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A b s t r a c t  

T h i s  t h e s i s  develops t h e  i d e a  t h a t  n a t u r a l  s e l e c t i o n  h a s  shaped 

how humans reason about  e v o l u t i o n a r i l y  important  domains of human 

a c t i v i t y .  The human mind can be expected t o  i n c l u d e  "Darwinian 

a l g o r i  thmsN t h a t  a r e  s p e c i a l i z e d  f o r  p roces s ing  i n £  ormation about  

such domains. Evolu t ionary  p r i n c i p l e s  were h e u r i s t i c a l l y  a p p l i e d  

t o  p inpo in t  s o c i a l  exchange a s  an adap t ive ly  important  domain of 

human a c t i v i t y  ; t h e s e  p r i n c i p l e s  were a l s o  a p p l i e d  i n  developing 

computa t iona l  t h e o r i e s  of how humans p roces s  in format ion  about  

s o c i a l  exchange. Evidence i s  p re sen ted  suppor t ing  t h e  hypo thes i s  

t h a t  t h e  human mind i n c l u d e s  Darwinian a lgo r i t hms  s p e c i a l i z e d  f o r  

reasoning  about  s o c i a l  exchange. T h i s  h y p o t h e s i s  both p r e d i c t s  

and e x p l a i n s  "conten t  e f f e c t s n  on t h e  Wason s e l e c t i o n  t a s k  -- a 

t e s t  of l o g i c a l  reasoning  -- b e t t e r  than  a l t e r n a t i v e  t h e o r i e s .  
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I n t r o d u c t i o n  

The e q u i p o t e n t i a l i t y  assumption h a s  c r e p t ,  i ncogn i to ,  from 

t h e  meta-theory of behaviorism* i n t o  t h e  meta-theory of c o g n i t i v e  

psychology. B e h a v i o r i s t s  do n o t  expect  t h e  laws of l e a r n i n g  t o  

d i f f e r  from domain t o  domain1 c o g n i t i v e  p sycho log i s t s  do n o t  

expec t  t h e  p roces ses  t h a t  govern a t t e n t i o n ,  memory, o r  reasoning  

t o  d i f f e r  from domain t o  domain. 

To t h e  b e h a v i o r i s t ,  s t i m u l i  a r e  s t i m u l i  and responses ,  

responses:  t h e i r  con ten t  i s  no t  supposed t o  a f f e c t  how they  a r e  

pa i r ed .  When con ten t  e f f e c t s  a r e  d i scovered ,  t h e  b e h a v i o r i s t  

speaks  of a d j u s t i n g  "parameter v a l u e s n ,  or  of d i f f e r e n c e s  i n  t h e  

organism's  "experience" wi th  va r ious  conten t  domains. To t h e  

c o g n i t i v e  p sycho log i s t ,  in£ ormation i s  i n £  ormation: t h e  con ten t  

of t h e  in format ion  i s  not  supposed t o  a f f e c t  how it is processed.  

When con ten t  e f f e c t s  a r e  d i scovered ,  t h e  c o g n i t i v e  p sycho log i s t  

a l s o  speaks of d i f f e r e n c e s  i n  t h e  organism's  "exper iencen  w i t h  

va r ious  con ten t  domains. 

Though unspoken, t h e  message is c l e a r :  Content i s  noise .  

Cogn i t i ve  p roces ses  a r e  content- independent ,  domain g e n e r a l ,  

e q u i p o t e n t i a l .  The human mind i s  a  gene ra l  purpose in format ion  

p roces s ing  system, designed t o  process  any kind of i n£  ormation 

wi th  equa l  e f f i c i e n c y .  The format  of t h e  in format ion  -- f o r  

example, whether it is i m a g i s t i c  o r  p r o p o s i t i o n a l  -- might make a  

d i f f e r e n c e  i n  how it  i s  processed,  bu t  i ts conten t  w i l l  not .  The 

amount of exper ience  t h e  organism has  had wi th  a  domain may 

a f f e c t  performance,  bu t  c o r r e c t  f o r  t h i s  and t h e  e f f e c t  w i l l  

* f o r  review, s e e  Her rns t e in ,  1977. 
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disappear .  These c l a ims  a r e  r a r e l y  t e s t e d ;  they  a r e  merely 

assumed. 

The a l t e r n a t i v e  view -- t h a t  t h e  human mind i n c l u d e s  a  

number of domain spec i f  i c ,  content-dependent , in£ ormat ion 

p roces s ing  systems -- is  seldom e n t e r t a i n e d  (Cf. Chomsky, 1975; 

Marr & Nishihara ,  1978; Fodor, 1983) .  Although behaviorism came 

under b r i s k  a t t a c k  from evo lu t iona ry  and e t h o l o g i c a l  q u a r t e r s  f o r  

assuming t h a t  l e a r n i n g  was e q u i p o t e n t i a l  (Her rns t e in ,  1977) ,  

c o g n i t i v e  psychology seems untouched by t h i s  f r a y  and t h e  s e r i o u s  

problems i t  r a i  sed. Y e t  t h e  evo lu t iona ry  arguments a g a i n s t  t h e  

equ ipo ten t  i a l i t y  assumption i n  behaviorism apply equa l ly  t o  

c o g n i t i v e  psychology. 

An unspoken assumption i s  an unexamined assumption. 

Cogn i t i ve  p roces ses  may, i n  f a c t ,  be content- independent ;  i f  so ,  

then  t h i s  should be proved, not  presumed. Indeed, when con ten t  

e f f e c t s  a r e  found, t h e  content-independence of c o g n i t i v e  

p roces ses  should be a  hypo thes i s  of l a s t  r e s o r t .  

Cogni t ive  p roces ses ,  l i k e  e l e c t r o n s ,  a r e  e n t i t i e s  de f ined  

s o l e l y  by input-output  r e l a t i o n s .  An e l e c t r o n  gun i s  f i r e d  a t  a  

d i f f r a c t i o n  s l i t ,  and then  i n t o  a  cloud chamber: even though t h e  

d a t a  from t h e  f i r s t  f i r i n g  i n d i c a t e s  a  wave and t h e  d a t a  from t h e  

second i n d i c a t e s  a  p a r t i c l e ,  t h e r e  a r e  compelling reasons f o r  

b e l i e v i n g  t h e s e  d ive rgen t  p a t t e r n s  were c r e a t e d  by one and t h e  

same e n t i t y .  I t  would g r o s s l y  v i o l a t e  our most b a s i c  no t ions  of 

s i m i l a r i t y  and causa t ion  t o  c a t e g o r i z e  two f i r i n g s  of an e l e c t r o n  

gun a s  two d i f f e r e n t  " s t i m u l i " ,  j u s t  because they  were f i r e d  a t  

d i f f e r e n t  t a r g e t s .  The same i n p u t  -- which was, i n  t h i s  ca se ,  

t h e  very  e n t i t y  p h y s i c i s t s  were t r y i n g  t o  c h a r a c t e r i z e  -- y i e l d e d  
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d i f f e r e n t  ou tpu t s .  The only reasonable  t h e o r e t i c a l  a 1  t e r  n a t i v e  

was t o  complexif y  t h e  equa t ions  d e f i n i n g  t h e  e l e c t r o n ,  and assume 

t h a t  it d i d  n o t  correspond t o  any o rd ina ry  human concept  l i k e  

" p a r t i c l e "  or  "wave" (Heisenberg,  1971) . 
B u t  t h e r e  a r e  no compelling reasons -- o the r  than a  

misguided sense  of parsimony -- f o r  b e l i e v i n g  t h a t  t h e  same 

c o g n i t i v e  p roces s  i s  involved  when man i f e s t l y  d i f f e r e n t  i n p u t s  

y i e l d  unmistakably d i f f e r e n t  ou tputs .  I n  f a c t ,  because c o g n i t i v e  

p roces ses  a r e  e n t i t i e s  de f ined  by t h e s e  very  input-output  

r e l a t i o n s ,  t h e  d i scovery  of conten t  e f f e c t s  should be taken a s  

prima f a c i e  evidence t h a t  t h e  d i f f e r e n t  s t i m u l i  t e s t e d  a r e  

a c c e s s i n g  d i f f e r e n t  c o g n i t i v e  processes .  I f  response p a t t e r n s  

vary  with s t imu lus  con ten t ,  bu t  t h e i r  v a r i a t i o n  does no t  appear  

t o  be sys t ema t i c ,  then one should r e t h i n k  one t  s theo ry  of how t o  

p a r s e  t h e  world i n t o  conten t  domains. Hand-waving a p p e a l s  t o  

" d i f f e r e n c e s  i n  exper ience"  -- which a r e  v i r t u a l l y  imposs ib le  t o  

f a l s i f y  -- should be exp lana t ions  of l a s t  r e s o r t .  

When con ten t  e f f e c t s  a r e  found, c o g n i t i v e  p sycho log i s t s  

should e n t e r t a i n  t h e  hypo thes i s  t h a t  domain s p e c i f i c ,  conten t -  

dependent,  c o g n i t i v e  p roces ses  a r e  respons ib le .  Content e f f e c t s  

have been found on t h e  Wason s e l e c t i o n  t a s k ,  a  famous 

exper imenta l  paradigm t h a t  t e s t s  whether people  reason accord ing  

t o  t h e  content-independent canons of formal  l o g i c .  Most a t t empt s  

a t  e x p l a i n i n g  t h e s e  con ten t  e f f e c t s  have appealed t o  " d i f f e r e n c e s  

i n  s u b j e c t s  ' exper i ence"  w i th  va r ious  con ten t  domains. A 

con t rove r sy  has  grown up around t h e s e  con ten t  e f f e c t s ,  because, 

t o  d a t e ,  they  have eluded p r e d i c t i o n .  

Th i s  t h e s i s  uses  con ten t  e f f e c t s  on t h e  Wason s e l e c t i o n  t a s k  
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t o  t e s t  the  hypothesis t h a t  humans have domain spec i f i c ,  innate 

mental algorithms specia l ized fo r  reasoning about soc i a l  

exchange. A computational theory of the funct ional  proper t ies  of 

these algorithms was derived using na tura l  se lec t ion  theory a s  a  

h e u r i s t i c  guide. C r i t i c a l  t e s t s  were conducted t o  choose between 

the  soc i a l  exchange hypothesis and the hypotheses i n  the 

l i t e r a t u r e  t h a t  appeal t o  "differences i n  experience." 

The discovery of systematic var ia t ion from domain t o  domain 

i s  s t rong evidence t h a t  domain spec i f i c  algorithms a r e  a t  work; 

so i s  the  discovery of systematic var ia t ion within a  domain t h a t  

cannot be ea s i l y  explained by a  content-independent process. 

Both kinds of evidence a r e  presented i n  support of the soc i a l  

exchange hypothesis. I argue t h a t  no other hypothesis offered so 

f a r  can pred ic t  or explain the  experimental r e s u l t s  presented 

herein,  and t h a t  the soc i a l  exchange hypothesis best explains the  

content e f f e c t s  on the Wason se lec t ion  task t h a t  have already 

been reported i n  the l i t e r a t u r e .  

The meta-theoretical view en ta i l ed  by t h i s  hypothesis -- of 

the human mind a s  a  co l lec t ion  of functionally d i s t i n c t ,  

Chomskian "mental organsn -- also  has parsimony on i ts  side.  The 

human mind, l i k e  the  r e s t  of the body and i ts  functions,  was 

designed by na tura l  se lect ion.  The more important the  adaptive 

problem, the more in tensely  se lec t ion  w i l l  have specia l ized and 

improved the  performance of information processing mechanisms for  

solving it. Domain general information processing mechanisms 

simply cannot insure adaptive responses i n  evolut ionar i ly  

important domains of human a c t i v i t y  -- domains l i k e  soc i a l  

exchange. Reasoning i n  such domains should be governed by 

4 



"Darwinian a lgo r i t hmsn :  mental  a lgo r i t hms  s p e c i a l i z e d  f o r  s o l v i n g  

t h e  a d a p t i v e  problems t h a t  d e f i n e  t h e s e  domains. 

With t h i s  t h e s i s ,  I hope t o  r e s u r r e c t  t h e  arguments a g a i n s t  

e q u i p o t e n t i a l  psychologica l  mechanisms. From t h e  s t andpo in t  of 

evo lu t iona ry  theo ry ,  no th ing  could be more unparsimonious than  

t h e  view t h a t  t h e  human mind i s  a  gene ra l  purpose in format ion  

processor .  Yet t h e  a p p l i c a t i o n  of t h e  Chomskian view has  been 

l i m i t e d  because c o g n i t i v e  p sycho log i s t s  have l acked  a  sys t ema t i c  

h e u r i s t i c  f o r  judging which domains, o the r  than  language, were 

l i k e l y  t o  command f u n c t i o n a l l y  d i s t i n c t  mental  organs.  Because 

i t  is a  theory  of func t ion ,  n a t u r a l  s e l e c t i o n  theo ry  provides  

j u s t  such a  h e u r i s t i c .  Evolut ionary p r i n c i p l e s  a l low one t o  

p inpo in t  domains f o r  which n a t u r a l  s e l e c t i o n  can be expected t o  

have shaped how humans reason. Moreover, they  sugges t  

computat ional  t h e o r i e s  (sensu Marr) of what t h e i r  des ign  f e a t u r e s  

a r e  l i k e l y  t o  be. 

The theory  of s o c i a l  exchange developed i n  t h i s  t h e s i s  was 

informed, a t  every s t a g e ,  by evolu t ionary  p r i n c i p l e s .  I n  t h e  

s tudy  of human reasoning,  t h e  s ea rch  f o r  content-independent 

i n f e r e n c e  procedures  had genera ted  a  con£ usion of apparen t ly  

c o n t r a d i c t o r y  r e s u l t s ;  t h e  hypo thes i s  t h a t  humans have domain 

s p e c i f i c  Darwinian a lgo r i t hms  f o r  reasoning about  s o c i a l  exchange 

r e s o l v e s  much of t h i s  confusion.  The h e u r i s t i c  a p p l i c a t i o n  of 

evo lu t iona ry  theory  can r e v o l u t i o n i z e  c o g n i t i v e  psychology, 

a l lowing  it t o  add res s  i s s u e s  c l o s e r  t o  t h e  h e a r t  of what we 

t h i n k  of a s  human na ture .  Th i s  t h e s i s  i s  o f f e r e d  a s  a  smal l  

i l l u s t r a t i o n  of its p o t e n t i a l .  



Chapter 1 

Logic and t h e  Study of Human Reasoning 

1.1 Why were psycho log i s t s  i n t e r e s t e d  i n  deduc t ive  l o g i c ?  

The world,  i n  s h o r t ,  was provid ing  n o t  sensation but  
fodder f o r  our hypotheses.  -- Jerome Bruner* 

For many, t h e  degree t o  which human l e a r n i n g  mechanisms can 

be counted on t o  produce v a l i d  knowledge i s  t h e  measure of man's 

r a t i o n a l i t y .  But what c h a r a c t e r i s t i c s  must a  l e a r n i n g  p roces s  

have t o  ensu re  t h a t  t h e  knowledge acqui red  i s  v a l i d ?  Because t h e  

g e n e r a l i z a t i o n s  of s c i e n c e  a f f o r d  t h e  c l o s e s t  approach t o  what we 

i n t u i t i v e l y  t h ink  of a s  v a l i d  knowledge, p sycho log i s t s  have 

watched t h e  philosophy of s c i e n c e  c l o s e l y  t o  l e a r n  which 

c h a r a c t e r i s t i c s  of t h e  s c i e n t i f i c  l e a r n i n g  p roces s  a r e  

ep i s t emolog ica l ly  c r i  t e r i a l .  If everyday l e a r n i n g  can be shown 

t o  s h a r e  t h e s e  c r i t e r i a 1  c h a r a c t e r i s t i c s  with  i ts  more r e f i n e d  

s i s t e r ,  then  human r a t i o n a l i t y  i s  spared.  

Ever s i n c e  Hume, induc t ion  has  c a r r i e d  a  heavy load  i n  

psychology wh i l e  t a k i n g  a  sound ep i s t emolog ica l  bea t ing .  I n  

psychology, it h a s  been t h e  l e a r n i n g  theo ry  of choice  s i n c e  t h e  

B r i t i s h  E m p i r i c i s t s  argued t h a t  t h e  exper ience  of s p a t i a l l y  and 

temporal ly  cont iguous even t s  i s  what a l lows  us t o  jump from t h e  

p a r t i c u l a r  t o  t h e  g e n e r a l ,  from s e n s a t i o n s  t o  o b j e c t s ,  from 

o b j e c t s  t o  concepts .  Pavlovian re f lexology ,  Watsonian and 

Skinner ian  behaviorism, even t h e  sensory-motor p a r t s  of P i a g e t i a n  

s t r u c t u r a l i s m  have been mere essays  on t h e  i n d u c t i v e  psychology 

* Bruner, 1984, p. 95, emphasis h i s .  
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of t h e  B r i t i s h  Empi r i c i s t s .  Yet when Hume, a  proponent of 

i n d u c t i v e  i n £  e rence  a s  a  psychologica l  l e a r n i n g  theo ry ,  donned h i s  

p h i l o s o p h e r ' s  h a t ,  he showed t h a t  induc t ion  could never j u s t i f y  a  

u n i v e r s a l  s ta tement .  Thus, Hume showed t h a t  t h e  process  by which 

people  were presumed t o  l e a r n  about  t h e  world could no t  ensure  

t h a t  t h e  g e n e r a l i z a t i o n s  it produced would be v a l i d .  

Only r e c e n t l y ,  with t h e  p u b l i c a t i o n  i n  1959 of Karl  Popper I s  

The Loaic pf S c i e n t l f l c  Discoverv 
. . , has t h e  ph i lo soph ica l  b e a t i n g  

of psychologyvs  f a v o r i t e  l e a r n i n g  theory  subsided. Popper argued 

t h a t  a l though a  u n i v e r s a l  s ta tement  of s c i e n c e  can never be proved 

t r u e ,  i t  deduc t ive ly  imp l i e s  p a r t i c u l a r  a s s e r t i o n s  about  t h e  world 

-- hypotheses -- and p a r t i c u l a r  a s s e r t i o n s  can be proved f a l s e .  

No number of observed whi te  swans can prove t h a t  "All  swans a r e  

wh i t en  i s  t r u e ,  bu t  j u s t  one black swan can prove it f a l s e .  

G e n e r a l i z a t i o n s  cannot be confirmed, bu t  they  can be f a l s i f i e d ,  

so  i nduc t ions  t e s t e d  v i a  deduct ions  a r e  on f i rmer  ep i s t emolog ica l  

ground than  knowledge produced through induc t ion  a lone .  

Th i s  view had consequences f o r  p sycho log i s t s  i n t e r e s t e d  i n  

everyday l e a r n i n g ,  I f  one assumes t h a t  t h e  evo lu t iona ry  purpose 

of human l e a r n i n g  i s  t o  produce v a l i d  g e n e r a l i z a t i o n s  about  t h e  

world,  then  s u r e l y  everyday l e a r n i n g  must be some form of 

Popperian hypo thes i s  t e s t i n g .  On t h i s  view, i nduc t ion  s t i l l  

p l a y s  an important  r o l e  i n  t h e  c r e a t i o n  of knowledge -- it i s  a  

sou rce  of t e s t a b l e  hypotheses.  But t h e  burden of v a l i d a t i n g  

knowledge now f a l l s  on deduc t ive  l o g i c .  Induc t ive  processes  

might sugges t  " I f  P then  Q" -- and " I f  R then Q",  " I f  S then  Q", 

and so  on -- bu t  i t  i s  our use of deduc t ive  l o g i c  t h a t  causes  us 

t o  r e j e c t  t h e  hypo thes i s  i f  Q t u r n s  o u t  t o  be f a l s e  when P  (o r  R 



o r  S)  is t r u e .  The r epea t ed  a p p l i c a t i o n  of deduc t ive  l o g i c  i n  

t e s t i n g  t h e  many i n d u c t i v e l y  produced hypotheses  e x p l a i n i n g  Q 

l e t s  us hone down t h e  p o s s i b i l i t i e s  and z e r o  i n  on t h e  t r u t h .  On 

t h i s  view, human l e a r n i n g  p r o c e s s e s  w i l l  produce v a l i d  knowledge 

t o  t h e  e x t e n t  t h a t  they  use  deduc t ive  l o g i c  t o  f a l s i f y  

hypotheses .  

T h i s  s h i f t s  t h e o r e t i c a l  p r i o r i t i e s  i n  psychology from t h e  

s t u d y  of i n d u c t i v e  p roces se s  t o  t h e  s tudy  of deduc t ive  l o g i c .  

E i t h e r  everyday human l e a r n i n g  mechanisms u s u a l l y  produce i n v a l i d  

knowledge, o r  they  i n c l u d e  a l g o r i t h m s  t h a t  f r e q u e n t l y  and 

spontaneous ly  apply deduc t ive  l o g i c  i n  t e s t i n g  hypotheses .  

A l e g i o n  of c o g n i t i v e  p sycho log i s t s ,  from P i a g e t  ( e  .g., 

I nhe lde r  & P i a g e t ,  1958, p. 254-255) t o  Bruner (Bruner ,  Goodnow & 

Aus t in ,  1956) t o  Wason & Johnson-Laird (1972) t o  Fodor (1975) 

have adopted t h i s  Popperian view of hypo thes i s  t e s t i n g  a s  t h e i r  

model of human l e a r n i n g .  To paraphrase  Fodor , who was speaking  

f o r  t h e  f i e l d ,  hypo thes i s  t e s t i n g  is t h e  only t heo ry  we've g o t  

(Fodor, 1975, Ch. 1) . 
Deduct ive  l o g i c  h a s  another  p rope r ty  t h a t  was tempt ing  t o  

c o g n i t i v e  p sycho log i s t s :  it is content- independent .  The r u l e s  of 

i n f e r e n c e  of t h e  p r o p o s i t i o n a l  c a l c u l u s *  g e n e r a t e  only t r u e  

conc lus ions  from t r u e  premises ,  r e g a r d l e s s  of what t h e  

p r o p o s i t i o n a l  con ten t  of t hose  premises  is. The p r o p o s i t i o n a l  

c a l c u l u s  i s  t h e  p e r f e c t  i n£  e rence  engine f o r  a  domain g e n e r a l  

i n fo rma t ion  p roces s ing  system: no ma t t e r  what hypotheses  

i n d u c t i v e  p roces se s  f e e d  i t ,  it w i l l  ou tpu t  only v a l i d  

conc lus ions .  The i d e a  t h a t  t h e  human mind has  a l g o r i t h m s  t h a t  

* t h e  p h i l o s p h e r ' s  name f o r  formal  p r o p o s i t i o n a l  l o g i c  (Quine,  1950) .  
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i n s t a n t i a t e  t h e  r u l e s  of i n f e r e n c e  of t h e  p r o p o s i t i o n a l  c a l c u l u s  

f i t  w e l l  w i th  c o g n i t i v e  psychology'  a meta-theory . 
Consequently,  many p s y c h o l o g i s t s  have spen t  a  g r e a t  d e a l  of 

t ime  and e f f o r t  i n  s e a r c h  of a  "deduc t ive  component" (Wason & 

Johnson-Laird,  1972) , o r ,  i n  more c u r r e n t  pa r l ance ,  a  l o g i c  

"module." The t h e o r e t i c a l  burden they  have p l aced  on t h i s  

proposed mental  a lgo r i t hm is s t agge r ing :  I t  i s  supposed t o  be 

neces sa ry  f o r  b u i l d i n g  v i r t u a l l y  a l l  t h e  v a s t  and complex 
I 

knowledge s t r u c t u r e s  t h a t  power human thought  and behavior ,  from 

t h e  most ub iqu i tous  of s o c i a l  i n t e r a c t i o n s  t o  t h e  most e s o t e r i c  

f e a t  of modern technology.  

1.2 What would a l o g i c  module be l i k e ?  

The " d o c t r i n e  of mental  l o g i c n  (Johnson-Laird,  1982) is t h e  

view t h a t  t h e  human mind i n c l u d e s  i n n a t e  a lgo r i t hms  i n s t a n t i a t i n g  

t h e  r u l e s  of i n f e r e n c e  of t h e  p r o p o s i t i o n a l  c a l c u l u s  -- a  l o g i c  

module. What p r o p e r t i e s  can a  l o g i c  module be expec ted  t o  have? 

Chomsky (1975) ,  Marr & Nishihara  (1978) , and Fodor (1983) 

have taken  t h e  b i o l o g i c a l  view ( b e s t  summarized by Wil l iams,  

1966) t h a t  i f  a f u n c t i o n  i s  e v o l u t i o n a r i l y  impor tan t ,  n a t u r a l  

s e l e c t i o n  w i l l  produce a  species-wide p sycho log ica l  mechanism 

wi th  c e r t a i n  p r o p e r t i e s .  Namely t 

1. I t  w i l l  be s p e c i a l l y  des igned  t o  s o l v e  t h e  e v o l u t i o n a r y  

problem q u i c k l y ,  r e l i a b l y ,  and e f f i c i e n t l y  . Consequently,  it 

w i l l  i n s t a n t i a t e  mental  a r c h i t e c t u r e  and r u l e s  of i n f e r e n c e  

t h a t  w i l l  d e f i n e  t h e  e v o l u t i o n a r i l y  s a l i e n t  dimensions of t h e  

problem, and gu ide  t h e  organism toward an  a d a p t i v e l y  

a p p r o p r i a t e  s o l u t i o n .  
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2 .  I t  w i l l  be domain s p e c i f i c .  Only by l i m i t i n g  i ts  scope of 

a p p l i c a t i o n  can it be s p e c i a l l y  des igned  t o  s o l v e  t h e  problem 

q u i c k l y  and e f f i c i e n t l y .  I would add t h a t  i t  must have des ign  

f e a t u r e s  t h a t  make i t  s e n s i t i v e  t o  cues  t h a t  i n d i c a t e  when t h e  

organism has  encountered t h e  domain f o r  which t h e  mechanism 

was designed.  An a lgo r i t hm t h a t  a l l ows  you t o  d e c i d e  between 

f i g h t  o r  f l i g h t  i n  t h e  presence  of a  p r eda to r  i s  u s e l e s s  

u n l e s s  it h a s  f e a t u r e s  t h a t  l e t  you determine what counts  a s  a  

p r e d a t o r  and when you a r e  i n  t h e  presence  of one. 

3.  I t  w i l l  develop wi thout  e x p l i c i t  t e ach ing  o r  t r a i n i n g .  

Exposure t o  t h e  domain may be necessary  t o  a c t i v a t e  t h e  

mechanism or  t o  a l low it t o  f i l l  i n  parameter va lues .  But t h e  

r u l e s  t h a t  o r g a n i z e  and p roces s  t h e  s t i m u l i  a r e  i n n a t e l y  

s p e c i f i e d .  

4 .  The i n f e r e n c e s  w i l l  be made a u t o m a t i c a l l y ,  wi thout  t h e  

a p p l i c a t i o n  of "conscious  e f f o r t n  o r  d e l i b e r a t i o n .  T h i s  i s  a  

consequence of its having t o  be f a s t  and r e l i a b l e  ( t o  remain 

r e l i a b l e ,  t h e  r u l e s  must be p r o t e c t e d  from t h e  e f f e c t s  of 

d e l i b e r a t i o n  -- t hey  cannot  be " i s o t r o p i c n  (Fodor 1983) ) . 
Following t h i s  view, a  l o g i c  module necessary  f o r  g e n e r a t i n g  v a s t  

knowledge s t r u c t u r e s  ought t o  have s e v e r a l  p r o p e r t i e s :  

C r i t e r i o n  A. I t  should  i n s t a n t i a t e  procedures  t h a t  r e l i a b l y  l e a d  

t o  v a l i d  deduc t ions .  Otherwise ,  it would n o t  l e t  you r e j e c t  

i n v a l i d  hypotheses ,  and t h a t  i s  i ts  proposed f u n c t i o n .  

C r i t e r i o n  B. I t  should be a b l e  t o  n recogn izen  hypotheses  ( i n  o r  

o u t  of consc iousnes s ) ,  and upon recogniz ing  them, c o r r e c t l y  



proces s  them. T h i s  i s  because i ts  domain i s  t h e  un ive r se  of 

p o s s i b l e  hypotheses .  

C r i t e r i o n  C. I t  should p roces s  hypotheses  qu ick ly ,  au toma t i ca l ly ,  

and wi thou t  aconscious a t t e n t i o n .  a There a r e  an i n £  i n i t e  

number of ways of ca rv ing  t h e  world i n t o  p r o p e r t i e s ,  and 

t h e r e f o r e  an i n f i n i t e  number of r e l a t i o n s  between p r o p e r t i e s  

t o  s e r v e  a s  hypotheses;  on average,  an enormous number of 

hypotheses  w i l l  have t o  be t e s t e d  be fo re  t h e  c o r r e c t  one i s  

h i t  upon and t h e  s imp les t  g e n e r a l i z a t i o n  made ( t h i s  p o i n t  may 

be f a t a l  t o  t h e  e n t i r e  lea rn ing-as -hypothes i s - tes t ing  v iew) .  

Therefore ,  p roces s ing  must be quick and automatic .  

C r i t e r i o n  D. I t  should develop wi thout  any s p e c i a l  t each ing .  

Adul ts  r a r e l y  s i t  down and t e a c h  c h i l d r e n  t h e  canons of 

formal  l o g i c ,  y e t  c h i l d r e n  l e a r n  t h i n g s  c o n s t a n t l y .  Th i s  means 

one of two t h i n g s :  e i t h e r  deduct ion i s  no t  necessary  f o r  most 

l e a r n i n g ,  or  t h e  l o g i c  module (or  a  " l o g i c  module a c q u i s i t i o n  

device"! ) i s  i n n a t e .  I f  t h e  l o g i c  module i s  necessary  f o r  

l e a r n i n g ,  then  it i t s e l f  cannot be l e a r n e d  (Johnson-Laird, 

1982) .  Hence, s u p p o r t e r s  of a  hypo thes i s - t e s t i ng  view of 

l e a r n i n g  a r e  committed t o  an i n n a t e n e s s  p o s i t i o n  (whether they 

r e a l i z e  it or  n o t ) .  

C r i t e r i o n  E. With r e s p e c t  t o  t h e  p r o p o s i t i o n a l  con ten t  of t h e  

hypotheses  it p roces ses  (what P and Q s t a n d  f o r  i n  " I f  P then  

Q") , it should be content-independent . Because t h i s  mechanism 

i s  supposed t o  account f o r  l e a r n i n g  i n  a l l  domains, t h e  domain 

from which t h e  p r o p o s i t i o n a l  conten t  of t h e  hypo thes i s  i s  

taken  should have no e f f e c t  on how qu ick ly  t h e  deduct ion  i s  

11 



made o r  how l i k e l y  it i s  t o  be v a l i d .  

The " d o c t r i n e  of mental  l o g i c "  was i n s p i r e d  p r i m a r i l y  by c r i t e r i a  

A and E. The p r o p o s i t i o n a l  c a l c u l u s  i s  a  system of r u l e s  f o r  t h e  

d e r i v a t i o n  of v a l i d  i n f e r e n c e s  from p r o p o s i t i o n s  l i n k e d  by 

l o g i c a l  connec t ive s  l i k e  m, nnf, and QL. A l o g i c  module 

i n s t a n t i a t i n g  t h e  p r o p o s i t i o n a l  c a l c u l u s  would t h e r e f o r e  s a t i s f y  

c r i t e r i o n  A, t h a t  t h e  module i n s t a n t i a t e  procedures  t h a t  r e l i a b l y  

l e a d  t o  v a l i d  deduc t ions .  I n  a d d i t i o n ,  conc lus ions  d e r i v e d  v i a  

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

c o n t e n t  of t h e  p r o p o s i t i o n s  involved.  Its r u l e s  depend only on 

t h e  t r u t h  v a l u e s  a s s i g n e d  t o  t h e  p r o p o s i t i o n s  (whether t h e  

i n d i v i d u a l  p r o p o s i t i o n s  a r e  cons idered  t r u e  o r  f a l s e )  and on 

t h e i r  p o s i t i o n  w i th  r e s p e c t  t o  t h e  l o g i c a l  connec t ives .  For 

example, t h e  " t r u t h  t a b l e s n  a s s o c i a t e d  wi th  a  c o n d i t i o n a l  

s t a t emen t  ( I f  P t hen  Q)  and a  b i c o n d i t i o n a l  s t a t emen t  

(P  i f  and only i f  Q )  a r e :  

Cond i t i ona l  

P Q I f  P then  Q ..................... 
T T T 
T F  F 
F  T T 
F  F  T 

B icond i t i ona l  

P Q P i f f  Q ...................... 

Thus, i f  P and Q a r e  both cons ide red  t r u e ,  then  " I f  P t hen  Q" i s  

a l s o  cons ide red  t r u e .  Therefore ,  i f  P s t a n d s  f o r  " the  s e a  is  

b lue"  and Q s t a n d s  f o r  "quantum phys ics  i s  c o r r e c t "  -- and both 

t h e s e  s t a t e m e n t s  a r e  cons ide red  t r u e  -- then  t h e  s t a t emen t  " I f  

t h e  s e a  i s  b lue  t hen  quantum phys ics  i s  c o r r e c t "  i s  a l s o  

cons ide red  t r u e .  T h i s  p r o p e r t y  of t h e  p r o p o s i t i o n a l  c a l c u l u s  



s a t i s f i e s  c r i t e r i o n  E,  t h a t  t h e  l o g i c  module's r u l e s  of i n f e r e n c e  

be content- independent .  

1.3 Do humans have a  l o g i c  module? 

Above, I argued t h a t  i f  l e a r n i n g  occu r s  through Popperian 

h y p o t h e s i s  t e s t i n g ,  then  humans must have a l o g i c  module -- a 

psychologica l  mechanism with a lgo r i t hms  t h a t  a l low people  who 

have had no s p e c i a l  t r a i n i n g  i n  l o g i c  t o  recognize  hypotheses  and 

deduce only t h e i r  v a l i d  imp l i ca t ions ,  qu i ck ly ,  r e l i a b l y ,  and 

au toma t i ca l ly .  Research on deduc t ive  reasoning  i n d i c a t e s  t h a t  

humans have no such a b i l i t y  ( f o r  reviews, s e e  Wason & Johnson- 

La i rd ,  1972; Johnson-Laird, 1982) .  Because t h e r e  i s  so l i t t l e  

d i s s e n t  on t h i s  p o i n t  among psycho log i s t s  who s tudy  l o g i c a l  

reasoning,  I w i l l  c i t e  only a  few i l l u s t r a t i v e  examples, drawn 

from t h e  l i t e r a t u r e  on reasoning  about  c o n d i t i o n a l  s ta tements .  

I n  reasoning  about  c o n d i t i o n a l  s t a t emen t s ,  one can make two 

c o r r e c t  in£  er ences  and two f a l l a c i o u s  i n f  er ences  ( t o  convince 

y o u r s e l f ,  i n s p e c t  t h e  t r u t h  t a b l e  i n  s e c t i o n  1 . 2 )  : 

Cor rec t  i n f e r e n c e s  F a l l a c i o u s  i n£  e rences  

*A£ f  i rmi ng t h e  *Denying t h e  
Modus ponens Modus t o l l e n s  Consequent Antecedent 

I f  P then  Q I f  P then  Q I f  P then  Q I f  P  t h e  Q . - 

P not-Q 
The re fo re  Q Therefore  not-$ 

P 
Therefore  P 

not-P 
Therefore  not-Q 

* These i n f e r e n c e s  a r e  f a l l a c i o u s  because a  c o n d i t i o n a l  does no t  
c la im t h a t  P i s  t h e  only p o s s i b l e  an tecedent  of Q. Consider a  
conc re t e ,  c a u s a l  s ta tement :  " I f  it r a i n s  then  t h e  g r a s s  i s  wet." 
I f  it has  a r a ined ,  t h e  g r a s s  may or  may not  be wet -- perhaps 
I have been wa te r ing  t h e  lawn with my s p r i n k l e r .  To conclude " i t  
r a ined"  (or  "it d i d  n o t  r a i n " )  from t h e  r u l e  premise and t h e  
"g ra s s  i s  wetn premise i s  t o  "a f f i rm t h e  consequent".  To 
conclude " the  g r a s s  i s  d r y H  (or  " the  g r a s s  i s  wet")  from t h e  r u l e  
premise and t h e  "it d i d  no t  r a i n "  premise i s  t o  "deny t h e  an tecedent" .  
No v a l i d  i n f e r e n c e  can be drawn from t h e s e  s e t s  of premises.  



Minimally, a  l o g i c  module capab le  of e v a l u a t i n g  c o n d i t i o n a l  

hypotheses  should i n s t a n t i a t e  procedures  t h a t  qu ick ly  and 

r e l i a b l y  accomplish modus ponens and modus t o l l e n s .  Furthermore, 

it should be immune t o  t h e  two f a l l a c i o u s  i n£  e rences .  The 

a lgo r i t hms  involved  a r e  s imple  and wel l -def ined -- a  

microcomputer can e a s i l y  be programmed t o  run them. 

Moreover, t h e  only f a i r  way t o  t e s t  f o r  a  l o g i c  module i s  t o  

use s t a t emen t s  t h a t  express  unfami l ia r  r e l a t i o n s ,  such a s  " I f  an 

o b j e c t  i s  a  t r i a n g l e ,  then  it is r e d w ,  or  " I f  t h e r e  is  an A on 

one s i d e  of t h e  c a r d ,  then  t h e r e  is a  3 on t h e  o the r  s i d e w .  The 

l o g i c  module i s  supposed t o  be necessary  f o r  l e a r n i n g ,  t h a t  is, 

f o r  t h e  c o n s t r u c t i o n  of m knowledge. I f  t h i s  i s  i ts  purpose,  

then  it should be good a t  handl ing  un fami l i a r  r e l a t i o n s .  

Furthermore,  t h e  use of r e l a t i o n s  drawn from unfami l i a r  domains 

p rov ides  a  c l e a n e r  exper imental  design.  I t  p reven t s  s u b j e c t s  

from simply " looking up f a c t s "  t o  answer t h e  ques t ion :  one need 

n o t  engage i n  any reasoning  p roces s  t o  dec ide  t h a t  " A l l  swans a r e  

orange" i s  f a l s e .  Cond i t i ona l s  r e l a t i n g  l e t t e r s  t o  numbers a r e  

good c a n d i d a t e s  because l e t t e r s  and numbers a r e  f a m i l i a r  enough 

but  r e l a t i o n s  between them a r e  not.  For l a c k  of a  b e t t e r  term, I 

w i l l  fo l low t h e  l i t e r a t u r e  and c a l l  such c o n d i t i o n a l s  " a b s t r a c t . "  

P r e d i c t i o n  A: Val id  deduct ions  a r e  made f r e q u e n t l y  and r e l i a b l y .  

Item. Shapi ro  ( r e p o r t e d  i n  Wason & Johnson-Laird, 1972, pp. 43- 

44) asked  20 s u b j e c t s  t o  e v a l u a t e  t h e  v a l i d i t y  of a b s t r a c t  

v e r s i o n s  of t h e  f o u r  i n f e r e n c e s  l i s t e d  above. I f  humans have a  

l o g i c  module, her s u b j e c t s  should make few i f  any e r r o r s :  they  

should judge t h e  f i r s t  two i n f e r e n c e s  v a l i d  and t h e  l a s t  two 



i n f e r e n c e s  i n v a l i d .  E r r o r s  should be randomly d i s t r i b u t e d  among 

t h e  f o u r  i n £  e rences .  T h i s  t a s k  is very s imple  -- it does no t  

even r e q u i r e  s u b j e c t s  t o  gene ra t e  conc lus ions  themselves.  A l l  

they  have t o  do i s  c o r r e c t l y  recognize i n f e r e n c e s  t h a t  have 

a l r e a d y  been made a s  v a l i d  o r  i n v a l i d .  

The e r r o r  r a t e  was reasonably low f o r  modus ponens (5%) , bu t  

t h e  e r r o r  r a t e  was 52.5% f o r  modus t o l l e n s ,  20% f o r  a f f i r m i n g  t h e  

consequent,  and 25% f o r  denying t h e  an tecedent .  Half t h e  t ime 

s u b j e c t s  were judging a v a l i d  i n f e r e n c e  i n v a l i d ,  and a q u a r t e r  of 

t h e  t ime they  were judging i n v a l i d  i n fe rences  v a l i d .  E r r o r s  were 

not  randomly d i s t r i b u t e d  among t h e  f o u r  cond i t i ons .  The 

d i s t r i b u t i o n  of e r r o r s  i n d i c a t e s  t h a t  s u b j e c t s  f i n d  it  

p a r t i c u l a r l y  d i f f i c u l t  t o  recognize t h e  v a l i d i t y  of modus t o l l e n s .  

Item. I n  an experiment by Gibbs ( r e p o r t e d  i n  Wason & Johnson- 

La i rd ,  1972, p. 57-59) s u b j e c t s  had t o  gene ra t e  deduct ions .  On 

average,  4 4 %  of t h e  problems r e q u i r i n g  t h e  use of modus ponens 

were done i n c o r r e c t l y ,  and 80% of those  r e q u i r i n g  modus t o l l e n s  

were done i n c o r r e c t l y .  I n  both c a s e s ,  i n c o r r e c t  i n f e r e n c e s  

corresponded t o  committing t h e  f a l l a c y  of a f f i rming  t h e  

consequent.  Modus ponens was c o r r e c t l y  used 2.8 t imes  a s  o f t e n  

a s  modus t o l l e n s  was. 

Item. Mazzocco ( r e p o r t e d  i n  Legrenzi ,  1970) found t h a t  s u b j e c t s  

e r roneous ly  assume t h a t  " I f  P then Q" i s  equ iva l en t  t o  " I f  Q then  

P" when t h i s  makes a problem e a s i e r  t o  " so lven .  P o l l a r d  & Evans 

(1980) found t h a t  s u b j e c t s  f r e q u e n t l y  view l o g i c a l l y  d i s t i n c t  

c o n d i t i o n a l s  a s  implying one another .  

Item. P o l l a r d  & Evans (1981) found t h a t  s u b j e c t s  have a 
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pronounced tendency t o  judge an i n f e r e n c e  v a l i d  when they  agree  

with  t h e  conc lus ion ,  and i n v a l i d  when they  do not  agree  with  t h e  

conc lus ion  -- r e g a r d l e s s  of i ts t r u e  v a l i d i t y .  

The c la im t h a t  humans have a  quick and r e l i a b l e  deduc t ive  

component seems t o  f a l l  be£ o r e  it t a k e s  i ts  f i r s t  s t e p .  

Experimental  r e s u l t s  do not  even support  c r i t e r i o n  A,  t h a t  people  

be a b l e  t o  r e l i a b l y  make v a l i d  deduct ions .  Although people  have 

some measure of succes s  i n  recogniz ing  t h e  v a l i d i t y  of modus 

ponens, they  a r e  not  good a t  us ing  i t  t o  gene ra t e  deduct ions .  

They a r e  q u i t e  s u s c e p t i b l e  t o  making f a l l a c i o u s  in£  e r  ences  , and 

they  seem t o  l ack  a  procedure corresponding t o  modus t o l l e n s  

a lmost  e n t i r e l y .  The l i t e r a t u r e  on l o g i c a l  reasoning is q u i t e  

c o n s i s t e n t  on t h i s  po in t .  According t o  Johnson-Laird (1982) , 
" the  d o c t r i n e  of l o g i c a l  i n£  a l l i b i l i t y  is  e i t h e r  f a l s i f i e d  by t h e  

r e s u l t s  of some experiments on s y l l o g i s t i c  reasoning  o r  e l s e  

e m p i r i c a l l y  vacuous." 

To save  t h i s  pe r spec t ive ,  one might a rgue  t h a t  t h e  l o g i c  

module has  a  s impler  des ign  and a  more s p e c i f i c  func t ion .  

Perhaps i t  does not  have procedures  f o r  d e r i v i n g  deduc t ive  

i m p l i c a t i o n s  a t  a l l :  perhaps it  can only look f o r  f a l s i f i c a t i o n .  

Nothing could be s impler  t o  program. Consider any hypo thes i s  of 

t h e  form, " I f  P  then  Q." The t r u t h  t a b l e  f o r  t h e  c o n d i t i o n a l  

shows t h a t  t h e r e  is  only one ci rcumstance t h a t  can f a l s i f y  t h i s  

hypothes i s :  t h e  co-occurrence of P and not-Q. A l o g i c  module 

capab le  only of f a l s i f i c a t i o n  would scan a l l  i n s t a n c e s  of P and 

a l l  i n s t a n c e s  of not-Q. I t  would r e j e c t  t h e  hypothes i s  i f  any P 

was p a i r e d  wi th  a  not-Q or  i f  any not-Q was p a i r e d  with  a  P. 



The Wason s e l e c t i o n  t a s k  t e s t s  t h i s  p r e d i c t i o n .  Pe t e r  Wason 

was i n t e r e s t e d  i n  Popper 's  view t h a t  t h e  s t r u c t u r e  of s c i e n c e  was 

hypothet ico-deduct ive.  The s e l e c t i o n  t a s k  a l lows  one t o  s e e  

whether people  r e a l l y  a r e  f  a l s i f i c a t i o n i s t s  i n  t e s t i n g  

hypotheses.  I n  t h e  s e l e c t i o n  t a s k ,  a  s u b j e c t  asked t o  t e s t  a 

hypo thes i s  of t h e  form " I f  P  then  Q" wi th  r e s p e c t  t o  a  un iverse  

of f o u r  c a r d s  r e p r e s e n t i n g  p o s s i b l e  p a i r i n g s  of P  and not-P with  

Q and not-Q. Here i s  t h e  o r i g i n a l  s e l e c t i o n  t a s k  (Wason, 1966):  

Consider t h e  fo l lowing  sen tence :  

" I f  a  c a r d  has  a  vowel on one s i d e  then  it has  an even number on 
t h e  o the r  s i d e .  " 

I t  r e f e r s  t o  t h e s e  f o u r  ca rds :  

Each c a r d  has  a  l e t t e r  on one s i d e  and a  number on t h e  o ther  
s i d e .  Name those  c a r d s ,  and only those  c a r d s ,  which need t o  be 
tu rned  over i n  order  t o  determine d e c i s i v e l y  whether t h e  sen tence  
i s  t r u e  or  f a l s e .  

The c a r d s  were r e a l  ca rds ,  and an experimenter adminis te red  t h e  

t a s k  i n  person t o  one s u b j e c t  a t  a  time. 

The Wason s e l e c t i o n  t a s k  h a s  a  g e n e r a l  s o l u t i o n .  Turn over 

a l l  c a r d s  d i s p l a y i n g  P  ( t o  s e e  i f  they have a  not-Q on t h e  o the r  

s i d e )  and t u r n  over a l l  c a rds  d i s p l a y i n g  not-Q ( t o  s e e  i f  they  

have a  P  on t h e  o the r  s i d e ) .  There i s  no po in t  i n  t u r n i n g  over Q 

o r  not-P, because any va lue  on t h e  o the r  s i d e  of t h e s e  ca rds  

would be c o n s i s t e n t  wi th  t h e  hypothesis .  

Th i s  provides  a  d i r e c t  t e s t  of t h e  modified view of t h e  

l o g i c  module's func t ion .  I f  t h e  l o g i c  module i s  s p e c i a l i z e d  f o r  

t e s t i n g  hypotheses  through deduc t ive  f a l s i f i c a t i o n ,  then s u b j e c t s  



should immediately r e a l i z e  t h a t  they must t u r n  over t h e  E c a r d  

(P)  and t h e  7  c a r d  (not-Q) . 
They do not .  On average ,  only 4 t o  10  pe rcen t  of a l l  

s u b j e c t s  choose P and not-Q when conf ron ted  with  an a b s t r a c t  

h y p o t h e s i s  (Wason, 1983) .  The ma jo r i t y  p ick  only PI or  P and Q,  

a s  i f  they  a r e  t r y i n g  t o  confirm t h e  e x i s t e n c e  of a  r e l a t i o n ,  

r a t h e r  than  f a l s i f y  a  proposed r e l a t i o n .  T h i s  r e s u l t  ha s  been 

r e p l i c a t e d  many t imes ,  under a  wide v a r i e t y  of cond i t i ons :  wi th  

d i f f e r e n t  a b s t r a c t  p r o p o s i t i o n s  s t and ing  i n  f o r  P and Q, with 

v a r i a t i o n s  i n  t h e  l i n g u i s t i c  format of t h e  hypo thes i s ,  wi th  

v a r i a t i o n s  i n  how t h e  in£  ormation i s  r e p r e s e n t e d  on t h e  c a r d s ,  

wi th  v a r i a t i o n s  i n  t h e  i n s t r u c t i o n s  (e.g., Wason, 1968; Wason, 

1969a & b; Wason & Johnson-Laird, 1970; Wason & Shapi ro ,  1971; 

Goodwin & Wason, 1972; Wason & Golding,  1974) .  

Furthermore,  it i s  very  d i f f i c u l t  t o  t e a c h  people  t h e  

s o l u t i o n .  A wide v a r i e t y  of " t h e r a p i e s *  have been t r i e d ;  they  

have r e s u l t e d  i n  l i t t l e  or no f a c i l i t a t i o n  i n  f a l s i f i c a t i o n  

r a t e s .  For example: 

1. For each of 24 sample c a r d s ,  s u b j e c t s  were asked whether o r  

not  each c a r d  was c o n s i s t e n t  wi th  t h e  r u l e ;  they  were given 

feedback about  t h e i r  answers. They were then  asked t o  s o l v e  a  

s e l e c t i o n  t a s k  u s i n g  t h e  same r u l e  (Wason & Shapi ro ,  1971) .  

2 .  For each of 24 sample c a r d s ,  s u b j e c t s  were asked  t o  imagine 

a  v a l u e  on t h e  o the r  s i d e  of t h e  c a r d  t h a t  would f a l s i f y  or 

v e r i f y  t h e  r u l e ;  they  were given feedback about  t h e i r  answers. 

They were then  asked t o  s o l v e  a  s e l e c t i o n  t a s k  u s i n g  t h e  same 

r u l e  (Wason & Shapi ro ,  1971) .  



3. S u b j e c t s  were allowed t o  t u r n  over t h e  ca rds  they  had 

s e l e c t e d ,  asked whether each v e r i f i e d  o r  f a l s i f i e d  t h e  r u l e ,  

and c o r r e c t e d  i f  wrong; then  they were r e t e s t e d  (Hughes, 1966) .  

4 .  A d u p l i c a t e  s e t  of f u l l y  revea led  ca rds  were p re sen t  f o r  

s u b j e c t s  t o  i n s p e c t  (Goodwin & Wason, 1972) . 
Even p r o f e s s i o n a l  l o g i c i a n s  have been known t o  g e t  t h e  problem 

wrong1 (Wason & Johnson-Laird, 1972, p. 179) 

S u b j e c t s '  performance on t h e  Wason s e l e c t i o n  t a s k  i s  t h e  

most damning evidence a g a i n s t  t h e  learn ing-as -hypothes i s - tes t ing  

view. Confronted with  a  novel hypothes i s ,  s u b j e c t s  do n o t  t r y  t o  

f a l s i f y  it. Yet t h i s  i s  a  paradigmatic  ca se  i n  which they  should 

use  deduc t ive  f a l s i f i c a t i o n .  Th i s  r e s u l t  f a l s i f i e s  t h e  modif ied 

view of t h e  l o g i c  module a s  s p e c i a l i z e d  f o r  s p o t t i n g  f a l s i f y i n g  

evidence.  I n  a d d i t i o n ,  because modus ponens and modus t o l l e n s  

can be used t o  s o l v e  t h e  s e l e c t i o n  t a s k ,  t h i s  r e s u l t ,  l i k e  t h e  

p rev ious ly  c i t e d  evidence,  f a l s i f i e s  t h e  o r i g i n a l  view of t h e  

l o g i c  module a s  i n s t a n t i a t i n g  deduc t ive  procedures  t o  be used i n  

f a l s i f y i n g  hypotheses.  

Beat ing a dead horse.  

A l o g i c  module necessary  f o r  l e a r n i n g  should meet f o u r  o the r  

c r i t e r i a  (B-E),  bu t  t h e s e  a r e  p r e d i c a t e d  on it f u l f i l l i n g  

p r e d i c t i o n  A -- t h a t  people  f r e q u e n t l y  and r e l i a b l y  make v a l i d  

deduct ions .  P r e d i c t i o n  A h a s  been shown t o  be f a l s e ,  so  

t e c h n i c a l l y ,  t h e  o the r  p r e d i c t i o n s  f a l l  with it. J u s t  t o  be 

thorough, however, I would l i k e  t o  b r i e f l y  d i s c u s s  each 

s e p a r a t e l y .  



P r e d i c t i o n  B: The l o g i c  module can " recognizeu  hypotheses ,  
and upon recogniz ing  them, p roces s  them. 

Hypotheses about  t h e  world do no t  come i n  j u s t  one 

l i n g u i s t i c  format.  A l o g i c  module should be a b l e  t o  recognize  

and o p e r a t e  on t h e  l o g i c a l  "deep s t r u c t u r e u  of a  hypo thes i s ,  

producing v a l i d  deduc t ions  r e g a r d l e s s  of i ts  l i n g u i s t i c  format.  

The amount of t ime  t h e  convers ion  t o  deep s t r u c t u r e  t a k e s  may 

d i f f e r  w i th  l i n g u i s t i c  format ,  no t  t h e  v a l i d i t y  of t h e  deduc t ions  

made, 

T h i s  i s  n o t  t h e  case .  A number of s t u d i e s  show t h a t  (1) 

d i f f e r e n t  l i n g u i s t i c  fo rmats  of t h e  same hypo thes i s  d i f f e r  i n  how 

l i k e l y  they  a r e  t o  e l i c i t  a  v a l i d  deduc t ion ,  and (2)  a  l i n g u i s t i c  

fo rmat  t h a t  f a c i l i t a t e s  deduc t ion  f o r  one problem may impede 

deduc t ion  i n  another  (e.g.,  Van Duyne, 1974; Roberge, 1978, 1982; 

Bracewel l  & Hidi ,  1974) .  Sub jec t s  i n  t h e s e  s t u d i e s  had no t ime 

c o n s t r a i n t s ,  so  d i f f e r e n c e s  i n  performance can be accounted f o r  

only by d i f f e r e n c e s  i n  l i n g u i s t i c  format.  

P r e d i c t i o n  C: Va l id  deduc t ions  a r e  made qu i ck ly ,  au toma t i ca l l y ,  
and wi thou t  conscious  a t t e n t i o n .  

I n  t h e  exper iments  c i t e d  under p r e d i c t i o n  A, s u b j e c t s  were 

p e r m i t t e d  t o  devote  a l l  t h e  t ime  and conscious  a t t e n t i o n  t o  t h e  

problem t h a t  they  wanted, y e t  they  s t i l l  d i d  no t  make v a l i d  

deduc t ions  . C l e a r l y  they do n o t  make v a l i d  deduc t ions  q u i c k l y ,  

a u t o m a t i c a l l y ,  and wi thout  conscious  a t t e n t  ion.  

P r e d i c t i o n  D: The l o g i c  module develops  wi thout  any s p e c i a l  
t each ing .  

Again, t h e  evidence c i t e d  f o r  p r e d i c t i o n  A shows t h a t  people  

do n o t  r e l i a b l y  make v a l i d  deduc t ions  wi thout  s p e c i a l  t r a i n i n g .  

Indeed,  i t  i s  no t  c l e a r  t h a t  they r e l i a b l y  make v a l i d  deduc t ions  
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even wi th  s p e c i a l  t r a i n i n g .  A s  t h e  therapy  exper iments  showed, 

performance on t h e  Wason s e l e c t i o n  t a s k  proved r e l a t i v e l y  

impervious t o  s p e c i a l  t r a i n i n g  techniques ,  and even p r o f e s s i o n a l  

l o g i c i a n s  f i n d  it d i f f i c u l t .  

P r e d i c t i o n  E t  The l o g i c  module i s  content-independent.  

Wason's f i r s t  s e l e c t i o n  t a s k s  used hypotheses  t h a t  expressed  

a b s t r a c t  r e l a t i o n s ,  u s u a l l y  i nvo lv ing  l e t t e r s  and numbers. 

Performance was uniformly poor. However, a number of exper iments  

i n  t h e  e a r l y  1970 ' s  r eve r sed  t h i s  r e s u l t  (Wason & Shapi ro ,  1971; 

Johnson-Laird,  Legrenz i & Legrenz i, 1972; Bracewell  & Hidi ,  1974; 

Gi lhooly  & Falconer ,  1974) .  These exper iments  sugges ted  t h a t  i f  

t h e  con ten t  of t h e  r u l e  being t e s t e d  exp re s se s  a  " f a m i l i a r , "  

" r e a l i s t i c ,  " o r  " themat ic"  r e l a t i o n ,  s u b j e c t s  do reason 

l o g i c a l l y  on t h e  s e l e c t i o n  t a s k .  Th i s  enhancement of l o g i c a l  

performance wi th  f a m i l i a r  m a t e r i a l s  i s  known a s  t h e  "content  

e f f e c t "  o r  t h e  " themat ic  m a t e r i a l s "  e f f e c t  on t h e  Wason s e l e c t i o n  

t a s k .  

I n i t i a l l y ,  r e s e a r c h e r s  thought  t h a t  t h e  f a m i l i a r i t y  o r  

r e a l i s m  of themat ic  con ten t  somehow f a c i l i t a t e s  t h e  use of 

d e d u c t i v e  l o g i c  (Wason & Shapi ro ,  1971; Johnson-Laird, Legrenz i & 

Legrenz i ,  1972) . The problem wi th  t h i s  exp lana t ion  i s  t h a t  t h e  

phenomenon i s  q u i t e  d i f f i c u l t  t o  r e p l i c a t e .  Some f a m i l i a r  

con ten t  seems t o  f a c i l i t a t e  t h e  use of deduc t ive  l o g i c ;  o t h e r  

f a m i l i a r  con ten t  does no t  (e.g., Van Duyne, 1976; Manktelow & 

Evans, 1979; Gr iggs  & Cox, 1982; Cox & Griggs,  1982; Reich & 

Ruth, 1982; Yachanin & Tweney, 1982; Gr iggs  & Cox, 1983) .  I n  

a d d i t i o n ,  t h e  same f a m i l i a r  con ten t  seems t o  f a c i l i t a t e  l o g i c  a t  

some t e s t i n g  l o c a t i o n s ,  b u t  no t  a t  o t h e r s  (e.g., Golding, 1981; 
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Griggs & Cox, 1982; Yachanin & Tweney, 1982) .  Th i s  should n o t  

happen i f  f a m i l i a r  conten t  simply a c t i v a t e s  a l o g i c  module. 

Whatever t h e  explana t ion ,  t h e  c o g n i t i v e  processes  t h a t  

govern reasoning  about  l o g i c a l  c o n d i t i o n a l s  i n  t h e  Wason 

s e l e c t i o n  t a s k  a r e  c l e a r l y  not  content-independent.  

The hypo thes i s  t h a t  humans have t h e  s o r t  of l o g i c  module 

necessary  f o r  ~ o p p e r i a n - s t y l e  everyday l e a r n i n g  f a l t e r e d  be£ o r e  

t a k i n g  i ts  f i r s t  s t e p .  Not one of t h e  f i v e  d e f i n i n g  c r i t e r i a  of 

a l o g i c  module i s  f u l f i l l e d  by t h e  r e s u l t s  of experiments on 

l o g i c a l  reasoning.  

Th i s  r a i s e s  some s e r i o u s  ques t ions :  I f  people  a r e  no t  us ing  

deduc t ive  r u l e s  t o  reason about  c o n d i t i o n a l  s t a t emen t s ,  then what 

r u l e s  a r e  they  using? And i f  people  a r e  no t  l e a r n i n g  v i a  

Popperian hypo thes i s  t e s t i n g ,  then how a r e  they l ea rn ing?  

The d iscovery  of t h e  conten t  e f f e c t  on t h e  Wason s e l e c t i o n  

t a s k  r a i s e s  t h e  p o s s i b i l i t y  t h a t  reasoning about  l o g i c a l  

c o n d i t i o n a l s  i s governed by content-dependent c o g n i t i v e  

processes .  Indeed, a f t e r  y e a r s  spent  r e sea rch ing  t h i s  e f f e c t ,  

Wason and Johnson-Laird commented t h a t  t h e  c o n d i t i o n a l  "is no t  a 

c r e a t u r e  of cons t an t  hue, bu t  chameleon-like, t a k e s  on t h e  co lour  

of i ts  surroundings:  iJs b det- j;a some by 

khe p r o ~ o s i t i o n s  i& connects" (1972, p.92, i t a l i c s  t h e i r s ) .  

They say t h a t  t h e  p r i n c i p l e s  governing t h e  "cohesion of 

d i scour se"  probably hold t h e  key t o  i ts  many meanings, and t h a t  

" t h e  n a t u r e  of t h e s e  p r i n c i p l e s  i s  l i t t l e  understood -- they  

probably invo lve  more than  purely l i n g u i s t i c  f a c t o r s .  " The 

i n v e s t i g a t i o n  of Darwinian a lgo r i t hms  p re sen ted  i n  t h i s  t h e s i s  i s  

a p re l imina ry  enqui ry  i n t o  what "moren they  involve.  
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CHAPTER 2 

A review of t h e  l i t e r a t u r e  on t h e  "e lus ive"  con ten t  e f f e c t  

on t h e  Wason s e l e c t i o n  t a s k  

When con ten t  e f f e c t s  a r e  found, t h e  hypo thes i s  t h a t  they 

were produced by content-dependent c o g n i t i v e  processes  should be 

e n t e r t a i n e d .  The ex t ens ive  l i t e r a t u r e  on t h e  Wason s e l e c t i o n  

t a s k  i s  r e p l e t e  wi th  r e p o r t s  of conten t  e f f e c t s .  I f  conten t -  

dependent i n f  e rence  procedures  e x i s t ,  t h i s  l i t e r a t u r e  i s  a  

promising p l a c e  t o  look f o r  them. 

Attempts t o  p r e d i c t  and e x p l a i n  conten t  e f f e c t s  on t h e  Wason 

s e l e c t i o n  t a s k  i n  terms of " d i f f e r e n c e s  i n  s u b j e c t s 1  exper ience"  

wi th  t h e  d i f f e r e n t  conten t  domains t e s t e d  have c r e a t e d  a  horne t  ' s 

n e s t  of appa ren t ly  c o n t r a d i c t o r y  r e s u l t s .  The u n p r e d i c t a b i l i t y  

and u n r e p l i c a b i l i t y  of t h e  con ten t  e f f e c t  on t h e  Wason s e l e c t i o n  

t a s k  i s  so pronounced t h a t  Pe te r  Wason has  c a l l e d  it a  " c r i s i s "  

(pe r sona l  communication) and Gr iggs  and Cox (1982) have dubbed 

t h e  e f f e c t  "e lus ive ."  

Because t h e  explana t ion  of t h i s  e l u s i v i t y  i s  t h e  s u b j e c t  of 

my t h e s i s ,  t h i s  chapter  w i l l  exp lore  t h e s e  r e s u l t s  i n  some 

d e t a i l ,  one con ten t  a r e a  a t  a time. I f  domain s p e c i f i c  reasoning  

p roces ses  a r e  involved,  then t h e  d a t a  should r e s o l v e  i n t o  

p a t t e r n s  when it i s  ca t ego r i zed  by conten t  domain per s e ,  bu t  no t  

when it i s  c a t e g o r i z e d  by f a c t o r s  c o r r e l a t e d  with  con ten t ,  l i k e  

" f a m i l i a r i t y "  o r  "real ism.  " Five  major conten t  a r e a s  have been 

explored  i n  t h e  l i t e r a t u r e :  t r a n s p o r t a t i o n ,  food, school ,  and 

" s o c i a l  c o n t r a c t s . "  

The d i s c u s s i o n  of publ i shed  exp lana t ions  a t t empt ing  t o  



account f o r  t h e s e  r e s u l t s  i s  d e f e r r e d  t o  t h e  next  chap te r ,  so  

they  can be d i s c u s s e d  i n  l i g h t  of a l l  t h e  r epo r t ed  da t a .  

2.1 The Transpor t a t i on  Problem 

The "Transpor ta t ion  Problem", developed by Wason & Shapi ro  

(1971) ,  has  been used i n  more experiments t e s t i n g  f o r  an e f f e c t  

of themat ic  con ten t  i n  t h e  Wason s e l e c t i o n  t a s k  than  any o ther  

themat ic  r u l e .  I t  i s  a  c o n d i t i o n a l  r u l e  l i n k i n g  a  p l a c e  t o  a  

means of t r a n s p o r t a t i o n ,  f o r  example, " I f  I go t o  Boston, then  I 

t a k e  t h e  subway. " Researchers  always use p l aces  and means of 

t r a n s p o r t a t i o n  t h a t  a r e  l o c a l  f o r  and f a m i l i a r  t o  t h e i r  s u b j e c t  

popula t ion .  There a r e  nine experiments comparing performance on 

t h e  t r a n s p o r t a t i o n  problem t o  performance on an a b s t r a c t  problem. 

Two found s u b s t a n t i a l  conten t  e f f e c t s ,  two found weak con ten t  

e f f e c t s ,  and f i v e  found no conten t  e f f e c t s  a t  a l l .  

Wason & Shapiro,  1971 

The f i r s t  demonstrat ion of a  conten t  e f f e c t  was by Wason & 

Shapi ro  (1971) .  They gave 16 s u b j e c t s  a  s e l e c t i o n  t a s k  us ing  t h e  

r u l e  "Every t ime I go t o  Manchester I t r a v e l  by c a r "  ( themat ic  

g roup) ,  and 16 s u b j e c t s  a  s e l e c t i o n  t a s k  us ing  t h e  r u l e  "Every 

c a r d  which has  a  vowel on one s i d e  has  an even number on t h e  

o t h e r  s i d e n  ( a b s t r a c t  group) .*  Des t ina t ions  and means of 

t r a n s p o r t a t i o n  were r o t a t e d  i n  t h e  themat ic  group t o  avoid t h e  

p o s s i b i l i t y  of an e f f e c t  due t o  preconcept ions  about  t h e  r e l a t i o n  

between p a r t i c u l a r  d e s t i n a t i o n s  and means of t r a n s p o r t .  Sixty-two 

* Only Wason & S h a p i r o l s  a b s t r a c t  problem used t h e  vowel-even 
number r u l e .  Abs t r ac t  problems i n  t h e  o the r  s t u d i e s  l i n k e d  
s p e c i f i c  l e t t e r s  and numbers, e.g., " I f  t h e r e  i s  an ' A 1  on one 
s i d e  of a  c a r d ,  then t h e r e  i s  a  ' 3  ' on t h e  o the r  s i d e .  " 



percent  of t h e  themat ic  group gave t h e  l o g i c a l l y  c o r r e c t ,  

f a l s i f y i n g  answer, IP & not-Q1,  whereas only 12% of t h e  a b s t r a c t  

group gave t h i s  answer ( p h i  = .52).  

Bracewell  & Hidi ,  1974 

I n  1974, Bracewell & Hidi and Gilhooly & Falconer t r i e d  t o  

r e p l i c a t e  Wason & Shapiro,  1971. Their  experiments were designed 

t o  t e a s e  a p a r t  t h e  r e l a t i v e  c o n t r i b u t i o n  t o  success  on t h e  

s e l e c t i o n  t a s k  of conc re t e  terms versus  conc re t e  r e l a t i o n s .  

Here I w i l l  only d i s c u s s  t h e  cond i t i ons  t h a t  a r e  d i r e c t l y  

comparable t o  Wason & S h a p i r o m s  themat ic  and a b s t r a c t  groups,  

because e s t a b l i s h i n g  t h e  e x i s t e n c e  of a  conten t  e f f e c t  i s  

t h e o r e t i c a l l y  p r i o r  t o  a sk ing  what causes  it.* 

Noting t h a t  t h e  most common s e l e c t i o n  t a s k  e r r o r  i s  t o  

i n c o r r e c t l y  s e l e c t  t h e  c a r d  corresponding t o  t h e  Q term, 

Bracewell  & Hidi  wondered i f  s u b j e c t s  "spend more t ime ana lys ing  

t h e  f i r s t  s e t  of terms t o  t h e  de t r iment  of t h e  second s e t . "  They 

t e s t e d  t h i s  by framing t h e i r  thematic  and a b s t r a c t  problems i n  

two d i f f e r e n t  l i n g u i s t i c  formats :  "Every t ime P, Q" and "Q every 

t ime P" (e.g., "Every t ime I go t o  Ottawa I t r a v e l  by c a r "  and "I 

t r a v e l  by c a r  every t ime I go t o  Ottawa. " )  The l o g i c a l  s t r u c t u r e  

of t h e s e  two problems i s  i d e n t i c a l ,  however t h e  Q term comes 

f i r s t  i n  t h e  "Q every t ime P" format.  The i r  r e s u l t s  a r e  p i c t u r e d  

i n  Table  2.1. 

The "Every time.. . " l i n g u i s t i c  format ( a l s o  used by Wason & 

Shapi ro)  s u c c e s s f u l l y  r e p l i c a t e d  Wason & S h a p i r o m s  f i n d i n g s :  9  

o u t  of 1 2  s u b j e c t s  (75%) answered 'P & not-Q1 i n  response t o  t h e  

themat ic  r u l e  ve r sus  1 ou t  of 1 2  (8%) f o r  t h e  a b s t r a c t  r u l e  

* The r e l a t i v e  c o n t r i b u t i o n  ques t ion  w i l l  be cons idered  i n  Chapter 3. 
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Table  2.1 R e s u l t s  of Bracewell  & Hidi ,  1974 

themat ic  a b s t r a c t  T o t a l s  
Every t ime P, Q: 9 1 I 10 
Q every t ime P: 2 1 I 3 ...................................... 
T o t a l s  : 11 2 

Number of s u b j e c t s  choosing 'P & not-0 ' ;  n=12 per ce l l .  

( p h i  = .68) . However, t h e r e  was no themat ic  con ten t  e f f e c t  f o r  

t h e  "Q every t ime P" phras ing ;  2 o u t  of 1 2  s u b j e c t s  i n  t h e  

t hema t i c  group f a l s i f i e d  (17%) , compared t o  1 o u t  of 1 2  (8%)  i n  

t h e  a b s t r a c t  group. There i s  no reason t o  b e l i e v e  t h a t  t h i s  

second ph ra s ing  i s  an unna tu ra l  one*; i n  f a c t ,  t h i s  i s  t h e  

ph ra s ing  which Bracewell  & Hidi  had hoped would enhance l o g i c a l  

performance by focus ing  a t t e n t i o n  on t h e  Q term. 

Thus, a s imple  change i n  l i n g u i s t i c  format  completely e r a s e d  

t h e  con ten t  e f f e c t ,  

I n t e r p r e t a t i o n  of Bracewell  & H i d i ' s  d a t a  i s  f u r t h e r  

complicated by t h e  f a c t  t h a t  they e x p l i c i t l y  t o l d  t h e i r  s u b j e c t s  

t h a t  t h e  c o n d i t i o n a l  is n o t  " r e v e r s i b l e . "  T h i s  i n s t r u c t i o n  i s  

unprecedented i n  s e l e c t i o n  t a s k  r e sea rch ;  s o  a r e  its apparen t  

e f f e c t s .  The most common response t o  a b s t r a c t  problems i s  

u s u a l l y  ' P  & Q ' .  Y e t  only  1 o u t  of t h e  24 s u b j e c t s  i n  Bracewell  

& H i d i ' s  two a b s t r a c t  c o n d i t i o n s  gave t h i s  response,  and no one 

gave it i n  e i t h e r  of t h e  themat ic  cond i t i ons .  

T h i s  i n s t r u c t i o n  i s  so  s e r i o u s  a con£ ound t h a t  some 

* I would guess  t h a t  pragmatic  f a c t o r s  determine which phrase  
would come f i r s t  i n  o rd ina ry  conversa t ion  -- whether t h e  speaker  
wished t o  i n d i c a t e  t h a t  t h e  t o p i c  of t h e  s en t ence  i s  going  t o  
Manchester ("Every t ime I go t o  Manchester.. .") o r  t r a v e l i n g  by 
c a r  ( " I  t r a v e l  by ca r . . . " ) .  



r e s e a r c h e r s  a r e  h e s i t a n t  t o  count Bracewell & H i d i 1 s  "Every t ime" 

cond i t i on  a s  a  r e p l i c a t i o n  of Wason & Shapi ro  (Manktelow, 1979; 

Gr iggs  & Cox, 1982; Griggs,  1983) .  I b e l i e v e  it  may have 

in t roduced  demand c h a r a c t e r i s t i c s  of t h e  fo l lowing  kind. 

When stumped by a  problem, people  sometimes ask  "what 's  t h e  

t r i c k ? "  -- it i s  a  reques t  f o r  i n s i g h t  i n t o  t h e  problem. 

However, I have never heard anyone stumped by a  problem ask ,  

"what a r e  t h e  t r i c k s ? "  I n  o the r  words, people  u sua l ly  assume 

t h a t  a  thought  problem has  one " t r i c k " ,  no t  two. But s o l v i n g  t h e  

s e l e c t i o n  t a s k  involves  two " t r i c k s " :  accord ing  t o  Wason & 

Johnson-Laird (1972) , s u b j e c t s  have not  achieved "complete 

i n s i g h t "  u n l e s s  they  r e a l i z e  1) t h a t  t h e  Q c a r d  i s  i r r e l e v a n t ,  

and 2) t h a t  t h e  not-Q c a r d  i s  r e l evan t .  When I was conduct ing 

p i l o t  exper iments ,  s u b j e c t s  who had f i n i s h e d  t h e  t a s k  f r e q u e n t l y  

asked m e  i f  t h e  " t r i c k "  was r e a l i z i n g  t h a t  one should omit Q. 

