i nve r s ion  of t h e  f i f t h  is taken s e p a r a t e l y ) .  Indeed, t h e s e  

medieval composers (and t h e o r e t i c i a n s )  d i scovered  by e a r  and by i n s t i n c t  
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what s c i ence  was t o  e l u c i d a t e  many c e n t u r i e s  l a t e r .  Moreover, t h e  

h i s t o r i c a l  o r d e r  i n  which t h e s e  tones  have en tered  t h e  p r i m i t i v e  vocabu- 

l a r y  corresponds aga in  almost i d e n t i c a l l y  t o  t h e  harmonic s e r i e s .  

This  i s  t h e  b a s i s  of t h e  empi r i ca l  foundat ions of t h e  laws of harmony 

and a l s o ,  of course,  of counterpoin t .  However, t h i s  empi r i ca l  foundat ion  

is  less i n  evidence ( i f  a t  a l l )  i n  cons ide r ing  Schoenberg's Method, f o r  

h i s  is  analogous t o  a formal,  deduct ive  system such a s  l o g i c  o r  mathe- 

mat ics .  Here i t  seems t h a t ,  w i th  t h e  four  p o s t u l a t e s  s t i p u l a t e d ,  i t  is 

then  simply a ma t t e r  of  drawing out  consequences. This  method (not- 

w i ths t and ing  i t s  almost u n i v e r s a l  employment i n  some manner o r  o t h e r  

by contemporary composers) h a s  been c r i t i c i z e d  a s  " i n t e l l e c t u a l "  and 

" a r b i t r a r y . "  But i t s  wide use,  i n  t he  long run,  a t t e s t s  t o  i t s  va lue .  

Indeed Schoenberg h imsel f  p r e f e r r e d  t h e  term "method" r a t h e r  t han  "system" 

j u s t  because h e  f e l t  t h a t  t h e  former term impl ied  something l e s s  r i go rous  

and dogmatic. Furthermore, from t h e  p o i n t  of view of "conceptual  frame- 

works," one may even speak of Schoenbergts s e r i a l  t echnique  a s  a major 

musica l  r evo lu t ion .  

It can be  seen ,  then,  t h a t  t h i s  n o t i o n  of musical  theory  a s  frame- 

work l e a d s  a composer t o  cons ider  musical  m a t e r i a l s  a v a i l a b l e  b e f o r e  - 
a c t u a l  composition, and t h i s  i s  argued t o  b e  analogous t o  t h e  s t a g e  of 

" p l a u s i b i l i t y  cons ide ra t ions"  i n  t h e  e a r l i e r  d i scuss ion  of s c i e n t i f i c  

d i scovery .  Furthermore, t h e  no t ion  of "test" a l s o  p l ays  a r o l e  i n  compo- 

s i t i o n ,  f o r  once t h e  composer has  f r e e l y  c r e a t e d  an  i d e a ,  then  h e  must 

t e s t  i n  o rde r  t o  determine how w e l l  what he  has  w r i t t e n  accords (or f a i l s  

t o  accord)  w i t h  t h e  o r i g i n a l  i dea .  Beethoven's famous sketch-books 



provide  a weal th of suppor t  f o r  t h e  not ion ,  and Al len  F o r t e ' s  a n a l y s i s  

of t h e  Op. 109 piano sonata  a l s o  g ives  va luab le  c l u e s .  Another good 

example of t h i s  type  of musical  experimentat ion can b e  seen  i n  t h e  com- 

posing of t h e  f i r s t  Piano Concerto, Op. 15 ,  by Johannes Brahms. O r i -  

g i n a l l y  w r i t t e n  a s  a symphony, t h e  thematic  m a t e r i a l  was revamped and 

t h e  work was then  converted i n t o  a sona ta  f o r  two pianos.  However, 

according t o  t h e  composer, t h e  m a t e r i a l  s t i l l  seemed over - r ich ,  and 

h e  even tua l ly  compromised between t h e  two forms and decided t o  u s e  t h e  

m a t e r i a l  a s  a concer to  f o r  piano and o r c h e s t r a .  It is a l s o  i n t e r e s t i n g  

t h a t  Brahms, i n  a l e t t e r  t o  Clara  Schumann, mentioned t h a t  t h e  i d e a  of 

w r i t i n g  t h e  concer to  f i r s t  came t o  him i n  a dream. It is  a l s o  i n t e r e s t i n g ,  

from t h e  p e r s p e c t i v e  of our  p re sen t  problem, t h a t ,  a f t e r  t h e  poor i n i t i a l  

r e c e p t i o n  of t h i s  work, Brahms, i n  a l e t t e r  t o  t h e  c e l e b r a t e d  v i o l i n i s t  

and conductor ,  Joachim, wrote  t h a t  h e  was, w i th  t h i s  composition, only 

experimenting and f e e l i n g  out  h i s  way. Also, cons ider  t h e  r e v i s i o n s  

of t h e  opening measures of t h e  Valse,  Op. 69, by Chopin: 
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F i n a l l y ,  Aaron Copland has  s a i d  t h a t  composers, i n  g e n e r a l ,  a r e  

not  s o  concerned wi th  t e c h n i c a l  adequacy o r  q u a l i t y  of t o n a l  performance 

a s  wi th  t h e  c h a r a c t e r  and s p e c i f i c  exp res s ive  n a t u r e  of t h e  i n t e r p r e t a t i o n .  

To t h i s  purpose, h e  w r i t e s :  "Whatever e l s e  happens h e  doesn ' t  want h i s  

b a s i c  concept ion t o  b e  f a l s i f i e d . " 2 4  And f a l s i f i c a t i o n ,  i t  w i l l  be  r e -  

membered, is  c e n t r a l  t o  Popper 's program. 

SECTION V 

An attempt t o  establish a fundamental theory of musical 
structure analogous to,  say, DaZton's Atomic Theory 
(of  the structure of matter) or the Cell Theory i n  
Biology. Exegesis of R. M .  Martin's approach t o  formu- 
lating such a theory (as yet incomplete) : the Proto- 
theory o f  Musical Structure. (Martin expounds three 
alternative logics for such a theory. ) Determination 
of the. ontology and primitive predicates. The dis t inc-  
t ion  between pitch-class and pitch-event. A music 
theory based on pitch-classes and time. Cardinal 
coup Zes. Chording based on pitch-c Zass s m a t ; o n  and 
on a cZass of dyadic, t r iadic  ( e t c .  ) cardinal couples. 
A theory of musical structure based on v i r t u a l  classes. 
A theory of musical structure based on event- logic .  
Discussion of Martin ' s  theory and i t s  implications. 

T r a d i t i o n a l l y ,  mus ico logis t s  and music t h e o r i s t s  have been more 

concerned w i t h  e l u c i d a t i n g ,  desc r ib ing ,  and r e l a t i n g  "theory" more w i t h  

r e s p e c t  t o  t h e  p r a c t i c a l  a s p e c t s  of composition and performance than  

wi th  a s c e r t a i n i n g  t h e  l o g i c  of musical  s t r u c t u r e  i n  i t s e l f .  Perhaps 

t h i s  i s  only r i g h t ,  f o r  one 's  be ing  a  t h e o r i s t  does n o t  presuppose one 's  

be ing  a l s o  a  phi losopher .  Yet, f o r  t hose  whose concern are wi th  con- 

c e p t u a l  foundat ions  of a r t ,  music p r e s e n t s  a  s p e c i a l  problem because 



i ts  language ( n o t a t i o n a l  - and t h e o r e t i c a l )  is  h i g h l y  t e c h n i c a l .  Recent ly,  

however, t h e r e  has  been much more i n t e r e s t  i n  t h i s  a r e a ,  and j o u r n a l s  

a r e  now i s sued  t h a t  a r e  p r imar i ly  devoted t o  t h e  i n v e s t i g a t i o n  of t h e  

t h e o r e t i c a l  and ph i lo soph ica l  a s p e c t s  per se (and t h i s  has  l e d  t o  t h e  

claim t h a t  t h e  art of music h a s  now been " i n t e l l e c t u a l i z e d . "  This  is a 

r e l a t e d  p o i n t ,  b u t  w i l l  no t  b e  pursued a t  t h i s  t ime) .  

What purpose, i f  any, could b e  served  by developing a  b a s i c  

theory of musica l  s t r u c t u r e ?  The c la im can b e  made t h a t  such a  theory  

could un i fy  va r ious  o t h e r  t h e o r i e s ;  t h a t  is, t h e r e  would b e  a  h i e r a r c h y  

ranging from gene ra l  t o  p a r t i c u l a r .  Such is t h e  case  wi th  phys ics  and 

chemistry.  I n  chemistry,  f o r  example, t h e  b a s i c  theory of t h e  s t r u c t u r e  

of ma t t e r  i s  Dal ton ' s  Atomic Theory which can account  f o r  such laws 

a s  conserva t ion  of mass, d e f i n i t e  p ropor t ions ,  and m u l t i p l e  p ropor t ions .  

One of t h e  c o r o l l a r i e s  of  ~ a l t o n ' s  theory  i s  t h a t  atoms can  "l ink" t o  

form molecules ,  and t h i s  concept i s  presumed i n  t h e  Kinetic-Molecular 

Theory of Gases ( r e f e r  t o  Chapter Two). Thus, t h e  Atomic Theory is  

more b a s i c .  

A corresponding,  complete and g e n e r a l l y  accep tab le  theory  t o  

exp la in  (and hence t o  b r i n g  one t o  understand)  t h e  n a t u r e  of musical  

s t r u c t u r e  i s  a s  y e t  unava i l ab l e .  However, contemporary i n t e r e s t  has 

f o s t e r e d  a  r appor t  between musicians and l o g i c i a n s ,  and one may expect 

a  b a s i c  theory t o  b e  forthcoming. The t h e s i s  w i l l  now t u r n  t o  an  exeges is  

of R.  M. Mar t in ' s  r e c e n t  a t tempt  t o  develop such a  theory .  

There can b e  many a l t e r n a t i v e ,  under ly ing  l o g i c s  of any theory 

and, presumably, t h i s  is  t h e  case  wi th  music. ( In  f a c t ,  Mart in  p re sen t s  



t h r e e . )  I n  developing a theory  i t  is  of f i r s t  importance t o  e s t a b l i s h  

(1) t h e  ontology o r  s p e c i a l  domain of o b j e c t s  allowed a s  va lues  f o r  

v a r i a b l e s  and ( 2 )  t h e  non-logical  p r i m i t i v e  p r e d i c a t e s  o r  t h e  b a s i c  

c l a s s e s  i n t o  which t h e s e  o b j e c t s  may b e  grouped a s  w e l l  a s  t h e  b a s i c  

r e l a t i o n s  by which they may b e  r e l a t e d .  Mar t in  t hen  proceeds t o  d i scuss  

(1) and (2)  which h e  claims is l o g i c a l l y  p r i o r  t o  t h e  es tab l i shment  of 

axioms; hence, h e  emphasizes t h a t  h i s  theory ,  a t  t h i s  s t a g e ,  i s  a "proto- 

theory" of music. 

Mart in  does ske tch  o u t  t h r e e  frameworks, a l l  of which could con- 

ce ivably  l a y  c la im t o  b e  & proto-theory (al though i t  i s  p e r f e c t l y  

l e g i t i m a t e  t o  have  t h r e e  a l t e r n a t i v e  t h e o r i e s  and models, such a s  requi red  

f o r  t h e  exp lana t ion  of l i gh t - -  r e f e r  t o  Chapter Two), and al though one 

of t h e s e  a l t e r n a t i v e  t h e o r i e s  involves  a t  l e a s t  a second-order l o g i c ,  

i t  is  no t  a l t o g e t h e r  c e r t a i n  t h a t  such complexi t ies ,  t oge the r  w i t h  o t h e r  

complexi t ies  such a s  modal l o g i c  o r  th ree-  o r  many-valued l o g i c s  a r e  

requi red  i n  a theory  of musica l  s t r u c t u r e .  It i s  q u i t e  p o s s i b l e  t h a t  

t h e  elementary l o g i c  of f i r s t  o rde r  can b e  s u f f i c i e n t .  

Mar t in  draws a n  analogy i n  musical  syn tax  w i t h  t h e  d i s t i n c t i o n ,  

i n  l o g i c a l  syntax  (of language) between s ign-designs and s ign-events .  

I n  music,  t h e  corresponding terms would b e  note-c lass  ( o r  -shape) and 

note-event.  The f i r s t  i s  on a b s t r a c t  shape,  o r  concept ,  o u t s i d e  of 

space  and time. I n  c o n t r a s t ,  a note-event i s  a p a r t i c u l a r  ink-mark 

on a p a r t i c u l a r  page of a p a r t i c u l a r  musica l  t e x t .  It i s  a phenomenal 

occurrence w i t h i n  both  space  and time and, presumably, w i t h i n  some human 

exper ience .  Following t h e  t rea tment  of l o g i c a l  syn tax  and semantics  
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t o  da t e ,  Mart in  sugges t s  t h a t  i n i t i a l l y  i t  would b e  e a s i e r  t o  b a s e  a 

musical  theory on p i t c h - c l a s s e s  r a t h e r  than  p i tch-events .  I n  o t h e r  

words, a s  l o g i c a l  syntax  has concerned i t s e l f  p r imar i ly  w i th  sign-shapes 

r a t h e r  than  s ign-events ,  Mart in  wishes t o  use  t h i s  t rea tment  a s  a h e u r i s t i c  

model f o r  t h e  p o s s i b l e  development of h i s  own (musical) theory .  

Within t h e  ontogony of t r a d i t i o n a l  musical  s t r u c t u r e  t h e r e  is 

a f i n i t e  number of d i s t i n c t  p i t c h  c l a s s e s ,  regarded a s  i n d i v i d u a l s ,  and 

t h e s e  a r e  p r e c i s e l y  t h e  twelve p i t ch -c l a s ses  of t h e  chromatic  s c a l e .  

(E lec t ron ic  music, micro tona l  music, and s o  on would probably have extended 

domains.) Thus, 'C' would d e s i g n a t e  a l l  t h e s e  c l a s s e s  of p i t c h  w i t h  

such-and-such v i b r a t i o n s  per  second ( o r  mu l t ip l i ed /d iv ided  by 2) . 
Probably a n u l l  p i t ch -c l a s s  could handle  r e s t s ,  c e su ras ,  and s o  on. 

The second t h e o r e t i c a l  e n t i t y  is  time. Mar t in  uses  t h e  epochal  

o r  p u l s e  theory  which holds  t h a t  time flows on i n  l i t t l e  pu l se s ,  t h e  

s h o r t e s t  of which would b e  determined by t h e  l i m i t s  of human d i s c r i m i n a t i o n  

dur ing  which musical  sound would b e  produced. It appears ,  then,  t h a t  

t h e  s imp les t  d e s c r i p t i o n  of musical  s t r u c t u r e  i s  p i t ch -c l a s ses  combined 

w i t h  t imes i n  c e r t a i n  ways -- o r ,  f o r  t h e  composer e s p e c i a l l y  -- t h e  r i g h t  

p i t c h  a t  t h e  r i g h t  t ime.  Moreover, t h e s e  pu l se s  (tJ would b e  t r a n s i t i v e  

and i r r e f l e x i v e ,  and, hence, connected. 

Consider t h e  t ime impulses t and t and t h e  r e l a t i o n s h i p  R, 1 2' 

which s t a t e s  t h a t  no two time impulses can b e  i n  t h e  same t ime c l a s s .  

n u s ,  t and t a r e  s e r i a l  and t h e  i r r e f l e x i v e  r e l a t i o n s h i p  can b e  
1 2 

symbolized a s  : 



Also, cons ider  t h e  r e l a t i o n s h i p  S, which s t a t e s  t h a t  two t ime impulses 

a r e  s e r i a l l y  r e l a t e d .  Then, f o r  t h e  s e r i a l  t ime impulses t t and 
1' 2 

t3, i f  

tl St2 and t S 
2 t3 

then  
S t 3  

o r ,  i n  s l i g h t l y  more p r e c i s e  form: 

where T is  t h e  c l a s s  of a l l  t ime impulses.  

