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S c i e n t i f i c  Explanat ion:  Three Basic concept ions1 

Wesley C. Salmon 

Un ive r s i t y  o f  P i t t s b u r g h  

When one t a k e s  a long look a t  t h e  concept ( o r  concepts)  o f  s c i e n t i f i c  
e x p l a n a t i o n ,  i t  i s  p o s s i b l e  and p l a u s i b l e  t o  d i s t i n g u i s h  t h r e e  
fundamenta l  p h i l o s o p h i c a l  views. These might be c a l l e d  t h e  e p i s t e m i c ,  
moda l ,  and o n t i c .  They c a n  be  d i s c e r n e d  i n  A r i s t o t l e ' s  P o s t e r i o r  
Ana ly t i c s  and they  a r e  conspicuous i n  t h e  twen t i e th -cen tu ry  l i t e r a t u r e .  
I n  i t s  c l a s s i c  form--the i n f e r e n t i a l  vers ion-- the  e p i s t e m i c  concept ion  
t akes  s c i e n t i f i c  exp lana t ions  t o  be arguments. During t h e  per iod o f  
a l m o s t  f o u r  d e c a d e s  s i n c e  t h e  p u b l i c a t i o n  o f  t h e  l a n d m a r k  Hempel-
Oppenheim a r t i c l e ,  "S tud ie s  i n  t h e  Logic of Explanation" (1948), t h e  
chai rman of t h i s  syniposium (Car l  G. Hempel) has  done more than anyone 
e l s e  t o  a r t i c u l a t e ,  e l a b o r a t e ,  and defend t h i s  b a s i c  concept ion  and t h e  
f a m i l i a r  models t h a t  g i v e  i t  subs t ance  he em pel 1965), though it  has ,  o f  
c o u r s e ,  had many o t h e r  champions  a s  w e l l .  A c c o r d i n g  t o  t h e  modal  
concept ion ,  s c i e n t i f i c  exp lana t ions  do t h e i r  jobs by showing t h a t  what 
d i d  happen  had t o  happen. Among t h e  r e c e n t  p r o p o n e n t s  o f  t h i s  
concept ion ,  Rom ~ a r r k  and Mward I'iadden (1975), D. H. Mellor  (1976), and 
G. H. von Wright (1971) come r e a d i l y  t o  mind. The o n t i c  concept ion  s e e s  
exp lana t ions  a s  e x h i b i t i o n s  of t h e  ways i n  which what is  t o  be expla ined 
f i t s  i n t o  n a t u r a l  p a t t e r n s  o r  r e g u l a r i t i e s .  This  view, which has  been 
advocated by Michael Sc r iven  (1975) and Larry  Wright (1976), u s u a l l y  
t a k e s  t h e  p a t t e r n s  and r e g u l a r i t i e s  t o  be  c a u s a l .  I t  i s  t h i s  t h i r d  
concept ion-- the  o n t i c  concept ion-- tha t  I suppor t .  

I f  t he se  concept ions  a r e  viewed i n  t h e  con tex t  of c l a s s i c a l  phys i c s ,  
cons t rued i n  a  Lap lac i an  d e t e r m i n i s t i c  f a sh ion ,  t h e r e  seems no t  much 
p o i n t  i n  d i s t i n g u i s h i n g  them o r  t r y i n g  t o  c h o o s e  among them- - the  
d i s t i n c t i o n s  g i v e  a s t r o n g  appearance  of be ing merely  ve rba l .  I n  t h e  
more contemporary con tex t  of p o s s i b l y  i n d e t e r m i n i s t i c  physics ,  t he se  
d i s t i n c t i o n s  seem t o  me t o  t ake  on a g r e a t  d e a l  of s i g n i f i c a n c e .  Thus, 
a c a r e f u l  examinat ion  Of p r o b a b i l i s t i c  o r  s t a t i s t i c a l  exp lana t ion  t u r n s  
o u t  t o  be  c r u c i a l .  I n  t h a t  c o n t e x t ,  t h e  c h o i c e  among t h e  b a s i c  
concept ions  has  major  p h i l o s o p h i c a l  r a m i f i c a t i o n s .  The purpose of t h i s  
p a p e r  i s  t o  e x a m i n e  e a c h  c o n c e p t i o n  i n  i t s  s t r o n g e s t  f o r m ,  and t o  
c o n s i d e r  t h e  b a s i c  p h i l o s o p h i c a l  i s s u e s  i n v o l v e d  i n  a c c e p t i n g  o r  
r e j e c t i n g  each. 
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1 .  The Epistemic Conception 

S i n c e  t h e  o b j e c t i o n s  t o  t h e  i n f e r e n t i a l  v e r s i o n  o f  t h e  e p i s t e m i c  
concept ion  a r e  q u i t e  f a m i l i a r ,  I s h a l l  not  spend much t ime  r ehea r s ing  
them. Let me s imply  c i t e  one i s s u e  t h a t  has  c r u c i a l  impor tance  f o r  t he  
p re sen t  d i s c u s s i o n ,  namely, t h e  problem of exp la in ing  even t s  t h a t  a r e  
r e l a t i v e l y  improbable.  According t o  Hempel's most d e t a i l e d  account ,  an 
exp lana t ion  is an argument t o  t h e  e f f e c t  t h a t  t h e  event  t o  be expla ined 
was t o  be  e x p e c t e d ,  g i v e n  t h e  e x p l a n a t o r y  f a c t s .  D-N ( d e d u c t i v e -
n o r n o l o g i c a l )  e x p l a n a t i o n s  o b v i o u s l y  have  t h i s  c h a r a c t e r ,  f o r  t h e  
explanandum f o l l o w s  wi th  deduc t ive  c e r t a i n t y  from t h e  explanans.  An 1-3 
( i n d u c t i v e - s t a t i s t i c a l )  exp lana t ion  s h a r e s  t h i s  c h a r a c t e r i s t i c ,  f o r  t h e  
explanandum i s  rendered h igh ly  probable  w i th  r e spec t  t o  t h e  explanans.  
The main problem f o r  t h e  p re sen t  d i s c u s s i o n  is the  s t a t u s  o f  even t s  t h a t  
occur  w i th  middl ing  o r  low p r o b a b i l i t i e s .  The po in t  i s  w e l l - i l l u s t r a t e d  
by a  f a m i l i a r ,  though a d m i t t e d l y  h igh ly  o v e r s i m p l i f i e d ,  example. I f  two 
heterozygous brown-eyed pa ren t s  produce a brown-eyed c h i l d ,  t h a t  f a c t  
can  p r e s u m a b l y  be  e x p l a i n e d  s t a t i s t i c a l l y  on t h e  b a s i s  o f  t h e  0.75 
p r o b a b i l i t y  o f  such an o c ~ u r r e n c e . ~  I f  t he se  same pa ren t s  produce a  
b l u e - e y e d  c h i l d ,  t h a t  f a c t  s eems  u n e x p l a i n a b l e  b e c a u s e  o f  i t s  low 
p robab i l i t y .  I i eve r the l e s s ,  a s  Richard J e f f r e y  (1969) and o t h e r s  have 
argued pe r suas ive ly ,  we unders tand each of t hese  occurrences  equa l ly  
w e l l .  To s a y  t h a t  we can  e x p l a i n  t h e  o n e ,  b u t  n o t  t h e  o t h e r ,  i s  
s t r a n g e l y  asymmetr ica l .  

In a more r ecen t  d i s c u s s i o n  of s t a t i s t i c a l  exp lana t ion ,  Hempel (1977) 
r e l i nqu i shed  h i s  high p r o b a b i l i t y  requirement ,  thus  appa ren t ly  removing 
t h e  d i f f i c u l t y  a s s o c i a t e d  w i t h  t h e  e x p l a n a t i o n  o f  i m p r o b a b l e  
o c c u r r e n c e s .  He d i d  n o t ,  however ,  p u r s u e  t h e  r a m i f i c a t i o n s  o f  t h i s  
change f o r  h i s  whole theory  of s c i e n t i f i c  explanat ion .  I s u s p e c t  t h a t  
i t  c r e a t e s  more problems than i t  so lves - - fo r  example, v i o l a t i n g  t h e  very  
c o v e r i n g  law c o n c e p t i o n  t h a t  he  had a b l y  d e f e n d e d  i n  a l l  o f  h i s  
preceding t r e a t m e n t s  o f  s c i e n t i f i c  explanat ion .  