And, i n  f a c t ,  t h e  second most common response on t h e  s e l e c t i o n  

t a s k  i s  'P' a lone ,  omi t t i ng  t h e  Q card.  

I f  you b e l i e v e  you have found t h e  " t r i c k " ,  why look f o r  a  

second one? T e l l i n g  s u b j e c t s  t h a t  t h e  c o n d i t i o n a l  i s  "not 

r e v e r s i b l e "  may be g iv ing  away ha l f  t h e  game. When t h e  meaning 

of ''not r e v e r s i b l e "  i s  c l e a r ,  t h i s  i n s t r u c t i o n  i s  equ iva l en t  t o  

t e l l i n g  them t o  omit t h e  Q card .  The t a s k  of f i n d i n g  " the  t r i c k n  

r  emai ns . 
Thi s  could e x p l a i n  why s u b j e c t s  found t h e  "not-Q t r i c k "  i n  

t h e  "Every time P,  Q" format ,  bu t  no t  i n  t h e  "Q every t ime P n  

format.  When t h e  l o g i c a l  ope ra to r  t h a t  d e f i n e s  t h e  c o n d i t i o n a l  

i s  a t  t h e  beginning of t h e  sen tence ,  a s  i n  "Every time I go t o  

Ottawa I t r a v e l  by c a r " ,  t h e  meaning of " reverse"  i s  



s t r a i g h t f o r w a r d .  Sub jec t s  have v i r t u a l l y  been t o l d  t o  omit Q,  so  

they  con t inue  t o  search  f o r  t h e  problem's t r i c k  -- choosing not-Q 

-- and may even tua l ly  f i n d  it. But t h e  meaning of " r eve r sen  is 

f a r  more ambiguous when t h e  l o g i c a l  ope ra to r  i s  i n  t h e  cen te r  of 

t h e  sen tence .  What i s  t h e  " reverse"  of "I t r a v e l  by c a r  e v e r y  

time I go t o  Ottawan? Is it "Every time I go t o  Ottawa I t r a v e l  

by c a r n  o r  i s  it "I go t o  Ottawa every time I t r a v e l  by car"?  

F igu r ing  t h i s  o u t  may have been cha l l eng ing  enough t o  count a s  

" the  t r i c k n  f o r  s u b j e c t s  s o l v i n g  problems i n  t h e  ' Q  every t i m e  P1 

format.  T e l l i n g  them t h e  c o n d i t i o n a l  was "not r e v e r s i b l e "  was 

enough of a c l u e  t o  a l low most of them t o  f i n a l l y  f i g u r e  ou t  t h a t  

they  were supposed t o  omit Q,  but  having r e a l i z e d  t h a t ,  they 

s topped t h e i r  s ea rch  -- they thought they had found t h e  " t r i c k . "  

I f  w e  l e a v e  a s i d e  t h i s  methodological  ob jec t ion ,  Bracewell  & 

H i d i ' s  exper iments  can be thought  of a s  two s e p a r a t e  a t t empt s  t o  

r e p l i c a t e  Wason & Shapiro:  one a success ,  t h e  o the r  a f a i l u r e .  

Gilhooly & Falconer ,  1974 

The des ign  of Gilhooly & Falconer was s i m i l a r  t o  Bracewell  & 

Hid i ,  except  they  used only the  "Every time P,Qn l i n g u i s t i c  

format ,  and many more s u b j e c t s  (n=50 per group) .  

Gi lhooly & Fa lcone r ' s  themat ic  group d i d  s i g n i f i c a n t l y  

b e t t e r  than  t h e i r  a b s t r a c t  group: 22% v. 6% chose 'P & not-Q1.* 

However, t h e  succes s  r a t e  f o r  t h e  themat ic  cond i t i on  was q u i t e  

low: 22%, a s  compared t o  62% f o r  Wason & Shapi ro  and 75% f o r  

- - - -  -~ * Gilhooly & Falconer were puzzled t h a t  t h e  e r r o r  responses  which 
Johnson-Laird & Wason (1970) c l a s s i f y  a s  " p a r t i a l  i n s i g h t "  ('P, 
Q, and not -Q ' )  d i d  no t  have t h e  same d i s t r i b u t i o n  a s  t h e  
"complete i n s i g h t "  ( I P  & not-Q')  responses .  I f  one g r a n t s  t h e i r  
assumption t h a t  t hese  two s c o r e s  express  p rog res s ive ly  g r e a t e r  
degrees  of i n s i g h t  i n t o  t h e  l o g i c a l  s t r u c t u r e  of t h e  problem, and 
t h e r e f o r e  lumps them toge the r ,  t h e  conten t  e f f e c t  d i s appea r s  (26% v. 18%) 



Bracewell  & H i d i ' s  bes t  group. The e f f e c t  s i z e ,  p h i  = .23, f o r  

Gilhooly & Falconer i s  c l o s e r  t o  t h e  " e f f e c t "  s i z e  of .13 f o r  

Bracewell  & H i d i ' s  no e f f e c t  cond i t i on  than  it i s  t o  t h e  p h i  of 

f o r  Wason & Shapiro.  I t  i s  no t  unheard of f o r  22% of a  s u b j e c t  

popula t ion  t o  g e t  t h e  & s t r a c k  problem c o r r e c t ;  i n  a  number of my 

experiments ,  more than  22% of s u b j e c t s  f a l s i f i e d  on t h e  a b s t r a c t  

problem ( s e e  Chapter 6). Furthermore, because Gilhooly & 

F a l c o n e r ' s  sample s i z e  i s  t h r e e  t imes l a r g e r  than e i t h e r  Wason & 

S h a p i r o ' s  o r  Bracewell  & H i d i ' s ,  one might expect  t h e i r  f i g u r e s  

t o  be somewhat less s u b j e c t  t o  Type 1 e r r o r s .  

Thus, i f  one counts  any f a c i l i t a t i o n  wi th  themat ic  con ten t ,  

however sma l l ,  a s  a  "content  e f f  e c t " ,  then Gilhooly & Falconer 

counts  a s  a  r e p l i c a t i o n  of Wason & Shapiro.  However, i f  by 

"conten t  e f f e c t "  one means t h a t  a  ma jo r i t y  of s u b j e c t s  g i v e  a  

l o g i c a l l y  c o r r e c t  response wi th  a themat ic  r u l e ,  then  Gilhooly & 

Falconer have f a i l e d  t o  r e p l i c a t e  Wason & Shapiro.  A s  w i l l  be 

d i scussed  i n  t h e  next  chap te r ,  t h e  t h e o r e t i c a l  c la im being made 

de te rmines  which d e f i n i t i o n  i s  appropr i a t e .  

P o l l a r d ,  1981 

I n  a  very  c l o s e  r e p l i c a t i o n  of Wason & S h a p i r o ' s  i n i t i a l  

s tudy ,  P o l l a r d  (1981) found a  mild conten t  e f f e c t :  4 ou t  of 1 2  

s u b j e c t s  (33%) i n  t h e  themat ic  cond i t i on  gave t h e  l o g i c a l l y  

c o r r e c t  answer, whereas none of t h e  12  s u b j e c t s  i n  t h e  a b s t r a c t  

cond i t i on  gave t h i s  answer (ph i  = . 4 5 ) .  

I t  i s  worth no t ing  t h a t  given t h e  percentage  d i f f e r e n c e  

between t h e  two groups (33%) ,  zero  c o r r e c t  i n  t h e  a b s t r a c t  

cond i t i on  i s  t h e  only outcome t h a t  could y i e l d  a  s i g n i f i c a n t  

r e s u l t .  I f  t h e  same percent  d i f f e r e n c e  i s  maintained,  bu t  j u s t  

2  9 



one s u b j e c t  i n  t h e  a b s t r a c t  cond i t i on  had answered c o r r e c t l y  

(hence 1 o u t  of 1 2  i n  t h e  a b s t r a c t  group, compared t o  5  ou t  of 1 2  

i n  t h e  themat ic  group) , t h e  d i f f e r e n c e  between t h e  two cond i t i ons  

would be i n s i g n i f i c a n t  (p < .07, Fisher  I s  Exac t ) .  Given 

P o l l a r d ' s  smal l  sample s i z e s ,  such a  p reca r ious  r e s u l t  should be 

i n t e r p r e t e d  wi th  cau t ion .  

This ,  so  f a r ,  has  been t h e  good (and lukewarm) news f o r  t h e  

con ten t  e f f e c t  wi th  a  t r a n s p o r t a t i o n  problem. Now, t h e  bad news. 

Manktelow & Evans, 1979 

I n  1979, Manktelow & Evans conducted an experiment 

(Experiment 5 )  t h a t  d u p l i c a t e d  Wason & Shapi ro  (1971) i n  every 

r e s p e c t  except  one: they  used an "If- then" l i n g u i s t i c  format  

i n s t e a d  of t h e  "Every time" format  used by Wason & Shapi ro  

(1971) , Bracewell & Hidi (1974) , Gilhooly & Falconer (1974) , and 

P o l l a r d  (1981) .  Performance f o r  t h e  themat ic  and a b s t r a c t  groups 

was i d e n t i c a l .  

Brown, Keats,  Keats,  & Seggie,  1980 

Brown, Keats,  Keats,  & Seggie (1980) a l s o  t r i e d  t o  r e p l i c a t e  

Wason & Shapiro,  1971, u s ing  24 Aus t r a l i an  and 24 Malaysian 

u n i v e r s i t y  s tuden t s .  L i k e  Wason & Shapiro,  t h e i r  t r a n s p o r t a t i o n  

problem used an "Every time" l i n g u i s t i c  format.  The i r  a b s t r a c t  

problem used shapes  and l e t t e r s :  "Every c a r d  with a  black 

t r i a n g l e  on one s i d e  has  a Y on t h e  o ther  s ide . "  For Malaysian 

s u b j e c t s ,  t h e  s e l e c t i o n  t a s k  was t r a n s l a t e d  i n t o  Bahasa Malaysia, 

t h e i r  n a t i o n a l  language. For both problems, s u b j e c t s  were t o l d  

t h a t  t h e  v a r i a b l e s  were s t r i c t l y  b inary  ( t r a v e l  is  only by c a r  or  

a i r p l a n e ,  t r i p s  a r e  only t o  Singapore or  Penang) , thus  reducing 

t h e  a r r a y  of p o s s i b l e  combinations of va lues  from an i n f i n i t e  set 



t o  fou r .  Unlike o the r  t r a n s p o r t a t i o n  problem experiments,  Brown 

e t  a l .  d i d  n o t  r o t a t e  d e s t i n a t i o n s  and means of t r a n s p o r t a t i o n .  

Half t h e  A u s t r a l i a n s  and h a l f  t h e  Malaysians were given t h e  

t r a n s p o r t a t i o n  problem; t h e  remaining s u b j e c t s  were given t h e  

a b s t r a c t  problem. Brown e t  a l .  found no enhancement of l o g i c a l  

performance wi th  themat ic  conten t .  None of t h e  Malaysian 

s u b j e c t s  answered e i t h e r  problem c o r r e c t l y ,  one A u s t r a l i a n  

answered t h e  a b s t r a c t  problem c o r r e c t l y ,  and two answered t h e  

thema t i c  problem c o r r e c t l y  ( t h e  between-cultures f a c t o r  was no t  

s i g n i f i c a n t )  . 
Yachanin & Tweney, 1982 

Yachanin & Tweney (1982) looked i n  v a i n  f o r  a  themat ic  

con ten t  e f f e c t  i n  a  v a r i e t y  of d i f f e r e n t  conten t  a r e a s .  Evans & 

Lynch (1973) argued t h a t  performance on s e l e c t i o n  t a s k s  with  

a b s t r a c t  r u l e s  i s  guided by a  "matching b i a s " :  a  tendency t o  

choose c a r d s  t h a t  match va lues  mentioned i n  t h e  r u l e ,  r e g a r d l e s s  

of t h e i r  l o g i c a l  s t a t u s  (i.e., r e g a r d l e s s  of whether t h e  

p r o p o s i t i o n s  i n  t h e  r u l e  a r e  a f f i r m a t i v e  or n e g a t i v e ) .  Th i s  can 

only be t e s t e d  by s y s t e m a t i c a l l y  nega t ing  components of a  ru l e .  

Thus, given t h e  r u l e  "If not-A then  not-3", s u b j e c t s  would choose 

t h e  "A" and "3" c a r d s  because they  a r e  d i r e c t l y  mentioned i n  t h e  

r u l e .  By coincidence,  choosing t h e  "3" c a r d  is  " l o g i c a l l y "  

c o r r e c t  because i t  r e p r e s e n t s  a  f a l s e  consequent (no t -Q) ,  and 

choosing t h e  "A" c a r d  i s  l o g i c a l l y  i n c o r r e c t  because it 

r e p r e s e n t s  a  f a l s e  antecedent  (not-P) .  The matching b i a s  i s  

cons idered  a  non-logical  response b i a s  because i t  i s  b l i n d  t o  t h e  

l o g i c a l  s t r u c t u r e  of t h e  problem. 

Yachanin & Tweney argued t h a t  i f  themat ic  conten t  t r u l y  



f a c i l i t a t e s  l o g i c a l  reasoning,  then it should " p r o t e c t "  s u b j e c t s  

from matching b i a s .  Hence, they used fou r  forms of each " I f -  

then"  r u l e :  1) a f f i r m a t i v e  antecedent  and consequent (AA) , 2 )  

n e g a t i v e  an tecedent  and consequent ( N N )  , 3 )  a f f i r m a t i v e  

an tecedent  and n e g a t i v e  consequent (AN) , 4) n e g a t i v e  an tecedent  

and a f f i r m a t i v e  consequent (NA) . Sub jec t s  were t e s t e d  on two of 

each of t h e s e  r u l e  forms ( a  t o t a l  of e i g h t  problems per s u b j e c t ) .  

A s u b j e c t ' s  e i g h t  problems were e i t h e r  a l l  themat ic  o r  a l l  

a b s t r a c t  (n=40 per group) . Yachanin & Tweney found no d i f f e r e n c e  

i n  performance between t h e i r  thematic  group and t h e i r  a b s t r a c t  

group f o r  any of t h e  r u l e  forms ( t r a n s p o r t a t i o n :  13%, a b s t r a c t :  

11%). They d i d  f i n d  evidence f o r  both matching b i a s  and a  

v e r i f i c a t i o n  s t r a t e g y  i n  both groups. 

One could a rgue  t h a t  t h i s  r e s u l t  i s  u n i n t e r e s t i n g  because 

t h e r e  i s  evidence (reviewed i n  Wason & Johnson-Laird, 1972) t h a t  

nega t ives  a r e  d i f f i c u l t  t o  under s t and ,  hence s u b j e c t s  simply 

became con£ used i n  t h i s  experiment. There a r e  two problems with  

t h i s  c r i t i c i s m .  The f i r s t  i s  t h e o r e t i c a l :  Many exp lana t ions  of 

why t h e r e  should be a  themat ic  conten t  e f f e c t  a r e  based on t h e  

i d e a  t h a t ,  by v i r t u e  of t h e i r  f a m i l i a r i t y ,  imageab i l i t y ,  

coherence,  e t c . ,  themat ic  r u l e s  make confus ing  s t a t emen t s  e a s i e r  

t o  understand. Thus, one would s t i l l  expect  a  r e l a t i v e  

enhancement f o r  themat ic  r u l e s  with s imple  scope nega t ive  

components when compared t o  a b s t r a c t  r u l e s  with t h e  same 

s t r u c t u r e  of nega t ion ,  even if performance ~ n .  these thematic 

r u l e s i s m L s  h i a h a s - n - - a f f i r m a t i v e -  The 

second problem with t h i s  c r i t i c i s m  i s  empi r i ca l :  Even when one 

c o n s i d e r s  only a f f i r m a t i v e  (AA) r u l e s ,  t h e r e  i s  no d i f f e r e n c e  i n  



c a r d  s e l e c t i o n s  between a b s t r a c t  and thema t i c  groups.  One would 

have t o  a rgue  t h a t  merely being exposed t o  a  r u l e  wi th  a  n e g a t i v e  

component i s  s u f f i c i e n t  t o  t o t a l l y  conf use s u b j e c t s  when they  

then  encounter  an AA r u l e .  Manktelow & Evans (1979) t e s t e d  t h i s  

p o s s i b i l i t y  and found no ev idence  f o r  it ( s e e  s e c t i o n  2.2 below) . 
Griggs & Cox, 1982 

I n  1982, Griggs  & Cox t r i e d  t o  r e p l i c a t e  Wason & S h a p i r o ' s  

r e s u l t  (Experiment 1) . They used 32 s u b j e c t s  and gave each two 

problems: a  t r a n s p o r t a t i o n  problem and an a b s t r a c t  problem. Half 

g o t  one f i r s t ,  ha l f  t h e  o the r .  Like Wason & Shapi ro ,  they  used 

t h e  "Every t imen  phras ing .  Unlike Wason & Shapi ro ,  they  found no 

d i f f e r e n c e  i n  performance between t h e  two problems. 

T ranspo r t a t i on  Problem Summary 

The t r a n s p o r t a t i o n  problem e l i c i t e d  a  s u b s t a n t i a l  ( g r e a t e r  

t han  50% f a l s i f i c a t i o n  r a t e )  con ten t  e f f e c t  i n  two exper iments  

(Wason & Shapi ro ,  1971; Bracewell  & Hidi ,  1974) , a  weak con ten t  

e f f e c t  i n  two exper iments  (Gilhooly & Falconer ,  1974; P o l l a r d ,  

1981) , and no con ten t  e f f e c t  a t  a l l  i n  f i v e  exper iments  

(Bracewell  & Hid i ,  1974; Manktelow & Evans, 1979; Brown e t  a l . ,  

1980; Yachanin & Tweney, 1982; Griggs  & Cox, 1982) .  

2.2 The Food Problem 

The "Food Problemn was developed by Manktelow & Evans 

(1979) . I t  i s  a  c o n d i t i o n a l  r u l e  about  meals,  l i n k i n g  something 

a  person e a t s  wi th  something t h a t  person d r i n k s ,  f o r  example, " I f  

I e a t  s a l a d  t h e n  I d r i n k  water .  " Performance on t h e  food problem 

has  been compared t o  performance on an a b s t r a c t  ( o r  "low 

themat ic" )  problem i n  s i x  exper iments ,  f ou r  by Manktelow & Evans 
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(1979) ,  one by Yachanin & Tweney (1982) ,  and one by Reich & Ruth 

(1982) . No one has  found an enhancement i n  l o g i c a l  performance 

wi th  t h e  food  problem. 

Manktelow & Evans, 1979 

Manktelow & Evans conducted f o u r  exper iments  us ing  food 

problems (Manktelow & Evans, 1979, Experiments 1-4) . The 

p r o t o c o l  f o r  t h e i r  Experiment 1 was s i m i l a r  t o  t h a t  de sc r ibed  i n  

s e c t i o n  2.1 f o r  Yachanin & Tweney (1982) .  They s y s t e m a t i c a l l y  

v a r i e d  which l o g i c a l  component was a £  f  i r m a t i v e  or  nega t ive .  Each 

s u b j e c t  was given an AA, AN, NA, and NN problem. L i k e  Yachanin & 

Tweney, Manktelow & Evans reasoned t h a t  i f  themat ic  con ten t  

f a c i l i t a t e s  t h e  use  of deduc t ive  l o g i c ,  then  s u b j e c t s  w i l l  be 

l e s s  l i k e l y  t o  f a l l  v i c t i m  t o  t h e  matching b i a s  when given a food 

problem than  when g iven  an  a b s t r a c t  problem. Every s u b j e c t  was 

g iven  a  tes t  bookle t  w i th  w r i t t e n  i n s t r u c t i o n s  and f o u r  problems: 

24 s u b j e c t s  were given f o u r  food problems, 24 were given f o u r  

a b s t r a c t  problems. The 48 s u b j e c t s  were t e s t e d  a t  t h e  same t ime, 

a s  a  group. 

Performance on t h e  food problems was a s  low a s  performance 

on t h e  a b s t r a c t  problems, and both groups showed ev idence  of t h e  

matching b i a s .  T h i s  r e s u l t  ho lds  even i f  one c o n s i d e r s  only 

a f f i r m a t i v e  (AA) r u l e s .  

Puzzled by t h i s  r e s u l t ,  Manktelow & Evans s y s t e m a t i c a l l y  

v a r i e d  t a s k  f a c t o r s  t h a t  could have i n t e r f e r e d  wi th  l o g i c a l  

performance. Experiment 2  was i d e n t i c a l  t o  Experiment 1, except  

s u b j e c t s  were t e s t e d  i n d i v i d u a l l y ,  a lone  i n  c u b i c l e s ,  r a t h e r  than  

i n  a  group. The r e s u l t s  were t h e  same a s  f o r  Experiment 1. 

T e s t i n g  s u b j e c t s  i n d i v i d u a l l y  or  i n  a  group appea r s  t o  have no 
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e f f e c t  on t h e i r  performance. 

Next, Manktelow & Evans wondered i f  p r e s e n t i n g  s o  many 

r u l e s ,  and r u l e s  with  some negated components, was simply 

imposing t o o  g r e a t  a " cogn i t i ve  load"  on t h e i r  s u b j e c t s  -- 
confus ing  them. So i n  Experiment 3 ,  each of 32 s u b j e c t s  answered 

only one, a f f i r m a t i v e  (AA) s e l e c t i o n  t a s k  ( h a l f  were given a food 

problem, h a l f  an a b s t r a c t  problem). Sub jec t s  were run i n  smal l ,  

unsupervised groups. Again, t h e r e  was no d i f f e r e n c e  i n  c a r d  

s e l e c t i o n s  between t h e  themat ic  and a b s t r a c t  groups. 

Las t ,  Manktelow & Evans wondered i f  previous enhancements i n  

performance wi th  themat ic  problems could have been due t o  t h e  

presence  and p a r t i c i p a t i o n  of t h e  experimenter.  I n  most of t h e  

e a r l i e r  s t u d i e s ,  t h e  experimenter had read  t h e  i n s t r u c t i o n s  

a loud ,  al lowed s u b j e c t s  t o  i n s p e c t  a deck of sample ca rds  from 

which t h e  f o u r  c a r d s  f o r  t h e  s e l e c t i o n  t a s k  were randomly drawn, 

and r eques t ed  and recorded s u b j e c t  responses .  Manktelow & Evans' 

Experiment 4 was i d e n t i c a l  t o  t h e i r  Experiment 3 ,  except  s u b j e c t s  

were run a s  desc r ibed  above, with t he  experimenter c o n t r o l l i n g  

t h e  whole sequence of events .  Again, t h e r e  was no d i f f e r e n c e  i n  

performance between t h e  themat ic  and a b s t r a c t  groups.* 

One l a s t  po in t :  Using Manktelow & Evans' d a t a  on t h e  

f requency with which i n d i v i d u a l  cards  were chosen f o r  thematic  

and a b s t r a c t  groups,** one can consider  t h e  hypo thes i s  t h a t  

themat ic  con ten t  reduces  confusion,  even i f  it does no t  f a c i l i t a t e  

* Manktelow & Evans' Experiment 5 ,  us ing  t h e  t r a n s p o r t a t i o n  
problem (desc r ibed  i n  2 .1) ,  was a l s o  conducted t h i s  way. The 
r e s u l t s  were t h e  same. 

** They r e p o r t  t h e  frequency with which i n d i v i d u a l  ca rds  were 
chosen, r e g a r d l e s s  of t h e  combination i n  which they  were chosen. 



l o g i c  by i n c r e a s i n g  t h e  p r o b a b i l i t y  t h a t  not-Q is  chosen. 

Manktelow & Evans had no hypotheses r ega rd ing  t h e  d i r e c t i o n  of 

d i f f e r e n c e s  f o r  t h e  P, not-P, and Q c a r d s ,  so  f o r  t h e s e  they  used 

two- ta i led  F i s h e r ' s  Exact t e s t s .  B u t  suppose themat ic  conten t  

reduces  confusion,  and choosing not-P or  Q, or  f a i l i n g  t o  choose 

P I  is  evidence of confusion. Then one would use  a one - t a i l ed  

tes t  wi th  t h e  p r e d i c t i o n  t h a t  not-P and Q a r e  chosen l e s s  

f r e q u e n t l y  f o r  themat ic  problems and P i s  chosen more f r e q u e n t l y  . 
Thei r  d a t a  do n o t  suppor t  t h i s  hypothesis .  Using one - t a i l ed  

tests, t h e r e  a r e  no c a s e s  of d i f f e r e n t i a l  choosing of P ca rds .  

I n  Experiments 1, 2 ,  4 ,  & 5, t h e r e  a r e  no d i f f e r e n c e s  i n  t h e  

cho ice  of not-P o r  Q c a r d s  between themat ic  and a b s t r a c t  groups. 

I n  Experiment 3 t h e  themat ic  cond i t i on  e l i c i t e d  fewer not-P 

cho ices  (p < .038, p r e d i c t e d  d i r e c t i o n )  , but  more Q cho ices  

(p < .049, oppos i t e  of p r e d i c t e d  d i r e c t i o n ) .  Thus, Manktelow & 

Evans' d a t a  provide no suppor t  f o r  t h e  hypo thes i s  t h a t  themat ic  

con ten t  dec reases  confusion about  t h e  c o n d i t i o n a l ' s  meaning. 

Yachanin & Tweney, 1982 

Yachanin & Tweney's (1982) s tudy  included a cond i t i on  

i d e n t i c a l  t o  t h e i r  t r a n s p o r t a t i o n  problem cond i t i on  (desc r ibed  i n  

s e c t i o n  2 .l) , except  t h a t  t h e  themat ic  group was t e s t e d  on food 

problems ( t h e  a b s t r a c t  group used f o r  comparison was t h e  same a s  

t h a t  f o r  t h e  t r a n s p o r t a t i o n  problem) . They found no s i g n i f i c a n t  

d i f f e r e n c e  i n  responses  between t h e  themat ic  and a b s t r a c t  groups 

(food: 14%r a b s t r a c t :  11%). T h i s  i s  t r u e  even i f  one cons ide r s  

only t h e  a f f i r m a t i v e  (AA) problems. 

Reich & Ruth, 1982 

For l ack  of a b e t t e r  p lace ,  I inc lude  Reich & Ruth (1982) ,  



i n  t h e  food problem s e c t i o n .  The i r  experiment d i f f e r s  from t h e  

o t h e r s  i n  t h a t  they looked a t  performance on "low thematic"  

ve r sus  "high themat ic"  problems, without  u s ing  an a b s t r a c t  

problem f o r  comparison. The i r  "low thematic"  problems were food 

problems. The i r  "high themat icn  problems were embedded i n  a  

s t o r y  con tex t ,  f o r  example: "Molly is  employed a t  a  s e a s i d e  cafe .  

She has  been i n s t r u c t e d  by her boss t o  s e r v e  t e a  or  c o f f e e  only 

a t  c e r t a i n  t imes  of t h e  day. V i s i t o r s  n o t i c e  t h a t :  When i t  i s  

e a r l y  Molly s e r v e s  t e a .  Are they  c o r r e c t ? "  The o b j e c t  was t o  

c r e a t e  a  coheren t ,  "un i t a ry" ,  easy t o  v i s u a l i z e  s c e n a r i o  l i n k i n g  

t h e  te rms  of t h e  cond i t i ona l .  

Like Yachanin & Tweney (1982) ,  Reich & Ruth gave each 

s u b j e c t  one a f f i r m a t i v e  and t h r e e  negated forms (AN, NAI NN)  of 

each r u l e .  Twenty-four s u b j e c t s  were given low themat ic  r u l e s ,  24 

were given high themat ic  r u l e s .  High thema t i c i t y  d i d  no t  

s i g n i f i c a n t l y  improve l o g i c a l  performance, whether one c o n s i d e r s  

a l l  f ou r  r u l e  forms (low thematic :  17%; high thematic :  22%) o r  

only t h e  a f f  i r m a t i v e  form (low thematic :  4%; high thematic :  17%) . 
Moreover, performance on t h e  "low thematic"  food problems was i n  

t h e  same low range of va lues  t y p i c a l l y  found f o r  a b s t r a c t  

problems. 

Food Problem Summary 

None of t h e  s i x  experiments t e s t i n g  food problems e l i c i t e d  

an enhancement i n  l o g i c a l  performance with  r e s p e c t  t o  e i t h e r  

a b s t r a c t  o r  "low themat ic"  problems. Furthermore, a l though some 

r e s e a r c h e r s  (e.g., P o l l a r d ,  1981) have claimed t h a t  food problems 

a r e  no t  a s  " thematic"  a s  t r a n s p o r t a t i o n  problems, no one has  y e t  

proposed a  c r i t e r i o n  f o r  judging " thema t i c i t y" ,  nor has  any one 



produced a  reasoned argument t o  suppor t  t h e  c la im t h a t  food 

problems a r e  l e s s  themat ic .  Indeed, cons ide r ing  t h a t  people  e a t  

and d r i n k  a t  s e v e r a l  meals every day, one might t h ink  t h a t ,  i f  

anyth ing ,  food themes should be more f a m i l i a r  t o  s u b j e c t s  than  

t r a n s p o r t a t i o n  themes. 

2.3 The School Problem 

The school  problem, developed by Van Duyne (1974) , is a  

c o n d i t i o n a l  r e l a t i n g  a  pe r son ' s  major f i e l d  of s tudy  t o  h i s  o r  

her  s choo l ,  f o r  example, " I f  a s tuden t  s t u d i e s  phi losophy,  then  

he goes t o  Harvard." There a r e  two experiments s tudy ing  t h i s  

problem: one found b e t t e r  performance f o r  school  problems than  

f o r  a b s t r a c t  problems, t h e  o the r  d i d  not .  

Van Duyne, 1974 

Van Duyne compared performance on a b s t r a c t  and school  

problems f o r  f o u r  l o g i c a l l y  equ iva l en t  l i n g u i s t i c  formats :  

Universa l :  "Every s tuden t  who s t u d i e s  physics  i s  a t  Oxford." 

S tandard  Condi t iona l :  " I f  a  s tuden t  s t u d i e s  philosophy then he i s  
a t  Cambridge. " 

Dis junc t ive :  "A s tuden t  d o e s n ' t  s tudy  French, or  he i s  a t  London." 

Conjunct ive:  "It  i s n '  t t h e  ca se  t h a t  a  s tuden t  s t u d i e s  psychology 
and i s n ' t  a t  Glasgow." 

A l l  f ou r  l i n g u i s t i c  formats  a r e  l o g i c a l l y  equ iva l en t  t o  t h e  

c o n d i t i o n a l  " I f  a  s tuden t  s t u d i e s  f i e l d  A, then he goes t o  

u n i v e r s i t y  B" (you can convince yourse l f  of t h i s  by c o n s u l t i n g  

t h e  t r u t h  t a b l e  f o r  t h e  c o n d i t i o n a l  i n  Chapter 1: e.g. , t h e  

d i s j u n c t i v e  s en tence  i s  equ iva l en t  t o  " I f  a  s tuden t  s t u d i e s  

French, then  he i s  a t  Londonn). For a l l  four  l i n g u i s t i c  forms, 
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t h e  c o r r e c t  answer is  t o  choose t h e  major f i e l d  mentioned i n  t h e  

problem and t h e  u n i v e r s i t y  DS.t mentioned i n  t h e  problem. 

Van Duyne made no a t tempt  t o  r o t a t e  combinations of f i e l d s  

and s c h o o l s  t o  avoid e f f e c t s  due t o  preconcept ions ;  t h e  fou r  

s en t ences  above a r e  t h e  fou r  school  problems he used. Each of 

h i s  24 s u b j e c t s  answered t h e  f o u r  problems above and f o u r  

a b s t r a c t  problems t h a t  had t h e  same l i n g u i s t i c  formats .  Half t h e  

s u b j e c t s  answered t h e  fou r  a b s t r a c t  problems f i r s t ,  t h e  o the r  

h a l f  answered t h e  f o u r  school  problems f i r s t .  

For t h e  a b s t r a c t  problems, t h e r e  were no s i g n i f i c a n t  

d i f f e r e n c e s  i n  percentage  c o r r e c t  among t h e  f o u r  l i n g u i s t i c  

formats .  Performance on t h e  d i s j u n c t i v e  and conj  u c t i v e  forms of 

t h e  school  problem was a s  low a s  performance on t h e  a b s t r a c t  

problems. However, t h e r e  was a  d i f f e r e n c e  i n  performance between 

t h e  school  and a b s t r a c t  problems when they  were phrased a s  

u n i v e r s a l s  and a s  s t anda rd  c o n d i t i o n a l s .  For t h e  u n i v e r s a l  

phras ing ,  58% of s u b j e c t s  gave t h e  l o g i c a l l y  c o r r e c t  answer on 

t h e  school  problem a s  opposed t o  8% on t h e  a b s t r a c t  problem. For 

t h e  s t anda rd  c o n d i t i o n a l  phrasing,  50% answered c o r r e c t l y  on t h e  

school  problem, bu t  only 12% on t h e  a b s t r a c t  problem. 

A s  i n  Bracewell  & H i d i ' s  (1974) experiment ( s e c t i o n  2.1, 

t r a n s p o r t a t i o n  problem) , t h e  conten t  e f f e c t  d i sappeared  i n  some 

l i n g u i s t i c  formats .  However, t h e  absence of a  con ten t  e f f e c t  f o r  

Van Duyne ' s d i s j u n c t i v e  and con junc t ive  formats  i s  less damning 

than  it i s  f o r  Bracewell  & H i d i ' s  "Q every t ime P" format ,  which 

i s  a  minor, and pragmat ica l ly  common, v a r i a t i o n  on t h e  u n i v e r s a l  

format.  Van Duyne I s  d i s j u n c t i v e  and con junc t ive  formats  c o n t a i n  

a  number of compl ica t ing  con£ ounds. For example, i n  Engl ish,  "A 
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or  B" can mean "A or  B bu t  no t  both" or  "A o r  B or both". Also, 

h i s  d i s j u n c t i v e ' s  f i r s t  component is a  nega t ive ,  and a s  mentioned 

p rev ious ly ,  t h e r e  i s  evidence t h a t  people  have d i f f i c u l t y  

i n t e r p r e t i n g  n e g a t i v e s  (Wason 61 Johnson-Laird, 1972;  of course ,  

one could s t i l l  argue t h a t  thematic  conten t  should l e s s e n  t h e  

i n t e r p r e t a t i o n a l  d i f f i c u l t i e s ) .  Furthermore, Van Duynels 

c o n j u n c t i v e  no t  only has  two nega t ives ,  bu t  i t  has  two nega t ives  

of d i f f e r e n t  scope -- t h e  f i r s t  is  meant t o  encompass t h e  whole 

fo l lowing  s t a t emen t ,  whereas t h e  second a p p l i e s  only t o  t h e  

school .  Las t ,  "A s tuden t  d o e s n ' t  s tudy French or  he i s  a t  

London" i s  a  r a t h e r  b i z a r r e  way of say ing  " I f  a  s tuden t  s t u d i e s  

French then  he i s  a t  London," and "It  i s n ' t  t h e  ca se  t h a t  a  

s t u d e n t  s t u d i e s  psychology and i s n ' t  a t  Glasgow" i s  a  s t r a n g e  way 

of s ay ing  " I f  a s tuden t  s t u d i e s  psychology then he i s  a t  

Glasgow." P ragmat i ca l ly ,  a  nega t ive  i s  usua l ly  used t o  

c o n t r a d i c t  a  p re suppos i t i on  t h a t  i s  t h e  t o p i c  of conversa t ion  -- 
it i s  no t  used t o  i n t roduce  a  t o p i c  (Clark & Clark ,  1982, p. 99 ) .  

For t h e s e  reasons ,  I do no t  f i n d  t h e  l a c k  of a  con ten t  e f f e c t  f o r  

t h e s e  two l i n g u i s t i c  formats  very i n t e r e s t i n g .  Too many o the r  

f a c t o r s  could be swamping t h e  e f f e c t .  

The u n i v e r s a l  and s t anda rd  c o n d i t i o n a l  formats  d i d  e l i c i t  

con ten t  e f f e c t s .  However, I would l i k e  t o  o f f e r  two cavea t s  i n  

i n t e r p r e t i n g  t h i s  r e s u l t .  

1) Any of t h e  s u b j e c t s  t a k i n g  t h i s  t e s t  know t h a t  i n  r e a l  

l i f e  t h e  r u l e  expressed by the  school  problem i s  f a l s e .  

U n i v e r s i t i e s  a r e  no t  segrega ted  by major f i e l d .  I t  i s  simply 

f a l s e  t h a t  a l l  psychology s t u d e n t s  go t o  Harvard -- some go t o  



Yale, T u f t s ,  U. Mass., e t c . ,  and, I presume, every s tuden t  knows 

t h i s .  Compounding t h i s  problem, Griggs (1983) has  po in t ed  o u t  

t h a t  i n  t h e  U.K. ,  Cambridge i s  renowned f o r  i ts  exce l l ence  i n  

phys ics  ( t h e  r u l e  p a i r s  phys ics  with Oxford) , and Oxford i s  

renowned f o r  i ts  exce l l ence  i n  philosophy ( t h e  rule  p a i r s  

phi losophy with  Cambridge) . 
Thi s  c r e a t e s  i n t e r p r e t a t i o n a l  problems because t h e r e  i s  

ev idence  i n d i c a t i n g  t h a t  i f  a  s u b j e c t  has  persona l  b e l i e f s  about  

t h e  v e r a c i t y  of t h e  r e l a t i o n  expressed  by a  l o g i c a l  problem, t h a t  

s u b j e c t ' s  performance on t h e  l o g i c a l  problem is guided,  i n  p a r t ,  

by a  d e s i r e  or  tendency t o  con£ irm those  persona l  b e l i e f s .  I n  

o the r  words, when s u b j e c t s  b e l i e v e  a  s ta tement  t o  be t r u e  they t r y  

t o  v e r i f y  i t ,  and when they  b e l i e v e  it t o  be f a l s e  t hey  t r y  t o  

f a l s i f y  it ( J a n i s  & Fr i ck ,  1943; Wason & Johnson-Laird, 1972, Ch. 

7 ;  Van Duyne, 1976; P o l l a r d  & Evans, 1981; s e e  Po l l a rd ,  1982 f o r  

rev iew) .  Given t h e  r e p u t a t i o n s  of t h e  schools  used, a  " b e l i e f  

b i a s "  would l e a d  t o  f a l s i f i c a t i o n .  Thus, one d o e s n ' t  know i f  t h e  

e f f e c t  i s  due t o  b e l i e f  b i a s ,  or  due t o  t h e  e f f e c t  of themat ic  

con ten t  a s  such. I n  t e s t i n g  f o r  conten t  e f f e c t s ,  one wants t o  

n e u t r a l i z e  any e f f e c t s  of b e l i e f  b i a s ,  no t  exacerba te  them by 

us ing  r u l e s  t h a t  a r e  both f a l s e  and con t r a ry  t o  t h e  s u b j e c t ' s  

per sona l  p r e j u d i c e s  . 
2 )  T h i s  problem has some (bu t  no t  a l l )  of t h e  earmarks of a  

s o c i a l  c o n t r a c t  problem, f o r  which t h e r e  does seem t o  be r e l i a b l e  

evidence f o r  a  con ten t  e f f e c t .  B r i e f l y ,  i n  s o c i a l  c o n t r a c t  

problems t h e  c o n d i t i o n a l  r u l e  expresses  a  c o n t r a c t  i n  which a  

per son i s  e l i g i b l e  f o r  a  b e n e f i t  i f ,  and only i f ,  she  pays a  

p r i c e  or meets a  requirement ( f u l l e r  d e s c r i p t i o n s  fo l low i n  



s e c t i o n  2.4 and Chapter 5 ) .  Given such a  r u l e  i n  a  Wason 

s e l e c t i o n  t a s k ,  a  s u b j e c t  looking  f o r  a  "chea te r"  -- an 

i n d i v i d u a l  who has  absconded with  t h e  b e n e f i t  wi thout  having p a i d  

t h e  p r i c e  o r  met t h e  requirement -- would choose t h e  same ca rds  

a s  a  s u b j e c t  seek ing  l o g i c a l  f a l s i f i c a t i o n .  

Van Duyne s school  r u l e  was embedded i n  a  "look f o r  

c h e a t e r s "  con tex t .  Sub jec t s  were t o l d  t h a t  t h e  ca rds  were taken 

from a  r e g i s t e r  of s t u d e n t s  who a r e  e l i g i b l e  f o r  a  g r a n t  ( t h e  

b e n e f i t ) ,  and t h a t  c e r t a i n  r u l e s  a r e  supposed t o  apply t o  

e l i g i b l e  s t u d e n t s  ( t h e  requirements  t h a t  must be met t o  g e t  t h e  

b e n e f i t ) .  Rather than being asked t o  t u r n  over t he  ca rds  

necessary  t o  s e e  "whether t h e  r u l e  i s  t r u e  or  n o t n  ( a  common 

wording) ,  s u b j e c t s  were asked t o  t u r n  over t h e  ca rds  necessary  t o  

s e e  "whether they v i o l a t e  t h e  r u l e  or  not"  (emphasis mine) .  

"Vio la te"  was used f o r  both t h e  a b s t r a c t  and school  problems, so 

it cannot ,  i n  i t s e l f ,  exp la in  t h e  d i f f e r e n c e .  But my po in t  i s  

t h a t  t h i s  cho ice  of words i n  conjunc t ion  with  a  con tex t  d e f i n i n g  

e l i g i b i l i t y  f o r  a  b e n e f i t  sugges t s  t h a t  one i s  looking  f o r  a  

v i o l a t o r ,  t h a t  is,  a  chea t e r  on a  s o c i a l  c o n t r a c t .  Thus, it was 

no t  c l e a r  t o  me whether I should inc lude  Van Duyne I s  school  

problem i n  t h i s  s e c t i o n  or  t h e  next  one, on s o c i a l  c o n t r a c t  

problems. According t o  t h e  formula t ion  t h a t  w i l l  be p re sen ted  i n  

Chapter 5 ,  a  f u l l  f l edged  s o c i a l  c o n t r a c t  should have t h e  b e n e f i t  

s t a t e d  i n  t h e  an tecedent :  i n  t h i s  problem, t h e  b e n e f i t  i s  s t a t e d  

i n  t h e  c o n t e x t ,  and t h e  r u l e  s t a t e s  a  c o n d i t i o n a l  requirement 

t h a t  ea rn ing  t h e  b e n e f i t  i s  cont ingent  upon. Thus, it i s  a  

hybr id  between a  f u l l - f l e d g e d  s o c i a l  c o n t r a c t  and a  

s t r a i g h t f o r w a r d  r e l a t i o n a l  r u l e  wi th  thematic  conten t .  Th i s  



makes i t  d i f f i c u l t  t o  know whether t h e  e f f e c t  was due t o  t h e  use  

of t hema t i c  con ten t  i n  g e n e r a l ,  o r  whether i t  was s p e c i f i c  t o  t h e  

use  of a  s o c i a l  c o n t r a c t  con tex t .  

P l ea se  no t e  t h a t  if t h i s  con tex t  e x e r c i s e d  a  major e f f e c t  it 

would m i t i g a t e  t h e  crit icism expressed  i n  t h e  f i r s t  c avea t ,  

because t h e  r u l e  would no t  be i n t e r p r e t e d  a s  a  s t a t emen t  about  

a l l  s t u d e n t s ,  merely about  t hose  i n t e r e s t e d  i n  e a r n i n g  t h e  g r a n t .  

Yachanin & Tweney, 1982 

Yachanin & Tweneyls (1982) s tudy  inc luded  a  c o n d i t i o n  

i d e n t i c a l  t o  t h e i r  t r a n s p o r t a t i o n  and food c o n d i t i o n s  (desc r ibed  

i n  s e c t i o n s  2.1 and 2 .2) ,  except  t h a t  t h e  themat ic  group was 

t e s t e d  on school  problems ( t h e  a b s t r a c t  group used f o r  comparison 

was t h e  same a s  t h a t  f o r  t h e  t r a n s p o r t a t i o n  and food problems) . 
They do n o t  say whether they r o t a t e d  s choo l s  and major f i e l d s  on 

d i f f e r e n t  problems; they  say only t h a t  t h e i r  r u l e s  "were expected 

t o  be cons i s t e n t  wi th  t h e  exper iences  of t h e  s u b j e c t  popula t ion .  " 

Unlike Van Duyne (1974) , Yachanin & Tweney found no 

s i g n i f i c a n t  d i f f e r e n c e  i n  responses  between t h e  t hema t i c  school  

group and t h e  a b s t r a c t  group (school :  12%,  a b s t r a c t :  11%) . T h i s  

i s  t r u e  even i f  one c o n s i d e r s  only t h e  a f f i r m a t i v e  (AA) problems. 

Yachanin & Tweney do n o t  r e p o r t  having embedded t h e i r  r u l e s  i n  a  

s t o r y  c o n t e x t ,  s o c i a l  c o n t r a c t  o r  otherwise .  

School Problem Summary 

One s tudy  found a  con ten t  e f f e c t  w i th  t h e  school  problem and 

one s tudy  d i d  no t .  Van Duyne (1974) found a con ten t  e f f e c t  wi th  

t h e  school  problem when it was p re sen t ed  i n  a  u n i v e r s a l  o r  

s t a n d a r d  c o n d i t i o n a l  format.  H e  found no con ten t  e f f e c t  when t h e  

school  problem was p re sen t ed  i n  a  d i s j u n c t i v e  or c o n j u n c t i v e  



format ,  bu t  t h e r e  a r e  a  number of confounds t h a t  could have 

swamped an e f f e c t  f o r  t h e s e  l i n g u i s t i c  formats .  Because h i s  

school  problems were embedded i n  a  con tex t  t h a t  made h i s  r u l e  

p a r t  of a  s o c i a l  c o n t r a c t  r a t h e r  than a  s imple  d e s c r i p t i v e  

r e l a t i o n ,  and because h i s  s u b j e c t s  were, i n  essence,  asked t o  

"look f o r  chea t e r  s" , it i s  d i f f i c u l t  t o  t e l l  whether t h e  

f a c i l i t a t i o n  he found i s  due t o  t h e  use of themat ic  conten t  i n  

gene ra l ,  or  due t o  t h e  s o c i a l  c o n t r a c t  conten t  t h a t  i t  has.  

Yachanin & Tweney (1982) ,  who d i d  no t  embed t h e i r  problem i n  a  

s o c i a l  c o n t r a c t  c o n t e x t ,  found no enhancement i n  l o g i c a l  

performance w i t h  t h e  school  problem. 

2.4 S o c i a l  Cont rac t  Problems 

A s o c i a l  c o n t r a c t  s p e c i f i e s  what two or  more i n d i v i d u a l s  

i n t e n d  t o  exchange. I n  a  s o c i a l  c o n t r a c t ,  whether an i n d i v i d u a l  

r e c e i v e s  a  b e n e f i t  i s  cont ingent  upon h i s  paying a  c o s t  or  

meet ing a  requirement.  Chapter 5 provides  a  d e t a i l e d  account of 

t h e  s t r u c t u r e  of s o c i a l  c o n t r a c t s ;  my purpose h e r e  i s  t o  g i v e  t h e  

reader  an i n t u i t i v e  g ra sp  of t h i s  s t r u c t u r e ,  so  I can review t h e  

r e l e v a n t  l i t e r a t u r e .  

A s o c i a l  c o n t r a c t  r u l e  r e l a t e s  perce ived  benefits t o  

pe rce ived  c o s t s ,  express ing  an exchange i n  which an i n d i v i d u a l  i s  

expected t o  pay a  c o s t  _tp an i n d i v i d u a l  or  group i n  order  t o  be 

e l i g i b l e  t o  r e c e i v e  a  b e n e f i t  from t h a t  i n d i v i d u a l  o r  group. 

"Cheatingn i s  t h e  v i o l a t i o n  of a s o c i a l  c o n t r a c t  r u l e ;  more 

s p e c i f i c a l l y ,  chea t ing  i s  t h e  f a i l u r e  t o  pay a  c o s t  t o  which you 

have o b l i g a t e d  your se l f  by accep t ing  a  b e n e f i t ,  and wi thout  which 

t h e  o the r  person would n o t  have agreed t o  provide  t h e  b e n e f i t .  



Cheat ing  does  no t  always correspond t o  l o g i c a l  f a l s i f i c a t i o n .  

Consider t h e  "Drinking Age Problemn (DAP; Gr iggs  & Cox, 

1 9 8 2 ) ,  p i c t u r e d  i n  F igu re  2 .l. 

F igu re  2.1 

For American s u b j e c t s  who p e r c e i v e  d r i n k i n g  beer a s  a  r a t i o n e d  

b e n e f i t  t h a t  can only be had by wa i t i ng  u n t i l  they  have met an 

age  requirement  ( t h e  c o s t ) ,  t h e  DAP e x p r e s s e s  a  s o c i a l  c o n t r a c t  

- 

of t h e  form: 

"If you t a k e  t h e  b e n e f i t ,  then  you pay t h e  c o s t .  " 

Drinking Age Problem (DAP; adapted from Griggs & COX, 1982) 1 
I n  its crackdown against drunk drivers. Massachusetts law enforcement officials are revoking liquor licenses Ieh and right. You are a 
bouncer in a Boston bar, and youll lose your job unless you enforce the following law: 

"If a person is drinking beer, then he must be over 20 years old." 
(If P then Q ) 

The cards below have information about four people silting at a table in your bar. Each card represents one person. One side of a card tells 
what a person is drinking and the other side of the card tells that personSs age. 

Indicate only those card(s) you definitely need to turn over to see i f  any of these people are breaking this law. 

.............. .............. .............. .............. 
. drinking beer : drinking coke : 25 years old : 16 years old : 

.............. .............. .............. .............. 
(PI  (not-P) (Q)  (not-Q) 

T h i s  same r u l e  would no t  exp re s s  a  s o c i a l  c o n t r a c t  t o  s u b j e c t s  

who do n o t  t h i n k  of t h e  r i g h t  t o  d r i n k  a l c o h o l  a s  an  age- ra t ioned  

p r i v i l e g e .  I am t o l d  t h a t  i n  t h e  USSR, people  of any age can buy 

and d r i n k  a l c o h o l :  it i s  a " f r e e  good" w i t h  r e s p e c t  t o  age.  For 

Russian s u b j e c t s  t h e  DAP r u l e  would be merely & a x l @ t l v e ,  . . 

r e l a t i n g  a  p r e d i s p o s i t i o n  f o r  d r i n k i n g  beer t o  advancing age. * 
The t r a n s p o r t a t i o n  and food problems, a s  we l l  a s  Yachanin & 

Tweney's school  problem, were d e s c r i p t i v e  r u l e s .  Van Duyne's 

school  problem was a  p r e s c r i p t i v e  r u l e ,  bu t  no t  a  s o c i a l  c o n t r a c t  

* Much a s  " I f  a  person h a s  a  h e a r t  a t t a c k ,  then  he must be over 
20 y e a r s  o l d n  d e s c r i b e s  a r e l a t i o n s h i p  between advancing age and 
a  p r e d i s p o s i t i o n  t o  s u f f e r  h e a r t  a t t a c k s .  



r u l e ,  because t h e  b e n e f i t  was no t  mentioned i n  t h e  r u l e  i t s e l f .  

F igure  2.2 shows t h e  s t r u c t u r e  of a  Wason s e l e c t i o n  t a s k  

t h a t  u s e s  a  s o c i a l  c o n t r a c t  (SC) r u l e .  I r r e s p e c t i v e  of l o g i c a l  

c a t ego ry ,  a  s u b j e c t  l ook ing  f o r  p o t e n t i a l  c h e a t e r s  should choose 

t h e  "cos t  NOT pa id"  c a r d  ( h a s  he i l l i c i t l y  absconded wi th  t h e  

b e n e f i t ? )  and t h e  " b e n e f i t  accep ted"  c a r d  ( h a s  he  p a i d  t h e  

r e q u i r e d  c o s t ? )  . 
Figu re  2.2 

Structure of Social Contract (SC) Problems 
It is your job to enforce the following law: 

Rule I - Standard Social Contract (STD-SC): "If you take the benefit, then you pay the cost." 
(If  P then Q 1 

Rule 2 - Switched Social Contract (SWC-SC): "If you pay the cost, then you take the benefit." 
(If P then Q ) 

The cards below have information about four people. Each card represents one person. One side of a card tells whether a person accepted 
the benefit and the other side of the card tells whether that person paid the cost. 

Indicate only those card(s) you definitely need to turn over t o  see if any of these people are breaking this law. 

.............. .............. .............. .............. 
Benefit . : Benefit : . Cost : Cost . 

: Accepted : : NOT Accepted . Paid : : NOT Paid .............. .............. .............. .............. 
Rule I - STD-SC: ( p )  (not-P) (Q) (not-Qf 
Rule 2 - SWC-SC: (Q) (not-Q) (p )  (not-P) 

Whether l ook ing  f o r  p o t e n t i a l  c h e a t e r s  on a  s o c i a l  c o n t r a c t  

produces  l o g i c a l l y  f a l s i f y i n g  c a r d  cho ice s  on t h e  Wason s e l e c t i o n  

t a s k  depends on where t h e  c o s t s  and b e n e f i t s  t o  t h e  p o t e n t i a l  

c h e a t e r  a r e  l o c a t e d  i n  t h e  " I f - then"  s t r u c t u r e  of t h e  r u l e .  

A " s t anda rd"  s o c i a l  c o n t r a c t  (STD-SC) is one where t h e  

b e n e f i t  t o  t h e  p o t e n t i a l  chea t e r  i s  l o c a t e d  i n  t h e  an tecedent  

c l a u s e  and t h e  cos t / requi rement  i s  l o c a t e d  i n  t h e  consequent 

c l a u s e .  Rule  1 of F igure  2.2 and t h e  DAP a r e  STD-SCs. For a  

STD-SC, t h e  " b e n e f i t  accep ted"  c a r d  cor responds  t o  t h e  l o g i c a l  
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ca t ego ry  "P", and t h e  "cos t  NOT pa id"  c a r d  cor responds  t o  t h e  

l o g i c a l  c a t ego ry  "not-Q" . 
A "switched" s o c i a l  c o n t r a c t  (SWC-SC) i s  one where t h e  

l o c a t i o n s  of c o s t  and b e n e f i t  a r e  swi tched  -- t h e  c o s t  i s  i n  t h e  

an t eceden t  c l a u s e  and t h e  b e n e f i t  i s  i n  t h e  consequent c l ause .  

Rule 2 of F igure  2.2 i s  a  SWC-SC. For a SWC-SC, t h e  " b e n e f i t  

accep ted"  c a r d  cor responds  t o  t h e  l o g i c a l  c a t ego ry  "Q" and t h e  

" c o s t  NOT p a i d "  c a r d  cor responds  t o  t h e  l o g i c a l  c a t ego ry  "not-P". 

Consequently,  l ook ing  f o r  c h e a t e r s  on a  STD-SC produces  t h e  

l o g i c a l l y  f a l s i f y i n g ,  ' P  & not-Q' response,  whereas l ook ing  f o r  

c h e a t e r s  on a  SWC-SC produces  a  l o g i c a l l y  i n c o r r e c t ,  'not-P & Q '  

response.  

I n  t h e  s e a r c h  f o r  con ten t  e f f e c t s  on t h e  Wason s e l e c t i o n  

t a s k ,  16 exper iments  have t e s t e d  r u l e s  whose con ten t  exp re s se s  a 

s t a n d a r d  s o c i a l  c o n t r a c t  -- t h e  format  f o r  which 'P  & not-Qv i s  

t h e  c h o i c e  of a  s u b j e c t  who i s  looking  f o r  p o t e n t i a l  c h e a t e r s .  A 

s u b s t a n t i a l  con t en t  e f f e c t  h a s  been found i n  every  one of t h e s e  

exper iments .  

2.4.1 The Pos t  O f f i c e  Problem 

A p o s t  o f f i c e  problem i s  a  c o n d i t i o n a l  r u l e  e x p r e s s i n g  a 

p o s t a l  r e g u l a t i o n ,  f o r  example, " I f  a  l e t t e r  weighs two ounces,  

it  must have 44 c e n t s  postage.  " Whether a  p a r t i c u l a r  pos t  o f f  ice 

problem is  a  s o c i a l  c o n t r a c t  o r  no t  depends on t h e  s u b j e c t  

popu la t i on  or  t h e  problem's  con tex t .  I t  i s  a  s o c i a l  c o n t r a c t  

problem: 

1. i f  i ts  c o n s t i t u e n t  p r o p o s i t i o n s  a r e  r ecogn izab l e  a s  c o s t s  and 

r a t i o n e d  b e n e f i t s  t o  t h e  s u b j e c t  popula t ion ,  o r  

2.  i f  t h e  s t o r y  c o n t e x t  sur rounding  t h e  problem d e f i n e s  t h e  
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c o n s t i t u e n t  p r o p o s i t i o n s  a s  c o s t s  and r a t i o n e d  b e n e f i t s .  

However, i f  i ts c o n s t i t u e n t  p r o p o s i t i o n s  a r e  a r b i t r a r y  wi th  

r e s p e c t  t o  t h e  s u b j e c t  p o p u l a t i o n ' s  under s t a n d i n g  of c o s t s  and 

r a t i o n e d  b e n e f i t s ,  then  t h e  same r u l e  i s  merely d e s c r i p t i v e .  

For Americans, t h e  pos t  o f f  i c e  r u l e ,  " I f  a  l e t t e r  i s  s e a l e d ,  

t hen  it must have 20 c e n t s  postage" ,  i s  e i t h e r  d e s c r i p t i v e  or  

p r e s c r i p t i v e , *  b u t  no t  a  s o c i a l  c o n t r a c t ,  because s e a l i n g  an 

envelope i s  no t  cons ide red  a  r a t i o n e d  b e n e f i t  i n  our c u l t u r e  -- 
s e a l i n g  i s  j u s t  something one always does,  a  f r e e  good. However, 

t h i s  same problem i s  a  s o c i a l  c o n t r a c t  problem f o r  o l d e r  B r i t i s h  

s u b j e c t s ,  because i n  B r i t a i n  b e f o r e  1968 one could  pay lower 

r a t e s  i f  one l e f t  t h e  l e t t e r  unsealed.  I n  o t h e r  words, t h e  

p r ivacy  ga ined  by s e a l i n g  a  l e t t e r  was a  b e n e f i t  t h a t  had t o  be 

p a i d  f o r  i n  t h a t  c u l t u r e .  

Johnson-Laird,  Legrenz i, & Legrenz i, 1972 

Johnson-Laird, Legrenzi ,  and Legrenz i  (1972) formula ted  t h e  

f i r s t  and most famous pos t  off ice/SC problem. The i r  themat ic  

r u l e  was: 

" I f  a  l e t t e r  i s  s e a l e d ,  then  it has  a  50 l i r e  stamp on i tn 

The i r  s u b j e c t s  were B r i t i s h .  I n  B r i t a i n ,  w i t h i n  t h e  memory of 

t h e i r  s u b j e c t s ,  s e a l i n g  an envelope was a  b e n e f i t  r a t i o n e d  by 

a b i l i t y  t o  pay; unsea led  enve lopes  could be s e n t  a t  a  lower r a t e  

( t h i s  i s  no longer  t h e  c a s e ) .  Furthermore,  t h e  s u b j e c t s  were 

i n s t r u c t e d  t o  imagine they  were p o s t a l  workers l ook ing  f o r  

l e t t e r s  t h a t  " v i o l a t e  t h e  ru l e " .  Thus, t h e  problem asked them t o  

* Depending on whether t h e  person say ing  t h e  r u l e  i s  simply 
making an obse rva t ion  about  s e a l e d  l e t t e r s  ( d e s c r i p t i v e )  o r  
t e l l i n g  you a  seemingly a r b i t r a r y  p o s t a l  r e g u l a t i o n  
( p r e s c r i p t i v e )  . 



look fo r  chea te rs  on a soc i a l  contract .  They were then shown the  

following display of f i v e  r e a l  envelopes with r ea l  l i r e  stamps: 

Figure 2.3 Thematic problem "card" display,  Johnson-Laird e t  a l . ,  1972 

P not-P Q not -Q not-Q 

The envelopes a r e  labeled with P s  and Qs fo r  the reader ' s  convenience; 
they were not so labeled i n  the  actual  experiment. 

The l og i ca l l y  cor rec t  answer i s  t o  choose 1) the  sealed 

envelope ( P )  , t o  see i f  the  sender put too l i t t l e  postage, and 2 )  

the  40 l i r e  and no stamp envelopes (not-Q),  which have too l i t t l e  

postage t o  be e l i g i b l e  fo r  seal ing,  t o  see i f  the sender 

i l l i c i t l y  sealed them. These a r e  the same card choices a subject  

"looking f o r  cheaters"  would make. 

Johnson-Laird e t  a l .  t e s t ed  t h i s  r u l e  i n  two d i f f e r en t  

l i n g u i s t i c  formats: "If  P then Q" and "P only i f  Q"  (e.g., "A 

l e t t e r  i s  sealed only i f  it has a 50 l i r e  stamp on i t " ) .  To 

reduce redundancy, one format used Br i t i sh  stamps and the  other 

use I t a l i a n  stamps. Each of 24 subjects  were given a t o t a l  of 

four problems, one thematic and one abs t rac t  i n  each of the  two 

l i n g u i s t i c  formats. The order of problem presentat ion was 

randomized across  subjects .  The "cards" fo r  the abs t r ac t  problems 

were a l so  r e a l  envelopes, with l e t t e r s  and numbers on the  f ron t  

and back. The r u l e  re f lec ted  t h i s  by refer ing t o  the  envelopes a s  

" l e t t e r s " :  "If  a l e t t e r  has an A on one s ide ,  then it has a 3 on 

the  other side.  " 



Figure  2.4 Abs t r ac t  problem "card" d i s p l a y ,  Johnson-Laird e t  a l . ,  1972 

P  not-P Q not-Q not-Q ( o r  not-P) 

Ninety-two percent  of t h e  s u b j e c t s  gave t h e  l o g i c a l l y  

f a l s i f y i n g  answer f o r  a t  l e a s t  one of t h e  themat ic  problems, bu t  

only 29% gave t h i s  answer f o r  a t  l e a s t  one of t h e  a b s t r a c t  

problems. Seventy-one percent  of t h e  s u b j e c t s  go t  both thema t i c  

problems c o r r e c t ,  bu t  none of them go t  both a b s t r a c t  problems 

c o r r e c t .  There was no t r a n s f e r  from themat ic  problems t o  

a b s t r a c t  problems, and when asked, only two of t h e  24 s u b j e c t s  

r e a l i z e d  t h a t  t h e  l o g i c a l  s t r u c t u r e  of t h e  themat ic  and a b s t r a c t  

problems was s i m i l a r .  There were no e f f e c t s  due t o  l i n g u i s t i c  

format .  Eighty-one percent  of t h e  48 themat ic  problems ( t h e r e  

were 2  per s u b j e c t )  were c o r r e c t l y  solved,  ve r sus  15% of t h e  

a b s t r a c t  problems. 

Golding, 1981 

Golding (1981) conducted t h e  Johnson-Laird, Legrenzi ,  & 

Legrenz i (1972) experiment us ing  a  popula t ion  of B r i t i s h  s u b j e c t s  

ranging  i n  age from 20 t o  70 years .  For s u b j e c t s  under 4 5  t h e  

p o s t  o f f i c e  problem was a  p r e s c r i p t i v e ,  non-SC problem, because 

t h e  "lower r a t e s  f o r  unsealed l e t t e r s n  r u l e  was no t  i n  e f f e c t  

w i t h i n  t h e i r  memory -- f o r  them t h e  c o n s t i t u e n t  p r o p o s i t i o n s  were 

no t  r ecogn izab le  a s  a  c o s t  and r a t i o n e d  b e n e f i t .  Thus, t h e r e  i s  

no reason why t h e s e  younger s u b j e c t s  would cons ider  s e a l i n g  an 

envelope a  b e n e f i t  t h a t  had t o  be p a i d  f o r .  However, t h i s  same 



r u l e  i s  a  s o c i a l  c o n t r a c t  problem f o r  s u b j e c t s  over 45 who 

remembered t h e  o l d  r e g u l a t i o n ,  because they  would have recognized 

it a s  having a  c o s t - b e n e f i t  s t r u c t u r e .  

There was no d i f f e r e n c e  i n  l o g i c a l  performance between t h e  

o l d e r  and younger s u b j e c t s  on t h e  a b s t r a c t  problem. However, 59% 

of t h e  o l d e r  s u b j e c t s  gave t h e  l o g i c a l l y  c o r r e c t ,  "look f o r  

c h e a t e r s "  response t o  t h e  pos t  o f f i c e  problem, compared t o  only 

9% of t h e  younger s u b j e c t s .  

Golding h e r s e l f  framed t h e  d i f f e r e n c e  between t h e  two groups 

i n  te rms  of f a m i l i a r i t y  r a t h e r  than s o c i a l  c o n t r a c t s  -- o lde r  

s u b j e c t s  were more f a m i l i a r  wi th  t h e  r u l e  than  younger ones. I n  

her  view, o l d e r  s u b j e c t s  perform b e t t e r  because they  have d i r e c t  

exper ience  w i t h  f a l s i f y i n g  i n s t a n c e s ,  and t h e s e  i n s t a n c e s  a r e  

a v a i l a b l e  i n  memory. I n  o the r  words, o lde r  s u b j e c t s  do no t  

reason about  t h e  r u l e ,  they  simply recognize a  p a i r i n g  a s  

f a l s i f y i n g  i f  it occu r s  t o  them. There i s  noth ing  i n  her  

experiment t o  l e t  one choose between her i n t e r p r e t a t i o n  and a  

s o c i a l  c o n t r a c t  i n t e r p r e t a t i o n .  

Griggs & Cox, 1982 

Griggs & Cox (1982, Experiment 2)  conducted Johnson-Laird e t  

a l .  's  p o s t  o f f  i c e  problem us ing  24 American c o l l e g e  s t u d e n t s .  

For American s t u d e n t s ,  t h e  pos t  o f f i c e  r u l e  i s  no t  a  s o c i a l  

c o n t r a c t ,  because its c o n s t i t u e n t  p r o p o s i t i o n s  a r e  no t  

r ecogn izab le  a s  a  c o s t  and r a t i o n e d  b e n e f i t  ( s e a l i n g  an envelope 

i s  a f r e e  good i n  t h e  - U . S . ) .  Gr iggs & Cox's procedure d i f f e r e d  

from Johnson-Laird e t  a l .  i n  only two ways: 1) they  used American 

and Mexican i n s t e a d  of B r i t i s h  and I t a l i a n  stamps, and 2) f o r  t h e  

a b s t r a c t  c o n d i t i o n  they  made c l e a r  t h e  f a c t  t h a t  l e t t e r s  could 



appear only on t h e  f r o n t  of an envelope,  whereas numbers could 

appear  only on t h e  back. Because Johnson-Laird e t  a l .  d i d  n o t  

say t h i s ,  t h e  blank envelope i n  t h e  themat ic  cond i t i on  was 

c l e a r l y  an i n s t a n c e  of not-Q, whereas t h e  blank envelope i n  t h e  

a b s t r a c t  c o n d i t i o n  could be c a t e g o r i z e d  a s  e i t h e r  not-P o r  not-Q. 

Griggs & Cox a rgue  t h a t  t h i s  i s  a  s e r i o u s  confound because "two 

not-Q i n s t a n c e s  i n  t h e  themat ic  a r r a y s  h i g h l i g h t  a  s e l e c t i o n  t h a t  

i s  c r i t i c a l  f o r  t h e  c o r r e c t  s o l u t i o n "  (p.412) .* 
There was no s i g n i f i c a n t  d i f f e r e n c e  i n  performance between 

t h e  thema t i c  and a b s t r a c t  problems ( themat ic  : 1 / 2 4  c o r r e c t ,  

a b s t r a c t :  4/24 c o r r e c t )  . Furthermore, t h e  con£ ound d i scussed  

above cannot  have accounted f o r  Johnson-Laird e t  a l .  ' s r e s u l t s ,  

because performance on both themat ic  and a b s t r a c t  problems was 

low i n  t h i s  experiment.  I f  Griggs & Cox's h i g h l i g h t i n g  

exp lana t ion  had been t r u e ,  t h e i r  adding t h e  not-Q h i g h l i g h t  t o  

t h e  a b s t r a c t  problems would have r a i s e d  a b s t r a c t  performance t o  

t h e  high l e v e l  e l i c i t e d  by Johnson-Laird e t  a l . ' s  themat ic  

problems, no t  lowered thema t i c  performance t o  t h e  l e v e l  of 

a b s t r a c t .  

Van Duyne, 1976 

Van Duyne (1976) b r i e f l y  r e p o r t s  t h e  r e s u l t s  of an a s  y e t  

unpubl ished s tudy  ("Semantics and reasoning",  i n  p r e p a r a t i o n )  

comparing t h e  performance of f o u r  independent groups of s u b j e c t s  

* ~ o h n s o ~ - ~ a i r d  e t  a l .  could counter  t h a t  t h e  ambiguity is  
i r r e l e v a n t  because t h e i r  r u l e  r e f e r e d  t o  "one s i d e  of t h e  
envelope" ve r sus  " the  o the r  s i d e n ;  hence, t o  be s a f e ,  one should 
assume t h e  blank was a  p o t e n t i a l  not-Q. However, t h i s  i s  an 
e x t r a ,  r a t h e r  s u b t l e  i n f e r e n c e  t h a t  one need n o t  make i n  t h e  
t hema t i c  cond i t i on .  Thus, Griggs & Cox's o b j e c t i o n  would s t i l l  
s t a n d ,  a s  t h e  t hema t i c  problem alone c o n t a i n s  two c l e a r ,  
unambiguous not-Q i n s t a n c e s ,  and t h e  i s s u e  would have t o  be 
dec ided  e m p i r i c a l l y ,  a s  it was. 



on t h e  f o l l o w i n g  f o u r  r u l e s  (one problem per  s u b j e c t )  : 

1. an a b s t r a c t  r u l e  

2.  a  d e s c r i p t i v e  pos t  o f f i c e  ru le  us ing  r e a l  envelopes  a s  

"cards":  " I f  t h e r e  i s  L.B. M i l l  on one s i d e  of t h e  envelope 

t hen  t h e r e  i s  PRINTED PAPER REDUCED RATE on t h e  o t h e r  s i d e n .  

T h i s  r u l e ' s  c o n s t i t u e n t  p r o p o s i t i o n s  a r e  no t  r ecogn izab l e  

c o s t s  and r a t i o n e d  b e n e f i t s  t o  B r i t i s h  s u b j e c t s .  

3 .  an SC p o s t  o f f  i c e  r u l e  u s ing  c a r d s  t o  r e p r e s e n t  envelopes:  " I f  

t h e r e  i s  PRINTED PAPER REDUCED RATE on one s i d e  of t h e  

envelope t h e n  it must be l e f t  openn. T h i s  i s  a  r e a l  p o s t a l  

r u l e  i n  B r i t a i n ,  where t h e  experiment was run. To be e l i g i b l e  

f o r  t h e  lower r a t e s  f o r  p r i n t e d  ma t t e r ,  t h e  c o n t e n t s  of an 

envelope cannot  c o n t a i n  any pe r sona l  correspondence.  Thus, 

t h e  l a c k  of p r ivacy  needed f o r  t h e  pos t  o f f i c e  t o  make s p o t  

checks i s  t h e  p r i c e  you pay t o  be e l i g i b l e  f o r  t h e  b e n e f i t  of 

s av ing  money on m a i l i n g s  of p r i n t e d  m a t e r i a l .  

4. t h e  same SC p o s t  o f f  i c e  r u l e  a s  i n  ( 3 ) ,  us ing  envelopes  a s  " ca rdsn .  

H e  r e p o r t s  t h e  fo l l owing  percen tage  c o r r e c t  f o r  t h e  f o u r  

problems: (1) a b s t r a c t  -- 19.27%, ( 2 )  d e s c r i p t i v e  p o s t  o f f i c e  -- 
48.96%, ( 3 )  S C  p o s t  o f f i c e  ( c a r d s )  -- 86.98%, (4 )  SC p o s t  o f f i c e  

(enve lopes)  97.92%. H e  s a y s  t h e s e  f o u r  form a  "h igh ly  

s i g n i f i c a n t  t r e n d " ,  bu t  does no t  say what s t a t i s t i c a l  t e s t s  he 

performed, o r  even t h e  number of s u b j e c t s  i n  t h e  s tudy .  

So many d e t a i l s  a r e  omi t ted  from h i s  d e s c r i p t i o n  of t h i s  

s t udy  t h a t  i ts  r e l evance  i s  d i f f i c u l t  t o  a s c e r t a i n .  However, it 

seems u n l i k e l y  t h a t  h i s  sample s i z e s  could be so  smal l  t h a t  t h e  

average  performance on t h e  s o c i a l  c o n t r a c t  problems of 92.45% and 

86.98% would no t  be s t a t i s t i c a l l y  d i f f e r e n t  from 19.27% f o r  t h e  
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a b s t r a c t  problem, or  even from 48.96% f o r  t h e  d e s c r i p t i v e  pos t  

o f f i c e  problem. Assuming t h a t  Van Duyne used t h e  u sua l  s c o r i n g  

system ( 'P and not-Q' i s  a  " h i t " ,  any o the r  answer i s  a  "miss") , 
t h e  minimum number of s u b j e c t s  r e q u i r e d  t o  g e t  t h e  number 

"97.92%" f o r  group ( 4 )  i s  48 (47 o u t  of 48 c o r r e c t ) .  I t  i s  

d o u b t f u l ,  however, t h a t  h i s  group s i z e s  were equal .  I f  they  

were, t h e  minimum number of s u b j e c t s  per group r e q u i r e d  f o r  a l l  

f ou r  pe rcen t ages  t o  be p o s s i b l e  numbers i s  192. A s  t h i s  would 

mean h i s  s t udy  used a  t o t a l  of 768 s u b j e c t s ,  I presume he had 

unequal group s i z e s .  But i f  group s i z e s  d i d  vary  around 48,  t h e  

d i f f e r e n c e s  between a l l  f ou r  groups would be s t r o n g l y  

s i g n i f i c a n t .  I f  t h i s  were t r u e ,  h i s  d e s c r i p t i v e  pos t  o f f i c e  

c o n d i t i o n  would a l s o  have shown enhanced performance over t h e  

a b s t r a c t  cond i t i on .  But t h e r e  a r e  t o o  many i f s  t o  judge. 