The ontology now h a s  two i n d i v i d u a l  v a r i a b l e s ,  p i t c h - c l a s s  and 

time. Using t h e  no t ion  of c a r d i n a l  couples  ( P r i n c i p i a  Mathematica) 

one can w r i t e  t h e  p i t c h  "middle c" w i th  t ime t a s  

I n  more gene ra l  terms, where C s t ands  f o r  t h e  p i t ch -c l a s s  and t s t a n d s  

f o r  t ime, one of t h e  twelve b a s i c  c a r d i n a l  couples  would be: 

Others would b e  (C#, t )  , (D, t )  , (E, t )  , and s o  on. These a r e  t h e  "u l t imate  

c o n s t i t u e n t s  of music," j u s t  a s  atoms a r e  t h e  "u l t imate  c o n s t i t u e n t s  

of mat te r . "  It should a l s o  b e  noted t h a t  i t  i s  not  "e lec t rons"  o r  "protons,"  

and o t h e r  subatomic p a r t i c l e s  t h a t  a r e  s o  descr ibed ,  t h e  b a s i c  u n i t  i s  

t h e  atom. So too  wi th  t h e  c a r d i n a l  couples ,  f o r  i t  is  not p i t ch -c l a s s  

a lone ,  b u t  t h e  c a r d i n a l  couple of t h e s e  two t h a t  a r e  t h e  b a s i c  u n i t s .  

However, one should d i s t i n g u i s h  between p i t ch -c l a s ses  and c l a s s e s  of 



c a r d i n a l  couples .  That is ,  t h e  C i n  (C, t )  r e p r e s e n t s  a c l a s s  (a p i t c h -  

c l a s s )  b u t  t h e  whole couple,  (C , t )  i t s e l f  a l s o  r e p e a t s  a c l a s s ,  of a l l  

p i t ches  C a t  t ime 15. Thus, t h i s  theory would r e q u i r e  a n  under ly ing  l o g i c  

of a t  l e a s t  second o r d e r  ( f o r  v a r i a b l e s  and q u a n t i f i e r s  over  c l a s s e s ) .  

How, then ,  a r e  chords handled? One way t o  handle  them would b e  

by s imple  p i t c h  summation such t h a t  f o r  any two p i t ch -c l a s s  x, y, t h e r e  

is a p i t ch -c l a s s  (x-t-y) a s  t h e i r  sum. Thus, f o r  

t h e  c a r d i n a l  coyple [ ( c  + E + G) , t] p e r t a i n s .  The weakness ( i f  i t  may 

b e  s o  termed) i s  t h a t  such a t rea tment  al lows of many more combinations 

t h a t  a r e  a c t u a l l y  used. This  is  what Mart in  c a l l s  "overpopulat ion,  " 

b u t  h i s  case ,  from a composer's p o i n t  of view, ( p a r t i c u l a r l y  contemporary 

composition) i s  perhaps innocuous. Another way t o  handle chords 

would b e  t o  form c a r d i n a l  couples  of t h e  dyad o r  t r i a d ,  o r  whatever.  

For t h e  chord above, one would then  obta in :  

and t h e s e  t h r e e  couples ,  t aken  toge the r ,  a l s o  form a c l a s s  (i. e.,  a 

c l a s s  of a t r i a d  of c a r d i n a l  couples ,  each couple of which is  i n  i t s e l f  

a c l a s s )  . S l i g h t  re-adjustment al lows t h i s  summation t o  become c l e a r :  

It can b e  claimed t h a t  t h i s  method does not  have t h e  redundancy o r  

I I  overpopulation' '  of t h e  f i r s t .  Furthermore, i n  t h i s  t ype  of chord 



t rea tment  a t  l e a s t  a th i rd-order  l o g i c  is  r equ i r ed  f o r  r e l a t i o n s h i p s  

between i n d i v i d u a l s  and a l s o  between c l a s s e s .  

The second framework t h a t  i s  sketched involves  t h e  n o t i o n  of 

v i r t u a l  c l a s s e s  which d i f f e r  from t h e  r e a l  c l a s s e s  d e a l t  w i th  above 

i n  not  be ing  va lues  f o r  v a r i a b l e s .  With only s l i g h t  a l t e r a t i o n ,  t h e  

f i r s t  t rea tment  can b e  reduced t o  v i r t u a l  c a r d i n a l  couples ,  and hence 

of v i r t u a l  c l a s s e s  of v i r t u a l  c a r d i n a l  couples .  Using t h i s  no t ion  of 

v i r t u a l  c l a s s e s ,  whether simultaneous o r  sequent ,  means t h a t  a musica l  

composition may b e  descr ibed  simply as a v i r t u a l  c l a s s  of v i r t u a l  couples .  

I f  t h i s  b e  v a l i d ,  then  t h i s  would b e  a d e s c r i p t i o n  of t h e  o n t o l o g i c a l  

s t a t u s  o f  t h e  musica l  composition w i t h i n  proto- theory.  Only a f i r s t -  

o rde r  l o g i c a l  would b e  needed. 

The t h i r d  a l t e r n a t i v e  t h a t  Mart in  sugges t s  c e n t e r s  on event- 

l o g i c  whereby even t s  on ly  a r e  allowed a s  va lues  f o r  v a r i a b l e s .  I n s t e a d  

of (C, t )  one ge t s :  

which i n d i c a t e s  t h a t  event  e is  an "event of p i t c h  C" which may b e  simul- 

taneous w i t h  E and G ( i . e .  t h e  C-major chord) o r  s e q u e n t i a l  t o  E e t c .  e e e '  

Such events  may b e  of vary ing  du ra t ions ,  a numerical  measure of which 

may develop i n t o  a theory  of rhythm. I n  o t h e r  words, t h e  e f f e c t  of 

t ime is  achieved by t h e  temporal o r d e r i n g  of events .  Thus, mus ica l  

s t r u c t u r e  becomes wholly absorbed i n  event - log ic  i f  t o  t h e  l a t t e r  a r e  

added p i t c h  p r e d i c a t e s  forming event -var iab les .  Again, only a f i r s t -  

o r d e r  l o g i c  is  involved.  Presumably, w i t h  any of t h e s e  t h r e e  methods, 



t h e  f u r t h e r  development of theory would simply b e  a  ma t t e r  of i n t r o -  

ducing d e f i n i t i o n s  t o  t h e  va r ious  no t ions  of harmony, coun te rpo in t ,  and 

s o  on, and drawing out  t h e i r  l o g i c a l  consequences. What has  been under- 

taken h e r e  is  t h e  i d e n t i f i c a t i o n  of t h e  p r i m i t i v e  symbols. A f u r t h e r  

assumption is t h a t  a d d i t i o n a l  p r i m i t i v e  p r e d i c a t e s  can s u i t a b l y  handle  

o t h e r  a s p e c t s  of musical  s t r u c t u r e  such a s  dynamics, t imbre,  and phras ing .  

It i s  no t  a l t o g e t h e r  c l e a r  what Mar t in  means by h i s  r e f e r e n c e  t o  

t h e  f i n i t e  number of p i t ch -c l a s ses  of t h e  chromatic s c a l e  "from t h e  

lowest t o  t h e  h ighes t . "  I f  h e  is  simply r e f e r r i n g  t o  t h e  chromatic  

s c a l e  ( c o n c e p t ) # t h e n  t h a t  f i n i t e  n h e r  i s  twelve which is  repea ted  

over va r ious  oc t ave  ranges,  and t h e r e f o r e  t h e r e  a r e  only twelve c a r d i n a l  

couples ,  b u t  which may b e  repea ted  depending on whether t h e  v i b r a t i o n s  

per  second a r e  a t  double o r  h a l f  of any given r e f e r e n c e  p i t c h  ( say ,  

"middle C"). Thus, "middle C" could b e  r ep re sen ted  by t h e  c a r d i n a l  

couple 

and t h e  "C" one oc tave  above a s  

and t h e  "C" one oc tave  below as  

and s o  on, This  would mean t h a t  a  p i t c h - c l a s s  can b e  broken up i n t o  

sub-pi tch-classes  ( c f .  sub-atomic p a r t i c l e s ) .  This  is t h e  p o s i t i o n  

t h a t  t h e  p r e s e n t  exeges is  has  taken.  



However, Mar t in ' s  c o n s i s t e n t  r e f e r e n c e  t o  "middle c" throughout 

h i s  whole d i scuss ion  sugges t  t h a t  what h e  means by "from t h e  lowest  t o  

t h e  h i g h e s t "  is  from t h e  lowest  "A" on t h e  p iano  keyboard ( f o r  a l l  wes te rn  

music is "keyboard-based") t o  t h e  h i g h e s t  "C." Thus, t h e  t o t a l  number 

of p i t ch -c l a s ses  w i l l  now b e  e ighty-e ight ,  b u t  some s o r t  of i n d i c a t i o n  

w i l l  s t i l l  b e  requi red  t o  show i n  which oc t ave  a  given p i t c h - c l a s s  occurs .  

For example, octaves may b e  numbered from t h e  bas s  end, s o  t h a t  (D# t)  i s  
2 

t h e  c a r d i n a l  couple a s s o c i a t e d  w i t h  t h e  second oc t ave  range.  Again t h e  

analogy, a l b e i t  somewhat forced ,  i s  between t h e s e  subd iv i s ions  and t h e  

subatomic p a r t i y l e s .  

The t h e s i s  suppor t s  M a r t i n ' s  theory ,  even though i t  is  incomplete,  

f o r  i t  is  one of t h e  f i r s t  s e r i o u s  a t tempts  t o  sys t ema t i ze  t h e  p r i m i t i v e s  

of musical  s t r u c t u r e  i n t o  a  fu l ly- f ledged  explana tory  theory.  It has  

t h e  s t a t u s  of what has  been termed ' b a s i c  theory" s i m i l a r  t o  t h a t  which 

Dal ton ' s  atomic theory has  wi th  r e s p e c t  t o  t h e  s t r u c t u r e  of ma t t e r .  

The concept of "music theory" a s  presented  i n  t h e  immediately preceding 

s e c t i o n  i s  a l s o  accommodated ( c f .  k ine t ic -molecular  theory  "subsumed 

under" t h e  atomic theo ry ) .  When such a  theory  has  been more f u l l y  worked 

ou t ,  p resented ,  and accepted by musicians and phi losophers  a l i k e ,  t hen  

i t s  l o c a t i o n  w i l l  b e  a l s o  under t h e  o b j e c t i v e  phase ca tegory  of "con- 

s i d e r a t i o n  of musical  m a t e r i a l s . "  (See summary of t h i s  Chapter and 

Chapter F ive .  ) 



SUMMARY 

This  chapter  has  been an examination of musical  c r e a t i v i t y ,  

focus ing  f i r s t  on what bo th  psychologis t s  and musicians themselves have 

s a i d  ( s e c t i o n s  I1 and 111) .  This  e s t a b l i s h e d  some of t h e  c h a r a c t e r i s -  

t i c s  of what has  been termed the  s u b j e c t i v e  a spec t  of musical  c r e a t i v i t y ,  

and i t  has  been found t h a t  t h e s e  could b e  f i t t e d  i n t o  t h e  same c a t e g o r i e s  

a s  used i n  Chapter Three. Sec t ions  I V  and V were aimed a t  t r y i n g  t o  

make some sense  of t h e  no t ion  of an "ob jec t ive  phase" of musica l  cre-  

a t i v i t y .  Sec t ion  I V  aimed a t  e l u c i d a t i n g  t h e  concept of  "music theory" 

vis-&vis t h e  concepts of "musical s t y l e ,  conceptua l  frameworks, " 

It exp lana t ion ,"  and "predict ion."  Sec t ion  V was on exeges i s  of  a r e c e n t  

a t tempt  t o  formula te  a l o g i c  under ly ing  a b a s i c  theory  of musical  s t r u c -  

t u r e ,  and an analogy was drawn between t h i s  "Proto-theory" and a cor res -  

ponding b a s i c  theory  i n  t h e  p h y s i c a l  s c i e n c e s ,  namely Dal ton ' s  Atomic 

Theory. Based on t h e  arguments of t h i s  chap te r ,  t h e  fo l lowing  model 

(MC Model) may b e  diagrammed a s  follows: 

Musical  C r e a t i v i t y  

S t age  I Stage  I1 Stage  I11 

c r e a t i v i t y  
( s p e c i a l  
s ense )  

test of sound 
image, 
a d d i t i o n s ,  
d e l e t i o n s ,  o r  
r e v i s  i ons  

f i n a l  musical  
c r e a t i o n  
(gene ra l  
s ens e )  

+ 

I( I 1 
Sub jec t ive  Objec t ive  Phase 

Phase ' 

cons ide ra t ion ,  
s e l e c t i v i t y  
and o rde r ing  
of musical 
m a t e r i a l s  
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CHAPTER FIVE 

RELATIONSHIPS, CONCLUSIONS AND 

IMPLICATIONS 

SECTION I 

The relationship of s c i e n t i f i c  discovery and musical crea- 
t i v i t y :  "SD-MC mode 2 .  Discussion of the relationship. 
Formal analysis of the SD-MC model: Symmetries and asyme- 
tr4es.  The formal analysis involves symbolization, but 
the important point i s  that  these formulae can be i n t e r -  
p r e t e d  i n  the context of the argwnents of the thesis;  
hence, also the dis t inct ion between relevant and irrelevant 
symmetry and asymmetry formulae. 

A t  t h e  conclus ions  of each of Chapter Three and Four a  model was 

presented  t o  d e s c r i b e  s c i e n t i f i c  d i scovery  and musical  c r e a t i v i t y ,  r e -  

s p e c t i v e l y .  When t h e s e  models are juxtaposed,  t h e  r e l a t i o n s h i p  between 

t h e  processes  becomes apparent  ( see  page 225).  

It should b e  noted t h a t  t h e  model f o r  s c i e n t i f i c  d i scovery  repre-  

s e n t s ,  e s s e n t i a l l y ,  t h e  hypothet ico-deduct ive method. There i s  no 

corresponding term i n  music t o  desc r ibe  t h e  process  of musical  composi- 

t i o n .  Thus, i t  i s  necessary  t o  s h i f t ,  i n  each c a s e ,  t o  a more gene ra l  

d e s c r i p t i o n  such t h a t  " s c i e n t i f i c  discovery" and "musical c r e a t i v i t y "  

( c a l l e d  "general  sense" i n  each case)  a r e  on t h e  same l e v e l s  of d i s -  

course.  Furthermore, t h e  boxes marked "discovery ( s p e c i a l  s ense ) "  and 
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Scientific Discovery 

Stage I 

l-----l 
Sub j ect ive 
Phase 

discovery, 
(special 
sense) 

plausibility 
+ 

Subjective 
Phase 

creativity 
(special 
sense) 

objective means 
of validation; - - 
experiment 

f 

Musical Creativity 

Objective Phase 

% 

consideration, 
selectivity 
and ordering + 
of musical 
materials 

test of sound 
image, 
additions, - - 
deletions, or 

I 

Objective Phase 

final scien- 
tific dis- 
covery (gen- 
eral sense) 

final musi- 
cal creation 
(general 
sense) 

SD-MC Mode2 

"creativity (special sense)" are not only equivalent temporally, but also 

equivalent characteristically; that is, the same categories are used in 

both instances. Also from the SD-MC Model, the following modifications 

of boxes a and w can be written: 



I-1 s p e c i a l  sense)  

I c r e a t i v i t y  

(1) s u b j e c t i v e  s p e c u l a t i o n  and! 
t h e  humanist ic  dimension 

(2) ( c r e a t i v e )  imaginat ion 
(3) i n t u i t i o n  and ingenu i ty  
(4) s e l e c t i v i t y ,  c r i t i c a l  

e v a l u a t i o n ,  and r o l e  of 
p r i o r  knowledge 

s p e c i a l  s ense )  
1 

Consider aga in  t h e  SD-MC Model. The fo l lowing  symmetrical r e l a -  

t i o n s h i p s  may be  determined when R i s  read  a s  "is symmetrical to"):  

( i )  aRw and wRa 

( i i )  bKx and xRb 

( i i i )  cRy and yRc 

( i v )  dRz and zRd 

It should b e  poin ted  ou t  t h a t  ( i v )  i s  l e s s  "accurate"  than  t h e  o t h e r s .  