During the  pas t  f i f t e e n  y e a r s ,  two o t h e r  ve r s ions  o f  t h e  e p i s t e m i c  
concept ion  have been advanced. The f i r s t  i s  an in fo rma t ion -  t h e o r e t i c  
v e r s i o n  f i r s t  p roposed  by James  Greeno (1970)  and l a t e r  d e f e n d e d  by 
Joseph Hanna (1978). This approach is ext remely  u s e f u l ,  but  i f  i t  i s  
s u p p l e m e n t e d ,  a s  Kenneth  S a y r e  (1977)  h a s  s u g g e s t e d ,  w i t h  s u i t a b l e  
c o n s i d e r a t i o n  o f  t h e  mechan i sms  o f  t r a n s m i s s i o n  o f  i n f o r m a t i o n ,  i t  
s h o u l d  be r e c l a s s i f i e d  u n d e r  t h e  o n t i c  c o n c e p t i o n ,  wh ich  s t r e s s e s  
phys i ca l  mechanisms. 

The second  i s  an e r o t e t i c  v e r s i o n  f i r s t  b r o a c h e d  by S y l v a i n  
Bromberger (1966) and r e c e n t l y  e l abo ra t ed  by Bas van Fraassen (1980). 
Bromberger's account  was r e s t r i c t e d  t o  exp lana t ions  of t h e  D-N s o r t ,  
w h e r e a s  van F r a a s s e n ' s  t h e o r y  d e a l s  e x p l i c i t l y  w i t h  s t a t i s t i c a l  
explanat ions .  Space does not  pe rmi t  a d e t a i l e d  e x p o s i t i o n  and c r i t i q u e  
o f  van Fraassen 's  theory  ( s e e  Salmon 1984); n e v e r t h e l e s s ,  I should l i k e  
t o  make two comments .  F i r s t ,  i t  i s  a s u b t l e  and w e l l - w o r k e d - o u t  
theory-- to  my mind t h e  most promis ing o f  any f a l l i n g  under t h e  ep i s t emic  
conception.  Second, i t  p r e s e n t s  a  b a s i c  ph i lo soph ica l  i s s u e  on which we 
t ake  oppos i t e  s ides .  

The p rob lem c e n t e r s  upon van F r a a s s e n ' s  h a n d l i n g  o f  t h e  c o n t r a s t  
c l a s s .  On h i s  view, each p rope r ly  formula ted  explanat ion-seeking why-



u e s t i o n  p r e s u p p o s e s  a s e t  o f  a l t e r n a t i v e s ,  one  and o n l y  one  o f  which  
t h e  t o p i c )  i s  t r u e .  To r e v e r t  t o  t h e  e y e - c o l o r  e x a m p l e ,  we m i g h t  

c h o o s e  a c o n t r a s t  c l a s s  c o n s i s t i n g  o f  t h e  a l t e r n a t i v e s  i t h e  c h i l d  h a s  
brown e y e s ,  t h e  c h i l d  h a s  b l u e  e y e s ] .  Now, I have  no o b j e c t i o n  w h a t e v e r  
t o  t h e  i n v o c a t i o n  o f  t h e  c o n t r a s t  c l a s s ;  i n d e e d ,  I r e q u i r e  j u s t  s u c h  a 
c l a s s  u n d e r  t h e  name " e x p l a n a n d u m - p a r t i t i o n " .  But van  F r a a s s e n  r e q u i r e s  
t h e  e x p l a n a n s  t o  " f a v o r "  t h e  t o p i c - - t o  enhance  t h e  p r o b a b l i l i t y  o f  t h e  
t o p i c  v i s - 5 - v i s  t h e  o t h e r  a l t e r n a t i v e s .  Tha t  seems  t o  c a u s e  no prob lem 
i n  c a s e  we want  t o  e x p l a i n  t h e  e y e  c o l o r  o f  t h e  brown-eyed c h i l d ,  b u t  i t  
c a u s e s  e x a c t l y  t h e  same k i n d  o f  d i f f i c u l t y  a s  Hempel's h i g h - p r o b a b i l i t y  
r e q u i r e m e n t  i n  t h e  c a s e  o f  t h e  b l u e - e y e d  c h i l d .  The r e q u i r e m e n t  o f  
f a v o r i n g  h a s  t h e  c o n s e q u e n c e  t h a t  we c a n  e x p l a i n  t h e  m o r e  p r o b a b l e  
o u t c o m e  when  i t  o c c u r s ,  b u t  n o t  t h e  l e s s  p r o b a b l e  o u t c o m e  when i t  
o c c u r s .  S i n c e ,  a s  n o t e d  b e f o r e ,  i t  s e e m s  t h a t  we u n d e r s t a n d  e a c h  
a l t e r n a t i v e  e q u a l l y  w e l l ,  o r  e q u a l l y  p o o r l y ,  t h e  f a v o r i n g  r e q u i r e m e n t  
l e a d s  t o  a n  u n s a t i s f a c t o r y  a s y m m e t r y .  I  s h a l l  r e t u r n  t o  t h i s  i s s u e  
below. 

2. The Modal Concept ion  

The  m o s t  o b v i o u s  m a j o r  c o n s e q u e n c e  o f  i n d e t e r m i n i s m  is  t h a t  i t  
a p p e a r s  t o  make t h e  modal  c o n c e p t i o n  u n t e n a b l e .  T h i s  c o n c e p t i o n  seems  
t o  be i m p a l e d  on t h e  h o r n s  o f  a  t r i l e m m a :  one  must  e i t h e r  ( 1 )  make a n  a  
p r i o r i  commitment  t o  d e t e r m i n i s m ;  o r  (2)  a d m i t  d e g r e e s  o f  n e c e s s i t y ;  o r  
( 3 )  g r a n t  t h a t ,  t o  t h e  e x t e n t  t h a t  t h e r e  a r e  i r r e d u c i b l y  s t a t i s t i c a l  
o c c u r r e n c e s ,  t h e y  a r e  i n e x p l i c a b l e .  S i n c e ,  t o  my m i n d ,  a  p r i o r i  
c o m m i t m e n t s  t o  d e t e r m i n i s m  a r e  a r c h a i c  a n d  d e g r e e s  o f  n e c e s s i t y  
u n i l l u m i n a t i n g ,  we seem t o  be s t u c k  w i t h  t h e  t h i r d  a l t e r n a t i v e .  The 
prob lem is  t h a t  quantum mechanics ,  which  is a r g u a b l y  t h e  most  p o w e r f u l  
e x p l a n a t o r y  t h e o r y  i n  a l l  o f  s c i e n c e ,  a p p e a r s  t o  r e q u i r e  a s t a t i s t i c a l  
i n t e r p r e t a t i o n .  Xven i f ,  i n  t h e  e n d ,  i t  s h o u l d  t u r n  o u t  t h a t  a 
d e t e r m i n i s t i c  i n t e r p r e t a t i o n  i s  t e n a b l e ,  we must  n o t  a t  p r e s e n t  beg t h a t  
q u e s t i o n  by a p r i o r i  f i a t .  

The a d h e r e n t s  o f  t h e  m o d a l  c o n c e p t i o n  h a v e  o n e  f u r t h e r  l i n e  o f  
d e f e n s e .  I t  is n a t u r a l - - a s  von Wrigh t  h a s  s e e n - - t o  e m p h a s i z e  t h e  s t r o n g  
a f f i n i t y  be tween  t h e i r  c o n c e p t i o n  and Hempel's D-N model  and t o  r e j e c t  
Hempel 's  I - S  model. There  i s ,  however,  one a d d i t i o n a l  model - - the  D-S 
( d e d u c t i v e - s t a t i s t i c a l ) - - t o  which t h e y  m i g h t  a p p e a l .  T h i s  model ,  i t  
w i l l  be r e c a l l e d ,  i s  used  t o  e x p l a i n  a s t a t i s t i c a l  r e g u l a r i t y  by showing  
t h a t  i t  f o l l o w s  w i t h  n e c e s s i t y  f rom one o r  more s t a t i s t i c a l  l a w s  (and 
i n i t i a l  c o n d i t i o n s  i n  some c a s e s ) .  There  is ,  however ,  no r e a l  need t o  
t r e a t  t h e  D-S model  a s  a s e p a r a t e  model ,  f o r  D-S e x p l a n a t i o n s  ( b e i n g  
b o t h  d e d u c t i v e  a n d  n o m o l o g i c a l )  a u t o m a t i c a l l y  q u a l i f y  a s  D-B 
e x p l a n a t i o n s ,  a s  l o n g  a s  we do n o t  i n s i s t  ( a s  Hempel h a s  n o t )  t h a t  D-P; 
e x p l a n a t i o n s  embody o n l y  u n i v e r s a l  l aws .  The a d v o c a t e  o f  t h e  modal 
c o n c e p t i o n  c a n  a c c e p t ,  a s  l e g i t i m a t e  D-N e x p l a n a t i o n s ,  t h o s e  o f  t h e  
d e d u c t i v e - s t a t i s t i c a l  v a r i e t y  a s  * e l l .  F o l l o w i n g  t h i s  t a c k ,  t h e  modal  
t h e o r i s t  c a n  c l a i m  t h a t  q u a n t u m  m e c h a n i c s  d o e s  e x p l a i n  s t a t i s t i c a l  
r e g u l a r i t i e s - - f o r  example ,  t u n n e l i n g  phenomena--while  d e n y i n g  t h a t  i t  
e x p l a i n s  a n y  i n d i v i d u a l  o c c u r r e n c e s  a t  a l l .  