2.4.2 The Drinking Age Problem 

The "Drinking Age Problem", o r  DAP, was developed by Gr iggs  

& Cox (1982) .  I t  i s  a  r u l e  r e l a t i n g  e l i g i b i l i t y  t o  d r i n k  

a l c o h o l i c  beverages  t o  age,  f o r  example, " I f  a  person i s  d r i n k i n g  

beer then  he must be over 20 y e a r s  o l d "  (see Figure  2 .1) .  I n  our  

c u l t u r e ,  d r i n k i n g  a l c o h o l  is a  b e n e f i t  t h a t  one i s  e l i g i b l e  f o r  

only a f t e r  having met an  age requirement ,  so  t h e  d r i n k i n g  age 

problem q u a l i f i e s  a s  an SC problem f o r  American s u b j e c t s .  

Griggs  & Cox, 1982 

Each of 40 s u b j e c t s ,  undergraduates  a t  t h e  U n i v e r s i t y  of 

F l o r i d a ,  were t e s t e d  on a  DAP and an a b s t r a c t  problem. The i r  DAP 

was: " I f  a  person i s  d r i n k i n g  beer ,  then  t h e  person must be over 

1 9  y e a r s  of age. " Nineteen was t h e  l e g a l  d r i n k i n g  age i n  F l o r i d a  



a t  t h e  t i m e  of t h e  experiment.  Before t h e  DAP, each s u b j e c t  was 

t o l d :  "Imagine you a r e  a  p o l i c e  o f f i c e r  on duty.  I t  i s  your j o b  

t o  ensu re  t h a t  people  conform t o  c e r t a i n  r u l e s .  The c a r d s  i n  

f r o n t  of you have informat ion  about  f o u r  people  s i t t i n g  a t  a  

t ab l e . .  ." and so  on. For both themat ic  and a b s t r a c t  problems 

s u b j e c t s  were i n s t r u c t e d  t o  select t h e  c a r d ( s )  necessary  t o  

"determine whether or  no t  t h e  people  a r e  v i o l a t i n g  t h e  r u l e .  " 

Half t h e  s u b j e c t s  were given t h e  DAP f i r s t ,  h a l f  were given t h e  

a b s t r a c t  problem f i r s t .  

Seventy-two percent  of t h e  s u b j e c t s  gave t h e  l o g i c a l l y  

f a l s i f y i n g  answer, ' P  & not-Q' ,  f o r  t h e  DAP, bu t  no s u b j e c t  gave 

t h i s  answer f o r  t h e  a b s t r a c t  problem. There was no t r a n s f e r  from 

a c o r r e c t l y  so lved  DAP t o  t h e  a b s t r a c t  problem. Also,  t h e  

percentage  c o r r e c t  f o r  each problem was t h e  same, whether it came 

f i r s t  o r  second. 

Cox & Griggs,  1982 

Cox & Griggs ,  1982 (Experiment 1) r e p l i c a t e d  t h e i r  f i n d i n g  

of a  con ten t  e f f e c t  wi th  t h e  DAP ( themat ic :  60%, a b s t r a c t :  4 % )  . 
Furthermore,  a l though they a l s o  r e p l i c a t e d  t h e  l a c k  of t r a n s f  er 

from a c o r r e c t  DAP t o  an a b s t r a c t  problem, they  d i d  f i n d  t r a n s f e r  

from t h e  DAP t o  t h e  "apparel-color  problem" (ACP): " I f  a person 

i s  wearing b lue  then  t h e  person must be over 19." The ACP is  a 

"semiN-soc ia l  c o n t r a c t  problem: i ts  consequent i s  a  c u l t u r a l l y  

t y p i c a l  c o s t  f o r  American s u b j e c t s  -- we a r e  f a m i l i a r  wi th  age- 

r a t i o n e d  p r i v i l e g e s  -- bu t  t h e  antecedent  i s  no t  a  r a t i o n e d  

b e n e f i t .  I n t e r e s t i n g l y  enough, t h e  ACP e l i c i t e d  a  s i z a b l e  

con ten t  e f f e c t  only when it fol lowed t h e  DAP, a  f u l l - f l e d g e d  

s o c i a l  c o n t r a c t .  



Griggs & Cox, 1983 

To s e e  i f  t hema t i c  con ten t  could " p r o t e c t n  s u b j e c t s  a g a i n s t  

matching b i a s ,  Yachanin & Tweney had p r e s e n t e d  s u b j e c t s  wi th  

t hema t i c  and a b s t r a c t  rules whose components had been 

s y s t e m a t i c a l l y  negated (AA, AN, NA, NN; s e e  s e c t i o n  2 .1) .  None 

of t h e i r  t hema t i c  r u l e s ,  i nc lud ing  t h e  AA r u l e s ,  had f a c i l i t a t e d  

l o g i c a l  performance. Griggs  & Cox dec ided  t o  reopen t h i s  i s s u e ,  

because by 1983 two thema t i c  problems had been found t h a t  cou ld  

r e l i a b l y  e l i c i t  f a l s i f y i n g  responses  from American s u b j e c t s :  t h e  

DAP and t h e  S e a r s  problem ( s e e  s e c t i o n  2.4.3 below).  Each 

s u b j e c t  was g iven  only one problem t o  so lve .  There were f o u r  

t hema t i c  (DAP) groups and fou r  a b s t r a c t  groups:  one group f o r  

each r u l e  form (AA, AN, NA, NN)  , 20 s u b j e c t s  per  group. 

A 1  though Gr iggs  & Cox (Experiment 2) s y s t e m a t i c a l l y  negated 

t h e  components of t h e  DAP, they  preserved  t h e i r  s t r u c t u r e s  a s  

s t a n d a r d  s o c i a l  c o n t r a c t s .  The f o u r  themat ic  r u l e s  were: 

AA: " I f  a  person i s  d r i n k i n g  beer ,  then  t h e  person must be over 19" 
AN: " I f  a  person i s  d r i n k i n g  beer ,  then  t h e  person must no t  be under 19" 
NA: " I f  a  person i s  no t  a b s t a i n i n g ,  then  t h e  person must be over 19" 
NN: " I f  a  person i s  no t  a b s t a i n i n g ,  then  t h e  person must no t  be under 19" 

Even though t h e  components have been s y s t e m a t i c a l l y  negated,  i n  

each c a s e  t h e  " I f "  c l a u s e  r e f e r s  t o  t h e  b e n e f i t  i n  q u e s t i o n  

( d r i n k i n g  b e e r )  and t h e  " then" c l a u s e  r e f e r s  t o  t h e  requirement  

t h a t  must be met t o  be e n t i t l e d  t o  t h a t  b e n e f i t  ( be ing  over 1 9 ) .  

Cont ro l  groups so lved  one of fou r  s i m i l a r l y  nega ted  forms of 

Wason's (1966) o r i g i n a l  a b s t r a c t  problem, " I f  a  c a r d  has  a  vowel 

on one s i d e ,  then  it has  an  odd number on t h e  o t h e r  s i d e . "  With 

t h i s  r u l e ,  s u b j e c t s  can recode negated ph ra se s  a s  a f f i r m a t i v e  

p h r a s e s  (e. g., "not odd" t o  "even") , j u s t  a s  they  can f o r  t h e  



DAP. T h i s  i s  n o t  p o s s i b l e  w i t h  o r d i n a r y  le t ter -number  r u l e s .  * 
Negated c o n d i t i o n a l s  a r e  f r e q u e n t l y  d i f f i c u l t  t o  unders tand  

(Wason & Johnson-Laird,  1972,  s e e  2.1 on Yachanin & Tweney, 

1 9 8 2 ) .  Y e t ,  i n  s p i t e  of t h e  f a c t  t h a t  t h r e e  of t h e  t h e m a t i c  SC 

r u l e s  had nega t ed  components, every  SC r u l e  e l i c i t e d  more 'P & 

not-Q'  r e sponse s  t h a n  i ts  cor responding  a b s t r a c t  r u l e  ( s e e  Tab l e  2.2) . 

T a b l e  2.2 Gr iggs  & Cox, 1983,  Experiment 2 (DAP) 

DAP A b s t r a c t  
AA: 70 10  Z=3.87, p<.0001 ph i r . 61  
AN: 95 35 Z=3.98, p<.00005 phio.63 
NA: 75 10  2-4.16, p<  .000025 ph i=  .66 
NN 70 10 Z=3.87, p<.0001 ph i= .61  ................................................... 
Ave: 77.5 16.25 Z=7 -76,  p<.0000001 phi=.61 

Pe rcen t age  'P & not-Q'  r e sponse s ,  n=20 per  c e l l .  p 
v a l u e s  a r e  one - t a i l ed .  

Note t h a t  f a l s i f i c a t i o n  l e v e l s  a r e  h i g h e s t  f o r  AN r u l e s .  

T h i s  i s  a lways  t h e  c a s e  (Evans & Lynch, 1973; Manktelow & Evans, 

1979; Reich & Ruth, 1982; Yachanin & Tweney, 1982 ) ,  because  t h e  

"matching response"  f o r  AN r u l e s  i s  a l s o  t h e  f a l s i f y i n g  response .  

For a r u l e  l i k e  " I f  A t h e n  not-3", t h e  s u b j e c t  who chooses  ' A '  

and ' 3 '  h a s  both  matched t h e  v a l u e s  ment ioned i n  t h e  r u l e  and,  by 

co inc idence ,  f a l s i f i e d .  

To sum up: f o u r  SC r u l e s  were t e s t e d ,  and a l l  f o u r  e l i c i t e d  

a r o b u s t  c o n t e n t  e f f e c t ,  even though t h r e e  of t h e s e  were phrased  

i n  unconven t iona l  ways (v i s - a -v i s  t h e  a c t u a l  F l o r i d a  Dr ink ing  Age 

Law) , and had nega t ed  components. 

* f o r  example, The "not-3" i n  " I f  A t hen  not-3" c anno t  be recoded 
a s  a s i m p l e  a f f i r m a t i v e  phrase .  



2.4.3 The S e a r s  Problem 

The S e a r s  problem was developed by D'Andrade (1981) .  I t  i s  

s e t  i n  a  S e a r s  s t o r e ,  and s p e c i f i e s  t h e  cond i t i ons  under which a  

purchase m u s t  be au tho r i zed  by t h e  department manager. I n  r e a l  

l i f e ,  t h e  purpose of such procedures  i s  t o  make s u r e  t h a t  

customers  o r  s a l e s  c l e r k s  do n o t  chea t  t h e  s t o r e  by "payingn f o r  

goods wi th  a  bad check, de func t  o r  s t o l e n  c r e d i t  c a r d s ,  e t c .  

Thus, it i s  a  p a r t i c u l a r l y  n i c e  example of a  s o c i a l  c o n t r a c t  

problem. 

D'Andrade ( r e p o r t e d  i n  Rumelhart & Norman, 1981) 

D'Andradel s a b s t r a c t  and themat ic  problems both used 

p r e s c r i p t i v e  r u l e s  i n  t h e  workplace. A s  p a r t  of your job,  you 

( t h e  s u b j e c t )  a r e  supposed t o  make s u r e  t h e  r u l e  has  been 

fol lowed.  Half h i s  s u b j e c t s  were given t h e  a b s t r a c t  problem, 

h a l f  t h e  t hema t i c  problem ( t h i s  r e p o r t  does no t  say how many 

s u b j e c t s  were involved)  . 
Both c o n d i t i o n a l s  were embedded i n  t h e  t e x t  of a  s t o r y .  I n  

t h e  a b s t r a c t  problem, " A s  p a r t  of your j ob  a s  a l a b e l  checker a t  

P i c a ' s  Custom Label Factory,  you have t h e  j ob  of making s u r e  t h a t  

a l l  l a b e l s  with  a  vowel p r i n t e d  on one s i d e  have an odd number 

p r i n t e d  on t h e  o the r  s ide . "  I n  t h e  t hema t i c  problem, " A s  p a r t  of 

your j ob  a s  an a s s i s t a n t  a t  S e a r s ,  you have t h e  job  of checking 

s a l e s  r e c e i p t s  t o  make s u r e  t h a t  any s a l e  of over $30.00 has  been 

approved by t h e  s e c t i o n  manager. (Th i s  i s  a  r u l e  of t h e  s t o r e . )  " 

Both problems a r e  s e t  i n  t h e  workplace, both use  

p r e s c r i p t i v e  r u l e s  and both invoke a  " d e t e c t i v e  s e t n  (Van Duyne, 

1974) -- t h e  s u b j e c t  i s  a  "checker",  looking  f o r  v i o l a t i o n s  of a  

r u l e .  But t h e  S e a r s  r u l e  i s  a  s o c i a l  c o n t r a c t  whose v i o l a t i o n  



i n d i c a t e s  t h e f t  -- a  customer ( o r  s a l e s  c l e r k )  i s  no t  supposed t o  

t a k e  something of g r e a t  va lue  wi thout  having p a i d  i ts  c o s t  ( a s  

vouchsafed by t h e  s e c t i o n  manager).  The a b s t r a c t  problem 

expres ses  a  p r e s c r i p t i v e  rule,  bu t  no t  one whose terms a r e  

r ecogn izab le  c o s t s  and b e n e f i t s .  Th i r t een  percent  of s u b j e c t s  

answered 'P & not-Q' f o r  t h e  a b s t r a c t  problem, whereas nea r ly  70% 

gave t h i s  answer f o r  t h e  s o c i a l  c o n t r a c t  problem. 

Griggs & Cox, 1983 

Griggs & Cox's Experiment 2  inc luded  a  cond i t i on  i d e n t i c a l  

t o  t h e i r  DAP c o n d i t i o n  (desc r ibed  i n  2.4 -2) , except  t h a t  they 

t e s t e d  s y s t e m a t i c a l l y  negated S e a r s  problems. The a b s t r a c t  

c o n t r o l  groups f o r  t h e  S e a r s  problems were t h e  same a s  t hose  f o r  

t h e  DAP. 

A s  wi th  t h e  DAP, Griggs & Cox s y s t e m a t i c a l l y  negated 

components of an AA S e a r s  problem i n  a  way t h a t  p reserved  t h e i r  

s t r u c t u r e s  a s  s t anda rd  s o c i a l  c o n t r a c t s .  To do t h i s ,  some of t h e  

nega ted  components had t o  become q u i t e  long  and complicated,  

u s ing  both e x p l i c i t  ( " n o t n )  and i m p l i c i t  ( " w i t h o u t n )  nega t ives  t o  

c r e a t e  what amounts t o  a  double  nega t ive .  The r u l e s  were: 

AA: " I f  a  purchase exceeds $30, then t h e  r e c e i p t  must have t h e  
s i g n a t u r e  of t h e  department manager on t h e  back." 

AN: " I f  a  purchase exceeds $30, then t h e  r e c e i p t  must no t  be 
w i thou t  t h e  s i g n a t u r e  of t h e  department manager on t h e  back." 

NA: " I f  a  purchase i s  no t  less than  $30, then t h e  r e c e i p t  must 
have t h e  s i g n a t u r e  of t h e  department manager on t h e  back." 

NN: " I f  t h e  [ s i c ]  purchase i s  no t  l e s s  than  $30, then t h e  r e c e i p t  
must n o t  be w i thou t  t h e  s i g n a t u r e  of t h e  department manager 
on t h e  back. " 

For a l l  f ou r  r u l e  forms, t h e  antecedent  c l a u s e  s p e c i f i e s  t h a t  t h e  

r u l e  p e r t a i n s  t o  high va lue  purchases  ( l a r g e  b e n e f i t ) ,  whereas 

t h e  consequent c l a u s e  s p e c i f i e s  t h e  a u t h o r i z a t i o n  requirement 
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(vouchsaf ing  t h a t  t h e  h igh  c o s t  ha s  been p a i d ) .  Hence a l l  f ou r  

t hema t i c  problems a r e  STD-SCs. The r e s u l t s  a r e  shown i n  Tab le  2.4. 

Tab le  2.4 Gr iggs  & Cox, 1983, Experiment 2  ( S e a r s )  

S e a r s  A b s t r a c t  
AA : 75 10 2=4 -16,  p<  .000025 ph i=  .66 
AN : 70 35 Z=2.22, p<.013 phi=.35 
NA : 60 10 Z=3.31, p<.0005 ph i=  .52 
NN : 50 10 2=2.76, p <  .003 phi=.  44 

Ave: 63.75 16.25 Z=6.13, p<.0000001 phi=.48 

Percen tage  of 'P & not-Q1 responses ,  n=20 per group. 
p  v a l u e s  a r e  one- ta i led .  

Desp i t e  a b s t r u s e ,  double  n e g a t i v e  c i rcumlocut ions ,  a l l  f o u r  

SC r u l e s  e l i c i t e d  a  s i z a b l e  and s i g n i f i c a n t  con ten t  e f f e c t .  I 

would guess  t h a t  t h e  sma l l e r  percen tages  f o r  t h e  nega ted  r u l e s  i s  

due t o  t h e i r  i n c r e a s i n g l y  complex s t r u c t u r e  of nega t ion .  

2.4.4 Deformed S o c i a l  Cont rac t  Rules  

Deformed s o c i a l  c o n t r a c t  r u l e s  have components t h a t  a r e  

r e c o g n i z a b l e  a s  c o s t s  and r a t i o n e d  b e n e f i t s .  However, t h e s e  

components a r e  a r ranged  such t h a t  they y i p l a t e  t h e  p r i n c i p l e s  of 

s o c i a l  exchange, wherein  one i s  o b l i g e d  t o  pay a  c o s t  i n  o rder  t o  

be e n t i t l e d  t o  a  b e n e f i t .  Using deformed SC r u l e s ,  one can s e e  

whether my p r e s c r i p t i v e  r u l e  i nvo lv ing  c o s t s  and b e n e f i t s  can 

e l i c i t  a robus t  and r e l i a b l e  con ten t  e f f e c t ,  o r  whether t h e  c o s t s  

and b e n e f i t s  must be a r ranged  i n  t h e  format  of a  s t a n d a r d  s o c i a l  

c o n t r a c t .  

Deformed s o c i a l  c o n t r a c t s  can be gene ra t ed  by s y s t e m a t i c a l l y  

nega t ing  components of a  STD-SC. For example: 



" I f  you t a k e  t h e  b e n e f i t ,  then you must pay t h e  c o s t . "  
" I f  you t a k e  t h e  b e n e f i t ,  then  you must no t  pay t h e  cos t . "  
" I f  you do n o t  t a k e  t h e  b e n e f i t ,  then you must pay t h e  c o s t . "  
" I f  you do n o t  t a k e  t h e  b e n e f i t ,  then you must no t  pay t h e  c o s t .  " 

The AN, NA, and NN r u l e s  v i o l a t e  t h e  p r i n c i p l e s  of s o c i a l  exchange. * 
The i d e a l  way t o  i n v e s t i g a t e  deformed s o c i a l  c o n t r a c t s  i s  t o  

g e n e r a t e  them from a  r u l e  t h a t  has  rn i n  t h e  

s u b j e c t ' s  exper ience .  Th i s  can be done by embedding an 

un fami l i a r  r u l e  i n  a  s t o r y  t h a t  defines i t s  terms a s  c o s t s  and 

b e n e f i t s ,  and a r r a n g i n g  those  terms i n  a  format t h a t  v i o l a t e s  t h e  

p r i n c i p l e s  of s o c i a l  exchange. Deforming an S C  r u l e  t h a t  

a c t u a l l y  e x i s t s  ( l i k e  t h e  DAP) i n t roduces  un fo r tuna te  demand 

c h a r a c t e r i s t i c s  . S u b j e c t s  may assume t h e  experimenter i s  t e s t i n g  

t h e i r  knowledge of t h e  a c t u a l  r u l e  or  law.** A l t e r n a t i v e l y ,  u s ing  

a  deformed v e r s i o n  of an a c t u a l  r u l e  may "cue" t h e  s u b j e c t  t o  

reframe it a s  a  proper ( b u t  d i f f e r e n t )  s o c i a l  c o n t r a c t  i n  a  s c i -  

f  i world,  and reason accord ingly .  The f u r t h e r  a  cost /benef  it 

r u l e  i s  from an e x p l i c i t ,  r e a l - l i f  e  law, t h e  b e t t e r .  

Unfor tuna te ly  , t h e  only experiments on deformed s o c i a l  

c o n t r a c t s  use t h e  S e a r s  problem and t h e  DAP (Griggs & Cox, 1983, 

Experiment 1). The deformed DAPs use components of t h e  F l o r i d a  

Drinking-Age Law, an e x p l i c i t  SC r u l e  t h a t  a c t u a l l y  e x i s t s .  

They a r e ,  t h e r e f  o re ,  e s p e c i a l l y  vu lne rab le  t o  t h e  demand 

* A t  f i r s t  g lance ,  it might seem t h a t ,  a l though s t r a n g e ,  t h e  NN 
r u l e  does no t  e x a c t l y  v i o l a t e  r u l e s  of s o c i a l  exchange. However, 
i n  s o c i a l  exchange, a  person who has  no t  r ece ived  a  b e n e f i t  i s  
never prevented  from paying t h e  c o s t  i f  he s t i l l  wants t o  ( s e e  
Chapter 5)  . T h i s  is, however, a  more minor v i o l a t i o n  than  t h e  
g r o s s  a s syme t r i e s  posed by t h e  AN and NA r u l e s .  

** For example, a  s u b j e c t  who assumed an experiment w i t h  deformed 
DAPs i s  a c t u a l l y  t e s t i n g  her knowledge of t h e  F l o r i d a  Drinking 
Age Law would choose t h e  "dr ink ing  bee rn  and "16 y e a r s  o l d "  
c a r d s ,  r e g a r d l e s s  of which l o g i c a l  c a t e g o r i e s  they  belong t o .  



c h a r a c t e r i s t i c s  no ted  above. Deformed S e a r s  problems a r e  

somewhat l e s s  s u s c e p t i b l e  t o  t h e  same i n t e r p r e t a t i o n a l  

d i f f i c u l t i e s  because t h e  AA S e a r s  problem invokes more g e n e r a l  SC 

p r i n c i p l e s ,  r a t h e r  than  an  e x p l i c i t ,  e x i s t i n g ,  law. 

Gr iggs  & Cox, 1983 (Experiment l ) ,  s y s t e m a t i c a l l y  negated 

t h e  components of t h e  (AA) S e a r s  problem and t h e  DAP by i n s e r t i n g  

"no t"  o r  "does no t "  i n t o  t h e  an tecedent  and consequent terms,  

r e g a r d l e s s  of how t h i s  a f f  e c t e d  t h e  r u l e ' s  s t a t u s  a s  a  s o c i a l  

c o n t r a c t .  Hence, a  phrase  l i k e  " then you must pay t h e  c o s t "  

would become " then  you must no t  pay t h e  c o s t . "  They compared 

t h e s e  r u l e s  t o  o r d i n a r y  le t ter-number  a b s t r a c t  r u l e s  t h a t  had 

been s i m i l a r l y  negated.  

Deformations of t h e  S e a r s  Problem 

The AA S e a r s  problem does no t  e x i s t  a s  an  a c t u a l  r u l e  or 

law. Ra ther ,  it invokes  a  common method f o r  d e t e c t i n g  p o t e n t i a l  

c h e a t e r s  i n  s i t u a t i o n s  where money is  being exchanged f o r  goods. 

The r u l e s  t h a t  Gr iggs  & Cox used a r e  l i s t e d  below. A t r a n s l a t i o n  

i n t o  c o s t / b e n e f i t  language i s  l i s t e d  below each r u l e .  

AA: " I f  a purchase exceeds $30, then  t h e  r e c e i p t  must have t h e  
s i g n a t u r e  of t h e  department manager on t h e  back." 

" I f  a  customer t a k e s  a  h igh  v a l u e  b e n e f i t ,  then  we must make 
s u r e  he has  p a i d  t h e  c o s t .  

AN: " I f  a  purchase exceeds $30, then  t h e  r e c e i p t  must no t  have 
t h e  s i g n a t u r e  of t h e  department manager on t h e  back." 

" I f  a  customer t a k e s  a  high v a l u e  b e n e f i t ,  then  we must no t  
make s u r e  he has  p a i d  t h e  c o s t .  " 

NA: " I f  a  purchase does no t  exceed $30, then  t h e  r e c e i p t  must 
have t h e  s i g n a t u r e  of t h e  department manager on t h e  back." 

" I f  a  customer t a k e s  a  low va lue  b e n e f i t ,  then  we must make 
s u r e  he has  p a i d  t h e  c o s t . "  



NN: " I f  a  purchase does no t  exceed $30, then t h e  r e c e i p t  must no t  
have t h e  s i g n a t u r e  of t h e  department manager on t h e  back." 

" I f  a  customer t a k e s  a  low va lue  b e n e f i t ,  then we must not  
make s u r e  h e  has  pa id  t h e  c o s t . "  

Gr iggs  & Cox d i d  n o t  t h i n k  of t h e s e  problems i n  te rms  of 

s o c i a l  exchange. The reason they  t e s t e d  t h e s e  deformations was 

t o  s e e  whether t h e  r e a l  (AA) r u l e  would sh ine  tlirough, gu id ing  

t h e  s u b j e c t  t o  a  f a l s i f y i n g  response.  On t h i s  view, t h e  AN, NA, 

and NN r u l e s  should a l l  e l i c i t  conten t  e f f e c t s ,  and t h e s e  should 

be of approximately t h e  same s i z e .  

An a l t e r n a t i v e  view is t h a t  only r u l e s  t h a t  i n s t a n t i a t e  

s t a n d a r d  s o c i a l  c o n t r a c t s  e l i c i t  conten t  e f f e c t s .  T h i s  l e a d s  t o  a  

d i f f e r e n t  s e t  of p r e d i c t i o n s ,  based on t h e  p r i n c i p l e  t h a t  t h e  

deformed r u l e  t h a t  most v i o l a t e s  t h e  p r i n c i p l e s  of s o c i a l  

exchange should e l i c i t  t h e  weakest conten t  e f f e c t . *  

Hard c a s e s  make bad law -- p r e d i c t i o n  would be e a s i e r  had 

Gr iggs  & Cox f a b r i c a t e d  un fami l i a r  SC r u l e s .  However, s o c i a l  

c o n t r a c t  reasoning  should e l i c i t  t h e  fo l lowing  p a t t e r n  of r e s u l t s  

f o r  t h e  AN, NA, and NN deformations of t h e  S e a r s  problem: 

1. The NA r u l e  v i o l a t e s  t h e  p r i n c i p l e s  of s o c i a l  exchange t h e  
l e a s t .  I n  r e a l  l i f e ,  purchases  a r e  b e n e f i t s  r a t i o n e d  
accord ing  t o  a b i l i t y  t o  pay, even low c o s t  purchases .  The use 
of a u t h o r i z a t i o n  s i g n a t u r e s  i s  a  gene ra l  method t h a t  can be 
a p p l i e d  no ma t t e r  what t h e  goods a r e ,  or  how much they  a r e  
worth: whether it i s  invoked f o r  purchases  which a r e  over $30 
o r  under $30 depends on how worr ied a  manager i s  about  t h e  
t h e f t  i n  each p r i c e  ca tegory .  I t  i s  c e r t a i n l y  p e c u l i a r  t o  
r e q u i r e  a u t h o r i z a t i o n  of l e s s  v a l u a b l e  purchases ,** bu t  it 
does no t  do t o o  much v io l ence  t o  t h e  r u l e ' s  s t a t u s  a s  STD-SC. 

* Usual ly ,  no conten t  e f f e c t  a t  a l l .  I t  depends on how easy it 
is  t o  reframe a p a r t i c u l a r  r u l e  a s  a  STD-SC. 

** E s p e c i a l l y  i f  t h e  NA r u l e  l e a d s  one t o  i n f e r  t h a t  more 
v a l u a b l e  purchases  do n o t  r e q u i r e  a u t h o r i z a t i o n .  T h i s  i n f e r e n c e  
i s  p ragmat i ca l ly  reasonable ,  but  l o g i c a l l y  i n v a l i d .  



The AN r u l e  v i o l a t e s  t h e  p r i n c i p l e s  of s o c i a l  exchange t h e  
most. When a  high v a l u e  purchase has  been made, it makes no 
s ense  t o  i n s i s t  t h a t  a  c l e r k  ye£ r&  from making s u r e  t h e  c o s t  
has  been paid .  Furthermore,  t h e r e  i s  no easy way of 
r e i n t e r p r e t i n g  t h e  AN r u l e  a s  a  STD-SC. Thus t h e  f a c t  t h a t  
t h e  AN DAP s u g g e s t s  an SC, bu t  i s  g r o s s l y  deformed, should sow 
confus ion ,  e l i c i t i n g  no con ten t  e f f e c t ,  o r  even a  n e q a t i v e  
one, a s  compared t o  t h e  AN a b s t r a c t  r u l e  which s o  e a s i l y  l e a d s  
t o  f a l s i f i c a t i o n  through matching. 

3.  The NN r u l e  f a l l s  somewhere i n  between. I f  it s a i d  one need 
& check f o r  a u t h o r i z a t i o n  of low va lue  purchases ,  r a t h e r  
t han  t h a t  one must a, it would no t  d i r e c t l y  v i o l a t e  t h e  
p r i n c i p l e s  of s o c i a l  exchange; i n  f a c t ,  it could  e a s i l y  be 
i n t e r p r e t e d  a s  an i n d i r e c t  way of s t a t i n g  t h e  AA r u l e .  
However, t h e  s t r a n g e  i n c l u s i o n  of must ns& might make s u b j e c t s  
assume t h a t  both t h e  NN and AA hold ( a s  i n d i c a t e d  by choosing 
a l l  f ou r  c a r d s ) .  Pragmatic  i n f e r e n c e  a s i d e ,  i n  c o s t / b e n e f i t  
terms t h e  NN r u l e  ha s  t h e  same s t r u c t u r e  a s  t h e  AN r u l e  -- t h e  
v i o l a t i o n  i s  m i t i g a t e d  only by t h e  f a c t  t h a t  t h e  an tecedent  of 
t h e  NN r u l e  r e p r e s e n t s  a  lower va lue  b e n e f i t  than  t h a t  of t h e  
AN r u l e .  Hence, it should n o t  e l i c i t  a  con ten t  e f f e c t .  

To sum up: t h e  s o c i a l  c o n t r a c t  view p r e d i c t s  t h a t  t h e  AN r u l e  

w i l l  e l i c i t  no con ten t  e f f e c t  (o r  even a  w t i v e  o n e ) ,  t h e  NN 

r u l e  w i l l  e l i c i t  no e f f e c t ,  and t h e  NA r u l e  w i l l  e l i c i t  a  con ten t  

e f f e c t  t h a t  modest compared t o  t h a t  f o r  t h e  AA r u l e .  The r e s u l t s  

a r e  summarized i n  Tab le  2.5. 

Tab le  2.5 Gr iggs  & Cox, 1984, Experiment 1 ( S e a r s )  

S e a r s  A b s t r a c t  
AA : 85 5  X=+5 -09,  p<  .00000025 ph i=  .80 
AN : 40 75 Z=-2.24, p<.013 phi=.35 
NA : 6 0  25 Z=+2.24, p<.013 phi=.  3 5  
NN : 15 1 5  Z= 0  n.6. 

Percen tage  'P & not-Q'  responses ,  n=20 per  group. p 
v a l u e s  a r e  one- ta i led .  

A s  u sua l ,  t h e  AA S e a r s  problem e l i c i t e d  a  l a r g e ,  s i g n i f i c a n t  

c o n t e n t  e f f e c t .  The r e s t  of t h e  problems fo l l ow  t h e  s o c i a l  

c o n t r a c t  p r e d i c t i o n s .  The NA S e a r s  problem, which i s  a  p e c u l i a r ,  

bu t  s t i l l  proper ,  STD-SC, e l i c i t e d  a  more modest con ten t  e f f e c t  
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t han  t h e  AA r u l e .  The AN S e a r s  problem, which g r o s s l y  v i o l a t e s  

t h e  p r i n c i p l e s  of s o c i a l  exchange, a c t u a l l y  e l i c i t e d  a  n e g a t i v e  

con ten t  e f f e c t  -- t h a t  is, s u b j e c t s  d i d  b e t t e r  on t h e  AN a b s t r a c t  

problem than  they  d i d  on t h e  AN S e a r s  problem. The NN S e a r s  

problem d i d  n o t  produce a  con ten t  e f f e c t .  Furthermore,  more 

s u b j e c t s  chose a l l  f ou r  c a r d s  on t h e  NN S e a r s  problem than  on t h e  

NN a b s t r a c t  problem (40% v. 10%: 2=2.19, p<.015, ph i= .35) .  T h i s  

is  what one would expec t  i f  s u b j e c t s  made t h e  pragmat ic  i n f e r e n c e  

t h a t  t h e  NN S e a r s  r u l e  a l s o  imp l i e s  t h e  STD-SC AA S e a r s  r u l e ,  bu t  

d i d  no t  make t h e  equ iva l en t  i n f e r e n c e  on t h e  NN a b s t r a c t  r u l e .  

T h i s  p a t t e r n  of r e s u l t s  i s  nn_t p r e d i c t e d  by Gr iggs  & Cox's 

view -- i n  f a c t ,  they  found t h e  r e s u l t s  puzz l ing .  On t h e i r  view, 

t h e  AN and NN r u l e s  should have e l i c i t e d  con ten t  e f f e c t s ,  j u s t  a s  

t h e  NA r u l e  d id .  Griggs  & Cox thought  t h e  negated r u l e s  would 

b r i n g  t h e  AA S e a r s  r u l e  t o  mind and gu ide  t h e i r  i n £  e r ences  

through " reasoning  by ana logyn  t o  t h e  l o g i c a l l y  f a l s i f y i n g  

choice .  I f  s u b j e c t s  engaged i n  any reasoning  by analogy t o  t h e  

AA r u l e ,  then  t h e  analogy must have been t o  t h e  AA r u l e ' s  

s t r u c t u r e  a s  a  s t a n d a r d  s o c i a l  c o n t r a c t  r a t h e r  than  t o  i ts  

s t r u c t u r e  a s  a  l o g i c a l  c o n d i t i o n a l ,  because r e s u l t s  f o r  nega ted  

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

Deformations of t h e  DAP 

The DAP does  no t  invoke a  g e n e r a l  procedure  f o r  d e t e c t i n g  

p o t e n t i a l  c h e a t e r s ,  a s  does t h e  S e a r s  problem. Rather ,  it is a  

s t r a i g h t £  orward v e r s i o n  of t h e  F l o r i d a  Drinking-Age Law, a  

s p e c i f i c ,  e x p l i c i t  law t h a t  was q u i t e  f a m i l i a r  t o  Gr iggs  & Cox's 

U n i v e r s i t y  of F l o r i d a  s u b j e c t s .  Thus, one can expec t  s u b j e c t s  ' 
i n t e r p r e t a t i o n s  of deformed DAPs t o  be l e s s  f l e x i b l e  and more 
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v u l n e r a b l e  t o  demand c h a r a c t e r i s t i c s  than  t h e i r  i n t e r p r e t a t i o n s  

of deformed S e a r s  problems. The DAP r u l e s  used, and t h e i r  

t r a n s l a t i o n s  i n t o  cost/benef it language, a r e  l i s t e d  below. 

AA: " I f  a  person i s  d r i n k i n g  beer ,  then t h e  person must be over 19." 
" I f  you t a k e  t h e  b e n e f i t ,  then you must pay t h e  c o s t . "  

AN: " I f  a  person i s  d r ink ing  bee r ,  then t h e  person must no t  be over 19" 
" I f  you t a k e  t h e  b e n e f i t ,  then you must pay t h e  c o s t "  

NA: " I f  a  person i s  not  d r i n k i n g  beer ,  then  t h e  person must be over 19" 
" I f  you & t a k e  t h e  b e n e f i t ,  then you must pay t h e  c o s t  I' 

NN: " I f  a  person i s  no t  d r i n k i n g  beer ,  then t h e  person must no t  be over 1 
" I f  you & t a k e  t h e  b e n e f i t ,  then you must a pay t h e  c o s t "  

Griggs & Cox's view makes t h e  same p r e d i c t i o n  a s  f o r  t h e  

deformed S e a r s  problems: t h e  AN, NA, and NN r u l e s  should a l l  

e l i c i t  moderate conten t  e f f e c t s .  A s  before ,  t h e  s o c i a l  c o n t r a c t  

view has  a  d i f f e r e n t  s e t  of p r e d i c t i o n s :  

1. The AN DAP seve re ly  v i o l a t e s  t h e  p r i n c i p l e s  of s o c i a l  
exchange. I t  should e l i c i t  no conten t  e f f e c t ,  or  even a  
n e g a t i v e  con ten t  e f f e c t ,  f o r  t h e  same reasons  t h a t  t h e  AN 
S e a r s  problem should.  

2 .  The NA DAP i s  no t  so  c l o s e  t o  t h e  AA DAP a s  t h e  NA S e a r s  
problem i s  t o  i t s  AA coun te rpa r t .  Despi te  t h e  nega t ion ,  t h e  
an tecedent  of t h e  NA S e a r s  problem r e f e r s  t o  a  b e n e f i t  t h a t  i s  
r a t i o n e d  by a b i l i t y  t o  pay (purchases  under $ 3 0 ) ,  j u s t  a s  t h e  
an tecedent  of t h e  AA S e a r s  problem does. However, t h e  
an tecedent  of t h e  AA DAP r e f e r s  t o  a  b e n e f i t  t h a t  is r a t i o n e d  
by age ( "d r ink ing  beer " )  , whereas t h e  antecedent  of t h e  NA DAP 
r e f e r s  t o  a  b e n e f i t  t h a t  i s  @ r a t i o n e d  by age ( "d r ink ing  
coke") .  The NA S e a r s  problem was merely a  weak, or  p e c u l i a r ,  
STD-SC, whereas t h e  NA DAP a c t u a l l y  v i o l a t e s  t h e  p r i n c i p l e s  of 
s o c i a l  exchange. Hence t h e  NA DAP should no t  e l i c i t  a  con ten t  
e f f e c t  . 
However, t h e r e  a r e  reasons  t o  b e l i e v e  t h e  NA DAP w i l l  sow l e s s  
confus ion  than  t h e  AN DAP. "Drinking coke" -- t h e  NA DAP's 
negated component -- is no t  g e n e r a l l y  cons idered  a  l i a b i l i t y  
by persons of any age. Thus, a l though "dr ink ing  coke" i s  n o t  
an age- ra t ioned  b e n e f i t ,  it i s ,  a t  l e a s t ,  a  b e n e f i t .  I n  
c o n t r a s t ,  "must no t  be over 19" -- t h e  AN D A P ' s  negated 
component -- is no t  a  cost / requirement  f o r  anyth ing  i n  our 
s o c i e t y .  I can t h i n k  of no b e n e f i t  i n  our s o c i e t y  t h a t  i s  
open t o  a d o l e s c e n t s  but  ne.t t o  a d u l t s .  Hence, t h e  NA DAP 
v i o l a t e s  t h e  p r i n c i p l e s  of s o c i a l  exchange somewhat l e s s  t han  
t h e  AN DAP. I t  i s  t h e r e f o r e  l e s s  l i k e l y  t o  e l i c i t  a n e g a t i v e  



con ten t  e f f e c t  than  t h e  AN DM.* 

3 .  Like t h e  NN S e a r s  problem, t h e  NN DAP sugges t s  a  h o s t  of 
p ragmat ic  i n f e r e n c e s ,  which makes p r e d i c t i o n  d i f f i c u l t .  The 
AA DAP i s  s o  w e l l  known t h a t  s u b j e c t s  undoubtedly r e a l i z e  it 
does  no t  imply t h e  NN DAP. Thus, it i s  u n l i k e l y  t h a t  anyone 
would t h i n k  t h a t  both t h e  NN DAP gILFa AA DAP ho ld ,  and choose 
a l l  f ou r  c a r d s .  The NN DAP i s  c e r t a i n l y  counte r  t o  
expe r i ence ,  i n  t h a t  "d r ink ing  coken i s  no t  a  r a t i o n e d  b e n e f i t  
i n  our  s o c i e t y ,  and "must no t  be over 1 9 "  i s  not  a  
cos t / requi rement  f o r  anything.  I t  may be s o  c l e a r l y  counte r  
t o  expe r i ence  t h a t  it i n v i t e s  re f raming  a s  a  proper  STD-SC i n  
a  s c i - f i  world -- a  world where ado le scen t s  t a k e  t h e i r  
revenge,  and a d u l t s  a r e  no t  permited t h e  b e n e f i t  of d r i n k i n g  
coke,  t h e  d r i n k  of t h e  adolescen t .  Af t e r  a l l ,  t h e  s u b j e c t s  
were c o l l e g e  s t u d e n t s  who were, o r  r e c e n t l y  had been, below 
t h e  l e g a l  d r i n k i n g  age. I f  some s u b j e c t s  made t h i s  s c i - f i  
convers ion ,  t h e  NN DAP could  e l i c i t  a modest con ten t  e f f e c t .  
T h i s  i s  why it i s  b e t t e r  t o  use un fami l i a r  r u l e s  -- e x i s t i n g  
laws  i n v i t e  t o o  many i n t e r p r e t a t i o n s  t o  make sound p r e d i c t i o n  
p o s s i b l e .  Hard c a s e s  make bad law. 

To sum up: The s o c i a l  c o n t r a c t  view p r e d i c t s  no con ten t  e f f e c t  

( o r  a  n e g a t i v e  one)  f o r  t h e  AN DAP, no e f f e c t  f o r  t h e  NA DAP, and 

a  q u e s t i o n  mark f o r  t h e  NN D M .  

A s  Tab le  2.6 shows, t h e  r e s u l t s  do no t  con£ orm t o  Gr iggs  & 

Cox's p r e d i c t i o n  of a  con ten t  e f f e c t  f o r  a l l  f ou r  problems -- t h e  

AN and NA D A P s  d i d  no t  e l i c i t  con t en t  e f f e c t s  a t  a l l .  The 

p a t t e r n  of r e s u l t s  i s  b e s t  p r e d i c t e d  by t h e  s o c i a l  c o n t r a c t  view. 

The AA DAP, a  STD-SC, e l i c i t e d  i ts  u s u a l  hea r ty  con ten t  

e f f e c t .  The AN and NA DAPs, which v i o l a t e  t h e  p r i n c i p l e s  of 

s o c i a l  exchange, d i d  no t  e l i c i t  a  con ten t  e f f e c t .  Moreover, t h e  

AN DAP -- l i k e  t h e  AN S e a r s  problem -- was t h e  only t hema t i c  

* The r e s u l t s  of Evans & Lynch, 1973, a l s o  sugges t  t h a t  t h e  NA 
r u l e  might sow l e s s  confusion.  Choice of t h e  'PI c a r d  i s  l e a s t  
i n f l u e n c e d  by matching. ' P I  r e p r e s e n t s  a  t r u e  an t eceden t ,  and it 
i s  almost  u n i v e r s a l l y  chosen due t o  a  rudimentary unders tanding  
of l o g i c  o r  cont ingency.  Thus, when a  s u b j e c t  needs t o  reframe a  
b i z z a r e  r u l e  t o  make sense  of it, one might expec t  t h e  s u b j e c t  t o  
show g r e a t e s t  f l e x i b i l i t y  i n  r e - i n t e r p r e t i n g  t h e  an t eceden t ,  and 
l e a s t  f l e x i b i l i t y  i n  r e - i n t e r p r e t i n g  t h e  consequent.  I f  so ,  re-  
i n t e r p r e t i n g  t h e  AN D A P ' s  nega ted  consequent might be more 
d i f f i c u l t  t han  r e - i n t e r p r e t i n g  t h e  NA DAP1s negated an t eceden t .  



Table  2.6 Gr iggs  & Cox, 1983, Exp 1 ( D m ) *  

DAP A b s t r a c t  DA Law 
AA: 70 5  2=+4.25, p<.000025 ph i=  .67 -- 
AN: 55 75  Z=-1.36, n.s  1 5  
NA: 30 25 Z=+0.35, n.s. 30 
NN: 40 1 5  Z=+1.77, p <  .04 ph i= .  28 25 

Columns 1 and 2: Percen tage  ' P  & not-Q' responses ,  n=20 
per  group. The "DA Law" column shows t h e  percen tage  of 
s u b j e c t s  who chose c a r d s  t h a t  i n d i c a t e  t h e i r  knowledge 
of t h e  a c t u a l  F l o r i d a  Dr ink ing  Age Law, i r r e s p e c t i v e  of 
l o g i c a l  c a t ego ry .  p  v a l u e s  a r e  one- ta i led .  

problem t o  e l i c i t  fewec f a l s i f y i n g  responses  t han  i t s  a b s t r a c t  

c o u n t e r p a r t .  Although t h e  20% d i f f e r e n c e  between t h e  AN DAP and 

i t s  a b s t r a c t  c o u n t e r p a r t  f a l l s  6  p o i n t s  s h o r t  of a  s i g n i f i c a n t  

n e g a t i v e  con ten t  e f f e c t ,  only t h e  s o c i a l  c o n t r a c t  view p r e d i c t s  

t h a t  t h e  AN d a t a  w i l l  move i n  t h i s  d i r e c t i o n .  

The NN DAP e l i c i t e d  a  smal l  con ten t  e f f e c t  (ph i= .28) .  T h i s  

r e s u l t  n e i t h e r  con£ i rms  nor d e n i e s  t h e  s o c i a l  c o n t r a c t  view, 

which makes no s t r o n g  p r e d i c t i o n s  about  t h e  NN DAP. However, 

t h e r e  i s  ev idence  t h a t  knowledge of t h e  a c t u a l  dr inking-age law 

prevented  s u b j e c t s  from assuming t h a t  both t h e  AA and NN DAPs 

ho ld :  only 5% of s u b j e c t s  chose a l l  fou r  c a r d s  on t h e  NN DAP, 

compared t o  40% of s u b j e c t s  on t h e  NN S e a r s  problem. T h i s  

d i f f e r e n c e  i s  s i g n i f i c a n t  (2-2.65, p<.005, ph i s . 42 ) .  

Knowledge of t h e  F l o r i d a  law appea r s  t o  have i n t roduced  

o t h e r  demand c h a r a c t e r i s t i c s .  The DA Law column of Tab le  2.6 

shows t h e  percen tage  of s u b j e c t s  who chose "d r ink ing  beer"  and 

"16 y e a r s  o l d " ,  r e g a r d l e s s  of which l o g i c a l  c a t e g o r i e s  t h e s e  

c a r d s  belonged t o .  These a r e  t h e  ca rds  one would choose i f  

l ook ing  f o r  c h e a t e r s  on t h e  r e a l  dr inking-age law. Because t h e  

nega ted  DAP r u l e s  have q u i t e  obviously  been yanked from an 
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e x i s t i n g  SC law, s u b j e c t s  given a  deformed DAP a r e  f a r  more 

l i k e l y  t o  t h i n k  t h e  experimenter i s  t e s t i n g  t h e i r  knowledge of 

t h e  a c t u a l  law than  s u b j e c t s  given a  deformed S e a r s  problem." 

The evidence suppor t s  t h i s  view. S i g n i f i c a n t l y  more s u b j e c t s  

chose c a r d s  t h a t  would f a l s i f y  t h e  corresponding AA, STD-SC r u l e  

f o r  negated DAPS than  f o r  negated S e a r s  problems (23% v. 8%: 

2=2.25, p<.013, phi=.21) .  

The r e s u l t s  of Griggs & Cox's two experiments  wi th  deformed 

s o c i a l  c o n t r a c t s  i n d i c a t e  t h a t  r u l e s  t h a t  v i o l a t e  t h e  p r i n c i p l e s  

of s o c i a l  exchange do no t  e l i c i t  conten t  e f f e c t s .  The c l o s e r  a  

r u l e  comes t o  t h e  format  of a  s t anda rd  s o c i a l  c o n t r a c t ,  t h e  more 

l i k e l y  it i s  t o  e l i c i t  a  themat ic  conten t  e f f e c t .  

S o c i a l  Cont rac t  Summary 

S ix t een  o u t  of s i x t e e n  experiments comparing s o c i a l  c o n t r a c t  

r u l e s  t o  a b s t r a c t  r u l e s  have produced a  robus t  con ten t  e f f e c t  

(Johnson-Laird e t  a l . ,  1972; Van Duyne, 1976; D'Andrade, 1981; 

Golding, 1981; Gr iggs  & Cox, 1982; Cox & Griggs,  1982; Gr iggs  & 

Cox, 1983 (10 r e p l i c a t i o n s ) ) .  When a  p r e s c r i p t i v e  pos t  o f f i c e  

problem was admin i s t e r ed  t o  c u l t u r a l  groups f o r  whom t h e  

c o n s t i t u e n t s  were no t  r ecogn izab le  a s  c o s t s  and r a t i o n e d  b e n e f i t s  

-- t h a t  is, when s u b j e c t s  d i d  no t  pe rce ive  t h e  r u l e  a s  a  s o c i a l  

c o n t r a c t  -- no con ten t  e f f e c t  was found (Golding, 1980; Gr iggs  & 

Cox, 1982) .  Deformed s o c i a l  c o n t r a c t s  -- r u l e s  t h a t  s h a r e  

c o n s t i t u e n t s  wi th  proper s o c i a l  c o n t r a c t s  but  g r o s s l y  v i o l a t e  t h e  

p r i n c i p l e s  of s o c i a l  exchange -- do no t  e l i c i t  con ten t  e f f e c t s  

(Griggs & Cox, 1983) .  

* only 1-2 s u b j e c t s  per negated S e a r s  problem gave answers 
c o n s i s t e n t  wi th  t h i s  i n t e r p r e t a t a t i o n  of t h e  experiment.  
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General  Summary of Chapter 2 

Robust and r e p l i c a b l e  con ten t  e f f e c t s  a r e  found only f o r  

its t o  g e r c e i v e d  r u l e s  t h a t  r e l a t e  pe rce ived  benef c o s t s  i n  t h e  

format  of a  s t a n d a r d  s o c i a l  c o n t r a c t .  No thema t i c  r u l e  t h a t  i s  

no t  a  s o c i a l  c o n t r a c t  ha s  ever  produced a  con ten t  e f f e c t  t h a t  is  

both robus t  and r e p l i c a b l e .  For themat ic  con ten t  a r e a s  t h a t  do 

n o t  e x p r e s s  s o c i a l  c o n t r a c t s ,  e i t h e r  no con ten t  e f f e c t  i s  found 

( t h e  food problem) , or  t h e r e  a r e  a t  l e a s t  a s  many s t u d i e s  t h a t  do 

no t  f i n d  con ten t  e f f e c t s  a s  t h e r e  a r e  s t u d i e s  t h a t  do 

( t r a n s p o r t a t i o n  and school  problems) . Moreover, most of t h e  

con ten t  e f f e c t s  r e p o r t e d  f o r  non-SC r u l e s  a r e  e i t h e r  weak 

(Gilhooly & Falconer ,  1974; P o l l a r d ,  1981) ,  c louded by p rocedura l  

d i f f i c u l t i e s  (Bracewel l  & Hid i ,  1974; Van Duyne, 1974) , or  have 

some earmarks of a  s o c i a l  c o n t r a c t  problem (Van Duyne, 1974) .  

A l l  t o l d ,  f o r  non-SC thema t i c  problems, t h r e e  exper iments  have 

produced a  s u b s t a n t i a l  con t en t  e f f e c t  ( t r a n s p o r t a t i o n :  Wason & 

Shapi ro ,  1971; Bracewel l  & Hidi ,  1974; school :  Van Duyne, 1 9 7 4 ) ,  

two have produced a  weak con ten t  e f f e c t  ( t r a n s p o r t a t i o n :  Gi lhooly  

& Falconer ,  1974; P o l l a r d ,  1981) ,  and 14 have produced no con ten t  

e f f e c t  a t  a l l  ( t r a n s p o r t a t i o n  : Bracewell  & Hidi ,  1974; Manktelow 

& Evans, 1979; Yachanin & Tweney, 1982; Gr iggs  & Cox, 1982. food: 

Manktelow & Evans, 1979 ( 4  exper iments ) ;  Brown e t  a l . ,  1982; 

Reich & Ruth, 1982; Yachanin & Tweney, 1982; s choo l :  Yachanin & 

Tweney, 1982. non-SC p o s t  o f f i c e :  Golding,  1980; Gr iggs  & Cox, 

1982) .  The few e f f e c t s  t h a t  were found d i d  no t  r e p l i c a t e .  I n  

c o n t r a s t ,  s i x t e e n  o u t  of s i x t e e n  exper iments  wi th  s t a n d a r d  s o c i a l  

c o n t r a c t s  e l i c i t e d  s u b s t a n t i a l  con t en t  e f f e c t s .  These i n c l u d e  

t h e  Drinking Age Problem, t h e  Post  O f f i c e  Problem, and t h e  S e a r s  
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Problem. Deformed s o c i a l  contracts ,  which share cons t i tuent s  

with standard s o c i a l  contracts  but gross ly  v i o l a t e  the pr inc ip l e s  

o f  s o c i a l  exchange, do not e l i c i t  content e f f e c t s .  

In t h i s  ex tens ive  l i t e r a t u r e ,  standard s o c i a l  contract  ru le s  

are  the only thematic content ru le s  t o  e l i c i t  s trong,  r e p l i c a b l e  

content e f f e c t s  on the  Wason s e l e c t i o n  task .  



Chapter 3  

"Di f f e r ences  i n  Exper i e n c e n  : 

Proposed e x p l a n a t i o n s  f o r  t h e  e l u s i v i t y  of t h e  

c o n t e n t  e f f e c t  on t h e  Wason s e l e c t i o n  t a s k  

A number of t h e o r i e s  a t t emp t ing  t o  e x p l a i n  t h e  e l u s i v e  

con ten t  e f f e c t  on t h e  Wason s e l e c t i o n  t a s k  have appeared i n  t h e  

l i t e r a t u r e .  Most a g r e e  t h a t  themat ic  con ten t  enhances l o g i c a l  

performance because t hema t i c  r u l e s  a r e  f a m i l i a r ,  whereas a b s t r a c t  

r u l e s  a r e  un fami l i a r .  The t h e o r i e s  d i f f e r  i n  t h e i r  exp lana t ions  

of why f a m i l i a r i t y  enhances performance, and why t h e  con ten t  

e f f e c t  i s  so  "e lu s ive . "  

None of t h e s e  t h e o r i e s  invoke t h e  no t ion  of a  s o c i a l  

c o n t r a c t ,  t h e r e f o r e  none of them t r y  t o  e x p l a i n  why s o c i a l  

c o n t r a c t  r u l e s  a r e  t h e  only themat ic  r u l e s  t o  c o n s i s t e n t l y  e l i c i t  

r obus t  con ten t  e f f e c t s .  Invoking t h e  concept  of a  s o c i a l  

c o n t r a c t  t u r n s  t h e  t h e o r e t i c a l  problem on i ts head: t h e  

phenomenon r e q u i r i n g  exp lana t ion  i s  not  t h e  con ten t  e f f e c t ' s  

e l u s i v i t y ,  bu t ,  r a t h e r ,  i ts p r e d i c t a b i l i t y .  

3.1 Fami l i e s  of exp lana t ion  

Before  d i s c u s s i n g  t h e  p a r t i c u l a r  t h e o r i e s  t h a t  have a l r e a d y  

been proposed,  it i s  u s e f u l  t o  cons ider  what k inds  of exp lana t ion  

a r e  p o s s i b l e  in ~ S I I .  Conceptual ly ,  t h e r e  a r e  a t  l e a s t  f i v e  

r e l a t i v e l y  d i s t i n c t  f a m i l i e s  of exp lana t ion :  

1. There is  no l o g i c  module. I n  s o l v i n g  t h e  s e l e c t i o n  t a s k ,  
people  use  r u l e s  of i n £  e r ence  a p p r o p r i a t e  t o  t h e  domain 
sugges t ed  by t h e  problem. These r u l e s  of i n f e r e n c e  may be 
d i f f e r e n t  f o r  d i f f e r e n t  con ten t  domains. 



a.  The r u l e s  of i n f e r e n c e  a r e  a  product  of "experience" 
s t r u c t u r e d  only by in£  ormation p roces s ing  mechanisms t h a t  
a r e  i n n a t e ,  bu t  domain gene ra l .  

b. The r u l e s  of i n f e r e n c e  a r e  i n n a t e ,  o r  e l s e  t h e  product  of 
"experience" s t r u c t u r e d  by domain s p e c i f i c  i n n a t e  
a lgor i thms .  

2 .  There i s  a  l o g i c  module, bu t  it i s  no t  necessary  f o r  everyday 
l ea rn ing .  I t  i s  a c t i v a t e d  only i n  h igher  l e v e l  model 
b u i l d i n g ,  f o r  example, t o  answer q u e s t i o n s  w i t h i n  t h e  
framework of a  w e l l - e s t a b l i s h e d  theo ry  of what i s  t r u e  of a  
con ten t  domain. That i s  why performance i s  b e t t e r  wi th  
f a m i l i a r  m a t e r i a l s .  

3. There i s  a  l o g i c  module, and it i s  necessary  f o r  l e a r n i n g .  
The con ten t  e f f e c t  i s  due t o  d i f f e r e n c e s  i n  how we l l  t h e  
p r o p o s i t i o n s  can be pushed through a u x i l i a r y  mechanisms l i k e  
s h o r t  term s t o r e s  o r  imagery bu f fe r s .  Fami l ia r  terms and/or 
r e l a t i o n s  f a c i l i t a t e  performance because they  a r e  conc re t e  and 
t h e r e f o r e  more e a s i l y  manipulable  o r  because they  reduce 
" c o g n i t i v e  load" .  

4 .  There i s  no l o g i c  module, j u s t  t h e  a b i l i t y  t o  recognize  
c o n t r a d i c t i o n  when one s e e s  it. 

a. People  can b u i l d  mental  models of t h e  c i rcumstances  
d e s c r i b e d  i n  a  problem; i f  they  happen t o  b u i l d  a  model 
t h a t  c o n t r a d i c t s  t h e  s t a t e  of a f f a i r s  a s s e r t e d  by t h e  
c o n d i t i o n a l ,  they w i l l  f a l s i f y .  I t  i s  e a s i e r  t o  b u i l d  
mental  models of f a m i l i a r  p r o p o s i t i o n s  and r e l a t i o n s .  

b. Actual  exper ience  wi th  even t s  t h a t  c o n t r a d i c t  t h e  r e l a t i o n  
a r e  s t o r e d  i n  long-term memory. A f a m i l i a r  theme i s  more 
l i k e l y  t o  cue c o n t r a d i c t o r y  a s s o c i a t i o n a l  p a i r i n g  from long  
term memory, because such p a i r i n g s  a r e  more l i k e l y  t o  have 
been a c t u a l l y  experienced.  

5. Non-rat ional ,  domain-general h e u r i s t i c s  having no th ing  t o  do 
wi th  formal  l o g i c ,  or  wi th  an unders tanding of t h e  re levance  
of counter-examples,  account f o r  t h e  presence  and v a r i a b i l i t y  
of t h e  con ten t  e f f e c t .  

The hypo thes i s  t h a t  humans have Darwinian a lgo r i t hms  f o r  

reasoning  about  s o c i a l  exchange i s  a  "family 1-b" explana t ion .  

Each exp lana t ion  proposed i n  t h e  l i t e r a t u r e  belongs t o  one of 

t h e s e  f i v e  f a m i l i e s  of explana t ion .  



3.2 Explanat ions  proposed i n  t h e  l i t e r a t u r e  

A number of exp lana t ions  have been pu t  f o r t h  t o  e x p l a i n  

con ten t  e f f e c t s  on t h e  Wason s e l e c t i o n  t a s k .  Most of them 

invo lve  a  wedding of a s soc i a t ion i sm and Tversky & Kahneman's 

(1973) " a v a i l a b i l i t y "  h e u r i s t i c .  

Tversky & Kahneman were i n t e r e s t e d  i n  how people  judge 

p r o b a b i l i t y .  They noted t h a t  people  t y p i c a l l y  do no t  make 

s t a t i s t i c a l l y  sound p r o b a b i l i s t i c  i n f e r e n c e s ,  even when given 

i n £  ormation s u f f i c i e n t  t o  do so. 

Although p e o p l e ' s  p r o b a b i l i t y  judgments a r e  not  

s t a t i s t i c a l l y  sound, they  a r e  no t  random, e i t h e r .  To account  f o r  

t h i s ,  Tversky & Kahneman p o s i t e d  t h a t  people  use mental  s h o r t  

c u t s  -- " h e u r i s t i c s "  -- i n  making p r o b a b i l i t y  judgments. They 

hypothes ized  t h a t  people  judge t h e  p r o b a b i l i t y  of two even t s  co- 

o c c u r r i n g  by t h e  ea se  wi th  which examples come t o  mind -- t h e i r  

" a v a i l a b i l i t y " .  They named t h i s  method t h e  " a v a i l a b i l i t y  

h e u r i s t i c .  " 

For example, suppose you a r e  t o l d  t h a t  80% of c o l l e g e  

s t u d e n t s  i n  Cambridge a t t e n d  Harvard and 20% a t t e n d  MIT. A 

Cambridge c o l l e g e  s tuden t  was involved  i n  a  f i g h t  today. Your 

t a s k  i s  t o  guess  which school  t h i s  s tuden t  a t t e n d s .  F ive  f i g h t s  

i nvo lv ing  MIT s t u d e n t s  immediately s p r i n g  t o  mind, bu t  you have 

t o  s ea rch  your memory long  and hard t o  r e c a l l  any f i g h t s  

i nvo lv ing  Harvard s t u d e n t s :  t h e  co-occurrence of "MIT" and 

" f i g h t "  i s  more a v a i l a b l e  a s  a  response.  Even though Harvard 

s t u d e n t s  outnumber MIT s t u d e n t s  4 t o  1 i n  Cambridge, and even 

though you have no r e l i a b l e  d a t a  i n d i c a t i n g  t h a t  MIT s t u d e n t s  a r e  

more pugnacious than  Harvard s t u d e n t s ,  t h e  a v a i l a b i l i t y  h e u r i s t i c  
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would l e a d  you t o  judge t h a t  t h e  f i g h t  today was more l i k e l y  t o  

have involved  a n  MIT s t u d e n t  than  a  Harvard s t u d e n t .  

According t o  Tversky & Kahneman, ea se  of r e c a l l  is  a  

f u n c t i o n  of a s s o c i a t i v e  s t r e n g t h .  A s s o c i a t i v e  s t r e n g t h ,  they  

a rgue ,  i s  u s u a l l y  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  f requency with  

which two e v e n t s  co-occur i n  an i n d i v i d u a l ' s  exper ience .  The 

a v a i l a b i l i t y  h e u r i s t i c  i s  a  u s e f u l  r u l e  of thumb because t h e  ea se  

w i th  which a s s o c i a t i o n s  can be brought t o  mind is u s u a l l y  

c o r r e l a t e d  wi th  t h e i r  e c o l o g i c a l  f requency.  I t  can l e a d  t o  b i a s ,  

however, when a s s o c i a t i v e  s t r e n g t h  is determined by f a c t o r s  o t h e r  

t h a n  e c o l o g i c a l  f requency ( l i k e  semant ic  d i s t a n c e  o r  p e r c e p t u a l  

s a l i e n c y )  . 
Frequent  e v e n t s  a r e  f a m i l i a r  events .  A b s t r a c t  r u l e s  

r e l a t i n g  l e t t e r s  and numbers a r e  un fami l i a r .  I t  occu r r ed  t o  a  

number of r e s e a r c h e r s  t h a t  a v a i l a b i l i t y  -- based on f requency-  

de te rmined  a s s o c i a t i v e  s t r e n g t h  -- might p l ay  a  key r o l e  i n  

e x p l a i n i n g  why some f a m i l i a r  problems a r e  more l i k e l y  t o  e l i c i t  

l o g i c a l  performance on t h e  Wason s e l e c t i o n  t a s k  t han  a b s t r a c t  

problems. 

For Tversky & Kahneman, e c o l o g i c a l  f requency was only one of 

many de t e rminan t s  of a v a i l a b i l i t y .  But because s e l e c t i o n  t a s k  

t h e o r i s t s  were t r y i n g  t o  account  f o r  a  con ten t  e f f e c t  t h a t  they  

assumed was caused by f a m i l i a r i t y ,  a s soc i a t i on i sm p l a y s  a more 

c e n t r a l  r o l e  i n  t h e i r  a d a p t a t i o n s  of a v a i l a b i l i t y  t heo ry .  

The " a v a i l a b i l i t y  t h e o r i e s "  of t h e  s e l e c t i o n  t a s k  t h e o r i s t s  

come i n  a  v a r i e t y  of forms, wi th  some important  t h e o r e t i c a l  

d i f f e r e n c e s .  But common t o  a l l  i s  t h e  no t ion  t h a t  t h e  s u b j e c t ' s  

a c t u a l  p a s t  expe r i ences  c r e a t e  a s s o c i a t i o n a l  l i n k s  between te rms  
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mentioned i n  t h e  s e l e c t i o n  t a s k .  The more exposures a  s u b j e c t  

h a s  had t o ,  f o r  example, t h e  co-occurrence of P  and Q,  t h e  

s t r o n g e r  t h a t  a s s o c i a t i o n  w i l l  be and t h e  e a s i e r  it w i l l  come t o  

mind -- become " a v a i l a b l e "  a s  a  response. A s u b j e c t  i s  more 

l i k e l y  t o  have a c t u a l l y  experienced t h e  co-occurrence of P and 

not-Q f o r  a  f a m i l i a r  r u l e ,  t h e r e f o r e  f a m i l i a r  r u l e s  a r e  more 

l i k e l y  t o  e l i c i t  l o g i c a l l y  f a l s i f y i n g  responses  than  un fami l i a r  
. . r u l e s .  If a l l  t h e  terms i n  a  t a s k  a r e  unfamlllar, t h e  only 

a s s o c i a t i o n a l  l i n k  a v a i l a b l e  w i l l  be t h a t  c r e a t e d  between P and Q 

by t h e  c o n d i t i o n a l  r u l e  i t s e l f ,  because no prev ious  l i n k  w i l l  

e x i s t  among any of t h e  terms. Thus ' P  & Q '  w i l l  be t h e  most 

common response f o r  un fami l i a r  r u l e s .  

Although it  i s  r a r e l y  e x p l i c i t l y  s t a t e d ,  t h e s e  t h e o r i s t s  

seem t o  assume t h a t  a s s o c i a t i v e  l i n k s  a r e  c r e a t e d  " the  old-  

f a sh ioned  way", by domain g e n e r a l  a s s o c i a t i v e  processes .  Some 

r e f e r  d i r e c t l y  t o  a s soc i a t ion i sm ( P o l l a r d ,  1982) ,  whereas o t h e r s  

r e f e r  more simply t o  t h e  d i f f e r e n t  amount of "experience" 

s u b j e c t s  may have had wi th  d i f f e r e n t  conten t  domains (Griggs & 

Cox, 1982; Manktelow & Evans, 1979; Johnson-Laird, 1983; Wason, 

1983) .  The presumption t h a t  l e a r n i n g  occu r s  v i a  some s o r t  of 

"computat ional  a s soc i a t ion i sm"  (Fodor , 1983) would account  f o r  

t h e i r  b e l i e f  t h a t  t h e  c a t e g o r i z a t i o n  of conten t  domains a long  a  

f ami l i a r -un fami l i a r  dimension is t h e  c o r r e c t  one, t h e  one wi th  

c a u s a l  import .  Associat ionism i s  a  process  t h a t  makes un fami l i a r  

con ten t  domains f a m i l i a r  -- r e g a r d l e s s  of t h e  s p e c i f i c  conten t  of 

t h e  domain it o p e r a t e s  upon. Which con ten t  domains become 

f a m i l i a r  i s  determined by t h e  amount of pe r sona l  exper ience  a  

p a r t i c u l a r  i n d i v i d u a l  has  with  t h e  domains i n  ques t ion .  The 
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s e l e c t i o n  t a s k  t h e o r i s t s  r a r e l y  e n t e r t a i n  t h e  no t ion  t h a t  

r e g a r d l e s s  of f a m i l i a r i t y ,  d i f f e r e n t  conten t  domains a r e  

processed  by d i f f e r e n t  , domain s p e c i f i c  r u l e s  of i n fe rence .  When 

they  do, they  seem t o  presume t h a t  t h e  domain s p e c i f i c  r u l e s  were 

l e a r n e d  v i a  a  domain g e n e r a l  process .  

The P  c a r d  is  almost u n i v e r s a l l y  chosen on Wason s e l e c t i o n  

t a s k s ,  r e g a r d l e s s  of conten t .  A l l  t h e o r i e s  t h a t  have been 

proposed i n  t h e  l i t e r a t u r e  concede t h a t  t h i s  i s  probably due t o  a  

rudimentary unders tanding  of l o g i c  (or  of cont ingency,  i n  a  

l o o s e r ,  l i n g u i s t i c  s e n s e ) .  Thus, t h e  primary goa l  of t h e s e  

t h e o r i e s  i s  t o  e x p l a i n  why f a m i l i a r  r u l e s  f a c i l i t a t e  t h e  

s e l e c t i o n  of t h e  not-Q c a r d  and i n h i b i t  t h e  s e l e c t i o n  of t h e  Q 

ca rd ,  i n s o f a r  a s  t h i s  happens. To be adequate ,  a  theory  must be 

a b l e  t o  answer t h r e e  q u e s t i o n s  r a i s e d  by t h e  d a t a  reviewed i n  t h e  

prev ious  chapter  : 

1. Why do f a m i l i a r  r u l e s  e l i c i t  more l o g i c a l  f a l s i f i c a t i o n  
t h a n  a b s t r a c t  r u l e s ?  

2. Why do some f a m i l i a r  r u l e s  r e l i a b l y  e l i c i t  l o g i c a l  
f a l s i f i c a t i o n  whereas o t h e r s  do no t?  

3. Why do t h e  same f a m i l i a r  r u l e s  sometimes e l i c i t  
l o g i c a l  responses  and sometimes no t?  

D i f f e r e n t i a l  A v a i l a b i l i t y  

I n  an a r t i c l e  e n t i t l e d  "Human reasoning:  Some p o s s i b l e  

e f f e c t s  of a v a i l a b i l i t y " ,  Paul P o l l a r d  p u t  f o r t h  what i s  t o  d a t e  

t h e  most p r e c i s e l y  s p e c i f i e d  theo ry  pu rpo r t ing  t o  e x p l a i n  conten t  

e f f e c t s  on t h e  Wason s e l e c t i o n  t a s k  ( P o l l a r d ,  1982) . I t  i s  a  

q u i t e  l i t e r a l  a p p l i c a t i o n  of t h e  a s s o c i a t i o n i s t  paradigm ske tched  

above, i n  which p r e - e x i s t i n g  a s s o c i a t i v e  p a i r i n g s  of terms 



mentioned i n  t h e  s e l e c t i o n  t a s k  c r e a t e  a  non-logical  response 

b i a s  ( h i s  t h e o r y  is  a  "family 5" exp lana t ion )  . Whether a  s u b j e c t  

responds ' P  & Q '  o r  ' P  & not-Q' is determined by t h e  

s t r e n g t h  of t h e s e  two a s s o c i a t i v e  l i n k s . *  The dominant 

a s s o c i a t i o n  wins ,  even i f  both a r e  a v a i l a b l e .  Thus, a  s u b j e c t  

w i l l  answer ' P  & Q' i f  more i n s t a n c e s  of P  - Q l i n k s  come t o  mind 

t h a n  i n s t a n c e s  of P  - not-Q l i n k s .  For P o l l a r d ,  a s s o c i a t i v e  

s t r e n g t h  i s  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  number of exposures  an  

i n d i v i d u a l  has  had t o  each p a i r i n g .  Actual  pe r sona l  exper ience  

i s  t h e  c e n t e r p i e c e  of h i s  a v a i l a b i l i t y  t heo ry .  

For example, on a  t r a n s p o r t a t i o n  problem where t h e  r u l e  i s  

" I f  a  person goes t o  Boston then  he t a k e s  t h e  subway" and t h e  

c a r d s  a r e  "Bostontt (P) , "Arl ington" (not-P) , "subwayt1 (Q)  , and 

"cab" (no t -Q) ,  a  s u b j e c t  who had had more expe r i ences  of people  

t a k i n g  t h e  subway t o  Boston would choose "Boston" and "subway", 

t h a t  is, ' P  & Q ' .  A s u b j e c t  who had had more expe r i ences  of 

peop le  t a k i n g  a  c a b  t o  Boston would choose "Boston" and "cab", 

t h a t  is,  ' P  & not -Q ' ,  which is, by co inc idence ,  t h e  l o g i c a l l y  

f a l s i f y i n g  response.  Note, however, t h a t  t h e  procedure  t h a t  

gene ra t ed  t h i s  response  i s  dec ided ly  non-logical .  