Temporally, i t  ho lds  t r u e ,  bu t  t h e  aim of t h e  f i n a l  musical  composition 

i s  d i f f e r e n t  from t h e  aim of s c i e n t i f i c  r e sea rch .  I n  one,  a  musical  

composition i s  t h e  end product ;  i n  t h e  o t h e r ,  i t  is  a s c i e n t i f i c  theory .  

Thus, a s  one goes i n  d i r e c t i o n  from l e f t  t o  r i g h t ,  t h e  symmetry i s  l e s s  

p r e c i s e .  Add i t i ona l  symmetry formulae a r e :  

(v) aRy and yRa, which i s  equ iva l en t  t o  aRn and wRa, and 

( v i )  BRA and ARB, which i s  equ iva l en t  t o  (b+c)R(x+y) and 



(x+y)R(b+c) , and 

( v i i )  (a+B)R(y+A) and (y+A)R(a+B) , which i s  equ iva l en t  t o  (a+b+c)R 

(w+x+y) and (w+x+y ) R (a+b+c) . 

A l l  t h e  formulae from ( i )  t o  ( v i i )  can then  be  more p r e c i s e l y  symbolized 

i n  t h e  fo l lowing  s e r i e s  where D r e p r e s e n t s  t h e  c l a s s  of a l l  i n s t a n c e s  of 

t h e  process  of s c i e n t i f i c  d i scovery  and C r e p r e s e n t s  t h e  c l a s s  of a l l  

i n s t a n c e s  of t h e  process  of musical  c r e a t i v i t y ,  and R i s  t h e  r e l a t i o n -  

s h i p  "is symmetrical to',': 

( i )  ' (a )  (w) (asD WEC aRw 2 wRa) 
4 

( i i ) '  ( b ) (x )  (beD XEC b R x 3 x R b )  

( i i i )  ' ( c )  (y) (ceD ~ E C  cRy .> yRc) 

( i v )  ' (d) (2)  ED ZEC dRz 3 zRd) 

(v) ' ( a )  (y)  ED YEC aRy yRa) 

( v i ) '  (B) (A) (BED AcC BRA 3 ARB) 

( v i i )  ' (a+B) (y+A) [ (U+B)ED (@A) EC (a+f3)~(y+A) 2 (y+A)~(a+f3) ] 

These, then a r e  t h e  r e l e v a n t  symmetries. (An example of an  i r r e l e v a n t  

one would be aRx and xRa.) 

There a r e  a l s o  some i n t e r e s t i n g  asymmetries. I n  terms of g r e a t e r  

explanatory power (E), one ob ta ins :  

( v i i i )  dEa and QaEd 

and t h i s  i s  j u s t  another  formulat ion of t h e  e a r l i e r  asymmetry in t roduced  

i n  Chapter Three where x = "discovery t h a t "  and y = "discovery why." 



These formulae from Chapter Three were: 

xEy and %yEx, and 

(x) (y) (xeA YEA yEx -t ~ x E y )  

where "+I' (arrow) i s  t o  be  t r e a t e d ,  a s  equ iva l en t  t o  '5" (hook) and where 

A i n  Chapter Three was taken t o  mean t h e  c l a s s  of a l l  d i s c o v e r i e s .  To 

avoid confusion wi th  t h e  terminology of t h i s  chap te r ,  l e t  D r e p l a c e  A 

(of Chapter Three) a s  t h e  c l a s s  of a l l  d i s c o v e r i e s ,  s o  t h a t  ( v i i i )  above 

may b e  r e w r i t t e n  as:  

( v i i i )  ' (w) ( z )  (WED ZED WEZ 5; QZEW) 

The o t h e r  asymmetry formulae presented i n  Chapter Three were: 

xOy and %yOx 

YIX and %xIy 

yCx and ~ x C y  

I n  terms of t h e  p re sen t  model, t h e s e  may be  w r i t t e n  a s :  

( i x )  wOz and %zOw 

(x) zIw and %wIz 

( x i )  xCw and QWCZ, 

and t h e s e  can a l l  be  r e w r i t t e n  a s :  

( x i ) '  (w)(z) (WED ZED wOz ~ Q Z O W )  

where 0 i s  t h e  r e l a t i o n s h i p  of "g rea t e r  o n t o l o g i c a l  r e a l i t y " ;  



where I i s  t h e  r e l a t i o n s h i p  of "g rea t e r  i n t e n s i o n a l  r e a l i t y " ;  

( x i )  ' (w) (z )  (WED ZED wCz s ~ C W )  

where C i s  t h e  r e l a t i o n s h i p  of "more c r e a t i v e  than."  

For t h e  musical  c r e a t i v i t y  model, one can ob ta in :  

( x i i )  aSc and QcSa, and 

( x i i i )  aSb and %bSa 

where S is t h e  r e l a t i o n s h i p  of "more s u b j e c t i v e  than"; formulae ( x i i )  

and ( x i i i )  can be  r e w r i t t e n  as 

( x i i )  ' ( a )  ( c )  (asC CEC aSc 3 %cSa) and 

( x i i i )  ' ( a )  (b) ( a d  bsC aSb 3 %bSa) 

where C i s  t h e  c l a s s  of a l l  musical  c r e a t i o n s  ( i . e . ,  composi t ions) .  With 

r e s p e c t  t o  emphasizing an o b j e c t i v e  phase of musical  c r e a t i v i t y ,  perhaps 

t h e  fo l lowing  formulae may be  more appropr i a t e :  

(x iv )  cOba and QaObc, and 

(xv) bOba and %aObc, where 

Ob i s  t h e  r e l a t i o n s h i p  of "more o b j e c t i v e  than, ' '  and t h e s e  can be  r e -  

w r i t t e n  as :  

(x iv )  ' (a)  ( c )  ( a ~ c  csC cOba .J %aObc) 

(xv) ' ( a )  (b) ( a ~ c  ~ E C  bOba 2 %aObb). 
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A s  i n  t h e  case  of t h e  symmetry formulae, t h e  d i s t i n c t i o n  between 

r e l e v a n t  asymmetries and i r r e l e v a n t  ones,  0;s-&vis t h e  arguments of t h i s  

t h e s i s ,  a l s o  p e r t a i n s .  An example of such an i r r e l e v a n t  formulae would 

be : 

aRy and $yRa. 

However, t h e  formulae g iven ,  when taken by themselves,  simply desc r ibe  

t h e  model. It i s  important  t h a t  they  can a l s o  b e  i n t e r p r e t e d  w i t h i n  t h e  

context  of t h e  arguments i n  the  t h e s i s .  For example, from t h e  asymmetry 

formula 

dEa and aaEd, 

i t  can b e  seen  t h a t  dEa r e p r e s e n t s  t h e  s t a g e  of t h e  r ecogn i t i on  of an un- 

expla ined  phenomenon. It is a l s o  t h e  s t a g e  a t  which t h e  explandum of 

t h e  deduct ive  model is  a s s o c i a t e d ,  and t h e  l e v e l  of what has  been termed, 

i n  Chapter Three,  "discovery t h a t . "  The formula aEd r e p r e s e n t s ,  a f t e r  

s u c c e s s f u l  t e s t i n g  f o r  co r robora t ion ,  t h e  formula t ion  of a  theory .  The 

t r a n s i t i o n  from dEa t o  dEa w i t h i n  t h e  d iscovery  process  r e p r e s e n t s  

s c i e n t i f i c  r e s e a r c h ,  and i s  concerned wi th  t h e  explanans and w i t h  "dis- 

covery why." I f  one then  w r i t e s :  

t h e  arrow r e p r e s e n t s  " t e s t i ng , "  and s c i e n t i f i c  r e sea rch  can b e  viewed a s  

a  continuum a t  which some p o i n t    lack well's no t ion  of t ransformat ion  

occurs .  Th i s  is  j u s t  one example, bu t  i t  i s  worth r e p e a t i n g  t h a t  t h e  
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formulat ion of t h e  model and t h e  gene ra t ion  of formulae should no t  be 

seen a s  ends i n  themselves,  b u t  r a t h e r  a s  convenient  summaries of c e r t a i n  

a spec t s  of t h e  arguments presented  i n  t h i s  t h e s i s .  (See a l s o  Appendix L )  

SECTION I 1  ConcZusions and IntpZications 

(1) The t h e s i s  suppor t s  t h e  claim t h a t  t h e r e  i s  - no l o g i c  of d i s -  

covery. The induc t ive  techniques  of Bacon and M i l l ,  t h e  p laus-  

i b i l i t y  cons ide ra t ions  of Hanson, and t h e  l o g i c  of h e u r i s t i c  
4 

p l a u s i b i l i t y  i n fe rences  of Polya cannot be supported a s  such a 

l o g i c .  Models appear  t o  be t h e  b e s t  t echnique  f o r  t h e  genera- 

t i o n  of f r u i t f u l  hypotheses but  aga in  t h e r e  i s  no l o g i c  by 

which t h e  most f r u i t f u l  model may be  deduced. Moreover, models 

possess  many i n t r i n s i c  l i m i t a t i o n s  which may a r i s e  from ( a )  

overemphasis on symbols; (b) overemphasis on form; ( c )  over- 

s i m p l i f i c a t i o n ;  (d) overemphasis on r i g o r ;  ( e )  map r ead ing  

( incomplete  isomorphism); ( f )  p i c t o r i a l  r ea l i sm;  (g)  f a i l u r e  t o  

accord w i t h  d a t a .  However, t h e  f a i l u r e  of models t o  q u a l i f y  a s  

a  l o g i c  of d i scovery  does no t  imply t h a t  they  a r e  u s e l e s s .  

Indeed,  one of t h e i r  d i s t i n c t  advantages i s  t h e i r  powerful 

h e u r i s t i c  func t ion  i n  t h e  context  of  d i scovery .  

(2)  S c i e n t i f i c  d i scovery  ( s p e c i a l  s e n s e ) ,  t h e  gene ra t ion  of f r u i t -  

f u l  hypotheses,  may be  descr ibed  a s  - non- logica l  and c r e a t i v e .  

Psycho log ica l ly ,  t h e  process  is  cha rac t e r i zed  by d ive rgen t  



th inking .  The t h e s i s  a l s o  suppor t s  Blackwell ' s  theory  of d i s -  

covery which, upon a n a l y s i s ,  a l s o  r e v e a l s  t h e  c r e a t i v e  n a t u r e  

I 1  ( e .g . ,  c r e a t i v e  pos tu la t ion1 ' )  involved.  

(3)  The S c i e n t i f i c  Research model (SR ModeZ C) introduced i n  Chapter 

Two must *ow be  r ev i sed  a s  fo l lows:  

NTh 

3 \. 
\ 

I' 
I '. \ 

( c r e a t i v e ,  non-logical)  ( c r e a t i v e ,  non- logica l )  
I \ \ \  /h \ 

I 
H 

\ 
I 

1 
i 

1 I 

1 TH I 
\ i I 
\ 

L S D ~  1 
\ 

\ I g /  
/ 

\ Th 
\ SD / 
\ / 

g 
\ 

9 Th 

( 4 )  It cannot b e  assumed o r  argued, on a pr ior i  grounds, t h a t  sc ien-  

t i f i c  methodology i s  o b j e c t i v e .  To a s c e r t a i n  i t s  n a t u r e ,  one 

must observe t h e  manner i n  which s c i e n t i s t s  work, and, when 

t h i s  i s  done,  a  s u b j e c t i v e ,  c r e a t i v e ,  and non-logical  a spec t  of 
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discovery  emerges. This  l eads  t o  a  d i s t i n c t i o n  between t h e  sub- 

j e c t i v e  and o b j e c t i v e  phases of d i scovery  (gene ra l  s e n s e ) ,  t h e  

former of which i s  concerned wi th  t h e  context  of d i scovery  and 

t h e  l a t t e r  w i th  t h e  context  of v a l i d a t i o n .  It is  a l s o  recog- 

n ized  t h a t  t h e  term "objec t ive  phase" may be more a c c u r a t e l y  

descr ibed  by t h e  term " i n t e r s u b j e c t i v e  phase," s i n c e  each inves-  

t i g a t o r  who a t t empt s  t o  d u p l i c a t e  t h e  r e s u l t s  of an experiment 

b r ings  t o  t h a t  experiment h i s  own p r i v a t e  conceptua l  framework 

of p r e d i s p o s i t i o n s ,  p a s t  exper iences ,  p r e d i l e c t i o n s ,  and s o  on. 

(5) The t h e s i s  a l s o  suppor ts  Popper 's c r i t e r i o n  of f a l s i f i c a t i o n  a s  

t h e  c e n t r a l  c r i t e r i o n  of demarcating s c i e n t i f i c  r e s e a r c h  from 

t h e  n o n - s c i e n t i f i c .  Hypotheses should be a s  f r e e l y  and imagin- 

a t i v e l y  genera ted  a s  long a s  they  a r e  sub jec t ed  t o  r i go rous  

test .  This  maximizes t h e  r e s e a r c h e r ' s  a b i l i t y  t o  s t a n d  o u t s i d e  

h i s  framework i n  gene ra t ing  hypotheses,  y e t  guards a g a i n s t  t h e  

wanton formula t ion  of hypotheses and t h e o r i e s  t h a t  do n o t  accord 

wi th  t h e  f a c t s  of experience.  This  has  s p e c i a l  imp l i ca t ions  

f o r  less developed sc i ences ,  such as some of t h e  s o c i a l  s c i e n c e s  

and educa t ion .  The problem of va lue  freedom is  p a r t i a l l y  recon- 

c i l e d  when one cons iders  t h a t  r e sea rch  i n  t h e  n a t u r a l  s c i ences  

a l s o  is  n o t  va lue  f r e e .  Crea t ive  gene ra t ion  of hypotheses,  

conceptual  frameworks with r e spec t  t o  t h e o r i e s ,  a s  w e l l  a s  

11 p r iva t e ' '  frameworks of i n v e s t i g a t o r s  des t roy  t h e  myth of 

" o b j e c t i v i t y . "  It seems t h a t  when, f o r  example, s o c i o l o g i s t s  

t r e a t  Marxts  theory  of s o c i e t y  and h i s t o r y  a s  "immutable" and 
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"objec t ive"  t h a t  t h e  theory  degenera tes  i n t o  dogma. Lack of 

understanding of t h e  conceptual  and ph i lo soph ica l  foundat ions  

of i n q u i r y  o f t e n  l eads  s o c i a l  s c i e n c e s  t o  miscons t rue  t h e  

n a t u r e  of s c i e n t i f i c  a c t i v i t y ,  i nc lud ing  t h i s  ve ry  p o i n t :  

s c i e n t i f i c  t h e o r i e s ,  though aiming a t  u n i v e r s a l i t y ,  a r e  i n  f a c t  

he ld  a s  p r o v i s i o n a l .  To quote Popper aga in :  

From t h e  po in t  of view he re  developed a l l  laws,  a l l  theor -  
i e s ,  remain e s s e n t i a l l y  t e n t a t i v e ,  o r  c o n j e c t u r a l ,  o r  
h y p o t h e t i c a l ,  even when we f e e l  unable t o  doubt them any 
longe r .  1 

Popper claims t h a t  one of t h e  t e n e t s  of s o c i a l  s c i e n c e  is  t o  

propound h i s t o r i c a l  prophecies;  t h a t  i s ,  t o  prophesy ( h i s t o r i -  

c ism),  and he  goes on t o  s t a t e  t h e  i m p o s s i b i l i t y  of such: 

Many of my f e l l o w - r a t i o n a l i s t s  a r e  Marxis t s ;  i n  England, 
f o r  example, a  cons iderable  number of e x c e l l e n t  p h y s i c i s t s  
and b i o l o g i s t s  emphasize t h e i r  a l l e g i a n c e  t o  t h e  Marxis t  
d o c t r i n e .  They a r e  a t t r a c t e d  t o  Marxism by i t s  claims:  
( a )  t h a t  i t  i s  a  s c i e n c e ,  (b)  t h a t  i t  i s  p rog res s ive ,  and 
(c) t h a t  i t  adopts  t h e  methods of p r e d i c t i o n  which t h e  na t -  
u r a l  s c i ence  p r a c t i s e .  Of cou r se ,  eve ry th ing  depends upon 
t h i s  t h i r d  claim.  I s h a l l  t h e r e f o r e  t r y  t o  show t h a t  t h i s  
c laim is n o t  j u s t i f i e d  . . . 2 

B a s i c a l l y ,  Popper 's  approach c e n t e r s  on t h e  c h a r a c t e r i s t i c s  of 

s o c i a l  systems t h a t  have been d iscussed  e a r l i e r - - t h a t  s o c i e t y  

i s  - n o t  s t a t i o n a r y  - nor  we l l - i so l a t ed ,  t h a t  i t  i s  i n  cons t an t  

change, and t h e  development is  not, i n  t h e  main, r e p e t i t i v e .  