Conf ron ted  w i t h  t h e  example  o f  e y e  c o l o r ,  t h e  modal  t h e o r i s t  m i g h t  
s a y  t h a t  K e n d e l i a n  g e n e t i c s  d o e s  e x p l a i n  t h e  f a c t  t h a t  among a l l  
h e t e r o z y g o u s  brown-eyed p a r e n t s ,  t h r e e - f o u r t h s  o f  t h e  c h i l d r e n  have 
b r o w n  e y e s  a n d  o n e - f o u r t h  h a v e  b l u e - e y e s ,  t h o u g h  i t  o f f e r s  no 



e x p l a n a t i o n  a t  a l l  o f  t h e  e y e  c o l o r  o f  any g i v e n  c h i l d .  The d i f f i c u l t y  
1s t h a t  i t  a l s o  p r e c l u d e s  e x p l a n a t i o n  o f  d i s t r i b u t i o n s  i n  l a r g e  s a m p l e s ,  
f o r  example ,  why among a s a m p l e  o f  a thousand  c h i l d r e n  o f  such  p a r e n t s  
a b o u t  750 were  brown eyed. 

Many p r o p o n e n t s  o f  t h e  modal c o n c e p t i o n  w i l l  be t o t a l l y  u n s a t i s f i e d  
by t h e  e y e - c o l o r  e x a m p l e ,  f o r  i t  i s  e a s y  t o  s u p p o s e  t h a t  u n d e r l y i n g  
M e n d e l i a n  s t a t i s t i c a l  d i s t r i b u t i o n s  t h e r e  a r e  d e t e r m i n i s t i c  c a u s a l  
mechanisms ,  and c o n s e q u e n t l y ,  t h e r e  is t h e  p o s s i b i l i t y  i n  p r i n c i p l e  o f  
p r o v i d i n g  D-N e x p l a n a t i o n s  i n  a l l  s u c h  c a s e s .  So l e t  u s  t a k e  a n o t h e r  
e x a m p l e  t h a t  i n v o l v e s  d i f f e r e n t  p h y s i c a l  s y s t e m s  b u t  t h e  s a m e  
p r o b a b i l i t y  d i s t r i b u t i o n .  Suppose t h a t  a s i n g l e  t r i t i u m  atom i s  p l a c e d  
i n  a  c o n t a i n e r ,  t h a t  t h e  c o n t a i n e r  i s  s e a l e d  f o r  t w e n t y - f o u r  and a h a l f  
y e a r s ,  a n d  t h a t  i t  i s  r e o p e n e d  a t  t h e  end  o f  t h a t  p e r i o d .  S i n c e  t h e  
h a l f - l i f e  o f  t r i t i u m  i s  t w e l v e  a n d  a q u a r t e r  y e a r s ,  t h e r e  i s  a 
p r o b a b i l i t y  o f  t ' n r e e - f o u r t h s  t h a t  i t  w i l l  have  undergone  s p o n t a n e o u s  
r a d i o a c t i v e  d e c a y ,  t r a n s m u t i n g  i t  i n t o  a h e l i u m - ?  a t o m ,  a n d  a 
p r o b a b i l i t y  o f  o n e - f o u r t h  t h a t  i t  w i l l  s t i l l  be i n t a c t .  Accord ing  t o  
t h i s  v i e w ,  we can  e x p l a i n  t h e  f a c t  t h a t  t h r e e - f o u r t h s  o f  a l l  t r i t i u m  
a t o m s  decay  i n  any p e r i o d  o f  t w e n t y - f o u r  and a h a l f  y e a r s ,  b u t  we c a n n o t  
e x p l a i n  t h e  decay  of  any s i n g l e  t r i t i u m  a tom,  t h e  nondecay o f  any  s i n g l e  
t r i t i u m  a tom,  o r  t h e  p e r c e n t a g e  o f  d e c a y s  i n  any  r e s t r i c t e d  c o l l e c t i o n  
o f  t r i t i u m  a t o m s  i n  any g i v e n  s p a n  o f  t i m e .  

T h e r e  might  be some p l a u s i b i l i t y  i n  a r g u i n g  t h a t  t h e o r e t i c a l  s c i e n c e  
d o e s  n o t  c o n t a i n  e x p l a n a t i o n s  o f  i n d i v i d u a l  e v e n t s  o r  r e s t r i c t e d  s e t s  o f  
e v e n t s - - o n l y  e x p l a n a t i o n s  o f  u n i v e r s a l  o r  s t a t i s t i c a l  r e g u l a r i t i e s - - b u t  
I do n o t  t h i n k  i t  i s  t r u e .  R u t h e r f o r d  w a n t e d  t o  e x p l a i n  why s m a l l  
numbers o f  a l p h a  p a r t i c l e s  were d e f l e c t e d  t h r o u g h  l a r g e  a n g l e s  by g o l d  
f o i l .  H i r a i z u m i  wondered why s m a l l  numbers o f  m a t i n g s  o f  f r u i t  f l i e s  
produced r a d i c a l l y  non-i l lendel ian d i s t r i b u t i o n s  o f  e y e  c o l o r s .  3 u t  even 
i f  we g r a n t  t h e  p o i n t  a b o u t  t h e o r e t i c a l  s c i e n c e ,  one can  h a r d l y  d o u b t  
t h a t  a p p l i e d  s c i e n c e  o f t e n  t r i e s  t o  e x p l a i n  i n d i v i d u a l  o c c u r r e n c e s  o r  
l i m i t e d  s e t s  o f  o c c u r r e n c e s .  And t h i s  i s  t r u e  i n  c a s e s - - s u c h  a s  t h e  
o n s e t  o f  a  g i v e n  d i s e a s e  i n  a  g i v e n  p a t i e n t - - i n  which 3-ii e x p l a n a t i o n s  
a r e  n o t  a v a i l a b l e .  A p h i l o s o p h i c a l  a c c o u n t  o f  s c i e n t i f i c  e x p l a n a t i o n  
t h a t  e x c l u d e s  t h e  e x p l a n a t i o n s  p r o v i d e d  by a p p l i e d  s c i e n c e  can  h a r d l y  be 
c o n s i d e r e d  a d e q u a t e .  

3. ?he O n t i c  Concept ion  

T h e r e  i s  a f u n d a m e n t a l  i n t u i t i o n - - s h a r e d ,  i b e l i e v e ,  by a l m o s '  
e v e r y o n e  who t h i n k s  s e r i o u s l y  a b o u t  t h e  m a t t e r - - a c c o r d i n g  t o  w h i c h  
c a u s a l i t y  is i n t i m a t e l y  i n v o l v e d  i n  e x p l a n a t i o n .  Those who a r e  f a m i l i a r  
w i t h  Hume's  c r i t i q u e  o f  c a u s a l i t y  may d e n y  t h e  v a l i d i t y  o f  t h a t  
i n t u i t i o n  by c o n s t r u c t i n g  n o n c a u s a l  t h e o r i e s  o f  s c i e n t i f i c  e x p l a n a t i o n .  
O t h e r s  may s k i r t  t h e  i s s u e  by c l a i m i n g  t h a t  t h e  c o n c e p t  o f  c a u s a l i t y  i s  
c l e a r  enough a l r e a d y ,  and t h a t  f u r t h e r  a n a l y s i s  i s  u n n e c e s s a r y .  By own 
v iew i s  ( 1 )  t h a t  t h e  i n t u i t i o n  is v a l i d - - s c i e n t i f i c  e x p l a n a t i o n  d o e s  
i n v o l v e  c a u s a l i t y  i n  a n  e x t r e m e l y  f u n d a m e n t a l  f a s h i o n - - a n d  (2) t h a t  
c a u s a l  c o n c e p t s  do s t a n d  i n  s e r i o u s  need of  f u r t h e r  a n a l y s i s .  