P o l l a r d  d i s t i n g u i s h e s  between " r e a l i s t i c "  con ten t  and 

c o n t e n t  t h a t  i s  merely " themat ic" .  Thematic con ten t  i s  not  

* P o l l a r d  does  no t  e x p l i c i t l y  d i s c u s s  why someone might choose 
'PI a lone  on t h e  s e l e c t i o n  t a s k .  However, i n  d i s c u s s i n g  o t h e r  
l o g i c a l  t a s k s  he n o t e s  t h a t  a v a i l a b i l i t y  might a f f e c t  a  
c o n d i t i o n a l ' s  pe rce ived  r e v e r s i b i l i t y ;  " a l l  dogs a r e  animals"  i s  
c l e a r l y  no t  t h e  same a s  " a l l  an imals  a r e  dogs", whereas " a l l  dogs 
bark"  i s  no t  so  c l e a r l y  d i f f e r e n t  from " a l l  bark ing  an imals  a r e  
dogs." From h e r e  he would have t o  a rgue  t h a t  having unders tood 
t h a t  "If  P t h e n  Qt t  does  no t  imply " I f  Q then  P" somehow p reven t s  
one from choosing t h e  Q ca rd .  B u t  s i n c e  h i s  t heo ry  i s  a  
n o n l o g i c a l  one, and n o n r e v e r s i b i l i t y  is  a  l o g i c a l  c o n s i d e r a t i o n ,  
it is  no t  c l e a r  what t h a t  "somehow" would be. 



" r e a l i s t i c n  u n l e s s  i t  cues  a c t u a l  exper iences .  I f  t h e  s u b j e c t  

h a s  had no r e l e v a n t  expe r i ences  wi th  t h e  problem domain, no 

ma t t e r  how " themat ic"  it is, t h e  dominant a s s o c i a t i o n  w i l l  be 

t h a t  c r e a t e d  by t h e  c o n d i t i o n a l  r u l e  i t s e l f .  Hence, t h e  s u b j e c t  

w i l l  respond 'P & Q', j u s t  a s  i f  t h e  problem's  con ten t  were 

a b s t r a c t .  P o l l a r d  is a  s t i c k l e r  f o r  a c t u a l  exper ience .  For 

example, I can  t h i n k  of no t h a t  people  have more 

expe r i ence  w i th  than  t h a t  expressed  by t h e  food problem: ' If  I 

e a t  X t h e n  I d r i n k  Y n .  Most meals  i n c l u d e  both food and d r i n k ,  

and most peop le  e a t  t h r e e  such meals  a  day,  every day of t h e i r  

l i v e s .  Moreover, it is q u i t e  common f o r  c e r t a i n  foods  and d r i n k s  

t o  be consumed i n  con junc t ion  wi th  one another :  orange j u i c e  w i th  

b r e a k f a s t  foods ,  c o f f e e  w i th  d e s s e r t ,  wine wi th  d inne r  e n t r e e s ,  

mixed d r i n k s  wi th  h o r s  d 'oeuvres .*  Yet P o l l a r d  c l a i m s  t h a t  t h e  

food  problem d i d  n o t  e l i c i t  a  con ten t  e f f e c t  because s u b j e c t s  

p robably  had n o t  p e r s o n a l l y  exper ienced  some of t h e  p a r t i c u l a r  

f  ood-drink combinat ions  used, such a s ,  " I f  I e a t  haddock then  I 

d r i n k  gin" .  ( I n  some of my exper iments  I admin i s t e r ed  food 

problems u s i n g  more u s u a l  con ten t ,  and s t i l l  found no e f f e c t ,  s e e  

Chapter 6. ) 

Because r e sponses  a r e  determined by t h e  a c t u a l ,  p e r s o n a l ,  

i d i o s y n c r a t i c  expe r i ences  of s u b j e c t s ,  h i s  t heo ry  can account  f o r  

t h e  f a c t  t h a t  c e r t a i n  c o n t e n t s ,  l i k e  t h e  t r a n s p o r t a t i o n  problem, 

sometimes e l i c i t  l o g i c a l  responses  and sometimes do no t :  

* Note a l s o  t h a t  f o r  meals ,  t h e  most common e a t i n g  p l u s  d r i n k i n g  
expe r i ences ,  it i s  t h e  t ype  of food e a t e n  t h a t  de te rmines  what 
d r i n k  i s  se rved ,  no t  v i c e  ve r sa .  L i k e  t h e  food problem, t h e  
r e l a t i o n  f o r  meals  i s  " I f  I e a t  X ,  then  I d r i n k  Y', no t  " I f  I 
d r i n k  Y t h e n  I e a t  X) . 



... t h e  e x t e n t  of b i a s  toward one mode of t r a n s p o r t  would 
be expec ted  t o  v a r y  from s tudy  t o  s tudy  and, t o  some 
e x t e n t ,  from s u b j e c t  t o  s u b j e c t ,  depending on such 
f a c t o r s  a s  geog raph ica l  l o c a t i o n ,  income l e v e l  of t h e  
s u b j e c t s  and t h e  appearance of t h e  exper imenter  himself  
( s u b j e c t s ,  f o r  i n s t a n c e ,  may we l l  have exper ience  of 
p r o f e s s o r s ,  bu t  no t  of pos tg radua t e  s t u d e n t s ,  r e p o r t i n g  
t r a v e l  by p l a n e )  . (pp. 80-81) 

Unfo r tuna t e ly ,  f o r  t h e  same reason ,  h i s  t heo ry  has  ve ry  l i t t l e  

p r e d i c t i v e  power. For a  p a r t i c u l a r  s u b j e c t  popu la t i on ,  one can 

g e n e r a t e  p r e d i c t i o n s  i f  t h e  problem's  con ten t  t a p s  expe r i ences  

t h a t  t h e  exper imenter  knows t o  be n e a r l y  u n i v e r s a l  o r  e l s e  

complete ly  un fami l i a r .  But f o r  most con ten t  domains, t h e  only 

p r e d i c t i o n  it can make i s  t h a t  responses  w i l l  va ry  unp red i c t ab ly .  

The f a c t  t h a t  t h e  Drinking Age Problem (DAP) and Johnson- 

L a i r d  e t  a l . ' s  p o s t  o f f i c e  problem e l i c i t  h igh pe rcen t ages  of 'P 

& not-Q' responses  p r e s e n t s  d i f f i c u l t i e s  f o r  P o l l a r d ' s  t heo ry .  

Most s u b j e c t s  have had more exposures  t o  beer d r i n k e r s  who a r e  

over 20 ( l e g a l )  t h a n  under 20 ( i l l e g a l )  and seen  more envelopes  

w i th  c o r r e c t  pos tage  t han  wi th  i n c o r r e c t  postage.  Thus, an 

i m p l i c a t i o n  of h i s  d i f f e r e n t i a l  a v a i l a b i l i t y  view i s  t h a t  most 

s u b j e c t s  w i l l  choose ' P  & Q '  f o r  t h e s e  problems. P o l l a r d  n o t e s  

t h i s  d i f f i c u l t y  and t r i e s  t o  f i n e s s e  it by sugges t i ng  t h a t  

d i f f e r e n t i a l  a v a i l a b i l i t y  a r i s e s  from t h e  s u b j e c t ' s  expe r i ence  of 

t h e  con ten t  & of t h e  problem. He says :  

The c o n t e x t  r e l a t e s  t o  d r i n k e r s  t h a t  a r e  i n v e s t i g a t e d  by 
t h e  p o l i c e ,  o r  d r i n k e r s  who a r e  b reak ing  t h e  law, and 
t h e  only a v a i l a b l e  i n s t a n c e s  of t h e s e ,  g iven  t h e  
c o n t e x t ,  a r e  underage d r i n k e r s  ( o r ,  i n  t h e  c a s e  of t h e  
Johnson-Laird e t  a l .  s t udy ,  under stamped l e t t e r  s) . The 
P  - not-Q l i n k  t h u s  becomes dominant. ( p -  80)  

T h i s  e x p l a n a t i o n  i s  problemat ic .  Unless you a l r e a d y  under s t a n d  

t h a t  "break ing  t h e  law" = P + not-Q, p l a y i n g  t h e  r o l e  of a  p o l i c e  



o f f i c e r  o r  p o s t a l  s o r t e r  s eek ing  v i o l a t i o n s  of t h e  law w i l l  no t ,  

i n  and of i t s e l f ,  l i m i t  your s ea rch  t o  i n s t a n c e s  of not-Q 

(underaged beverage d r i n k e r s ,  under stamped l e t t e r s )  . T h i s  

c r i t i c i s m  i s  unde r l i ned  by r e s u l t s  on t h e  pos t  o f f i c e  problem f o r  

Gelding's younger s u b j e c t s  and Gr iggs  & Cox's American s u b j e c t s .  

These s u b j e c t s  d i d  n o t  unders tand t h a t  " v i o l a t i n g  t h e  r u l e "  = 

s e a l e d  envelope + l e s s  t h a n  20 c e n t s  postage.  P l ay ing  t h e  r o l e  

of a  p o s t a l  s o r t e r  l ook ing  f o r  v i o l a t i o n s  d i d  no t  h e l p  them one 

w i t ,  even though t h i s  i s  t h e  same c o n t e x t  s u c c e s s f u l l y  used by 

Johnson-Laird e t  a l .  TP Jlook fPrr n v i o l a t i o n  yau have LQ know 

whak counts a a m a t i = .  And i f  you a l r e a d y  know what coun t s  

a s  a  v i o l a t i o n ,  then  why no t  answer t h e  s e l e c t i o n  t a s k  

acco rd ing ly?  Why would t h e  j e l a t i v e  a v a i l a b i l i t y  of compliance 

ve r sus  v i  01 a t  i on  ep i sodes  cause  you t o  change your answer? 

One could  reframe P o l l a r d t s  view of c o n t e x t  t h u s  : Most 

s u b j e c t s  have had expe r i ence  wi th  t h e  p o l i c e  and have no ted  t h a t  

t hey  only q u e s t i o n  people  under 20, and t h i s  makes not-Q more 

a v a i l a b l e  than  Q. But i s  t h i s  t r u e ?  P o l i c e  do n o t  i n v e s t i g a t e  

g u i l t y  people  only -- they  query a  range of people  i n  s e a r c h  of 

t h e  g u i l t y .  I n  my exper ience ,  bouncers ( I  have never w i tnes sed  

p o l i c e  making such  i n q u i r i e s )  ask  t o  s e e  t h e  I D S  of people  who 

l o o k  young -- b u t  most of t h e s e  prove t o  be over t h e  l e g a l  

d r i n k i n g  age.  I s u s p e c t  my exper ience  i s  n o t  a t y p i c a l .  So a l l  

peop le  s h a r i n g  my exper ience  of bouncers /pol ice  should choose ' Q f  

r a t h e r  than  ' n o t - Q t .  And how many people  have had any a c t u a l  

expe r i ence  w i t h  p o s t a l  s o r t e r s ,  t o  s e e  what s o r t s  of envelopes  

t h e y  pay s p e c i a l  a t t e n t i o n  t o ?  The p o i n t  is,  s u b j e c t s t  

expe r i ence  w i th  t h e  behavior of p o l i c e  and p o s t a l  s o r t e r s  i s  
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bound t o  be a s  i d i o s y n c r a t i c  a s  t h e i r  exper ience  wi th  going t o  

Boston v i a  cab  o r  subway. Therefore ,  i f  we reframe P o l l a r d ' s  

view of c o n t e x t  i n  t h i s  manner, responses  t o  t h e  DAP and p o s t  

o f f i c e  problems should be v a r i a b l e ,  l i k e  t hose  t o  t h e  

t r a n s p o r t a t i o n  problem. They should no t  e l i c i t  such uniformly 

high l e v e l s  of f a l s i f i c a t i o n .  

L a s t ,  P o l l a r d  seems t o  pick and choose t h a t  which he wishes  

t o  count a s  " a c t u a l  exper ience."  The s u b j e c t ,  who has  never 

been, and perhaps never even met, a  p o s t a l  s o r t e r ,  can p r o j e c t  

himself  i n t o  t h i s  r o l e  such t h a t  t h i s  imagined p e r s o n ' s  long  term 

memory i s  cued. Yet t h i s  same s u b j e c t  cannot  make t h e  i n t u i t i v e  

l e a p  from haddock wi th  water t o  haddock wi th  g in .  I can s e e  no 

p r i n c i p l e d  way of main ta in ing  t h a t  t h e  t r a n s p o r t a t i o n  problem and 

p o s t  o f f  i c e  problem cue f a m i l i a r  exper iences ,  bu t  t h a t  t h e  food 

problem does not .  

Memory-cueing/ Reasoning by analogy 

Memory cue ing  (Manktelow & Evans, 1979; Gr iggs  & Cox, 1982; 

Cox & Griggs ,  1982; Griggs,  1983) i s  a  v a r i e t y  of a v a i l a b i l i t y  

t heo ry  t h a t  does no t  depend on d i f f e r e n c e s  i n  t h e  r e l a t i v e  

a v a i l a b i l i t y  of P & Q versus  P  & not-Q. Although i t  was f i r s t  

sugges ted  by Manktelow & Evans (1979) t o  e x p l a i n  why t h e  themat ic  

con ten t  e f f e c t  i s  so  e l u s i v e ,  its primary proponents a r e  Richard 

Gr iggs  and James Cox (Griggs & Cox, 1982; Cox & Griggs,  1982; 

Gr iggs ,  1983) .  I t  i s  a  "family 4-bn explana t ion .  

According t o  t h e s e  r e s e a r c h e r s ,  s u b j e c t s  w i l l  f a l s i f y  on t h e  

Wason s e l e c t i o n  t a s k  i f  they  can r e c a l l  p a s t  exper ience  with:  



1. t h e  con ten t  of t h e  problem; 
2. t h e  r e l a t i o n s h i p  ( r u l e )  expressed ;  and 
3. a  counter-example t o  t h e  r u l e .  

R e c a l l i n g  p a s t  expe r i ence  wi th  a l l  t h r e e  a s p e c t s  of t h e  problem 

a l lows  t h e  c o r r e c t  response t o  be "cued" from long  term memory. 

Unl ike P o l l a r d '  s d i f f e r e n t i a l  a v a i l a b i l i t y  t heo ry ,  which 

r e q u i r e s  t h a t  a v a i l a b l e  d i sconf  i rming i n s t a n c e s  outnumber 

a v a i l a b l e  conf i rming i n s t a n c e s ,  memory-cueing t h e o r i s t s  only 

r e q u i r e  t h a t  one counter-example become a v a i l a b l e .  S u b j e c t s  do 

no t*  g e n e r a t e  f a l s i f y i n g  i n s t a n c e s  by a  deduc t ive  p roces s ,  bu t  i f  

a  counter-example happens t o  be gene ra t ed  by some o t h e r  means, 

t hey  can r ecogn ize  it a s  v i o l a t i n g  t h e  r u l e .  T h i s  h i g h l i g h t s  an 

impor tan t  concep tua l  d i f f e r e n c e  between d i f f e r e n t i a l  a v a i l a b i l i t y  

t heo ry  and memory-cueing. D i f f e r e n t i a l  a v a i l a b i l i t y  i s  an 

e n t i r e l y  non log ica l  t heo ry ,  whereas memory-cueing r e q u i r e s  

minimal l o g i c a l  competence: t h e  a b i l i t y  t o  recognize  

c o n t r a d i c t i o n ,  t h e  most fundamental  l o g i c a l  p rope r ty .  

The exper iments  r e p o r t e d  by Griggs  & Cox, 1982, was very  

impor tan t  i n  e s t a b l i s h i n g  memory-cueing a s  a  theory .  The 

t r a n s p o r t a t i o n  and p o s t  o f f i c e  problems f a i l e d  t o  e l i c i t  more 

l o g i c a l  responses  from t h e i r  American s u b j e c t s  t han  a b s t r a c t  

problems d id .  However, 72% and 74% of s u b j e c t s  from t h e  same 

popu la t i on  produced f a l s i f y i n g  responses  i n  two d i f f e r e n t  

r e p l i c a t i o n s  of t h e  Dm. Griggs  & Cox s u b s t a n t i a t e d  t h e i r  c l a im  

t h a t  members of t h e i r  s u b j e c t  pool  had p a s t  exper ience  wi th  t h e  

above t h r e e  a s p e c t s  of t h e  Dm, bu t  no t  wi th  t h e  pos t  o f f i c e  

problem. T h i r t y - t h r e e  a d d i t i o n a l  s u b j e c t s  from t h e  same 

popu la t i on  completed a  q u e s t i o n n a i r e  des igned  t o  t a p  t h e i r  

* and cannot ,  wi thout  e x p l i c i t  academic t r a i n i n g  i n  formal  l o g i c .  
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f a m i l i a r i t y  with  t h e s e  two r u l e s  and counter-examples t o  them. 

The q u e s t i o n n a i r e  asked: 

1. whether r e g u l a t i o n s  e x i s t  concerning beer and being of a  
c e r t a i n  age,  and s e a l i n g  an envelope and having a  c e r t a i n  
amount of pos tage  on it; i f  so ,  then w r i t e  t h e  r e g u l a t i o n ,  

2. whether they  themselves had ever  v i o l a t e d  t h e  r e g u l a t i o n ,  

3.  whether they  could >qemember s p e c i f i c  i n s t a n c e s  of someone 
o t h e r  than  themselves  v i o l a t i n g  t h e  r e g u l a t i o n .  

Only 12% wrote  a  r u l e  c o n s i s t e n t  w i th t ' t he  pos t  o f f  ice problem, 

bu t  88B' wrote  a  r u l e  c o n s i s t e n t  wi th  t h e  DAP. Only one s u b j e c t  

r e c a l l e d  having per  s o n a l l y  v i o l a t e d  t h e  p o s t a l  r u l e  ( i n t e r e s t i n g ,  

a s  no such r u l e  e x i s t s  i n  t h e  U.S.1). I n  c o n t r a s t ,  76% of 

s u b j e c t s  r e p o r t e d  having per  s o n a l l y  v i o l a t e d  t h e  d r i n k i n g  age 

r u l e ,  and 97% could  r e c a l l  s p e c i f i c  i n s t a n c e s  of someone e l s e  

v i o l a t i n g  it. 

Griggs & Cox t a k e  t h i s  c o r r e l a t i o n  of pe r sona l  exper ience  i n  

t h e i r  s u b j e c t  popula t ion  with  succes s  on t h e  s e l e c t i o n  t a s k  a s  

ev idence  f o r  memory-cueing theory .  They a l s o  c i t e  Golding 

(1981) ,  i n  which o lde r  s u b j e c t s  who were f a m i l i a r  wi th  B r i t a i n ' s  

pre-1968 pos t  o f f i c e  ru le  d i d  w e l l  on t h e  pos t  o f f i c e  problem, 

whereas younger s u b j e c t s  d i d  not .  

They e x p l a i n  t h e  i ncons i s t ency  of t h e  r e s u l t s  f o r  o the r  

t hema t i c  problems (food,  s choo l s ,  t r a n s p o r t a t i o n )  a s  caused by 

t h e  v a r i a b l e ,  i d i o s y n c r a t i c ,  exper ience  of s u b j e c t s  wi th  t h e s e  

con ten t s .  They sugges t ,  f o r  example, t h a t  Wason & S h a p i r o ' s  

(1971) t r a n s p o r t a t i o n  problem e l i c i t e d  higher  l e v e l s  of l o g i c a l  

f a l s i f i c a t i o n  than  those  of Manktelow & Evans (1979) and P o l l a r d  

(1981) ,  because Wason & S h a p i r o ' s  s u b j e c t s  from Unive r s i t y  

Col lege  London l i v e  c l o s e r  t o  t h e  c i t i e s  named i n  t h e  s e l e c t i o n  

t a s k  t h a n  do t h e  o the r  r e s e a r c h e r s '  Plymouth Po ly t echn ic  
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s u b j e c t s .  Therefore ,  Wason & S h a p i r o l s  s u b j e c t s  were more l i k e l y  

t o  have made a t r i p  t h a t  happened t o  be a counter-example t o  t h e  

r u l e .  * 
Note t h a t  t h e  f a c t  t h a t  Gr iggs  & Cox hazard  t h i s  e x p l a n a t i o n  

f o r  t h e  t r a n s p o r t a t i o n  problem means t h a t  they  only r e q u i r e  t h a t  
t l- 

t h e  s u b j e c t  have e x p e r i e n t e  wi th  t h e  relation expressed  by t h e  

r u l e .  S u b j e c t s  needn ' t  have exper ienced  t h e  r u l e  gua r u l e  -- 
t h a t  is ,  a s  an e x p l i c i t ,  l i n g u i s t i c a l l y  expressed  s e t  of 

p r o p o s i t i o n s ,  such a s  t h e  DAP and t h e  B r i t i s h  p o s t a l  o f f i c e  r u l e .  

I f  memory-cueing i s  t h e  f u l l  s t o r y ,  one wonders why 

performance on food  problems i s  s o  uniformly low. Although 

memory-cueing r e q u i r e s  t h a t  t h e  s u b j e c t  have had expe r i ence  wi th  

a counter-example, it does no t  r e q u i r e  t h a t  t h e  s u b j e c t  have had 

expe r i ence  w i th  t h e  e m  counter-exampl e sugges ted  by t h e  

uncovered not-Q ca rd .  On t h e  DAP, f o r  example, t h e  s u b j e c t  can 

s t i l l  be expec ted  t o  choose a not-Q c a r d  t h a t  s ays  "16 y e a r s  o l d "  

even i f  her s p e c i f i c  expe r i ence  was of an 1 8  year  o l d  i l l e g a l l y  

d r i n k i n g  beer .  The food problem s t u d i e s  do n o t  r e p o r t  what food 

and d r i n k  p a i r s  t hey  a c t u a l l y  used,  bu t  some a u t h o r s  (e.g. 

P o l l a r d ,  1981) have made of t h e  f a c t  t h a t  Manktelow & Evans' 

i n s t r u c t i o n s  used some r a t h e r  odd combinat ions ,  such a s ,  " I f  I 

e a t  haddock, t hen  I d r i n k  g i n n .  But t h e  odder t h e  combination,  

t h e  h igher  t h e  p r o b a b i l i t y  t h a t  a s u b j e c t  would have exper ienced  

* T h i s  e x p l a n a t i o n  would have d i f f i c u l t y  account ing  f o r  Bracewel l  
& H i d i ,  1974: Even though both t r a n s p o r t a t i o n  problems were g iven  
t o  the u b i e c t  p o ~ u l a t i o n ,  one l i n g u i s t i c  fo rmat  e l i c i t e d  a 
con ten t  e f f e c t ,  b u t  t h e  o the r  d i d  no t .  However, Griggs  (1983) 
c o n s i d e r s  Bracewel l  & H i d i 1 s  i n s t r u c t i o n s  r ega rd ing  non- 
r e v e r s i b i l i t y  t o o  s e r i o u s  a con£ ound t o  m e r i t  an exp lana t ion  of 
t h i s  i n c o n s i s t e n c y .  



a counter-example -- it may be t r u e  t h a t  not  many people  d r i n k  

g i n  wi th  t h e i r  haddock, bu t  I ' l l  wager a g r e a t  many have washed 

it down wi th  water ,  The average 20 year  o l d  s u b j e c t  who e a t s  

t h r e e  meals a day w i l l  have experienced almost 22,000 e a t i n g  p l u s  

d r i n k i n g  even t s .  Whatever t h e  r u l e s  a c t u a l l y  were, one would 

expec t  t h a t  22,000 sepa,r;ate exper iences  would be s u f f i c i e n t  t o  

t r i g g e r  a good number of counter-examp1,es -- e s p e c i a l l y  i f  many 
.,a' 

of t h e  r u l e s  expressed  odd combinations.  Shouldn ' t  t h e  memory- 

cue ing  t h e o r i s t  expec t  a r e l a t i v e l y  c o n s i s t e n t  con ten t  e f f e c t  f o r  

t h e  food problem? 

How does memory-cueing theo ry  handle  D '  Andrade' s S e a r s  

problem? A s  Gr iggs  (1983) n o t e s ,  chances a r e  t h a t  very  few 

s u b j e c t s  have been a s s i s t a n t s  t o  S e a r s '  managers, or  even worked 

i n  a s t o r e  t h a t  r e q u i r e d  managers t o  a u t h o r i z e  r e c e i p t s .  To 

hand le  such c a s e s ,  Griggs and Cox coup le  "reasoning by analogyu 

wi th  memory-cueing theory .  Griggs (1983) p o i n t s  o u t  t h a t  

Johnson-Laird e t  a l . ' s  B r i t i s h  s u b j e c t s  d i d  j u s t  a s  w e l l  on t h e  

p o s t  o f f i c e  problem when t h e  stamps were I t a l i a n  r a t h e r  than  

B r i t i s h .  H e  a rgues  t h a t  t h i s  i s  because t h e  f a m i l i a r  r u l e  us ing  

pence i s  t o  t h e  un fami l i a r  r u l e  us ing  l i r e .  H e  

e x p l a i n s  D'  Andrade by say ing  t h a t  most s u b j e c t s  have probably had 

expe r i ence  wi th  analogous s i t u a t i o n s ,  such a s  s t o r e  managers 

a u t h o r i z i n g  t h e  s u b j e c t ' s  own check, 'What seems t o  be e s s e n t i a l  

is  t h a t  t h e  problem cue  t h e  s u b j e c t s  t o  r e c a l l  t h e i r  exper ience  

wi th  t h e  s p e c i f i c  s i t u a t i o n  analogous s i t u a t i o n s n  (Griggs,  

1983, p.26). 

Cox & Griggs  (1982) a rgue  t h a t  they  have found f u r t h e r  

suppor t  f o r  reasoning  by analogy i n  some experiments  on t r a n s f e r .  



They c r e a t e d  an "Apparel Color Problem" (ACP) which i s  i d e n t i c a l  

t o  t h e  DAP, except  t h a t  t h e  r u l e  f o r  t h e  " p o l i c e  o f f i c e r n  t o  

e n f o r c e  is: "If a  person i s  wearing blue,  then t h e  person must be 

over 19." Obviously,  no s u b j e c t  has  ever exper ienced such a  

r u l e .  They gave each s u b j e c t  t h r e e  problems t o  so lve :  an 

a b s t r a c t  problem ( A P ) ,  , t h e  ACP, and t h e  DAP. Cox & Griggs  

demonstrated t h a t  s i g n i f i c a n t l y  more s u b j e c t s  s o l v e  t h e  ACP when 
"a 

it comes a f  t e r  t h e  DAP t han  when it comes be£ o r e  t h e  DAP ( 7  5% v. 

2 5 % ) .  The i r  exp lana t ion  was t h a t  when t h e  ACP fol lowed t h e  DAP, 

s u b j e c t s  reasoned by analogy t o  t h e  DAP. 

I n t e r e s t i n g l y ,  t h e  ACP e l i c i t e d  a  smal l  but  s i g n i f i c a n t  

t hema t i c  con ten t  e f f e c t  even when it preceded t h e  DAP (ACP: 25%, 

AP: 4%) . Griggs (1983) a s s e r t s  t h a t  a l though t h e  ACP does no t  

r e l a t e  d i r e c t l y  t o  s u b j e c t s '  exper ience ,  they would have been i n  

many n a t u r a l  s i t u a t i o n s  i n  which t h e i r  age c o n s t r a i n e d  what they  

could  do: d r i n k i n g  a l coho l ,  d r i v i n g ,  vo t ing .  Thus, t h e  ACP could 

have cued one of t h e s e  r u l e s  f o r  some of t h e  s u b j e c t s ,  who could 

then  "reason by analogy. "* 
Unfor tuna te ly ,  g r a f t i n g  reasoning  by analogy onto  memory- 

cue ing  t h e o r y  t r ans fo rms  it from a  moderately s p e c i f i e d  theo ry  

i n t o  an  u n s p e c i f i e d  theo ry .  What dimensions of a  s i t u a t i o n  a r e  

p sycho log ica l ly  r e a l  f o r  s u b j e c t s ?  which a r e  most important  i n  

judging s i m i l a r i t y ?  How many c h a r a c t e r i s t i c s  must be shared  

be fo re  a  s u b j e c t  dec ides  t h a t  two problems o r  s i t u a t i o n s  a r e  

* Cox & Griggs  p r e s e n t  o the r  d a t a  which they  a l s o  i n t e r p r e t  a s  
i n s t a n c e s  of reasoning  by analogy, us ing  permuta t ions  of t h e  DAP, 
l i k e  " I f  a  person i s  over 1 9  then  he must be d r i n k i n g  beer"  and 
" I f  a  person i s  under 1 9  then  he m u s t  be d r i n k i n g  coken.  However, 
t h e s e  experiments  a r e  so f r a u g h t  wi th  demand c h a r a c t e r i s t i c s  of 
t h e  kind d e s c r i b e d  f o r  deformed s o c i a l  c o n t r a c t s  i n  Chapter 2  
t h a t  they  a r e  d i f f i c u l t  t o  i n t e r p r e t .  



"analogous "? These a r e  key ques t ions ,  y e t  they  a r e  never 

addressed  by advoca tes  of reasoning  by analogy. Without answers 

t o  q u e s t i o n s  l i k e  t h e s e ,  memory-cueing/reasoning by analogy 

exp lana t ions  a r e  ad-hoc. I n  t h e  absence of a  theory  of analogy, 

reasoning  by analogy g u t s  memory-cueing theo ry  of i ts  p r e d i c t i v e  

va lue .  

T h i s  can be seen 'by cons ide r ing  some p o s s i b l e  t h e o r i e s  of 

analogy.. For example, a r e  t h e  DAP and ACP a r e  analogous because 

they  s h a r e  t h e  same consequent term? Apparently t h i s  i s  n o t  a  

necessary  c o n d i t i o n ,  because Johnson-Laird e t  a l . ' s  p o s t  o f f i c e  

problems used d i f f e r e n t  terms: 50 l i r e  stamps ve r sus  5 pence 

stamps. 

But perhaps problems a r e  analogous when t h e i r  consequents  

belong t o  t h e  same c l a s s  of e n t i t i e s *  -- a f t e r  a l l ,  50 l i r e  

stamps and 5 pence stamps a r e  s t i l l  stamps. I f  t h i s  i s  t h e  ca se ,  

t hen  why i s  performance so  poor on food problems? There a r e  

n a t u r a l  s i t u a t i o n s  i nvo lv ing  e x p l i c i t  food r u l e s  ( " I f  I e a t  r e d  

meat, then  I d r i n k  r e d  winew; " I f  I e a t  f i s h ,  then I d r i n k  wh i t e  

w ine" ) ,  and many invo lv ing  i m p l i c i t  r u l e s  and r e l a t i o n s  ( " I f  I 

e a t  b r e a k f a s t  c e r e a l ,  then  I d r i n k  orange j u i c e " ,  " I f  I e a t  h o t  

c h i l i  peppers ,  then  I d r i n k  water" ,  " I f  I e a t  c a v i a r ,  then  I 

d r i n k  champagne", " I f  I e a t  Chinese food,  then I d r i n k  t e a " )  . 
These r u l e s  d i f f e r  from t h e  ones s u b j e c t s  were given only i n  t h e  

p a r t i c u l a r  foods and d r i n k s  mentioned, j u s t  a s  t h e  p o s t a l  r u l e s  

r r d i f f e r e d  only i n  t h e  p a r t i c u l a r  t ypes  of stamps. 

* Of course  t h i s  begs t h e  ques t ion .  One sti l l  would need t o  know 
what dimensions a r e  s a l i e n t  f o r  dec id ing  whether two e n t i t i e s  
belong t o  t h e  same ca tegory .  T h i s  formula t ion  merely pushes 
t h e  problem back one s t e p .  



The memory-cueing t h e o r i s t  cannot e x p l a i n  t h i s  d i f f e r e n c e  

away by p o i n t i n g  o u t  t h a t  t h e  U U . & h  p o s t a l  r u l e  was e x p l i c i t l y  

mentioned i n  t h e  t a s k ,  f o r  two reasons.  F i r s t ,  t h i s  was no t  

always t r u e  -- some s u b j e c t s  encountered t h e  l i r e  r u l e  be fo re  t h e  

pence r u l e ,  and d i d  very we l l ,  none the less .  Second, Griggs 

(1983) a t t r i b u t e s  succes s  on t h e  S e a r s  problem t o  "memory-cueing 

of aeneral expe r i encen  (p. 25 ) .  I f  such g e n e r a l  exper ience  can 

be cued!.for check a u t h o r i z a t i o n ,  then s u r e l y  it can be cued f o r  

t h e  food problem. The same goes f o r  t h e  t r a n s p o r t a t i o n  problem. 

I s n ' t  it l i k e l y  t h a t  most s u b j e c t s  have f a v o r i t e  -- even 

e x c l u s i v e  -- ways of t r a v e l i n g  t o  c e r t a i n  p l aces?  They walk t o  

c l a s s e s ,  they  fly home a t  Christmas,  they s e e  t h e i r  p a r e n t s  d r i v e  

t o  work every  day. Why c a n ' t  they  use t h e s e  commonplace 

expe r i ences  t o  "reason by analogyn on t h e  t r a n s p o r t a t i o n  problem? 

A s  mentioned above, Griggs & Cox r e q u i r e  exper ience  only with t h e  

r e l a t i o n ,  no t  wi th  an m i c i t ,  ru l e .  Unfor tuna te ly ,  Griggs and 

Cox never con f ron t  t h e s e  ques t ions .  

I t  i s  q u i t e  p o s s i b l e ,  even l i k e l y ,  t h a t  people  reason by 

analogy. I t  i s  even p o s s i b l e  t h a t  t h i s  t echnique  i s  only 

e f f e c t i v e  when combined wi th  memory-cueing. My po in t  is,  u n t i l  

p s y c h o l o g i s t s  s t a r t  developing t h e o r i e s  of analogy, t h i s  v a r i a n t  

of memory-cueing theo ry  l a c k s  any empi r i ca l  conten t .  

Mental Models 

The mental  models approach was developed by P h i l i p  Johnson- 

La i rd  (Johnson-Laird, 1982; Johnson-Laird, 1983) . Expla in ing  

con ten t  e f f e c t s  on t h e  Wason s e l e c t i o n  t a s k  was no t  h i s  primary 

mot iva t ion  i n  developing t h i s  theory .  I n s o f a r  a s  it  does account  



f o r  con ten t  e f f e c t s ,  it r e l i e s  on a  form of a v a i l a b i l i t y .  I 

i n c l u d e  it because it r e p r e s e n t s  a  q u i t e  d i f f e r e n t  view of how 

humans reason than  do t h e  t h e o r i e s  prev ious ly  descr ibed .  Mental 

models i s  a  "family 4-an explana t ion .  

According t o  Johnson-Laird, t h e  human mind has  no 

computat ional  procedures  t h a t  correspond t o  r u l e s  of i n f e r e n c e  

( l i k e  modus ponens o r  modus t o l l e n s ) .  I n s t e a d ,  

1. reasone r s  i n t e r p r e t  premises by c o n s t r u c t i n g  an i n t e g r a t e d  
,mental  model of them i n  working memory, and 

2.  r ea sone r s  have one p i e c e  of semant ic  in format ion :  A conc lus ion  
i s  t r u e  i f  t h e  premises a r e  t r u e  and t h e r e  is  no way of 
i n t e r p r e t i n g  them so  a s  t o  render it f a l s e .  

These two f a c t o r s  can l e a d  t o  l o g i c a l  reasoning. For example, 

g iven  t h e  premises ,  "Some of t h e  s c i e n t i s t s  a r e  p a r e n t s "  and "All  

t h e  p a r e n t s  a r e  d r i v e r s n ,  t h e  s u b j e c t  w i l l  f i r s t  c o n s t r u c t  a  

mental  model of t h e  r e l a t i o n  expressed  by t h e  f i r s t  premise,  

perhaps l i k e  t h i s :  

s c i e n t i s t  
s c i e n t i s t  = pa ren t  
s c i e n t i s t  = pa ren t  

pa ren t  

The f i r s t  person i s  a  s c i e n t i s t  who i s  no t  a  pa ren t ,  t h e  second 

and t h i r d  a r e  s c i e n t i s t s  who a r e  p a r e n t s ,  t h e  f o u r t h  is  a  pa ren t  

who i s  no t  a  s c i e n t i s t .  A l l  four  p o s s i b i l i t i e s  a r e  c o n s i s t e n t  

wi th  t h e  premise "Some of t h e  s c i e n t i s t s  a r e  pa ren t s . "  Next, t h e  

s u b j e c t  w i l l  t r y  t o  i n t e g r a t e  t h e  in format ion  i n  t h e  second 

premise i n t o  t h e  model of t h e  f i r s t  premise: 

s c i e n t i s t  
s c i e n t i s t  = pa ren t  = d r i v e r  
s c i e n t i s t  = pa ren t  = d r i v e r  

pa ren t  = d r i v e r  

T h i s  i n t e g r a t e d  mental  model i s  c o n s i s t e n t  wi th  two t e n t a t i v e  

conc lus ions :  "Some of t h e  s c i e n t i s t s  a r e  d r i v e r s "  ( a  v a l i d  



in£ e rence )  and "Some of t h e  s c i e n t i s t s  a r e  no t  d r i v e r s "  (an 

i n v a l i d  i n f e r e n c e ) .  But which one w i l l  t h e  s u b j e c t  choose? T h i s  

i s  where t h e  second f a c t o r  e n t e r s  t h e  p i c t u r e .  According t o  

Johnson-Laird, people  know t h a t  a  conc lus ion  is t r u e  when t h e  

premises  a r e  t r u e  an8 LhAe is na Pf i n t e r p r e t i n g  

Dremises as LQ x e n d e ~  U false. Theref o re ,  t h e  s u b j e c t  w i l l  

s ea rch  f o r  a l t e r n a t i v e  mental  models Tha t  a r e  a l s o  c o n s i s t e n t  

wi th  t h e  premises ,  t o  s e e  i f  any v i o l a t e  a  t e n t a t i v e  conc lus ion  

they  have drawn. For example, t h e  fo l lowing  two models a r e  a l s o  

c o n s i s t e n t  wi th  t h e  premises : 

s c i e n t i s t  = dr  i v  e r  s c i e n t i s t  = pa ren t  = d r i v e r  
s c i e n t i s t  = pa ren t  = d r i v e r  and s c i e n t i s t  = pa ren t  = d r i v e r  
s c i e n t i s t  = pa ren t  = d r i v e r  pa ren t  = d r i v e r  

pa ren t  = d r i v e r  

However, both render f a l s e  t h e  conc lus ion  "Some of t h e  s c i e n t i s t s  

a r e  no t  d r i v e r s . "  I n  c o n t r a s t ,  both models a r e  c o n s i s t e n t  wi th  

t h e  conc lus ion  "Some of t h e  s c i e n t i s t s  a r e  d r i v e r s . "  

Thus, mental  modeling theo ry  is  very d i f f e r e n t  from memory- 

cue ing  theo ry .  According t o  memory cueing theo ry ,  people  can 

recognize  a  counter-example a s  such i f  they happen t o  r e c a l l  one, 

bu t  they  do n o t  a c t i v e l y  s ea rch  f o r  counter-examples. Also,  i n  

memory cue ing  theo ry  people  do no t  model t h e  premises  -- t h e  

premises  f u n c t i o n  p r i m a r i l y  a s  r e c a l l  cues.  

Johnson-Laird (1983) i n t e g r a t e s  conten t  e f f e c t s  i n t o  h i s  

t heo ry  thus :  

I f  s u b j e c t s  a l r e a d y  possess  a  mental  model of t h e  
r e l a t i o n  expressed  i n  t h e  g e n e r a l  r u l e ,  or  a  model t h a t  
can be r e a d i l y  r e l a t e d  t o  t h e  r u l e ,  they  a r e  much more 
l i k e l y  t o  have an i n s i g h t  i n t o  t h e  t a s k .  (p.  33) 

H e  b e l i e v e s  t h a t  memory i s  important  i n  t h a t  "no e f f e c t  of 

con ten t  can be expla ined  wi thout  appea l  t o  prev ious  exper ience .  " 



Previous  expe r i ence  g i v e s  one a  l i b r a r y  of mental  models. 

R e a l i s t i c  con ten t  makes mental  models a v a i l a b l e ,  no t  mere 

a s s o c i a t i o n s .  

Johnson-Laird makes no a t tempt  t o  p r e d i c t  what kinds of 

con ten t  w i l l  enhance performance beyond say ing  t h a t  f a m i l i a r i t y  

with  t h e  r u l e  he lps .  However, t h e  s u b j e c t  need n o t  have 

exper ienced  an e x p l i c i t  r u l e  ( l i k e  t h e  DAP); he c i t e s  Wason & 

S h a p i r o ' s  o r i g i n a l  t r a n s p o r t a t i o n  problem, D'Andradels S e a r s  

problem, and h i s  own l i r e  ve r s ion  of t h e  pos t  o f f i c e  problem a s  

examples. However, he provides  no exp lana t ions  r ega rd ing  why t h e  

food problem never enhances performance, why r e s u l t s  wi th  t h e  

t r a n s p o r t a t i o n  and school  problems a r e  so  s p o t t y ,  or  why r e s u l t s  

wi th  what I have c a l l e d  " s o c i a l  c o n t r a c t  problems" a r e  so  

c o n s i s t e n t .  

Frames and Schemas 

A t  p r e s e n t ,  exp lana t ions  of conten t  e f f e c t s  on t h e  Wason 

s e l e c t i o n  t a s k  i n  terms of frames o r  schemas a r e  promising,  bu t  

me ta - theo re t i ca l .  Wason & Shapi ro  (1971) ,  Wason (1983)r  and 

Rumelhart & Norman (1981) have argued t h a t  reasoning  on t h e  Wason 

s e l e c t i o n  t a s k  i s  guided by frames o r  schemas -- domain s p e c i f i c  

i n f e r e n c e  procedures  and/or mental  models. These develop con ten t  

a r e a  by con ten t  a r e a ,  accord ing  t o  t h e  s u b j e c t ' s  pe r sona l  

exper ience .  The more exper ience  a  person has  had wi th  a given 

con ten t  a r e a ,  t h e  more l i k e l y  it i s  t h a t  she has  acqu i r ed  a  frame 

governing i n f e r e n c e  i n  t h a t  a rea .  The presumption seems t o  be 

t h a t  t h e  p roces ses  under ly ing  t h e  a c q u i s i t i o n  of frames a r e  

domain g e n e r a l ,  making t h i s  a  "family 1-a" explana t ion .  However, 
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t h i s  view would no t  be compromised i f  most frames were b u i l t  by 

domain s p e c i f i c  a lgor i thms .  

Although t h i s  view i s  a k i n  t o  Johnson-Laird 's  mental  

modeling t h e o r y ,  it i s  more i n c l u s i v e .  Schemas o r  frames can 

enhance performance by v i r t u e  of t h e i r  a b i l i t y  t o  u n i t e  t h e  terms 

of t h e  s e l e c t i o n  t a s k  i n t o  one, u n i f i e d  mental  r e p r e s e n t a t i o n  

t h a t  can be e a s i l y  manipulated v i a  t h e  f rame ' s  procedures  (Wason 

& Green (1984) p r e s e n t  some evidence f o r  t h i s  view us ing  a  very  

s imp le  "reduced a r r a y  s e l e c t i o n  t a sk" ,  or  RAST) .* A l t e r n a t i v e l y ,  

performance can be enhanced v i a  t h e  domain s p e c i f i c  i n f e r e n c e  

procedures  t h a t  t h e  schemas or frames embody. 

The in£  e rence  procedures  t h a t  develop i n  a  given con ten t  

domain need n o t  be l o g i c a l  i n  cha rac t e r .  I n  Johnson-Laird 's  

t heo ry ,  t h e  s u b j e c t ' s  knowledge t h a t  counter-examples a r e  

r e l e v a n t  t o  t h e  l o g i c a l  v a l i d i t y  of a conc lus ion  is an important  

f a c t o r  i n  r e j e c t i n g  t e n t a t i v e  conc lus ions .  I n  frame theo ry ,  t h e  

s u b j e c t  could be judging t h e  soundness of a  conc lus ion  us ing  

"p i eces  of semant ic  in format ionn  t h a t  have noth ing  t o  do wi th  

l o g i c a l  v a l i d i t y .  For example, t h e  s u b j e c t ' s  knowledge of t h e  

s o c i a l  f a c t o r s  governing commercial t r a n s a c t i o n s  might gu ide  her  

response t o  D' Andrade's  S e a r s  problem. T h i s  knowledge can be 

e i t h e r  d e c l a r a t i v e  or p rocedura l .  Because each con ten t  a r e a  may 

* The RAST i s  a  s e l e c t i o n  t a s k  which uses  only Q and not-Q c a r d s ,  
and u s u a l l y  many i n s t a n c e s  of each. Given t h e  r u l e  " A l l  
t r i a n g l e s  a r e  whi te" ,  t h e  s u b j e c t  i s  t o  determine whether it i s  
t r u e  by a sk ing  t o  i n s p e c t  -- one a t  a  t ime -- t h e  minimum number 
of black shapes  o r  wh i t e  shapes.  The b e s t  answer i s  t o  choose 
a l l  and only t h e  black shapes;  however, one can t e s t  va ry ing  
deg rees  of i n s i g h t  i n t o  d i f f e r e n t  r u l e s  by see ing  i f  s u b j e c t s  
choose more confirming wh i t e  shapes f o r  one r u l e  than  f o r  
another .  The RAST i s  d i f f e r e n t  enough from t h e  f u l l  s e l e c t i o n  
t a s k  t h a t  r e s u l t s  on it a r e  no t  d i r e c t l y  comparable. 



have d i f f e r e n t  r u l e s  of i n f e r e n c e  a s s o c i a t e d  with  i t ,  a  frame 

need n o t  l e a d  t o  a  l o g i c a l l y  c o r r e c t  answer. 

The frame t h e o r i s t s  have not  y e t  addressed  q u e s t i o n s  l i k e :  

Are some con ten t  a r e a s  more l i k e l y  than o t h e r s  t o  have frames 

a s s o c i a t e d  wi th  them? How many exper iences  with  a  domain must 

one have t o  develop a  f game? Must t hose  exper iences  be of a  

p a r t i c u l a r  kind? How 'does t h e  mind p a r s e  t h e  world i n t o  s e p a r a t e  

domains ..for t h e  purpose of bu i ld ing  frames? To what e x t e n t  do 

d i f f e r e n t  i n d i v i d u a l s  s h a r e  t h e  same frames? 

Without answers t o  q u e s t i o n s  l i k e  t h e s e ,  t h e  frames 

exp lana t ion  cannot  be eva lua t ed  by appea l s  t o  e m p i r i c a l  evidence.  

I n  p r i n c i p l e ,  any con ten t  e f f e c t  o r  non-eff e c t  i s  compat ib le  w i th  

it. I f  a  p a r t i c u l a r  con ten t  e l i c i t s  an e f f e c t ,  t h a t  is  post-hoc 

ev idence  f o r  t h e  e x i s t e n c e  of a  frame f o r  t h a t  con ten t  domain. 

I f  it does no t ,  t h a t  i s  post-hoc evidence f o r  t h e  l a c k  of a  frame 

f o r  t h a t  con ten t  domain. The Wason s e l e c t i o n  t a s k  may indeed 

t u r n  o u t  t o  be a  u s e f u l  t o o l  f o r  g F s c o v w  what s o r t  of frames 

people  have, e s p e c i a l l y  i f  performance i n  c e r t a i n  domains i s  

c o n s i s t e n t  a c r o s s  s u b j e c t s ,  bu t  v i o l a t e s  l o g i c a l  p r i n c i p l e s .  

However, a t  p r e s e n t  t h e  frame view does no t  a l low one t o  p r e d i c t  

i n  advance which con ten t  a r e a s  w i l l  enhance performance. I f  one 

presumes t h a t  frames a r e  b u i l t  by domain g e n e r a l  c o g n i t i v e  

p roces ses ,  then ,  a t  most, frame theory  p r e d i c t s  t h a t  performance 

wi th  t h e  same con ten t  domain w i l l  vary,  r e f l e c t i n g  t h e  

i d i o s y n c r a t i c  exper iences  of t h e  s u b j e c t s  t e s t e d .  But be fo re  

frame theo ry  can be cons idered  a  thoroughgoing exp lana t ion  of 

con ten t  e f f e c t s  on t h e  Wason s e l e c t i o n  t a s k ,  t h e  q u e s t i o n  of how 

frames a r e  b u i l t  must be addressed.  



Auxi l i a ry  Mechanisms 

I n  t h e  e a r l y  1970s,  s e v e r a l  r e s e a r c h e r s  cons ide red  t h e  

p o s s i b i l i t y  t h a t  people  a r e  l o g i c a l l y  competent, bu t  t h a t  

a b s t r a c t  t e rms  o r  r e l a t i o n s  c r e a t e  performance l i m i t a t i o n s  ( a  

"family  3" e x p l a n a t i o n ) .  Wason & Shapi ro  (1971) ,  Bracewell  & 

Hidi  (1974) , and Gilhoollf & Falconer (1974) , sugges ted  t h a t  

t hema t i c  t e rms  o r  r e l a t i o n s  may be mote e a s i l y  manipulated by 

a u x i l i a r y  mechanisms ( l i k e  working memory) than  a b s t r a c t  t e rms  o r  

r e l a t i o n s .  The c o n c r e t e  t e rms  used i n  t hema t i c  problems might 

enhance performance because they  a r e  more memorable t han  a b s t r a c t  

symbols. A t hema t i c  r e l a t i o n  might impose a  smal le r  " c o g n i t i v e  

l o a d "  on working memory i f  i ts con ten t  a c t i v a t e s  knowledge t h a t  

cues  t h e  s u b j e c t  t h a t  t h e  r e l a t i o n  i s  non- revers ib le :*  t h e  f a c t  

t h a t  t h e  c o n d i t i o n a l  i s  no t  r e v e r s i b l e  need n o t  be a c t i v a t e d  a s  a  

s e p a r a t e  and a d d i t i o n a l  p i e c e  of in£ ormation i n  working memory. 

Research i n t o  t h i s  view was v i r t u a l l y  abandoned a s  l a t e r  

r e s u l t s  c a l l e d  i n t o  q u e s t i o n  t h e  very  e x i s t e n c e  of a  t hema t i c  

con ten t  e f f e c t .  The sugges t i on  t h a t  t h e  s u p e r i o r  memorabi l i ty  of 

c o n c r e t e  t e rms  e x p l a i n s  t h e  con ten t  e f f e c t  can be r u l e d  ou t .  The 

food problem has  never e l i c i t e d  a  con ten t  e f f e c t ,  t h e  pos t  o f f i c e  

problem does  no t  when s u b j e c t s  a r e  un fami l i a r  wi th  t h e  r e l a t i o n ,  

t h e  school  and t r a n s p o r t a t i o n  problems u s u a l l y  do no t  produce 

con ten t  e f f e c t s  -- y e t  a l l  use  c o n c r e t e  terms. 

The h y p o t h e s i s  t h a t  c e r t a i n  t hema t i c  r e l a t i o n s  reduce  

c o g n i t i v e  l o a d  i s  u n l i k e l y  given t h e  s p o t t y  r e p l i c a t i o n  r eco rd  

* I t  i s  obvious  t h a t  "All  ho r se s  a r e  animals"  does  not  imply t h a t  
" A l l  an imals  a r e  h o r s e s w ;  i t  i s  not  so  obvious t h a t  "All  c a r d s  
w i th  an A on one s i d e  have a  3 on t h e  o the r  s i d e "  does  no t  imply 
t h a t  " A l l  c a r d s  wi th  a  3  on one s i d e  have an A on t h e  o t h e r  s i d e . "  



f o r  t h e  t r a n s p o r t a t i o n  problem. The t r a n s p o r t a t i o n  problem is 

one of t h e  only thema t i c  r e l a t i o n s  t e s t e d  t h a t  c l e a r l y  does no t  

imply i ts  converse.  "Every t ime I go t o  Boston I t r a v e l  by c a r "  

i s  a  r a t h e r  o rd ina ry  c la im about  a  h a b i t u a l  way of g e t t i n g  t o  a  

p a r t i c u l a r  d e s t i n a t i o n ,  bu t  "Every t ime I t r a v e l  by c a r  I go t o  

Boston" sounds l i k e  t h e  c a r  has  a mind of its own. The 

t r a n s p o r t a t i o n  r e s u l t s  from t h e  l a t e  1970s and e a r l y  1980s have 

c a s t  doubt upon t h e  c la im t h a t  a  themat ic  r e l a t i o n  enhances 

l o g i c a l  performance a t  a l l  -- a  f a c t  t h a t  must be e s t a b l i s h e d  

be fo re  e n t e r t a i n i n g  hypotheses  r ega rd ing  how it does t h i s .  

Before anyone r e a l i z e d  how "e lus ive"  con ten t  e f f e c t  on t h e  

Wason s e l e c t i o n  t a s k  would prove t o  be, two sets of r e s e a r c h e r s  

-- Bracewell  & Hidi  (1974) and Gilhooly & Falconer (1974) -- 
t r i e d  t o  a s s e s s  t h e  r e l a t i v e  c o n t r i b u t i o n  of conc re t e  terms 

ve r sus  conc re t e  r e l a t i o n s  t o  success  on t h e  t r a n s p o r t a t i o n  

problem. Thei r  r e s u l t s  were c o n t r a d i c t o r y .  

Both sets of r e s e a r c h e r s  i n v e s t i g a t e d  f o u r  t ypes  of problem: 

A b s t r a c t  Terms - Abs t r ac t  Re la t ion  (AT-AR): " I f  t h e r e  i s  a  J on 
one s i d e  then  t h e r e  i s  a  2  on t h e  o the r  s i d e "  

A b s t r a c t  Terms - Concrete Re la t ion  (AT-CR): " I f  I go t o  J then  I 
t r a v e l  by 2." 

Concrete  Terms - Abs t r ac t  Re la t ion  (CT-AR): " I f  Manchester i s  on 
one s i d e  then  c a r  i s  on t h e  o the r  s ide ."  

Concrete  Terms - Concrete Re la t ion  (CT-CR): " I f  I go t o  
Manchester then I t r a v e l  by car ."* 

A s  mentioned i n  Chapter 2 ,  Bracewell & Hidi a l s o  t e s t e d  two 

d i f f e r e n t  l i n g u i s t i c  formats :  "Every t ime P, Q" and "Q every t ime P. " 

A l l  t o l d ,  Bracewell  & Hidi  had e i g h t  groups (two l i n g u i s t i c  

* The CT-CR and AT-AR r u l e s  correspond t o  Wason & S h a p i r o ' s  
(1971) t hema t i c  and a b s t r a c t  r u l e s .  These a r e  t h e  groups 
d e s c r i b e d  i n  Chapter 2.  



formats  f o r  each of t h e  above f o u r  g roups ) ,  with 1 2  s u b j e c t s  per 

group. The i r  r e s u l t s  a r e  p i c t u r e d  i n  Table  3.1 below: 

Table  3.1 R e s u l t s  of Bracewell  & Hidi ,  1974 

CT-CR AT-CR CT-AR AT-AR T o t a l s  
Every t ime P, Q: 9 4 1 1 I 15  
Q every t i m e  P: 2  3  0 1 I ................................................... 6 

T o t a l s  : 11 7  1 2  

Number of s u b j e c t s  who answered 'P  & not-Q';  n=12 per c e l l .  

Bracewell  & Hidi  found a  main e f f e c t  f o r  t h e  l i n g u i s t i c  format  

f a c t o r  ("Every time.. . " does  b e t t e r )  , a  main e f f e c t  f o r  t h e  

r e l a t i o n  f a c t o r  ( t h e  conc re t e  r e l a t i o n  does b e t t e r ) ,  bu t  no 

e f f e c t  f o r  t h e  term f a c t o r .  However, a  f u r t h e r  a n a l y s i s  of t h e i r  

d a t a  throws doubt on whether a  r e l a t i o n  f a c t o r  e x i s t s  a t  a l l .  

Although Bracewell  & H i d i ' s  d a t a  a r e  c o n s i s t e n t  wi th  t h e  

hypo thes i s  t h a t  t h e r e  i s  a  r e l a t i o n  f a c t o r ,  two a l t e r n a t i v e  

hypotheses  a r e  more s t r o n g l y  supported by t h e i r  da t a :  

1. There i s  no r e l a t i o n  f a c t o r .  Performance i s  enhanced only f o r  
t h e  CT-CR problem, and only i n  t h e  "Every t imen format  ( s e e  
c o n t r a s t s  L 1  below),  

2. A c o n c r e t e  r e l a t i o n  i s  s u f f i c i e n t  t o  enhance performance, bu t  
only i n  an "Every t imen format  ( s ee  L2) . 

Bracewell  & H i d i ' s  hypo thes i s  t h a t  both the  r e l a t i o n  and t h e  

l i n g u i s t i c  format  f a c t o r  a r e  important  i s  r ep re sen ted  by t h e  s e t  

of c o n t r a s t s  L3. 

The sum of squa re s  f o r  L3, Bracewell & H i d i ' s  hypo thes i s ,  

accounts  f o r  62% of t h e  v a r i a n c e  due t o  main e f f e c t s  and 



i n t e r a c t i o n s  ( i . e . ,  of SS - SS i F = 22.79, p<.OOl, 
t o t a l  e r r o r  1 ,88 

e f f e c t  s i z e  r = .45) . However, hypo thes i s  L2 ( a  conc re t e  

r e l a t i o n  h e l p s  only i n  an "Every time" format )  accounts  f o r  69% 

of t h e  v a r i a n c e  (F  = 25.35, p<.001, r t . 47 )  and hypo thes i s  L 1  
1 r88 

(performance i s  enhanced only by a CT-CR problem i n  an "Every 

t i m e "  f o rma t )  accounts . ,dor  80% of t h e  v a r i a n c e  (F  = 29.40, 
1,88 

p<.001, r= .50 ) .  

Thus, t h e  hypo thes i s  t h a t  t h e  only c e l l  showing an 

enhancement i n  l o g i c a l  performance i s ' t h e  CT-CR "Every t ime" c e l l  

-- t h e  c e l l  t h a t  e x a c t l y  d u p l i c a t e s  Wason & S h a p i r o ' s  t hema t i c  

group -- accounts  f o r  18% more of t h e  v a r i a n c e  t o  be expla ined  

t h a n  Bracewell  & H i d i ' s  hypo thes i s  t h a t  t h e  r e l a t i o n  f a c t o r  

e x e r c i s e s  a s e p a r a t e  e f f e c t ,  independent of l i n g u i s t i c  format. 

The e f f i c a c y  of a conc re t e  r e l a t i o n  is f u r t h e r  c a l l e d  i n t o  

q u e s t i o n  by Gilhooly & Falconer (1974) , whose r e s u l t s  e x a c t l y  

c o n t r a d i c t  Bracewell  & Hidi  I s .  Gilhooly & Falconer i n v e s t i g a t e d  

on ly  one l i n g u i s t i c  format  ("Every t ime P , Q W ) ,  but  t h e i r  

experiment i s  o therwise  i d e n t i c a l  t o  Bracewell  & H i d i ' s .  The 

percentage  c o r r e c t  f o r  Gilhooly & F a l c o n e r ' s  f o u r  groups i s  shown 

i n  Tab le  3.2. These f i g u r e s  r e v e a l  a s i g n i f i c a n t  main e f f e c t  

(p< .05) f o r  t h e  term f a c t o r  ( conc re t e  terms do b e t t e r  ) , Blbt ~ L Q  

main e f f e c t  fPT r e l a t i w  f a c t o ~ ,  and no i n t e r a c t i o n s .  T h i s  

d i r e c t l y  c o n t r a d i c t s  t h e  r e s u l t s  of Bracewell  & Hid i ,  who found a 

main e f f e c t  f o r  t h e  r e l a t i o n  f a c t o r ,  bu t  no e f f e c t  f o r  t h e  term 

f a c t o r  (L3) . 
Indeed, t h e  l i m i t e d  suppor t  t h a t  Bracewell  & Hidi  found f o r  

a r e l a t i o n  f a c t o r  may have been noth ing  more than  a procedura l  

a r t i f a c t .  The i r  unusual i n s t r u c t i o n  t h a t  t h e  c o n d i t i o n a l  is "not 



Table  3.2 R e s u l t s  f o r  Gilhooly & Falconer ,  1974 

............... 
C T :  11 : 10 : 2 1  ............... 
A T :  6 : 3 : 9  

Number of s u b j e c t s  who answered 'P and not-Q' . 
n=50 per c e l l .  

r e v e r s i b l e "  may have simply focused s u b j e c t s '  a t t e n t i o n  on t h e  

r e l a t i o n  f a c t o r  ( s e e  Chapter 2 ) .  

I n  s h o r t ,  Bracewell  & Hidi and Gilhooly & Falconer provide  

no c l e a r  evidence f o r  t h e  c la im t h a t  a  themat ic  r e l a t i o n  enhances 

l o g i c a l  performance a t  a l l ,  t hus  r u l i n g  o u t  t h e  hypo thes i s  t h a t  

it  does t h i s  by reducing "cogn i t i ve  l oadn .*  

I n  l i g h t  of t h e  evidence p re sen ted  i n  Chapter 1 i n d i c a t i n g  

t h a t  people  do no t  use t h e  b a s i c  i n f e r e n c e s  of t h e  p r o p o s i t i o n a l  

c a l c u l u s ,  exp lana t ions  i n  terms of performance f a c t o r s  do n o t  

appear  very  promising.  The d a t a  reviewed i n  Chapter 2 c a s t  a  

p a l l  on such an e n t e r p r i s e .  Any f u t u r e  "performance l i m i t a t i o n "  

exp lana t ions  w i l l  have t o  e x p l a i n  1) why some f a m i l i a r ,  conc re t e  

con ten t  can be pushed through " a u x i l i a r y  mechanisms" b e t t e r  than 

o t h e r  f a m i l i a r  conc re t e  con ten t ,  and 2 )  why the  same f a m i l i a r ,  

conc re t e  con ten t  is  sometimes processed e a s i l y ,  and sometimes 

only with g r e a t  d i f f i c u l t y .  

* One could a rgue  t h a t  because an AT-CR r u l e  uses  a b s t r a c t  terms,  
it cannot  cue n o n - r e v e r s i b i l i t y ;  t h a t  it i s  not  so c l e a r  t h a t  
"Every t ime I go t o  J I t r a v e l  by 2" does no t  imply "Every t ime I 
t r a v e l  by 2  I go t o  J". I f  t h i s  were so ,  then  t h e  r e l e v a n t  c e l l s  
f o r  t e s t i n g  t h e  r e l a t i o n  f a c t o r  a r e  CT-CR versus  CT-AR. Again, 
t h e  r e s u l t s  would be c o n t r a d i c t o r y :  t h e s e  c e l l s  d i f f e r  f o r  
Bracewell  & Hidi ,  bu t  not  f o r  Gilhooly & Falconer .  



Family 2 exp lana t ions  

The only family of exp lana t ion  t h a t  h a s  no r e p r e s e n t a t i v e  i n  

t h e  l i t e r a t u r e  i s  "family 2": Humans have a  l o g i c  module, but  i t  

i s  only a c t i v a t e d  i n  answering q u e s t i o n s  w i t h i n  t h e  framework of  

a  w e l l  e s t a b l i s h e d  theo ry  of what i s  t rue of a  con ten t  domain. 

On t h i s  view, people  may use induc t ion  t o  gene ra t e  hypotheses  i n  

un fami l i a r  domains, bu t  once they develop some i n d u c t i v e  

conf idence  about  t h e i r  hypotheses,  they t e s t  them deduct ive ly .  

T h i s  exp lana t ion  cannot account f o r  t h e  con ten t  e f f e c t s  

reviewed i n  Chapter 2.  Assuming t h a t  f a m i l i a r i t y  is some measure 

of a  p e r s o n ' s  unders tanding  of a  domain, t h e  l o g i c  module should 

swi t ch  on f o r  f a m i l i a r  domains. How, then,  could t h i s  t heo ry  

account f o r  t h e  f a c t  t h a t  some f a m i l i a r  domains e l i c i t  conten t  

e f f e c t s  bu t  o t h e r s  do not  (e. g., DAP v. food)  , and t h e  same 

f a m i l i a r  domain sometimes produces an e f f e c t ,  and sometimes no t  

(e.g. ,  t r a n s p o r t a t i o n ,  s c h o o l ) ?  

Other fo rmula t ions  a r e  p o s s i b l e ,  bu t  I can t h i n k  of none 

t h a t  can hand le  t h e  r e s u l t s  of Chapter 2 .  For example, perhaps 

f a m i l i a r i t y  with  t h e  elements and r e l a t i o n s  i n  a  domain i s  no t  

enough; perhaps t h e  l o g i c  module i s  a c t i v a t e d  only when t h e  

domain i s  f a m i l i a r  t h e  s u b j e c t  a l s o  h a s  pe r sona l  b e l i e f s  

r ega rd ing  t h e  v e r a c i t y  of t h e  r e l a t i o n  expressed  by a  r u l e . *  

T h i s  exp lana t ion  can a l s o  be r u l e d  ou t .  

One i m p l i c a t i o n  of t h i s  view i s  t h a t  people  should be 

e s p e c i a l l y  adept  a t  e v a l u a t i n g  t h e  v a l i d i t y  of conc lus ions  when 

* Even i f  t h i s  were t r u e ,  it could no t  e x p l a i n  t h e  r e s u l t s  of 
Chapter 2 .  For example, t h e  most robus t  and r e p l i c a b l e  con ten t  
e f f e c t  was f o r  s o c i a l  c o n t r a c t  problems. Yet they  have no t r u t h  
va lue ;  they  a r e  r u l e s  t o  be followed. 



they  have pe r sona l  b e l i e f s  r ega rd ing  t h e i r  t r u t h  va lue .  Van 

Duyne (1976) , was i n t e r e s t e d  i n  whether people  reason  more 

l o g i c a l l y  wi th  s en t ences  t h a t  exp re s s  necessary  t r u t h s  o r  

con t ingen t  t r u t h s .  H e  asked 22 s u b j e c t s  t o  g e n e r a t e  c o n d i t i o n a l s  

t h a t  they  thought  were "always t r u e "  ( n e c e s s i t y  c o n d i t i o n )  and 

"sometimes t r u e n  (cont ingency c o n d i t i o n ) .  Each s u b j e c t  so lved  

two s e l e c t i o n  t a s k s  t h a t  had been c r e a t e d  from r u l e s  he himself  
.'.? 

had g e n e r a t e d  (one necessary ,  one c o n t i n g e n t )  . 
I f  a  l o g i c  module i s  a c t i v a t e d  i n  answering q u e s t i o n s  w i t h i n  

a  w e l l - e s t a b l i s h e d  t h e o r y  of what i s  t r u e ,  then  1) Van Duyne's 

paradigm should produce a  s u b s t a n t i a l  amount of f a l s i f i c a t i o n  ( a t  

l e a s t  over 50%) , and 2) performance should be b e t t e r  f o r  "always 

t r u e "  c o n d i t i o n a l s  t han  f o r  "sometimes t r u e "  c o n d i t i o n a l s .  * 
Nei ther  p r e d i c t i o n  is borne o u t  by t h e  da t a .  Leve ls  of 

f a l s i f i c a t i o n  were low: only 6  of t h e  22 s u b j e c t s  (27%) f a l s i f i e d  

f o r  t h e  "necessary  t r u t h " ,  and 8  o u t  of 22 (36%) f a l s i f i e d  f o r  

t h e  "cont ingent  t r u t h . "  These percen tages  a r e  no t  s i g n i f i c a n t l y  

d i f f e r e n t  , and even i f  they  were, t h e  i n e q u a l i t y  runs  counte r  t o  

p r e d i c t i o n .  I n  f a c t ,  i f  one r e q u i r e s  t h a t  s u b j e c t s  no t  only g i v e  

t h e  c o r r e c t  answer, bu t  g i v e  it fxx & correcrt; reasons ( a s  

a s s e s s e d  by v e r b a l  e x p l a n a t i o n s )  , s u b j e c t s  d i s p l a y e d  f a r  more 

i n s i g h t  i n t o  c o n d i t i o n a l s  t h a t  were "sometimes t r u e "  t han  ones 

t h a t  were "always t r u e " .  

Even more damning t o  t h i s  exp lana t ion  i s  t h e  c o n s i d e r a b l e  

body of l i t e r a t u r e  on " b e l i e f  b i a s n  (reviewed by P o l l a r d ,  1 9 8 2 ) ,  

which i n d i c a t e s  t h a t  people  do no t  reason more l o g i c a l l y  when 

* I n s o f a r  a s  o n e ' s  t h e o r y  of what is t r u e  i n  a domain i s  b e t t e r  
e s t a b l i s h e d  f o r  r u l e s  which a r e  "always t r u e "  than  f o r  t hose  
t h a t  a r e  "sometimes t r u e . "  



t hey  have pe r sona l  b e l i e f s  r ega rd ing  t h e  t r u t h  v a l u e  of t h e  

conc lus ion  ( s e e  s e c t i o n  2 .3) .  I n  such c a s e s ,  s u b j e c t s '  

performance appea r s  t o  be guided,  i n  p a r t ,  by a  d e s i r e  o r  

tendency t o  confirm t h e i r  pe r sona l  b e l i e f s .  When t h e  con ten t  of 

a  conc lus ion  a g r e e s  wi th  a  pe r sona l  b e l i e f ,  they  judge t h e  

argument v a l i d ,  and when it d i s a g r e e s ,  they  judge t h e  argument 

i n v a l i d .  P o l l a r d  & Evans, 1981, have demonstra ted t h i s  on t h e  
"t 

s e l e c t i o n  t a s k .  Using a  paradigm l i k e  Van Duyne's (1976) ,  

P o l l a r d  & Evans found t h a t  s u b j e c t s  were much more l i k e l y  t o  

choose t h e  not-Q c a r d  f o r  c o n d i t i o n a l s  t h a t  they  thought  were 

" u s u a l l y w  o r  "always" f a l s e ,  than  f o r  c o n d i t i o n a l s  t h a t  they  

thought  were "usua l ly"  o r  "always" t r u e .  

These were c o n d i t i o n a l s  t h a t  s u b j e c t s '  had gene ra t ed  

themselves .  Hence, they  were f a m i l i a r  & s u b j e c t s '  had op in ions  

r ega rd ing  t h e i r  v e r a c i t y  -- opt imal  c o n d i t i o n s  f o r  t h e  a c t i v a t i o n  

of a  l o g i c  module, accord ing  t o  t h e  re formula ted  fami ly  2  

exp lana t ion .  I f  a  l o g i c  module i s  a c t i v a t e d  under t h e s e  

c o n d i t i o n s ,  we should s e e  a  s u b s t a n t i a l  amount of f a l s i f i c a t i o n  

i n  t h i s  experiment.  

Although P o l l a r d  & Evans r e p o r t  s e l e c t i o n  f r e q u e n c i e s  f o r  

i n d i v i d u a l  c a r d s  r a t h e r  t han  f o r  combinations of c a r d s ,  t h e  

pe rcen t age  of s u b j e c t s  who answered 'P & not-Q' can be e s t i m a t e d  

from t h e  percen tage  of Q c a r d  s e l e c t i o n s . *  Bt most, 8.5% of 

s u b j e c t s  f a l s i f i e d  f o r  " t r u e "  c o n d i t i o n a l s  and 21% f a l s i f i e d  f o r  

" f a l s e "  c o n d i t i o n a l s  -- hard ly  ausp i c ious  performance f o r  an 

a c t i v a t e d  l o g i c  module. T h i s  r e s u l t  i s  f a t a l  t o  t h e  " f a m i l i a r i t y  

p l u s  v e r a c i t y "  fo rmu la t i on  of t h e  fami ly  2 exp lana t ion .  

* because no one who chose Q could  have answered 'P  & not-Q' .  
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3.3 Summary of exp lana t ions  

The t h e o r i e s  t h a t  have been proposed i n  t h e  l i t e r a t u r e  

r e p r e s e n t  f o u r  of t h e  f i v e  " f a m i l i e s w  of explana t ion  l i s t e d  a t  

t h e  beginning of t h i s  chapter :  

Frame t h e o r y  i s  a  family 1-a explana t ion :  Humans have no 

l o g i c  module; i n s t e a d  they  use r u l e s  of i n f e r e n c e  t h a t  a r e  

a p p r o p r i a t e  t o  t h e  domain sugges ted  by t h e  problem. Current  
" I  

fo rmula t ions  presume t h a t  frames a r e  b u i l t  by domain g e n e r a l  

in format ion  p roces s ing  mechanisms. 

Aux i l i a ry  mechanisms i s  a  family 3 explana t ion :  Humans have 

a  l o g i c  module, bu t  a u x i l i a r y  mechanisms f o r  manipula t ing  

in format ion  c r e a t e  performance l i m i t a t i o n s .  

Mental models and memory-cueing a r e  fami ly  4  exp lana t ions :  

Humans have no l o g i c  module, j u s t  t h e  a b i l i t y  t o  recognize  

c o n t r a d i c t i o n  when they  see  it. Mental models t heo ry  f a l l s  i n t o  

ca t ego ry  4-a, a s  i t  proposes  t h a t  people  a c t i v e l y  c o n s t r u c t  

models of t h e  premises  i n  s ea rch  of ones t h a t  w i l l  r e f u t e  a  

t e n t a t i v e  conclusion.  Memory-cueing f a l l s  i n t o  ca tegory  4-b, a s  

i t  proposes  t h a t  a  counter-example can become a v a i l a b l e  only i f  a  

person h a s  a c t u a l l y  experienced one -- people  do n o t  a c t i v e l y  

c o n s t r u c t  mental  models i n  s e a r c h  of r e f u t a t i o n .  