However, h i s  argument is  l e v e l l e d  p r i n c i p a l l y  a t  t h e  h i s t o r i -  

c i s t s  who f a i l  t o  d i s t i n g u i s h  between what he  c a l l s  s c i e n t i f i c  
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p r e d i c t i o n  and uncondi t iona l  h i s t o r i c a l  p rophes ies .  I n  f a c t  

most s c i e n t i f i c  p r e d i c t i o n s  - a r e  c o n d i t i o n a l ,  f o r  they  a s s e r t  

t h a t  c e r t a i n  changes, such a s  t h e  temperature of a  copper w i r e ,  

w i l l  b e  accompanied by o t h e r  changes, such a s  expansion. S o c i a l  

s c i e n c e s  a r e  s i m i l a r  i n  t h i s  r e s p e c t ,  f o r  Popper i s  - no t  denying 

t h a t  s o c i a l  s c i ence  cannot p r e d i c t  i n  an a l t o g e t h e r  s i m i l a r  

manner ( t h a t  i s ,  c o n d i t i o n a l  manner). He c i t e s  t h e  c a s e  of t h e  

economist who can p r e d i c t ,  t h a t ,  under c e r t a i n  s o c i a l  cond i t i ons  

such a s  sho r t age  of commodities, c o n t r o l l e d  p r i c e s ,  and t h e  

absence of an e f f e c t i v e  p u n i t i v e  system, a b lack  market w i l l  

develop. However, what Popper i s  emphasizing i s  t h a t  t h e  h i s -  

t o r i c i s t  does n o t ,  and cannot d e r i v e  h i s  (uncondi t iona l )  

h i s t o r i c a l  prophecies  from what a r e  i n  f a c t  c o n d i t i o n a l  pred ic-  

t i o n s  simply because such long-term prophecies  can only be  

der ived  from s c i e n t i f i c  c o n d i t i o n a l  p r e d i c t i o n s  - i f  (and t h i s  i s  

ve ry  impor tan t )  they  apply t o  systems t h a t  a r e  w e l l - i s o l a t e d ,  

s t a t i o n a r y ,  and r e c u r r e n t .  The s o l a r  system, f o r  example, i s  

j u s t  such a  system, and e c l i p s e  prophecies  - a r e  p o s s i b l e .  This  

i s  b u t  one of t h e  ve ry  few such systems i n  n a t u r e  ( a p a r t  from 

t h e  c y c l i c  systems i n  biology--but, i n  a  s ense ,  t h e  l i f e  cyc l e s  

of organisms a r e  only  - semi-s ta t ionary  wi th  r e s p e c t  t o  slow 

evo lu t iona ry  changes).  One does n o t  need t o  d e s p a i r ,  however, 

f o r  Popper, by a  s e r i e s  of arguments t oo  d e t a i l e d  t o  b e  taken 

up h e r e ,  goes on t o  say:  



The main use fu lnes s  of t h e  phys i ca l  s c i ences  does no t  l i e  
i n  t h e  p r e d i c t i o n  of e c l i p s e s ;  and s i m i l a r l y ,  t h e  p r a c t i c a l  
u se fu lnes s  of t h e  s o c i a l  s c i e n c e s  does no t  depend upon t h e i r  
power t o  prophesy h i s t o r i c a l  o r  p o l i t i c a l  developrnents.3 

However, by viewing "predic t ion"  from a  d i f f e r e n t  ang le ,  v i z . ,  

a s  t h e  d iscovery  of unintended consequences of one 's  a c t i o n s ,  

of t h e  formula t ion  of p r a c t i c a l  r u l e s  of what one cannot do ,  

he w r i t e s :  

The second law of thermodynamics can b e  expressed a s  t h e  
t echno log ica l  warning. 'You cannot b u i l d  a  machine which 
i s  100 pe r  cent  e f f i c i e n t . '  A s i m i l a r  r u l e  of t h e  s o c i a l  
s c i e n c e s  would be,  'You cannot ,  wi thout  i n c r e a s i n g  produc- 
t i v i t y ,  r a i s e  t h e  r e a l  income of t h e  working popu la t ion '  
and 'You cannot e q u a l i z e  r e a l  incomes and a t  t h e  same t ime 
r a i s e  p r o d u c t i v i t y . '  An example of a  promising hypo thes i s  
i n  t h i s  f i e l d  which is  by no means gene ra l ly  accepted--or, 
i n  o t h e r  words, a  problem t h a t  i s  s t i l l  open--is t h e  follow- 
ing: 'You cannot have a  f u l l  employment p o l i c y  wi thout  in-  
f l a t i o n . '  These examples may show t h e  way i n  which t h e  
s o c i a l  s c i ences  a r e  p r a c t i c a l l y  impor tan t .  They do n o t  
a l low us  t o  make h i s t o r i c a l  p rophec ies ,  b u t  t hey  may g ive  
u s  an i d e a  of what can, and what cannot ,  b e  done i n  t h e  
p o l i t i c a l  f i e l d .  

We have seen t h a t  t h e  h i s t o r i c i s t  d o c t r i n e  i s  un tenab le ,  
b u t  t h i s  f a c t  does n o t  l e a d  u s  t o  l o s e  f a i t h  i n  s c i e n c e  o r  
i n  reason.  On t h e  con t r a ry ,  we now see t h a t  i t  g ives  rise 
t o  a c l e a r e r  i n s i g h t  i n t o  t h e  r o l e  of s c i ence  i n  s o c i a l  
l i f e .  I t s  p r a c t i c a l  r o l e  i s  t h e  modest one of he lp ing  us 
t o  understand even t h e  more remote consequences of p o s s i b l e  
a c t i o n s  and thus  of he lp ing  us  t o  choose our  a c t i o n s  more 
wi se ly .  1 

S o c i a l  s c i e n c e s ,  t hen ,  =make s c i e n t i f i c  p r e d i c t i o n s  i n  t h e  

same way a s  t h e  phys i ca l  s c i e n c e s ,  b u t  they  cannot make uncon- 

d i t i o n a l  h i s t o r i c a l  p rophec ies .  

( 6 )  An important  consequence of t h e  r e s u l t s  of t h i s  t h e s i s ,  taken 

toge the r  wi th  Popper 's c r i t e r i o n  i s  t h a t  of n o t  only t h e  



c o n d i t i o n a l  n a t u r e  of s c i e n t i f i c  p r e d i c t i o n s ,  b u t  a l s o  t h e  

p r o v i s i o n a l i t y  of s c i e n t i f i c  t h e o r i e s  ( t h i s  was touched upon i n  

(5) above).  Here aga in ,  i n  l e s s  developed s c i e n c e s ,  t h e  t h e s i s  

ho lds  t h a t  t h i s  l a t t e r  f e a t u r e  i s  t o o  o f t e n  over-looked. Not 

only  i s  it  f a l l a c i o u s  t o  t r e a t  t h e o r i e s  a s  immutable, o b j e c t i v e ,  

and uncondi t iona l ,  b u t  i t  i s  e q u a l l y  f a l l a c i o u s  t o  c l i n g  on t o  

any theory ,  even we l l - e s t ab l i shed  ones,  wi thout  regard  t o  i t s  

p o s s i b l e  r e f u t a t i o n  i n  whole o r  i n  p a r t .  S c i e n t i f i c  knowledge 

i s  never  complete, and t h e  moment any r e sea rche r  adopts  any one 

o r  more of t h e  above r e l a t e d  f a l l a c i e s ,  s c i e n t i f i c  knowledge 

w i l l  l o s e  t h a t  dynamic q u a l i t y  e s s e n t i a l  t o  i t s  e x i s t e n c e .  A s  

P e i  Sung Tang s a y s ,  s p e c i f i c a l l y  i n  r e l a t i o n s h i p  t o  b i o l o g i c a l  

knowledge: 

. . . new t o o l s  may have t o  be  invented  and new concepts  
in t roduced  a s  t h e  e x i s t i n g  ones prove inadequate .  And ou t  
of t h e  obse rva t ions  and i n t e r p r e t a t i o n s  made w i t h  t h e  a i d  
of t h e s e  new t o o l s  and new concepts ,  newer systems of know- 
ledge  may be cons t ruc t ed  which govern t h e  behaviour  of t h e  
l i v i n g  world .5 

Thi s  i s  f u r t h e r  supported by N i e l s  Bohr who w r i t e s :  

The t a s k  of s c i ence  i s  both  t o  extend t h e  range of our  
exper ience  and t o  reduce i t  t o  o r d e r ,  and t h i s  t a s k  p r e s e n t s  
v a r i o u s  a s p e c t s ,  i n sepa rab ly  connected wi th  each o t h e r .  
Only by exper ience  i t s e l f  do w e  come t o  recognize  those  laws 
which g ran t  u s  a  comprehensive view of t h e  d i v e r s i t y  of  
phenomena. A s  our knowledge becomes wider ,  we must always 
be prepared ,  t h e r e f o r e ,  t o  expect  a l t e r a t i o n s  i n  t h e  p o i n t s  
of view b e s t  s u i t e d  f o r  t h e  o rde r ing  of our  exper ience .  In  
t h i s  connect ion we must remember, above a l l ,  t h a t  as a mat te r  
of course ,  a l l  new exper ience  makes i t s  appearance w i t h i n  
t h e  frame of our  customary p o i n t s  of view and forms of per- 
cep t ion .  6 
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(7) The r e l a t i o n s h i p  between s c i e n t i f i c  discovery and musical  c rea-  

t i v i t y  should e l u c i d a t e  t o  some e x t e n t  t h e  psychologica l  n a t u r e  

of t h e s e  thought processes .  A s  w e l l ,  some a d d i t i o n a l  i n s i g h t s  

on t h e  concept of c r e a t i v i t y  can be gained. Musical c r e a t i v i t y  

may then be s a i d  t o  s h a r e  some s c i e n t i f i c  c h a r a c t e r i s t i c s  

through t h e  no t ions  of " theory , I t  "conceptual framework," " t e s t  , " 

I I  exp lana t iont1  "predic t ion ,"  " s u b j e c t i v i t y "  and " o b j e c t i v i t y "  

( " i n t e r s u b j e c t i v i t y t l ) .  However t h e  r e l a t i o n s h i p  i s  - n o t  t o  be 

cons t rued  a s  a  s ta tement  of t h e  i d e n t i t y  of one process  w i t h  

t h e  o t h e r .  The r e l a t i o n s h i p  suppor t s  t h e  claim t h a t  t h e  most 

s u c c e s s f u l  s c i e n t i s t s  ( s o c i a l  a s  w e l l  a s  n a t u r a l )  a r e  t hose  who 

combine s u b j e c t i v i t y  and o b j e c t i v i t y  i n  t h e i r  work. 

(8) The r e l a t i o n s h i p  should d i s p e l  t h e  myth of " i n s p i r a t i o n "  a s  t h e  

ch i e f  f a c t o r  i n  musical  composition. To b e  s u r e ,  such may occur 

i n  t h e  i n i t i a l  s u b j e c t i v e  phase. It may be  t h e  sum of i n t u i -  

t i o n ,  i nven t iveness ,  r o l e  of p r i o r  knowledge, and s o  f o r t h .  

But a t  l e a s t  equa l ly  important  i s  t h e  manipulat ion of musical  

m a t e r i a l s  and t e s t i n g  of t h e  sound image. Indeed,  t h i s  l a t t e r  

phase could be t h e  one t h a t  p l a y s  t h e  g r e a t e r  r o l e .  

(9) The r e l a t i o n s h i p  should a l s o  d i s p e l  t h e  myth of o b j e c t i v i t y  i n  

s c i e n c e .  I n  t he  c rudes t  form, one must admit t h a t  hypotheses 

a r e  guesses .  There i s  no l o g i c a l l y  r i go rous  method f o r  devis-  

i n g  hypothes is ;  i t  is  a  common, f a l l a c i o u s ,  and vu lga r  e r r o r  t o  

speak of "deducingt1 them. Indeed, hypotheses a r e  no t  deduced 

b u t  a r e ,  r a t h e r ,  t h a t  which one deduces consequences from; and 



if these predictions, after testing, are mistaken, then the 

hypothesis must be discarded, or at least modified. If, on the 

other hand, they are supported, then they are corroborated and 

are admitted on probation to the fund of scientific knowledge. 

(10) In view of the research of the present thesis, it might be sug- 

gested that the reporting of certain types of scientific re- 

search (such as some biological research),in journals be revamped 

as to format. It may be, as P. B. Medawar claims, "a fraud" 

for it misrepresents the processes of thought that accompanies 

or gave use to the work that is described in the paper. Too 

often the style used implies that discovery is an inductive pro- 

cess, and that the formulation of scientific theory begins with 

unbiased, "objective" observation. As Medawar himself says: 

The conception underlying this style of scientific writ- 
ing is an inductive process. What induction implies in its 
cruder form is roughly speaking this: scientific discovery, 
or the formulation of scientific theory, starts with the 
unvarnished and unembroidered evidence of the senses. It 
starts with simple observation--simple, unbiased, unpreju- 
diced, naive, or innocent observation--and out of this 
sensory evidence, embodied in the form of simple proposi- 
tions or declarations of fact, generalizations will grow up 
and take shape, almost as if some process of crystalliza- 
tion or condensation were taking place. Out of a disorder- 
ly array of facts, an orderly theory, an orderly general 
statement, will somehow emerge. This conception of scien- 
tific discovery in which the initiative comes from the 
unembroidered evidence of the senses was mainly the work of 
a great and wise, but in this context, I think, very mis- 
taken man--John Stuart ~i11.7 

In the traditional format the general order is: introduction, 

review of literature, research design, results, discussion. In 
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the last section the investigator asks himself if the results 

are meaningful, and this is done with reference to specific 

questions which questions in fact, usually turn out to be the 

very ones that prompted the study. It may be suggested, then, 

that the introduction, usually a small section revealing the 

general area wherein one is going to work, should be replaced, 

or be supplemented, by the ideas that generated the study rather 

than pretending that these ideas, or truths, or laws have 

emerged from the contemplation of the results, This will then 

be in accord with the actual way scientists do act and hence 

contribute to the understanding of scientific discovery. 

Furthermore, this will not be inconsistent with the notion that 

unforeseen further implications and ideas may very well come 

out of the results. However, further testing will then be 

required. 



FOOTNOTES 

IK. 
Knowledge, 

.. 
Popper, Conjectures and Refutat ion:  The Growth o f  S c i e n t i f i c  
New York and Evanston: Harper and Row, 1968, p .  51. 

L Ib id . ,  p.  337.  