I t  may b e  p o s s i b l e - - t h o u g h  1 s e r i o u s l y  d o u b t  i t - - t o  c o n s t r u c t  a 
r e g u l a r i t y  a n a l y s i s  o f  c a u s a l i t y  t h a t  w o u l d  be a d e q n a t e  w i t h i n  t h e  
c o n t e x t  o f  L a p l a c i a n  d e t e r m i n i s m .  The most  p r o m i s i n g  s u c h  a p p r o a c h  i s  
J. L. l ~ i a c k i e ' s  t r e a t m e n t  o f  t h e  p r o b l e m  i n  t e r m s  o f  INUS c o n d i t i o n s  



( M a c k i e  1 9 7 4 ) .  I n  t h e  c o n t e m p o r a r y  s c i e n t i f i c  c o n t e x t ,  i n  w h i c h  
i r r e d u c i b l y  s t a t i s t i c a l  l a w s  may w e l l  o b t a i n ,  i t  seems  n e c e s s a r y  t o  
a d m i t  t h a t  c a u s a l  r e l a t i o n s  may a l s o  be i r r e d u c i b l y  s t a t i s t i c a l .  Among 
t h e  a u t h o r s  who h a v e  t r i e d  s e r i o u s l y  t o  c o n s t r u c t  t h e o r i e s  o f  
p r o b a b i l i s t i c  c a u s a l i t y ,  s e v e r a l - - f o r  example ,  I. J. Good (1 961 -1 962) ,  
Hans Reichenbach  (1956),  and P a t r i c k  Suppes  (1970)--have t r i e d  t o  found 
t h e i r  a n a l y s e s  on s t a t i s t i c a l  r e g u l a r i t i e s .  Al though  i do n o t  have  any  
knock-down a r g u m e n t  t o  s u p p o r t  my c o n t e n t i o n ,  my s e n s e  o f  t h e  o b j e c t i o n s  
t o  s u c h  t h e o r i e s  c o n v i n c e s  me ( a t  l e a s t  t e n t a t i v e l y )  t h a t  no s u c h  
r e g u l a r i t y  a n a l y s i s  o f  p r o b a b i l i s t i c  c a u s a l i t y  w i l l  b e  a d e q u a t e .  We 
m u s t ,  i n s t e a d ,  l o o k  t o  t h e  c a u s a l  mechanisms.  

Two c a u s a l  mechanisms  seem t o  me t o  b e  f u n d a m e n t a l .  F i r s t ,  t h e r e  a r e  
s p a t i o t e m p o r a l l y  c o n t i n u o u s  c a u s a l  p r o c e s s e s  t h a t  t r a n s m i t  c a u s a l  
i n f l u e n c e  f rom one p a r t  o f  s p a c e t i m e  t o  a n o t h e r .  C a u s a l  p r o c e s s e s  mus t  
b e  d i s t i n g u i s h e d  f r o m  p s e u d o - p r o c e s s e s .  P s e u d o - p r o c e s s e s  e x h i b i t  
c o n s i d e r a b l e  r e g u l a r i t y ,  t h u s  c l o s e l y  r e s e m b l i n g  c a u s a l  p r o c e s s e s .  
However, p s e u d o - p r o c e s s e s  do n o t  p o s s e s s  t h e  a b i l i t y  t o  t r a n s m i t  c a u s a l  
i n f l u e n c e .  C a u s a l  p r o c e s s e s  a r e  d i s t i n g u i s h e d  f rom p s e u d o - p r o c e s s e s  by 
t h e  f a c t  t h a t  c a u s a l  p r o c e s s e s  c a n  t r a n s m i t  m a r k s ,  w h i l e  p s e u d o -
p r o c e s s e s  cannot .  

The second  c a u s a l  mechanism is  t h e  c a u s a l  i n t e r a c t i o n .  When two o r  
m o r e  c a u s a l  p r o c e s s e s  i n t e r s e c t  i n  s p a c e t i m e ,  t h e y  may o r  may n o t  
p r o d u c e  l a s t i n g  m o d i f i c a t i o n s  i n  o n e  a n o t h e r .  I f  t h e y  d o ,  t h e  
i n t e r s e c t i o n  c o n s t i t u t e s  a c a u s a l  i n t e r a c t i o n .  P s e u d o - p r o c e s s e s  do n o t  
e n t e r  i n t o  c a u s a l  i n t e r a t i o n s .  Pseudo-processes  a r e  produced by c a u s a l  
p r o c e s s e s ,  and t h e s e  c a u s a l  p r o c e s s e s  t h a t  g i v e  r i s e  t o  p s e u d o - p r o c e s s e s  
c a n  p a r t i c i p a t e  i n  c a u s a l  i n t e r a c t i o n s .  Thus,  a pseudo-process  may be 
m o m e n t a r i l y  a l t e r e d  by i n t e r s e c t i o n  w i t h  a n o t h e r  p r o c e s s  ( c a u s a l  o r  
pseudo) ,  b u t  s u c h  m o d i f i c a t i o n s  do n o t  p e r s i s t  beyond t h e  l o c u s  o f  t h e  
i n t e r s e c t i o n .  

When t h e s e  c a u s a l  m e c h a n i s m s  a r e  d e p l o y e d ,  i t  i s  p o s s i b l e  t o  
d i s t i n g u i s h  two d i s t i n c t  a s p e c t s  o f  c a u s a l  e x p l a n a t i o n .  F i r s t ,  i n  many 
c a s e s  t h e  e x p l a n a t i o n  o f  a n  e v e n t  t e l l s  t h e  c a u s a l  s t o r y  l e a d i n g  up t o  
i t s  o c c u r r e n c e .  To e x p l a i n  t h e  p r e s e n c e  o f  a w o r k e d  b o n e  t h a t  
r a d i o c a r b o n  d a t e s  t o  30 ,000  y e a r s  ago i n  an  Alaskan  a r c h a e o l o g i c a l  s i t e  
r e q u i r e s  a c a u s a l  a c c o u n t  o f  how i t  g o t  t h e r e .  S i n c e  no w e l l -
a u t h e n t i c a t e d  Xew World s i t e s  o f  human h a b i t a t i o n  a r e  n e a r l y  t h a t  o l d ,  
o n e  p o s s i b l e  e x p l a n a t i o n  a c c o u n t s  f o r  t h e  a g e  o f  t h e  b o n e  by  
h y p o t h e s i z i n g  t h a t  t h e  mammoth d i e d  30 ,000  y e a r s  ago ,  and i t s  c a r c a s s  
was p r e s e r v e d  i n  l c e  f o r  many m i l l e n i a  b e f o r e  i t  was found and worked by 
a human a r t i s a n  (Dumond 1980). E x p l a n a t i o n s  o f  t h i s  s o r t  c a n  be c a l l e d  
( f o l l o w i n g  L a r r y  W r i g h t ' s  f e l i c i t o u s  t e r m i n o l o g y )  e t i o l o g i c a l .  

O t h e r  e x p l a n a t i o n s  a c c o u n t  f o r  a g i v e n  p h e n o m e n o n  by p r o v i d i n g  a  
c a u s a l  a n a l y s i s  o f  t h e  phenomenon i t s e l f .  For  example ,  we e x p l a i n  t h e  
p r e s s u r e  e x e r t e d  by a g a s  on  t h e  w a l l s  o f  a  c o n t a i n e r  i n  t e r m s  o f  
momentum e x c h a n g e s  b e t w e e n  t h e  m o l e c u l e s  a n d  t h e  w a l l s .  S u c h  
e x p l a n a t i o n s  may be t e r m e d  c o n s t i t u t i v e .  

I n  many c a s e s ,  I p r e s u m e ,  c a u s a l  e x p l a n a t i o n s  p o s s e s s  b o t h  
e t i o l o g i c a l  and c o n s t i t u t i v e  a s p e c t s .  To e x p l a i n  t h e  d e s t r u c t i o n  of  
H i r o s h i m a  by a  n u c l e a r  bomb, we need t o  e x p l a i n  t h e  n a t u r e  o f  a c h a i n  
r e a c t i o n  ( c o n s t i t u t i v e  a s p e c t )  a n d  how t h e  bomb w a s  t r a n s p o r t e d  by 



a i r p l a n e ,  d ropped ,  and d e t o n e t e d  ( e t i o l o g i c a l  a s p e c t ) .  