D i f f e r e n t i a l  a v a i l a b i l i t y  i s  a  family 5 explana t ion :  Humans 

have no l o g i c  module; r a t h e r ,  t h e i r  performance i s  guided by non- 

i n f e r e n t i a l ,  g e n e r a l  purpose h e u r i s t i c s .  

None of t h e s e  t h e o r i e s  i s  s a t i s f a c t o r y .  Some a r e  t o o  

u n s p e c i f i e d  t o  e v a l u a t e  a g a i n s t  empi r i ca l  evidence (frames,  

mental  models).  Others  a r e  b e t t e r  s p e c i f i e d  ( d i f f e r e n t i a l  

a v a i l a b i l i t y  , memory-cueing, a u x i l i a r y  mechanisms) , but  cannot  



account  f o r  impor tan t  p i e c e s  of evidence.  To t r y  t o  account  f o r  

t h i s  c o n t r a d i c t o r y  d a t a ,  some of t h e  t h e o r i e s  add c o d i c i l s  t h a t  

a r e  e i t h e r  t h e o r e t i c a l l y  unsound ( d i f f e r e n t i a l  a v a i l a b i l i t y )  , 
have consequences t h a t  a r e  r e f u t e d  by e x i s t i n g  d a t a  ( d i f f e r e n t i a l  

a v a i l a b i l i t y  , memory-cueing/reasoning by analogy)  , o r  must be 

i n t e r p r e t e d  s o  l o o s e l y  a s  t o  render  t h e  t heo ry  complete ly  

u n t e s t a b l e  (memory-cueing/reasoning by analogy)  . 
None of t h e  t h e o r i e s  e x p l a i n  why s o c i a l  c o n t r a c t  r u l e s  a r e  

t h e  only t hema t i c  con ten t  t o  c o n s i s t e n t l y  e l i c i t  l a r g e  con ten t  

e f f e c t s .  

* * *  

The many r e s u l t s  c i t e d  i n  Chapte rs  1-3 demonstra te  t h a t  

peop le  do no t  have t h e  s o r t  of l o g i c  module necessary  f o r  

Poppe r i an - s ty l e  everyday l ea rn ing .  The Wason s e l e c t i o n  t a s k  i s  

p a r t i c u l a r l y  i n t e r e s t i n g  because it i s  a t e s t  of our a b i l i t y  t o  

t o  t e s t  hypotheses  deduc t ive ly .  Although some of t h e  t h e o r i e s  

p r e s e n t e d  i n  Chapter 3 prov ide  accounts  of how people  can t e s t  

hypotheses  i n  t h e  absence of a  l o g i c  module (mental  models, 

memory-cueing), t h e s e  t h e o r i e s  r e q u i r e  t h a t  t h e  i n d i v i d u a l  b r i n g  

a  v a s t  s t o r e  of world-knowledge t o  t h e  t a s k .  

T h i s  b r i n g s  us back t o  t h e  c e n t r a l  problem: How do people  

a c q u i r e  t h i s  world-knowledge? Is t h i s  knowledge a c c u r a t e ?  

Induc t ion  i s  u s u a l l y  conceived a s  a  p roces s  by which t h e  world 

i m p r i n t s  e x i s t i n g  r e l a t i o n s  on our minds -- t h a t  is,  t h e  k inds  of 

hypotheses  it can be expec ted  t o  g e n e r a t e  describe r e l a t i o n s  

between e x i s t i n g  p r o p e r t i e s  o r  elements.  

Given t h a t  t h e r e  a r e  an i n f i n i t e  number of ways of c a r v i n g  

t h e  world i n t o  p r o p e r t i e s ,  and t h e r e f o r e  an i n f i n i t e  number of 
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r e l a t i o n s  between p r o p e r t i e s  t o  s e r v e  a s  hypotheses ,  we must 

gene ra t e  an enormous number of i n c o r r e c t  i nduc t ions .  Yet r e s u l  ts 

on t h e  Wason s e l e c t i o n  t a s k  show t h a t  we a r e  very bad a t  t e s t i n g  

d e s c r i p t i v e  r u l e s  -- t h e  very  s o r t  of hypotheses t h a t  i nduc t ion  

provides .  How, then ,  do w e  weed o u t  a l l  t h e s e  i n c o r r e c t  

i nduc t ions?  

More puzz l ing :  I f  t h e  evo lu t iona ry  purpose of human l e a r n i n g  

i s  t o  provide  v a l i d  g e n e r a l i z a t i o n s  about  t h e  world,  then  s u r e l y  

t h e  need t o  d e t e c t  v i o l a t i o n s  i s  g r e a t e s t  f o r  d e s c r i p t i v e  r u l e s .  

Why, t hen ,  a r e  we so bad a t  d e t e c t i n g  v i o l a t i o n s  of d e s c r i p t i v e  

r u l e s ,  bu t  so good a t  d e t e c t i n g  v i o l a t i o n s  of s o c i a l  c o n t r a c t  

r u l e s ?  S o c i a l  c o n t r a c t  r u l e s  do not  d e s c r i b e  t h e  way t h i n g s  a r e ;  

they  do no t  even d e s c r i b e  t h e  way e x i s t i n g  people  behave. They 

p r e s c r i b e :  They communicate t h e  way some people  want o the r  people  

t o  behave. They a r e  r u l e s  t o  be fol lowed.  One cannot a s s i g n  a  

t r u t h  va lue  t o  them. Why, then ,  do we appear t o  reason l o g i c a l l y  

i n  response t o  s o c i a l  c o n t r a c t  r u l e s ,  but  not  i n  response t o  

d e s c r i p t i v e  r u l e s ?  

These a r e  t h e  q u e s t i o n s  t h a t  motivate  t h e  remaining c h a p t e r s .  



Chapter 4 

Darwinian Algorithms 

4.1 Another view of human r a t i o n a l i t y  

I f  adherence t o  t h e  canons of formal l o g i c  is  t h e  measure 
1 r 

of human r a t i o n a l i t y ,  theh  humans a r e  not  very  r a t i o n a l .  But 

t h e r e  i s  ano the r ,  t e l e o l o g i c a l  view of ' " ra t iona1i ty :  An organism 

is behaving r a t i o n a l l y  when it i s  behaving pu rpose fu l ly  -- when 

it is employing means t h a t  a r e  l i k e l y  t o  accomplish i ts  goa l .  By 

t h i s  c r i t e r i o n ,  humans may indeed be r a t i o n a l  beings.  On t h i s  

view t h e  q u e s t i o n  of human r a t i o n a l i t y  becomes: Are our reasoning  

p roces ses  a p p r o p r i a t e  t o  t h e  problems they  were designed t o  so lve?  

* * * 

Unless you a r e  a  c r e a t i o n i s t ,  you probably b e l i e v e  t h a t  t h e  

human mind -- l i k e  t h e  r e s t  of t h e  body and its f u n c t i o n s  -- is  

t h e  product  of evo lu t ion .  

Th i s  i n s i g h t  was of l i t t l e  va lue  t o  p sycho log i s t s  a t  t h e  

t ime of Will iam James, o r  when John B. Watson was deba t ing  

Will iam McDougall, because evo lu t iona ry  theory  was i n  i ts  infancy  

-- it was t o o  hazy, t oo  imprecise .  

Th i s  s i t u a t i o n  has  changed d rama t i ca l ly  i n  t h e  l a s t  20  

yea r s .  Now, t h e  dynamics of n a t u r a l  s e l e c t i o n  can be 

mathematical ly  modeled wi th  g r e a t  p rec i s ion .  Th i s  a l l ows  

evo lu t iona ry  b i o l o g i s t s  t o  determine what kinds of t r a i t s  w i l l  be 

qu ick ly  s e l e c t e d  o u t ,  and what kinds of t r a i t s  a r e  l i k e l y  t o  

become u n i v e r s a l  and s p e c i e s - t y p i c a l  . 
Consequently,  evo lu t iona ry  theory  now can be used a s  a  

h e u r i s t i c  gu ide  f o r  psychologica l  theory.  Th i s  h e u r i s t i c  r e s t s  
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on t h e  r ecogn i t i on  t h a t  n a t u r a l  s e l e c t i o n  has  produced 

psychologica l  mechanisms a s  responses  t o  va r ious  s e l e c t i o n  

p r e s s u r e s  i n  a  s p e c i e s '  "environment of evo lu t iona ry  adaptedness"  

(Bowlby, 1969) -- t h e  environment i n  which t h e  s p e c i e s  evolved. 

The more important  t h e  a d a p t i v e  problem, t h e  more i n t e n s e l y  

s e l e c t i o n  w i l l  have specf a l i z e d  and improved t h e  performance of 

t h e  mechanism f o r  s o l v i n g  it. 

Our s p e c i e s  spent  over 99% of its evo lu t iona ry  h i s t o r y  a s  

P l e i s t o c e n e  hunter -ga therer  s. During t h a t  t ime, t h e  dynamics of 

n a t u r a l  s e l e c t i o n  should have opera ted  i n  t h e  product ion of 

in£  ormation p roces s ing  mechanisms j u s t  a s  they  d i d  i n  t h e  

product ion  of morphological  and phys io log ica l  mechanisms. The 

P l e i s t o c e n e  savannahs a r e  t h e  human environment of evo lu t iona ry  

adaptedness;  our c o g n i t i v e  processes  should be adapted  t o  it,  not  

n e c e s s a r i l y  t o  t h e  20th cen tu ry  i n d u s t r i a l i z e d  world. 

Recent ly ,  a  number of c o g n i t i v e  s c i e n t i s t s  -- Chomsky, 

Fodor, Marr -- have argued t h a t  t he  b e s t  way t o  unders tand any 

mechanism, e i t h e r  mental  or  phys i ca l ,  i s  t o  f i r s t  ask what i ts  

purpose is ,  what problem was i t  designed t o  s o l v e  (e.g., Chomsky, 

1975; Fodor, 1983; Marr & Nishihara ,  1978) .  

That is  e x a c t l y  what evo lu t iona ry  theory  a l lows  you t o  do -- 
it a l lows  you t o  p inpo in t  what kind of problems t h e  human mind 

should be very  good a t  so lv ing .  And al though it cannot t e l l  you 

t h e  e x a c t  s t r u c t u r e  of t h e  a lgo r i t hms  t h a t  s o l v e  t h e s e  problems, 

i t  can sugges t  what des ign  f e a t u r e s  they  a r e  l i k e l y  t o  have. I t  

a l lows  you t o  develop a  "computational theory"  f o r  t h a t  problem 

domain: a  theory  s p e c i f y i n g  what f u n c t i o n a l  c h a r a c t e r i s t i c s  a  

mechanism capab le  of s o l v i n g  t h a t  problem must have (Marr & 
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Nishihara ,  1978) .  

From t h e  po in t  of view of evo lu t iona ry  theo ry ,  it i s  very  

unparsimonious t o  assume t h a t  t h e  human mind i s  a  g e n e r a l  purpose 

computer wi th  domain g e n e r a l ,  content-independent processes .  

There a r e  domains of human a c t i v i t y  f o r  which t h e  e v o l u t i o n a r i l y -  

a p p r o p r i a t e  in format ion  processing s t r a t e g y  i s  complex, and 

d e v i a t i o n s  from t h i s  s t r a t e g y  r e s u l t  k~ l a r g e  f i t n e s s  c o s t s .  For 

such domains, humans should have evolved "Darwinian a lgo r i t hms"  

-- s p e c i a l i z e d  l e a r n i n g  mechanisms t h a t  o rganize  exper ience  i n t o  

a d a p t i v e l y  meaningful schemas o r  frames. When a c t i v a t e d  by 

a p p r o p r i a t e  problem c o n t e n t ,  t h e s e  i n n a t e l y  s p e c i f i e d  "frame- 

b u i l d e r s n  should  focus  a t t e n t i o n ,  o rgan ize  pe rcep t ion  and memory, 

and c a l l  up s p e c i a l i z e d  procedura l  knowledge t h a t  w i l l  l e a d  t o  

domain-appropriate i n f e r e n c e s ,  judgments, and choices .  Like 

Chomsky's language a c q u i s i t i o n  device ,  t h e s e  i n f e r e n c e  procedures  

a l low you t o  "go beyond t h e  informat ion given" -- t o  reason 

a d a p t i v e l y  even i n  t h e  f a c e  of incomplete or  degraded informat ion  

(Bruner,  1973) .  

There a r e  many domains of human a c t i v i t y  t h a t  should have 

Darwinian a lgo r i t hms-  a s s o c i a t e d  with them. Aggressive t h r e a t ,  

mate choice ,  s exua l  behavior ,  pair-bonding, pa ren t ing ,  paren t -  

o f f  s p r i n g  c o n f l i c t ,  f r i e n d s h i p ,  k insh ip ,  resource  a c c r u a l  and 

d i s t r i b u t i o n ,  d i s e a s e  avoidance,  and p reda to r  avoidance a r e  but  a 

few. S o c i a l  exchange i s  another .  The dynamics of n a t u r a l  

s e l e c t i o n  r i g i d l y  c o n s t r a i n  t h e  kinds of s o c i a l  exchange t h a t  can 

evolve ,  p rovid ing  i n s i g h t  i n t o  t h e  s t r u c t u r e  of t h e  mechanisms 

t h a t  r e g u l a t e  it. T h i s  s t r u c t u r e ,  and i ts  consequences f o r  

performance on t h e  Wason s e l e c t i o n  t a s k ,  w i l l  be explored  i n  
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Chapters 5 and 6. 

4.2 A brief  primer on na tura l  se lec t ion  

We came i n t o  existence through the process of evolution, and 

the  s ing l e  ordering process i n  evolution i s  na tura l  se lec t ion .  

Therefore, whatever syst6matic proper t ies  we have were produced 

by na tura l  se lect ion.  I f  we wish t o  tthderstand these  proper t ies ,  

we need t o  understand the  process t h a t  produced them. 

An a l l e l e  i s  a  gene t h a t  occupies a  par t i cu la r  loca t ion  

( locus)  on a  chromosome. Only one a l l e l e  can occupy one locus on 

a  pa r t i cu l a r  chromosome. Le t ' s  say t h a t  i n  a  given population of 

individuals ,  50% of the  individuals  i n  the  population have a l l e l e  

A a t  a  pa r t i cu l a r  locus,  and 50% have a l l e l e  B a t  t ha t  locus. A 

and B a r e  U n a t i y e  alleles -- a given individual  has e i t he r  A 

or B a t  a  pa r t i cu l a r  locus,  but not both. Evolution i s  a  dlmge 

i n  the  proportion of a l t e r n a t i v e  a l l e l e s  i n  a  population. Hence, 

i f  the  r a t i o  of A:B a l l e l e s  changes from 50:50 t o  60:40, then 

evolution has occurred. Evolution is, therefore ,  a  zero sum 

game: any increase i n  the  proportion of A a l l e l e s  i n  the  

population comes a t  the expense of a l t e r n a t i v e  a l l e l e s ,  l i k e  B. 

Evolution can occur i n  only two ways. The proportion of 

a l t e r n a t i v e  a l l e l e s  can change e i t he r  v ia  random processes (such 

a s  genet ic  d r i f t )  or v ia  natura l  se lect ion.  Natural se lec t ion  i s  

the  process whereby an a l l e l e  increases its representat ion i n  the  

gene pool by v i r t ue  of the  e f f e c t  it has on the individual  

carrying it. If a l l e l e  A has an e f f e c t  on i ts  c a r r i e r  t h a t ,  for  

any reason, causes an increase the proportion of A over B a l l e l e s  

i n  the  population, then na tura l  se lec t ion  has occurred -- A has 
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been s e l e c t e d  f o r ,  and B has  been s e l e c t e d  a g a i n s t .  Techn ica l ly ,  

" f i t n e s s "  r e f e r s  t o  genes,  no t  t o  i n d i v i d u a l s .  A l l e l e  A i s  

cons idered  more "f it1' than  a l l e l e  B i f  A codes f o r  a  t r a i t  t h a t  

i n c r e a s e s  t h e  p ropor t ion  of A a l l e l e s  over t h e  p ropor t ion  of B 

a l l e l e s  i n  t h e  populat ion.  

But genes a r e  locate-d i n  i n d i v i d u a l s .  T h i s  means t h a t  t h e r e  

is  one, and only one, way t h a t  an a l l e l e  can i n c r e a s e  i ts  

r e l a t i v e  f requency -- by coding f o r  t r a i t s  t h a t  enhance t h e  

reproduct ion  of t h e  i n d i v i d u a l  c a r r y i n g  t h a t  a l l e l e ,  or  of its 

r e l a t i v e s ,  who may a l s o  bear t h a t  p a r t i c u l a r  a l l e l e .  An a l l e l e ' s  

f i t n e s s  i s  a  d i r e c t  f u n c t i o n  of t h e  r e l a t i v e  number of o f f s p r i n g  

produced who have a  copy of t h a t  a l l e l e .  

S e l e c t i o n  does no t  occur f o r  t h e  "good of t h e  s p e c i e s " ,  t h e  

"good of t h e  groupn,  o r  even f o r  t he  "good of t h e  i n d i v i d u a l "  -- 
i n  f a c t ,  it i s  no t  even c l e a r  what t hese  exp res s ions  mean. Genes 

t h a t  code f o r  t r a i t s  t h a t  enhance t h e i r  own r e p l i c a t i o n  w i l l  

s p read  through t h e  popula t ion ,  even i f  t h i s  e v e n t u a l l y  causes  t h e  

s p e c i e s  t o  become e x t i n c t  ( f o r  e x c e l l e n t  d i s c u s s i o n s  s e e  

Wil l iams,  1966, and Dawkins, 1982) .  

I n  s h o r t  : Genes -- through t h e  t r a i t s  they  i n £  luence  -- can 

i n f l u e n c e  t h e  r a t e  of t h e i r  own r e p l i c a t i o n ,  and hence t h e i r  

f requency i n  subsequent gene ra t ions .  I f  they code f o r  t r a i t s  

t h a t  i n f l u e n c e  t h e i r  own r e p l i c a t i o n  p o s i t i v e l y ,  then t h e r e  i s  

p o s i t i v e  feedback and t h e i r  r e p r e s e n t a t i o n  i n  t h e  popula t ion  

i n c r e a s e s ;  i f  they  code f o r  t r a i t s  t h a t  i n f l u e n c e  t h e i r  own 

r e p l i c a t i o n  n e g a t i v e l y ,  then t h e r e  i s  n e g a t i v e  feedback,  and 

t h e i r  r e p r e s e n t a t i o n  i n  t h e  popula t ion  decreases .  Natura l  

s e l e c t i o n  i s  t h e  process  by which p o s i t i v e  and n e g a t i v e  feedback 
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of genes on themselves r e g u l a t e  t h e  e x i s t e n c e  and f r e q u e n c i e s  of 

t hose  genes over gene ra t ions .  Genes t h a t  code f o r  t r a i t s  t h a t  

t end  t o  maximize t h e i r  r a t e  of r e p l i c a t i o n  -- t h e i r  " i n c l u s i v e  

f i t n e s s n  -- w i l l  t end  t o  sp read  through t h e  popula t ion ,  

d i s p l a c i n g  a l t e r n a t i v e  a l l e l e s  each gene ra t ion ,  u n t i l  t h e  t r a i t s  

t hose  genes code f o r  become f i x e d  i n  t h e  populat ion.  When t h i s  

happens, t h e  t r a i t  coded f o r  i s  c a l l e e  a  " spec i e s - typ ica l "  t r a i t .  

By ana lyz ing  t h e  dynamics of gene flow through popu la t ions  

i n  te rms  of n a t u r a l  s e l e c t i o n  theo ry ,  one can determine what 

k inds  of t r a i t s  a r e  most l i k e l y  t o  become spec i e s - typ ica l .  I n  

c o g n i t i v e  psychology, such spec i e s - typ ica l  t r a i t s  have been 

c a l l e d  " c o g n i t i v e  competences" (Chomsky , 1975) . 
"Adaptation" means something p r e c i s e :  An a d a p t a t i o n  i s  an 

a s p e c t  of t h e  organism t h a t  has  come i n t o  being because i t  had 

t h e  e f f e c t  of promoting t h e  frequency of t h e  genes t h a t  code f o r  

it. Natura l  s e l e c t i o n  theo ry  concerns  i t s e l f  wi th  a d a p t i v e  

func t ion :  Why does one t r a i t  come t o  dominate a  popula t ion  r a t h e r  

than  ano the r?  How s u s c e p t i b l e  i s  t h e  popula t ion  t o  i nvas ion  by 

mutant genes coding f o r  a  d i f f e r e n t  t r a i t ?  How does one t r a i t  

compare wi th  another  i n  terms of r e p l i c a t i n g  t h e  genes t h a t  

code f o r  i t ?  I n  speaking of mental  a lgo r i t hms  a s  a d a p t a t i o n s ,  

one i s  ask ing:  How does one in format ion  process ing  s t r a t e g y  

compare t o  ano the r ,  a s  measured i n  terms of t h e  r e p l i c a t i o n  of 

t h e  genes t h a t  u n d e r l i e  each? 

The t r a i t s  of an organism a r e  t h e r e  e i t h e r  a s  a  r e s u l t  of 

random p roces ses  ( t h e  s t o c h a s t i c  dimension of evo lu t ion )  or  

because they  were s e l e c t e d  f o r  because they promote t h e  spread  of 

t h e  genes t h a t  code f o r  them. Th i s  second process  i s  n a t u r a l  
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s e l e c t i o n ,  and i t  i s  major shaping f o r c e  of any ordered  r e l a t i o n  

i n  organisms. 

What does t h i s  mean f o r  s o c i a l  exchange? I f  s o c i a l  exchange 

was important  i n  human evo lu t ion ,  then  t h e  mechanisms t h a t  

r e g u l a t e  it w i l l  have been shaped by n a t u r a l  s e l e c t i o n .  T h i s  

means they  must promote t h e  spread  of t h e  genes t h a t  code f o r  

them. T h i s  h a s  profound consequences f o r  what kinds of 

s t r a t e g i e s  f o r  engaging i n  s o c i a l  exchange can evolve,  and t h e s e  

w i l l  be d i s c u s s e d  i n  depth i n  Chapter 5. 

Natura l  s e l e c t i o n  theo ry  is  no t  behavior g e n e t i c s  

Na tu ra l  s e l e c t i o n  theo ry  is  not  behavior g e n e t i c s .  Behavior 

g e n e t i c s  a t t empt s  t o  a s c r i b e  d i f f e r e n c e s  i n  t h e  behavior  of 

i n d i v i d u a l s  t o  d i f f e r e n c e s  i n  t h e i r  genes. I n  c o n t r a s t ,  n a t u r a l  

s e l e c t i o n  t h e o r y ' s  primary u t i l i t y  is i n  d i scove r ing  what s o r t  of 

t r a i t s  a r e  l i k e l y  t o  become u n i v e r s a l  and spec i e s - typ ica l . *  

D i f f e r e n c e s  i n  behavior between i n d i v i d u a l s  a r e  presumed t o  be 

t h e  f a c u l t a t i v e  responses  of s p e c i e s - t y p i c a l  t r a i t s  t o  

d i f f e r e n c e s  i n  t hose  i n d i v i d u a l s '  environments. 

A l l  t r a i t s  have a  "gene t i c  b a s i s " ,  and can t h e r e f o r e  be a c t e d  on 
by n a t u r a l  s e l e c t i o n ;  T h i s  c la im has no th ing  t o  do with  i s s u e s  of 

n a t u r e  "ver s u s n  n u r t u r e  

Phenotypic t r a i t s  must have a  "gene t i c  b a s i s n  i f  n a t u r a l  

s e l e c t i o n  i s  t o  a c t  on them. Although few people  have d i f f i c u l t y  

a c c e p t i n g  t h i s  premise when t h e  t r a i t  i n  q u e s t i o n  i s  eye  c o l o r ,  

l e g  number, or  he igh t ,  they  balk when t h e  t r a i t  i n  q u e s t i o n  i s  a  

* Except i n  c a s e s  of f requency dependent s e l e c t i o n ,  i n  which a  
popula t ion  i s  expected t o  mani fes t  a  balanced polymorphism. 



psychologica l  mechanism o r  a behaviora l  tendency. Many s o c i a l  

s c i e n t i s t s  b e l i e v e  t h i s  premise e n t a i l s  v a s t  and unwarranted 

assumptions about  a h o t l y  debated e m p i r i c a l  i s sue :  To what e x t e n t  

can environmental  manipulat ions  a l t e r  t h e  phenotypic  exp res s ion  

of a t r a i t ?  They b e l i e v e  t h a t  evo lu t iona ry  t h i n k i n g  r e q u i r e s  a 

" n a t i v i s t "  s t a n d  on t h e  "na tu re /nu r tu ren  i s s u e .  I t  does not .  

I f  p rope r ly  understood, t h e  premise t h a t  t r a i t s  have a 

g e n e t i c  b a s i s  e n t a i l s  q u i t e  minimal c la ims  t h a t  should be 

a c c e p t a b l e  t o  any c o g n i t i v e  psychologi 'st .  I n  f a c t ,  t h e s e  c l a ims  

should be a c c e p t a b l e  t o  anyone who i s  r e a l i z e s  t h a t  it i s  

imposs ib le ,  i n  p r i n c i p l e ,  f o r  a t a b u l a  r a s a  t o  l e a r n  anyth ing  

(e.g. ,  Hume, 1977/1748; Kant, 1966/1781; Quine,  1969; Popper, 1972) .  

Genes a r e  t h e  b l u e p r i n t  f o r  t h e  development of an 

organism. More p r e c i s e l y ,  they a r e  molecules of DNA which, by 

v i r t u e  of t h e i r  phys i ca l  s t r u c t u r e ,  o rgan ize  surrounding 

molecules  i n t o  an enveloping organism -- an e n t i t y  t h a t  can 

r e p l i c a t e  t h e  DNA t h a t  b u i l t  it. The phenotype i s  t h e  mani fes t  

organism, t h e  c o l l e c t i o n  of morphological ,  p h y s i o l o g i c a l ,  mental ,  

and behav io ra l  p r o p e r t i e s  -- however cons t rued  -- t h a t  make up 

t h e  organism. Genotypes s p e c i f y  phenotypes. That is,  by v i r t u e  

of its molecular  s t r u c t u r e ,  t h e  genotype c a r r i e s  " i n s t r u c t i o n s "  

f o r  b u i l d i n g  an organism i n  a given environment. Thus t h e r e  i s  a 

c a u s a l  l i n k  between genotype and phenotype. 

Natura l  s e l e c t i o n  can be thought of a s  t h e  process  whereby 

environments shape t h e  c h a r a c t e r i s t i c s  of organisms by a f f  e c t i n g  

t h e  f requency of a l t e r n a t i v e  a l l e l e s .  There a r e  both cons t anc i e s  

and r e g u l a r  v a r i a t i o n s  i n  any s p e c i e s '  environment of 

evo lu t iona ry  adaptedness  t h a t  n a t u r a l  s e l e c t i o n  can be expected 



t o  t a k e  advantage o f .  Thus, t h e r e  a r e  two c a u s a l  l i n k s  between 

environment and phenotype: 1) environments s e l e c t  genotypes ,  

which s p e c i f y  phenotypes;  and 2 )  t h e  genotype ' s  i n s t r u c t i o n s  a r e  

environment s p e c i f i c  -- t h e  phenotype b u i l t  "assumes" c e r t a i n  

environmental  c h a r a c t e r i s t i c s  . Change those  c h a r a c t e r i s t i c s  , and 

you w i l l  very l i k e l y  change t h e  phenotype. 

For example, t h e  arrowleaf  p l a n t  ' s environment of 

e v o l u t i o n a r y  adaptedness  inc luded  both watery and d ry  h a b i t a t s . *  

When t h e  a r rowleaf  p l a n t  s p r o u t s  i n  water ,  it develops wide 

l e a v e s ;  when a  g e n e t i c a l l y  i d e n t i c a l  c lone  s p r o u t s  on d ry  land ,  

i t  develops narrow l eaves .  An arrowleaf  p l a n t  whose genes could 

n o t  respond f a c u l t a t i v e l y  t o  t h e s e  r egu la r  v a r i a t i o n s  i n  i ts  

environment would be a t  a  s e l e c t i v e  d i sadvantage  -- its seeds  

could prosper  i n  one h a b i t a t ,  bu t  no t  i n  t h e  o t h e r .  

However, t h e  f a c t  t h a t  t h e  l e a f ' s  width v a r i e s  wi th  wetness  

does  n o t  mean t h a t  i t  v a r i e s  with  every environmental  dimension, 

nor does it mean t h a t  i ts shape i s  i n f i n i t e l y  p l a s t i c .  Leaf 

width does  no t  va ry ,  f o r  example, wi th  t h e  amount of poe t ry  read 

t o  t h e  p l a n t .  S i m i l a r l y ,  t h e r e  i s  probably no environmental  

f a c t o r  t h a t  would cause t h e  a r r o w l e a f ' s  l e a v e s  t o  grow i n t o  t h e  

shape of t h e  S t a r s h i p  E n t e r p r i s e .  

C e r t a i n l y  it would be c o r r e c t  t o  say t h a t  " l e a f  width" has  a 

" g e n e t i c  b a s i s "  i n  t h e  a r rowleaf .  The p l a n t  s g e n e t i c  b l u e p r i n t  

s p e c i f i e s  how wide or  narrow t h e  l e a f  w i l l  be i n  va r ious  

environments.  Furthermore,  t h e  a r r o w l e a f ' s  g e n e t i c  b l u e p r i n t  

p reven t s  i t s  l e a v e s  from assuming t h e  shape of t h e  S t a r s h i p  

E n t e r p r i s e ,  and p reven t s  them from being a f f e c t e d  by poe t ry  

* From a 1976 l e c t u r e  by E.O. Wilson on norms of r e a c t i o n .  
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read ings .  Thus, it would a l s o  be c o r r e c t  t o  say t h a t  t h e  t r a i t s  

" f a i l u r e  t o  assume t h e  shape of t h e  S t a r s h i p  E n t e r p r i s e "  and 

" f a i l u r e  t o  be a f f e c t e d  by poe t ry  r ead ingsn  have a  'gene t ic  

b a s i s n  i n  t h e  arrowleaf  p l a n t .  However, t h e  c la im "Leaf width i n  

t h e  a r rowleaf  has  a  g e n e t i c  b a s i s ,  t h e r e f o r e  it cannot  be 

a f f e c t e d  by v a r i a t i o n s  i n  t h e  environmentw is  c l e a r l y  f a l s e .  

Leaf width has  a  g e n e t i c  b a s i s ,  y e t  a  s imple  environmental  

manipulat ion -- p l a n t i n g  it i n  a  w e t  or  d r y  h a b i t a t  -- changes 

t h e  width of t h e  a r r o w l e a f ' s  l eaves .  

A l l  t r a i t s  have a  "gene t i c  bas i s . "  No mat te r  how f a r  from 

' d i r e c t w  g e n i c  i n f l u e n c e  a  t r a i t  seems t o  be, it i s  s t i l l  b u i l t  

from s t r u c t u r e s  and p roces ses  t h a t  were b u i l t  from s t r u c t u r e s  and 

p r o c e s s e s  t h a t  were, u l t i m a t e l y ,  s p e c i f i e d  i n  t h e  organism's  

g e n e t i c  b l u e p r i n t .  

One of t h e  t h i n g s  a  g e n e t i c  b l u e p r i n t  does ,  however, is 

s p e c i f y  how a  t r a i t  w i l l  develop under d i f f e r e n t  environmental  

c o n d i t i o n s .  T r a i t s  d i f f e r  i n  te rms  of which environmental  

f a c t o r s  can a f f e c t  t h e i r  development, and i n  what ways t h e i r  

development can be a f f e c t e d .  This ,  then ,  is why evo lu t iona ry  

theo ry  t a k e s  no p o s i t i o n  on na tu re /nu r tu re  ques t ions :  Although 

evo lu t iona ry  theory  r e q u i r e s  t h e  assumption t h a t  t h e  p h y s i c a l ,  

mental ,  or  behav io ra l  t r a i t s  it d i s c u s s e s  have a  g e n e t i c  b a s i s ,  

it frames no hypotheses  a s  t o  how t h e s e  t r a i t s  may be a f f e c t e d  by 

environmental  manipulat ions .  That i s  a  q u e s t i o n  f o r  

p h y s i o l o g i s t s ,  developmental  b i o l o g i s t s ,  and psycho log i s t s  : f o r  

s c i e n t i s t s  who s tudy  t h e  s t r u c t u r e  of t h e  p a r t i c u l a r  phys i ca l  and 

mental  mechanisms an organism has. Evolut ionary b i o l o g i s t s  do 

n o t  s tudy  mechanisms, they  s tudy q u e s t i o n s  of a d a p t i v e  f u n c t i o n  



-- q u e s t i o n s  l i k e  why genes t h a t  code f o r  l e a f  width t h a t  v a r i e s  

wi th  wetness  would outcompete genes t h a t  do no t .  

I f  o n e ' s  g o a l  i s  t o  change a  t r a i t  i n  some p a r t i c u l a r  way, 

one must under s t a n d  t h e  mechanisms by which environmental  f a c t o r s  

i n f l u e n c e  t h e  phenotype. Environmental f a c t o r s  can i n f l u e n c e  t h e  

phenotype e i t h e r  by a c t i n g  d i r e c t l y  on t h e  genes (muta t ions ,  

v i r u s e s )  o r  by a c t i n g  on media t ing  s t r u c t u r e s  o r  p roces ses  b u i l t  

a cco rd ing  t o  t h e  genes '  s p e c i f i c a t i o n s  -- t h e  phenotype. The 

media t ing  s t r u c t u r e s  can be phys i ca l  organs and p h y s i o l o g i c a l  

p roces ses ,  i n n a t e l y  s p e c i f i e d  mental  s t r u c t u r e s  and p roces ses ,  or  

"higher  l e v e l "  a lgo r i t hms  c o n s t r u c t e d  by l e a r n i n g  p roces ses  

c o n s t r u c t e d  by i n n a t e l y  s p e c i f i e d  s t r u c t u r e s  and processes .  

Environmental f a c t o r s  cannot a c t  on a  vacuum. I f  you want t o  

unders tand how c e r t a i n  kinds of informat ion w i l l  a f f e c t  l e a r n i n g ,  

you have t o  s tudy  t h e  mind's in format ion  process ing  mechanisms, 

and n a t u r a l  s e l e c t i o n  theo ry  can h e l p  i n  t h i s  endeavor: t h e  

s t r u c t u r e s  and p roces ses  t h a t  environmental  f a c t o r s  a c t  on a r e ,  

u l t i m a t e l y ,  b u i l t  by t h e  genes ,  and were shaped by n a t u r a l  

s e l e c t i o n .  But n a t u r a l  s e l e c t i o n  theo ry  cannot ,  by i t s e l f ,  t e l l  

you which manipula t ions  w i l l  produce which e f f e c t s .  

4.3 Why should Darwinian a lgo r i t hms  be s p e c i a l i z e d  and domain 

s p e c i f i c ?  

Nature has  kept us a t  a  g r e a t  d i s t a n c e  from a l l  her s e c r e t s ,  
and has  a f f o r d e d  us  only t h e  knowledge of a  few s u p e r f i c i a l  
q u a l i t i e s  of o b j e c t s ;  wh i l e  she concea l s  from us t h o s e  
powers and p r i n c i p l e s ,  on which t h e  i n f l u e n c e  of t h e s e  
o b j e c t s  e n t i r e l y  depends. Our s enses  inform us of t h e  
c o l o u r ,  weight ,  and c o n s i s t e n c e  of bread; bu t  n e i t h e r  sense  
nor reason can ever inform us of t hose  q u a l i t i e s ,  which f i t  
i t  f o r  t h e  nourishment and suppor t  of a  human body. 

-- David Hume (1977/1748, p. 21) 



Genes coding f o r  psychologica l  mechanisms t h a t  maximize t h e  

i n c l u s i v e  f i t n e s s  of t h e i r  b e a r e r s  w i l l  outcompete t hose  t h a t  do 

n o t ,  and t end  t o  become f i x e d  i n  t h e  populat ion.  The 

maximization of i n c l u s i v e  f i t n e s s  i s  an evo lu t iona ry  "end"; a  

psychologica l  mechanism i s  a  means by which t h a t  end i s  achieved.  

Can a  p sycho log ica l  mechanism be domain g e n e r a l  and conten t -  

independent ,  y e t  r e a l i z e  t h i s  evo lu t iona ry  end? 

Consider how J e s u s  e x p l a i n s  t h e  d e r i v a t i o n  of t h e  Mosaic 

code t o  h i s  d i s c i p l e s :  

J e s u s  s a i d  un to  him, "Thou s h a l t  l o v e  t h e  Lord, thy  God, 
with  a l l  t hy  h e a r t ,  and wi th  a l l  t hy  s o u l ,  and w i t h  a l l  t hy  
mind. T h i s  i s  t h e  f i r s t  and g r e a t  commandment. And t h e  
second i s  l i k e  it,  Thou s h a l t  l o v e  thy  neighbor a s  t h y s e l f .  
n n t h e s e w c o m m a n d m e n t s h a n a ~ m ~ ~ m p ~ ~ ~ h e t s . "  

Matthew 22 : 37 -40 (emphasis added) 

J e s u s  has  given h i s  d i s c i p l e s  a domain g e n e r a l ,  conten t -  

independent d e c i s i o n  r u l e  t o  be used i n  gu id ing  t h e i r  behavior .  

But what does it mean in e? Real l i f e  c o n s i s t s  of 

c o n c r e t e ,  s p e c i f i c ,  s i t u a t i o n s .  How, from t h i s  r u l e ,  do I i n £  e r  

what counts  a s  " lov ing  my neighbor a s  myself" when, f o r  example, 

my ne ighbor ' s  ox f a l l s  i n t o  my p i t ?  Should I recompense him, or  

him me? By how much? How should I behave when I f i n d  my 

neighbor s l e e p i n g  wi th  my spouse? Should I f a s t  on holy days? 

Should I work on t h e  Sabbath? What counts  a s  f u l f i l l i n g  t h e s e  

commandments? How do I know when I have f u l f i l l e d  them? 

I n  what sense  does a l l  t h e  law "hang" from t h e s e  two 

commandments? 

I t  d o e s n ' t .  That i s  why t h e  Talmud was w r i t t e n .  The Talmud 

i s  a "domain s p e c i f i c "  document: an i n t e r p r e t a t i o n  of t h e  

commandments t h a t  t e l l s  you what a c t i o n s  count a s  " lov ing  God" 



and " lov ing  your neighborn i n  t h e  conc re t e ,  s p e c i f i c  s i t u a t i o n s  

you a r e  l i k e l y  t o  encounter i n  r e a l  l i f e .  The Talmud s o l v e s  t h e  

"frame problemn (e.g., Boden, 1977; Fodor, 1983) posed by a  

"domain g e n e r a l "  r u l e  l i k e  J e s u s  Is .  

A domain g e n e r a l  d e c i s i o n  r u l e  l i k e  "Do t h a t  which  maximizes 

your i n c l u s i v e  f i t n e s s "  cannot  gu ide  behavior i n  ways t h a t  

a c t u a l l y  do maximize f i t n e s s ,  because what counts  a s  f i t  behavior 

d i f f e r s  from domain t o  domain. Therefore ,  l i k e  t h e  Talmud, 

p sycho log ica l  mechanisms governing e v o l u t i o n a r i l y  important  

domains of human a c t i v i t y  must be domain s p e c i f i c .  

The e a s i e s t  way t o  s e e  t h a t  Darwinian a lgo r i t hms  must be 

domain s p e c i f i c  is  t o  ask  whether t h e  oppos i t e  is  p o s s i b l e :  I n  

t h e o r y ,  could one c o n s t r u c t  a  domain gene ra l ,  content- independent  

d e c i s i o n  r u l e ,  t h a t ,  f o r  any two courses  of a c t i o n ,  would 

e v a l u a t e  which b e t t e r  s e r v e s  t h e  end of maximizing i n c l u s i v e  

f i t n e s s ?  

Such a  r u l e  must i nc lude  a  c r i t e r i o n  f o r  a s s e s s i n g  i n c l u s i v e  

f i t n e s s  : t h e r e  must be some observable  environmental  v a r i a b l e  

a g a i n s t  which cou r ses  of a c t i o n  from any domain of human a c t i v i t y  

can be measured. The s imp les t  v a r i a b l e  t h a t  c o r r e l a t e s  with  

i n c l u s i v e  f i t n e s s  i s  number of g rand-of fspr ing  produced by t h e  

end of o n e ' s  l i f e .  Using t h i s  c r i t e r i o n ,  t h e  d e c i s i o n  r u l e  can 

be rephrased  more p r e c i s e l y  a s ,  "Choose t h e  course  of a c t i o n ' t h a t  

w i l l  r e s u l t  i n  more grand-of fspr ing  produced by t h e  end of your 

l i f e .  

But how could one poss ib ly  eva lua t e  a 1  t e r n a t i v e  a c t i o n s  

u s ing  t h i s  c r i t e r i o n ?  Consider a  simple,  bu t  g r a p h i c  example: 

Should I e a t  f e c e s  o r  f r u i t ?  



C l e a r l y ,  I do no t  have two p a r a l l e l  l i v e s  t o  l e a d  f o r  

purposes  of comparison, i d e n t i c a l  except  t h a t  i n  one I e a t  f e c e s  

and i n  t h e  o t h e r ,  f r u i t .  W i l l  t r i a l  and e r r o r  work? Although I 

do n o t  know it ,  i f  I e a t  t h e  f e c e s ,  t h e r e  i s  a  good chance I w i l l  

c o n t r a c t  a  d i s e a s e  and d i e  -- a  l a r g e  f i t n e s s  cos t .  And i f  I e a t  

t h e  f r u i t  and do n o t  d i ~ ,  I s t i l l  do no t  know i f  I can e a t  f e c e s :  

f o r  a l l  I know, f e c e s  could be a  r i c h  food sou rce  t h a t  would 

g r e a t l y  i n c r e a s e  my fecundi ty .  Could I l e a r n  from o t h e r s ?  I f  I 

watch some people  e a t  f r u i t ,  and o t h e r s  e a t  f e c e s ,  and n o t i c e  

t h a t  more f e c e s - e a t e r s  than  f r u i t - e a t e r s  d i e  by some l a t e r  p o i n t  

i n  t ime,  how do I know whether t h e i r  dea th  was caused by e a t i n g  

f e c e s  o r  by one of t h e  many o the r  t h i n g s  they  d i d  be fo re  t h e i r  

i l l n e s s ?  And why would j&y choose t o  l e a r n  t h i s  way when I do 

no t?  -- my popula t ion  of "guinea p igs"  would be s e l e c t i n g  

themselves  o u t ,  Furthermore, i f ,  l i k e  most P l e i s t o c e n e  hunter-  

g a t h e r e r s ,  I am l i v i n g  among my c l o s e  k in ,  t h e i r  dea th  through 

exper imenta t ion  i s  a l s o  a  f i t n e s s  c o s t  t o  me ( s e e  Chapter 5 ) .  

Perhaps I could smel l  both: I ' l l  e a t  what sme l l s  good and 

avoid  what s m e l l s  bad. But t h i s  method v i o l a t e s  t h e  assumption 

t h a t  t h e  in format ion  process ing  system i s  domain g e n e r a l ,  and 

s i d e - s t e p s  t h e  "grand-of f s p r i n g  produced" c r i t e r i o n  e n t i r e l y .  

Nothing s m e l l s  " i n t r i n s i c a l l y "  bad o r  good; f e c e s  smel l  j u s t  f i n e  

t o  dung f l i e s .  Moreover, why would I i n f e r  t h a t  fou l - smel l ing  

e n t i t i e s  should no t  be e a t e n ?  Admitt ing sme l l  o r  t a s t e  

p r e f e r e n c e s  i s  admi t t i ng  domain s p e c i f i c  i n n a t e  knowledge. 

Admitt ing t h e  i n f e r e n c e  t h a t  fou l - smel l ing  o r  f o u l - t a s t i n g  

e n t i t i e s  should no t  be i n g e s t e d  i s  admi t t i ng  a  domain s p e c i f i c  

i n n a t e  i n £  erence.  



Without domain s p e c i f i c  knowledge l i k e  t h i s ,  how would I 

p o s s i b l y  l e a r n  t o  avoid f e c e s  and i n g e s t  f r u i t ?  Even i f  t h i s  

were p o s s i b l e ,  an i n d i v i d u a l  with a p p r o p r i a t e  domain s p e c i f i c  

knowledge would en joy  a s e l e c t i v e  advantage over one who r e l i e s  

on " t r i a l  and p o s s i b l y  f a t a l  e r r o r n  (Shepard, 1985) .  The 

tendency t o  r e l y  on t r i a l  and e r r o r  i n  t h i s  domain would be 

s e l e c t e d  o u t ;  domain s p e c i f i c  Darwinian a lgo r i t hms  governing food 

cho ice  would be s e l e c t e d  f o r ,  and become a s p e c i e s - t y p i c a l  t r a i t .  

There i s  a l s o  t h e  problem of dec id ing  which cou r ses  of 

a c t i o n  t o  eva lua t e .  The p o s s i b i l i t i e s  f o r  a c t i o n  a r e  i n f i n i t e ,  

and t h e  b e s t  a t r u l y  domain g e n e r a l  mechanism could do i s  

gene ra t e  random p o s s i b i l i t i e s  t o  be run through the  i n c l u s i v e  

f i t n e s s  d e c i s i o n  r u l e .  When a saber- toothed t i g e r  bounds toward 

you, what should your response be? Should you f i l e  your 

t o e n a i l s ?  Do a car twhee l?  S ing  a song? Is t h i s  t h e  moment t o  

run an uncountable  number of randomly gene ra t ed  response 

p o s s i b i l i t i e s  through t h e  d e c i s i o n  r u l e ?  And aga in ,  how could 

you compute which p o s s i b i l i t y  would r e s u l t  i n  more g randch i ld ren?  

The a l t e r n a t i v e :  Darwinian a lgo r i t hms  s p e c i a l i z e d  f o r  p reda to r  

avoidance,  t h a t  e r r  on t h e  s i d e  of f a l s e  p o s i t i v e s  i n  p reda to r  

d e t e c t i o n ,  and, upon d e t e c t i n g  a p o t e n t i a l  p reda to r ,  c o n s t r a i n  

your responses  t o  f l i g h t ,  f i g h t ,  o r  h id ing .  

The domain g e n e r a l  "grandchi ldren produced" c r i t e r i o n  f a i l s  

even i n  t h e s e  s imple  s i t u a t i o n s .  How, then ,  could i t  work i n  

more complicated l e a r n i n g  s i t u a t i o n s ,  f o r  example, when an a c t i o n  

t h a t  i n c r e a s e s  your i n c l u s i v e  f i t n e s s  i n  one domain dec reases  it 

i n  ano the r?  Suppose your domain g e n e r a l  l e a r n i n g  mechanism 

somehow al lowed you t o  f i g u r e  ou t  t h a t  s exua l  i n t e r c o u r s e  i s  a 



necessary  c o n d i t i o n  f o r  producing o f f  sp r ing .  Should you, then ,  

have sex  a t  every  oppor tun i ty?  

According t o  evo lu t iona ry  theory ,  no. There a r e  l a r g e  

f i t n e s s  c o s t s  a s s o c i a t e d  wi th ,  f o r  example, i n c e s t .  * Given a 

p o t e n t i a l  p a r t n e r  wi th  a physique,  p e r s o n a l i t y ,  or  r e sou rces  t h a t  

would normally e x c i t e  ysu sexua l ly :  The informat ion  t h a t  he or 

she  i s  c l o s e  k i n  must i n h i b i t  your s exua l  impulses.  
- '€ 

Again, i f  you engaged i n  i n c e s t ,  and l o s t  t h e  baby a f t e r  a 

few months, how would you know what caused t h e  mi sca r r i age?  Your 

l i f e  i s  a s e r i e s  of many even t s  (perhaps i n c l u d i n g  s e x  near  t h e  

t ime  of concept ion wi th  non-kin a s  we l l  a s  k i n ) ,  any one of which 

is a p o t e n t i a l  cause.  Why conclude t h a t  sex wi th  one i n d i v i d u a l ,  

who p h y s i c a l l y  and psychologica l ly  resembles o the r  members of h i s  

sex  i n  many r e s p e c t s ,  caused you t o  l o s e  your baby? 

The need t o  avoid i n c e s t  imp l i e s  t h e  a b i l i t y  t o  

spontaneously and au toma t i ca l ly  acqu i r e  t h e  ca tegory  "k in  ve r sus  

non-kin" by merely observ ing  t h e  world -- even i f  it were 

p o s s i b l e  t o  l e a r n  it by engaging i n  i n c e s t ,  t h e  f i t n e s s  c o s t s  

would be t o o  high.  But t h e  "number of grand-off s p r i n g  produced" 

d e c i s i o n  r u l e  cannot  be used t o  a c q u i r e  e v o l u t i o n a r i l y  c r u c i a l  

c a t e g o r i e s  through mere observa t ion :  u n l e s s  a c a t e g o r i z a t i o n  

* Each person has ,  on average,  fou r  l e t h a l  equ iva l en t  genes: 
having only one l e t h a l  equ iva l en t  does not  adverse ly  a f f e c t  your 
h e a l t h ,  bu t  i n d i v i d u a l s  d i e  when they  a r e  homozygous f o r  one of 
t h e s e  genes.  The p r o b a b i l i t y  t h a t  a random i n d i v i d u a l  has  one of 
t h e  same l e t h a l  e q u i v a l e n t s  a s  you i s  very smal l ;  however, t h e  
p r o b a b i l i t y  t h a t  a f u l l  s i b  s h a r e s  a given l e t h a l  equ iva l en t  wi th  
you i s  50%. I f  you only had one l e t h a l  equ iva l en t ,  and mated 
wi th  your f u l l  s i b ,  on average,  ha l f  your c h i l d r e n  would d i e  i n  
u t e r o  o r  a t  a very  young age. A s  each per son has  about  f o u r ,  t h e  
s e l e c t i v e  c o s t  i s  even h igher .  The reduced sexua l  recombination 
t h a t  a t t e n d s  inb reed ing  a l s o  imposes s e l e c t i v e  c o s t s  i n  long-  
l i v e d  s p e c i e s ,  having t o  do with  p a r a s i t e  l o a d  (Tooby, 1982) .  



scheme i s  used t o  gu ide  behavior ,  it has  no consequences on 

f i t n e s s .  

Kin r ecogn i t i on  r e q u i r e s  ~ a r w i n i a n  a lgo r i t hms  tuned t o  

environmental  cues  t h a t  a r e  c o r r e l a t e d  with  k i n  bu t  not  wi th  non- 

k in .  These cues  must be used i n  a  p a r t i c u l a r  way: e i t h e r  they 

must be used t o  match s e l f  t o  o t h e r ,  a s  i n  f a c i a l  or  o l f a c t o r y  

phenotype matching, or  they must c a t e g o r i z e  o t h e r s  d i r e c t l y ,  a s  .,= 

when one i m p r i n t s  du r ing  a  c r i t i c a l  pe r iod  on those  wi th  whom one 

was r a i s e d  -- t h i s  can be a  r e l i a b l e  environmental  cue i n  s p e c i e s  

where t h e  i n d i v i d u a l s  wi th  whom one is r a i s e d  a r e  normally o n e ' s  

c l o s e s t  k i n  (Shepher, 1983) .  There a r e  an i n £  i n i t e  number of 

dimensions t h a t  could be used t o  ca rve  t h e  environment i n t o  

c a t e g o r i e s ;  t h e r e  i s  no a s su rance  t h a t  a  g e n e r a l  purpose 

in format ion  p roces s ing  system would ever  h i t  on those  u s e f u l  f o r  

c r e a t i n g  t h e  kin/non-kin c a t e g o r i z a t i o n  scheme, and t h e  

"grandchi ldren  produced" c r i t e r i o n  cannot gu ide  such a  system 

toward t h e  a p p r o p r i a t e  dimensions. 

Then t h e r e  i s  t h e  problem of g e n e r a l i z a t i o n .  Suppose you 

were somehow a b l e  t o  f i g u r e  o u t  t h a t  avoid ing  s e x  wi th  k i n  had 

p o s i t i v e  f i t n e s s  consequences. How would you g e n e r a l i z e  t h i s  

knowledge about  t h e  kin/non-kin c a t e g o r i z a t i o n  scheme t o  o the r  

domains of human a c t i v i t y ?  Would you, f o r  example, avoid any 

i n t e r a c t i o n  wi th  k in?  T h i s  would be a  mistake;  s e l e c t i v e l y  

avoid ing  s e x  wi th  k i n  has  p o s i t i v e  f i t n e s s  consequences, bu t  

s e l e c t i v e l y  avoid ing  he lp ing  k i n  has  nega t ive  f i t n e s s  

consequences (given a  c e r t a i n  envelope of c i rcumstances ,  

Hamil ton ,  1964) . 
Thus, no t  only must t h e  a c q u i s i t i o n  of t h e  kin/non-kin 



c a t e g o r i z a t i o n  scheme be guided by domain s p e c i f i c  Darwinian 

a lgo r i t hms ,  b u t  its a d a p t i v e  u se  f o r  gu id ing  behavior  i s  a l s o  

domain s p e c i f i c .  I n  t h e  s exua l  domain, k i n  must be avoided;  i n  

t h e  h e l p i n g  domain, they  must be helped;  when one needs h e l p ,  k i n  

should  be among t h e  f i r s t  t o  be asked (Hamilton, 1964) ;  when one 

i s  con tag ious ly  ill, k i ~  should be s e l e c t i v e l y  avoided (Tooby, 

1982) . The p rocedura l  knowledge governing how one behaves toward 

k i n  d i f f . e r s  markedly from domain t o  domain. Only Darwinian 

a l g o r i t h m s  wi th  p rocedura l  knowledge s p e c i f i c  t o  each of t h e s e  

domains can a s s u r e  t h a t  one responds t o  k i n  i n  e v o l u t i o n a r i l y  

a p p r o p r i a t e  ways. Simply p u t ,  t h e r e  i s  no domain g e n e r a l  

c r i t e r i o n  of f i t n e s s  t h a t  cou ld  gu ide  an e q u i p o t e n t i a l  l e a r n i n g  

p r o c e s s  toward t h e  c o r r e c t  s e t  of f i t  r esponses .  

T r i a l  and e r r o r  l e a r n i n g  i s  inadequa te ,  no t  only because it 

is  slow and u n r e l i a b l e ,  bu t  because t h e r e  i s  no domain- 

independent  v a r i a b l e  f o r  s i g n a l i n g  e r r o r  . I n  t h e  s e x u a l  domain, 

e r r o r  = sex  w i t h  k in .  I n  t h e  h e l p i n g  domain, e r r o r  = not  h e l p i n g  

k i n  g iven  t h e  a p p r o p r i a t e  envelope of cond i t i ons .  I n  t h e  d i s e a s e  

domain, e r r o r  = i n f e c t i n g  kin .  

Consequently,  t h e r e  a r e  only two ways t h e  human mind can be 

b u i l t .  E i t h e r  : 

1. A l l  i n n a t e  p sycho log ica l  mechanisms a r e  domain g e n e r a l ,  and 

t h e r e f o r e  do no t  t r a c k  f i t n e s s  a t  a l l ,  

0 r  

2. Some i n n a t e  p sycho log ica l  mechanisms a r e  domain s p e c i f i c  

Darwinian a l g o r i t h m s  wi th  p rocedura l  knowledge s p e c i a l i z e d  f o r  

t r a c k i n g  f i t n e s s  i n  t h e  c o n c r e t e  s i t u a t i o n s  hominids would 

have encountered a s  P l e i s t o c e n e  hun te r -ga the re r s .  
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C l e a r l y ,  t h e  f i r s t  a l t e r n a t i v e  i s  no a l t e r n a t i v e  a t  a l l .  

Advocates of t h i s  p o s i t i o n  would have t o  e x p l a i n  how genes coding 

f o r  t r a i t s  t h a t  impede t h e i r  r e p l i c a t i o n  could p o s s i b l y  

outcompete genes t h a t  code f o r  t r a i t s  t h a t  enhance t h e i r  

r e p l i c a t i o n .  I n  o the r  words, they must e x p l a i n  how a  complex of 

maladapt ive  t r a i t s  was iab le  t o  d i s p l a c e  a  complex of a d a p t i v e  ones. 

Darwinian a lgo r i t hms  s o l v e  t h e  "frame problem" 

Darwinian a lgo r i t hms  can be seen a s  f rame-bui lders ,  a s  

l e a r n i n g  mechanisms t h a t  s t r u c t u r e  exper ience  a long  a d a p t i v e  

dimensions i n  a  given domain. P o s i t i n g  them s o l v e s  t h e  "frame 

problem" -- which i s  another  name f o r  t h e  o b j e c t i o n s  t o  domain 

g e n e r a l  mechanisms t h a t  were r a i s e d  i n  t h e  above d i scuss ion .  

Researchers  i n  a r t i f i c i a l  i n t e l l i g e n c e  have found t h a t  t r i a l  

and e r r o r  i s  a  good procedure f o r  l e a r n i n g  only when an organism 

a l r e a d y  has  a  we l l - spec i f i ed  model of what i s  l i k e l y  t o  be t r u e  

of a  domain, a  model t h a t  i nc ludes  a  d e f i n i t i o n  of what counts  a s  

e r r o r .  Programmers c a l l  t h i s  f i n d i n g  t h e  "frame problem" (e .  g.,  

Boden, 1977; Fodor, 1983) .  To move an o b j e c t ,  make t h e  s imp les t  

i nduc t ion ,  o r  s o l v e  a  s t r a i g h t f o r w a r d  problem, t h e  computer must 

a l r e a d y  have a  s o p h i s t i c a t e d  model of t h e  domain i n  ques t ion :  

what counts  a s  an o b j e c t  o r  s t imu lus ,  what counts  a s  a  cause ,  how 

c l a s s e s  of e n t i t i e s  and p r o p e r t i e s  a r e  r e l a t e d ,  how va r ious  

a c t i o n s  change t h e  s i t u a t i o n .  Unless t h e  l e a r n i n g  domain i s  

s e v e r e l y  c i rcumscr ibed  and t h e  procedures  h igh ly  s p e c i a l i z e d  and 

content-dependent -- u n l e s s  t h e  programmer has  given t h e  computer 

what amounts t o  v a s t  q u a n t i t i e s  of " i n n a t e  knowledge" -- t h e  

computer can move nothing,  l e a r n  no th ing ,  s o l v e  nothing.  The 



frame problem i s  a  conc re t e ,  empi r i ca l  demonstrat ion of t h e  

p h i l o s o p h i c a l  o b j e c t i o n s  t o  t h e  t a b u l a  r a sa .  I t  is a l s o  a  

c a u t i o n a r y  t a l e  f o r  advoca tes  of domain g e n e r a l ,  conten t -  

independent l e a r n i n g  mechanisms.* 

Unfo r tuna te ly ,  t h e  l e s s o n  has  been l o s t  on many. Although 

most c o g n i t i v e  psycholcqi  sts r e a l i z e  t h a t  t h e i r  t h e o r i e s  must 

p o s i t  some i n n a t e  c o g n i t i v e  a r c h i t e c t u r e ,  a  quick p e r u s a l  of 

t ex tbooks  i n  t h e  f i e l d  w i l l  show t h a t  t h e s e  s t i l l  t end  t o  be 

r e s t r i c t e d  t o  content-independent o p e r a t i n g  system 

c h a r a c t e r i s t i c s :  s h o r t  term s t o r e s ,  domain g e n e r a l  r e t r i e v a l  and 

s t o r a g e  p roces ses ,  imagery b u f f e r s .  Researchers  who do i n s i s t  on 

t h e  n e c e s s i t y  of p o s i t i n g  content-dependent schemas or  f  r a t e s  

(e.g. ,  Minsky, 1977; Schank & Abelson, 1977) ,  seldom ask how 

t h e s e  frames a r e  b u i l t .  They seem t o  presume t h a t  frames a r e  t h e  

product  of exper ience  s t r u c t u r e d  only by domain g e n e r a l  l e a r n i n g  

mechanisms -- y e t  t h e  b u i l d i n g  of frames must a l s o  be s u b j e c t  t o  

t h e  f rame problem. Even Fodor (1983) ,  a  prominent exponent of 

t h e  view t h a t  t h e  mind 's  i n n a t e  a r c h i t e c t u r e  i nc ludes  

s p e c i a l i z e d ,  content-dependent modules, r e s t r i c t s  t h e s e  t o  what 

he c a l l s  " inpu t  systemsw : pe rcep tua l  o r  quas i -pe rcep tua l  domains 

l i k e  v i s i o n ,  hea r ing ,  and language. H e  doubts  t h e  e x i s t e n c e  of 

modules governing " c e n t r a l m  p roces ses  l i k e  reasoning  and problem 

so lv ing .  Yet one wonders: Without domain s p e c i f i c  i n f e r e n c e  

p roces ses ,  how can a l l  t h i s  pe rcep tua l  da t a  be expected t o  gu ide  

* Darwinian a lgo r i t hms  s p e c i f y  in£ e r  ence procedures ,  and can 
t h e r e f o r e  be seen a s  c o n s t r a i n i n g  t h e  t h e o r e t i c a l  s e t  of a l l  
p o s s i b l e  i n f e r e n c e s  t o  a few t h a t  a r e  u s e f u l  t o  t h e  organism. 
However, they  a r e  not  " c o n s t r a i n t s  on l e a r n i n g "  -- indeed,  it i s  
no t  c l e a r  t h a t  an organism could l e a r n  anyth ing  a t  a l l  wi thout  
such " c o n s t r a i n t s . "  See Appendix A: "The Frame Problem and So- 
c a l l e d  C o n s t r a i n t s  on Learning. " 



our behavior i n  a d a p t i v e  d i r e c t i o n s ?  

R e s t r i c t i n g  t h e  mind's i n n a t e  a r c h i t e c t u r e  t o  pe rcep tua l  

systems,  a  content-independent o p e r a t i n g  system, a  domain g e n e r a l  

concept  l e a r n i n g  mechanism, a  content-independent hypo thes i s  

t e s t i n g  procedure ,  and a  smal l  ragbag of dimensions f o r  

c o n s t r u i n g  s i m i l a r i t y ,  might be OK i f  it d i d  no t  ma t t e r  what a  

person l e a r n e d  -- i f ,  f o r  example, l e a r n i n g  t h a t  E i s  t h e  most 

f r e q u e n t l y  used l e t t e r  i n  t h e  Engl i sh  language were a s  c r i t i c a l  

t o  o n e ' s  i n c l u s i v e  f i t n e s s  a s  l e a r n i n g  t h a t  a  saber - too thed  t i g e r  

can e a t  you f o r  lunch. But what a  person l e a r n s  does ma t t e r ;  n o t  

only what, bu t  when, how r e l i a b l y ,  and how qu ick ly .  And even 

more important  i s  what a  person does with  t h a t  knowledge. The 

purpose of l e a r n i n g  is,  presumably, t o  gu ide  behavior .  Should I 

e a t  g r a v e l ?  Should I engage i n  i n c e s t ?  Should I g i v e  o t h e r s  t h e  

only food I have f o r  f eed ing  my c h i l d r e n ?  When my b ro the r  and my 

cous in  a r e  equa l ly  i n  need, should I s a t i s f y  those  needs equa l ly?  

N a t u r a l  s e l e c t i o n  theo ry  provides  d e f i n i t e  answers t o  q u e s t i o n s  

l i k e  t h e s e ,  because t h e  wrong d e c i s i o n  can r e s u l t  i n  l a r g e  

f i t n e s s  c o s t s .  How can an e q u i p o t e n t i a l  l e a r n i n g  system t h a t  

simply looks  f o r  r e l a t i o n s  i n  t h e  world,  p rovide  in format ion  

about  t h e  r e l a t i v e  va lue ,  i n  i n c l u s i v e  f i t n e s s  terms,  of 

a l t e r n a t i v e  cou r ses  of a c t i o n ?  I t  cannot ;  i t  has  no s t anda rd  f o r  

a s s e s s i n g  it. 

Cogn i t i ve  p sycho log i s t s  can p e r s i s t  i n  advoca t ing  such 

systems only because they  a r e  no t  ask ing  what problems t h e  mind 

was designed,  by n a t u r a l  s e l e c t i o n ,  t o  so lve .  The Darwinian view 

i s  t h a t  humans have i n n a t e l y  s p e c i f i e d  mental  a lgo r i t hms  t h a t  

a l low them t o  pursue g o a l s  t h a t  a r e  or  once were c o r r e l a t e d  with  



t h e i r  i n c l u s i v e  f i t n e s s .  These i n n a t e l y  s p e c i f i e d  mental  

a lgo r i t hms  cannot  a l l  be domain gene ra l .  Behavior i s  a  

t r a n s a c t i o n  between organism and environment; t o  be adap t ive ,  

s p e c i f i c  behaviors  must be e l i c i t e d  by e v o l u t i o n a r i l y  a p p r o p r i a t e  

environmental  cues .  Only s p e c i a l i z e d ,  domain s p e c i f i c  Darwinian 

a l g o r i t h m s  can i n s u r e  t h a t  t h i s  w i l l  happen. 

* * * 

The. p roposa l  t h a t  Darwinian a lgo r i t hms  guide  i n f e r e n c e  on 

reasoning  t a s k s  q u a l i f i e s  a s  a  "family' 1-bn explana t ion :  Although 

we do n o t  have a  content-independent l o g i c  module, f o r  

e v o l u t i o n a r i l y  important  domains, we have e x t e n s i v e  networks of 

"hypotheses" about  what i s  t r u e  and what i s  " r e l e v a n t w ,  a s  we l l  

a s  r u l e s  of i n f e r e n c e  t o  gu ide  reasoning  w i t h i n  t h e  domain. 

These hypotheses  and r u l e s  a r e  i n n a t e ,  or  e l s e  t h e  product  of 

"experience" s t r u c t u r e d  by domain s p e c i f i c  i n n a t e  a lgor i thms .  

For t h e s e  domains we do no t  f a c e  -- o n t o g e n e t i c a l l y  -- t h e  

problem of weeding o u t  an i n f i n i t e  number of i n c o r r e c t  

i n d u c t i o n s ,  because t h i s  h a s  a l r e a d y  been accomplished 

p h y l o g e n e t i c a l l y ,  over 4 b i l l i o n  y e a r s  of evolu t ion .  Hence, we 

spontaneously gene ra t e  only a  smal l  s u b s e t  of t h e  c l a s s  of a l l  

p o s s i b l e  hypotheses ,  and t h o s e  t h a t  we do cons ider  a r e  l i k e l y  t o  

be t r u e  -- or  i f  no t  t r u e ,  then  adap t ive ly  use fu l .  The i r  purpose 

i n  no t  merely t o  a l low u s  t o  d e s c r i b e  t h e  world,  but  t o  p ick  up 

and p roces s  t h e  in format ion  t h a t  i s  most s a l i e n t  f o r  gu id ing  our  

behavior i n  a d a p t i v e  d i r e c t i o n s .  

According t o  e q u i p o t e n t i a l  meta-theory, conten t  i s  noise .  

According t o  Darwinian meta-theory, con ten t  i s  s i g n a l .  I f  t h e r e  

a r e  content-dependent Darwinian a lgo r i t hms  t h a t  gu ide  reasoning  



i n  e v o l u t i o n a r i l y  important  domains , then  d i f f e r e n t  con ten t  

domains w i l l  " c a l l  up" d i f f e r e n t  r u l e s  of reasoning.  Choices on 

r ea son ing  t a s k s  should  vary  s y s t e m a t i c a l l y  with problem con ten t ,  

s o  l o n g  a s  problem con ten t  i nvo lves  e v o l u t i o n a r i l y  important  

domains. Non-important domains should show no s y s t e m a t i c  

v a r i a t i o n ,  because was no s e l e c t i o n  producing mechanisms s u r e  t o  

g e t  such problems " r i g h t " ;  a t  b e s t ,  r easoning  about  such a r e a s  

should  be weakly p a t t e r n e d  by whatever domain g e n e r a l  mechanisms 

do e x i s t .  To test  t h i s  view, I chose a  domain of human a c t i v i t y  

t h a t  should  have been a d a p t i v e l y  p a t t e r n e d  by n a t u r a l  s e l e c t i o n ,  

and t h a t  a p p e a r s  t o  e l i c i t  c o n s i s t e n t  and robus t  con ten t  e f f e c t s  

on a  r ea son ing  t a s k :  s o c i a l  exchange. Chapter 5 ana lyzes  how t h e  

dynamics of n a t u r a l  s e l e c t i o n  apply t o  s o c i a l  exchange, and what 

t h i s  a l l o w s  one t o  i n f e r  about  t h e  c h a r a c t e r i s t i c s  of t h e  

Darwinian a l g o r i t h m s  t h a t  r e g u l a t e  s o c i a l  exchange i n  humans. 



Chapter 5 

Human S o c i a l  Exchange 

Evolu t ionary  biology provides  a  h e u r i s t i c  f o r  gu id ing  

psycho log ica l  t heo ry ;  t h e  r e sea rch  and theo ry  p re sen ted  i n  t h i s  

d i s s e r t a t i o n  i s  meant t~ be an i l l u s t r a t i o n  of its p o t e n t i a l .  

Th i s  h e u r i s t i c  r e s t s  on t h e  r ecogn i t i on  t h a t  n a t u r a l  s e l e c t i o n  

h a s  produced psychologica l  mechanisms a s  responses  t o  v a r i o u s  

s e l e c t i o n  p re s su re s .  The more important  t h e  a d a p t i v e  problem, 

t h e  more i n t e n s e l y  s e l e c t i o n  w i l l  have s p e c i a l i z e d  and improved 

t h e  performance of t h e s e  mechanisms. Some of t h e s e  mechanisms 

evolved t o  meet t h e  a d a p t i v e  problem of s o c i a l  exchange. 

Succes s fu l ly  conducted s o c i a l  exchange was a  c r i t i c a l l y  important  

f e a t u r e  of hominid evo lu t ion .  Natura l  s e l e c t i o n  permi ts  t h e  

evo lu t ion  of only c e r t a i n  s t r a t e g i e s  f o r  engaging s o c i a l  

exchange. By s tudy ing  t h e  n a t u r e  of t h e s e  s t r a t e g i e s ,  one can 

deduce many p r o p e r t i e s  t h a t  human a lgo r i t hms  r e g u l a t i n g  s o c i a l  

exchange m u s t  have, a s  we l l  a s  much about  t h e  a s s o c i a t e d  

c a p a b i l i t i e s  such a lgo r i t hms  r e q u i r e  t o  f u n c t i o n  proper ly .  Using 

t h i s  framework, one can then  make empi r i ca l  p r e d i c t i o n s  about  

human performance i n  a r e a s  t h a t  a r e  t he  t r a d i t i o n a l  concern of 

c o g n i t i v e  p sycho log i s t s :  a t t e n t i o n ,  communication, reasoning,  t h e  

o r g a n i z a t i o n  of memory, and l ea rn ing .  One can a l s o  make s p e c i f i c  

p r e d i c t i o n s  about  human peformance on reasoning  t e s t s  l i k e  t h e  

Wason s e l e c t i o n  t a s k .  

Chapter 5 examines t h e  n a t u r e  of t h e  s e l e c t i v e  p r e s s u r e s  on 

s o c i a l  exchange i n  human evo lu t ion ,  and what t h e s e  a l low one t o  

in£  e r  about  t h e  psychologica l  b a s i s  f o r  s o c i a l  exchange i n  



humans. I t  i s  d iv ided  i n t o  t h r e e  p a r t s  which make t h e  fo l lowing  

p o i n t s  : 

5.1: Only c e r t a i n  s t r a t e g i e s  f o r  engaging i n  s o c i a l  exchange can 
evolve:  n a t u r a l  s e l e c t i o n ' s  game t h e o r e t i c  s t r u c t u r e  d e f i n e s  
what p r o p e r t i e s  t h e s e  s t r a t e g i e s  must have. 

5.2: The e c o l o g i c a l  c o n d i t i o n s  necessary  f o r  t h e  evo lu t ion  .of  
s o c i a l  exchange were mani fes t  du r ing  hominid e v o l u t i o n ;  
hominid behavioral ,  ecology f u r t h e r  c o n s t r a i n s  a  
computat ional  theor$ of s o c i a l  exchange. 

5.3: These s t r a t e g i c  and e c o l o g i c a l  c-Cfnstraints d e f i n e  a  s e t  of 
in format ion  p roces s ing  problems t h a t  must be so lved  by any 
human engaging i n  s o c i a l  exchange. Computational t h e o r i e s  
of t h e s e  problems a r e  developed. ' 

5.1 Na tu ra l  s e l e c t i o n  and s o c i a l  exchange: 

Only c e r t a i n  s t r a t e g i e s  f o r  engaging i n  s o c i a l  exchange can 
evolve:  n a t u r a l  s e l e c t i o n ' s  game t h e o r e t i c  s t r u c t u r e  
d e f i n e s  what p r o p e r t i e s  t h e s e  s t r a t e g i e s  must have. 

The c r i t i c a l  a c t  i n  formula t ing  computat ional  t h e o r i e s  
t u r n s  o u t  t o  be t h e  d i scovery  of v a l i d  c o n s t r a i n t s  on 
t h e  way t h e  world i s  s t r u c t u r e d . .  . 

-- Marr & Nishihara ,  1978 

There a r e  laws i n h e r e n t  i n  t h e  dynamics of n a t u r a l  s e l e c t i o n  

t h a t  hold f o r  any s p e c i e s ,  on any p l a n e t ,  a t  any time. Many of 

t h e s e  laws govern t h e  evo lu t ion  of s o c i a l  behavior;  they  

c o n s t r a i n  t h e  k inds  of s o c i a l  behavior t h a t  can evolve.  