5 ~ .  S .  Tang, Green Thraldom: Essays o f  A Chinese ~ i o Z o g i s t ,  
London: George Al len  and Unwin L td . ,  1949, p .  124. 
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The r i s k i n e s s  of E i n s t e i n ' s  theory  of g r a v i t y  is  brought ou t  by 

h i s  own admission t h a t  i f  one p a r t  of h i s  theory  proved wrong, t h e  

e n t i r e  e d i f i c e  would come tumbling down. I n  November of 1970 s c i e n t i s t s  

a t  Pasadena 's  Jet Propuls ion  Laboratory beamed r a d i o  s i g n a l s  p a s t  t h e  

sun toward Mariners 6  and 7, a  d i s t a n c e  of some 250 m i l l i o n  m i l e s  which 

were au toma t i ca l ly  ampl i f ied  on board and t r ansmi t t ed  back t o  e a r t h ,  

The p roces s  took 4 3  minutes.  From a n a l y s i s  of d a t a ,  new evidence w a s  

adduced i n  suppor t  of E i n s t e i n ' s  1916 General Theory of R e l a t i v i t y .  

Although E i n s t e i n ' s  theory  o f f e r s  t h e  most comprehensive explana- 

t i o n  of g r a v i t y  s i n c e  Newton, it  has  r e c e n t l y  encountered i t s  most 

s e r i o u s  cha l l enge  ( r e f e r  t o  Popper 's  c r i t e r i o n ) .  One consequence of 

  in stein's theory  i s  t h a t  l i g h t  and o t h e r  e lec t romagnet ic  waves should 

b e  measurably bent  when pas s ing  through a  s t r o n g  g r a v i t a t i o n a l  f i e l d .  

Recent ly,  however, E i n s t e i n ' s  equat ions  have been con te s t ed  by Robert 

Dicke (Pr ince ton)  and C a r l  Brans (Loyola, New Orleans)  who argue t h a t  

such waves a r e  bent  t o  a  l e s s e r  e x t e n t  than  E i n s t e i n  had p red ic t ed .  

By E i n s t e i n i a n  c a l c u l a t i o n s ,  a  r a d i o  s i g n a l  t r a v e l i n g  p a s t  t h e  

sun t o  t h e  Mariner 6 ' s  p o s i t i o n  a t  t h e  t i m e  of t h e  t e s t  should t a k e  

about 200 m i l l i o n t h s  of a  second longer  than  i f  i t  d id  no t  pas s  through 

t h e  sun ' s  g r a v i t a t i o n a l  f i e l d ;  t h i s  is  because t h e  s i g n a l ' s  pa th  would 

b e  curved,  n o t  s t r a i g h t .  The Brans-Dicke theory ,  on t h e  o t h e r  hand, pre- 

d i c t e d  l e s s  cu rva tu re  and a slowing down of 186 m i l l i o n t h s  of a  second. 

Although measurements of bending have been done b e f o r e ,  no f i r m  case  

could b e  made f o r  e i t h e r  theory.  However, w i th  e r r o r  reduced t o  4% t h e  

experimenters  c a l c u l a t e d  t h a t  t h e  s i g n a l  t o  Mariner was slowed down by 

204 m i l l i o n t h s  of a second on i t s  round t r i p ,  only 4 m i l l i o n t h s  of a  

second o f f  t h e  E i n s t e i n i a n  p r e d i c t i o n ,  b u t  1 8  m i l l i o n t h s  of a second o f f  

t h e  Brans-Dicke f i g u r e .  I n  Popperian language,  E i n s t e i n ' s  theory  has  

aga in  been corroborated.  
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With respect  t o  theory const ruct ion,  t h e  fundamental problem 

is  t h a t  some a n a l y t i c  statements may be taken a s  syn the t i c  s tatements,  

and v ice  versa  (consider the  statement: " A l l  swans a r e  white1'). 

Confusion, i n  terms of theory const ruct ion,  can r e s u l t  from a p a r t i c u l a r  

statement being " t rue  by de f in i t ion , "  y e t  not  c l e a r l y  indicated  a s  such, 

o r  confusion can a l s o  r e s u l t  from a s ta tement ' s  being taken f i r s t  a s  

syn the t i c  (and i t  i s  poss ib le  t o  empir ica l ly  v e r i f y ,  e i t h e r  i n  p r a c t i c e  

and/or i n  p r i n c i p l e ,  a  syn the t i c  s tatement)  and l a t e r  a s  a n a l y t i c  i n  

t h e  d e s i r e  t o  avoid the  inconvenience of subject ing a cherished hypothesis 

t o  the  context of f a l s i f i c a t i o n .  The danger i s  r e a d i l y  apparent ,  f o r  i t  

is  poss ib le  t o  take  a statement appearing t o  be an empirical  proposit ion 

(when i n  f a c t  it  i s  not)  and t o  conclude with some remarks on t h e  impli- 

ca t ions  such sentences may have not  only i n  theory const ruct ion but 

a l s o  i n  theory appl ica t ion.  

It i s  now poss ib le  t o  d i scuss  some of t h e  s t r eng ths  and weaknesses 

inherent  i n  a n a l y t i c  s tatements vis-a-vis theory const ruct ion and applica- 

t ion.  Their  weakness is evident (as  Ayer po in t s  o u t ) ,  i n  t h a t  

. . . none of them provide any information about any matter  of 
f a c t .  I n  o the r  words, they a r e  e n t i r e l y  devoid of f a c t u a l  content.  

1 

I n  shor t ,  they t e l l  us what we a l ready know, and t h i s  is  because of t h e  

very d e f i n i t i o n s  of t h e  words involved i n  t h e  statements. However, t h e  

s t r eng th  of a n a l y t i c  s tatements i s  t h a t  they cannot be refuted  by exper- 

ience  because they do not make any a s s e r t i o n  about t h e  empirical  world-- 

they only appear t o  do t h i s .  One does not have t o  s e e  a bald man t o  

know t h a t  the  statement: " A l l  bald men a r e  bald" is  t rue .  A s  Ayer points  

ou t ,  a n a l y t i c  s tatements simply record one's  determination t o  use words 

'A. J. Ayer, "The A P r i o r i "  i n  Readings i n  t h e  Theory of Knowledge, 
Canfield and Donne11 (eds.) ,  New York: Appleton-Century-Crofts, 1964, 
p. 243.  



i n  a  c e r t a i n  manner. For t h e s e  reasons ,  t h e n ,  i t  can be  seen  why i t  is  

necessary  t o  ana lyze  a n a l y t i c  s ta tements  f o r  they a r e  o f t e n  used a s  laws 

o r  l awl ike  g e n e r a l i z a t i o n s  i n  theory cons t ruc t ion .  Not only may they  

record one 's  de te rmina t ion  t o  u se  words i n  a  c e r t a i n  f a sh ion ,  they may 

a l s o  l e a d  one, o r  pred ispose  one, t o  fo l low only c e r t a i n  l i n e s  of  in-  

v e s t i g a t i o n  which may, i n s t e a d  of r evea l ing  some new r e l a t i o n s h i p ,  simply 

r e s u l t  i n  confirmation of some r e l a t i o n s h i p  a l r eady  known t o  e x i s t .  

An hypothesis  may be u n t e s t a b l e  f o r  d i f f e r e n t  reasons.  The 

p r o p e r t i e s  i t  r e f e r s  t o  may be  poorly de f ined  o r  because t h e  genera l iza-  

t i o n  may be t r u e  by d e f i n i t i o n ,  i n  which c a s e  t h e r e  can be  no ques t ion  

of submi t t ing  such an hypothes is  t o  t e s t i n g .  (An hypo thes i s  i s  a  

p ropos i t i on  which i s  assumed i n  o rde r  t o  draw o u t  i t s  l o g i c a l  conse- 

quences, and t,hus t o  t e s t  its accord w i t h  f a c t s  which a r e  known o r  may 

be determined).  

However, i n  t h e  l a s t  a n a l y s i s ,  i t  may b e  unimportant whether t h e  

s ta tements  t h a t  compose a  theory  a r e  a n a l y t i c ,  s y n t h e t i c ,  o r  both. What 

is important  i s  whether o r  no t  t h e  l i n e s  of i n v e s t i g a t i o n  a r e  f r u i t f u l ,  - 
and t h a t  no d a t a  o r  in format ion  a r e  overlooked as unimportant o r  i r r e l e -  

van t  when t h e  dec i s ion  a s  t o  what i s  important  o r  r e l e v a n t  i s  based,  o r  

may be based, on an  unwarranted in fe rence  poss ib ly  due t o  t h e  " t r u e  by 

d e f i n i t i o n "  n a t u r e  of hypotheses. 
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The ques t ion  of "what - is an e lec t ron"  i s  s t i l l  unanswered. The 

advances i n  phys ics  only  g ive  t h e  concept  a  s l i g h t l y  sha rpe r  image. 

Attempts t o  understand i t  have become more complex and it becomes 

apparent  t h a t  i t s  "exis tence" and p r o p e r t i e s  a r e  i n e x t r i c a b l y  connected 

wi th  o t h e r  subatomic p a r t i c l e s :  photons ( s c a t t e r i n g  of e l e c t r o n s ) ;  

p a i r s  of e l e c t r o n s  and a n t i - e l e c t r o n s ;  n e u t r i n o s  ( p a r t i c l e s  w i t h  t h e  

same angular  momentum a s  e l e c t r o n s ,  b u t  w i t h  no charge,  and, it  i s  

be l i eved ,  no mass); muons ( i d e n t i c a l  t o  a n  e l e c t r o n ,  b u t  h e a v i e r  i n  

weight) .  The a c t u a l  "exis tence" of  t h e s e  t h e o r e t i c a l  c o n s t r u c t s ,  and 

t h e  way they  may f i t  i n t o  a  h i e ra rchy ,  escapes  understanding.  Further-  

more, any explana t ion  of t h e  e l e c t r o n  must i nc lude  t h e  muon (which 

p a r t i c l e  p a r t i c u l a r l y  confounds p h y s i c i s t s ) ,  and hence makes t h e  under- 

s t and ing  of t h e  e l e c t r o n  a l l  t h e  more d i f f i c u l t .  To make m a t t e r s  even 

more complicated, t h e r e  a r e  t ransmuta t ions  of  p a r t i c l e s  t o  b e  considered.  

For example, t h e  muon, a f t e r  e x i s t i n g  about one m i l l i o n t h  of a  second 

decays i n t o  two neu t r inos  and an  e l e c t r o n .  To t h e  p h y s i c i s t ,  t h e  one 

cons tan t  i nva r i ance  of t h e s e  p a r t i c l e s  and t ransmuta t ions  i s  t h a t  

they  a l l  conform t o  t h e  l a w s  of conservat ion.  An e l e c t r o n  may d i sappea r ,  

b u t  one is  conf ident  t h a t  an  e lec t ron-neut r ino  w i l l  appear  i n  i t s  p lace .  

I n  t h i s  century ,  phys ics  has  incorpora ted  t h e s e  concepts  i n t o  

mathematical t h e o r i e s  of t h e i r  i n t e r a c t i o n s .  These t h e o r i e s  do p r e d i c t ,  

w i th  good approximation t h e  behaviour of e l e c t r o n s  i n  atoms, molecules ,  

o r  h igh  energy c o l l i s i o n s ;  and h e r e i n  l i e s  t h e i r  s p e c i a l  value.  
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It i s  now time t o  d i s c u s s  t h e  d i s t i n c t i o n  between "ca tegor ies"  

and "concepts ,I1  f o r  t h e  i n t r o d u c t i o n  of concepts  i n  theory  cons t ruc t ion  

i s  of extreme importance. 

The b a s i c  s i m i l a r i t y  between "concept" and "category" is  t h a t  

they  a r e  bo th  composed of "parts"  o r  "proper t ies . "  However, t h a t  i s  

appa ren t ly ,  where t h e  s i m i l a r i t y  ends. The d i f f e r e n c e s  a r e  now shown 

schemat ica l ly :  

Concept Category 

1. an "open" system--the known a "closed" system--the ca t egor i -  
conceptua l  p r o p e r t i e s  a r e  spec- c a l  p r o p e r t i e s  are s p e c i f i a b l e ,  
i f i a b l e ,  bu t  a r e  i n d e f i n i t e  i n  f i n i t e  i n  number, and may be  
number, and a r e  not  a r b i t r a r i l y  a r b i t r a r i l y  s e l e c t e d .  
s e l e c t e d .  

conceptua l  p r o p e r t i e s  always 
d i s p l a y  conjunct ion ,  never d i s -  
junc t ion .  Membership t o  a con- 
c e p t  must be  on t h e  b a s i s  of 
some e n t i t y ' s  possess ion  of a l l  
t h e  known conceptual  p r o p e r t i e s  
of  any g iven  concept. It may 
be  t h a t  t h e  d i f f e r e n t  concep- 
t u a l  p r o p e r t i e s  may va ry  i n  
"weight," o r  importance, b u t  
t hey  a r e  & r e l evan t .  

c a t e g o r i c a l  p r o p e r t i e s  can d i s -  
p l ay  e i t h e r  conjunct ion  or d i s -  
junc t ion .  Membership i n  a ca te -  
gory can be  s p e c i f i e d  on t h e  
b a s i s  of some e n t i t y ' s  possess ion  
of - a l l  t h e  c a t e g o r i c a l  p r o p e r t i e s  
(conjunct ion)  o r ,  on t h e  b a s i s  of 
some e n t i t y ' s  posses s ion  of any 
one o r  some of t h e  p r o p e r t i e s  - 
( d i s j u n c t  i on ) .  

3. concepts  can s tand  f o r  a l l  t ime,  a ca tegory ,  once formulated,  can  
o r  t hey  can and - do change w i t h  s t and  f o r  a l l  t ime,  a s  t h e r e  may 
time. never  a r i s e  any reason  t o  change it.  

4. t ends  t o  be  "na tura l"  i n  t h a t  tends  t o  be  " a r t i f i c i a l "  i n  t h a t  
i t  a l lows  f o r  t h e  d iscovery  of  one cannot do more w i t h  i t  than  
many more p r o p e r t i e s  than  one f i r s t  intended.  I f  a cate-  
t h o s e  o r i g i n a l l y  recognized. gory i s  found u n s a t i s f a c t o r y ,  one 

can change i t  by adding o r  d e l e t -  
i n g  p r o p e r t i e s .  

5.  a d d i t i o n  of p r o p e r t i e s  r e s u l t s ,  a d d i t i o n  o r  d e l e t i o n  of p r o p e r t i e s  
n o t  i n  a new concept ,  b u t  i n  a r e s u l t s  l o g i c a l l y  i n  a new cate-  
more f u l l y  formed one; i f  a gory 



Concept Category 

p rope r ty  i s  d e l e t a b l e  one can 
say  i t  w a r n e v e r  a conceptua l  
p rope r ty  i n  t h e  f i r s t  p l a c e  o r  
t h e  p rope r ty  i s  kep t ,  b u t  is- 
given l e s s  "weight ." 

6. concepts  a r e  l i m i t e d  i n  u s e  t o  c a t e g o r i e s  a r e  u s e f u l ,  bu t  l i m i t e d .  
t h e  e x t e n t  of our  knowledge. 

A few comments on t h i s  c h a r t  are needed. With r e s p e c t  t o  i tems  

3 and 6 ,  i t  may be  argued t h a t  one ' s  concept ion of what i s  p o s s i b l e ,  

even of what i s  l o g i c a l l y  p o s s i b l e ,  grows w i t h  t h e  growth of knowledge. 

The same is  t r u e  f o r  concepts ,  they  grow and become more f u l l y  formed 

along wi th  our  knowledge. Th i s  i s  why conceptua l  p r o p e r t i e s  can b e  s a i d  

t o  be  i n d e f i n i t e  i n  number, f o r  i t  would be  d i f f i c u l t  t o  conceive of 

knowledge having an  a b s o l u t e  l i m i t .  A s c i e n t i f i c  concept h a s  meaning 

only because s c i e n t i s t s  mean something by i t ,  b u t  t h i s  does n o t  imply 

t h a t  it  i s  p o s s i b l e  t o  know every th ing  about any g iven  concept .  By 

l eav ing  concepts  "open" i n  t h i s  way, conceptua l  meaning becomes more 

comprehensive a s  knowledge inc reases .  Kaplan would a rgue  t h a t  concepts  

i n  f a c t  f u n c t i o n  a s  r u l e s  f o r  judging o r  a c t i n g ,  as p r e s c r i p t i o n s  f o r  

organiz ing  t h e  m a t e r i a l s  of experience.  When seen  i n  t h i s  l i g h t ,  t hen ,  

a s  a concept becomes more comprehensive, s o  too  does one ' s  a b i l i t y  t o  

judge and a c t .  I n  a d d i t i o n ,  t h e  context  w i t h i n  which one uses  a concept 

a l s o  becomes impor tan t ,  and, a s  such, concepts  may be  used as a n  

h e u r i s t i c  technique i n  l ead ing  one t o  d i scove r  con tex tua l  re levance ,  a 

seemingly d e s i r a b l e  complement t o  any theory.  