A c c o r d i n g  t o  t h e  o n t i c  c o n c e p t i o n - - a s  I s e e  i t ,  a t  l e a s t - - a n  
e x p l a n a t i o n  of  a n  e v e n t  i n v o l v e s  e x h i b i t i n g  t h a t  e v e n t  a s  i t  is embedded 
i n  i ts  c a u s a l  ne twork  a n d / o r  d i s p l a y i n g  i t s  i n t e r n a l  c a u s a l  s t r u c t u r e .  
The c a u s a l  n e t w o r k ,  e x t e r n a l  o r  i n t e r n a l ,  c o n s i s t s  o f  c a u s a l  p r o c e s s e s  
t r a n s m i t t i n g  c a u s a l  i n f l u e n c e  a n d  c a u s a l  i n t e r a c t i o n s  i n  w h i c h  t h e  
s t r u c t u r e s  o f  t h e  interacting p r o c e s s e s  a r e  m o d i f i e d .  The w h o l e  
s t r u c t u r e  i s  p r o b a b i l i s t i c .  When t w o  p r o c e s s e s - - s u c h  a s  a n  a l p h a  
p a r t i c l e  and t h e  n u c l e u s  o f  a g o l d  a t o m - - i n t e r s e c t  t h e r e  is  a c e r t a i n  
p r o b a b i l i t y  d i s t r i b u t i o n  f o r  s c a t t e r i n g  o f  t h e  a l p h a  p a r t i c l e  a t  v a r i o u s  
a n g l e s .  When a s i n g l e  p rocess - - such  a s  a n  amoeba--is  s i m p l y  t r a n s p i r i n g  
t h e r e  i s  a c e r t a i n  p r o b a b i l i t y  t h a t  i t  w i l l  s p l i t  i n t o  two p r o c e s s e s - - i n  
t h e  c a s e  o f  t h e  amoeba,  u n d e r g o i n g  m i t o s i s  t h a t  y i e l d s  two d a u g h t e r  
a m o e b a s .  I n  t h e  c a s e  o f  t h e  t r i t i u m  a t o m ,  a n e u t r o n  d e c a y s  i n t o  a 
p r o t o n  a n d  a n  e l e c t r o n ,  t h u s  t r a n s m u t i n g  h y d r o g e n - 3  i n t o  h e l l u r n - 3 .  

The o n t i c  c o n c e p t i o n ,  i n  t h e  c a u s a l  v e r s i o n  I h a v e  t r i e d  t o  
e l a b o r a t e ,  f a c e s  two m a j o r  p rob lems .  F i r s t ,  t h e r e  is t h e  q u e s t i o n  o f  
w h e t h e r  a d e q u a t e  a n a l y s e s  o f  t h e  b a s i c  c a u s a l  c o n c e p t s  h a v e  b e e n  
f u r n i s h e d .  I  h o p e  t h a t  t h e  a n s w e r  i s  ' y e s ' ,  b u t  i n  c a s e  i t  i s  n o t ,  
f u r t h e r  work would need t o  be done toward  t h a t  goa l .  

The s e c o n d - - a n d  f a r  m o r e  d i f f i c u l t  p r o b l e m - - c o n c e r n s  q u a n t u m  
m e c h a n i c a l  e x p l a n a t i o n .  Remote c o r r e l a t i o n a l  phenomena of  t h e  t y p e  
f i r s t  t r e a t e d  i n  t h e  famous Eins te in -Podolsky-Hosen  p a p e r  (1935) ,  and 
w i d e l y  d i s c u s s e d  a t  p r e s e n t  i n  c o n n e c t i o n  w i t h  B e l l ' s  i n e q u a l i t y ,  
s u g g e s t  t h a t  t h e r e  a r e  f u n d a m e n t a l  d i f f i c u l t i e s  i n  p r i n c i p l e  i n  
a t t e m p t i n g  t o  p r o v i d e  c a u s a l  e x p l a n a t i o n s  i n  t e r m s  of  s p a t i o t e m p o r a l l y  
c o n t i n u o u s  c a u s a l  p r o c e s s e s  and l o c a l i z e d  i n t e r a c t i o n s  i n  t h e  quantum 
domain. I am n o t  i n c l i n e d  t o  d i s p u t e  t h i s  c l a i m .  R a t h e r ,  I s h o u l d  s a y ,  
i t  a p p e a r s  t h a t  c a u s a l  e x p l a n a t i o n s  o f  t h e  s o r t  d i s c u s s e d  a b o v e  a r e  
a d e q u a t e  and  appropriate i n  many d o m a i n s  o f  s c i e n c e ,  b u t  t h a t  o t h e r  
m e c h a n i s m s - - p o s s i b l y  o f  a r a d i c a l l y  n o n c a u s a l  s o r t - - o p e r a t e  i n  t h e  
q u a n t u m  d o m a i n .  I f  t h a t  i s  t r u e ,  t h e n  we n e e d  t o  l e a r n  w h a t  we c a n  
a b o u t  t h o s e  m e c h a n i s m s ,  s o  t h a t  we c a n  a r r l v e  a t  a s a t i s f a c t o r y  
c h a r a c t e r i z a t i o n  o f  quantum m e c h a n i c a l  e x p l a n a t i o n .  I t  may t u r n  o u t  
t h a t  t h e  c a u s a l  c o n c e p t i o n  o f  s c i e n t i f i c  e x p l a n a t i o n  h a s  l i m i t e d  
a p p l i c a b i l i t y ;  n e v e r t h e l e s s ,  t h e  o n t i c  c o n c e p t i o n  c o u l d  b e  m a i n t a i n e d  i n  
a  m e c h a n i s t i c  v e r s i o n  even  a s  a p p l i e d  t o  quantum phenomena. 

To t h e  b e s t  o f  my k n o w l e d g e  a l l  o f  t h e  problematic c a s e s  i n v o l v e  
quantum m e c h a n i c a l  s y s t e m s  e a c h  o f  which  i s  i n  a pure  s t a t e  t h a t  c a n  be 
d e s c r i b e d  by  a s i n g l e  w a v e  f u n c t i o n .  I n  e a c h  s u c h  c a s e  t h e  p r o b l e m  
a r i s e s  o u t  o f  a n  i n t e r a c t i o n  of  t h a t  s y s t e m  w i t h  a m e a s u r i n g  a p p a r a t u s  
t h a t  r e s u l t s  i n  t h e  " r e d u c t i o n  of  t h e  wave packe t"  o r  " c o l l a p s e  o f  t h e  
wave f u n c t i o n " .  What k i n d  o f  mechanism i s  t h i s ?  I do n o t  p r e t e n d  t o  
know, b u t  I s u s p e c t  t h a t  no one e l s e  d o e s  e i t h e r .  I n  h i s  a d d r e s s  t o  t h e  
1982 PSA m e e t i n g  on t h e  p r e s e n t  s i t u a t i o n  i n  t h e  p h i l o s o p h y  o f  quantum 
mechanics ,  Howard S t e i n  (1 983) m a i n t a i n e d  t h a t  o u r  l a c k  o f  u n d e r s t a n d i n g  
i s  s o  profound  t h a t  we do n o t  even know w h e t h e r  t h e r e  is i n  n a t u r e  any  
s u c h  p r o c e s s  a s  r e d u c t i o n  o f  t h e  w a v e  p a c k e t .  U n d e r  t h e s e  
c i r c u m s t a n c e s ,  i t  is  h a r d l y  s u r p r i s i n g  t h a t  we have  no s a t i s f a c t o r y  
t r e a t m e n t  o f  quantum m e c h a n i c a l  e x p l a n a t i o n .  

P r o p o n e n t s  o f  t h e  e p i s t e m i c  c o n c e p t i o n  might  c l a i m  t o  have  a v i a b l e  



a c c o u n t  o f  quantum m e c h a n i c a l  e x p l a n a t i o n ,  f o r  t h e r e  i s  a w e l l -
e s t a b l i s h e d  s c i e n t i f i c  theory  t h a t  c o r r e c t l y  p r e d i c t s  t h e  outcomes o f  
t h e  remote c o r r e l a t i o n  exper iments  and o t h e r  puzz l ing  quantum phenomena. 
Ph i s  i s ,  perhaps,  ano the r  i n s t a n c e  of t he  p r i n c i p l e  t h a t  one person 's  
counterexample is  ano the r  person 's  modus ponens. To my mind, t h e  f a c t  
t h a t  what  quantum t h e o r y  o f f e r s  q u a l i f i e s  u n d e r  t h e  e p i s t e m i c  
concept ion--a t  l e a s t  i n  t h e  i n f e r e n t i a l  vers ion--as  c o r r e c t  s c i e n t i f i c  
e x p l a n a t i o n  c o n s t i t u t e s  s t r o n g  e v i d e n c e  o f  t h e  i n a d e q u a c y  o f  t h e  
e p i s t e m i c  concept ion  of s c i e n t i f i c  explanat ion .  

I t  is  a b a s i c  p r i n c i p l e  o f  my approach t h a t  we cannot g e t  ve ry  f a r  i n  
a t t e m p t i n g  t o  unders tand s c i e n t i f i c  exp lana t ion  i f  we t r y  t o  a r t i c u l a t e  
a u n i v e r s a l l y  a p p l i c a b l e  " l o g i c  o f  s c i e n t i f i c  e x p l a n a t i o n " .  What 
c o n s t i t u t e s  an adequate  exp lana t ion  depends c r u c i a l l y ,  I t h ink ,  on t h e  
kind o f  world i n  which we l i v e ;  moreover, what c o n s t i t u t e s  an  adequate  
exp lana t ion  may d i f f e r  from one domain t o  ano the r  i n  t h e  a c t u a l  world. 
Even i f  a c a u s a l  a c c o u n t  o f  e x p l a n a t i o n  c a n n o t  be e x t e n d e d  i n t o  t h e  
quantum domain, t h a t  does not  mean t h a t  i t s  a p p l i c a t i o n  i n  o t h e r  domains 
i s  i l l e g i t i m a t e .  The o n t i c  c o n c e p t i o n  m a n d a t e s  a t t e n t i o n  t o  t h e  
mechanisms t h a t  a c t u a l l y  ope ra t e  i n  t h e  domain i n  which exp lana t ion  i s  
sought .  