T r a i t s  can be thought  of a s  t h e  embodiment of ~ t r a t e a i e s  f o r  

t h e  propogat ion of t h e  genes t h a t  code f o r  them. By ana lyz ing  

t h e  dynamics of gene flow through popula t ions ,  one can determine 

what k inds  of t r a i t s  w i l l  qu ick ly  be s e l e c t e d  o u t ,  and what kinds 

of t r a i t s  a r e  l i k e l y  t o  become u n i v e r s a l  and spec i e s - typ ica l .  

Formally,  t h i s  a n a l y s i s  can be c a s t  i n  terms of game theory :  one 



s t r a t e g y  i s  p i t t e d  a g a i n s t  ano ther  i n  a  r a c e  t o  s e e  which one 

comes t o  dominate t h e  gene pool.  Such games can be 

mathemat ica l ly  modeled wi th  g r e a t  p r e c i s i o n ,  * During t h e  l a s t  20 

y e a r s ,  game-theoret ic  models of t h e  dynamics of n a t u r a l  s e l e c t i o n  

have p r o l i f e r a t e d  i n  e v o l u t i o n a r y  biology.  T h i s  p roces s  h a s  l e d  

t o  a  s t a r t l i n g  d i scovery :  U e r e  u certain s t r a t e a i e s  that 

simwlv cannot Le s e l e c t e d  fPT. (e.g.,  Hamilton, 1964; Wil l iams,  
' t 

1966; Maynard Smith, 1978; Dawkins, 1982) .  Furthermore,  game- 

t h e o r e t i c  a n a l y s e s  can be used t o  s p e c i f y  what s t a t e g i e s  a r e  

l i k e l y  t o  be s e l e c t e d  f o r ,  and what p r o p e r t i e s  t h e s e  s t r a t e g i e s  

must have. T h i s  c la im dese rves  an i l l u s t r a t i o n  from t h e  

l i t e r a t u r e  of evo lu t iona ry  biology.  

Given an i n d i v i d u a l ,  X ,  d e f i n e  a  BENEFIT TO X ( B ( X )  ) a s  

any a c t ,  e n t i t y  o r  s t a t e  of a f f a i r s  t h a t  i n c r e a s e s  t h e  number of 

r e p l i c a s  of a  given gene ( o f f s p r i n g )  which t h a t  i n d i v i d u a l  

produces  through h i s  o r  her own reproduc t ion .  S i m i l a r l y ,  d e f i n e  

a  COST TO X ( C ( X )  ) a s  any a c t ,  e n t i t y ,  o r  s t a t e  of a f f a i r s  t h a t  

d e c r e a s e s  t h e  number of gene r e p l i c a s  t h a t  i n d i v i d u a l  produces.  

J u s t  t o  exhaus t  t h e  p o s s i b i l i t i e s ,  l e t  0 ( X )  r e f e r  t o  any a c t ,  

e n t i t y  o r  s t a t e  of a f f a i r s  t h a t  ha s  no e f f e c t  on t h e  number of 

gene r e p l i c a s  X produces.  By so  d e f i n i n g  t h e  e f f e c t s  which 

d i f f e r e n t  morphological ,  p h y s i o l o g i c a l ,  o r  behav io ra l  t r a i t s  can 

have on gene r e p l i c a t i o n  through a  p a r t i c u l a r  i n d i v i d u a l ,  one can 

compare two a l t e r n a t i v e  t r a i t s  t o  s e e  which one l e a d s  t o  g r e a t e r  

* The Modern S y n t h e s i s  -- t h e  wedding of s t a t i s t i c a l  methods t o  
Mendelian g e n e t i c s  -- brought r i g o r  t o  evo lu t iona ry  biology i n  . 
t h e  1930 's .  During t h e  l a s t  20 y e a r s  t h a t  r i g o r  has  been 
s u b s t a n t i a l l y  enhanced by (1) t h e  i d e n t i f i c a t i o n  of t h e  gene a s  
t h e  u n i t  of s e l e c t i o n ,  and ( 2 )  t h e  t e c h n o l o g i c a l  a b i l i t y  t o  
c r e a t e  computer models of s t r a t e g i c  games. 



r e p l i c a t i o n  of t h e  genes which u n d e r l i e  it and w i l l  t h e r e f o r e  

sp read  through t h e  popula t ion .  

Now, cons ider  t h i s  exce rp t  from Hamilton, 1972: 

A gene i s  being favored  i n  n a t u r a l  s e l e c t i o n  i f  t h e  
agg rega te  of its r e p l i c a s  forms an i n c r e a s i n g  f r a c t i o n  
of t h e  t o t a l  gene pool.  We a r e  going t o  be concerned 
wi th  genes supposed t o  a f f e c t  t h e  s o c i a l  behavior of 
t h e i r  b e a r e r s ,  so  Let us t r y  t o  make t h e  argument more 
v i v i d  by a t t r i b u t i n g ' t o  t h e  genes ,  t empora r i l y ,  
i n t e l l i g e n c e  and a  c e r t a i n  freedom of choice.  Imagine 
t h a t  a  gene i s  cons ide r ing  t h e  problem of i n c r e a s i n g  t h e  
number of i ts r e p l i c a s  and imagine t h a t  it can choose 
between caus ing  pu re ly  s e l f - i n t e r e s t e d  behavior by i ts 
bearer  A ( l e a d i n g  t o  more reproduct ion  by A) and caus ing  
" d i s i n t e r e s t e d "  behavior  t h a t  b e n e f i t s  i n  some way a  
r e l a t i v e ,  B. (p.  195) 

Hamilton then  computes how many r e p l i c a s  of t h i s  gene w i l l  be 

produced i f  i t  codes f o r  d e c i s i o n  r u l e  1 versus  d e c i s i o n  r u l e  2: 

For any a c t ,  Z ,  which would b e n e f i t  A ' s  r e l a t i v e ,  B ( Z  = B ( B ) ) :  

Decis ion Rule 1. I f  [ C ( A )  of doing Z 1 > 0,  do no t  do 2. 

Decis ion Rule  2.  I f  [ C ( A )  of doing Z ] < [ B(B) of r e c e i v i n g  Z ] 
d i s c m t e d  & r  (A,B)  ( a  f r a c t i o n  denot ing  t h e  
p r o b a b i l i t y  t h a t  B c o n t a i n s  a  r e p l i c a  of t h e  
gene i n  q u e s t i o n )  , then do Z.  

More r e p l i c a s  of t h e  gene i n  q u e s t i o n  w i l l  be produced i f  t h a t  

gene codes f o r  d e c i s i o n  r u l e  2* r a t h e r  than d e c i s i o n  r u l e  1. T h i s  

r e s u l t  ho lds  f o r  s p e c i e s  which can s e l e c t i v e l y  confer  

b e n e f i t s  on r e l a t i v e s .  I t  i s  a  law inhe ren t  i n  t h e  dynamics of 

n a t u r a l  s e l e c t i o n .  

I n s t e a d  of imagining a  gene contemplat ing va r ious  

s t r a t e g i e s ,  an e n t i r e l y  equ iva l en t  way of cons ide r ing  t h e  same 

evo lu t iona ry  problem is  t o  imagine t h a t  t h e  two d e c i s i o n  r u l e s  

* gene 2 codes  f o r  d e c i s i o n  r u l e  2 which, on average ,  maximizes 
an i n d i v i d u a l ' s  " i n c l u s i v e  f i t n e s s "  -- h i s  own r ep roduc t ive  
succes s  p lus  h i s  e f f e c t s  on t h e  r ep roduc t ive  succes s  of h i s  
r e l a t i v e s ,  each e f f e c t  d i scounted  by t h e  a p p r o p r i a t e  I, t h e  
c o e f f i c i e n t  of r e l a t e d n e s s  (Hamilton, 1964; Dawkins, 1982) . 



a r e  embodied i n  d i f f e r e n t  organisms. One then  imagines a  

tournament p i t t i n g  Gene 1 (which codes f o r  Decis ion Rule  1) 

a g a i n s t  Gene 2  (which codes f o r  Decis ion Rule 2)  . 
I n  t h e  tournament, two i n d i v i d u a l s  f a c e  t h e  same 

environment. That is,  i n  t h e  f i r s t  gene ra t ion  both i n d i v i d u a l s  

have t h e  same number of, r e l a t i v e s ,  t h e  same number of 

oppor tun i t i e s /pe r  r e l a t i v e  f o r  con£ e r  r i n g  b e n e f i t s ,  and t h e  same 

s e t  of payof f s  a s s o c i a t e d  with  p a r t i c u l a r  o p p o r t u n i t i e s .  

I n d i v i d u a l  1 has  gene 1, and t h e r e f o r e  uses  d e c i s i o n  r u l e  1; 

I n d i v i d u a l  2  has  gene 2 and t h e r e f o r e  uses  d e c i s i o n  r u l e  2. 

Before t h e  t ou rna r~~en t  s t a r t s ,  genes 1 and 2  e x i s t  i n  equa l  

numbers i n  t h e  popula t ion .  

Using t h i s  tournament,  one can ask :  Af te r  one gene ra t ion ,  

how many r e p l i c a s  of gene 1 versus  gene 2 e x i s t  i n  t h e  

popu la t ion?  How many r e p l i c a s  of each e x i s t  af  t e r  n  gene ra t ions?  

I f  one were t o  run a  computer model of t h i s  tournament, one would 

f i n d  t h a t  a f t e r  one gene ra t ion  t h e r e  would be more r e p l i c a s  of 

gene 2  than  gene 1; t h e  magnitude of t h e  d i f f e r e n c e  between them 

i s  gene 2 I s  " s e l e c t i v e  advantage" over gene 1. T h i s  magnitude 

w i l l  depend on what payoff and oppor tun i ty  parameters  were 

s p e c i f i e d  i n  t h e  program used. Af te r  n  gene ra t ions ,  where n  i s  a  

f u n c t i o n  of t h e  magnitude of gene 2 ' s  s e l e c t i v e  advantage i n  t h e  

tournament 's  "environmentn,  one would f i n d  t h a t  gene 2  had "gone 

t o  f i x a t i o n " :  t h a t  gene 1 would r ep re sen t  a  van i sh ing ly  smal l  

f r a c t i o n  of t h e  gene pool ,  r e g a r d l e s s  of t h e  a b s o l u t e  s i z e  of t h e  

popula t ion .  

Using t h e  same thought  experiment one can ask o t h e r  

q u e s t i o n s :  Once gene 2 has  become f i x e d  i n  a  popula t ion ,  is i t  



v u l n e r a b l e  t o  i nvas ion  by a  mutant gene coding f o r  a  different 

d e c i s i o n  r u l e  ( i . e . ,  is  it an Evo lu t iona r i l y  S t a b l e  S t r a t e g y ,  an 

ESS)? I f  gene 1 is  f i x e d  i n  t h e  popula t ion ,  i s  it v u l n e r a b l e  t o  

i nvas ion  by a  mutant gene 21 w i l l  gene 2  sweep t h e  popula t ion ,  

or  w i l l  a  s t a b l e  polymorphism r e s u l t  between genes 1 and 23 Is a  

gene b e t t e r  off  i f  it cpdes f o r  a  mixed s t r a t e g y ,  one t h a t  uses  

d e c i s i o n  r u l e  2  under c e r t a i n  c i rcumstances ,  and some o the r  

d e c i s i o n  r u l e  under o the r  c i rcumstances? And so  on. 

I n  o t h e r  words, n a t u r a l  s e l e c t i o n  theo ry  has  a  game 

theoretic s t r u c t u r e  (Maynard Smith, 1982) .  Th i s  f a c t  can be 

u s e f u l l y  a p p l i e d  t o  an a n a l y s i s  of s o c i a l  exchange between 

u n r e l a t e d  i n d i v i d u a l s .  

I n  t h e  example above, t h e  d e c i s i o n  r u l e s  governed a  

u n i l a t e r a l  a c t ;  should I ,  or  should I no t ,  b e n e f i t  my r e l a t i v e  by 

doing a c t  Z? I n  c o n t r a s t ,  s o c i a l  exchange invo lves  two a c t s :  

what I do f o r  you ( a c t  1) and what you do f o r  me ( a c t  2 ) .  My 

doing a c t  1 f o r  you b e n e f i t s  you (B(you))  a t  some c o s t  t o  myself 

(C  (me) ) . Your doing a c t  2  f o r  me b e n e f i t s  me (B(me) ) a t  some 

c o s t  t o  your se l f  (C(you) ) .  Furthermore, t h e  b e n e f i t  t o  you of 

r e c e i v i n g  my a c t  1 is g r e a t e r  than t h e  c o s t  t o  you of doing a c t  2  

f o r  me (B(you) > C ( y o u ) ) ;  l i kewise ,  t h e  b e n e f i t  t o  me of 

r e c e i v i n g  a c t  2  from you i s  g r e a t e r  than t h e  c o s t  t o  m e  of doing 

a c t  2  f o r  you (B(me) > C(me)) . A l l  c o s t s  and b e n e f i t s  a r e  

measured i n  i n c l u s i v e  f i t n e s s  terms: C ( X )  and B ( X )  r e f e r  t o  

dec reases  and i n c r e a s e s  i n  t h e  i n c l u s i v e  f i t n e s s  of i n d i v i d u a l  x 

( s e e  f o o t n o t e ,  page 132) .  I f  a c t s  1 and 2  have t h i s  c o s t / b e n e f i t  

s t r u c t u r e ,  we both g e t  a  n e t  b e n e f i t  by exchanging a c t s  1 and 2. 

L e t ' s  c a l l  an i n t e r a c t i o n  t h a t  i s  mutual ly  b e n e f i c i a l ,  



A t  f i r s t  b lush ,  one might t h i n k  t h a t  n a t u r a l  s e l e c t i o n  would 

f avo r  t h e  emergence of psychologica l  mechanisms with  d e c i  s i o n  

r u l e s  t h a t  l e a d  organisms t o  p a r t i c i p a t e  i n  a  s o c i a l  exchange 

whenever t h e  above c o n d i t i o n s  hold.  Af te r  a l l ,  p a r t i c i p a t i o n  

would r e s u l t ,  by d e f i n i $ i o n ,  i n  a  n e t  i n c r e a s e  i n  t h e  r e p l i c a t i o n  

of genes under ly ing  a  tendency t o  p a r t i c i p a t e ,  a s  compated t o  

genes  under ly ing  a  tendency t o  no t  p a r t i c i p a t e .  

But t h e r e  is  a  h i t c h :  You can b e n e f i t  even more by c h e a t i n g  

me. I f  I do a c t  1 f o r  you, bu t  you do no t  do a c t  2 f o r  me, then  

you b e n e f i t  more than  i f  we both cooperate .  Th i s  s i n g l e  f a c t  

c r e a t e s  an enormous s tumbling block f o r  t h e  evo lu t ion  of s o c i a l  

exchange, a  problem t h a t  i s  s t r u c t u r a l l y  i d e n t i c a l  t o  one of t h e  

most famous s i t u a t i o n s  i n  game theory :  t h e  one move P r i s o n e r ' s  

Dilemma (e.g. ,  T r ive r  s, 1971; Axelrod & Hamilton, 1981; Axelrod, 

The P r i s o n e r ' s  Dilemma i s  a  game i n  which mutual coopera t ion  

would b e n e f i t  both p l a y e r s ,  bu t  it i s  i n  t h e  i n t e r e s t  of each 

p l a y e r ,  i n d i v i d u a l l y ,  t o  d e f e c t ,  chea t ,  o r  s n i t c h  on t h e  o the r .  

I t  i s  f r e q u e n t l y  conceptua l ized  a s  a  s i t u a t i o n  i n  which two 

people  who have c o l l a b o r a t e d  i n  committing a  crime a r e  prevented  

from communicating, wh i l e  a  d i s t r i c t  a t t o r n e y  o f f e r s  each 

i n d i v i d u a l  a  l i g h t e r  sen tence  i f  he w i l l  s n i t c h  on h i s  p a r t n e r .  

However, t h e  payof f s  can r ep re sen t  anyth ing  f o r  which both 

* Other models of s o c i a l  exchange a r e  p o s s i b l e ,  bu t  they  w i l l  no t  
change t h e  b a s i c  conc lus ion  of s e c t i o n  5.1: t h a t  r e c i p r o c a t i o n  i s  
necessary  f o r  t h e  evo lu t ion  of s o c i a l  exchange. For example, t h e  
P r i sone r  s Dilemma assumes t h a t  en£ o rceab le  t h r e a t s  and 
e n f o r c e a b l e  c o n t r a c t s  a r e  i m p o s s i b i l i t i e s  (Axelrod, 1984) , 
assumptions t h a t  a r e  f r e q u e n t l y  v i o l a t e d  i n  na ture .  The 
i n t r o d u c t i o n  of t h e s e  f a c t o r s  would no t  obv ia t e  r e c i p r o c a t i o n  -- 
i n  f a c t ,  they  would en£ o rce  it. 



p l a y e r s  have a  s i m i l a r  p re fe rence  ranking: money, p r e s t i g e ,  

p o i n t s  i n  a  game, even r ep roduc t ive  success .  A p o s s i b l e  payoff 

ma t r ix  and t h e  r e l a t i o n s h i p  t h a t  must e x i s t  between v a r i a b l e s  i s  

shown i n  F igure  5.1. 

Figure  5.1 Payoff Schedule,  P r i sone r  s Dilemma ................................................................... 

............................. 
: me: R = +3 : me: S  = -2 : 

C : 
: you: R = +3 : you: T  = +5 : 

me :..................eooo~..... 

: me: T  = +5 : me: P = 0  : 
D : 

: y o u :  S = - 2 :  you: P = O  : 

C = Cooperate 
D = Defect 
R = Reward f o r  

mutual cooper a t i o n  
T  = Temptation t o  d e f e c t  
S  = Sucker ' s  payoff 
P  = punishment f o r  

mutal  d e f e c t i o n  

* For an i t e r a t e d  game, R > (T+S)/2. T h i s  i s  t o  prevent  p layer  I s  

from "coopera t ing"  t o  maximize t h e i r  u t i l i t y  by a l t e r n a t e l y  
d e f e c t i n g  on one another .  

Looking a t  t h i s  payoff ma t r ix ,  one might ask:  "What's t h e  

dilemma? I w i l l  be b e t t e r  o f f ,  and so  w i l l  you, i f  we both 

coope ra t e  -- you w i l l  s u r e l y  recognize  t h i s  and coopera te  wi th  

me. " However, i f  t h e r e  i s  only one move i n  t h e  game, it i s  

always i n  t h e  i n t e r e s t  of each p a r t y  t o  d e f e c t  (Luce t R a i f f a ,  

1957) -- t h a t  is  what c r e a t e s  t h e  dilemma. 

L e t ' s  say you and I a r e  p l ay ing  a  one move P r i s o n e r ' s  

Dilemma game. I would reason thus :  "You w i l l  e i t h e r  coopera te  or  

d e f e c t .  I f  you coopera te ,  then I g e t  a  higher  payoff by 

d e f e c t i n g ,  because T ,  t h e  Temptation t o  d e f e c t ,  i s  g r e a t e r  than 

R ,  t h e  reward I would g e t  f o r  mutual coopera t ion .  I f  you d e f e c t ,  

then  I g e t  a  higher  payoff by a l s o  d e f e c t i n g ,  because P, t h e  



Punishment f o r  mutual d e f e c t i o n ,  is  g r e a t e r  than S, t h e  Sucke r ' s  

payoff I would g e t  i f  I coopera te  and you d e f e c t .  Therefore ,  no 

ma t t e r  what you do, I am b e t t e r  off  de fec t ing . "  Your reasoning  

p roces s  would be i d e n t i c a l ,  so  we would both d e f e c t ,  and we would 

both g e t  P, t h e  Punishment f o r  mutual de fec t ion .  L e t ' s  say t h e  

payoff ma t r ix  i n  F igure  5'.1 r ep re sen ted  d o l l a r s :  i f  you 

coope ra t e ,  I g e t  $5 f o r  d e f e c t i n g  i n s t e a d  of $3 f o r  coopera t ing .  

I f  you d e f e c t ,  I l o s e  no th ing  by d e f e c t i n g  i n s t e a d  of l o s i n g  $2 

by coopera t ing .  

F igure  5.2 shows t h a t  t h e  c o s t / b e n e f i t  s t r u c t u r e  of a  s o c i a l  

exchange h a s  t h e  same s t r u c t u r e  a s  a  Pr i soner  s Dilemma. I f  I 

coopera te  on our agreement, you g e t  B(you) f o r  d e f e c t i n g ,  which 

i s  g r e a t e r  than  t h e  B(you) - C(you) you would g e t  f o r  

coopera t ing .  I f  I d e f e c t  on our agreement, you g e t  no th ing  f o r  

d e f e c t i n g  ( t h i s  i s  equ iva l en t  t o  our no t  i n t e r a c t i n g  a t  a l l )  , 
which i s  b e t t e r  than t h e  C(you) l o s s  you would incu r  by 

coopera t ing .  The payoffs  a r e  i n  i n c l u s i v e  f i t n e s s  u n i t s  -- t h e  

numbers l i s t e d  a r e  inc luded  simply t o  r e i n f o r c e  t h e  analogy with 

F igure  5.1. I n  a c t u a l i t y ,  t h e r e  i s  no reason why C(me) must 

equa l  C(you) (o r  B(me) = B(you) ) ; an exchange w i l l  have t h e  

s t r u c t u r e  of P r i s o n e r ' s  Dilemma a s  long  a s  mutual coopera t ion  

would produce a  n e t  b e n e f i t  f o r  both of us. 

How can a  system of mutual coopera t ion  emerge i n  such a  

s i t u a t i o n ?  Given an oppor tun i ty  f o r  exchange, i f  my d e c i s i o n  

r u l e  was "Cooperate whenever B (me) > C (me) " and your r u l e  was 

"Cheat", t h e  genes under ly ing  my d e c i s i o n  r u l e  would soon be 

s e l e c t e d  ou t .  For every i n t e r a c t i o n  with  a  "chea te r"  I would 

l o s e  2 i n c l u s i v e  f i t n e s s  p o i n t s ,  and t h e  chea t e r  would ga in  5. 
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By d e f i n i t i o n ,  then ,  my tendency t o  coopera te  would be s e l e c t e d  

o u t ,  and t h e  "Cheat" d e c i s i o n  r u l e  would sp read  through t h e  

popu la t ion ;  t h e  number of gene ra t ions  t h i s  t a k e s  i s  a  f u n c t i o n  of 

Figure  5.2 S o c i a l  exchange s e t s  up a  P r i s o n e r ' s  Dilemma 

......................................................... 
: 
: me: B (me) - C (me) = +3 : me: C (me) = -2  

- 

me :.........................*.:*.ss...*.*....se~.......eso: 

: m e :  B(me) = +5 : me: O(me) = 0 
D : 

: you: C (you) = -2  : you: O(y0u) = 0 

B ( X )  = Benef i t  t o  X 
C ( X )  = Cost t o  X 
O ( X )  = X ' s  i n c l u s i v e  f i t n e s s  i s  unchanged 

how many c h e a t e r s  ve r sus  i n d i s c r i m i n a t e  coope ra to r s  a r e  i n  t h e  

i n i t i a l  popula t ion  (Appendix B shows j u s t  how q u i c k l y ,  given 

some r a t h e r  generous assumpt ions) .  I n  p r a c t i c e ,  a  popula t ion  of 

" chea t e r s "  i s  a  popula t ion  of i n d i v i d u a l s  who never p a r t i c i p a t e  

i n  s o c i a l  exchanges; i f  you chea t  by not  doing a c t  2  f o r  me, and 

I chea t  by not  doing a c t  1 f o r  you, then i n  f a c t ,  we have no t  

i n t e r a c t e d  a t  a l l  -- w e  have had no e f f e c t  on one another .  

You might o b j e c t  t h a t  r e a l  l i f e  i s  no t  l i k e  a  P r i s o n e r ' s  

Dilemma, because r e a l  l i f e  exchanges a r e  s imultaneous,  face- to-  

f a c e  i n t e r a c t i o n s .  You can d i r e c t l y  s e e  whether I am about t o  

c h e a t  you or  not .  I f  I show up wi thout  t h e  i tem I promised, then 

you simply do n o t  g i v e  m e  what I want. Th i s  i s  c e r t a i n l y  t r u e  i n  

a  20th cen tu ry  market economy, where money is  used a s  a  medium of 



exchange. But i n  na tu re ,  most exchanges a r e  no t ,  and cannot  be, 

s imultaneous . For example: 

A common "item" of exchange between pr imates  i s  p r o t e c t i o n  
from conspecif  ics and p reda to r s .  Two or more i n d i v i d u a l s  
develop c o a l i  t i o n a l  r e l a t i o n s h i p s  f o r  mutual defense,  
aggress ion ,  or  p r o t e c t i o n  (e.g., baboons : Hal l  & DeVore, 1965; 
chimps: Wrangham, i n  p r e s s ;  de  Waal, 1982) .  I f  you a r e  
a t t a c k e d ,  and I come t o  your defense ,  t h e r e  i s  noth ing  you can 
do, a t  t h a t  t ime, t a r r e p a y  me. My repayment w i l l  come when I 
am a t t a c k e d  and you cdme t o  my defense ( I  hope!). 

2. W e  a r e  f o r a g i n g  f o r  patchy resources. You f i n d  a  t r e e  laden 
wi th  more f r u i t  than  you can e a t  by y o u r s e l f ;  you g i v e  a  shout  
t o  gu ide  me t o  it. There i s  noth ing  I can do t o  repay you on 
t h e  spo t .  Your repayment w i l l  come i n  t h e  f u t u r e  when I l e t  
you know about  a  s i m i l a r  f i n d  -- you hope (e.g. ,  b i r d s  : Ward & 
Zahavi, 1973; b a t s :  McCracken & Bradbury, 1981; chimps: 
Goodal l ,  1968, 1971) .  

3 .  I n  coope ra t ive  hunt ing ,  t h e r e  i s  only one k i l l  a t  a  t ime,  and 
u s u a l l y  only one or two i n d i v i d u a l s  a c t u a l l y  make t h e  k i l l .  
Those who a c t u a l l y  make t h e  k i l l  c la im t h e  most, bu t  they  
s h a r e  t h e  r e s t  of t h e  meat with  t h e  o t h e r s  on t h e  hunt ,  
t r u s t i n g  t h a t  they w i l l  s h a r e  one of t h e i r  k i l l s  a t  some 
f u t u r e  time. Again, repayment on t h e  s p o t  i s  imposs ib le .  

4 .  There i s  mounting evidence t h a t  a  baboon male forms " s p e c i a l  
r e l a t i o n s h i p s "  wi th  a  few l a c t a t i n g  (and t h e r e f  o r e  i n£  e r t i l e )  
females  and t h e i r  i n f a n t s :  he p r o t e c t s  them from c o n s p e c i f i c s  
and p r e d a t o r s  i n  exchange f o r  s exua l  acces s  when t h e  females  
wean t h e i r  i n f a n t s  and become f e r t i l e  aga in  (e.g. ,  Smuts, 
1982; Strum, 1985) .  H i s  repayment, by n e c e s s i t y ,  comes a t  a  
much l a t e r  time. 

The oppor tun i ty  f o r  on-the-spot repayment i s  r a r e  i n  n a t u r e  f o r  

s e v e r a l  reasons  : 

1. The "i tems" of exchange a r e  f r e q u e n t l y  a c t s  t h a t ,  once done, 
cannot be undone (e.g. ,  p r o t e c t i o n  from a t t a c k ,  a l e r t i n g  
o t h e r s  t o  t h e  presence  of a  food sou rce ) ;  

2. Oppor tun i t i e s  f o r  s imultaneous mutual a i d  a r e  r a r e  because t h e  
needs and a b i l i t i e s  of organisms a r e  c o n t i n u a l l y  s h i f t i n g :  t h e  
female  baboon i s  not  f e r t i l e  when her i n f a n t  needs p r o t e c t i o n ,  
y e t  t h i s  i s  when t h e  male ' s  a b i l i t y  t o  p r o t e c t  i s  of most 
va lue  t o  h e r ;  

3. Frequent ly ,  s imultaneous needs or  w i n d f a l l s  cannot be tu rned  
i n t o  o p p o r t u n i t i e s  f o r  mutual a i d :  i f  two i n d i v i d u a l s  a r e  
a t t a c k e d  s imul taneous ly ,  n e i t h e r  is f r e e  t o  h e l p  t h e  o t h e r ;  i f  
they  f i n d  two food sou rces  s imul taneous ly ,  n e i t h e r  b e n e f i t s  
from t h e  o t h e r ' s  w ind fa l l .  

Thus, i n  t h e  absence of a  widely accepted  medium of exchange,* 



most exchanges do c o n s t i t u t e  a  P r i s o n e r ' s  Dilemma. You must 

dec ide  whether t o  b e n e f i t  me or no t  wi thout  any guaran tee  t h a t  I 

w i l l  r e t u r n  t h e  f avo r  i n  t h e  f u t u r e .  Th i s  i s  why T r i v e r s  (1971) 

d e s c r i b e s  s o c i a l  exchange i n  n a t u r e  a s  " r e c i p r o c a l  a l t ru i sm."  I 

behave " a l t r u i s t i c a l l y "  ( i . e . ,  I incu r  a  c o s t  i n  order  t o  b e n e f i t  

you) a t  one p o i n t  i n  time, and you r e c i p r o c a t e  my a l t r u i s i c  a c t  

i n  t h e  f u t u r e .  I f  you do, i n  f a c t ,  r e c i p r o c a t e ,  then our 

" r e c i p r o c a l l y  a l t r  u s i t i c "  i n t e r a c t i o n  i s  proper ly  desc r ibed  a s  an 

i n s t a n c e  of delayed mutual b e n e f i t :  n e i t h e r  of us has  i n c u r r e d  a  

n e t  c o s t ,  both of us have ga ined  a  n e t  b e n e f i t .  Obviously,  

however, i f  only one i n t e r a c t i o n  i s  involved  -- t h a t  is ,  i f  we 

a r e  p l ay ing  a  P r i s o n e r ' s  Dilemma game with only one move -- I 

would be a  f o o l  t o  r e c i p r o c a t e  your a l t r u i s t i c  a c t ,  and you, 

knowing t h i s ,  would be a  f o o l  t o  do i t  i n  t h e  f i r s t  p lace .  So we 

a r e  back t o  square  1: mutual d e f e c t i o n  i s  i n  both of our 

i n t e r e s t s .  

S e l e c t i o n  p r e s s u r e s  change r a d i c a l l y  when i n d i v i d u a l s  p l ay  a  

s e r i e s  of P r i s o n e r ' s  Dilemma games. Mutual coopera t ion  -- and 

t h e r e f o r e  s o c i a l  exchange -- can emerge between two p l a y e r s  when 

1) t h e r e  i s  a  high p r o b a b i l i t y  t h a t  they w i l l  meet aga in ,  2 )  

n e i t h e r  knows f o r  s u r e  e x a c t l y  how many t imes  they  w i l l  meet,** 

* Indeed, such f a c t o r s  a r e  exac t ly  why it i s  so use fu l  t o  have a  
medium of exchange. I d o n ' t  have t o  be a b l e  t o  provide  t h e  
p a r t i c u l a r  goods o r  s e r v i c e s  you want because you can conver t  
money from me i n t o  anything.  Furthermore, money permi ts  a  
s imultaneous exchange, i n  which I can, i n  f a c t ,  wi tho ld  my money 
i f  I s e e  t h a t  you i n t e n d  t o  chea t  me, and v i c e  ve r sa .  

** The game "unrave ls"  i f  they do. I f  we both know we a r e  p l ay ing  
t h r e e  games, then  w e  both know w e  w i l l  mutually d e f e c t  on t h e  
l a s t  game. I n  p r a c t i c e ,  then,  our second game i s  our l a s t  game. 
B u t  we know t h a t  we w i l l ,  t h e r e f o r e ,  mutually d e f e c t  on t h a t  
game, so ,  i n  p r a c t i c e ,  we a r e  p lay ing  only one game. The argument 
i s  g e n e r a l  t o  any known, f i x e d  number of games (Luce & Raif f  a ,  1957) . 



and 3)  they  do n o t  va lue  l a t e r  payof f s  by too  much l e s s  than  

e a r l i e r  payof f s  (Axelrod & Hamilton, 1981; Axelrod, 1984) .  I f  

you and I a r e  making a  s e r i e s  of moves r a t h e r  than j u s t  one, your 

behavior  on one move can i n f l u e n c e  my behavior on f u t u r e  moves. 

I f  you d e f e c t  when I coopera ted ,  I can r e t a l i a t e  by d e f e c t i n g  on 

t h e  next  move; * i f  you soope ra t e  when I have, I can reward you by 

con t inu ing  t o  cooperate .  I n  an i t e r a t e d  P r i sone r  I s  Dilemma, a  

system can emerge t h a t  has  i n c e n t i v e s  f o r  coopera t ion  and 

d i s i n c e n t i v e s  f o r  de fec t ion .  

For example, coopera t ion  can be s e l e c t e d  f o r  i f  it i s  

governed by a  d e c i s i o n  r u l e  t h a t  says:  "Cooperate wi th  

i n d i v i d u a l s  who have coopera ted  w i t h  me i n  t h e  p a s t ;  d e f e c t  w i t h  

i n d i v i d u a l s  who have a  h i s t o r y  of de fec t ion . "  Using t h e  payoff 

ma t r ix  i n  F igure  5 .2 ,  it i s  c l e a r  t h a t  a  s t r a t e g y  l i k e  t h i s  could 

be s e l e c t e d  over an "always chea t "  s t r a t e g y .  The mutual 

c o o p e r a t o r s  would g e t  s t r i n g s  of +3 i n c l u s i v e  f i t n e s s  p o i n t s ,  

peppered wi th  a  few -2s from a  f i r s t  t r i a l  with a  chea t e r  ( a f t e r  

which t h e  coopera tor  ceases  t o  coopera te  w i t h  t h a t  i n d i v i d u a l ) .  

I n  c o n t r a s t ,  mutual d e f e c t o r s  would g e t  s t r i n g s  of ze ros ,  

* I n  n a t u r e ,  I can a l s o  r e t a l i a t e  by i n f l i c t i n g  a  c o s t  on you 
through t h e  use of v io lence .  However, i f  I can,  r e l i a b l y ,  do 
t h i s , - t h e  game i s  no longer  a  P r i s o n e r ' s  Dilemma. v i o l e n t  
r e t a l i a t i o n  i s  a  " t ax"  on d e f e c t i o n  t h a t  wipes o u t  t h e  i n c e n t i v e  
t o  d e f e c t  ( i . e . ,  T minus R ) .  I f  T J( R, then t h e  s i t u a t i o n  no 
longer  p r e s e n t s  a  dilemma -- we both have an i n c e n t i v e  t o  
coope ra t e  and no i n c e n t i v e  t o  chea t .  The key word i n  t h e  above 
s c e n a r i o  i s  r e l i a b l v .  From a  " v e i l  of ignorance" a s  t o  t h e  
r e l a t i v e  s t r e n g t h  of two i n d i v i d u a l s ,  on average ,  h a l f  t h e  t i m e  I 
( t h e  chea t ed  on)  w i l l  be a b l e  t o  i n f l i c t  a  c o s t  on you, and h a l f  
t h e  t ime you ( t h e  c h e a t e r )  w i l l  be a b l e  t o  i n f l i c t  a  c o s t  on me. 
Therefore ,  it is by no means c l e a r  t h a t  t h e  use of v io l ence  i s  
t h e  most c o s t  e f f i c i e n t  way t o  f o s t e r  coopera t ion ,  e s p e c i a l l y  i n  
a  one move game. Of course ,  most animals  a r e  no t  a c t i n g  from a  
v e i l  of ignorance,  and one would expec t  them t o  a s s e s s  t h e i r  
r e l a t i v e  s t r e n g t h  and a d j u s t  t h e i r  s t r a t e g i e s  accord ingly .  



peppered wi th  a few +5s from an occas iona l  f i r s t  t r i a l  w i t h  a 

coopera tor  ( a f t e r  which t h e  coopera tor  never coope ra t e s  wi th  t h a t  

i n d i v i d u a l  aga in )  . 
A number of s t r a t e g i e s  p e r m i t t i n g  s e l e c t i v e  coopera t ion  a r e  

p o s s i b l e ,  bu t  one t h a t  has  been p a r t i c u l a r l y  successf  u l  i n  r e c e n t  

i n v e s t i g a t i o n s  i s  c a l l e d  TIT FOR TAT (Axelrod & Hamilton, 1981; 

Axelrod, 1984) . I t  i s  a very  s imple  s t r a t e g y  i n  which: 1) I 

coope ra t e  on t h e  f i r s t  move, and 2) I do whatever you d i d  on t h e  

prev ious  move. I f  you coopera te  on move 1, then I coopera te  on 

move 2; i f  you d e f e c t  on move 1, then I d e f e c t  on move 2. T I T  

FOR TAT can be used t o  i l l u s t r a t e  t h e  s e l e c t i v e  advantage of 

s e l e c t i v e  coopera t ion .  

Table  5.1 is  designed t o  g i v e  you an i d e a  of how a T I T  FOR 

TAT d e c i s i o n  r u l e  s t a c k s  up a g a i n s t  an "always chea t "  d e c i s i o n  

r u l e  (CHEAT) and a mixed s t r a t e g y  r u l e  (MIXED)  i n  a round r o b i n  

tournament. The mixed s t r a t e g y  r u l e  i s  a T IT  FOR TAT program 

t h a t  s l i p s  i n  some chea t ing  on t h e  s i d e .  Af te r  a mutual ly  

c o o p e r a t i v e  move, it t r i e s  t o  rack up p o i n t s  by d e f e c t i n g .  I f  it 

succeeds i n  e a r n i n g  T, it immediately "apologizes"  f o r  i ts  

d e f e c t i o n  by coope ra t ing  on t h e  next  move, i n  an a t tempt  t o  

r e s t o r e  mutual coopera t ion .  I f  MIXED does no t  succeed i n  e a r n i n g  

T (i. e. ,  i f  its p a r t n e r  a l s o  de fec t ed )  , it " r e t a l i a t e s "  by 

d e f e c t i n g  on t h e  next  move. 

A s  you can s e e ,  TIT  FOR TAT e a r n s  more p o i n t s  i n  t h i s  round 

r o b i n  than  e i t h e r  M I X E D  o r  CHEAT. Because p o i n t s  s t a n d  f o r  

r e p l i c a s  of genes coding f o r  each d e c i s i o n  r u l e ,  t h i s  means t h a t  

T I T  FOR TAT genes would sp read  through t h e  popula t ion ,  e v e n t u a l l y  

d i s p l a c i n g  M I X E D  and CHEAT. T h i s  r e s u l t  i s  no t  an a r t i f a c t  of 
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Tab le  5.1 Round r o b i n  tournament p i t t i n g  TIT FOR TAT (TFT) ve r sus  CHEAT 
v e r s u s  MIXED 

TFT v. MIXED 
SUB 
TOTALS MIXED v. MIXED 

TFT v. CHEAT CHEAT v. CHEAT MIXED v. CHEAT 

CONTENDER ' S SCORES : 
opponents 

M I  XED T FT CHEAT .....................*.....* * . * * . * * * * . . . * * * * . . . .  
:TIT FOR TAT: 21 + 30 + -2  = 49 : 

c o n t e n d e r s  :CHEAT: 5 + 5 + 0  = 10 : 
:MIXED: 3 + 21 + - 2  = 22 : :.........................*~.*.*.*~*~~~...***..*: 

t h e  p a r t i c u l a r  s t r a t e g i e s  i t  was p i t t e d  a g a i n s t  i n  Table  5 .l. 

Robert  Axelrod conducted a round r o b i n  computer tournament 



i n  which TIT  FOR TAT was p i t t e d  a g a i n s t  6 2  o t h e r  e n t r i e s .  A l l  

e n t r i e s  were submi t ted  by s o p h i s t i c a t e d  s t u d e n t s  of t h e  

P r i s o n e r ' s  Dilemma, i n c l u d i n g  p r o f e s s o r s  of psychology, b io logy ,  

and p o l i t i c a l  s c i ence .  TIT FOR TAT achieved  t h e  h i g h e s t  average  

s c o r e  (Axelrod,  1984) . Its succes s  appea r s  t o  be due t o  f o u r  

f a c t o r s :  

1. TIT FOR TAT i s  "n ice" :  it never d e f e c t s  f i r s t  

2. When i ts  opponent d e f e c t s ,  TIT  FOR TAT r e t a l i a t e s ;  hence T I T  
FOR TAT i s  no t  e x p l o i t a b l e  

3.  TIT  FOR TAT i s  " fo rg iv ing" :  i f  its opponent i n i t i a t e s  
coope ra t i on  a f t e r  having d e f e c t e d ,  TIT FOR TAT coope ra t e s  on 
t h e  nex t  move; it  does no t  g e t  caught  i n  e n d l e s s  c h a i n s  of 
r e c r i m i n a t i o n s  ( a s  i n  M I X E D  v. MIXED)  

4.  TIT FOR TAT i s  s o  c l e a r  and c o n s i s t e n t  t h a t ,  once encountered,  
it is e a s i l y  recognized,  and its n o n - e x p l o i t a b i l i t y  i s  e a s i l y  
app rec i a t ed .  

The a u t h o r s  of a l l  e n t r i e s  submi t ted  knew t h a t  TIT FOR TAT had 

won a  prev ious  tournament of 1 2  e n t r i e s .  Furthermore,  they  had 

been given an e x t e n s i v e  a n a l y s i s  of t h e  p r o p e r t i e s  t h a t  had l e d  

t o  i ts  succes s .  Some a u t h o r s  submi t ted  mixed s t r a t e g i e s  t h a t  

u s u a l l y  p layed  TIT FOR TAT, bu t  t r i e d  t o  g e t  away with occas iona l  

chea t ing .  Others ,  guess ing  t h a t  t h e  a n a l y s i s  provided would 

prompt many a u t h o r s  t o  submit "n i ce"  s t r a t e g i e s ,  submi t ted  

" e x p l o i t a t i v e "  s t r a t e g i e s  -- s t r a t e g i e s  designed t o  t a k e  

advantage of " n i c e n  e n t r i e s .  I n  g e n e r a l ,  t h e  e x p l o i t a t i v e  

s t r a t e g i e s  won an occas iona l  b a t t l e  bu t  l o s t  t h e  war, e a r n i n g  t h e  

lowes t  average  s c o r e s  i n  t h e  round rob in .  

Axel rod a l s o  conducted a  s imu la t i on  of n a t u r a l  s e l e c t i o n  

over t ime: The more p o i n t s  a  s t r a t e g y  earned  i n  one " g e n e r a t i o n n  

(round r o b i n ) ,  t h e  more "copies"  of t h a t  s t r a t e g y  competed i n  t h e  

nex t  "genera t ion ."  Over t h e  g e n e r a t i o n s ,  TIT  FOR TAT and o t h e r  



n i c e - b u t - r e t a l i a t o r y  s t r a t e g i e s  came t o  dominate t h e  popula t ion .  

The e x p l o i t a t i v e  and mixed s t r a t e g i e s  e v e n t u a l l y  went " e x t i n c t .  " 

TIT FOR TAT always had t h e  l a r g e s t  s h a r e  of t h e  "gene pooln :  by 

t h e  1000th and l a s t  gene ra t ion ,  its r e p r e s e n t a t i o n  i n  t h e  gene 

pool  was s t i l l  growing a t  a f a s t e r  r a t e  than  t h a t  of any o the r  

s t r a t e g y .  

Other c a l c u l a t i o n s  demonstrated t i f a t  a very  smal l  c l u s t e r  of 

T IT  FOR TATTER6 can invade a popula t ion  of c h e a t e r s ,  even i f  very 

few of t h e i r  i n t e r a c t i o n s  a r e  wi th  each o ther .  Futhermore, it 

can be mathematical ly  demonstrated t h a t  TIT  FOR TAT is an 

E v o l u t i o n a r i l y  S t a b l e  S t r a t e g y  (ESS) : no "mutantn s t r a t e g y  can 

invade a popula t ion  composed p r i m a r i l y  of T I T  FOR TATTERS, e i t h e r  

s i n g l y  o r  i n  smal l  c l u s t e r s .  The average performance of a TIT 

FOR TATTER i n  a popula t ion  of its f e l l o w s  i s  h igher  than t h e  

average performance of any p o s s i b l e  newcomer. 

The d e t a i l s  of TIT FOR TAT a r e  not  what i s  important  about  

t h i s  s t o r y .  The key p o i n t ,  which TIT FOR TAT i l l u s t r a t e s ,  i s  

t h a t  a c o o p e r a t i v e  s t r a t e g y  can invade a popula t ion  of non- 

c o o p e r a t o r s  i f ,  and only i f ,  it coopera tes  wi th  o the r  coope ra to r s  

and c h e a t s  on chea t e r s .  Indiscrlmlnate . . 
--& 

selected fpr Fn w. We humans have t h e  a b i l i t y  t o  

coopera te  f o r  mutual b e n e f i t .  T h i s  c a p a c i t y  could no t  have 

evolved u n l e s s  it inc luded  a lgo r i t hms  f o r  d e t e c t i n g  -- and being 

provoked by -- chea t ing .  



5.2 S o c i a l  exchange and t h e  P l e i s tocene  environment : 

The e c o l o g i c a l  c o n d i t i o n s  necessary  f o r  t h e  evo lu t ion  of 
s o c i a l  exchange were mani fes t  du r ing  hominid e v o l u t i o n ;  
hominid behaviora l  ecology f u r t h e r  c o n s t r a i n s  a  
computat ional  t heo ry  of s o c i a l  exchange. 

Cooperation can evolve  only when 1) t h e r e  a r e  many 

s i t u a t i o n s  i n  which i n d i y i d u a l s  can b e n e f i t  each o the r  a t  low 

c o s t  t o  themselves  ( i . e . ,  an i t e r a t e d  P r i s o n e r ' s  Dilemma game i s  

p o s s i b l e ) ,  and 2)  t h e  p r o b a b i l i t y  of two i n d i v i d u a l s  meeting 

a g a i n  i s  s u f f i c i e n t l y  high.* The p r o b a b i l i t y  t h a t  two 

i n d i v i d u a l s  w i l l  meet a g a i n  i s  inc reased  i f  t h e  i n d i v i d u a l s  a r e  

long- l ived  and have low d i s p e r s a l  r a t e s .  These l i f e - h i s t o r y  

f a c t o r s  a l s o  i n c r e a s e  t h e  number of s i t u a t i o n s  f o r  mutual h e l p  

t h a t  two i n d i v i d u a l s  a r e  l i k e l y  t o  encounter .  The e c o l o g i c a l  and 

l i f e - h i s t o r y  f a c t o r s  c h a r a c t e r i s t i c  of t h e  human environment of 

evo lu t iona ry  adap t iveness  f u l f i l l  t h e  cond i t i ons  necessary  f o r  

t h e  evo lu t ion  of coopera t ion .  P l e i s tocene  hunter -ga therer  s were 

no t  only long- l ived ,  bu t  they  l i v e d  i n  sma l l ,  r e l a t i v e l y  s t a b l e  

bands. Thus, t h e  p r o b a b i l i t y  was high t h a t  an i n d i v i d u a l  you had 

he lped  would be around when you needed help.  Moveover, i n  a l l  

p r o b a b i l i t y  t h e s e  i n d i v i d u a l s ,  l i k e  modern hunter -ga therer  s, were 

c l o s e l y  r e l a t e d ;  k i n  s e l e c t i o n  can be a  tremendous a i d  t o  t h e  

evo lu t ion  of coopera t ion  ( T r i v e r s ,  1971; Axelrod & Hamilton, 1981) . 
The i n t e l l e c t u a l  c a p a c i t i e s  of e a r l y  hominids a l lowed them 

t o  g e n e r a t e  many s i t u a t i o n s  f o r  which coopera t ion  pa id  o f f .  The 

most important  of t h e s e  was t h e  capac i ty  t o  make and use t o o l s ,  

and t h e  c a p a c i t y  t o  gene ra t e  novel behaviora l  procedures  t o  
- 

* For example, TIT FOR TAT i s  an ESS i f ,  and only i f ,  t h e  
p r o b a b i l i t y  t h a t  two i n d i v i d u a l s  w i l l  meet a g a i n  i s  g r e a t e r  than 
t h e  l a r g e r  of t h e s e  two numbers: (T-R)/(T-P) and (T-R)/(R-S) 
(Axelrod, 1984) . 



ach ieve  a goa l .  The e x p l o i t a t i o n  of a new savannah and woodland 

n i che  -- made p o s s i b l e  by t o o l  use -- allowed i n d i v i d u a l s  t o  

a c q u i r e  food i tems  t o o  l a r g e  t o  be consumed by a s i n g l e  

i n d i v i d u a l  (Tooby & DeVore, 1985) .* T h i s  c r e a t e d  t h e  p e r f e c t  

oppor tun i ty  t o  provide a l a r g e  b e n e f i t  t o  another  i n d i v i d u a l  a t  a 

very  low c o s t  t o  o n e s e l f .  There is v i r t u a l l y  no c o s t  t o  s h a r i n g  

food t h a t  you cannot consume anyway, and tomorrow you may be t h e  

one who h a s  found no food. F o s s i l  evidence i n d i c a t e s  t h a t  

P l e i s t o c e n e  hunter -ga therers ,  l i k e  t h e i r  modern c o u n t e r p a r t s ,  

engaged i n  e x t e n s i v e  food-shar ing (e.g., I s s a c ,  1978) . 
S i m i l a r l y ,  t h e  c o s t  of s h a r i n g  t o o l s  i s  low compared t o  t h e  

b e n e f i t s  one can garner  through us ing  them -- and t h e  c o s t  of 

s h a r i n g  informat ion  about  t o o l  making may be even lower. 

When combined wi th  t h e i r  c a p a c i t y  t o  o p p o r t u n i s t i c a l l y  

manipulate  t h e  environment through t o o l  use,  our a n c e s t o r s '  

a b i l i t y  t o  g e n e r a t e  novel behaviora l  procedures** c r e a t e d  

s i t u a t i o n s  i n  which coord ina ted ,  coope ra t ive  behavior  could 

produce v a s t  payof fs .  Perhaps one of t h e  bes t  examples a r e  t h e  

" p r o f i t s m  t o  be made through coope ra t ive  hunt ing.  Acting 

t o g e t h e r ,  s e v e r a l  armed men can b r ing  down a wooly mammoth; 

a c t i n g  a lone ,  a s i n g l e  armed man cannot.  

These c o n d i t i o n s  s e t  t h e  s t a g e  f o r  t h e  coevolu t ion  of a 

t i g h t l y  interwoven complex of adap ta t ions  t h a t  made coopera t ion  

* And which could no t  be s t o r e d  f o r  l a t e r  use wi thout  s p o i l i n g  -- 
e a r l y  hominids had no r e f r i g e r a t i o n !  

** An a b i l i t y  t h a t  some o t h e r  pr imates  a l s o  possess ,  t o  a lesser 
e x t e n t .  For example, de  Waal (1982) ,  shows p i c t u r e s  of chimps 
who have d i scove red  t h a t  they can g e t  p a s t  an e l e c t r i f i e d  f ence  
sur rounding  a t r e e  with  e d i b l e  l eaves .  One chimp ho lds  a l a r g e  
branch a g a i n s t  t h e  t r e e  a s  a l a d d e r ,  whi le  another  c l imbs  i t  i n t o  
t h e  t r e e .  The chimp i n  t h e  t r e e  then  throws ju icy  l eaves  down t o  
h i s  compa t r io t s  on t h e  ground. 



more and more p r o f i t a b l e  (Tooby & DeVore, 1985) .  Cooperat ive 

hun t ing  provided  a  compact and n u t r i t i o u s  food sou rce  t h a t  

provided an e f f i c i e n t  means f o r  males t o  i n v e s t  i n  o f f s p r i n g ;  

l e a d i n g  t o  mechanisms t o  i n s u r e  t h e i r  p a t e r n i t y ;  l e a d i n g  t o  (1) 

more c l o s e l y  r e l a t e d  s u b s e t s  of i n d i v i d u a l s  w i t h i n  

bands,  c r e a t i n g  l a r g e r  p a y o f f s  f o r  coope ra t ive  behaviors  and more 

group s t a b i l i t y  (which c r e a t e s  even more o p p o r t u n i t i e s  f o r  

c o o p e r a t i o n ) ,  and ( 2 )  even g r e a t e r  payof fs  f o r  male p a r e n t a l  

investment i n  o f f  spr ing ;  l e a d i n g  t o  more male p a r e n t a l  

investment ;  which a l lows  l a r g e r  b r a i n s  and longer pe r iods  f o r  

matura t ion  and l e a r n i n g ;  l e a d i n g  t o  more e f f i c i e n t  coopera t ion  

and t o o l  use ,  and t h e r e f o r e  t o  even more n u t r i t i o u s  food sou rces  

from both hunt ing  and ga ther ing ;  making it  more e f f i c i e n t  t o  

devote  me tabo l i c  r e sou rces  t o  b r a i n  over brawn.. .and so  on, each 

cond i t i on  c i r c l i n g  back t o  amplify  t h e  e f f e c t s  of t h e  ones before  

it,  u n t i l  today coopera t ion  f o r  mutual b e n e f i t  is  a  pe rvas ive  and 

i n e x t r i c a b l e  a s p e c t  of a l l  human c u l t u r e s .  

Recons t ruc t ion  of t h e  exac t  c a u s a l  cha in  t h a t  l e d  t o  t h e  

evo lu t ion  of coopera t ion  i s  s t i l l  a mat te r  of deba te  ( c f .  Kinzey, 

1985) .  The most important  po in t  i s  t h a t  t h e  P l e i s t o c e n e  hunter-  

g a t h e r e r  environment i n  which we evolved provided many 

o p p o r t u n i t i e s  f o r  i n d i v i d u a l s  t o  b e n e f i t  from mutual coopera t ion .  

The p e c u l i a r i t i e s  of hominid behaviora l  ecology p l a c e  some 

s p e c i e s - s p e c i f i c  c o n s t r a i n t s  on a  computat ional  t heo ry  of s o c i a l  

exchange i n  humans. Exchange i n  most p r imates  i s  r e s t r i c t e d  t o  

r e l a t i v e l y  few "items": food,  s exua l  acces s ,  defense ,  grooming. 

The fewer t h e  i t ems  f o r  exchange, t h e  more "i tem-specif  i c n  t h e  

a lgo r i t hms  r e g u l a t i n g  exchange can (and should)  be: What counts  



a s  " e r r o r "  -- c h e a t i n g  o r  under - rec iproca t ing  -- can be more 

c l o s e l y  de f ined ,  i n c r e a s i n g  t h e  accuracy of o n e ' s  mental  

account ing  system and t h e  accuracy of r e f e rence  ( s e e  s e c t i o n  

5 .3) .  I n  c o n t r a s t ,  human a lgo r i t hms  f o r  r e g u l a t i n g  s o c i a l  

exchange should be a b l e  t o  handle  a  wide and ever-changing a r r a y  

of "itemsn f o r  exchangw. t o o l s ,  in£ ormation about  tool-making, 

p a r t i c i p a t i o n  i n  o p p o r t u n i s t i c a l l y - c r e a t e d ,  coo rd ina t ed  

behav io ra l  r o u t i n e s .  Th i s  sugges t s  t h a t  our a lgo r i t hms  f o r  

r e g u l a t i n g  s o c i a l  exchange -- and t h e  a s s o c i a t e d  c o g n i t i v e  

c a p a c i t i e s  they  r e q u i r e  t o  f u n c t i o n  proper ly  -- w i l l  have some 

human-specific p r o p e r t i e s .  These w i l l  be d i scussed  i n  t h e  next  

s e c t i o n .  

5.3. A computat ional  theory  of s o c i a l  exchange 

David Marr has  argued t h a t  t h e  f i r s t  and most important  s t e p  

i n  under s t and ing  an in£  ormation-processing problem i s  developing 

a  " theory  of t h e  computation" (Marr, 1982; Marr & Nishihara ,  

1978) . T h i s  t heo ry  d e f i n e s  t h e  n a t u r e  of t h e  problem t o  be 

so lved;  i n  so  doing, it a l lows  one t o  p r e d i c t  p r o p e r t i e s  t h a t  any 

a lgor i thm capab le  of s o l v i n g  t h e  problem must have. 

Computational t h e o r i e s  i n c o r p o r a t e  " v a l i d  c o n s t r a i n t s  on t h e  way 

t h e  world i s  s t r u c t u r e d  -- c o n s t r a i n t s  t h a t  provide s u f f i c i e n t  

in format ion  t o  a l low t h e  p roces s ing  t o  succeed" (Marr & 

Nish iha ra ,  1978, p. 4 1 )  . 
For humans, an evolved s p e c i e s ,  n a t u r a l  s e l e c t i o n  i n  a  

p a r t i c u l a r  e c o l o g i c a l  s i t u a t i o n  d e f i n e s  and c o n s t i t u t e s  " v a l i d  

c o n s t r a i n t s  on t h e  way t h e  world i s  s t r u c t u r e d n  f o r  a  p a r t i c u l a r  

a d a p t i v e  in format ion  process ing  problem. I n  t h e  c a s e  of s o c i a l  



exchange, the  ecological  and game-theoretic aspects  of hominid 

s o c i a l  exchange discussed above provide the ingredients  fo r  the 

construction of j u s t  such a  computational theory. A 

computational theory of soc i a l  exchange m u s t  be powerful enough 

t o  (1) permit the  rea l iza t ion  of a "possible" soc i a l  exchange 

s t r a t egy ,  t h a t  is,  a  s t ra tegy  tha t  can be se lected f o r ,  and ( 2 )  

exclude "impossible" s t r a t e g i e s ,  t h a t  is,  s t r a t e g i e s  t h a t  cannot 

be se lec ted  fo r .  

The a b i l i t y  t o  engage i n  a  poss ible  s t ra tegy  of s o c i a l  

exchange presupposes the  a b i l i t y  t o  solve a  number of 

in£ ormation-processing problems. The problems most s p e c i f i c  t o  

soc i a l  exchange w i l l  be incorporated i n t o  a  "grammar of soc i a l  

con t rac t sn  i n  the  second half of t h i s  sect ion.  A grammar of 

soc i a l  contacts  i s  the  s e t  of assumptions about the  ru les  

governing a  pa r t i cu l a r  soc i a l  exchange t h a t  m u s t  somehow be 

incarnated i n  the  psychological mechanisms of both par t i c ipan ts .  

I t  i s  the  aspect  of the  computational theory of soc i a l  exchange 

most relevant  fo r  under standing performance on the  Wason 

se l ec t i on  task.  

However, the grammar of soc i a l  contracts  does not exhaust 

the  s e t  of information processing problems posed by soc i a l  

exchange. The a b i l i t y  t o  successfully pa r t i c ipa t e  i n  s o c i a l  

exchange a l so  requires a  number of o ther ,  associated cogni t ive  

capac i t i es ,  some of which a r e  necessary i n  a  wide range of other 

evolut ionar i ly  c ruc i a l  soc i a l  in te rac t ions ,  l i k e  mating, pai r -  

bonding, parenting,  and aggression. Before progressing t o  the 

grammar of soc i a l  contracts  and its implicat ions fo r  performance 

on the  Wason se lec t ion  task,  f i v e  associated cogni t ive  capac i t i es  



e n t a i l e d  by s o c i a l  exchange w i l l  be examined: 

1. The a b i l i t y  t o  recognize  many d i f f e r e n t  i n d i v i d u a l s  

2.  The a b i l i t y  t o  remember a s p e c t s  of o n e ' s  h i s t o r y  of 
i n t e r a c t i o n  wi th  d i f f e r e n t  i n d i v i d u a l s  

3 .  The a b i l i t y  t o  communicate one ' s  va lues  t o  o t h e r s .  

4 .  The a b i l i t y  t o  model t h e  va lues  of o the r  i n d i v i d u a l s .  

5 .  The a b i l i t y  t o  view i tems one pe rce ives  a s  c a u s a l l y  connected 
t o  b i o l o g i c a l l y  s i g n i f i c a n t  v a r i a b l e s  a s  c o s t s  and b e n e f i t s ;  
human a lgo r i t hms  r e g u l a t i n g  s o ~ i a 1 ' ~ e x c h a n g e  should no t  be t o o  
c l o s e l y  t i e d  t o  p a r t i c u l a r  i t ems  of exchange. 

Undoubtedly, a  c l e v e r  programmer could des ign  many d i f f e r e n t  

a lgo r i t hms  capab le  of s o l v i n g  t h e s e  problems. I t  i s  even 

p o s s i b l e  t h a t  one or two of them could be solved,  a l b e i t  slowly 

and c lums i ly ,  by domain g e n e r a l  mechanisms l i k e  a s s o c i a t i v e  n e t s .  

But t o  demonstrate  t h a t  such mechanisms could,  i n  t heo ry ,  s o l v e  

t h e s e  problems would be t o  m i s s  t h e  po in t .  The po in t  of us ing  

n a t u r a l  s e l e c t i o n  theo ry  i n  c r e a t i n g  computat ional  t h e o r i e s  i s  

t h a t  i t  a l lows  you t o  s p e c i f y  a  s e t  of problems t h a t  humans ought 

t o  be a b l e  t o  s o l v e  qu ick ly ,  r e l i a b l y ,  e f f i c i e n t l y ,  and wi thout  

e x p l i c i t  i n s t r u c t i o n .  These a r e  problems f o r  which n a t u r a l  

s e l e c t i o n  should have produced s p e c i a l i z e d ,  domain s p e c i f i c  

Darwinian a lgor i thms:  modules i n  Fodor 's  o r  Marr ' s  terminology,  

mental  organs o r  c o g n i t i v e  competence8 i n  Chomsky's terminology,  

a d a p t a t i o n s  i n  t h e  terminology of evo lu t iona ry  biology.  I t  i s  

t h e  presumption t h a t  n a t u r a l  s e l e c t i o n  has  designed psychologica l  

mechanisms t h a t  a r e  p a r t i c u l a r l y  good a t  s o l v i n g  t h e s e  problems 

t h a t  c a r r i e s  i m p l i c a t i o n s  f o r  t h e  s tudy  of a t t e n t i o n ,  

communication, t h e  o rgan iza t ion  of memory, i m p l i c i t  i n f e r e n c e ,  

and l e a r n i n g .  I s h a l l  b r i e f l y  ske tch  a  few of t h e s e  

i m p l i c a t i o n s ,  occas iona l ly  c i t i n g  r e l e v a n t  da ta .  
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5.3.1 Human s o c i a l  exchange r e q u i r e s  some fundamental  c o g n i t i v e  
c a p a c i t i e s .  

P ropos i t i on  1. One must be a b l e  t o  recognize  many d i f f e r e n t  
i n d i v i d u a l  humans. 

The b a s i c  i d e a  is  t h a t  an i n d i v i d u a l  must no t  be a b l e  t o  
g e t  away with d e f e c t i n g  wi thout  t h e  o the r  i n d i v i d u a l s  
being a b l e  t o  r e t a l i a t e  e f f e c t i v e l y  . The response 
r e q u i r e s  t h a t  t h e  d e f e c t i n g  i n d i v i d u a l  no t  be l o s t  i n  a  
s ea  of anonymous otheks.  (Axelrod & H a m i l  ton ,  1981) 

I n d i v i d u a l  r ecogn i t i on  i s  important  even i f  one has  an exchange 

r e l a t i o n s h i p  wi th  only one i n d i v i d u a l .  I t  i s  t h a t  much more 

important  i f  one has  such r e l a t i o n s h i p s  with a  number of 

i n d i v i d u a l s ;  t h e  a b i l i t y  t o  coopera te  with  more than  one 

i n d i v i d u a l  i s  p a r t i c u l a r l y  u se fu l  t o  a  hunter -ga therer .  B u t  

coope ra t ion  can evolve  only i f  it i s  based on r e c i p r o c a t i o n .  I n  

order  t o  coopera te  only with i n d i v i d u a l s  who a r e  l i k e l y  t o  

r e c i p r o c a t e ,  and avoid  (or  c h e a t  on) i n d i v i d u a l s  who a r e  l i k e l y  

t o  c h e a t ,  one m u s t  be a b l e  t o  d i s c r i m i n a t e  d i f f e r e n t  

i n d i v i d u a l s .  * One need no t  r e l y  on "pre l iminary  hunchesn (Carey 

& Diamond, 1980, p.60) i n  s i n g l i n g  o u t  i n d i v i d u a l  r ecogn i t i on  a s  

a  domain f o r  which humans ought t o  have s p e c i a l i z e d  mechanisms; 

i t  is a  d i r e c t  p r e d i c t i o n  of evo lu t iona ry  theory .  

Indeed, humans do seem t o  have a  h igh ly  developed a b i l i t y  t o  

recognize  l a r g e  numbers of d i f f e r e n t  i n d i v i d u a l s .  Recognition 

r a t e s  a r e  over 9 0 %  f o r  f a m i l i a r  f a c e s  t h a t  have not  been seen f o r  

up t o  3 4  y e a r s  (Bahrick,  Bahrick & W i t t l i n g e r ,  1975) .  P a t i e n t s  

wi th  a  l e s i o n  i n  a  s p e c i f i c  p a r t  of t h e  r i g h t  hemisphere develop 

a  s e l e c t i v e  d e f i c i t  i n  t h e i r  a b i l i t y  t o  recognize  f a c e s ,  

* Organisms t h a t  l a c k  t h e  a b i l i t y  t o  recognize  d i f f e r e n t  
i n d i v i d u a l s  can a l s o  evolve  a  l i m i t e d  a b i l i t y  t o  coopera te ,  bu t  
only by r e s t r i c t i n g  t h e i r  i n t e r a c t i o n s  t o  a  very few p a r t n e r s  
wi th  whom they  a r e  i n  cons t an t  and/or exc lus ive  phys i ca l  
proximity (Axelrod & Hamilton, 1981) . 



c a l l e d  prosopagnosia (Gardner , 1974) . Carey & Diamond (1980) 

p r e s e n t  and review an impress ive  a r r a y  of evidence from a  wide 

v a r i e t y  of sou rces  sugges t ing  t h a t  humans have i n n a t e l y  s p e c i f i e d  

face-encoding schemas. We a r e  a l s o  good a t  i d e n t i f y i n g  

i n d i v i d u a l  human g a i t s  (Cut t ing ,  Prof f i t t ,  & Kozlowski , 1978; 

Kozlowski & C u t t i n g ,  1477) .  

P r o p o s i t i o n  2. One must be a b l e  t o  refnember some a s p e c t s  of t h e  
h i s t o r i e s  of o n e ' s  i n t e r a c t i o n s  wi th  d i f f e r e n t  
i n d i v i d u a l s .  

F i r s t ,  one must be a b l e  t o  recognize  t h a t  a  p rev ious  

i n t e r a c t a n t  i n  a  s o c i a l  exchange is,  i n  f a c t ,  a  p rev ious  

i n t e r a c t a n t ,  and no t ,  f o r  example, a  s t r a n g e r ,  a  mate, or  an 

o f f s p r i n g .  Second, once an i n d i v i d u a l  has  been i d e n t i f i e d  a s  a  

prev ious  i n t e r a c t a n t ,  i n£  ormation regard ing  whether t h a t  

i n d i v i d u a l  has  been a  coopera tor  or a  chea t e r  must become 

a c c e s s i b l e  t o  t h e  d e c i s i o n  procedures .  Thi rd ,  one needs an 

"account ing system" f o r  keeping t r a c k  of who owes who what. A s  

d i s c u s s e d  i n  s e c t i o n  5.1, most P l e i s tocene  s o c i a l  exchanges 

involved  " r e c i p r o c a l  a l t r u i s m "  -- exchanges i n  which 

r e c i p r o c a t i o n  was delayed,  not  simultaneous . I n  a  s imultaneous , 
face- to-face exchange, i f  you s e e  t h a t  t h e  o the r  person has  come 

prepared  t o  d e f e c t ,  you simply withhold what t h a t  person wants.* 

There is  no need t o  remember how much you owe or a r e  owed, 

because t h e r e  i s  no owing: each t r a n s a c t i o n  i s  e i t h e r  a complete 

exchange or  a complete d e f e c t i o n .  The p o t e n t i a l  f o r  c h e a t i n g  

i s  much h ighe r ,  however, i n  exchanges i n  which r e c i p r o c a t i o n  is 

* One would expec t  people  t o  assume, i n  t h e  absence of 
in format ion  t o  t h e  c o n t r a r y ,  t h a t  such i n t e r c o n t i n g e n t  behavior 
occu r s  i n  face- to- face  i n t e r a c t i o n s .  They should be more l i k e l y  
t o  s u s p e c t  someone of i n t end ing  t o  chea t  i n  delayed b e n e f i t  
t r a n s a c t i o n s .  



delayed;  once you have con fe r r ed  a  b e n e f i t ,  you cannot t a k e  it 

back. To be a b l e  t o  " c a l l  i n  your markers", you must be a b l e  t o  

keep t r a c k  of who owes what. Consequently, t h e  c a p a c i t y  f o r  

engaging i n  t r a n s a c t i o n s  i n  which r e c i p r o c a t i o n  i s  delayed 

r e q u i r e s  a  mental  account ing system f o r  keeping t r a c k  of who owes 

who what (no te :  Proposi , t ion 5 a l s o  a p p l i e s  t o  t h i s  account ing  

system) . 
The e x t e n t  of t h e  h i s t o r y  of i n t e r a c t i o n  t h a t  must become 

a v a i l a b l e  t o  t h e  d e c i s i o n  procedure t h a t  r e g u l a t e s  whether you 

a g r e e  t o  p a r t i c i p a t e  i n  a  p a r t i c u l a r  s o c i a l  exchange (and whether 

any of t h e s e  f a c t s  need be consc ious ly  r e c a l l e d )  w i l l  depend on 

t h e  d e t a i l s  of t h e  p a r t i c u l a r  d e c i s i o n  procedure humans have 

evolved. T I T  FOR TAT r e q u i r e s  only t h a t  t he  l a s t  t r a n s a c t i o n  

wi th  each i n t e r a c t a n t  be r e c a l l e d .  But TIT FOR TAT o p e r a t e s  i n  a  

h igh ly  c o n s t r a i n e d  and uniform universe  where a l l  t r a n s a c t i o n s  

a r e  s imultaneous,  t h e  same payoff mat r ix  a p p l i e s  t o  each 

t r a n s a c t i o n ,  and t h e  s i z e  of t h e  payoffs  f o r  both p l a y e r s  i s  

equa l  w i t h i n  each t r a n s a c t i o n .  I n  c o n t r a s t ,  payoff ma t r i ce s  i n  

t h e  r e a l  world a r e  always i n  f l u x ,  and p a r t  of t h a t  f l u x  i s  

caused by t h e  n e g o t i a t i v e  s k i l l s  of t h e  i n d i v i d u a l s  involved.  

Moreover, v io l ence  i s  p o s s i b l e  i n  t h e  r e a l  world: exchange 

s i t u a t i o n s  wi th  i n d i v i d u a l s  who can r e l i a b l y  use v i o l e n c e  t o  g e t  

t h e i r  way do not  n e c e s s a r i l y  f i t  t h e  c o n s t r a i n t s  of a  P r i s o n e r ' s  

Dilemma. Thus, an a lgor i thm b e t t e r  adapted t o  cond i t i ons  i n  t h e  

r e a l  world might a s s e s s  many more f a c t o r s  r ega rd ing  o n e ' s  p a s t  

h i s t o r y  with  an i n d i v i d u a l ,  such a s  (1) t h e  number of 

t r a n s a c t i o n s  one has  had wi th  t h a t  i n d i v i d u a l  i n  t h e  p a s t ,  ( 2 )  

how he behaved i n  t hose  t r a n s a c t i o n s ,  ( 3 )  t h e  s i z e  of payof f s  t o  



both p a r t i e s  i n  prev ious  t r a n s a c t i o n s ,  ( 4 )  whether h i s  tendency 

t o  chea t  v a r i e d  with  t h e  s i z e  of t h e  payoff involved,  (5 )  whether 

t h e  c o n d i t i o n s  governing h i s  tendency t o  chea t  have been s h i f t i n g  

over t ime, ( 6 )  h i s  ( r e l a t i v e )  agg res s ive  f  o r m i d a b i l i t y ,  ( 7 )  how 

l i k e l y  one i s  t o  meet t h a t  i n d i v i d u a l  i n  t h e  f u t u r e  (e.g., one of 

you i s  moving away or  l dke ly  t o  d i e  soon) ,  and (8)  whether one of 

you accepted  a  pas t  b e n e f i t  bu t  has  no t  r e c i p r o c a t e d  y e t .  

A d e c i s i o n  procedure t h a t  used such d a t a ,  c u r r e n t  behav io ra l  

cues ,*  and t h e  payoff mat r ix  f o r  t h e  c u r r e n t  i n t e r a c t i o n  t o  

compute t h e  c o n d i t i o n a l  p r o b a b i l i t y  t h a t  one ' s  p a r t n e r  w i l l  

coopera te ,  might be b e t t e r  adapted t o  t h e  complexi t ies  of 

exchange i n  na ture .  ** I f  so ,  then t h e  need t o  t a k e  such f a c t o r s  

i n t o  account  has  i m p l i c a t i o n s  regard ing  t h e  o rgan iza t ion  of human 

memory. Informat ion about  o n e ' s  h i s t o r y  of i n t e r a c t i o n  wi th  a  

p a r t i c u l a r  person ought t o  be "f i l e d "  wi th  t h a t  person,  and 

a c t i v a t e d  qu ick ly  and e f f o r t l e s s l y  when an oppor tun i ty  f o r  exchange 

wi th  t h a t  person a r i s e s .  When t h e  payoff mat r ix  of t h e  c u r r e n t  

* For example, my f a c i a l  express ion  might t i p  o f f  my i n t e n t i o n  t o  
c h e a t  you. A l l  e l s e  equa l ,  a  p e r s o n ' s  " l i k e a b i l i t y n  should be a  
f u n c t i o n  of h i s  o r  her- tendency t o  r e c i p r o c a t e ,  and cues  t h a t  
sugges t  "good i n t e n t i o n s "  ought t o  be judged more l i k e a b l e  (e .  g., 
s n e e r s  and a g g r e s s i v e  scowls do not  suggest  good i n t e n t ) .  
Although o the r  exp lana t ions  a r e  p o s s i b l e ,  it i s  i n t e r e s t i n g  t h a t  
people  remember un fami l i a r  f a c e s  b e t t e r  when, du r ing  i n i t i a l  
i n s p e c t i o n ,  they a r e  asked t o  judge t h e  pe r son ' s  l i k e a b i l i t y  than  
when they  a r e  asked t o  a s s i g n  sex  (Carey & Diamond, 1980) .  