It i s  now t ime t o  r e l a t e  t h e  above d i s c u s s i o n  t o  theory  construc-  

t i o n .  Proper  concepts  a r e  r equ i r ed  t o  formula te  good t h e o r i e s ,  b u t ,  i n  

a d d i t i o n ,  adequate  t h e o r i e s  a r e  needed t o  a r r i v e  a t  good concepts .  The 

i n t e r a c t i o n  of t h e s e  two " leve ls"  i s  important .  Moreover, i f  one con- 

fu ses  "ca tegor ies"  w i th  "concepts," i f  one f a i l s  t o  s e e  t h e  c r u c i a l  

d i s t i n c t i o n s  between them, then  t h e  chances of formula t ing  good t h e o r i e s  

w i l l  be reduced, f o r ,  by mis tak ing  a "category1' f o r  a "concept," and 



introducing i t  i n t o  t h e  theory,  t h a t  theory  w i l l  be  l imi ted .  That i s  

t o  say ,  t h e  very l i m i t a t i o n s  of t h e  category w i l l  be  t h e  very l imi ta-  

t i o n s  of t h e  theory. I f  t h e  mistake is  made, t h e  theory becomes akin  

t o  an ad hoe hypothesis--explaining what i t  s e t  out  t o  exp la in ,  and 

nothing more. 
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B i o l o g i s t s  and phi losophers  agree  t h a t  t h e  b i o l o g i c a l  and be- 

havioura l  s c i ences  a r e  fundamentally non- te leo logica l ,  and t h a t  appro- 

p r i a t e  t r a n s l a t i o n  r u l e s  e x i s t  t o  t ransform such s t a t emen t s  a s :  

"The func t ion  of - x i n  - z i s  t o  do y" 

i n t o  

I I  z does y by us ing  x" - 

"y i s  an adap ta t ion . "  

(This  approach was expounded by Nagel--and has r e c e n t l y  been d iscussed  

by Michael E. Ruse  i n  PhiZosophy of Science, O f f i c i a l  J o u r n a l  of t h e  

Philosophy of Science Assoc ia t ion ,  Vol. 38, No. 1, March, 1971).  
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The Kinetic-Molecular Theory may be  considered a s t anda rd  

s c i e n t i f i c  theory.  An o u t l i n e  of i t  is  presented  h e r e  i n  o r d e r  t h a t  

some of t h e  main i d e a s  and concepts may b e  c o r r e l a t e d .  It may prove 

f r u i t f u l  t o  c l o s e l y  read  t h e  t e x t  of Chapter Two and t h e  fo l lowing  

o u t l i n e  and " recons t ruc t"  t h e  theory  imagina t ive ly .  

A detailed investigation of a scientific theory in order to 
correlate the key terms of scientific research: The Kinetic MoZecuZar 
Theory. Ehrpirical observation suggests postuZates. The theory as a 
model and the four basic assumptions. Justifications of these assump- 
tions. BoyZe 's Law; Charles ' Law; Dalton 's Law; Brownian Motion; 
Graham 's Law. 

One phenomenon t h a t  y i e l d s  a c l u e  t o  t h e  observed behaviour  of 

gases  is suggested by Brownian motion, f i r s t  observed by t h e  S c o t t i s h  

b o t a n i s t ,  Robert Brown, i n  1827. It can be observed by focus ing  a 

microscope on a p a r t i c l e  of c i g a r e t t e  smoke when i l l umina ted  from t h e  

s i d e .  The p a r t i c l e  of c i g a r e t t e  smoke appears  t o  be  j o s t l e d  by i t s  

neighbouring molecules s o  as i n d i r e c t l y  t o  sugges t  t h e  motion of t h e  

submicroscopic,  i n v i s i b l e  molecules of mat te r .  T h i s ,  then ,  i s  powerful ,  

empi r i ca l  suppor t  f o r  t h e  idea  t h a t  m a t t e r  c o n s i s t s  of extremely minute 

p a r t i c l e s  which are cons t an t ly  i n  motion. Indeed, t h e  very  e x i s t e n c e  

of Brownian motion c o n t r a d i c t s  t h e  i d e a  of ma t t e r  as a qu ie scen t  state. 

Th i s  "moving-molecule" theory  i s  known as t h e  k i n e t i c  theory of m a t t e r ,  

and it i s  founded on b a s i c  p o s t u l a t e s .  

The k i n e t i c  theory  r e p r e s e n t s  a model which is  proposed t o  account 

f o r  an observed s e t  of empi r i ca l  f a c t s .  I n  o r d e r  t h a t  t h e  model be 

p r a c t i c a l ,  c e r t a i n  s imp l i fy ing  assumptions must be made about i t s  pro- 

p e r t i e s .  The v a l i d i t y  of each assumption and t h e  r e l i a b i l i t y  of t h e  

whole model can be a sce r t a ined  by how w e l l  t h e  f a c t s  a r e  expla ined ,  and 



by how w e l l  add i t iona l  f a c t s  may be  predic ted .  

Gases cons i s t  of t i n y  molecules, which a r e  so small  and 

s o  f a r  apa r t  on t h e  average t h a t  the  a c t u a l  volume of 

the  molecules i s  n e g l i g i b l e  compared t o  the  empty space 

between them. 

I n  the  pe r fec t  gas ,  t h e r e  a r e  no a t t r a c t i v e  fo rces  between 

molecules. The molecules a r e  completely independent of 

each o ther .  

The molecules of a gas a r e  i n  r ap id ,  random, s t r a i g h t - l i n e  

motion, c o l l i d i n g  wi th  each o the r  and wi th  t h e  wa l l s  of 

t h e i r  container .  I n  each c o l l i s i o n ,  it is  assumed t h a t  

the re  is no n e t  l o s s  of k i n e t i c  energy (Law of Conservation 

of Energy), although t h e r e  may be  a t r a n s f e r  of energy 

between t h e  pa r tne r s  i n  t h e  c o l l i s i o n .  

A t  a p a r t i c u l a r  i n s t a n t  i n  any c o l l e c t i o n  of gas molecules, 

d i f f e r e n t  molecules have d i f f e r e n t  speeds and, t h e r e f o r e ,  

d i f f e r e n t  k i n e t i c  energies.  However, t h e  average k i n e t i c  

energy of a l l  t he  molecules i s  assumed t o  be  d i r e c t l y  pro- 

por t iona l  t o  t h e  absolute  temperature. 

Before d iscuss ing each of these  assumptions, i t  might be asked 

how t h e  model i s  r e l a t e d  t o  t h e  observable q u a n t i t i e s  V, P, and T, 

where V i s  t h e  volume, P i s  the  pressure ,  and T is  t h e  temperature. 

The accepted model of a gas i s  t h a t  it c o n s i s t s  mostly of empty space 

i n  which b i l l i o n s  of t i n y  po in t s  represent ing  molecules move i n  v i o l e n t  

motion, c o l l i d i n g  with each o the r  and wi th  t h e  wa l l s  of the  conta iner .  

The voZwne of a gas i s  mostly empty space but  i s  occupied, i n  t h e  sense 

t h a t  moving p a r t i c l e s  occupy the  e n t i r e  region i n  which they move. 

Pressure, defined a s  fo rce  per  u n i t  a rea ,  i s  exerted by gases because 

molecules c o l l i d e  with t h e  wa l l s  of t h e  conta iner .  Each c o l l i s i o n  pro- 

duces a t i n y  push, and t h e  sum of a l l  t h e  pushes on 1 sq. cm. of wa l l  i n  

1 sec. is the  pressure.  Temperature gives a q u a n t i t a t i v e  measure of t h e  

average motion of t h e  molecules. 



That t h e  f i r s t  of t h e  f o u r  assumptions l i s t e d  i s  reasonable  can 

be  supported by t h e  f a c t  t h a t  t h e  compres s ib i l i t y  of gases  i s  s o  g r e a t .  

Ca lcu la t ions  show t h a t ,  i n  oxygen gas ,  f o r  example, a t  S.T.P. ( t h a t  i s ,  

a t  s tandard  temperature and p re s su re ,  which i s  O'C (or  273'~) and 1 

s t anda rd  atmosphere (760 mm. Hg) of p r e s s u r e ,  99.96 p e r  c e n t  of t h e  

t o t a l  volume i s  empty space  a t  any i n s t a n t .  S ince  t h e r e  are 2.7 x 1 0  19  

molecules per  cubic  cen t ime te r  of oxygen gas  at S.T.P., i t  can  b e  calcu-  
-8 

l a t e d  t h a t  t h e  average spac ing  between molecules i s  about 37 x 1 0  cm., 

which i s  about t h i r t e e n  t imes  t h e  molecular  diameter .  When oxygen o r  

any o t h e r  gas  i s  compressed, t h e  average spac ing  between molecules is  

reduced such t h a t  t h e  f r a c t i o n  of f r e e  space  i s  reduced. 

The v a l i d i t y  of  t h e  second assumption can  be supported by t h e  

obse rva t ion  t h a t  gases  spontaneously expand t o  occupy a l l  t h e  volume 

a c c e s s i b l e  t o  them. Th i s  behaviour occurs  even f o r  a h igh ly  compressed 

gas ,  where t h e  molecules a r e  f a i r l y  c l o s e  toge the r  and hence where any 

in t e rmolecu la r  f o r c e s  should be g r e a t e s t .  T h i s  obse rva t ion  suppor t s  

t h e  c l a im  t h a t  t h e r e  i s  no apprec i ab le  b inding  of one molecule  of a gas 

t o  i t s  neighbours.  

A s  a l r eady  i n d i c a t e d ,  t h e  obse rva t ion  of Brownian motion imp l i e s  

t h a t  molecules of a gas move, and i n  agreement w i th  assumption 3. L ike  

any moving body, molecules have an amount of k i n e t i c  energy equal  t o  
2 

1/2ms , where m is  t h e  mass of t h e  molecule and s is i t s  speed. That 

molecules move i n  s t r a i g h t  l i n e s  fo l lows  from t h e  assumption of no 

a t t r a c t i v e  f o r c e s ,  f o r  only i f  t h e r e  were a t t r a c t i o n s  between them could 

molecules be swerved from s t r a i g h t - l i n e  pa ths .  Because t h e r e  a r e  s o  many 

molecules i n - a  gas  sample and because they  a r e  moving s o  r a p i d l y  ( a t  
0 
0 C. t h e  average speed of oxygen molecules i s  about 1 ,000 mi l e s  p e r  hour ) ,  

t h e r e  are f r equen t  c o l l i s i o n s  between molecules.  It is  necessary  t o  

assume t h a t  t h e  c o l l i s i o n s  a r e  e l a s t i c  ( l i k e  those  between b i l l i a r d  b a l l s )  

f o r ,  o therwise ,  k i n e t i c  energy would be  l o s t  by conversion t o  p o t e n t i a l  

energy ( a s  by d i s t o r t i n g  molecules) .  I f  t h i s  were t h e  case ,  motion of 

t h e  molecules would even tua l ly  s t o p ,  and t h e  molecules would s e t t l e  t o  

t h e  bottom of t h e  con ta ine r .  It might b e  noted t h a t  t h e  d i s t a n c e  a gas 



molecule has  t o  t r a v e l  be fo re  c o l l i d i n g  e l a s t i c a l l y  wi th  ano the r  gas  

molecule i s  much g r e a t e r  t h a n  t h e  average spac ing  between molecules ,  

because t h e  molecules have many n e a r  misses .  I n  oxygen a t  S.T.P. t h e  

average d i s t a n c e  between succes s ive  c o l l i s i o n s ,  c a l l e d  t h e  mean free 

path, i s  approximately 1,000 t imes  t h e  molecular  diameter .  

The f o u r t h  assumption c o n s i s t s  of two p a r t s :  (1) t h a t  t h e r e  i s  

a d i s t r i b u t i o n  of k i n e t i c  ene rg i e s  and (2)  t h a t  t h e  average k i n e t i c  

energy is p ropor t iona l  t o  t h e  a b s o l u t e  temperature.  The d i s t r i b u t i o n ,  

o r  range,  of energ ies  comes about a s  a r e s u l t  of molecular  c o l l i s o n s ,  

which c o n t i n u a l l y  change t h e  speed of a p a r t i c u l a r  molecule.  A given 

molecule may move along w i t h  a c e r t a i n  speed u n t i l  i t  h i t s  ano the r ,  t o  

which i t  l o s e s  some of i t s  k i n e t i c  energy;  perhaps,  l a t e r ,  i t  g e t s  h i t  

by a t h i r d  and ,ga ins  k i n e t i c  energy. Th i s  exchange of k i n e t i c  energy 

between neighbours occurs  c o n s t a n t l y ,  such t h a t  i t  i s  only  t h e  t o t a l  

k i n e t i c  energy of a gas  sample t h a t  remains cons t an t  provided ,  of 

course ,  t h a t  no energy i s  added t o  t h e  gas  sample from t h e  o u t s i d e ,  a s  

by hea t ing .  The t o t a l  k i n e t i c  energy of a gas  i s  made up of t h e  c o n t r i -  

bu t ions  of a l l  t h e  molecules,  each of which may b e  moving a t  a d i f f e r e n t  

speed. A t  a p a r t i c u l a r  i n s t a n t ,  a few molecules may b e  s t and ing  s t i l l  

wi th  no k i n e t i c  energy; a few may have h igh  k i n e t i c  energy;  most w i l l  

have k i n e t i c  ene rg i e s  n e a r  t h e  average. The s i t u a t i o n  is  summarized 

i n  t h e  diagram below, which i n d i c a t e s  t h e  u s u a l  d i s t r i b u t i o n  of k i n e t i c  

ene rg i e s  i n  a gas sample. Each p o i n t  on t h e  curve t e l l s  what f r a c t i o n  

of t h e  molecules have t h e  s p e c i f i e d  va lue  of t h e  k i n e t i c  energy. (Diag-A) 

The temperature of a gas  may be  r a i s e d  by t h e  a d d i t i o n  of h e a t  and 

t h i s  r a i s e s  t h e  quest ion:  "What happens t o  t h e  molecules  a s  t h e  tempera- 

t u r e  i s  r a i sed?"  The h e a t  which is  added is  a form of energy and s o  can 

be used t o  i nc rease  t h e  speed of t h e  molecules and, t h e r e f o r e ,  t h e  average 

k i n e t i c  energy. This  i s  shown i n  t h e  fo l lowing  diagram, where t h e  do t t ed  

curve  d e s c r i b e s  t h e  s i t u a t i o n  a t  h ighe r  temperature.  (Diag.B). A t  t h e  h ighe r  

temperature t h e  molecules have a h igher  average k i n e t i c  energy than  a t  

t h e  lower temperature.  Thus, temperature s e r v e s  t o  measure t h e  average 

k i n e t i c  energy. The assumption t h a t  average k i n e t i c  energy is  d i r e c t l y  



K i n e t i c  Energy 
Energy D i s t r i b u t i o n  i n  a Gas 

Diagram A 

p r o p o r t i o n a l  t o  t h e  abso lu t e  temperature i s  supported by t h e  f a c t  t h a t  

p r e d i c t i o n s  based on t h i s  assumption ag ree  wi th  experiment.  