4. A C r i t e r i o n  of Adequacy 

One preeminent c r i t e r i o n  of adequacy (which I  s h a l l  c a l l  "CA-I") has  
guided much of t h e  d i s c u s s i o n  of s c i e n t i f i c  exp lana t ion  f o r  a long t ime ;  
I do not  know when o r  by whom i t  was f i r s t  e x p l i c i t l y  fo rmula t ed ;  W. 
s t e g m ; l l e r  ( 1  9 7 3 )  c a l l s  i t  " t h e  L e i b n i z  p r i n c i p l e " .  C a r e f u l  
c o n s i d e r a t i o n  of t h i s  c r i t e r i o n  w i l l ,  I t h i n k ,  b r ing  ou t  some of t h e  
b a s i c  ph i lo soph ica l  i s s u e s  s e p a r a t i n g  the  t h r e e  gene ra l  concept ions  of 
s c i e n t i f i c  exp lana t ion  o u t l i n e d  above. According t o  C A - I ,  

I f ,  on one occas ion,  t he  f a c t  t h a t  c i r cums tances  of type  C obta ined 
is  taken a s  a  c o r r e c t  exp lana t ion  of t h e  f a c t  t h a t  an event  of type 
E occurred ,  then on ano the r  occas ion,  t h e  f a c t  t h a t  c i r cums tances  of 
type  C ob t a ined  cannot c o r r e c t l y  e x p l a i n  t h e  f a c t  t h a t  an event of 
t ype  E' ( i ncompa t ib l e  w i th  E) occurred.  

klost p h i l o s o p h e r s ,  I b e l i e v e ,  have  t a k e n  t h i s  c r i t e r i o n  a s  a n  
u n e x c e p t i o n a b l e  c o n d i t i o n  o f  adequacy  f o r  any t h e o r y  o f  s c i e n t i f i c  
exp lana t ion ,  and s u r e l y  w i t h i n  t h e  Laplac ian  d e t e r m i n i s t i c  con tex t  i t  g 
a  c o r r e c t  c r i t e r i o n .  I t  i s  s a t i s f i e d  by D-N exp lana t ions ,  and w i t h i n  
t h e  d e t e r m i n i s t i c  c o n t e x t ,  e v e r y  e v e n t  i s  e x p l a i n a b l e  by a D-N 
explanat ion .  As long a s  t h e  h igh -p robab i l i t y  requirement  is  mainta ined,  
I-S e x p l a n a t i o n s  a l s o  s a t i s f y  t h i s  c r i t e r i o n ,  f o r ,  u n d e r  any g i v e n  
c o n d i t i o n s ,  i t  i s  i m p o s s i b l e  f o r  b o t h  t h e  o c c u r r e n c e  and t h e  
nonoccurrence o f  a g iven type  of event t o  have p r o b a b i l i t i e s  g r e a t e r  
t h a n  o n e - h a l f .  I f ,  however ,  t h e  h i g h - p r o b a b i l i t y  r e q u i r e m e n t  is  
r e l i n q u i s h e d ,  i t  i s  n o t  c l e a r  how t h e  f o r e g o i n g  c r i t e r i o n  can  be  
s a t i s f i e d .  

In  t he  ca se  of eye c o l o r ,  f o r  example, g e n e t i c a l l y  i d e n t i c a l  p a i r s  of 
p a r e n t s  produce brown-eyed c h i l d r e n  th ree - fou r ths  of t h e  t ime and blue-
eyed c h i l d r e n  one-four th  of t he  t ime. Unless we can produce f u r t h e r  
i n fo rma t ion  t h a t  would enable  us t o  provide  D-N exp lana t ions  of t h e  eye 
c o l o r  o f  o f f s p r i n g ,  t h e  adhe ren t  of t h e  modal concept ion  w i l l  c l a im  t h a t  



we have  no e x p l a n a t i o n  of  e l t h e r  outcome.  The a d v o c a t e  o f  t h e  e p i s t e m i c  
c o n c e p t i o n  who a l l o w s  f o r  t h e  t r a d i t i o n a l  I - S  m o d e l  w i l l  a d m i t  t h e  
e x p l a n a t i o n  o f  t h e  more  p r o b a b l e  o u t c o m e  b u t  n o t  t h a t  o f  t h e  l e s s  
p r o b a b l e .  I f  1 am c o r r e c t  i n  t h i n k i n g  t h a t  we u n d e r s t a n d  t h e  l e s s  
p r o b a b l e  outcome j u s t  a s  much o r  a s  l i t t l e  a s  we u n d e r s t a n d  t h e  more 
p r o b a b l e  one,  t h e n  t h e  asymmetry  i n  t h i s  e p i s t e m l c  a p p r o a c h  becomes 
u n a c c e p t a b l e .  One i s  d r i v e n  t o  s a y l n g  t h a t  we u n d e r s t a n d  b o t h  o r  we 
u n d e r s t a n d  n e i t h e r .  3 e c a u s e  o f  t h e  r e a s o n s  a l r e a d y  o f f e r e d  f o r  
r e j e c t i n g  t h e  modal a p p r o a c h ,  I c l a i m  t h a t  we c a n  have  e x p l a n a t i o n s  o f  
both.  T h i s  v i o l a t e s  t h e  f u n d a m e n t a l  c r i t e r i o n  C A - I  above.  I 'm s u r e  
t h a t  many p h i l o s o p h e r s  w i l l  m a i n t a i n  t h a t ,  w i t h  t h i s  a d m i s s i o n ,  I  have  
j u s t  dug my own grave .  

L e t  u s  examine  f o r  a moment t h e  r a t i o n a l e  f o r  h o l d i n g  t h e  f o r e g o i n g  
c r i t e r i o n  s a c r o s a n c t .  i t s  main  p o i n t ,  I  t h i n k ,  i s  t o  r u l e  o u t  c e r t a i n  
f a n i l i a r  s o r t s  o f  p s e u d o - e x p l a n a t i o n .  We do  n o t  w a n t  t o  a l l o w  t h e  
d o r m i t i v e  v i r t u e  t o  e x p l a i n  t h e  power o f  opium t o  p roduce  s l e e p .  We do 
n o t  w a n t  t o  a l l o w  a n  a p p e a l  t o  t h e  w i l l  o f  God t o  e x p l a i n  w h a t e v e r  
h a p p e n s .  We do  n c t  w a n t  t o  a l l o w  a p s y c h o a n a l y t i c  t h e o r y  t h a t  i s  
c o m p a t i b l e  w i t h  a l l  p o s s i b l e  b e h a v l o r  t o  have e x p l a n a t o r y  power. Ck-I 
i s  n o t ,  however ,  r e q u i r e d  t o  do t h a t  job. The d o r m i t i v e  v i r t u e  t h e o r y  
i s  p a t e n t l y  t o o  ad hoe t o  have  l e g i t i m a t e  s c i e n t i f i c  s t a t u s .  The w i l l  
o f  God " e x p l a n a t i o n "  i s  s c i e n t i f i c a l l y  u n a c c e p t a b l e  because  i t  a p p e a l s  
t o  a s u p e r n a t u r a l  agency.  3 s y c h o a n a l y t i c  t n e o r i e s  t h a t  a r e  c o m p a t i b l e  
w i t h  a l l  p o s s i b l e  p s y c h o l o g i c a l  phenomena c a n n o t  be s c i e n t i f i c a l l y  w e l l  
c o n f i r m e d .  To r u l e  o u t  s u c h  c a s e s  a s  t h e s e  we do n o t  n e e d  C A - I .  I t  
s u f f i c e s  t o  r e q u i r e  t h a t  s c i e n t i f i c  explanations a p p e a l  t o  bona f i d e  
s c i e n t i f i c  l a w s  and t h e o r i e s .  