** An a lgo r i thm was submit ted t o  Axelrod 's  computer tournament 
t h a t  computed t h e  c o n d i t i o n a l  p r o b a b i l i t y  t h a t  an i n t e r a c t a n t  
would coope ra t e  based on whether t h a t  i n d i v i d u a l  had coopera ted  
o r  d e f e c t e d  i n  pas t  i n t e r a c t i o n s  (REVISED DOWNING).  I t  coopera ted  
on ly  when t h i s  c o n d i t i o n a l  p r o b a b i l i t y  was g r e a t e r  than 50% 
(random) . Its downfall  was t h a t  it d i d  no t  d i scount  pas t  behavior 
r e l a t i v e  t o  p r e s e n t  behavior.  Therefore ,  it was e x p l o i t e d  by 
c e r t a i n  programs which became more l i k e l y  t o  chea t  i n  l a t e r  
i n t e r a c t i o n s .  I n  a  sense ,  it f a i l e d  because it assumed t h a t  
compet i to r  programs had s t a t i c  " p e r s o n a l i t i e s .  " 



i n t e r a c t i o n  i s  such t h a t  you w i l l  l o s e  a  g r e a t  d e a l  i f  I c h e a t  

you, then  more of our p a s t  exchange h i s t o r y  should become 

a c c e s s i b l e  than  f o r  t r i v i a l  exchanges. When you b e l i e v e  I have 

chea t ed  you i n  a  major way, t h e r e  should be a  f l o o d  of memories 

about  your p a s t  h i s t o r y  with me: you must dec ide  whether it i s  

worth your w h i l e  t o  con t inue  our r e l a t i o n s h i p .  I n  a d d i t i o n ,  t h i s  

in£  ormation w i l l  h e l p  you n e g o t i a t e  wi'th me i f  you choose t o  

con t inue  our r e l a t i o n s h i p :  You can communicate how l a r g e  a  c o s t  I 

have i n f l i c t e d  on you now and i n  t h e  p a s t  ( so  I can make amends 

i f  I want t o  con t inue  t h e  r e l a t i o n s h i p ) ,  t e l l  me how c l o s e  you 

came t o  ending our r e l a t i o n s h i p  ( i . e . ,  c a t e g o r i z i n g  me a s  a  

permanent d e f e c t o r ) ,  convince me t h a t  I have become i n c r e a s i n g l y  

un t rus twor thy ,  t h r e a t e n  t o  r u i n  my r e p u t a t i o n  by t e l l i n g  o t h e r s  

about  my p a s t  t r a n s g r e s s i o n s ,  and so  on. 

The a c t i v a t i o n  of p a s t  s i t u a t i o n s  i n  which I have chea ted  

you may, i n  t u r n ,  a c t i v a t e  o the r*  a f  f e c t i v e  mechanisms t h a t  

communicate cost /benef  it in£ ormation: they  may cause you t o  c r y ,  

t u r n  your back on me, scream a t  me, h i t  me. The e x t e n t  and 

n a t u r e  of t h e  o v e r t  a s p e c t s  of your a f f e c t i v e  r e a c t i o n  

communicates t o  me your view of t h e  ex t en t  of my wrong doing: 

whether you view it a s  s e r i o u s  enough t o  r e q u i r e  r e s t i t u t i o n ,  how 

much is r e q u i r e d  and how soon, whether you i n t e n d  t o  c u t  me o f f  

i f  I d e f e c t  aga in .  Emotion communication can be viewed a s  one 

way i n d i v i d u a l s  communicate c o s t ,  b e n e f i t s ,  and behav io ra l  

* I say  " o t h e r n  because I s e e  no p r i n c i p l e d  way of drawing a  
d i v i d i n g  l i n e  between emotion and cogni t ion .  The f l o o d  of 
memories you exper ience  when I be t r ay  you i s  a s  much a  p a r t  
of your "emotional r e a c t i o n "  a s  your t u r n i n g  red  and punching me 
o u t  ( s e e  Tooby, i n  p r e s s ;  Tooby & Cosmides, i n  p r e p a r a t i o n ) .  
i n t e n t  i ons  t o  o t h e r s  i n  n e g o t i a t i v e  s i t u a t i o n s  ( s e e  Cosmides, 1983) . 



P r o p o s i t i o n  3. One must be a b l e  t o  communicate one ' s  va lues  t o  
o t h e r s .  

To engage i n  an exchange wi th  you, I must know what you 

want. Although language i s  c e r t a i n l y  a u se fu l  means f o r  

communicating what one v a l u e s ,  n o n - l i n g u i s t i c  organisms can a l s o  

engage i n  s o c i a l  exchange -- however, t h e  range of i t ems  they  can 

exchange i s  n e c e s s a r i l y  more l i m i t e d .  For example, chimps 

r e c r u i t  suppor t  from o t h e r s  i n  agg rese ive  encounters ,  and 

f r e q u e n t l y  form long-term c o a l i t i o n a l  r e l a t i o n s h i p s .  These 

c o a l i t i o n s  a r e  s o c i a l  exchanges i n  which t h e  exchanged "item" is 

mutual a i d  i n  f i g h t s .  A chimp under a t t a c k  bares  i ts  t e e t h ,  

emi ts  a f e a r  scream, looks  a t  t h e  i n d i v i d u a l  from whom it wants 

suppor t ,  and ho lds  o u t  i ts  hand, palm up, toward t h a t  i n d i v i d u a l .  

I f  t h e  a t t a c k e d  chimp r e c e i v e s  t h e  reques ted  suppor t ,  i ts 

demeanor changes r a d i c a l l y :  i ts  h a i r  s t ands  on end, it emi ts  

a g g r e s s i v e  barks ,  and it charges  i ts  opponent -- looking  over its 

shoulder  f r e q u e n t l y  t o  s e e  i f  i ts suppor te r  i s  s t i l l  with it. I f  

t h e  chimp does no t  r e c e i v e  suppor t ,  it con t inues  cowering wi th  

h a i r  f l a t  and t e e t h  bared,  screaming and hold ing  o u t  i ts  hand t o  

s o l i c i t  suppor t .  

One a l s o  must be a b l e  t o  communicate d i s s a t i s f a c t i o n  wi th  a 

d e f e c t o r .  T h i s  a l s o  can be done wi thout  language, a s  i s  v i v i d l y  

i l l u s t r a t e d  by an i n t e r a c t i o n  between P u i s t  and L u i t ,  two chimps 

i n  t h e  Arnhem chimp colony i n  t h e  Netherlands.  P u i s t  and L u i t  

had a long-standing c o a l i t i o n a l  r e l a t i o n s h i p :  P u i s t  had a l o n g  

h i s t o r y  of a i d i n g  L u i t  whenever he a t t a c k e d  o r  was under a t t a c k ,  

and L u i t  had a l ong  h i s t o r y  of extending s i m i l a r  a i d  t o  P u i s t .  

Th i s  happened once a f t e r  P u i s t  had suppor ted  L u i t  i n  chas ing  
Nikkie [another  chimp]. When Nikkie l a t e r  d i sp l ayed  
[ agg res s ive ly ]  a t  P u i s t  she tu rned  t o  L u i t  and he ld  o u t  her  



hand t o  him i n  s ea rch  of suppor t .  L u i t ,  however, d i d  
no th ing  t o  p r o t e c t  her  a g a i n s t  N ikk ie ' s  a t t a c k .  Immediately 
P u i s t  t u rned  on L u i t ,  bark ing  f u r i o u s l y  , chased him a c r o s s  
t h e  enc losu re  and even h i t  him. (de Waal, 1982, p. 207) 

The communication of d e s i r e s ,  e n t i t l e m e n t s ,  and u n f u l f i l l e d  

o b l i g a t i o n s  i s  p o s s i b l e  wi thout  language, given t h a t  t h e  

communicators a r e  both programmed t o  unders tand t h e  s i g n a l s .  I t  

r e q u i r e s  t h a t  a  g e s t u r a l / r e f e r e n t i a l  system be sha red  by t h e  

p o t e n t i a l  coopera tors .  

A c o g n i t i v e  system t h a t  can enab le  t h e  communication of 

d e s i r e s  r e q u i r e s  more than  t h e  development of a  few s igns .  The 

s i g n s  must be coupled with  a  r e f e r e n t i a l  system. I f  I want t o  

exchange an axe f o r  something, how do I i n d i c a t e  what I want? 

L e t ' s  say I p o i n t  t o  t h e  pear you a r e  ho ld ing  i n  your hand. What 

am I r e f e r i n g  t o  by p o i n t i n g  t o  t h e  pear?  Do I want t h a t  

p a r t i c u l a r  pear?  Any pear a t  a l l ?  F ive  bushe l s  of p e a r s ?  A 

f r u i t  of some kind, no t  n e c e s s a r i l y  a  pear?  To be l e d  t o  t h e  

s i t e  where you found such n i c e  pears?  Do I want you t o  hold a  

branch-ladder so  I can cl imb i n t o  a  t r e e  which has  p e a r s ?  Or a  

t r e e  wi th  some o t h e r  kind of f r u i t ?  Do I want t o  use my axe t o  

c o r e  t h e  pea r ,  i n  exchange f o r  h a l f  t h e  pear?  And s o  on. 

The ambiguity of r e f e r e n c e  i n  t h e  absence of a  sha red  

r e f e r e n t i a l  system i s  no mere ph i lo soph ica l  puzz l e  (e.g., Quine,  

1969; Gleitman & Wanner, 1982) .  For example, it is no t  c l e a r  

t h a t  t h e  i n f l i c t i o n  of pa in ,  i n  t h e  absence of a  shared  

r e f e r e n t i a l  framework, could communicate what it i s  t h a t  t h e  

i n d i v i d u a l  i n f l i c t i n g  t h e  p a i n  wants t h e  o the r  i n d i v i d u a l  t o  s t o p  

doing. The d i f f i c u l t y  of communicating d e s i r e s  i n  t h e  absence of 
a  sha red  system of r e f e rence  i s  i l l u s t r a t e d  by c e r t a i n  

"communication gapsn  t h a t  occur between two d i f f e r e n t ,  but  



c l o s e l y  r e l a t e d ,  s p e c i e s  of baboons : hamadryas baboons and 

savannah baboons. 

A male hamadryas baboon a c q u i r e s  a "harem" of females  by 

kidnapping j u v e n i l e  females  from o the r  t roops .  He l e a d s  them t o  

water h o l e s  and f e e d i n g  grounds t h a t  a r e  widely s c a t t e r e d  i n  t h e  

i n h o s p i t a b l e  Eth iopian  badlands.  To keep a kidnapped female  from 

s t r a y i n g ,  t h e  male b i t e s  her  whenever she wanders even a few f e e t  

from where he wants her .  But how does t h e  female  know what t h i s  

b i t e  r e f e r s  t o ,  what it i s  t h a t  t h e  male does no t  want her t o  do? 

T h i s  may seem l i k e  a s t r a i g h t f o r w a r d  case  of "narrowing 

hypotheses"  through condi t ion ing .  However, t h e  same herd ing  

t echn ique  does no t  work on a female  savannah baboon. When 

abducted i n t o  a hamadryas ma le ' s  harem, t h e  hamadryas male t r i e s  

t o  keep her  i n  l i n e  by b i t i n g  he r ,  t o  no a v a i l .  The savannah 

female  never "ge t s "  what i t  i s  he wants, and simply runs o f f .  

For males ,  knowing t h a t  one can cond i t i on  hamadryas females  by 

b i t i n g  them appears  t o  be no more " i m p l i c i t  i n  t h e  s i t u a t i o n "  

t h a n  knowing what a b i t e  means. Savannah-hamadryas hybr id  males 

who l i v e  among hamadryas baboons cannot keep a harem -- t h e  

hybr id  male never " f i g u r e s  o u t "  t h a t  it can herd  females  through 

b i t i n g  (Hrdy, 1981) . 
Apparent ly ,  t h e  l e a r n i n g  mechanisms of hamadryas and 

savannah baboons i n c l u d e  d i f f e r e n t  r e f e r e n t i a l  systems. Hamadryas 

males and females  both "know" t h a t  a b i t e  means " s t ay  with t h e  

herd";  savannah baboons do not .  The a b i l i t y  t o  smile, hug, or  

i n f l i c t  p a i n  i s  no t  enough. A g e s t u r a l  system f o r  i n d i c a t i n g  

p r e f e r e n c e  t h a t  i s  no t  c o g n i t i v e l y  coupled t o  a r e f e r e n t i a l  

system would be i n a c c u r a t e  a t  b e s t ,  and imposs ib le  a t  worst .  



The g e s t u r a l / r e f e r e n t i a l  system t h a t  a l lows  members of non- 

l i n g u i s t i c  s p e c i e s  t o  s i g n a l  c o s t s ,  b e n e f i t s ,  and behav io ra l  

i n t e n t i o n s  t o  c o n s p e c i f i c s  can be thought of a s  an emotion 

communication system. Indeed, e t h o l o g i s t s  have t r a d i t i o n a l l y  

cons idered  such s i g n a l i n g  t h e  primary func t ion  of emotional 

exp res s ion ,  s tudy ing  inken t ion  movements, c o u r t s h i p  dances ,  

a g o n i s t i c  d i s p l a y s ,  and a g g r e s s i v e  i n t e r a c t i o n s  i n  mammals, 

b i r d s ,  r e p t i l e s ,  f i s h ,  and i n s e c t s .  Like modern nonhuman 

p r ima te s ,  our p r e l i n g u i s t  i c  hominid a n c e s t o r s  undoubtedly had 

such a system and used it t o  communicate about  s o c i a l  exchange. 

For example, t o  t h i s  day,  humans a l l  over t h e  globe s h a r e  t h e  

same f a c i a l  exp res s ions  of emotion (Eibl-Eibesf e l d t ,  1975; Ekman, 

1982) ; we even s h a r e  many of t h e s e  f a c i a l  exp res s ions  with  

nonhuman pr imates  ( J o l l y ,  1972, pp. 158-159). The same i s  t r u e  

f o r  c e r t a i n  a u d i t o r y  s i g n a l s ,  l i k e  screaming and c r y i n g  (Eib l -  

E i b e s f e l d t ,  1975) .  I can t h i n k  of no reason why t h e  appearance 

of language would cause t h i s  more anc i en t  system t o  be s e l e c t e d  

ou t .  Moreover, t o  t h e  e x t e n t  t h a t  such s i g n a l s  a r e  u n i v e r s a l l y  

shared ,  they  have some i n t e r e s t i n g  p r o p e r t i e s  which spoken 

1 anguage l a c k s  : 

1. Because they  a r e  u n i v e r s a l l y  shared ,  emotion s i g n a l s  can be 
recognized by anyone. By a i d i n g  " t r a n s l a t i o n n ,  such s i g n a l s  
expand t h e  range of p o s s i b l e  i n t e r a c t a n t s  t o  i n d i v i d u a l s  who 
speak a d i f f e r e n t  language and i n d i v i d u a l s  who cannot y e t  
speak a language ( smal l  c h i l d r e n ) .  

2. Emotion s i g n a l s  can f u n c t i o n  l i k e  i n t e r s u b j e c t i v e  r u l e r s ,  
p e r m i t t i n g  an observer  t o  s c a l e  t h e  va lues  of t h e  person 
e m i t t i n g  t h e  s i g n a l :  A very  loud scream i n d i c a t e s  a g r e a t e r  
c o s t  t o  t h e  screamer than a moderately loud scream. S i g n a l s  
l i k e  screams, smi l e s ,  and t rembles  a r e  "analog": The louder  
t h e  scream, t h e  wider t h e  smi le ,  t h e  more n o t i c e a b l e  t h e  
t remble  -- t h e  more s t r o n g l y  t h e  person can be presumed t o  
f e e l  about  t h e  s i t u a t i o n  caus ing  her t o  scream, smi l e  or  
tremble.  Words do no t  p rovide  such convenient  r u l e r s ,  
p r e c i s e l y  because they  a r e  a r b i t r a r y  and d i s c r e t e  symbols. 



Verbal  exp res s ions  i n d i c a t i n g  s i z e  of c o s t  or  b e n e f i t  a r e  more 
" d i g i t a l " :  One might reasonably use "very much" t o  d e s c r i b e  
t h e  degree  of o n e ' s  d e s i r e  i n  both t h e s e  sen tences :  "I want 
very  much f o r  my c h i l d ' s  cancer t o  go i n t o  remission" and "I 
want t h a t  a p p l e  very  muchn -- y e t  i n  t h e s e  two c a s e s  t h e  
degree  of d e s i r e  is  v a s t l y  d i f f e r e n t .  

3. Emotion s i g n a l s  a l low t h e  i n c i d e n t a l  communication of va lues  
t o  p o t e n t i a l  i n t e r a c t a n t s .  By observing your emotional 
r e a c t i o n s  t o  va r ious  s i t u a t i o n s ,  even though they a r e  no t  
d i r e c t e d  a t  m e ,  I can l e a r n  what you va lue ,  and hence what s o r t  
of exchange you a r e  l i k e l y  t o  ag ree  t o  ( s e e  P ropos i t i on  4 ) .  
The v e r b a l  a l t e r n a t i v e  i s  a  p roces s  a k i n  t o  w r i t i n g  t o  Santa  
Claus:  Rec i t i ng ,  or  p u b l i c l y  postir ig a  l ong  l ist  s t a t i n g  
o n e ' s  p r e f e r e n c e  hierarchy. . .wi th  p e r i o d i c  upda tes l*  

However, t h e  very  p r o p e r t i e s  t h a t  make a  n a t u r a l  language a  

poor medium f o r  communicating i n t e n s i t y  of a f f e c t  make it an 

e x c e l l e n t  system f o r  i n d i c a t i n g  " i tems" of exchange. The v a r i e t y  

of " i tems" t h a t  can be exchanged i s  seve re ly  l i m i t e d  i n  a  s p e c i e s  

t h a t  uses  only emotion s i g n a l s .  Pr imates  appear  t o  exchange 

f i g h t  f o r  f i g h t ,  f i g h t  f o r  sex ,  sex  f o r  sex ,  food f o r  food, 

f i g h t ,  or  sex ,  groom f o r  groom, groom f o r  f i g h t ,  food, or 

sex...and n o t  t oo  much e l s e .  The use of language does no t ,  of 

cou r se ,  e l i m i n a t e  t h e  problem of ambiguous r e f e rence .  I n  t h e  

absence of a  shared  r e f e r e n t i a l  semant ics ,  knowing what a  word 

r e f e r s  t o  i s  no less problemat ic  than  knowing what a  g e s t u r e  

r e f e r s  to.** But a  n a t u r a l  language permi ts  a  p o t e n t i a l l y  

i n f i n i t e  number of a r b i t r a r y ,  d i s c r i m i n a b l e  symbols t o  be 

* Actua l ly ,  a  S a n t a ' s  list s t a t i n g  t h a t  you want X ,  Y ,  and Z i s  
no t  s u f f i c i e n t .  Your p re fe rences  -- i nc lud ing  i t ems  you a l r eady  
have -- would have t o  be h i e r a r c h i c a l l y  ordered  us ing  some s o r t  
of i n t e r v a l  s c a l e  or i n d i f f e r e n c e  curves ,  because t h e  s a l i e n t  
i s s u e  is: What would you be w i l l i n g  t o  g i v e  up i n  order  t o  g e t  
X,Y,  and Z ?  

** T h i s  problem has  prompted developmental  psychol ingui  sts t o  
p o s i t  t h a t  c h i l d r e n  have i n n a t e l y  s p e c i f i e d  "hypotheses" about  
what s o r t s  of e n t i t i e s  a r e  l i k e l y  t o  have words a t t a c h e d  t o  them. 
When coupled wi th  a r t i c u l a t e d  models of t h e  world,  t h i s  
hypo thes i s  + model system amounts t o  a  r e f e r e n t i a l  semant ics  
(Gleitman & Wanner, 1982) . 



a t t a c h e d  t o  a  p o t e n t i a l l y  i n f i n i t e  number of d i s c r i m i n a b l e  

c l a s s e s  o r  e n t i t i e s .  A s  new s i t u a t i o n s  a r i s e ,  new words can be 

o p p o r t u n i s t i c a l l y  c r e a t e d  t o  r e f e r  t o  them. Consequently, 

language pe rmi t s  a  range and s p e c i f i c i t y  of r e f e rence  imposs ib le  

i n  t h e  pu re ly  g e s t u r a l  systems of most pr imates .  

Th i s  p rope r ty  of language opens t h e  v a s t  realm of human 

a d a p t a t i o n s  a s s o c i a t e d  wi th  p lanning  and too l -use  t o  s o c i a l  

exchange. Tool technology c o n t i n u a l l y  changes,  * with  new t o o l s  

be ing  inven ted  c o n s t a n t l y .  New technologies  enab le  new and 

c o n s t a n t l y  changing o p p o r t u n i t i e s  f o r  coord ina ted ,  coope ra t ive  

behaviors  which can themselves become "items" of exchange. Great  

b e n e f i t s  can be had by exchanging t o o l s  and by p a r t i c i p a t i n g  i n  

t h e  complex and o p p o r t u n i s t i c a l l y  s h i f t i n g  coope ra t ive  

e n t e r p r i s e s  t h e s e  a l low -- U if t o o l s  m a v i o r a l  

xout i -  m k named. The expanded power of r e f e rence  t h a t  

language a f f o r d s  i n  s o c i a l  exchange may have been one f a c t o r  

s e l e c t i n g  f o r  i ts  evo lu t ion .  I t  i s  not  c l e a r  t h a t  any but  t h e  

simp1 e s t  too l -us ing  coope ra t ive  e n t e r  p r i  s e s  could be accomplished 

wi th  a  n o n - l i n g u i s t i c  g e s t u r a l  system -- r o u t i n e s  l i k e  t h e  

chimps' l adder  exped i t i on ,  t h a t  a r e  d i scovered  q u i t e  p u b l i c l y  

i n  t h e  c o n t e x t  of an emotional ly  s a l i e n t  event ,*+ and d o n ' t  

r e q u i r e  l ong  pe r iods  of planning.  

* A t  l e a s t  f o r  Homo m w i e n s  m i e n s .  Homo e r e c t u s '  t o o l  k i t  
s t ayed  i d e n t i c a l  over a  wide range of d i f f e r e n t  environments -- 
from Asia t o  A f r i c a  -- f o r  over 1.5 m i l l i o n  y e a r s  (Pilbeam, 
pe r sona l  communication). Of course ,  t h i s  obse rva t ion  a p p l i e s  
only t o  t o o l s  t h a t  a r e  recognizable  a s  such i n  t h e  f o s s i l  record.  
For example, a  branch used a s  a  l adde r  would no t  show up i n  t h e  
f o s s i l  record.  

** The Arnhem chimps d iscovered  t h e  l adde r  t r i c k  when one 
screaming chimp, f l e e i n g  from a very  p u b l i c  a t t a c k ,  bounded up a  
broken branch t h a t  happened t o  be r e s t i n g  a g a i n s t  a  t r e e .  



The evo lu t ion  of language does no t  obv ia t e  t h e  a b i l i t y  t o  

communicate c o s t / b e n e f i t  in format ion  through emotion s i g n a l s .  I n  

f a c t ,  t h e  more i t ems  t h a t  members of a  s p e c i e s  can name and 

exchange, and t h e  more t h e  i n s t rumen ta l  va lue  of t h e s e  i t ems  

v a r i e s  between i n d i v i d u a l s  and over t ime, t h e  more one needs an 

"i tem-independentn y e t  u n i v e r s a l l y  under s tood  system f o r  

communicating how much one va lues  an i t e m .  

Because t h e  v a r i e t y  of items exchanged by n o n l i n g u i s t i c  

p r ima te s  i s  so l i m i t e d ,  each i tem could,  i n  t heo ry ,  have a  unique 

c o s t / b e n e f i t  weight ing  a s s o c i a t e d  with  it t h a t  is  sha red  by most 

o t h e r  members of t h e  s p e c i e s  (e.g. ,  t en  grooms deserves  one f i g h t ,  

a  season of p r o t e c t i o n  by a male deserves  e x c l u s i v e  sexua l  a c c e s s  

a t  t h e  h e i g h t  of e s t r u s ,  etc.) . I n  o the r  words, each i tem could 

have a  preprogrammed, u n i v e r s a l l y  acknowledged, "exchange r a t e . "  

But t h e r e  can be no preprogrammed, u n i v e r s a l l y  acknowledged, 

"exchange r a t e w  f o r  a  c o n s t a n t l y  changing a r r a y  of t o o l s  and 

coord ina t ed  behav io ra l  rou t ines .  Language combined wi th  emotion 

s i g n a l i n g  a f f o r d s  a  uniquely powerf u l  communicative system f o r  

s o c i a l  exchange i n  a  p lanning ,  t o o l  using,  and o p p o r t u n i s t i c a l l y  

coope ra t ive ,  s p e c i e s .  A wide v a r i e t y  of items can be p r e c i s e l y  

s p e c i f i e d  through language, and t h e i r  r e l a t i v e  v a l u e  t o  an 

i n d i v i d u a l  can be s imultaneously communicated -- e i t h e r  

i n c i d e n t a l l y *  o r  i n t e n t i o n a l l y  -- v i a  emotion s i g n a l s .  Indeed, 

t h e r e  i s  rudimentary evidence sugges t ing  t h a t  some a s p e c t s  of t h e  

* Because t h e  i n c i d e n t a l  communication of c o s t / b e n e f i t  
in format ion  i s  important  ( s e e  P ropos i t i on  4 ) ,  one might p r e d i c t  
t h a t ,  a l l  else equa l ,  i n d i v i d u a l s  a r e  more l i k e l y  t o  emit emotion 
s i g n a l s  i n  t h e  presence  (or  suspec ted  presence)  of p o t e n t i a l  
r e c i p r o c a t o r s  than  when alone.  S i m i l a r l y ,  they should be more 
l i k e l y  t o  suppres s  emotion s i g n a l s  i n  t h e  presence of p o t e n t i a l  
a g g r e s s o r s  -- va lue  in format ion  he lps  agg res so r s ;  i t  t e l l s  them 
what they  should t h r e a t e n  t o  k i l l ,  d e s t r o y ,  or p revent .  



a c o u s t i c  exp res s ion  of emotion i n  humans have been i n t e g r a t e d  

i n t o  our spec ies -spec i f  i c  language c a p a c i t y  i n  ways t h a t  

f a c i l i t a t e  t h e  communcation of va lues  and i n t e n t i o n s  (Cosmides, 1983) .  

P r o p o s i t i o n  4. One must be a b l e  t o  model t h e  va lues  of o t h e r  
i n d i v i d u a l s .  

I n  some ways, P ropos i t i on  4 i s  j u s t  t h e  f l i p  s i d e  of 

P ropos i t i on  3: One must have a  c o g n i t i v e  system capab le  of 

decoding communications of t h e  s o r t  desc r ibed  i n  P ropos i t i on  3. 

I n  a d d i t i o n  t o  t h i s ,  however, one ought t o  have l e a r n i n g  

mechanisms t h a t  a r e  s p e c i a l i z e d  f o r  p i ck ing  up i n c i d e n t a l  

i n£  ormation about  t h e  va lues  of p o t e n t i a l  i n t e r a c t a n t s  -- f o r  

do ing  "marketing research" .  I n  order  t o  propose an exchange f o r  

mutual b e n e f i t ,  one must have some not ion  of what kind of "i tem" 

t h e  o the r  i n d i v i d u a l  i s  l i k e l y  t o  value.  The i n d i v i d u a l  who i s  

well-equipped t o  do "marketing r e sea rchn  on p o t e n t i a l  

i n t e r a c t a n t s  w i l l  be a b l e  t o  suggest  f a r  more exchanges than t h e  

i n d i v i d u a l  who w a i t s  f o r  p o t e n t i a l  i n t e r a c t a n t s  t o  i n t e n t i o n a l l y  

announce t h e i r  p re fe rence  h i e r a r c h i e s .  

Because emotion s i g n a l s  f l a g  c o s t / b e n e f i t  in format ion ,  they 

should au toma t i ca l ly  r e c r u i t  a t t e n t i o n  and be d i f f i c u l t  t o  

ignore.  An e a r - s p l i t t i n g  scream should be more d i f f i c u l t  t o  

i gno re  than  an equa l ly  loud t r a i n  w h i s t l e ;  so£  t sobbing from t h e  

next  room should be harder  t o  ignore  than  t h e  loud  honk of a  c a r  

horn o u t s i d e .  A broad s m i l e  should r e c r u i t  more a t t e n t i o n  than  

c o n f i g u r a t i o n a l  changes i n  t a l l  g r a s s  a s  it i s  blown by t h e  wind 

o r  t h e  sound of a  motor s t a r t i n g  up.* A t t e n t i o n  should be more 

s u s t a i n e d  f o r  emotion s i g n a l s  emi t t ed  by a  p o t e n t i a l  i n t e r a c t a n t  

* Condit ioned s t i m u l i  l i n k e d  t o  even t s  producing l a r g e  c o s t s  o r  b e n e f i t s  
should a l s o  r e c r u i t  a t t e n t i o n ,  e.g., a  f i r e  engine s i r e n  on your s t r e e t .  



-- t h e  c r y  of a  f r i e n d  should r e c r u i t  more s u s t a i n e d  a t t e n t i o n  

t h a n  t h e  c r y  of a  s t r a n g e r .  

Not only should a t t e n t i o n  be drawn t o  emotion s i g n a l s ,  bu t  

o n e ' s  l e a r n i n g  mechanisms should be quick t o  pick up what t h e  

s i g n a l  r e f e r s  t o  -- what, e x a c t l y ,  t h e  person e m i t t i n g  t h e  s i g n a l  

is  r e a c t i n g  t o .  Th i s  imp l i e s  t h a t  our r e f e r e n t i a l  semant ics  ( s e e  

f o o t n o t e ,  p. 33) i nc ludes  "hypothesesn about  what kinds of even t s  

emotion s i g n a l s  a r e  l i k e l y  t o  r e f e r  t o  -- hypotheses  about  what 

o t h e r  i n d i v i d u a l s  a r e  l i k e l y  t o  value.  Having such hypotheses i s  

a l l  t h e  more important  because many nega t ive  emotion s i g n a l s  

r e f e r  t o  va lued  i t ems  t h a t  a r e  no t  p re sen t  or have not  happened, 

v a s t l y  compl ica t ing  t h e  t a s k  of a s s ign ing  a  r e f e r e n t .  When I am 

hungry, I moan because t h e  t h i n g  I va lue  -- food -- is nnt 

presen t .  You must i n f e r  my d e s i r e  f o r  food from my moan, even 

though t h e r e  is  no spat io- temporal ly  cont iguous event  i n  which 

t h e  s i g n a l  (my moan) and t h e  r e f e r e n t  ( food)  a r e  both p re sen t .  

Evolu t ionary  theory  provides  a  r i c h  h e u r i s t i c  base f o r  

deve loping  t h e o r i e s  about  what kinds of p re fe rence  in format ion  i s  

inc luded  i n  our r e f e r e n t i a l  semant ics .  Because humans a r e  t o o l  

u s e r s ,  p l anne r s ,  and coope ra to r s  who can invent  many a 1  t e r n a t i v e  

means f o r  r e a l i z i n g  a  p a r t i c u l a r  goa l ,  many s p e c i f i c  i t ems  of 

human p r e f e r e n c e  w i l l  d i f f e r  from c u l t u r e  t o  c u l t u r e  i n  ways t h a t  

depend on t h a t  c u l t u r e '  s technology,  p o l i t i c a l  s t r u c t u r e ,  and 

h i s t o r y .  T h i s  does no t  mean, however, t h a t  d e s i r e s  a r e  random. 

Evolu t ionary  theory  is r i f e  wi th  hypotheses r ega rd ing  what s t a t e s  

of a f f a i r s  t h e  t y p i c a l  human i s  l i k e l y  t o  p r e f e r  -- a few of 

t h e s e  a r e  l i s t e d  i n  Box 5.1. I n  a d d i t i o n  t o  being very  

incomplete ,  t h i s  list i s  extremely simple,  i n  t h a t  it assumes 



" a l l  e l s e  equa ln .  There a r e  complex i n t e r a c t i o n s  among t h e s e  

f a c t o r s  t h a t  evo lu t iona ry  theory  speaks t o .  Hence, a  " c o g n i t i v e  

l i s tn  i s  no t  enough: t h e  a lgo r i t hms  t h a t  gu ide  our market ing 

r e s e a r c h  should i n c l u d e  c o s t - b e n e f i t  a n a l y s i s  procedures  t h a t  

a l low one t o  t a k e  t h e s e  complex i t i e s  i n t o  account i n  modeling 

o t h e r  people '  s va lues .  

Although r e s e a r c h e r s  from B a r t l e t t  (1932) t o  Schank & 

Abelson (1977) have p o s i t e d  t h a t  pragmatic  in£  e rence  i s  guided by 

"schemas," "frames," o r  " s c r i p t s "  -- domain s p e c i f i c  i n f e r e n c e  

procedures  -- they  have provided l i t t l e  i n s i g h t  i n t o  t h e i r  

s p e c i f i c  conten t .  Using evo lu t iona ry  theory  a s  a  h e u r i s t i c  

rudder ,  t h e  system so  f a r  proposed ( d e f a u l t  hypotheses about  

t y p i c a l  human p re fe rence  h i e r a r c h i e s  p lus  procedures  f o r  

combining f a c t o r s )  p rovides  a  s t a r t i n g  p l a c e  f o r  e l u c i d a t i n g  t h e  

con ten t  of "motivat ion s c r i p t s n  -- a lgo r i thms  t h a t  gu ide  

pragmatic  i n f e r e n c e  about  human p re fe rence  and mot iva t ion .  

Motivat ion s c r i p t s  should be powerful and s o p h i s t i c a t e d ,  f o r  

t h e  a b i l i t y  t o  model o the r  peop le ' s  va lues  i s  u s e f u l  i n  a  wide 

v a r i e t y  of e v o l u t i o n a r i l y  important  s o c i a l  con tex t s ,  from s o c i a l  

exchange t o  a g g r e s s i v e  t h r e a t  t o  mate cho ice  t o  pa ren t ing .  They 

should prove t o  be s t r o n g  o r g a n i z a t i o n a l  f a c t o r s  i n  t h e  

c o n s t r u c t i o n  and r e c o n s t r u c t i o n  of memories. D e t a i l s  t h a t  a r e  

normally cons idered  i n s i g n i f i c a n t  should be more e a s i l y  r e c a l l e d  

when a c t i v a t e d  mot iva t ion  s c r i p t s  a l low them t o  be perce ived  a s  

c a u s a l l y  l i n k e d  t o  b i o l o g i c a l l y  s i g n i f i c a n t  v a r i a b l e s .  * 

* Owens, Bower, & Black, 1979, p re sen t  evidence of t h i s  kind. 
I n t e r e s t i n g l y  enough, t h e  most b i o l o g i c a l l y  s i g n i f i c a n t  
m o t i v a t i o n a l  theme (an unwanted pregnancy) e l i c i t e d  t h e  h ighes t  
r e c a l l  of mundane d e t a i l s  about  a  c h a r a c t e r ' s  day. 



Box 5.1 Typica l  Human P re fe rences  

The fo l lowing  i s  a  very  minimal l ist of events  and s t a t e s  of 
a f f a i r s  t h a t  t h e  t y p i c a l  human i s  l i k e l y  t o  p r e f e r ,  U else eaual; I 
have made no e f f o r t  t o  d i s t i n g u i s h  fundamental  g o a l s  from behaviors  o r  
t r a i t s  r e l i a b l y  p a i r e d  with  fundamental goa ls .  These p re fe rences  a r e  
sugges ted  by evo lu t iona ry  theory ;  however, only psychologica l  r e sea rch  
can e s t a b l i s h  which ones have been inco rpo ra t ed  i n t o  t h e  human 
m o t i v a t i o n a l  system. 

OFFSPRING: having o f f  s p r i n g  over bar renness ,  ' low c h i l d  m o r t a l i t y ,  
having a s  many of f  s p r i n g  a s  a v a i l a b l e  investment w i l l  a l low,  own over 
o t h e r ' s  o f f s p r i n g ,  k i n ' s  o f f s p r i n g  i n  propor t ion  t o  degree of 
r e l a t e d n e s s ,  k i n ' s  over u n r e l a t e d  offspri ' f lg,  f e r t i l e  c h i l d r e n ,  c h a s t i t y  
of daugh te r s  when males c o n t r o l  means of investment ,  sons good a t  
a c q u i r i n g  r e sou rces ,  resources  d i s t r i b u t e d  equa l ly  t o  g randch i ld ren  
( d i f f e r e n t  own c h i l d r e n ' s  p r e f e r e n c e ) ,  i n h i b i t i o n  from harming own, 
k i n ' s ,  and f r i e n d s '  o f f s p r i n g  ( i n  t h a t  o r d e r ) ;  MATING: ou tbreeding  over 
i n c e s t ,  s ex  over c e l i b a c y ,  a  pair-bonded mate; FEMALE MATING 
PREFERENCES: a  male who can i n v e s t  i n  her  o f f s p r i n g  over a  male who 
cannot ,  investment f i d e l i t y  i n  a  mate, s exua l  f i d e l i t y  ( e s p e c i a l l y  
i n s o f a r  a s  it i s  r e l a t e d  t o  investment f i d e l i t y )  , a  mate who i s  a l s o  
w i l l i n g  t o  i n v e s t  i n  her  k in ,  w i l l i n g n e s s  t o  fo rgo  a  ma le ' s  appearance 
i f  he i s  a  good i n v e s t o r ,  t h e  a b i l i t y  t o  l i v e  near  f ema le ' s  male k in ,  
be ing  s o l e  w i fe ,  be ing  f i r s t  w i f e  over being co-wif e ,  investment 
d i r e c t e d  a t  o n e ' s  own o f f s p r i n g  r a t h e r  than husband's o f f s p r i n g  by co- 
wi fe ,  having a  s i s t e r  a s  co-wif e  over s t r a n g e r  a s  co-wif e ,  marrying 
when she  i s  young, having l o v e r s  who i n v e s t  ( a s  long  a s  husband d o e s n ' t  
f i n d  o u t )  , a f f e c t i o n  more than sex;  MALE MATING PREFERENCES : p a t e r n i t y  
c e r t a i n t y ,  s exua l  f i d e l i t y  i n  wi fe ,  females whose appearance i s  
c h a r a c t e r i z e d  by cues  sugges t ing  high r ep roduc t ive  va lue  and/or 
f e r t i l i t y ,  o p p o r t u n i t i e s  f o r  sex wi th  o the r  females ,  marrying women a t  
peak of t h e i r  r ep roduc t ive  va lue ,  sex  ou t  of wedlock wi th  women a t  peak 
of t h e i r  f e r t i l i t y  ( female  f e r t i l i t y  peak being somewhat l a t e r  than 
peak r ep roduc t ive  v a l u e ) ,  sex  more than a f f e c t i o n  (except  w i t h  pos t -  
r ep roduc t ive  w i f e )  , having a s  many wives a s  a b i l i t y  t o  i n v e s t  w i l l  
bear ;  FOOD AND OTHER INVESTMENT: food over s t a r v a t i o n ,  f o r  k i n  over 
f r i e n d s  o r  s t r a n g e r s ,  f o r  f r i e n d s  over s t r a n g e r s ,  f o r  onese l f  i n  
p r e f e r e n c e  t o  o n e ' s  s i b  (up t o  po in t  determined by degree of 
r e l a t e d n e s s ) ,  w i l l i n g n e s s  t o  p r o t e c t  o f f s p r i n g ,  o the r  k i n  and f r i e n d s  
from p r e d a t o r s  ( i n  t h a t  o r d e r ) ;  SOCIALITY: having coope ra t ive  
r e l a t i o n s h i p s  ( f r i e n d s ) ,  r e c i p r o c a t i o n  over nonrec iproca t ion ,  a i d i n g  a  
f r i e n d  over a i d i n g  a  s t r a n g e r ,  c h e a t i n g  when it  w i l l  remain unde tec ted ,  
no t  be ing  o s t r a c i z e d  from o n e ' s  s o c i a l  group, own dea th  over dea th  of 
a l l  p o s s i b l e  o f f s p r i n g ,  w i l l i n g n e s s  t o  commit i n f a n t i c i d e  i f  keeping 
t h e  c h i l d  w i l l  r e s u l t  i n  t h e  l o s s  of o lde r  c h i l d ,  w i l l i n g n e s s  t o  k i l l  
one twin i f  keeping both w i l l  r e s u l t  i n  l o s s  of both,  power over 
powerlessness ,  ( f o r  males)  having powerful c o a l i t i o n a l  a l l i e s ,  b r o t h e r s  
over f r i e n d s  a s  a l l i e s ,  being aggres s ive ly  formidable ,  going t o  war 
when t h e  p r o b a b i l i t y  of ach iev ing  a  n e t  g a i n  i n  cap tured  women and 
r e sou rces  i s  s u f f i c i e n t l y  high,  going t o  war when wife ,  c h i l d r e n ,  and 
r e sou rces  a r e  t h r e a t e n e d  by o the r  males;  HEALTH: h e a l t h  over i n j u r y  or  
d i s e a s e ,  no t  having d i s e a s e d  per sons o r  t h e i r  e f f l u v i a  nearby, 
avoidance of d i sease-breeding  f i l t h ,  avoidance of decomposing bodies ,  
f r e s h  food over r o t t i n g  food,  avoidance of poisonous animals  ( s p i d e r s ,  
snakes ,  e t c . ) ,  avoidance of p reda to r s .  



V e r i d i c a l  r e c a l l  of s t o r i e s  t h a t  v i o l a t e  t h e  assumptions about  

human p r e f e r e n c e  i n s t a n t i a t e d  i n  our mot iva t ion  s c r i p t s  should be 

d i f f i c u l t .  Motivat ion s c r i p t s  should guide t h e  r e c o n s t r u c t i o n  of 

such s t o r i e s  d u r i n g  r e c a l l ,  d i s t o r t i n g  t h e  o r i g i n a l  s t o r y  i n  ways 

t h a t  make m o t i v a t i o n a l  sense.  I m p l i c i t  mo t iva t iona l  assumptions 

a r e  so  p e r v a s i v e  i n  human communication, t h a t  mot iva t ion  s c r i p t s  

w i l l  probably be an e s s e n t i a l  component of any a r t i f i c i a l  

i n t e l l i g e n c e  program t h a t  can u s e f u l l y  converse i n  a  n a t u r a l  

language. 

An emotion s i g n a l  should no t  only r e c r u i t  a t t e n t i o n  and 

a c t i v a t e  o n e ' s  own mot iva t ion  s c r i p t s ,  it should a rouse  one ' s  

c u r i o s i t y .  One would expec t  i nc reased  t endenc ie s  t o  observe t h e  

emotion-arousing event  and ask q u e s t i o n s  about  it. Crowds ga the r  

around f i g h t s ,  c h i l d r e n  fo l low f i r e  t r u c k s  t o  t h e  scene of a 

f i r e ,  on lookers  bombard p o l i c e  with  q u e s t i o n s  a t  t h e  scene of a  

crime. J o u r n a l i s t s  make a  p ro fe s s ion  of g a t h e r i n g  informat ion  

about  t h e  v a l u e s  and behavior  of people  who have a  l a r g e  impact 

on our l i v e s .  Motivation s c r i p t s  may guide  i n f e r e n c e s  about  what 

e x a c t l y  a  given emotion s i g n a l  r e f e r s  t o ,  but  it can do t h i s  only 

i f  it i s  f e d  conc re t e  informat ion.  The conc re t e  in format ion  one 

a c q u i r e s  by wi tnes s ing  an emotion-arousing event  f i l l s  i n  

parameter v a l u e s  i n  mot iva t ion  s c r i p t s ,  determining which d a t a  

s t r u c t u r e s  and i n f e r e n c e  procedures  a r e  a p p r o p r i a t e  i n  decoding 

t h e  r e a c t i n g  p e r s o n ' s  va lues .  * 

* There a r e ,  of course ,  o the r  good reasons f o r  be ing  c u r i o u s  
about  b i o l o g i c a l l y  s i g n i f i c a n t  even t s  -- e.g., you your se l f  might 
be con£ ron ted  wi th  t h e  same s i t u a t i o n  a t  some po in t .  However, 
when such even t s  impact p o t e n t i a l  i n t e r a c t a n t s  they  should be 
especiallv i n t e r e s t i n g  -- Nightly News coverage of a  f i r e  a t  your 
ne ighbor ' s  house verus  a  f i r e  i n  Charlestown; a  f i s t  f i g h t  i n  t h e  
h a l l s  of William James ve r sus  a  f i s t  f i g h t  i n  Southie .  



Acquir ing informat ion  about  t h e  v a l u e s  of p o t e n t i a l  

i n t e r a c t a n t s  is ,  i n  i t s e l f ,  va luable .  Decoding t h e  v a l u e  systems 

of p o t e n t i a l  i n t e r a c t a n t s  i s  t h e r e f o r e  l i k e l y  t o  become a  

c o o p e r a t i v e  e n t e r p r i s e  i n  i t s e l f .  We even have a  name f o r  such 

exchanges of in format ion  and " a n a l y s i s "  -- goss ip .  Gossip i s  

u s u a l l y  about  s i t u a t i o n s  t h a t  cause emotional r e a c t i o n s  i n  

p o t e n t i a l  i n t e r a c t a n t s  -- exac t ly  t h e  kind of s i t u a t i o n s  t h a t  

p rovide  a  window i n t o  someone's va lues .  The more b i o l o g i c a l l y  

s i g n i f i c a n t  t h e  i n £  ormation,  t h e  " h o t t e r "  t h e  goss ip :  Events 

i nvo lv ing  s e x ,  pregnancy, f i g h t s ,  w i n d f a l l s ,  and dea th  should be 

p a r t i c u l a r l y  "hot"  t o p i c s ,  e s p e c i a l l y  when they  s i g n a l  a  change 

i n  someone's needs,  va lues ,  or  c a p a c i t y  t o  confer  b e n e f i t s .  Hot 

g o s s i p  should be p a r t i c u l a r l y  i n t e r e s t i n g  and e a s i l y  remembered. 

Gossip about  people  who can have a  l a r g e  impact on one ' s  wel l -  

be ing  should  be e s p e c i a l l y  i n t e r e s t i n g ;  g o s s i p  about  people  one 

does  no t  know should be e s p e c i a l l y  boring.  

The l e a r n i n g  mechanisms t h a t  gu ide  our market ing r e sea rch  

should produce person  - s ~ e c l f l c  . . models of t h e  p re fe rences  and 

mot iva t ions  of p o t e n t i a l  and a c t u a l  i n t e r a c t a n t s .  General  

mot iva t ion  s c r i p t s  h e l p  b u i l d  person-spec i f ic  p r e f e r e n c e  models; 

t h e s e  become more e l a b o r a t e d  t h e  more c o n t a c t  one has  wi th  t h a t  

p a r t i c u l a r  person. A s  t h i s  happens, i n f e rences  drawn from a  

pe r son - spec i f i c  model w i l l  g ene ra t e  more a c c u r a t e  i n t e r p r e t a t i o n s  

of t h a t  p e r s o n ' s  behavior and emotion s i g n a l s  than  i n f e r e n c e s  

drawn from t h e  g e n e r a l  mot iva t ion  s c r i p t s .  

It  would be u s e l e s s  f o r  i n £  ormation about  t h e  p re fe rences  of 

d i f f e r e n t  i n d i v i d u a l s  t o  be s t o r e d  t o g e t h e r  i n  a  semant ic  

network, f i l e d  under "p re fe rencesn  or  "values .  " L i k e  in format ion  



about  an i n d i v i d u a l ' s  h i s t o r y  of r e c i p r o c a t i o n ,  a  model of an 

i n d i v i d u a l ' s  p re fe rences  and mot iva t ions  should be f i l e d  under 

h i s  or  her "name. " When t h e  oppor tun i ty  t o  a c q u i r e  more 

p re fe rence  in format ion  about  an i n d i v i d u a l  a r i s e s ,  t h e  model 

a p p r o p r i a t e  t o  t h a t  i n d i v i d u a l  must be e a s i l y  r e t r i e v e d ,  no t  j u s t  

any per son-model , or a  model of aver age preference .  "Aver ag ing"  

t h e  f a c t  t h a t  one person p r e f e r s  Z t o  W but  another  person 

p r e f e r s  W t o  Z i n t o  one model of "average" p re fe rence  does no t  

enhance one ' s  a b i l i t y  t o  engage i n  s o c i a l  exchange.* Learning 

"Smith va lues  W more than  X more than  Y more than  Z n ,  and 
'Jones v a l u e s  Z more than  X more than  Y more than  W" 

i s  u s e l e s s  u n l e s s  it i n c r e a s e s  your a b i l i t y  t o  make o f f e r s  t h a t  

maximally b e n e f i t  you given limits immsed  hy what Smith pr 

Jones  mx dJLbg a c c e ~ t .  Of fe r ing  W t o  Smith i s  more l i k e l y  

t o  induce him t o  g i v e  you Y t han  o f f e r i n g  him Z ;  e x a c t l y  t h e  

r e v e r s e  i s  t r u e  of Jones .  I f  you va lue  Z more than W ,  you a r e  

b e t t e r  o f f  making Smith an o f f e r  ; i f  you va lue  W more than  Z ,  

then  s t r i k e  a  d e a l  with Jones .  The proper d e c i s i o n  can be made 

only i f  per son-specif  i c  p re fe rence  informat ion can be 

convenien t ly  r e t r i e v e d .  

P ropos i t i on  5. Human a lgo r i t hms  r e g u l a t i n g  s o c i a l  exchange 
should no t  be t o o  c l o s e l y  t i e d  t o  p a r t i c u l a r  
items of exchange. 

That t o o l s ,  informat ion about  t o o l  making, and p a r t i c i p a t i o n  

i n  oppor tun i s t  i c a l l y - c r e a t e d ,  coord ina ted  behav io ra l  r o u t i n e s  

were important  items f o r  exchange has  i m p l i c a t i o n s  f o r  t h e  

* Although n o t i n g  t h a t  most people  i n  your c u l t u r e  p r e f e r  W t o  Z 
might enhance your a b i l i t y  t o  recognize  and p a r t i c i p a t e  i n  s o c i a l  
exchanges wi th  new i n t e r a c t a n t s .  One might expect  such c u l t u r e -  
s p e c i f i c  in format ion  t o  be inco rpo ra t ed  i n t o  t h e  " t y p i c a l  human" 
mot iva t ion  s c r i p t s .  



s t r u c t u r e  of human c o g n i t i v e  a lgo r i t hms  r e g u l a t i n g  s o c i a l  

exchange. The more l i m i t e d  t h e  range of i t ems  exchanged, t h e  

more s p e c i f i c  t h e  a lgo r i t hms  r e g u l a t i n g  exchange can be. For 

example, t h e  items exchanged i n  a  c l e a n i n g  f i s h  symbiosis  can be 

d i r e c t l y  s p e c i f i e d  i n  t h e  a lgo r i t hms  r e g u l a t i n g  t h e  exchange. 

The h o s t  f i s h  is  s p e c i f , i c a l l y  programmed t o  d i s c r i m i n a t e  c l eane r  

f i s h e s  from s i m i l a r  looking  prey i tems,  and, upon recogniz ing  
' I  

one, t o  r e f r a i n  from e a t i n g  it. The c l eane r  f i s h  i s  s p e c i f i c a l l y  

programmed t o  d i s c r i m i n a t e  a  hos t  f i s h  from o the r  l a r g e ,  

p reda to ry  f i s h ,  and, upon recogniz ing  one, t o  approach and e a t  

i t s  e c t o p a r a s i t e s  ( T r i v e r s ,  1971) .  Whereas t h e  exchange 

a lgo r i t hms  of o t h e r  organisms can be s p e c i f i c  t o  t h e  r e l a t i v e l y  

few i tems  they  exchange, human a lgo r i t hms  r e g u l a t i n g  s o c i a l  

exchange should be a b l e  t o  t a k e  a  wide v a r i e t y  of i n p u t  i t ems ,  a s  

l o n g  a s  t h e s e  i t ems  a r e  ge rce ived  a s  c o s t s  and b e n e f i t s  t o  t h e  

i n d i v i d u a l s  involved  i n  t h e  exchange. 

However, some i t ems  should be more r e a d i l y  perce ived  a s  

c o s t s  and b e n e f i t s  -- those  f o r  which t h e  pe rce ive r  can a s c e r t a i n  

a  c l e a r  c a u s a l  l i n k  t o  b i o l o g i c a l l y  s i g n i f i c a n t  v a r i a b l e s  l i k e  

o f f s p r i n g ,  k in ,  sex ,  food, s a f e t y ,  s h e l t e r ,  p r o t e c t i o n ,  

a g g r e s s i v e  f  o r m i d a b i l i t y  , and dominance. For example, a  Mr. 

Michael P a s t o r e  of D a l l a s  r e c e n t l y  made t h e  fo l lowing  comment i n  

an i n t e r v i e w  with Tbr: Wall S t r e e t  Journal: 

"I never pay f o r  d inner  with  anyth ing  o t h e r  than my 
[American Express]  Platinum Card when I ' m  on a  f i r s t  
d a t e , "  s a y s  t h e  30-year-old seafood impor te r ,  f l a s h i n g  
h i s  p l a s t i c  s l i v e r  i n s i d e  t h e  g l i t z y  Acapulco Bar. 
"Women a r e  r e a l l y  a t t r a c t e d  t o  t h e  succes s  t h a t  my ca rd  
r ep re sen t s . "  ( " P r e s t i g e  ca rds :  For b i g  bucks and b i g  
egos.  " JWJ. S t r e e t  Jou rna l ,  Apr i l  1 7 ,  1985, p. 35.) 

Mr. P a s t o r e  pe rce ives  a  c l e a r  c a u s a l  l i n k  between h i s  " p l a s t i c  



s l i v e r  " and a  b i o l o g i c a l l y  s i g n i f i c a n t  v a r i a b l e :  t h e  a b i l i t y  t o  

a t t r a c t  s exua l  p a r t n e r s .  H i s  pe rcep t ion  t h a t  a  Platinum Card can 

a t t r a c t  s exua l  p a r t n e r s  i s  based, i n  t u r n ,  on t h e  pe rcep t ion  t h a t  

owning one i s  c a u s a l l y  l i nked  t o  a  v a r i a b l e  t h a t  i s  b i o l o g i c a l l y  

s i g n i f i c a n t  t o  females  i n  choosing male sexua l  p a r t n e r s  -- t h e  

a b i l i t y  t o  acc rue  r e s o u ~ c e s .  * Knowing t h i s ,  one should r e a d i l y  

assume t h a t  Mr. P a s t o r e  pe rce ives  owning an American Express 

Platinum Card a s  a  benefit, and t h a t  i f  he d i d  not  own one he 

would probably be w i l l i n g  t o  g i v e  up o t h e r  i t ems  i n  order  t o  

a c q u i r e  one. I t  i s  a  s u i t a b l e  i t e m  f o r  s o c i a l  exchange. 

5.3.2 The grammar of s o c i a l  c o n t r a c t s  

A grammar of s o c i a l  c o n t r a c t s  s p e c i f i e s  t h e  p r o p e r t i e s  t h a t  

must be embodied by a  Darwinian a lgor i thm f o r  reasoning  about  

s o c i a l  exchange. I t  i n c o r p o r a t e s  t h e  s t a t e g i c  c o n s t r a i n t s  

o u t l i n e d  i n  5.1 and t h e  e c o l o g i c a l  c o n s t r a i n t s  o u t l i n e d  i n  5.2 

J u s t  a s  a  grammar of t h e  Engl ish language i s  a  s e t  of r u l e s  

f o r  d i s t i n g u i s h i n g  well-formed sen tences  from i l l - formed 

sen tences ,  a  grammar of s o c i a l  c o n t r a c t s  i s  a  s e t  of r u l e s  f o r  

d i s t i n g u i s h i n g  well-formed s o c i a l  c o n t r a c t s  from i l l - formed 

s o c i a l  c o n t r a c t s .  I t  inc ludes  t h e  s e t  of assumptions about  t h e  

r u l e s  governing s o c i a l  exchange t h a t  must somehow be i n c a r n a t e d  

i n  t h e  psychologica l  mechanisms of both p a r t i c i p a n t s .  Without 

t h e s e  assumptions,  much of what people  say ,  mean, and i n t e n d  t o  

do i n  exchange s i t u a t i o n s  could no t  be understood o r  a n t i c i p a t e d ,  

because a l l  t h e  necessary  s p e c i f i c a t i o n s  a r e  no t  s p e l l e d  o u t  

* I n  f a c t ,  c r o s s - c u l t u r a l  evidence i s  accumulating t h a t  i n d i c a t e s  
t h a t  a  p o t e n t i a l  ma te ' s  a b i l i t y  t o  acc rue  resources  i s  more 
important  t o  women than  t o  men, j u s t  a s  evo lu t iona ry  theory  
p r e d i c t s  (Buss, i n  p r e s s ) .  



d i r e c t l y  i n  speech. Th i s  grammar c r e a t e s  t h e  "cohesion of 

d i scour se"  (Wason & Johnson-Laird, 1972, p. 9 2 ) ,  and t h e  cohesion 

of behavior ,  i n  i n t e r a c t i o n s  i nvo lv ing  uncoer ced exchange. I t  

c o n s t i t u t e s  t h e  procedura l  knowledge t h a t  i n d i v i d u a l s  must s h a r e  

i n  order  t o  communicate t h e i r  i n t e n t i o n s  t o  o t h e r s  i n  t h i s  

p a r t i c u l a r  kind of n e g a t i a t i v e  i n t e r a c t i o n  ( s e e  Cosmides, 1983) . 
Unlike t h e  exchange a lgo r i t hms  of c l eane r  f i s h e s  o r  even 

baboons, human a lgo r i t hms  f o r  r e g u l a t i n g  s o c i a l  exchange should 

be item-independent: they  should r ep re sen t  i t ems  of exchange a s  

c o s t s  and b e n e f i t s  t o  t h e  p a r t i c i p a n t s ,  and o p e r a t e  on those  

r ep re sen t - a t i ons  ( s e e  5.2; P ropos i t i on  5 ) .  The proposed grammar 

of s o c i a l  c o n t r a c t s  i s  t h e r e f o r e  expressed l a r g e l y  i n  

cost /benef  i t terminology. 

The i t ems  va lued  by our hominid a n c e s t o r s  were c o r r e l a t e d  

wi th  c o s t s  and b e n e f i t s  i n  t h e i r  i n c l u s i v e  f i t n e s s ;  o therwise  

s o c i a l  exchange could no t  have evolved. The s t r a t e g i c  ex igenc ie s  

of exchanging i t ems  t h a t  had r e a l  e f f e c t s  on t h e  i n c l u s i v e  

f i t n e s s  of t h e  exchangers s e l e c t e d  f o r  a lgo r i t hms  programmed wi th  

a  p a r t i c u l a r  s e t  of cost/benef it r e l a t i o n s  ( s e e  5  .l) . These 

r e l a t i o n s  can be expected t o  r e g u l a t e  how we t h i n k  about  s o c i a l  

exchange, even i f  t h e  i t ems  we va lue  today a r e  no longer  

c o r r e l a t e d  wi th  our i n c l u s i v e  f i t n e s s .  The grammar of s o c i a l  

c o n t r a c t s  s p e c i f i e s  t h e s e  c o s t / b e n e f i t  r e l a t i o n s .  

* * * 

What must P  and Q s t a n d  f o r  i f  t h e  sen tence  " I f  P then  Q" i s  

t o  i n s t a n t i a t e  a  well-formed s o c i a l  c o n t r a c t ?  

To make t h e  d i s c u s s i o n  conc re t e ,  l e t ' s  f i l l  i n  some va lues  

f o r  P  and Q i n  t h e  o f f e r  "If P  then  Q". L e t ' s  say I o f f e r  you 



t h e  fo l lowing  c o n t r a c t :  " I f  you approve my t h e s i s ,  then I ' l l  g i v e  

you a  m i l l i o n  d o l l a r s . "  (Thought I ' d  g e t  your a t t e n t i o n .  1t's 

no t  a  s i n c e r e  o f f e r  though -- s e e  t h e  no t ion  of a  " s i n c e r e  o f f e r "  

below.) P  s t a n d s  f o r  "you approve my t h e s i s n  and Q s t a n d s  f o r  

" I ' l l  g i v e  you a  m i l l i o n  d o l l a r s . "  Likewise, not-P s t a n d s  f o r  

"you do n o t  approve my t h e s i s n  and not-Q s t a n d s  f o r  " I  do n o t  

g i v e  you a  m i l l i o n  d o l l a r s " .  

A t  t h e  t ime of my o f f e r  , but  independent of it, you have a  

c e r t a i n  l e v e l  of "well-being" and c e r t a i n  e x p e c t a t i o n s  about  t h e  

f u t u r e ,  a l l  of which p l ay  some p a r t  i n  determining what you 

would, a t  t h i s  p o i n t ,  cons ider  t o  be of value.  C a l l  t h i s  

b a s e l i n e  your ze ro  l e v e l  u t i l i t y .  For s i m p l i c i t y ' s  sake ,  l e t  u s  

assume t h a t  (1) va lue  i s  s u b j e c t i v e ,  and ( 2 )  t h e  i n d i v i d u a l  is 

t h e  f i n a l  a r b i t e r  of what he or  she f i n d s  va luable .  Natura l  

s e l e c t i o n  theo ry  does have something t o  say about  what kinds of 

i t ems  and s t a t e s  most humans w i l l  cons ider  v a l u a b l e  ( i . e . ,  about  

p r e f e r e n c e s  and mot iva t ions ;  s e e  P ropos i t i ons  4 and 5 ) ,  bu t  t h a t  

i s  i r r e l e v a n t  f o r  t h i s  a n a l y s i s .  

What c o n d i t i o n s  must hold f o r  you t o  accep t  my o f f e r ?  

L e t  us cons ider  what cond i t i ons  must hold f o r  you t o  accep t  

my o f f e r .  Your z e r o  l e v e l  u t i l i t y  b a s e l i n e  i s  de r ived  from a  

v a s t  number of cond i t i ons  and expec ta t ions  about  t h e  s t a t e  of t h e  

world. I n  t h e  absence of my o f f e r ,  one of t hose  expec ta t ions  

about  t h e  f u t u r e  must be not-Q -- you do no t  expec t  t o  be 

r e c e i v i n g  S l m  from me. I f  not-Q comes t o  pass ,  your u t i l i t y  

l e v e l  w i l l  no t  have moved from your zero  l e v e l  b a s e l i n e ,  0 (you) .  

Q -- r e c e i v i n g  Slm from me -- must be something t h a t  you 



cons ider  t o  be a  b e n e f i t .  An "item" -- an a c t ,  e n t i t y ,  or  s t a t e  

of af  f  a i r s  -- i s  a  BENEFIT TO YOU (B(y0u) ) i f ,  and only i f ,  it 

i n c r e a s e s  your u t i l i t y  above your ze ro  l e v e l  base l ine .*  L e t ' s  

say you va lue  having a  m i l l i o n  d o l l a r s  (Q)  more than  you va lue  

no t  having a  m i l l i o n  d o l l a r s  (not-Q) ; with  a  m i l l i o n  d o l l a r s  you 

could  f e e d  t h e  s t a r v i n g  masses, s a i l  a  yacht  t o  T a h i t i ,  whatever. 

Then Q -- having a  m i l l i o n  d o l l a r s  -- c o n s t i t u t e s  a  b e n e f i t  t o  

you. You w i l l  no t  accept  my o f f e r  un le s s ,  a t  t h e  t ime of 

acceptance ,  you b e l i e v e  t h a t  Q c o n s t i t u t e s  a  b e n e f i t  t o  you. 

Using te rms  d e f i n e d  wi th  r e s p e c t  t o  your va lues  ( r a t h e r  than  

mine ) ,  we can rephrase  my o f f e r  a s :  " I f  P then  B(you) ."  

An i t e m  is  a  COST TO YOU (C(you))  i f ,  and only i f ,  it 

d e c r e a s e s  your u t i l i t y  below your zero  l e v e l  base l ine .**  I n  my 

o f f e r ,  P  -- approving my t h e s i s  -- is t h e  i tem t h a t  I have made 

my o f f e r  of B (you) con t ingen t  upon. Usually,  P w i l l  be something 

t h a t  you would no t  do i n  t h e  absence of an inducement; o therwise ,  

I would be i n c u r r i n g  a  c o s t  (g iv ing  up Q, t h e  m i l l i o n  d o l l a r s )  by 

making t h e  o f f e r  ( i f  you were going t o  approve my t h e s i s  anyway 

it would be s i l l y  of me t o  o f f e r  you t h e  m i l l i o n  d o l l a r s ) . * * *  I f  

P  i s  nn-t, something you expected t o  do i n  t h e  absence of my o f f e r ,  

* Presumably t h e r e  a r e  c o s t s  and b e n e f i t s  a s s o c i a t e d  with  any 
a c t i o n .  More p r e c i s e l y ,  B(you) is a  n e t  b e n e f i t  -- t h e  b e n e f i t s  
t o  you of r e c e i v i n g  $lm a r e  g r e a t e r  than t h e  c o s t s  t o  you of 
r e c e i v i n g  $lm. 

** Again, t h i s  i s  a  n e t  c o s t  -- t h e  c o s t  t o  you of approving my 
t h e s i s  i s  g r e a t e r  than t h e  b e n e f i t  t o  you of approving my t h e s i s .  

*** P does no t  have t o  be a  C(you) f o r  you t o  accept  my c o n t r a c t ,  
a l though I must B e l i e v e  t h a t  it i s  a  C (you) i n  order  t o  o f f e r  t h e  
c o n t r a c t  i n  t h e  f i r s t  p lace .  You could be t r y i n g  t o  "snooker" me 
i n t o  o f f e r i n g  t h i s  c o n t r a c t  by dissembling about  your r e a l  
i n t e n t i o n s .  Perhaps you have been planning t o  approve my t h e s i s  
a l l  a long,  bu t  l e d  me t o  b e l i e v e  t h a t  you a r e  no t  planning t o  
approve it so  I would make you an o f f e r .  See below: "Snookering" 



then ,  i n  your va lue  system, not-P (no t  approving my t h e s i s )  is 

p a r t  of your z e r o  l e v e l  b a s e l i n e ,  0 (you) . T h i s  means t h a t  i f  

not-P comes t o  pass ,  you w i l l  no t  have moved from your zero  

u t i l i t y  b a s e l i n e  -- you w i l l  be no worse of f  than  i f  my o f f e r  had 

never been made. L e t ' s  say t h a t  my t h e s i s  i s  t e r r i b l e  and 

approving such a  work w w l d  v i o l a t e  your e t h i c a l  s t anda rds ,  cause 

you t o  r i s k  l o s i n g  your t enu re ,  be t h e  f i r s t  s t e p  i n  t h e  downfal l  

of Western civilization...whatever. Then P -- approving my 

t h e s i s  -- dec reases  your u t i l i t y  and i s  t h e r e f o r e  a  c o s t  t o  you, 

C(y0u) 

S t a t e d  i n  te rms  of vour va lue  system, my o f f e r  can now be 

rephrased  a s  " I f  C(you) then  B(you)".  But o the r  c o n d i t i o n s  must 

hold be fo re  you w i l l  accept  my o f f e r .  There i s  a  c o n s t r a i n t  on 

t h e  magnitudes ( a b s o l u t e  v a l u e s )  of B and C,  namely, B(you) > 

C (you) , o r ,  e q u i v a l e n t l y ,  B(you) minus C (you) > 0. W e  w i l l  c a l l  

B(you) minus C(you) your " p r o f i t  margin". For you t o  accept  my 

o f f e r ,  a  m i l l i o n  d o l l a r s  must be more of a  b e n e f i t  t o  you than  

approving a  t e r r i b l e  t h e s i s  i s  a  c o s t .  I f  t h i s  i s  not  t h e  ca se  

t h e r e  would be no po in t  i n  your e n t e r i n g  i n t o  t h e  c o n t r a c t ;  it 

would no t  i n c r e a s e  i n  your u t i l i t y .  The g r e a t e r  t h e  magnitude of 

B minus C ( t h e  g r e a t e r  your p r o f i t  marg in) ,  t h e  more a t t r a c t i v e  

t h e  c o n t r a c t  w i l l  appear (an o f f e r  of one m i l l i o n  d o l l a r s  f o r  

approva l  of my t h e s i s  i s  more a t t r a c t i v e  than  an o f f e r  of one 

thousand d o l l a r s )  . A c o n t r a c t  t h a t  reversed  t h i s  c o n s t r a i n t  

(such t h a t  C>>B)  sounds perverse .  For example, I doubt anyone 

would be s i l l y  enough t o  make t h e  o f f e r :  " I f  you break your arm 

then  I ' l l  g i v e  you a  penny." I n  f a c t ,  Fillenbaum (1976) found 

t h a t  s u b j e c t s  cons ider  such o f f e r s  " ex t r ao rd ina ry"  75% of t h e  



t ime,  compared t o  a  13% r a t e  f o r  o f f e r s  t h a t  f i t  t h e  c o n s t r a i n t s  

d e s c r i b e d  above. 

What c o n d i t i o n s  must hold f o r  me t o  be w i l l i n g  t o  make an o f f e r ?  

We can a l s o  cons ider  t h e  c o n t r a c t  from t h e  po in t  of view of 

t h e  person o f f e r i n g  it, i n  t h i s  case ,  me. What cond i t i ons  m u s t  

ho ld  f o r  m e  t o  be w i l l i n g  t o  o f f e r  a  c o n t r a c t ?  F i r s t ,  I must 

b e l i e v e  t h a t  not-P (your no t  approving my t h e s i s )  w i l l  come t o  

p a s s  i f  I do no t  make t h e  o f f e r .  T h i s  means t h a t  not-P i s  a  

component of my zero  l e v e l  base l ine :  i f  not-P comes t o  pass ,  my 

u t i l i t y  l e v e l  w i l l  no t  have changed. Second, I must want P -- i n  

my va lue  system, having my t h e s i s  approved must i n c r e a s e  my 

u t i l i t y ,  it must be a  BENEFIT TO ME (B(me)) .  Thi rd ,  not-Q -- not  

g i v i n g  you S l m  -- usua l ly  w i l l  be p a r t  of my zero  l e v e l  b a s e l i n e ,  

O(me); i f  you do no t  accept  my o f f e r ,  I do no t  p lan  on g iv ing  you 

S l m ,  and i f  not-Q comes t o  pass ,  I w i l l  no t  have moved from my 

ze ro  u t i l i t y  base l ine .*  Fourth ,  i f  not-Q is p a r t  of my zero  

b a s e l i n e ,  then Q -- g i v i n g  you $lm -- r e p r e s e n t s  a  dec rease  i n  my 

u t i l i t y  and i s  t h e r e f o r e  a  COST TO ME (C(me)) .  F i f t h ,  l i k e  you, 

I w i l l  no t  e n t e r  i n t o  t h e  c o n t r a c t  ( o f f e r  it i n  t h e  f i r s t  p l a c e )  

u n l e s s  B(me) > C (me) ( u n l e s s  g e t t i n g  my t h e s i s  approved i s  worth 

more t o  me than  r e l i n q u i s h i n g  t h e  m i l l i o n  d o l l a r s ) .  

I n  o t h e r  words, I want P, and I am w i l l i n g  t o  g i v e  up Q t o  

g e t  you t o  do P ;  bu t  I am not  w i l l i n g  t o  g i v e  up Q without  

g e t t i n g  P. ( I  want you t o  approve my t h e s i s  and I am w i l l i n g  t o  

* not-Q be ing  p a r t  of my ze ro  l e v e l  b a s e l i n e  i s  no t  a  necessarv 
c o n d i t i o n  f o r  my making an o f f e r ,  but  i t  i s  necessary  t h a t  you 
b e l i e v e  it i s  p a r t  of my zero  b a s e l i n e  i f  you a r e  t o  accep t  my 
o f f e r .  Unknown t o  you, I might i n t end  t o  g i v e  you $lm 
r e g a r d l e s s ,  bu t  want t o  g e t  a s  much a s  I can i n  r e t u r n .  See 
below: "Snookering." 



g i v e  up $lm f o r  t h a t  approval ;  bu t  I am not  w i l l i n g  t o  g i v e  up 

my $lm wi thou t  your approving my t h e s i s . )  

I n  your va lue  system, " I f  P then  Q" t r a n s l a t e s  t o :  

" I f  C(you) then  B(you) ."  

( " I f  I ( t h e s i s  r e a d e r )  i ncu r  t h e  c o s t  of approving Leda 's  t h e s i s ,  
then  I w i l l  g e t  t h e  b e n e f i t  of r ece iv ing  $lm from Leda".) 