-f Lower Temperature 
(I] 
al 
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K i n e t i c  Energy 
Energy D i s t r i b u t i o n  i n  a Gas a t  Two Temperatures 

Diagram B 

The k i n e t i c  theory ,  presented  above, accounts  f o r  t h e  observed 

behaviour  of gases  a s  fol lows:  

(1) Boylets taw. I f  t h e  temperature is  kep t  cons t an t  s o  t h a t  

t h e  molecules move w i t h  t h e  same average speed, t h e  p re s su re  

exe r t ed  by a gas depends only  on t h e  number of molecular  



impacts per  u n i t  w a l l  a r e a  pe r  second. When t h e  volume 

is  reduced, t h e  molecules do n o t  have a s  much volume i n  

which t o  move. They must c o l l i d e  w i t h  t h e  w a l l s  more 

f r equen t ly ,  such t h a t  t h e  w a l l s  of t h e  con ta ine r  r e c e i v e  

more pushes per  second, and t h e  observed p r e s s u r e  i s  

g r e a t e r  i n  t h e  sma l l e r  volume. 

(2) Charles' law. The e f f e c t  of r a i s i n g  t h e  tempera ture  of a 

gas i s  t o  r a i s e  t h e  average k i n e t i c  energy of t h e  molecules.  

A s  t h e  molecules move more e n e r g e t i c a l l y ,  t hey  c o l l i d e  

wi th  t h e  w a l l s  of t h e  c o n t a i n e r  more f r e q u e n t l y  and more 

v igorous ly ,  t hus  producing a g r e a t e r  pressure .  I f  t h e  

e x t e r n a l  p re s su re  on a ba l loon  i s  cons t an t  b u t  t h e  tempera- 

t u r e  i s  r a i s e d ,  t h e  gas  expands t h e  ba l loon  t o  a l a r g e r  

volume i n  which t h e  more v igorous  molecular  motion is com- 

pensat  ed . 
(3) DaZton's law. It has  a l r eady  been i n d i c a t e d  t h a t  t h e  

k i n e t i c  theory  assumes t h a t  t h e r e  a r e  no a t t r a c t i v e  f o r c e s  

between t h e  molecules  of an  i d e a l  gas. I n  a mixture of 

gas  molecules,  each molecule s t r i k e s  t h e  w a l l s  t h e  same 

number of t imes per  second and w i t h  t h e  same f o r c e  as i f  

no o t h e r  molecules were p re sen t .  Therefore ,  t h e  p a r t i a l  

p re s su re  of a gas i s  n o t  changed by t h e  presence  of o t h e r  

gases  i n  t h e  con ta ine r .  

(4) Brownian motion. When a p a r t i c l e  i s  suspended i n  a gas ,  

gas  molecules c o l l i d e  wi th  it. I f  t h e  p a r t i c l e  i s  very  

l a r g e ,  t h e  number of bombarding molecules on one s i d e  i s  

about equal  t o  t h e  number of bombarding molecules on t h e  

o t h e r  s i d e .  However, i f  t h e  p a r t i c l e  i s  sma l l ,  s o  t h a t  

t h e  number of bombarding molecules a t  any i n s t a n t  i s  sma l l ,  

c o l l i s o n s  on one s i d e  of t h e  p a r t i c l e  may predominate,  s o  

t h a t  t h e  p a r t i c l e  exper iences  a n e t  f o r c e  which causes it  t o  

move. An analogue of Brownian motion i s  observed when a 

smal l  chunk of bread i s  thrown on t h e  s u r f a c e  of a pool  



i n  which t h e r e  a r e  many small  f i s h .  The bread d a r t s  t o  

and f r o  a s  i f  propel led  by some unseen fo rce ,  t h e  in- 

v i s i b l e  fo rce  being due t o  t h e  bumping of t h e  n ibb l ing  

f i s h .  The l a r g e r  the  p iece  of bread, t h e  l e s s  i t s  e r r a t i c  

motion. 

(5) Graham's Law. This  law fol lows d i r e c t l y  from t h e  f o u r t h  

p o s t u l a t e  of t h e  k i n e t i c  theory ,  namely t h a t  t h e  average 

k i n e t i c  energy of molecules i s  constant  f o r  a  given temper- 

a tu re .  When gasl and gas a r e  compared a t  t h e  same 2 
temperature, average k i n e t i c  energy of gas molecules = 1 
average k i n e t i c  energy of gas molecules, o r  2 

where m and m a r e  the  masses of the  d i f f e r e n t  molecules 
1 2 

and sl and s2 a r e  t h e i r  average speeds: 

Qua l i t a t ive ly ,  t h i s  l a s t  equation i n d i c a t e s  t h a t  heavier  

molecules move more slowly than l i g h t  ones. It i s  reasonable 

to,assume t h a t  t h e  r e l a t i v e  r a t e s  of d i f f u s i o n  of molecules 

a r e  measured by t h e i r  r e l a t i v e  average v e l o c i t i e s ,  so  t h a t  

Rate of d i f f u s i o n  of gas 1 = -  R1 = -  "2 
Rate of d i f f u s i o n  of gas 2 R2 m 1 

This is  Graham's law. 





APPENDIX G 

A f i n a l  p o i n t  concerning models and exp lana t ions  i s  now t o  be  con- 

s i d e r e d ,  and t h i s  involves  t h e  i d e a  of a l t e r n a t e  models a s  a l t e r n a t e  

explana t ions  of phenomena. An example from phys ics  w i l l  b e  d i scussed .  

The phenomenon of l i g h t  has  i n t e r e s t e d  and puzzled men from ear -  

l iest  t imes.  The anc ien t s  were acquainted wi th  t h e  s impler  phenomena 

such a s  r e c t i l i n e a r  propagat ion,  r e f r a c t i o n ,  and, p o s s i b l y ,  t h e  p r i n c i p l e  

of some o p t i c a l  ins t ruments .  They thought of l i g h t  a s  a  s t ream of p a r t i -  

c l e s  o r  corpusc les .  During t h e  1 7 t h  cen tu ry ,  t h e  phenomena of i n t e r -  

f e r ence  and d i f f r a c t i o n  were noted.  Huygens o f f e r e d  t h e  exp lana t ion  

t h a t  l i g h t  was a  wave motion. Newton, who i s  most famous f o r  h i s  work 

i n  mechanics and t h e  law of g r a v i t a t i o n  b u t  who a l s o  made ex tens ive  re -  

searches  i n  l i g h t  ("corpuscular theory  of l i g h t " ) ,  r e j e c t e d  Huygens' wave 

theory  because t h i s  d id  n o t  seem t o  be compatable wi th  t h e  r e c t i l i n e a r  

propagat ion of l i g h t ,  i . e . ,  t he  f a c t  t h a t  l i g h t  t r a v e l s  i n  s t r a i g h t  l i n e s  

and c a s t s  sha rp  shadows. 

The weight of Newton's a u t h o r i t y  was s o  g r e a t  t h a t  f o r  a  century  

l i t t l e  a t t e n t i o n  was pa id  t o  t h e  wave theory  of l i g h t .  It was then  shown 

t h a t  t h e  s t r a i g h t  l i n e  motion of l i g h t  i s  only  approximately t r u e ,  t h e  

depa r tu re  i n  most cases  be ing  sma l l  because t h e  wave l eng th  of l i g h t  i s  

extremely s h o r t ,  about two one-hundred-thousandths of an inch .  The 

p a r t i c l e  theory  of l i g h t  then  l o s t  f a v o r ,  and was d iscarded  completely 

when t h e  speed of l i g h t  i n  water  was measured and was found t o  be  l e s s  

than t h e  speed i n  a i r ,  a  r e s u l t  p red ic t ed  by t h e  wave theory  and con t r a ry  

t o  t h e  p r e d i c t i o n  of t h e  p a r t i c l e  theory .  

Once i t  was e s t a b l i s h e d  t h a t  l i g h t  was a  wave motion, t h e  problem 

remained a s  t o  what c o n s t i t u t e d  t h e  medium f o r  t h i s  wave motion. I n  

o r d e r  t o  account f o r  t he  high speed of l i g h t  and t h e  f a c t  t h a t  l i g h t  

t r a v e l s  i n  empty space ,  t h e  e t h e r  was invented .  The e t h e r  was conceived 

a s  an i n t a n g i b l e  e l a s t i c  medium t h a t  pervaded a l l  space .  It expla ined  



f a i r l y  w e l l  t h e  way l i g h t  behaved, a s  i s  only  n a t u r a l  s i n c e  t h e  proper- 

t ies which were assigned t o  i t  were chosen f o r  e x a c t l y  t h a t  purpose.  I n  

t h e  19 th  century ,  Maxwell i n  t h e  course  of h i s  development of t h e  theory  

of e l e c t r i c i t y  and magnetism, p red ic t ed  t h e  e x i s t e n c e  of e l e c t r o -  

magnetic waves. H i s  theory  inc luded  a p r e d i c t i o n  of t h e  speed of t h e s e  

waves, and t h e  p red ic t ed  speed was t h e  same as t h e  known speed of l i g h t .  

Hertz  then  generated e lec t romagnet ic  waves i n  t h e  l a b o r a t o r y  and showed 

t h a t  h i s  waves possessed a l l  t h e  p r o p e r t i e s  of l i g h t  waves. Since then  

t h e  e lec t romagnet ic  b a s i s  of l i g h t  has  never  been ques t ioned .  

A f t e r  l i g h t  was recognized a s  an e lec t romagnet ic  wave, t h e  e t h e r  

was r e t a i n e d  a s  t h e  medium through which t h e s e  waves t r a v e l .  Attempts 

were made t o  measure t h e  speed of t h e  e a r t h  through t h e  e t h e r ,  and they  

a l l  met w i th  f a i l u r e .  Various a t tempts  were made t o  e x p l a i n  t h e  f a i l u r e ,  
4 

and f i n a l l y ,  i n  1905, E i n s t e i n  presented  h i s  famous S p e c i a l  Theory of 

R e l a t i v i t y  i n  which he proposed t h a t  t h e r e  i s  no such t h i n g  a s  a b s o l u t e  

motion such a s  i s  implied by t a l k i n g  about  t h e  speed of t h e  e a r t h  through 

t h e  e t h e r ,  bu t  t h a t  a l l  motion i s  completely r e l a t i v e .  The R e l a t i v i t y  

theory  has  been s o  s u c c e s s f u l  t h a t  t h e  e t h e r ,  no longe r  considered 

necessary ,  now i s  no longer  p o s t u l a t e d .  Electromagnet ic  waves i n  empty 

space a r e  no more d i f f i c u l t  t o  conceive than  t h e  o r i g i n a l  e t h e r  waves. 

A t  t h e  beginning of t h e  20th century  a phenomenon was observed 

which t h e  wave theory  by i t s e l f  appears  t o  b e  unable t o  exp la in .  When 

l i g h t  f a l l s  on c e r t a i n  subs tances  such a s  caesium me ta l ,  e l e c t r o n s  a r e  

e j e c t e d ,  a phenomenon known a s  t h e  p h o t o e l e c t r i c  e f f e c t ,  and t h e  energy 

of t h e s e  e l e c t r o n s  i s  determined,  no t  by t h e  i n t e n s i t y  of t h e  l i g h t  a s  

a n t i c i p a t e d  from t h e  wave theo ry ,  b u t  by t h e  frequency o r  wave l eng th  of 

t h e  l i g h t .  I n  o rde r  t o  e x p l a i n  t h e  p h o t o e l e c t r i c  e f f e c t  E i n s t e i n  extended 

an i d e a  o r i g i n a l l y  proposed by Planck i n  d i s c u s s i n g  t h e  emission of l i g h t .  

E i n s t e i n  suggested t h a t  l i g h t  energy is absorbed always i n  d i s c r e t e  

amounts, o r  t h a t  l i g h t  energy i s  d iv ided  i n t o  bundles  c a l l e d  photons o r  

quanta.  For l i g h t  of a given frequency t h e s e  photons a l l  have t h e  same 

energy bu t  t h e  photons f o r  h igh  f r equenc ie s ,  o r  s h o r t  wave l e n g t h s ,  have 

more energy than  those  of lower frequency,  o r  longer  wave l eng th .  This  



i d e a  has  been very  f r u i t f u l ,  and a s  a  r e s u l t  t h e  p re sen t  concept ion of 

l i g h t  i s  t h a t  i t  i s  d u a l i s t i c  i n  n a t u r e ,  possess ing  wave p r o p e r t i e s  i n  

s o  f a r  a s  i t s  propagat ion is  concerned, and p a r t i c l e  p r o p e r t i e s  i n  i t s  

genera t ion  and absorp t ion .  

The important  p o i n t  i s  t h a t  p h y s i c i s t s  - do use  such i n t e r p r e t a t i o n s ,  

and t h a t  f r u i t f u l  i d e a s  can come from a  "mixture" of t h e  two. The same - 
ho lds  f o r  t h e  ana lyses  of power of David Riesman and C .  Wright M i l l s  

r egard ing  s o c i a l  s t r u c t u r e .  They need no t  be  seen a s  c o n f l i c t i n g  i n t e r -  

p r e t a t i o n s ,  b u t ,  r a t h e r  a s  a l t e r n a t e  i n t e r p r e t a t i o n s  a p p l i c a b l e  t o  

d i f f e r e n t  s o c i a l  s t r u c t u r e s .  
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Apart from the direct problem of the ontological status per se of 

atoms, electrons, and protons, there is a further problem in that these 

entities are often constructed so that they can be pictured, a tendency 

encouraged by the use of models in scientific theory. The implication 

is easily drawn that these are actual physical objects in nature. Thus 

there is a tendency to ascribe a direct, ontological status to such 

entities (solely) on the grounds that this is how they are imagined to 

exist. The following problems must be considered: 

Are all theoretical entities necessarily grounded in nature as dir- 

ectly perceived, such that they are really only gradually introduced 

transformations of discovered structures? Do they always hear some 

residue of physical meaning? It could be argued that it is not 

legitimate to deny ontological status to theoretical entities because 

if they were not grounded to experience, to some degree, then they 

would be purely formal and not proper concepts for physical science 

as such. However, these theoretical entities - do provide theoretical 

explanation in physical science, and so they probably - do retain some 

physical meaning (ontological status), however indirect. Perhaps 

the problem is not in finding an object existing in nature to which 

the theoretical entity corresponds, but rather the degree to which 

such an entity expresses the physical nature as found in immediate 

experience. 

Insofar as model construction involves idealization (the conver- 

sion of discovered structures into forms which are not, and often cannot 

be actual physical facts, e.g., "point locations," "instants of time," 
11 point masses," "instantaneous velocities" and "accelerations," "point 

charge occupying zero volume," etc.), one is in danger of committing the 

fallacy of misplaced concreteness, i.e., of taking these idealized, 



t h e o r e t i c a l  e n t i t i e s  a s  t h e  primary conc re t e  r e a l i t i e s  under d i scuss ion .  

Is t h e  danger then  of ca r ry ing  o u t  s c i e n t i f i c  a n a l y s i s  d i r e c t e d  toward 

t h e  symbolizat ion of discovered s t r u c t u r e s  r a t h e r  than  t o  t h e  discovered 

s t r u c t u r e s  ( i . e . ,  phys i ca l  f a c t s ,  o b j e c t s )  themselves? For va r ious  

reasons ,  one may end up p r imar i ly  i n t e r e s t e d  i n  d i s c u s s i n g  t h e  equat ion  

r a t h e r  than  t h e  phys i ca l  f a c t s  which i t  r e p r e s e n t s  (e .g . ,  changing a pro- 

p o r t i o n a l i t y  i n t o  a  mathematical equat ion  involves  t h e  i n t r o d u c t i o n  of a  

cons t an t ,  which may equal  1, o r  n o t ,  and may a l s o  possess  c e r t a i n  phys i ca l  

dimensions requi red  by t h e  equat ion ,  thus  r a i s i n g  t h e  i n t e r e s t i n g  problem 

of whether t h e  cons tan t  r e f e r s  t o  something i n  t h e  phys i ca l  f a c t s ,  o r  

merely r e p r e s e n t s  a  formal p rope r ty  of t h e  equa t ion ) .  I n  any case ,  t h e  

po in t  is  t h a t  t h e r e  has  been a  s h i f t  i n  t h e  s c i e n t i f i c  a n a l y s i s  from 

discovered s t r u c t u r e s  o r  phys i ca l  f a c t s  towards t h e  symbolizat ion of 

t h e s e  f a c t s .  