I f  i n d e t e r m i n i s m  i s  t r u e - - a n d  I t h i n k  we m u s t  a l l o w  f o r  t h a t  
p o s s i b i l i t y  i n  o u r  t h e o r i e s  o f  s c i e n t i f i c  e x p l a n a t i o n - - t h e n  
c i r c u m s t a n c e s  o f  a  t y p e  C s o m e t i m e s  y i e l d  an  outcome 5 and s o m e t i m e s  one 
o r  more o t h e r  ou tcomes  E' t h a t  a r e  i n c o m p a t i b l e  w i t h  E. He te rozygous  
brown-eyed p a r e n t s  s o m e t i m e s  have brown-eyed o f f s p r i n g  and s o m e t i m e s  
blue-eyed.  When t h e  o f f s p r i n g  is brown-eyed t h e  e x p l a n a t i o n  is  t h a t  t h e  
p a r e n t s  a r e  b o t h  brown-eyed and h e t e r o z y g o u s ,  and t h r e e - f o u r t h s  o f  a l l  
c h i l d r e n  o f  such  p a r e n t s  a r e  brown-eyed. When t h e  o f f s p r i n g  i s  b l u e -
e y e d  t h e  e x p l a n a t i o n  i s  t h a t  t h e  p a r e n t s  a r e  b r o w n - e y e d  a n d  
h e t e r o z y g o u s ,  and o n e - f o u r t h  o f  a l l  c h i l d r e n  o f  s u c h  p a r e n t s  a r e  b l u e -
eyed.  A t r i t i u m  atom l e f t  a l o n e  i n  a box f o r  t w e n t y - f o u r  and h a l f  y e a r s  
s o m e t i m e s  y i e l d s  a  t r i t i u m  atom i n  t h e  box and s o m e t i m e s  a  he l ium-?  atom 
i n  t h e  box. When a he l ium-3  a tom 1s found ,  t h e  explanation is t h a t  t h e  
t r i t i u m  atom p l a c e d  i n  t h e  box underwent  b e t a - d e c a y  and was t r a n s m u t e d  
t o  helium-:, and t h r e e - f o u r t h s  o f  a l l  t r i t i u m  a t o m s  undergo  s u c h  decay  
i n  t h a t  p e r i o d  of  t i m e .  When a t r i t i u m  atom is  found ,  t h e  e x p l a n a t i o n  
is t h a t  t h e  t r i t i u m  atom p l a c e d  i n  t h e  box remained  i n t a c t ,  and t h a t  
happens t o  o n e - f o u r t h  o f  such  a t o m s  i n  t h a t  p e r i o d  of  t ime .  

S t r o n g  p r o t e s t  is  l i k e l y  t o  b e  r a l s e d  a t  t h i s  p o i n t  on  t h e  g r o u n d  
t h a t  none of  t h e  f o r e g o i n g  e x p l a n a t i o n s  is a c c e p t a b l e ,  f o r  we c a n n o t  
e x p l a i n  why t h e  e y e - c o l o r  is brown r a t h e r  t h a n  b l u e  o r  b l u e  r a t h e r  t h a n  
brown. Nor can we e x p l a i n  why t h e  t r i t i u m  atom decayed r a t h e r  t h a n  
r e m a i n i n g  i n t a c t  o r  remained  i n t a c t  r a t h e r  t h a n  decay ing .  The p o i n t  can  
be p u t  i n  t e r m s  o f  v a n  F r a a s s e n ' s  c o n t r a s t  c l a s s .  I n  t h e  e y e - c o l o r  
example ,  t h e  c o n t r a s t  c l a s s  c o n t a i n s  b l u e  and brown. i n  t h e  c a s e  o f  t h e  
brown-eyed c h i l d ,  1 s h o u l d  s a y ,  we c a n  e x p l a i n  why t h e  t o p i c  is t r u e ,  



and we know t h a t  t h e  o n l y  a l t e r n a t i v e  is f a l s e ,  b u t  we c a n n o t  e x p l a i n  
why t h e  one  r a t h e r  t h a n  t h e  o t h e r  o b t a i n s .  

The demand t h a t  a s a t i s f a c t o r y  e x p l a n a t i o n  of  any  o c c u r r e n c e  must  
c o n t a i n  t h e  " r a t h e r  than"  component  s t e m s  most  n a t u r a l l y  f rom t h e  modal  
c o n c e p t i o n  of s c i e n t i f i c  e x p l a n a t i o n .  Accord ing  t o  t h i s  c o n c e p t i o n ,  a n  
e x p l a n a t i o n  e x p l a i n s  by showing  t h a t  what  d i d  happen had t o  happen,  f rom 
which  i t  f o l l o w s  t h a t  no i n c o m p a t i b l e  a l t e r n a t i v e  c o u l d  have  happened. 
Such a n  e x p l a n a t i o n  would e x p l a i n  why t h e  a l t e r n a t i v e  d i d  n o t  happen 
b e c a u s e  u n d e r  t h e  c i r c u m s t a n c e s  i t  c o u l d  n o t  have  happened.  To my mind,  
t h i s  demand f o r  t h e  " r a t h e r  than"  component s t e m s  f rom t h e  L a p l a c i a n  
d e t e r m i n i s t i c  c o n t e x t  i n  which  t h e  same c i r c u m s t a n c e s  a l w a y s  l e a d  t o  t h e  
s a m e  o u t c o m e .  I f  o n e  h o l d s  on  t o  t h e  m o d a l  c o n c e p t i o n ,  t h e  n a t u r a l  
r e s p o n s e  t o  i n d e t e r m i n i s m  is t o  s u p p o s e  t h a t  i t  makes e x p l a n a t i o n s  o f  
c e r t a i n  k i n d s  o f  o c c u r r e n c e s  i m p o s s i b l e .  The L a p l a c i a n  o r i e n t a t i o n  
s t r i k e s  me a s  s c i e n t i f i c a l l y  a n a c h r o n i s t i c .  

I f  o n e  s u p p o r t s  t h e  e p i s t e m i c  c o n c e p t i o n ,  t h e r e  i s  a s t r o n g  
t e m p t a t i o n  t o  i d e n t i f y  e x p l a n a t i o n  and r a t i o n a l  e x p e c t a b i l i t y .  i n  t h e  
d e t e r m i n i s t i c  c o n t e x t  r a t i o n a l  e x p e c t a b i l i t y  t a k e s  t h e  fo rm o f  d e d u c t i v e  
c e r t a i n t y .  I n  t h e  i n d e t e r m i n i s t i c  c o n t e x t ,  t h e  t y p e  of  e x p e c t a b i l i t y  
c a n  b e  w e a k e n e d ,  a l l o w i n g  f o r  h i g h  i n d u c t i v e  p r o b a b i l i t y .  T h i s  
weakening  can  s t i l l  a l l o v  f o r  t h e  " r a t h e r  than"  c o n d i t i o n ,  f o r  i f  one 
o u t c o m e  i s  h i g h l y  p r o b a b l e ,  t h e  a l t e r n a t i v e s  m u s t  a l l  b e  r a t h e r  
i m p r o b a b l e .  ;t makes s e n s e  t o  e x p e c t  t h e  p r o b a b l e  outcome r a t h e r  t h a n  
a n  i m p r o b a b l e  a l t e r n a t i v e  even  though we a r e  s o m e t i m e s  wrong i n  s u c h  
e x p e c t a t i o n s .  An " e x p l a n a t i o n "  o f  a l o w - p r o b a b i l i t y  o c c u r r e n c e  i s  
l i k e l y  t o  b e  r e j e c t e d  a s  a n y  s o r t  o f  g e n u i n e  e x p l a n a t i o n .  Eow, f o r  
e x a m p l e ,  can  one be s a i d  t o  have  e x p l a i n e d  t h e  p r e s e n c e  of  a t r i t i u m  
a tom i n  t h e  c o n t a i n e r  i f  i t  is r e a s o n a b l e  t o  b e t  t h r e e - t o - o n e  a g a i n s t  
t h a t  ou tcome u n d e r  t h e  s t a t e d  c o n d i t i o n s ?  

I n  van  F r a a s s e n ' s  e r o t e t i c  v e r s i o n  o f  t h e  e p i s t e m i c  c o n c e p t i o n  t h e  
" r a t h e r  than"  c o n d i t i o n  is  p r e s e r v e d  t h r o u g h  t h e  r e q u i r e m e n t  t h a t  an  
a d e q u a t e  e x p l a n a t i o n  f a v o r  t h e  t o p i c  o f  t h e  w h y - q ~ e s t i b n . ~  T h i s  
r e q u i r e m e n t  i s  n o t  t a n t a m o u n t  t o  t h e  h i g h - p r o b a b i l i t y  r e q u i r e m e n t  o f  t h e  
i n f e r e n t i a l  v e r s i o n ;  i n d e e d ,  i t  i s  even weaker  t h a n  a  p o s i t i v e  r e l e v a n c e  
r e q u i r e m e n t .  l i e v e r t h e l e s s ,  i n  t h e  s i m p l e  c a s e  o f  a c o n t r a s t  c l a s s  w i t h  
j u s t  t w o  m e m b e r s ,  i f  t h e  e x p l a n a t i o n  f a v o r s  t h e  m o r e  p r o b a b l e  
a l t e r n a t i v e  v i s - 8 - v i s  t h e  l e s s  p r o b a b l e  one i t  c a n c o t  a l s o  f a v o r  t h e  
l e s s  p r o b a b l e  a l t e r n a t i v e  v i s - 2 - v i s  t h e  more p r o b a b l e  one. The e r o t e t i c  
v e r s i o n ,  l i k e  t h e  i n f e r e n t i a l  v e r s i o n ,  f o c u s e s  upon  r a t i o n a l  
e x p e c t a b i l i t y .  The f o r m  o f  t h e  e x p e c t a b i l i t y  r e q u i r e m e n t  i n  t h e  
e r o t e t i c  v e r s i o n  is more s u b t l e ,  b u t  i t  s t i l l  l e a d s  t o  what  seems  t o  me 
t o  b e  a n  u n a p p e a l i n g  a s y m m e t r y .  T h i s  is  t h e  p r i c e  p a i d  t o  a v o i d  
v i o l a t i n g  C A - I .  