A good example of t h i s  problem i s  found i n  Coulomb's Law, which 

s t a t e s  t h a t  t h e  f o r c e  a s s e r t e d  by one p o i n t  charge on another  a t  r e s t  i s  

d i r e c t l y  p ropor t iona l  t o  t h e  product of t h e  charges and i n v e r s e l y  propor- 

t i o n a l  t o  t h e  square of t h e  d i s t a n c e  between them: 

where F = f o r c e ,  q  
1'92 

= magnitude of t h e  charge ,  and d  = d i s t a n c e .  Now, 

i n  t h e  mks - (meter-kilogram-second) system of u n i t s ,  

9 9 x 10 newton m 
2 

k = 
coulomb 

2  

and, f o r  p r a c t i c a l  purposes,  t h e  allowed e r r o r ,  o r  E, ( p e r m i t t i v i t y  of 

f r e e  space)  i s :  

1 -12 coulombs 
2 

- 
E O  - - =  8.85 x 10 

n t  m 
2 



However, in the more often used the (centimeter-gram-second) system 

of units, 

The problem becomes one of deciding whether E, bears a physical or only 

a purely formal meaning. Nevertheless, in a manipulation such as this, 

the attention of the investigator has shifted from the physical facts 

symbolized by the equation to the properties of the symbol or equation 

itself. 
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The fugue may b e  d iv ided  i n t o  t h r e e  r a t h e r  a r b i t r a r y  d i v i s i o n s :  

t h e  expos i t i on  ( t h e  most c o n s i s t e n t l y  uniform s e c t i o n  i n  any fugue) ,  t h e  

middle s e c t i o n ,  and t h e  c l o s e .  The s u b j e c t ,  i n  t h e  t o n i c ,  always e n t e r s  

f i r s t ,  unaccompanied, i n  any voice ,  and is  usua l ly  s t a t e d  conc i se ly .  

Consider t h e  s u b j e c t  from t h e  Fugue No. 2 (Well-tempered C lav ie r  Volume I ) :  

The s u b j e c t  is  then s t a t e d  i n  t h e  dominant is ano the r  vo ice ,  t h i s  

res ta tement  be ing  termed t h e  answer. The s u b j e c t  could then  b e  s t a t e d  i n  

s t i l l  a  t h i r d  voice ,  aga in  i n  t h e  t o n i c ,  and s o  on down u n t i l  a l l  vo i ces  

have en te red ,  and always wi th  t h e  a l t e r n a t i o n  of t o n i c  i n  s u b j e c t  and 

dominant i n  answer. I f  t h e  answer i s  an exac t  t r a n s p o s i t i o n ,  a " r ea l "  

fugue o b t a i n s ;  i f  n o t ,  a  " tonal"  fugue, such a s  t h e  one r e f e r r e d  t o  above 

(C-minor) r e s u l t s .  One a d d i t i o n a l  important  term is necessary .  The counter- 

po in t  t h a t  appears  c o n s i s t e n t l y  w i th  t h e  s u b j e c t  o r  answer i s  c a l l e d  t h e  

countersubjec t .  

I n  t h e  middle s e c t i o n ,  t h e  theme is s t a t e d  r e c u r r e n t l y ,  s epa ra t ed  

by po r t ions  i n  which t h e  theme is  not s t a t e d  i n t a c t ,  t h e s e  s e c t i o n s  being 

termed episodes.  (Appearances of t h e  s u b j e c t  s epa ra t ed  by m a t e r i a l  of 

an e p i s o d i c  n a t u r e ,  b u t  s h o r t e r ,  i s  termed a  c o d e t t a . )  The episodes a r e  

gene ra l ly  made up of m a t e r i a l  from t h e  s u b j e c t ,  coun te r sub jec t ,  and f r e e  

vo ice  of t h e  expos i t i on ,  b u t  may b e  t r e a t e d  i n  d i f f e r e n t  ways by, f o r  

example, i nve r s ion ,  key-change and voice-change, o r  combinations of these .  



There i s  no r e s t r i c t i o n  on t h e  number of ep isodes ,  and they may a l s o  b e  

used t o  e f f e c t  modulations,  a s  i n  t h e  case  of t h e  f i r s t  middle e n t r y  of 

t h e  same fugue. 

The c l o s e  is  o f t e n  marked by t h e  l a s t  ep isode  modulating i n t o  t h e  

t o n i c .  The fugue gene ra l ly  f i n i s h e s  o f f  wi th  a  s p e c i a l  s e c t i o n  c a l l e d  t h e  

coda. 

Many a d d i t i o n a l  devises  such a s  s t r e t t o ,  p e d a l ,  t i e r c e  de picardie, 

double s u b j e c t ,  counter-exposi t ion,  and redundant e n t r y ,  though by no 

means common t o  a l l  fugues,  have been omit ted.  However, t o g e t h e r  wi th  

t h e  r u l e s  of counterpoin t  a l r eady  d iscussed  one can s e e  t h e  no t ion  of 
I f  conceptua l  framework" a s  i t  a p p l i e s  t o  t h e  composer, a s  w e l l  a s  t h e  

no t ions  of explana t ion  and p r e d i c t i o n  f o r  both t h e  composer and l i s t e n e r  

i n  r e s p e c t  t o  t h e  reasons  why baroque music possesses  i t s  d i s t i n c t i v e  

sound . 
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I I Sonata  first-movement form" un fo r tuna te ly ,  does no t  d e s i g n a t e  

what t h e  name imp l i e s ,  i . e . ,  t h e  form of t h e  sona ta ,  b u t  t h e  form used 

f r e q u e n t l y  f o r  s i n g l e  movements of t h e  sona ta  (symphony, q u a r t e t ,  e t c . ) .  

S ince  t h i s  form is  p r a c t i c a l l y  always used f o r  t h e  f i r s t  movement of a  

sona ta ,  i t  i s  a l s o  des igna ted  a s  first-movement form. This  term, however, 

is a l s o  misleading s i n c e  t h e  same form is  f r e q u e n t l y  employed a l s o  f o r  

t h e  slow and f o r  t h e  f i n a l  movements of s o n a t a s .  Both terms des igna te  

a form which is of fundamental importance i n  music from Haydn and Mozart 

t o  t h e  contemporary composers of s o n a t a s  o r  symphonies al though,  a f t e r  

1900, i t  was s o  f r e e l y  t r e a t e d  t h a t  sometimes only t r a c e s  of i t  a r e  d i s -  

c e r n i b l e .  It i s  probably c o r r e c t  t o  s ay  t h a t  e igh ty  p e r  c e n t  of a l l  t h e  

movements found i n  t h e  p re sen t  day a r e  w r i t t e n  i n  sonata-form, s t r i c t l y  

o r  f r e e l y  app l i ed .  

A movement w r i t t e n  i n  sonata-form f a l l s  i n t o  t h r e e  s e c t i o n s ,  c a l l e d  

expos i t i on ,  development, and r e c a p i t u l a t i o n  . . . . t h e  l a s t  u sua l ly  

followed by a  s h o r t e r  o r  longer  coda. 

Sonata-form may b e  diagrammed thus : 

Th eme : 
Expos i t  ion  
I I1 (111) 

Development Recap i tu l a t ion  Coda 
I II (111) 

Key scheme: Tonic t o  Modulatory Tonic (remaining) 
Dominant 

The expos i t i on  con ta ins  a  number of themes and connect ing passages (b r idge  

passages)  which f a l l  i n t o  two groups, f i r s t  and second group o r ,  a s  they 

a r e  a l s o  c a l l e d ,  f i r s t  and second themes. There is  usua l ly  a n o t i c e a b l e  

d i f f e r e n c e  i n  c h a r a c t e r  between t h e  f i r s t  and t h e  second themes, t h e  former 

be ing ,  f o r  example, dramatic ,  t h e  l a t t e r  l y r i c a l ,  Furthermore, t h e  second 

theme is i n  another  key, normally i n  t h e  key of t h e  dominant i f  t h e  t o n i c  

is  major,  and i n  t h e  r e l a t i v e  key i f  t h e  t o n i c  i s  minor. Towards t h e  

end of t h e  second group one f r equen t ly  f i n d s  a  "c los ing  theme1' which s t a n d s  

ou t  f o r  i t s  i n d i v i d u a l  c h a r a c t e r .  



The development i s  t h e  c e n t r a l  s e c t i o n  of t h e  movement, on account  

of i t s  p o s i t i o n  a s  w e l l  a s  i t s  cha rac t e r .  The s t y l e  and t rea tment  h e r e  

d i f f e r  r a d i c a l l y  from t h a t  i n  t h e  expos i t i on .  A g r e a t  number of devices  

and procedures  a r e  used t o  produce t h a t  s p e c i a l  c h a r a c t e r  of "development," 
11 dynamic tens ion ,"  " increased temperature,"  " f i g h t i n g  fo rces , "  e t c . ,  which 

is  proper  t o  t h i s  s e c t i o n .  

Two most important  means of development a r e :  

( a )  Melodic segmentat ion 
(b)  Rapid harmonic modulation (change of key) 

Other devices  used a re :  

( c )  Contrapuntal  i m i t a t i o n  of melodic motives 
( i  . e. " fuga l  s t y l e " )  

(d) Contrapuntal  combination of d i f f e r e n t  motives 
( e )  Use of themes o r  motives i n  i nve r s ion  o r  

diminut ion 

For example, t h e  r e l a t i o n s h i p  of t h e  opening b a r s  of  t h e  development can 

b e  t r a c e d  t o  t h e  f i r s t  theme of t h e  expos i t i on .  There a r e  no s e t  r u l e s  

as t o  any of t h e  d e t a i l  of procedure.  I n  t h e  development s e c t i o n  more 

than  anywhere e l s e  t h e  composer is  f r e e  t o  u s e  h i s  i ngenu i ty  i n  forming 

a dynamic body from t h e  b u i l d i n g  m a t e r i a l  a t  h i s  d i s p o s a l .  

The r e c a p i t u l a t i o n  normally con ta ins  a l l  t h e  m a t e r i a l  of t h e  ex- 

pos i t i o n ,  a l though usua l ly  w i t h  c e r t a i n  mod i f i ca t ions  , p a r t i c u l a r l y  i n  

t h e  b r i d g e  passages.  One mod i f i ca t ion  i s  o b l i g a t o r y ,  namely, t h a t  which 

makes t h e  second theme appear  i n  t h e  t o n i c  (no t ,  a s  formerly,  i n  t h e  

dominant) s o  t h a t  t h e  whole movement comes t o  a c l o s e  i n  t h e  ton ic .  

The coda which, i n  many compositions,  is  only a c l o s i n g  sen tence  

of moderate length ;  i n  o t h e r s  i t  assumes cons ide rab le  p ropor t ions  and 

sometimes spreads  o u t  i n t o  another  development s e c t i o n .  

There a r e  o t h e r  important  forms, such a s  theme and v a r i a t i o n s ,  

rondo, sonata-rondo, e t c .  b u t  they  w i l l  no t  b e  taken up i n  t h i s  t h e s i s .  

The above account of t h e  most important  c l a s s i c a l  form w i l l  s u f f i c e .  
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It i s  a l s o  important  t o  recognize  t h a t  t h e  model p resen ted  i n  

Chapter F ive  i s  s i m p l i f i e d .  The fo l lowing  models, showing a l t e r n a t e  

r o u t e s ,  a r e  probably more a c c u r a t e .  

SD Mode Z B 

r e fo rmula t e  
d i s c a r d  

Route ( a ) ,  i n  which each s t a g e  i s  taken  i n  t u r n ,  may, i n  f a c t , n o t  - o b t a i n .  

The r e s e a r c h e r  may ve ry  w e l l  fo rmula te  t h e  f i n a l  law o r  t heo ry  i n  one 

l e a p  ( " i n t u i t i v e  leap") a s  shown i n  r o u t e  (d ) .  It i s  a l s o  p o s s i b l e  t h a t  

t e s t i n g  may occur  wi thout  any d e t a i l e d  c o n s i d e r a t i o n s  of  p l a u s i b i l i t y ,  

a s  i n  r o u t e  ( b ) .  Th i s  may be  e s p e c i a l l y  t r u e  i f  one i s  ana lyz ing  a  rev- 

o l u t i o n a r y  d i s cove ry ,  f o r ,  i f  c o n s i d e r a t i o n s  of p l a u s i b i l i t y  a r e  made 

w i t h i n  a  t h e o r e t i c a l  framework ( a s  a t  (c)), then  i t  i s  d i f f i c u l t  t o  

d i s cove ry ,  
( s p e c i a l  
sense)  

I-_- A ? 
(a )  -- T f T I P 

-- (b 1 

- 

+ 
p l a u s i b i l i t y  
c o n s i d e r a t i o n s  + 

o b j e c t i v e  means 
of  v a l i d a t i o n ;  
experiment 

= 
f i n a l  s c i e n -  
t i f i c  d i s -  
covery (gen- 
eral sense )  
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accommodate t h e  no t ion  of overthrowing t h a t  t h e o r e t i c a l  framework. I t  

i s  a l s o  p o s s i b l e  t h a t ,  i n  t h e  t h e o r e t i c a l  formulat ion of a  law, t h e  test- 

i n g  may have been by-passed. However, a s  t h i s  t h e s i s  has  s o  s t r o n g l y  

argued,  t h e  t e s t i n g  is  t h e  c r u c i a l  s t a g e .  Routes ( c )  and ( d ) ,  t hen ,  

must be  r e v i s e d  a s  fol lows:  

r e f  ormul 

d i s c a r d  

? 

In  each of t h e s e  models (SD Models B and C) t h e  arrows below r e p r e s e n t  

a s u c c e s s f u l  outcome whi le  t h e  arrows above r e p r e s e n t ,  a f t e r  t e s t i n g  

unsuccess fu l  outcomes which r e s u l t  i n  t h e  d i s c a r d i n g  o r  t h e  r e fo rmula t ion  

of t h e  o r i g i n a l  hypothes is .  

S imi l a r  r e v i s i o n s  a r e  requi red  f o r  musical  c r e a t i v i t y .  The f o l -  

lowing model may more a c c u r a t e l y  r ep re sen t  t h e  development of a musical  

i dea .  

a t e  

I' (c) ? 

= 
f i n a l  sc ien-  
t i f i c  d i s -  
covery (gen- 
e r a l  s ense )  

p l a u s i b i l i t y  
cons ide ra t ions  

C 

discovery ,  
( s p e c i a l  
s ense )  

+ + 
o b j e c t i v e  means 
of v a l i d a t i o n ;  

1 



discard 
(e) reformulate idea 

/ '\ idea -P 
/ 

reformulate \ T 
/ '! '\ 

\ / \ 
\ discard '\ 

/Lf4 / 

creativity consideration, 
(special selectivity 
sense) + and ordering 

of musical 
materials 

final musi- 
cal creation 
(general 
sense) 

MC Model B 

Route (a) is again the most systematic, and probably more representative 

of student composers than of professionals. In this process, testing 

is not quite as crucial as in discovery, such that routes (c) and (d) 

probably do not require revision as in SD Mode2 C; however, the following 

model, analogous to SD Modal C, may very well occur, for it seems that 

very few composers do not make at least some minor revisions before 

presenting the composition for performance. 



d i s c a r d  
b 

- --- 
; c r e a t i v i t y  ' 

I ( s p e c i a l  
s ense )  

i l 

-- -. 
___I 

cons ide ra t ion ,  
s e l e c t i v i t y  
and o rde r ing  
of musical  + 
m a t e r i a l s  
----.? 

<\ 

t e s t  of sound 1 
image, 1 
a d d i t i o n s ,  1 - - d e l e t i o n s ,  o r  
r e v i s i o n s  

f i n a l  musi- 
c a l  c r e a t i o n  I 
(gene ra l  
s ense )  

Again, t h e  r o u t e s  below t h e  boxes r e p r e s e n t  s u c c e s s f u l  outcomes; t hose  

above r ep resen t  t h e  p rog res s  of musical  i d e a s  t h a t  a r e  n o t  f r u i t f u l ,  o r  

r e q u i r e  mod i f i ca t ion .  