To s h i f t  f r o m  t h e  e p i s t e m i c  xo t h e  o n x i c  c o n c e p t i o n  i n v o l v e s  a 
r a d i c a l  g e s t a l t - s  w i t c h .  I t  i n v o l v e s  r e l i n q u i s h i n g  r a t i o n a l  
e x p e c t a b i l i t y  a s  a h a l l m a r k  o f  s u c c e s s f u l  s c i e n t i f i c  e x p l a n a t i o n .  
I n s t e a d  o f  a s k i n g  w h e t h e r  we have found r e a s o n s  t o  have e x p e c t e d  t h e  
e v e n t - t o - b e - e x p l a i n e d  had t h e  e x p l a n a t o r y  i n f o r m a t i o n  been a v a i l a b l e  I n  
advance ,  we f o c u s  on t h e  q u e s t i o n  of  p h y s i c a l  mechanisms.  S c i e n t i f i c  
u n d e r s t a n d i n g ,  a c c o r d i n g  t o  t h i s  c o n c e p t i o n ,  i n v o l v e s  l a y i n g  b a r e  t h e  
m e c h a n i s m s - - e t i o l o g i c a l  o r  c o n s t i t u t i v e ,  c a u s a l  o r  n o n c a u s a l - - t h a t  b r i n g  
a b o u t  t h e  f a c t - t o - b e - e x p l a i n e d .  i f  t h e r e  i s  a stochastic p r o c e s s  t h a t  



p r o d u c e s  o n e  o u t c o m e  w i t h  h i g h  p r o b a b i l i t y  a n d  a n o t h e r  w i t h  l o w  
p r o b a b i l i t y ,  t h e n  we have  a n  e x p l a n a t i o n  o f  e i t h e r  ou tcome when we c i t e  
t h e  s t o c h a s t i c  p r o c e s s  and t h e  f a c t  t h a t  i t  g i v e s  r i s e  t o  t h e  ou tcome a t  
hand i n  a  c e r t a i n  p e r c e n t a g e  o f  c a s e s .  The same c i r c u m s t a n c e s - - t h e  f a c t  
t h a t  t h i s  p a r t i c u l a r  s t o c h a s t i c  p r o c e s s  was o p e r a t i n g - - e x p l a i n s  t h e  one 
outcome on one o c c a s i o n  and an  a l t e r n a t i v e  on a n o t h e r  o c c a s i o n .  

The g e s t a l t - s w i t c h  demanded by t h e  o n t i c  c o n c e p t i o n  is p e r h a p s  most  
v i v i d l y  s e e n  i n  c o n n e c t i o n  w i t h  c r i t e r i o n  C A - I .  I n  a n  i n d e t e r m i n i s t i c  
w o r l d  t h i s  c r i t e r i o n  i s  i n a p p r o p r i a t e ;  i n  s u c h  a w o r l d  t h e  s a m e  
c i r c u m s t a n c e s  do e x p l a i n  one outcome on one o c c a s i o n  and a n  i n c o m p a t i b l e  
a l t e r n a t i v e  on a n o t h e r  o c c a s i o n .  I f  we do n o t  know f o r  s u r e  w h e t h e r  o u r  
wor ld  i s  d e t e r m i n i s t i c  o r  i n d e t e r m i n i s t i c ,  and i f  we want  t o  l e a v e  open 
t h e  p o s s i b i l i t y  o f  i n d e t e r m i n i s m ,  t h e n  we s h o u l d  n o t  t i e  o u r  b a s i c  
i n t u i t i o n s  a b o u t  s c i e n t i f i c  e x p l a n a t i o n  t o  a c r i t e r i o n  o f  adequacy  t h a t  
i s  a p p r o p r i a t e  o n l y  t o  a d e t e r m i n i s t i c  wor ld .  

The L a p l a c i a n  i n f l u e n c e  is p e r v a s i v e  and i n s i d i o u s ;  i t  g i v e s  r i s e ,  I 
s u s p e c t ,  t o  some o f  t h e  most  w i d e l y  h e l d  i n t u i t i o n s  r e g a r d i n g  s c i e n t i f i c  
e x p l a n a t i o n .  To a d o p t  t h e  o n t i c  c o n c e p t i o n  i n v o l v e s  t h e  r e j e c t i o n  o f  a t  
l e a s t  f o u r  s i g n i f i c a n t  d o c t r i n e s :  

1 )  An e x p l a n a t i o n  of  a n  o c c u r r e n c e  
e x p l a i n e d  was t o  b e  e x p e c t e d .  

must  show t h a t  t h e  f a c t - t o - b e -

2 )  An e x p l a n a t i o n  m u s t  c o n f e r  upon  
f a v o r e d  p o s i t i o n  v i s - 5 - v i s  v a r i o u s  

t h e  f a c t - t o - b e - e x p l a i n e d  
a l t e r n a t i v e  e v e n t u a l i t i e s .  

a 

3 )  An e x p l a n a t i o n  must  show 
a l t e r n a t i v e  o c c u r r e d .  

why one outcome r a t h e r  t h a n  a n o t h e r  

4 )  	 I t  is  i m p o s s i b l e  t h a t  c i r c u m s t a n c e s  o f  t y p e  C c a n ,  on  o n e  
o c c a s i o n ,  e x p l a i n  t h e  o c c u r r e n c e  of  a n  e v e n t  o f  t y p e  E, and ,  on 
a n o t h e r  o c c a s i o n ,  e x p l a i n  t h e  o c c u r r e n c e  o f  a n  i n c o m p a t i b l e  
a l t e r n a t i v e  E'. (CA-I) 

I t  may n o t  b e  e a s y  t o  a b a n d o n  t h e  f o r e g o i n g  i n t u i t i o n s ,  b u t  I am 
i n c l i n e d  t o  t h i n k  t h e y  must  be overcome i f  we a r e  t o  come a d e q u a t e l y  t o  
t e r m s  w i t h  s c i e n t i f i c  e x p l a n a t i o n  i n  t h e  c o n t e m p o r a r y  s c i e n t i f i c  
c o n t e x t .  

-Notes  

h he m a t e r i a l  i n  t h i s  p a p e r  1s b a s e d  upon  w o r k  s u p p o r t e d  by t h e  
N a t i o n a l  S c i e n c e  F o u n d a t i o n  u n d e r  G r a n t  No. GS-42056 and G r a n t  No. SOC-
7809146. Any o p i n i o n s ,  f i n d i n g s ,  and c o n c l u s i o n s  o r  recommendat ions  
e x p r e s s e d  i n  t h i s  p u b l i c a t i o n  a r e  t h o s e  o f  t h e  a u t h o r  a n d  do  n o t  
n e c e s s a r i l y  r e f l e c t  t h e  v iews  o f  t h e  N a t i o n a l  S c i e n c e  F o u n d a t i o n .  

2 ~ h ei s s u e s  r a i s e d  i n  t h i s  p a p e r  a r e  d i s c u s s e d  i n  much g r e a t e r  d e t a i l  
i n  Salmon ( 1 9 8 4 ) .  

' ~ f  any  r e a d e r  c o n s i d e r s  a  probability of  0.75 i n s u f f i c i e n t  t o  q u a l i f y  
a s  a h i g h  p r o b a b i l i t y ,  i t  is  a  r o u t i n e  e x e r c i s e  t o  c o n s t r u c t  s i m i l a r  



examples t h a t  i nvo lve  p r o b a b i l i t i e s  a s  l a r g e  a s  one wishes-- tha t  is, 
a r b i t r a r i l y  c l o s e  t o  1 .  

4 ~ ts h o u l d  be  n o t e d  t h a t  t h e  " r a t h e r  t h a n "  c o n d i t i o n  need n o t  be  
embodied i n  eve ry  e r o t e t i c  theory.  P e t e r  Achins te in ' s  i l l o c u t i o n a r y  
t h e o r y  i s  e r o t e t i c  (1983), b u t  i t  does  n o t  c o n t a i n  any " r a t h e r  than" 
cond i t i on .  
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