However, i n  my va lue  system t h e  same o f f e r  t r a n s l a t e s  t o :  

" I f  B (me) then  C (me) ." 
( " I f  I (Leda) g e t  t h e  b e n e f i t  of your approving my t h e s i s ,  

then  I w i l l  i ncu r  t h e  c o s t  of r e l i n q u i s h i n g  my $lm t o  you. " )  

A s  you can s e e ,  P  r e p r e s e n t s  a  d i f f e r e n t  u t i l i t y  l e v e l  t o  me than  

it does t o  you. D i t t o  f o r  Q. I n  a  well-formed s o c i a l  c o n t r a c t  

-- a  c o n t r a c t  t h a t  I am w i l l i n g  t o  o f f e r  and you a r e  w i l l i n g  t o  

a c c e p t  -- t h e  u t i l i t y  l e v e l s  a s s o c i a t e d  with  P  and Q a r e  t hose  

shown i n  Table  5.2.  

Table  5.2 Cost /Benefi t  t r a n s l a t i o n  of my o f f e r  i n t o  your va lue  
system and mine. 

My o f f e r :  " I f  P then Q n 

( " I f  you approve my t h e s i s  then  I ' 11 g i v e  you $lmW) 

Your p o i n t  My p o i n t  
of view of view 

P  (you approve my t h e s i s )  C ( Y O U )  B(me) 

not-P (you do n o t  approve my t h e s i s )  O(you) 0  (me) 

Q ( I  g i v e  you my $lm) B ( Y O U )  C (me) 

not-Q ( I  do no t  g i v e  you my $lm) 0  (YOU 0 (me) 

An o f f e r  i s  no t  e n t i r e l y  symmetrical ,  however. Suppose 

t h e r e  were some way of equa t ing  va lue  systems. Although B > C 

f o r  both of us (or  e l s e  w e  would no t  both agree  t o  t h e  c o n t r a c t ) ,  
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P (approving my t h e s i s )  might be a smal le r  c o s t  t o  you than  Q 

( g i v i n g  up $lm t o  you) i s  t o  me (or  v i c e  v e r s a ) .  Likewise,  Q 

might be a l a r g e r  b e n e f i t  t o  you than P i s  t o  me. These 

a s syme t r i e s  may l e a d  t o  a d i f f e r e n c e  i n  t h e  magnitude of our 

p r o f i t  margins ( B  minus C ) .  Unequal p r o f i t  margins i n v i t e  

barga in ing:  you a t tempt  t o  i n c r e a s e  your " p r o f i t  margin" by 

p a r i n g  down mine, and v i c e  ve r sa .  Bargaining r e s u l t s  i n  a zero  

sum game a s  l ong  a s  both our p r o f i t  margins a r e  p o s i t i v e  because 

more B(you) per  u n i t  C (you) corresponds t o  more C(me) per  u n i t  

B(me). (See Figure  5.3; f o r  a f u l l e r  account of t h e s e  ba rga in ing  

r e l a t i o n s  and t h e i r  psychologica l  seque lae ,  s e e  Tooby, 1975) . 
However, a s  l o n g  a s  your p r o f i t  margin i s  g r e a t e r  than zero ,  it 

i s  i n  your i n t e r e s t  t o  accep t  my o f f e r ,  reaardless nf ~ Q X  larae 

my arofit marain i& (and v i c e  v e r s a ) .  I f  B > C f o r  both of u s ,  

we have both b e n e f i t e d  from t h e  exchange. For t h i s  reason ,  I 

cons ider  t h e  term " s u b t l e  chea t ing" ,  which T r i v e r s  (1971) uses  t o  

d e s c r i b e  an i n t e r a c t i o n  i n  which p r o f i t  margins a r e  unequal,  t o  

be a misnomer. "Under-reciprocating" i s  a more a p p r o p r i a t e  term; 

"chea t ing"  should  be r e se rved  f o r  t h e  v i o l a t i o n  of a c o n t r a c t .  

Snooker i ng 

There is  a joke t h a t  runs  l i k e  t h i s :  

A man from ou t  of town walks up t o  a woman and s a y s  " I f  you 
s l e e p  wi th  me 3 t imes  I ' l l  g i v e  you $15,000." She i s  ha rd  
up f o r  cash ,  so  she agrees .  Af te r  each s e s s i o n  he pays her  
t h e  money he promised. The woman dec ides  t h i s  i s  an easy 
way t o  make money, so a f t e r  she has  been pa id  t h e  f u l l  
$15,000 she  a s k s  him i f  he would l i k e  t o  con t inue  t h e  
arrangement. He says  he c a n ' t  because he must r e t u r n  home 
t h e  next  day. She a s k s  "Where's home?" "Oshkosh, " he 
r e p l i e s .  "Oh!" she  says ,  "That ' s  where my mother l i ves ! "  He 
answers,  "Yes, I know. She gave me $15,000 t o  d e l i v e r  t o  you. " 

The woman i n  t h e  joke has  been "snookered." 



Figure 5.3 Haggling over the p r ice  of a  used car.  Adapted from Tooby, 1975* 
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* V ( B )  represents  the  value of the  used car  t o  the  buyer; i f  the buyer could 
get  the  car  for  f r e e  (C(buyer) = pr ice  = 0 )  then B(buyer)=V(B), the c a r ' s  
i n t r i n s i c  value t o  the  buyer. The b-b-b l i n e  shows how the po t en t i a l  
buyer 's  p r o f i t  margin changes a s  a function of pr ice;  the  higher the p r i ce  
he pays, the lower h i s  p r o f i t  margin ( V ( B )  - p r i c e ) .  B, the point where 
t h i s  l i n e  i n t e r s e c t s  the  x-axis, is  the  buyer 's  breakeven point ,  the p r ice  
a t  which h i s  p r o f i t  margin i s  zero. The buyer makes a prof i t  i f  he pays any 
p r i ce  less than B. V(S) represents the value of the  used car  t o  the s e l l e r ;  
i f  the s e l l e r  gives it away (B(sel1er ) =price=O) , then C ( s e l l e r  ) = V ( S )  , the 
c a r ' s  i n t r i n s i c  value t o  the s e l l e r .  The s-s-s l i n e  shows how the s e l l e r ' s  
p r o f i t  margin changes a s  a function of pr ice;  the  higher the p r ice  he ge t s ,  
the  higher h i s  prof i t  margin (p r i ce  - V(S) ) . S is  the  s e l l e r ' s  breakeven 
po in t ,  the p r i ce  a t  which h i s  p r o f i t  margin i s  zero. The s e l l e r  makes a 
p r o f i t  i f  he s e l l s  the  car  a t  any pr ice  g r e a t e r  than S. Both buyer and 
s e l l e r  p r o f i t  i f  the  car  i s  sold a t  any pr ice  such tha t  S < pr i ce  < B. They 
only prof i t  w, however, a t  p r ice  E, the point where b-b-b i n t e r s e c t s  
s-s-s. The buyer w i l l  t r y  t o  push the p r ice  down the  s-s-s curve t o  S, the  
s e l l e r  w i l l  t r y  t o  push the p r ice  up the  b-b-b curve t o  B. The pr ice  range 
between S and B ( t he  shaded zone) represents "room for  bargaining". The 
buyer might t r y  t o  convince the s e l l e r  t h a t  the s e l l e r ' s  curve i s  ac tua l ly  
steeper and the  buyer ' s  shallower, t h a t  B i s  r ea l l y  l e s s  than i t  i s  ( i . e . ,  
he threatens  t o  withdraw h i s  o f fe r  a t  a  p r ice  lower than B )  , t h a t  the s e l l e r  
"oughtn t o  give  him a break, e t c  (and vice  versa ) .  

The emotional language of rad ica l  economics and labor negotiat ions can be 
understood with t h i s  graph. The worker (person s e l l i n g  h i s  l abor )  claims he 
i s  being "exploi tedn and t h a t  management i s  earning "excess p r o f i t s n  when 
the  p r i ce  of an hour of h i s  labor i s  S <= price  < E (management's "excess 
p r o f i t "  i s  the  d i f fe rence  between t h e i r  prof it margin a t  the p r ice  they a r e  
cur ren t ly  paying the  "exploitedn worker and t h e i r  lower p r o f i t  margin a t  B,  
the  p r i ce  the  worker p r e f e r s )  . Management (person buying labor )  squawks 
t h a t  labor unions a r e  s t rang l ing  the  company when workers succeed i n  pushing 
the  p r i ce  of labor up such t h a t  E < pr i ce  <= B ( "s t rang l ing"  implies t h a t  
p r ice  > B, a  s i t u a t i o n  t h a t  cannot be t rue  i f  the company i s  making a p r o f i t  
greater  than zero) . In  t r u t h ,  both labor and management prof it a t  any p r i ce  
between S and B. 



A c o n t r a c t  has  been " s i n c e r e l y "  o f f e r e d  and s i n c e r e l y  

accepted  when each p a r t y  b e l i e v e s  t h a t  t h e  B > C c o n s t r a i n t  ho lds  

f o r  t h e  o t h e r ,  and when t h e  c o n t r a c t  has  t h e  fo l lowing  

cost /benef  it s t r u c t u r e :  

Man's o f f e r :  " I f  you s l e e p  wi th  me 3 t imes then  I ' l l  g i v e  you $15,000" 

" 1% P then  Q" 

Woman's p o i n t  of view: " I f  C(woman) then  B(w0man)" 

Man's p o i n t  of view: " I f  B(man) then  C(man)" 

The woman i n  t h e  joke assumed t h a t  t h e  man's o f f e r  f i t  t h e s e  

requi rements ,  t h a t  he o f f e r e d  a  s i n c e r e  c o n t r a c t .  However, t h e  

man knew t h a t  i f  t h e  woman knew what he knew, they  would both s e e  

t h e  s t r u c t u r e  of t h e  c o n t r a c t  a s :  

" I f  P then  Q" 

Woman's p o i n t  of view: " I f  C(woman) then  O(woman)" 

Man' s p o i n t  of view: " I f  B(man) then  O(man)" 

I n  a c t u a l i t y ,  t h e  man gave up noth ing  i n  exchange f o r  B(man). 

Humor i s  f r e q u e n t l y  based on t h e  v i o l a t i o n  of i m p l i c i t  

assumptions.  The punch l i n e  of t h i s  joke v i o l a t e s  t h e  woman's 

(and t h e  l i s t e n e r  I s )  i m p l i c i t  assumption t h a t  t he  man had o f f e r e d  

a  " s ince re"  c o n t r a c t .  Above, we saw t h a t  when a  c o n t a c t  i s  

o f f e r e d :  

1. not-Q ( n o t  g i v i n g  t h e  woman $15,000) i s  u u i l l y  p a r t  of t h e  
zero  u t i l i t y  b a s e l i n e  of t h e  person o f f e r i n g  t h e  c o n t r a c t ,  and 

2. Q i s  t h e r e f o r e  a  c o s t  t o  t h e  o f f e r e r  ( Q  = C(man)) , 
but  t h a t  t h e s e  a r e  no t  neces sa ry  cond i t i ons  f o r  making an o f f e r .  

I n  t h e  joke,  Q was p a r t  of t h e  man's zero  l e v e l  base l ine :  he had 

planned t o  g i v e  t h e  woman t h e  $15,000 a l l  along. However, it i s  
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a  necessary  c o n d i t i o n  of t h e  woman's acceptance  t h a t  she W e v e  

t h a t ,  i n  t h e  absence o f  t h e  o f f e r ,  not-Q would come t o  pass .  I f  

s h e  expec t s  t h a t  Q w i l l  happen r e g a r d l e s s  ( Q  = 0  (woman)), then 

her  u t i l i t y  i s  decreased  by accep t ing  t h e  c o n t r a c t :  i t  is 

decreased  by t h e  magnitude of C(woman). 

For any p r o f f e r e d  ,qont rac t  of t h e  form: " I f  you do P  then  
I '  11 do Q", t h e  acceptor  'has been "snookeredn when: 

1. The accep to r  b e l i e v e s  t h a t  not-Q w i l l  come t o  pass  i f  he or 
she  t u r n s  down t h e  c o n t r a c t ,  and 

2. T h i s  b e l i e f  i s  f a l s e ,  and 

3. The o f f  e r e r  knows t h e  acceptor  holds  t h i s  f a l s e  b e l i e f  , and 

4 .  The o f f  e r e r  e i t h e r  f o s t e r s  t h e  acceptor  I s  f a l s e  b e l i e f  , or 
does no th ing  t o  d i sabuse  t h e  acceptor  of t h i s  b e l i e f .  

Likewise,  t h e  o f f  e r e r  has  been snookered when: 

1. The o f f e r e r  b e l i e v e s  t h a t  not-P w i l l  come t o  pass  i f  he or she 
does n o t  o f f e r  t h e  c o n t r a c t  (or  i f  it i s  tu rned  down), and 

2. T h i s  b e l i e f  i s  f a l s e ,  and 

3. The acceptor  knows t h e  of f  e r e r  ho lds  t h i s  f a l s e  b e l i e f ,  and 

4 .  The acceptor  e i t h e r  f o s t e r s  t h e  o f f e r e r ' s  f a l s e  b e l i e f ,  or  
does no th ing  t o  d i sabuse  t h e  o f f e r e r  of t h i s  b e l i e f .  

Had t h e  woman wanted t o  s l e e p  with  t h e  man a l l  a long,  r e g a r d l e s s  

of payment, she  would have thought she was snookering him by 

g e t t i n g  t h e  added b e n e f i t  of $15,000 ( u n t i l  she heard t h e  punch 

l i n e ! ) .  T h i s  i s  because t h e  o f f e r e r ' s  b e l i e f  t h a t  t h e  p o t e n t i a l  

accep to r  ' s z e r o  l e v e l  b a s e l i n e  i nc ludes  not-P (no t  s l e e p i n g  wi th  

him) i s  a  necessary  cond i t i on  f o r  t h e  o f f e r e r  t o  make t h e  o f f e r ,  

bu t  i t  i s  not  a  necessary  cond i t i on  f o r  t h e  acceptor  t o  accep t  

t h e  o f f e r  . Snooker i n g  i s  d i f f e r e n t  from chea t ing :  I n  snookering 

both p a r t i e s  have, t e c h n i c a l l y ,  honored t h e i r  c o n t r a c t u a l  

o b l i g a t i o n s .  T h i s  i s  no t  t h e  ca se  with  chea t ing .  



Summary so f a r  

The c o n d i t i o n s  t h a t  hold when an i n d i v i d u a l  s i n c e r e l y  o f f e r s  

o r  s i n c e r e l y  a c c e p t s  a  s o c i a l  c o n t r a c t  a r e  shown i n  Table  5.3. 

For t h e  sake  of s i m p l i c i t y ,  P and Q s t a n d  f o r  t h e  a c t u a l  i t ems  

exchanged ( t h e s e  can be a c t i o n s  a s  we l l  a s  e n t i t i e s ) .  The f i r s t  

column shows t h e  c o n t r a ~ t  ' s cost/benef it s t r u c t u r e  i n  te rms  of 

t h e  s i n c e r e  o f f  e r e r  I s  v a l u e  system; t h e  second column shows what 

t h e  s i n c e r e  o f f e r e r  b e l i e v e s  t h e  c o n t r a c t ' s  s t r u c t u r e  i s  i n  te rms  

of t h e  acceptor  I s  v a lue  system. The t h i r d  column shows t h e  

c o n t r a c t  I s  cost /benef  it s t r u c t u r e  i n  te rms  of t h e  s i n c e r e  

a c c e p t o r ' s  va lue  system; t h e  f o u r t h  column shows what t h e  s i n c e r e  

accep to r  b e l i e v e s  t h e  c o n t r a c t ' s  s t r u c t u r e  is  i n  te rms  of t h e  

Table  5.3 

SINCERE SOCIAL CONTRACTS: 
Cos t /Benef i t  r e l a t i o n s  when one p a r t y  i s  s i n c e r e ,  and t h a t  p a r t y  b e l i e v e s  t h e  

o the r  p a r t y  i s  a l s o  s i n c e r e .  .............................................................................. 

My o f f e r  : " I f  you g i v e  me P then  I ' l l  g i v e  you Q. " 

s i n c e r e  o f f e r  s i n c e r e  acceptance  

I be l i eve :  You be l ieve :  

prof  it 
margin 

p o s i t i v e :  p o s i t i v e :  p o s i t i v e :  p o s i t i v e :  
B(me) > C(me) B(y0u) > C(y0u) B(me) > C ( m e )  B(y0u) > C(you) 

T r a n s l a t i o n :  

my terms.. . " I f  B ( m e )  then  C(me)" " I f  B(me) then  C (me) " 

your terms.. . "I f  C(you) then  B(you)"  " ~ f   you) then  B ( Y o u ) "  



o f f e r e r ' s  va lue  system. The t a b l e  shows t h a t  t h e  s i n c e r e  o f f e r e r  

and t h e  s i n c e r e  acceptor  view t h e  c o n t r a c t ' s  c o s t / b e n e f i t  

s t r u c t u r e  i n  e x a c t l y  t h e  same way. 

Table  5 . 4  shows what cond i t i ons  hold when one person o f f e r s  

o r  a c c e p t s  a  c o n t r a c t  s i n c e r e l y ,  bu t  t h e  o the r  person snookers  

t h e  s i n c e r e  person. The s i n c e r e  person b e l i e v e s  t h e  c o n t r a c t  f i t s  

t h e  c o n d i t i o n s  s p e c i f i e d  i n  Table  5 . 3 .  However, t h e  snookerer 

b e l i e v e s  t h e  c o n t r a c t  f i t s  t h e  c r i t e r i a  s p e c i f i e d  i n  Table  5 . 4 .  

Furthermore,  i f  t h e  s i n c e r e  person were t o  f i n d  o u t  t h a t  she had 

been snookered,  she  would s h a r e  t h e  snooke re r ' s  view of t h e  

c o n t r a c t ' s  c o s t / b e n e f i t  s t r u c t u r e .  

Table  5 . 4  

SNOOKER I N G  : 
Cost /Benef i t  r e l a t i o n s  when a  s i n c e r e  p a r t y  makes a  s o c i a l  c o n t r a c t  

wi th  a  snooker e r  . 
My o f f e r :  " I f  you g i v e  m e  P then  I ' l l  g i v e  you Q." 

I t r y  t o  snooker you; You t r y  t o  snooker me, 
You accep t  s i n c e r e l y  I o f f e r  s i n c e r e l y  

I f  you knew what I knew, I f  I knew what you knew, 
we would both be l i eve :  we would both be l i eve :  

p r o f i t  p o s i t i v e :  nega t ive :  p o s i t i v e :  nega t ive :  
margin B(me) > C ( m e )  C (you) B(you) > C(you) C(me) 

T r a n s l a t i o n :  

my te rms , .  . " I f  B(me) then  0 (me)" " I f  0  (me) then C(me)" 

your terms.. . " I f  C(you) then  0 (YOU)"  " I f  O(you) then B(you)"  



S o c i a l  c o n t r a c t s  a s  "Speech Acts" 

The r e l a t i o n s  s p e c i f i e d  i n  t h e  prev ious  s e c t i o n s  a r e  

i m p l i c i t  i n  t h e  s i n c e r e  o f f e r  of a  c o n t r a c t  and its s i n c e r e  

accep tance .  But t o  unders tand  c h e a t i n g  ( a  v i o l a t i o n  of t h e  

c o n t r a c t ) ,  we have t o  ana lyze  what c o n t r a c t u a l  o b l i g a t i o n s  you 

and I i n c u r  by e n t e r i n g  i n t o  a  c o n t r a c t .  T h i s  c a l l s  f o r  a  b r i e f  

f o r a y  i n t o  "speech a c t "  theory .  

Speech a c t  t heo ry  is a  p a r t  of a n a l y t i c  phi losophy t h a t  

grew o u t  of t h e  r e a l i z a t i o n  t h a t ,  i n  speaking,  people  f r e q u e n t l y  

do more t han  simply r e f e r  t o  something i n  t h e  world. Frequent ly  

they  & something by v i r t u e  of s ay ing  something. When I s a y  " I  

promise t o  X" ,  f o r  example, I am not  r e f e r r i n g  t o  something i n  

t h e  world:  I am makina a promise,  and the reby  i n c u r r i n g  c e r t a i n  

o b l i g a t i o n s  -- I have committed a  "speech a c t "  (e.g.,  S e a r l e ,  

1971) . "Offer ing  a  c o n t r a c t "  and "accept ing  a  c o n t r a c t "  can both 

be cons ide red  speech a c t s .  Thus, we can ask t h e  q u e s t i o n ,  "What 

do I mean when I say  ' I f  you g i v e  me P t hen  I ' l l  g i v e  you Q" and 

what do you mean when you say  you "accept"  my o f f e r .  Grice 

(1957,1967) has  p rov ided  a  convenient  s t r u c t u r e  f o r  under s t and ing  

t h e  meaning of speech a c t s .  

I n  committ ing a  speech a c t ,  

something [a  behavior ,  i n t e n t i o n ,  o r  frame of mind] 
i n t e n t i o n a l l y  i s  produced i n  another  wi th  t h e  i n t e n t i o n  t h a t  
he r e a l i z e  why it was produced and t h a t  he r e a l i z e  he was 
i n t ended  t o  r e a l i z e  a l l  t h i s  (Nozick, 1981, p.369-370, on 
G r i c e )  . 

Using t h i s  s t r u c t u r e  and t h e  cost /benef  it a n a l y s i s  above, when I 

o f f e r  a  c o n t r a c t  by say ing ,  " I f  you g i v e  me P t hen  I ' l l  g i v e  you Q" ,  

I mean: 



1. I want you t o  g i v e  me P, 

2.  My o f f e r  f u l f i l l s  t h e  c o s t / b e n e f i t  requirements  of a  s i n c e r e  
c o n t r a c t  ( l i s t e d  i n  Table  5.3) ,* 

3. I r e a l i z e ,  and I i n t e n d  t h a t  you r e a l i z e ,  t h a t  4-9 a r e  
e n t a i l e d  i f ,  and only i f ,  you accept  my o f f e r :  

4. I f  you g i v e  me P, then I w i l l  g i v e  you Q,  

5. By v i r t u e  of my adher ing  t o  t h e  c o n d i t i o n s  of t h i s  
c o n t r a c t ,  my b e l i e f  t h a t  you have given (or  w i l l  g i v e )  me P  
w i l l  be t h e  cause of my g i v i n g  you Q, 

6 .  I f  you do no t  g i v e  me P, I w i l l  no t  g i v e  you Q,  

7 .  By v i r t u e  of my adher ing  t o  t h e  cond i t i ons  of t h i s  c o n t r a c t ,  
my b e l i e f  t h a t  you have not  given (or  w i l l  no t  g i v e )  me P  
w i l l  be t h e  cause of my not  g i v i n g  you Q ,  

8 .  I f  you accep t  Q from me, then you a r e  o b l i g a t e d  t o  g i v e  me P 
( a l t e r n a t i v e l y ,  I f  you accep t  Q from m e  then  I am e n t i t l e d  t o  
r e c e i v e  P  from y o u ) ,  

9 .  I f  you g i v e  me P, then  I am o b l i g a t e d  t o  g i v e  you Q 
( a l t e r n a t i v e l y ,  I f  you g i v e  me P then  you a r e  e n t i t l e d  t o  
r e c e i v e  Q from me). 

These r u l e s  c a p t u r e  t h e  i n t e r c o n t i n g e n t  n a t u r e  of s o c i a l  

exchange: they  s p e c i f y  t h e  ways i n  which t h e  behavior of one 

per son is con t ingen t  on t h e  behavior of another  person. Some 

p h i l o s o p h i c a l  n i c e t i e s  a r e  d i scussed  i n  Box 5.2 -- however, t h e s e  

p o i n t s  a r e  no t  e s s e n t i a l  t o  t h e  r e s t  of t h e  chapter .  

O f f e r i n g  a  c o n t r a c t  i s  somewhat more complicated than  o the r  

speech a c t s  ( l i k e  promises,  s e e  S e a r l e ,  1971) i n  t h a t  none of t h e  

c o n d i t i o n s  apply u n l e s s  t h e  hearer  a c c e ~ u  t h e  c o n t r a c t .  I n  

c o n t r a s t ,  t h e  cond i t i ons  f o r  a  promise hold r e g a r d l e s s  of whether 

t h e  hearer  consents .  Making a  promise i s  a  u n i l a t e r a l  a c t ;  

making a c o n t r a c t  is  not .  

* An o f f e r  t h a t ,  by v i r t u e  of i ts p r o p o s i t i o n a l  con ten t ,  i s  
c l e a r l y  an i n s i n c e r e  c o n t r a c t  might be cons idered  s n i d e ,  or  a  
v e i l e d  i n s u l t .  "1'11 g i v e  you a  d o l l a r  i f  you s l e e p  with  your 
mothern i s  an i n s u l t  c a s t i n g  a s p e r s i o n s  on your c h a r a c t e r ,  which 
h a s  been t h i n l y  d i s g u i s e d  a s  a  c o n t r a c t u a l  o f f e r .  



Box 5.2 Some Ph i lo soph ica l  N i c e t i e s  ( ca t ego r i zed  by c l a u s e )  

2. I n  o ther  words, t h e  c o s t / b e n e f i t  requirements h 
hold f o r  me and I believe t h a t  they hold f o r  you. 
(Note: s i n c e r e  c o s t / b e n e f i t  requirements e n t a i l  " L. value  g e t t i n g  P  from you a a e  than I value  keeping Q, 
so  t h i s  need not  be added a s  a  s epa ra t e  statement.)  
Clause 2  is  an impl ica t ion  of my o f f e r  even i f  t h e  
s i n c e r e  c o s t / b e n e f i t  requirements do not hold. After 
a l l ,  snookerers  mean t h e i r  o f f e r  t o  be thought s ince re .  

3.  '...and I intend t h a t  you rea l ize . . . "  I n  o ther  
words, I d i d  not  make t h e  o f f e r  a c ~ i d e n t a l l y ' ~  -My 
having made t h e  o f f e r  is a  consequence of t h e  - 
a c t i v a t i o n  of my s o c i a l  con t r ac t  a lgor i thms (My b e l i e f  
t h a t  the  c o n t r a c t  would r e s u l t  i n  a  ne t  b e n e f i t  t o  me 
i s  a  necessary condi t ion  f o r  my making t h e  o f f e r ;  s ee  
d iscuss ion of t h e  meaning of 'causem i n  c l ause  5 ) .  I f  
my s o c i a l  con t r ac t  a lgor i thms had not been ac t iva t ed ,  I 
would not have made t h e  u t terance .  Th i s  i s  presumed 
f o r  a  c o n t r a c t  t h a t  is  o f f e r e d  ve rba l ly  -- t h e r e  a r e  
v i r t u a l l y  no circumstances under which one can 
accidentallv u t t e r  a  sentence.  However, f o r  
n o n l i n g u i s t i c  primate spec i e s  one can imagine scena r io s  
i n  which "ges tu re sg  a r e  acc iden ta l ly  produced. For 
example, i n  t h e  course  of a  f i g h t ,  a  chimp is chased up 
a  t r e e .  The t r e e  l imb suppor t ing  him breaks,  caus ing 
him t o  f a l l  with h i s  arm s t r e t c h e d  out.  An 
ou t s t r e t ched  arm i n  t h e  context  of a  f i g h t  is  usual ly  a  
reques t  f o r  support .  However, t h i s  ges tu re  was made 
acc iden ta l ly  r a the r  than i n t e n t i o n a l l y ;  i t  was not made 
a s  a  consequence of t h e  chimp's s o c i a l  con t r ac t  
a lgor i thms having been ac t iva t ed .  Therefore,  '...I 
in t end  t h a t  you realize... ' '  is  not p a r t  of t h e  
g e s t u r e ' s  meaning. The f a c t  t h a t  it was a c c i d e n t a l l y m  
produced robs t h e  "ges ture"  of its meaning a s  a  reques t  
f o r  support  . 
5. My b e l i e f  t h a t  you have given me P cannot cause me 
t o  g i v e  you Q i n  j u s t  any o ld  way. For example, t h e  
fo l lowing is t h e  sense  of causat ion  meant: 

L e t ' s  say you own a  p r i c e l e s s  s t a t u e ,  and I have some 
very compromising p i c t u r e s  of you t h a t  you want 
destroyed. I keep these  p i c t u r e s  i n  my ca r .  I make 

t h e  o f f e r  "If  you g ive  me the  s t a t u e  ( P ) ,  then I ' l l  
d e s t r q r  t he  p i c t u r e s  ( Q ) . "  You ag ree ,  unaware t h a t  I 
have no i n t e n t i o n  of des t roying t h e  p i c t u r e s  because I 
want t o  cont inue  t o  en r i ch  myself by blackmailing you. 
We arrange f o r  you t o  l eave  t h e  s t a t u e  a t  a  drop point .  
I r e t r i e v e  it, and my helief t h a t  you have given me 
t h i s  p r i c e l e s s  s t a t u e  makes me so a g i t a t e d  and nervous 
t h a t  I have an acc iden t ,  and t h e  c a r  blows up, 
des t roying t h e  p i c tu re s .  I have, i n  f a c t ,  done Q ,  and 
my be l i e f  t h a t  you gave me P caused me t o  g ive  you what 
you wanted -- Q -- but not i n  t h e  r i g h t  sense of 
"cause." (e.g., Nozick, 1981, p. 369) 

The c o r r e c t  not ion  of *causen r e f e r s  t o  t he  
psycho%agical  r e a l i z a t i o n  of ( t h e  algorithm 
i n s t a n t i a t i n g )  t h i s  computational theory  and t h e  f a c t  
t h a t  it is  guiding my behavior. My b e l i e f  t h a t  you 
have given me P f i l l s  i n  t h e  parameter va lue  i n  t h e  
algorithm; t h i s  t r i g g e r s  t h e  s e t  of procedures lkFthin 
t h e  algorithm corresponding t o  t h e  c o n t r a c t ' s  
condi t ions  of s a t i s f a c t i o n .  Tr igger ing these  
procedures r e s u l t s  i n  my g iv ing  you Q. Th i s  i s  the  
same sense  of .cause" a s  i n  a  computer program: t h e  
information t h a t  P  can cause a  computer t o  do something 
by v i r t u e  of t h a t  informat ion 's  func t iona l  r e l a t i o n  t o  
va r ious  of its procedures.  L e t ' s  say  I have w r i t t e n  a  
program i n  Basic  i n s t a n t i a t i n g  a l l  t h e  condi t ions  f o r  
making a  s o c i a l  cont rac t .  The program then o f f e r s  -- 
"I f  you type  'P' i n t o  me then I ' l l  p r i n t  '9 '  f o r  you" -- and I accept .  Pa r t  of t he  program would involve  t h e  
computer wa i t i ng  f o r  me t o  f u l f i l l  my a b l i g a t i o n ,  and 
t h i s  p a r t  may be w r i t t e n  thus r 

10 Input "Now g i v e  me P":A$ 
20 I f  A$ = P then go t o  40 
30 go t o  10 
40 P r i n t  '9" 

My typing P g ives  t h e  v a r i a b l e  A$ t h e  parameter value P  
(analogous ( 7 )  t o  t h e  computer be l i ev ing  t h a t  I have 
typed 'P: i n t o  i t) ,  and t h i s  causes  t h e  computer t o  
p r i n t  'Q  . The same sense  of cause is  meant i n  c l ause  7. 

I n  s ay ing  t h a t  you accep t  my o f f e r ,  you mean t h a t  you 

unders tand,  and ag ree  t o  comply with ,  t h e  cond i t i ons  s p e c i f i e d  i n  

1-9 (above) .  I t  i s  l i k e  s ay ing  "roger wilco":  Transmission 

r ece ived  ( r o g e r )  , w i l l  comply (wi lco)  . 
A t  f i r s t  b lush  it might seem t h a t  a  c o n t r a c t  a c t u a l l y  

exp res ses  a  b i c o n d i t i o n a l  "Q i f  and only i f  P", and w i l l  

t h e r e f o r e  have t h e  same t r u t h  t a b l e  ( s e e  Chapter 1 f o r  t h e  t r u t h  

t a b l e  of a  b i c o n d i t i o n a l )  . I f  t h i s  were t h e  case ,  t h e  terms of 

t h e  c o n t r a c t  would be v i o l a t e d  (someone would have chea t ed )  i f  

you a r e  no t  i n  possess ion  of Q a f t e r  having done P ( I  chea t ed  

y o u ) ,  o r  i f  you a r e  i n  possess ion  of Q without  having done P (you 
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chea ted  me). But it i s  no t  a c t u a l l y  a  b i c o n d i t i o n a l  because a  

s o c i a l  c o n t r a c t  i nvo lves  t h e  twin no t ions  of o b l i g a t i o n  and 

e n t i t l e m e n t  . 
What does i t  mean f o r  you t o  be o b l i g a t e d  t o  do P? 

1. You have agreed  t o  do P  f o r  me under c e r t a i n  c o n t r a c t u a l  
c o n d i t i o n s  ( l i k e  1-9J , and 

2. Those c o n d i t i o n s  have been met, and 

3. By v i r t u e  of your no t  thereupon doing P, you a g r e e  t h a t  i f  I 
use some means of g e t t i n g  P (or  i ts  e q u i v a l e n t )  from you t h a t  
does no t  i nvo lve  g e t t i n g  your vo lun ta ry  consent ,  then  I w i l l  
s u f f e r  no r e p r i s a l  from you. 

A l t e r n a t i v e l y ,  3 can be: 

3. By v i r t u e  of your not  thereupon g i v i n g  m e  P, you a g r e e  t h a t  i f  
I lower your u t i l i t y  by some (opt imal )  amount X (where X > 
B(you) -- your unearned s p o i l s ) ,  then I w i l l  s u f f e r  no 
r e p r i s a l  from you. 

The f i r s t  fo rmula t ion  exp res ses  r e s t i t u t i o n ,  t h e  second, 

punishment. One would expec t  t h e  tendency t o  punish t o  be 

g r e a t e s t  when r e s t i t u t i o n  i s  no t  poss ib l e .  Evolut ionary 

t h e o r i s t s  have not  y e t  i n v e s t i g a t e d  what cond i t i ons  determine t h e  

op t imal  s i z e  of X. I s u s p e c t  t h e  opt imal  X would be l a r g e  enough 

t o  d e t e r  f u t u r e  chea t ing  but  smal l  enough t h a t  it does no t  

d i scourage  f u t u r e  coopera t ion .  However, it i s  c l e a r  t h a t  a  

c h e a t e r  would no t  be d e t e r r e d  by an X less than QK gguaL & 

B ( c h e a t e r ) .  With X = B ( c h e a t e r ) ,  t h e  p o t e n t i a l  chea t e r  w i l l  be 

i n d i f f e r e n t  between chea t ing  and coopera t ing ;  wi th  X < B(chea te r )  

t h e  p o t e n t i a l  chea t e r  w i l l  r e a l i z e  a  n e t  b e n e f i t  by chea t ing .  

To t a k e  r e p r i s a l  a g a i n s t  someone t r y i n g  t o  c la im " j u s t "  

r e s t i t u t i o n  o r  punishment i s  t o  i n d i c a t e  t h a t  you a r e  no longer  

i n t e r e s t e d  i n  con t inu ing  a  r e l a t i o n s h i p  with  t h a t  person. I n  t h e  

contretemps between P u i s t  and L u i t ,  t h e  two chimps d i scussed  i n  



P r o p o s i t i o n  3 ,  L u i t  a l lowed P u i s t  t o  punish him f o r  h i s  

d e f e c t i o n .  I say  "allowedR because L u i t  i s  f a r  s t r o n g e r  than 

P u i s t ,  and i n  a  pure  t e s t  of s t r e n g t h  P u i s t  would no t  have a  

chance a g a i n s t  Lu i t .  To do o therwise  would have s i g n a l e d  a  

d r a s t i c  change i n  t h e i r  s e v e r a l  yea r  r e c i p r o c a l  r e l a t i o n s h i p .  

What does it mean f d r  you t o  be e n t i t l e d  t o  Q? 

1. I have agreed  t o  g i v e  you Q under c e r t a i n  c o n t r a c t u a l  
c o n d i t i o n s  ( l i k e  1-9) , and 

2. Those c o n d i t i o n s  have been met, and 

3. By v i r t u e  of my not  thereupon g iv ing  you Q,  I a g r e e  t h a t  i f  
you use some means of g e t t i n g  Q (or  i ts  e q u i v a l e n t )  from me 
t h a t  does no t  i nvo lve  g e t t i n g  my voluntary  consent ,  then  you 
w i l l  s u f f e r  no r e p r i s a l  from me .  

A s  i n  o b l i g a t i o n ,  an a l t e r n a t i v e  formula t ion  of 3 is: 

3. By v i r t u e  of my not  thereupon g i v i n g  you Q,  I a g r e e  t h a t  i f  
you lower my u t i l i t y  by some (opt imal )  amount X (where X > 
B(me) -- my unearned s p o i l s )  , then you w i l l  s u f f e r  no 
r e p r i s a l  from m e .  

Thus, t h e  no t ions  of e n t i t l e m e n t  and o b l i g a t i o n  a r e  c l o s e l y  

r e l a t e d :  My be ing  e n t i t l e d  t o  r e c e i v e  P from you i s  equ iva l en t  t o  

your be ing  o b l i g a t e d  t o  g i v e  m e  P and v i c e  ve r sa .  

A s o c i a l  c o n t r a c t  i s  n o t  a  b i c o n d i t i o n a l  because I must do 

t h a t  which I am o b l i g a t e d  t o  do, bu t  I am no t  r equ i r ed  t o  accept  

t h a t  t o  which I am e n t i t l e d .  I f  I pay t h e  c o s t  t h a t  I am 

o b l i g a t e d  t o  pay (C(me), which corresponds t o  B ( y o u ) ) ,  I have 

f u l f i l l e d  my end of t h e  c o n t r a c t ;  I do n o t  have t o  accep t  t h e  

b e n e f i t  (B(me)) I am e n t i t l e d  t o  (however, you must o f f e r  i t ) .  

F a i l u r e  t o  accep t  a  b e n e f i t  one i s  e n t i t l e d  t o  may be f o o l i s h  

(ahd r a r e  -- such behavior would have been s t r o n g l y  s e l e c t e d  

a g a i n s t ) ,  bu t  i t  does no t  v i o l a t e  t h e  te rms  of t h e  c o n t r a c t .  



Looking f o r  c h e a t e r s  

Cheat ing i s  t h e  v i o l a t i o n  of t h e  cond i t i ons  of a  s o c i a l  

c o n t r a c t .  I t  i s  t h e  f a i l u r e  t o  pay a  c o s t  t o  which you have 

o b l i g a t e d  your se l f  by accep t ing  a  b e n e f i t .  The s o c i a l  c o n t r a c t  

can be e x p l i c i t  or  i m p l i c i t , *  a  p r i v a t e  agreement or  a  law of your 

s o c i a l  group. 

I n d i s c r i m i n a t e  coopera t ion  can not^ be s e l e c t e d  f o r  i n  any 

spec i e s .  The game-theoret ic  s t r u c t u r e  of n a t u r a l  s e l e c t i o n  

theo ry  d i c t a t e s  t h a t  s o c i a l  exchange can evolve  only i f  it i s  

governed by a  s t r a t e g y  t h a t  demands r e c i p r o c a t i o n .  We must 

coope ra t e  wi th  coope ra to r s  and chea t  on chea t e r s .  T h i s  means our  

s o c i a l  c o n t r a c t  a lgo r i t hms  must i nc lude  procedures  t h a t  a l low us 

t o  qu ick ly  i n f e r  whether someone has  chea ted  -- or  i n t e n d s  t o  

chea t  -- on a  s o c i a l  c o n t r a c t .  

L e t ' s  say I o f f e r e d ,  and you accepted ,  t h e  fo l lowing  c o n t r a c t :  

" I f  you g i v e  me P  then  I ' l l  g i v e  you Q." 

I n  your va lue  system t h i s  t r a n s l a t e s  t o :  

"I£ C(you) then  B(you) ."  

You have chea t ed  me when you have accepted  t h e  i tem t h a t  

corresponds t o  B(you) ( i t em Q) without  g i v i n g  m e  t h e  i tem t h a t  

corresponds t o  C(you) ( i t em P ) .  I n  o the r  words, you have chea ted  

me when you have accepted  i tem Q from me, but  you have not  given 

m e  i tem P. T h i s  means I have pa id  C(me) ( i t em Q ) ,  bu t  have no t  

* ~ i v e n  t h a t  hominids  probably p a r t i c i p a t e d  i n  s o c i a l  exchange 
l o n g  be fo re  they  had language, one would expec t  t h e  a c t  of 
accep t ing  a  b e n e f i t  t o  f r e q u e n t l y  be i n t e r p r e t e d  a s  i m p l i c i t  
agreement t o  a  s o c i a l  c o n t r a c t  -- a s  a  s i g n a l  t h a t  t h e  acceptor  
f e e l s  o b l i g a t e d  t o  r e c i p r o c a t e  i n  t h e  f u t u r e .  (Of course ,  one 
would expec t  t h e  donor t o  jump t o  t h i s  i n t e r p r e t a t i o n  more r e a d i l y  
than  t h e  acceptor ! )  T h i s  view i s  formal ized  i n  US c o n t r a c t  law 
-- a  c o n t r a c t  i s  i n v a l i d  u n l e s s  some "cons ide ra t ion"  has  changed 
hands -- even a  symbolic $1 w i l l  s u f f i c e .  



r e c e i v e d  B ( m e )  ( i t em P)  . Your payoff :  B(you) . My payoff :  C ( m e )  . 
I n  my va lue  system, t h e  same c o n t r a c t  t r a n s l a t e s  t o :  

" I f  B(me) then  C (me)." 

I have c h e a t e d  you when I have accep ted  B(me) ( i t e m  P) wi thout  

paying C ( m e )  ( i t em Q )  . I n  o t h e r  words, I have chea t ed  you when I 

have accep ted  i t em P from you, bu t  have no t  given you item Q. 

T h i s  means you have pa id  C(you) (item P ) ,  bu t  have no t  r ece ived  

B (you) ( i t e m  Q )  . Your payoff : C (you) .  My payoff :  B(me) . These 

r e l a t i o n s  a r e  summarized i n  Tab le  5.5. 

Tab le  5.5 How do you and I make o u t  when one of us c h e a t s  t h e  o t h e r ?  

I c h e a t  you You c h e a t  m e  Con t r ac t  
f u l f i l l e d  

. * . . . . * * . . . . . * * * * . . . . a  **.**.......*...*... 
You g i v e  m e  P : B(me) C(you) : --- -- - : B(me) C(you) . 
You do no t  g i v e  me P : --- --- : O ( m e )  O(you) : --- --- 
I g i v e  you Q . ___  --- : C(me) B(you) : C ( m e )  B(you) . 
I do n o t  g i v e  you Q : O(me) O(you) : --- --- . --- --- ...*..*..*...*...*.... : * * * * * * . . . * * * * a * : * * * * . * * * * * * . * * * : . * * * * * . . . . . . . .  

MY payoff :  B ( m e )  C ( m e )  : B(me) -C(me) 

Your payof f :  

A s  mentioned i n  P r o p o s i t i o n  5 ,  s o c i a l  c o n t r a c t  a l g o r i t h m s  i n  

humans should  be i tem-independent;  they  should r e p r e s e n t  i t ems  of 

exchange a s  c o s t s  and b e n e f i t s  t o  t h e  p a r t i c i p a n t s ,  and o p e r a t e  

on t h o s e  r e p r e s e n t a t i o n s .  One cannot look o u t  f o r  c h e a t i n g  

u n l e s s  one can model t h e  exchange 's c o s t / b e n e f i t  s t r u c t u r e  from 

t h e  p o i n t  of view of o n e ' s  p a r t n e r ,  a s  w e l l  a s  from o n e ' s  own 

p o i n t  of view. 

T h i s  means t h a t  f o r  any g iven  exchange, two d e s c r i p t i o n s  of 



each i tem must be computed by t h e  s o c i a l  c o n t a c t  a lgor i thms .  For 

a  s i n c e r e  c o n t r a c t ,  " I f  you g i v e  me P, then I ' l l  g i v e  you Q n ,  

i tem P  should  be desc r ibed  a s  both B(me) and C(you) ,  and i t e m  Q 

should  be d e s c r i b e d  a s  both C(me) and B(you) ( s e e  Table  5 .5) .  

The c o s t / b e n e f i t  s t r u c t u r e  t o  onese l f  should be e a s i l y  

r ecove rab le ,  even i f  t h e  c o n t r a c t  is  phrased  i n  te rms  of t h e  

v a l u e  system of o n e ' s  exchange pa r tne r .  * There is  an analogy 

h e r e  wi th  t h e  grammar of a  language. The s u r f a c e  s t r u c t u r e  i s  

t h e  way t h e  o f f e r  is  a c t u a l l y  phrased;  t h e  deep s t r u c t u r e  i s  a  

c o s t / b e n e f i t  d e s c r i p t i o n  of t h e  sur f  ace s t r u c t u r e  from t h e  p o i n t  

of view of each p a r t i c i p a n t .  The deep s t r u c t u r e  of t h e  o f f e r  

i n c o r p o r a t e s  t h e  in format ion  shown i n  Table  5.3 (o r  5.4,  i f  one 

per  son i s  snooker ing)  . One would expec t  t h e s e  c o s t / b e n e f i t  

s t r u c t u r e s  t o  be t h e  d e s c r i p t i o n s  from which p a r t i c i p a n t s  

c o n s t r u c t  paraphrases  and r e c o n s t r u c t  t h e  course  of t h e  

i n t e r a c t i o n  from memory. 

Inf e rence  procedures  f o r  c a t c h i n g  c h e a t e r s  should o p e r a t e  on 

a  c o s t / b e n e f i t  d e s c r i p t i o n  of t h e  c o n t r a c t  from t h e  p o t e n t i a l  

c h e a t e r  ' s p o i n t  of view. These procedures  should a l l ow one t o  

qu ick ly  i n f e r  t h a t  i n d i v i d u a l  X ha s  chea ted  when one s e e s  t h a t  X 

h a s  accepted  B(X)  b u t  no t  pa id  C ( X )  . When a  t r a n s a c t i o n  has  no t  

y e t  been completed, or when o n e ' s  in format ion  about  a  t r a n s a c t i o n  

i s  incomplete ,  "look f o r  c h e a t e r s "  procedures  should l e a d  one t o :  

1. Ignore  i n d i v i d u a l  X i f  X has  NOT accepted  B ( X )  
2. Ignore  i n d i v i d u a l  X i f  X ha s  pa id  C ( X )  
3. Watch o u t  f o r  i n d i v i d u a l  X i f  X ha s  accepted  B ( X )  
4 .  Watch o u t  f o r  i n d i v i d u a l  X i f  X has  NOT pa id  C ( X )  

* Although one might p r e d i c t  t h a t  an o f f e r  phrased i n  te rms  of 
t h e  p o t e n t i a l  acceptor  I s  v a lue  system might sound more 
a t t r a c t i v e ,  i n d i c a t i n g  t h a t  t h e  o f f e r e r  unders tands (has  a  
good model o f )  what t h e  p o t e n t i a l  acceptor  wants! 



I n  s i t u a t i o n s  1 and 2,  i n d i v i d u a l  X cannot  poss ib ly  have chea ted ;  

i n  s i t u a t i o n s  3 and 4 ,  i n d i v i d u a l  X can chea t .  One keeps an eye  

on X i n  s i t u a t i o n  3 t o  make s u r e  she f u l f i l l s  her  o b l i g a t i o n  by 

paying C ( X ) .  One keeps an eye on X i n  s i t u a t i o n  4 t o  make s u r e  

she  does no t  i l l i c i t l y  abscond with  B ( X )  , t o  which she  i s  no t  

e n t i t l e d .  

These "look f o r  c h e a t e r s "  procedures  provide  t h e  key t o  

under s t and ing  performance on t h e  Wason s e l e c t i o n  t a s k  when its 

p r o p o s i t i o n a l  con ten t  i n s t a n t i a t e s  a  s o c i a l  c o n t r a c t .  T h i s  w i l l  

be e m p i r i c a l l y  demonstrated i n  t h e  next  chapter .  

I doubt t h a t  most people  would guess  t h a t  t h e  s t r u c t u r e  of a  

s imple ,  s t r a i g h t f o r w a r d  s o c i a l  exchange i s  a s  complex a s  t h i s  

chap te r  shows it t o  be. But then ,  t h a t  i s  a  p r e d i c t i o n  of t h e  

theory .  People  u sua l ly  do no t  r e a l i z e  how complex t h e  grammar of 

t h e i r  language is, y e t  they  produce grammatical s en t ences  wi th  

ease .  S i m i l a r l y ,  people  do no t  r e a l i z e  how complex engaging i n  

s o c i a l  exchange is,  y e t  they do it wi th  ease.  Both p a r t i e s  

i m p l i c i t l y  unders tand and a c t  on a l l  t h e  r e l a t i o n s  involved  

because both posses s  t h e  same Darwinian a lgo r i t hms  f o r  reasoning  

about  s o c i a l  exchange. 

* 

A t  t h e  beginning of t h i s  s e c t i o n  I cla imed t h a t  t h e  grammar 

of s o c i a l  c o n t r a c t s  can be expected t o  r e g u l a t e  how we t h i n k  

about  s o c i a l  exchange; I now f e e l  o b l i g a t e d  t o  provide  a t  l e a s t  

one e c o l o g i c a l l y  v a l i d  example from t h e  too l -us ing  hominids of 

l a t e  20th c e n t u r y  America. I n  r e a l i t y ,  a r e  people  concerned wi th  



rec iprocat ion  and avoiding cheaters?  Enjoy the  a r t i c l e  quoted i n  

Box 5 . 3  -- I think you w i l l  f i n d  t h a t  the framework proposed i n  

t h i s  chapter makes "The Cracker Is" reasoning p e r f e c t l y  

comprehensible1 



. 
Box 5.3 Exchange of " t o o l s "  i n  t h e  Computer Age 

The fo l lowing  i s  exce rp t ed  from an a r t i c l e  i n  P O D U ~ ~ L  by 
a computer hacker named B i l l  Landreth,  a l i a s  "The Cracker".  He is 
p a r t i c u l a r l y  s k i l l e d  a t  a c q u i r i n g  new "accounts",  t h a t  is, a t  
c r a c k i n g  t h e  a c c e s s  codes of l a r g e  co rpo ra t e  computer systems. He 
e x p l a i n s  t h e  c o s t / b e n e f i t  f a c t o r s  governing h i s  w i l l i n g n e s s  t o  
exchange informat ion  about  t h e  t o o l s  of h i s  t r ade . .  . 

Information i s  t h e  currency of t h e  hacke r ' s  b u l l e t i n -  
board c u l t u r e ,  and t r a d i n g  i s  t h e  means of exchange. 
Accounts t a k e  a l o t  of work t o  g e t ,  So most hackers  a r e  
u n l i k e l y  t o  pos t  in format ion  pub l i c ly  when they  can t r a d e  
it f o r  more in format ion  from o the r  hackers .  I n  a d d i t i o n ,  
an average  hacker a c q u i r e s  only four  t o  f i v e  new accounts  
i n  a yea r ,  and a l l  but  maybe one of t h e s e  accounts  d i e  
w i t h i n  s i x  o r  seven months. That same hacker could ,  
however, t r a d e  those  f o u r  or f i v e  accounts  f o u r  or f i v e  
t imes  each,  and those  exchanges would n e t  him a s  many a s  
25  d i f f e r e n t  accounts  i n  a yea r .  

. . . I pos t ed  messages on hacker b u l l e t i n  boards,  a d v e r t i s i n g  
t h a t  I was w i l l i n g  t o  t r a d e  any informat ion I had. I 
r e a l i z e d  t h a t  I could be accepted  a s  a bona f i d e  hacker 
r e l a t i v e l y  qu ick ly  by t r a d i n g  only t h e  h ighes t -qua l i t y  
i n f  ormation. Within a few months of my f i r s t  p o s t i n g s ,  
t h e  word began t o  g e t  around: The Cracker i s  OK. 

And on "chea t e r s " .  . . 
A more important  reason f o r  t r a d i n g ,  though, is  t o  keep 
i n £  ormation o u t  of t h e  hands of novices.  Often,  when 
novices  g e t  hold of p u b l i c l y  pos ted  in£ ormation,  they 
abuse it by sending  o b s c e n i t i e s  t o  t h e  system o p e r a t o r ,  
d e s t r o y i n g  informat ion ,  changing passwords, or removing 
accounts .  Moral arguments a s i d e ,  hackers  d i s l i k e  t h i s  
kind of abuse because accounts  t h a t  a r e  abused a r e  
d i scove red  and d i e  qu ick ly .  (p .  64)  

... it became very  d i f f i c u l t  t o  t e l l  who you could s a f e l y  
t r a d e  in£  ormation with .  Sometimes, t h e  person you gave 
informat ion  t o  would abuse t h e  account h imse l f ,  t hus  
r ende r ing  it  u s e l e s s  t o  you. Other t imes,  t h e  person 
would p o s t  t h e  in format ion  pub l i c ly  and c la im c r e d i t  f o r  
g e t t i n g  t h e  account.  (p. 6 5 )  

I n t e r e s t i n g l y  enough, such concerns  prompted t h e  format ion of t h e  
"Inner  C i r c l e " ,  an e l i t e  group of high l e v e l  hackers  who f e l t  they 
could  t r u s t  one ano the r ,  and who shared  in£ ormation only with each 
o t h e r  ! 



Chapter 6 

S o c i a l  Con t r ac t s  and t h e  Wason S e l e c t i o n  Task: 

Experiments 

The game-theoret ic  cond i t i ons  governing r e c i p r o c a t i o n  and 

non-rec iproca t ion  i n  s a s i a l  exchange a r e  t o o  complex and t o o  

important  t o  l e a v e  t o  t h e  v a g a r i e s  of t r i a l - and -e r ro r  l e a r n i n g .  

Humans should have evolved i n f e r e n t i a l  procedures  t h a t  make them 

very  good a t  d e t e c t i n g  c h e a t i n g  on s o c i a l  c o n t r a c t s .  The "look 

f o r  c h e a t e r s "  procedure p r e d i c t e d  i n  Chapter 5 can be expected t o  

gene ra t e  a  q u i t e  s p e c i f i c  and unusual p a t t e r n  of responses  on t h e  

Wason s e l e c t i o n  t a s k  when its conten t  involves  s o c i a l  exchange. 

I n  a  s o c i a l  exchange s i t u a t i o n  f o r  which a  s u b j e c t  has  

incomplete  in£  ormation,  a  "look f o r  chea t e r  s "  procedure should 

draw a t t e n t i o n  t o  any person who has  NOT pa id  t h e  r e q u i r e d  c o s t  

(has  he i l l i c i t l y  absconded wi th  t h e  b e n e f i t ? )  and any person who 

h a s  accepted  t h e  b e n e f i t  ( has  he pa id  t h e  r e q u i r e d  c o s t ? ) .  

The Wason s e l e c t i o n  t a s k  i s  a  paper and p e n c i l  problem t h a t  

i n v i t e s  a  s u b j e c t  t o  s e e  i f  a  c o n d i t i o n a l  r u l e  of t h e  form " I f  P 

t hen  Q n  h a s  been v i o l a t e d  by any one of fou r  i n s t a n c e s  

( r e p r e s e n t e d  by c a r d s )  about  which t h e  s u b j e c t  has  incomplete  

in format ion  ( s e e  Chapter 2 )  . By p r e s e n t i n g  one term of a  

c o n d i t i o n a l  r u l e  a s  a  r a t i o n e d  b e n e f i t ,  and t h e  o the r  term a s  a  

cos t / requi rement ,  one can c r e a t e  a  Wason s e l e c t i o n  t a s k  t h a t  

i n s t a n t i a t e s  a  s o c i a l  c o n t r a c t .  Th i s  can be used t o  s e e  how 

people  reason about  s o c i a l  c o n t r a c t s  i n  t h e  f a c e  of incomplete 

in format ion .  Figure  6.1 shows t h e  cost/benef it s t r u c t u r e  of such 

a  Wason s e l e c t i o n  t a s k .  



Figure  6.1 

t 

Structure of Social Contract (SC) Problems 1 
I t  is your job to enforce the following law: 

Rule I - Standard Social Contract (STD-SC): "If you take the benefit, then you pay the cost." 
( I f  P then Q 1 

Rule 2 - Switched Social Contract (SWC-SC): "If you pay the cost, then you take the benefit." 
(If P then Q 1 

The cards below have information about lour people. Each card represents one person. One side of a card tells whether a person accepted 
the benefit and the other side of the card tells whether that person paid the cost. 

Indicate only those card(s) you definitely need to turn over lo  see i f  any of these people are breaking this law. 

.............. .............. .............. .............. 
Benefit : Benefit : 4 COSI . Cost : 

: Accepted . : NOT Accepted . : Paid : : NOT Paid . .............. .............. .............. .............. 
Rule I - STD-SC: (PI (not-P) (Q) (not-Q) 
Rule 2 - SWC-SC: (Q) (not-Q) (P) (not-P) 

I r r e s p e c t i v e  of l o g i c a l  ca t ego ry ,  a "look f o r  c h e a t e r s "  

procedure would cause  t h e  s u b j e c t  t o :  

1. Choose t h e  "cos t  NOT pa id"  c a r d  and t h e  " b e n e f i t  accepted"  

ca rd .  These ca rds  r e p r e s e n t  p o t e n t i a l  c h e a t e r s .  

2.  Ignore  t h e  "cos t  pa id"  c a r d  and t h e  " b e n e f i t  NOT accepted"  

ca rd .  These ca rds  r e p r e s e n t  people  who could no t  poss ib ly  

have cheated.  

A s  F igu re  6.1 shows, t h e  l o g i c a l  ca tegory  t o  which each c a r d  

cor responds  v a r i e s ,  and i s  determined by where t h e  c o s t s  and 

b e n e f i t s  t o  t h e  p o t e n t i a l  chea t e r  a r e  l o c a t e d  i n  t h e  " I f - then"  

s t r u c t u r e  of t h e  r u l e .  For a "s tandard"  s o c i a l  c o n t r a c t  (STD-SC) 

-- one wi th  t h e  b e n e f i t  i n  t h e  " I f "  c l a u s e  and t h e  c o s t  i n  t h e  

" then" c l a u s e  -- t h e  two chosen ca rds  correspond t o  t h e  l o g i c a l  

c a t e g o r i e s  'not-Q' ( c o s t  NOT p a i d )  and 'P '  ( b e n e f i t  a c c e p t e d ) .  

However, f o r  a "switched" s o c i a l  c o n t r a c t  (SWC-SC) -- one with  

t h e  c o s t  i n  t h e  " I f "  c l a u s e  and t h e  b e n e f i t  i n  t h e  " then" c l a u s e  

-- t h e  same two ca rds  correspond t o  t h e  l o g i c a l  c a t e g o r i e s  'not-P' 



( c o s t  NOT p a i d )  and ' Q '  ( b e n e f i t  accepted)  . I n  F igure  6 .l , Rule 

1 is a STD-SC and Rule  2 is  a SWC-SC. 

The c o r r e c t  formal  l o g i c  response i s  ' P  & not-Q' ,  r e g a r d l e s s  

of con ten t .  Therefore ,  a s u b j e c t  us ing  a "look f o r  c h e a t e r s "  

procedure would appear  t o  be reasoning  U?&d& -- by choosing 

'P & not-Q' -- on STD-Sf r u l e s ,  y e t  appear t o  be reasoning  

o a i c u  -- by choosing 'not-P & Q '  -- on SWC-SC r u l e s .  I n  

t h e  l i t e r a t u r e ,  a r u l e  i s  s a i d  t o  have produced a con ten t  e f f e c t  

when it e l i c i t s  a higher  percentage  of l o g i c a l l y  f a l s i f y i n g ,  ' P  & 

not-Q' responses  than  an a b s t r a c t  problem. By t h i s  d e f i n i t i o n ,  a 

STD-SC should  e l i c i t  a con ten t  e f f e c t  bu t  a SWC-SC should  not .  

A "look f o r  chea t e r  sn procedure should ignore  t h e  "cos t  

pa id"  c a r d  and " b e n e f i t  NOT accepted"  card .  These correspond t o  

'P & not-Q' ( t h e  c o r r e c t  formal  l o g i c  response)  f o r  a SWC-SC 

r u l e ,  and t o  'not-P & Q '  f o r  a STD-SC r u l e .  Thus s o c i a l  c o n t r a c t  

t heo ry  p r e d i c t s  t h a t  t h e  dominant response t o  a STD-SC problem 

w i l l  be x e ~ ~  r a r e  on a SWC-SC problem, and v i c e  ve r sa .  

To sum up, t h e  c o r r e c t  SC answers t o  STD-SC and SWC-SC r u l e s  

d i f f e r  from t h e  l o g i c a l l y  c o r r e c t  answers: 

SC answers Logi c a l  answer s 

' P  & not-Q' 'not-P & Q '  ' P  & not-Q' 'not-P & Q '  

STD-SC : Yes no Yes no 

SWC-SC: no Yes Yes no 

Theref o r e ,  by comparing performance on STD-SC and SWC-SC rules 

one can t e l l  i f  reasoning  i s  governed by a l o g i c a l  procedure or a 

"look f o r  chea t e r  s "  procedure.  

I f  people  do, i n  f a c t ,  have Darwinian a lgo r i t hms  governing 



how they reason about soc i a l  exchange, these ought t o  function,  

i n  pa r t ,  a s  frame-- t h a t  s t ruc tu re  new experiences. This 

means they should operate i n  unfamiliar s i tua t ions .  No matter 

how unfamiliar the r e l a t i on  or terms of a  ru le ,  i f  the subject  

perceives t he  terms a s  representing a  rat ioned benef i t  and a  cost  

requirement -- t h a t  is,  if  the subject  recognizes the s i t ua t i on  

a s  one of soc i a l  exchange -- a  "look for  cheaters"  procedure 

should produce the  above pa t te rn  of responses. Non-social 

contract  r u l e s ,  e i t he r  descr ip t ive  or prescr ip t ive ,  should not 

show t h i s  pa r t i cu l a r  pa t te rn  of var ia t ion ,  regardless of t h e i r  

f ami l i a r i t y .  I n  general ,  they can be expected t o  e l i c i t  the same 

low l e v e l s  of ' P  & not-Q' and very low l eve l s  of 'not-P & Q '  

typ ica l ly  found i n  the l i t e r a t u r e  fo r  non-SC problems. 

Previous r e s u l t s  on the  Wason se lec t ion  task a r e  consis tent  

w i t h  a  soc i a l  contract  in te rpre ta t ion  (see Chapter 2 for  a  

de t a i l ed  review) . Robust and rep l icab le  content e f f e c t s  a r e  

found only for  ru les  t h a t  r e l a t e  terms t h a t  a r e  recognizable a s  

benef i t s  and cos t s  i n  the  format of a  standard s o c i a l  contract .  

No thematic r u l e  t h a t  is  not a  soc i a l  contract  has ever produced 

a  content e f f e c t  t h a t  i s  both robust and repl icable .  For 

thematic content a reas  t h a t  do not express soc i a l  contracts ,  

e i t he r  no content e f f e c t  i s  found (e.g., the food problem) , or 

there  a r e  a t  l e a s t  a s  many s tud ies  t h a t  do not f i nd  content 

e f f e c t s  a s  t he re  a r e  s tud ies  t h a t  do ( t ranspor ta t ion and school 

problems) . Moreover, most of the content e f f e c t s  reported for  

non-SC ru l e s  a r e  e i t he r  weak (Gilhooly & Falconer, 1974; Pol lard ,  

1981) , clouded by procedural d i f f i c u l t i e s  (Bracewell & Hidi, 

1974; Van Duyne, 1974) , or have some earmarks of a  soc i a l  



c o n t r a c t  problem (Van Duyne, 1974) .  A l l  t o l d ,  f o r  non-SC 

thema t i c  problems, t h r e e  experiments have produced a  s u b s t a n t i a l  

con t en t  e f f e c t  ( t r a n s p o r t a t i o n :  Wason & Shapi ro ,  1971; Bracewel l  

& Hidi ,  1974; s choo l :  Van Duyne, 1974) ,  two have produced a  weak 

c o n t e n t  e f f e c t  ( t r a n s p o r t a t i o n :  Gi lhooly & Falconer ,  1974; 

P o l l a r d ,  1 9 8 1 ) ,  and 14 have produced no con ten t  e f f e c t  a t  a l l  

( t r a n s p o r t a t i o n :  Bracewell  & Hid i ,  1974; Manktelow & Evans, 1979; 

Yachanin & Tweney, 1982; Gr iggs  & Cox, 1982. food: Manktelow & 

Evans, 1979 ( 4  exper iments ) ;  Brown d., 1982; Reich & Ruth, 

1982; Yachanin & Tweney, 1982; school :  Yachanin & Tweney, 1982. 

non-SC p o s t  o f f i c e :  Golding,  1980; Gr iggs  & Cox, 1982) .  The few 

e f f e c t s  t h a t  were found d i d  no t  r e p l i c a t e .  I n  c o n t r a s t ,  s i x t e e n  

o u t  of s i x t e e n  exper iments  wi th  s t a n d a r d  s o c i a l  c o n t r a c t s  

e l i c i t e d  s u b s t a n t i a l  con t en t  e f f e c t s .  These i n c l u d e  t h e  Drinking 

Age Problem, t h e  Pos t  O f f i c e  Problem, and t h e  S e a r s  Problem. I n  

t h i s  e x t e n s i v e  l i t e r a t u r e ,  STD-SC r u l e s  a r e  t h e  only t hema t i c  

con ten t  r u l e s  t o  e l i c i t  s t r o n g ,  r e p l i c a b l e  con ten t  e f f e c t s  on t h e  

Wason s e l e c t i o n  t a s k .  

However, none of t h e s e  s t u d i e s  t e s t e d  swi tched  s o c i a l  

c o n t r a c t  r u l e s  -- r u l e s  f o r  which t h e  c o r r e c t  s o c i a l  c o n t r a c t  

answer i s  'not-P & Q. ' Moreover, most of them c o n t r a s t e d  

f a m i l i a r  STD-SC r u l e s  wi th  un fami l i a r  non-SC r u l e s  ( d e s c r i p t i v e  

non-SC r u l e s :  Johnson-Laird,  Legrenz i  & Legrenz i ,  1972; Cox & 

Griggs ,  1982; Gr iggs  & Cox, 1982; Gr iggs  & Cox, 1983. 

p r e s c r i p t i v e  non-SC r u l e s :  DIAndrade, 1981; Golding,  1981; Cox & 

Griggs ,  1982) . Hence, t h e s e  s t u d i e s  do no t  a l low one t o  choose 

d i r e c t l y  between a  s o c i a l  c o n t r a c t  exp lana t ion  and t h e  

exp lana t ion  most p r e v a l e n t  i n  t h e  l i t e r a t u r e ,  " a v a i l a b i l i t y . "  



The a l t e r n a t i v e  hypothes i s :  A v a i l a b i l i t y  

" A v a i l a b i l i t y n  theo ry  comes i n  a  v a r i e t y  of forms w i t h  some 

impor tan t  t h e o r e t i c a l  d i f f e r e n c e s ,  but  common t o  a l l  i s  t h e  

no t ion  t h a t  t h e  s u b j e c t ' s  a c t u a l  p a s t  exper iences  c r e a t e  

a s s o c i a t i o n a l  l i n k s  between terms mentioned i n  t h e  s e l e c t i o n  t a s k  

( s e e  Chapter 3 f o r  d e t a i l e d  e x p l a n a t i o n s ) .  The more exposures a  

s u b j e c t  h a s  had t o ,  f o r  example, t h e  m-occur rence  of P and Q,  t h e  

s t r o n g e r  t h a t  a s s o c i a t i o n  w i l l  be, and t h e  e a s i e r  it w i l l  come t o  

mind -- become n a v a i l a b l e n  a s  a  response. A s u b j e c t  i s  more 

l i k e l y  t o  have a c t u a l l y  experienced t h e  co-occurrence of 'P  & not-Q' 

f o r  a  f a m i l i a r  r u l e ,  t h e r e f o r e  f a m i l i a r  r u l e s  a r e  more l i k e l y  t o  

e l i c i t  l o g i c a l l y  f a l s i f y i n g  responses  than un fami l i a r  r u l e s .  

However, i f  a l l  t h e  te rms  i n  a  t a s k  a r e  un fami l i a r ,  t h e  only 

a s s o c i a t i o n a l  l i n k  a v a i l a b l e  w i l l  be t h a t  c r e a t e d  between P and Q 

by t h e  c o n d i t i o n a l  r u l e  i t s e l f ,  because no prev ious  l i n k  w i l l  

e x i s t  among any of t h e  terms. Thus 'P  and Q '  w i l l  be t h e  most 

common response f o r  un fami l i a r  r u l e s .  F a l s i f y i n g  responses  w i l l  

be r a r e  f o r  a l l  un fami l i a r  r u l e s ,  whether they  a r e  s o c i a l  

c o n t r a c t s  o r  not .  

T e s t i n g  s o c i a l  c o n t r a c t  t heo ry  a g a i n s t  a v a i l a b i l i t y  t heo ry  

A t  p r e s e n t ,  it i s  widely be l i eved  t h a t  some v a r i a n t  of 

a v a i l a b i l i t y  t heo ry  accounts  f o r  a l l  conten t  e f f e c t s  on t h e  Wason 

s e l e c t i o n  t a s k .  I n  c o n t r a s t ,  s o c i a l  c o n t r a c t  t heo ry  proposes 

t h a t  f o r  con ten t  i nvo lv ing  s o c i a l  exchange, a  s o c i a l  c o n t r a c t  

a lgo r i t hm is t h e  primary r egu la to r  of responses.  Thus, f o r  

s o c i a l  c o n t r a c t  t heo ry ,  t h e  major determinant  of responses  i s  



whether a  r u l e  i s  a  s o c i a l  c o n t r a c t  (SC) o r  d e s c r i p t i v e  ( D )  . * 
For a v a i l a b i l i t y  t heo ry ,  t h e  major determinant  of responses  i s  

whether a  r u l e  is  f a m i l i a r  (F)  or  un fami l i a r  ( U ) .  Because t h e s e  

two v a r i a b l e s  a r e  or thogonal ,  one can c r e a t e  an a r r a y  of fou r  

problem types :  Unf ami l i a r -Soc ia l  Cont rac t  (U-SC) , Fami l ia r -Soc ia l  

Con t r ac t  (F-SC) , Unf ami l i a r -Desc r ip t ive  (U-D) , Famil iar-  

D e s c r i p t i v e  (F-D) : 

' A v a i l a b i l i t y  dimension ' 
f a m i l i a r  un fami l i a r  ............................................... 

d e s c r i p t i v e  : F -D U-D 

' SC ............................................... 
dimension'  U-SC 

F-SC 
s o c i a l  c o n t r a c t  : : (U-STD-SC, U-SWC-SC) : ............................................... 

Moreover, t h e r e  a r e  two kinds of U-SC problems: un fami l i a r  

s t a n d a r d  s o c i a l  c o n t r a c t s  (U-STD-SC) and un fami l i a r  switched 

s o c i a l  c o n t r a c t s  (U-SWC-SC). A l l  but  t h e  F-SC, which confounds 

f a m i l i a r i t y  with being a  s o c i a l  c o n t r a c t ,  can be used t o  

c o n s t r u c t  c r i t i c a l  t e s t s  d i s e n t a n g l i n g  t h e  fo l lowing  two 

hypotheses:  

BY: A v a i l a b i l i t y  i s  t h e  s o l e  determinant  of performance on 

Wason s e l e c t i o n  t a s k s  of vary ing  conten t .  T h i s  i s  t h e  n u l l  

hypo thes i s  from t h e  s t andpo in t  of t h e  e x i s t i n g  l i t e r a t u r e .  

* Actua l ly ,  t h e  non-SC r u l e  can be e i t h e r  d e s c r i p t i v e  or 
p r e s c r i p t i v e .  A l l  SC r u l e s  a r e  p r e s c r i p t i v e ,  but  no t  a l l  
p r e s c r i p t i v e  r u l e s  a r e  SC r u l e s .  Most of t h e  non-SC thema t i c  
problems t e s t e d  i n  t h e  l i t e r a t u r e  were d e s c r i p t i v e .  



x: Humans have s o c i a l  c o n t a c t  a lgo r i t hms  t h a t  a r e  t h e  major 

determinant  of performance on Wason s e l e c t i o n  t a s k s  whose 

con ten t  i nvo lves  s o c i a l  exchange. 

I t  would be d i f f i c u l t  t o  b e l i e v e  t h a t  a v a i l a b i l i t y  has  np e f f e c t  

on f a m i l i a r  problems. The hypo thes i s  i s  s i l e n t  on t h i s  p o i n t .  

Indeed, any e f f e c t  a v a i l a b i l i t y  might have i n  e l i c i t i n g  

f a l s i f y i n g  responses  t o  f a m i l i a r  d e s c r i p t i v e  problems can be used 

a s  a  m e t r i c  f o r  judging t h e  s i z e  of a  s o c i a l  c o n t r a c t  e f f e c t .  SC 

a lgo r i t hms  can be s a i d  t o  be a  mjxx determinant  of responses  f o r  

problems invo lv ing  s o c i a l  exchange i f  t h e r e  a r e  more SC responses  
. . (STD-SC: 'P & not-Q' ; SWC-SC: 'not-P & Q') t o  unfamlllar s o c i a l  

. . c o n t r a c t  problems than  f a l s i f y i n g  responses  t o  famlllar 

d e s c r i p t i v e  problems. 

I n  t h e  experiments  t h a t  fo l low,  s t o r y  con tex t  was used t o  

t ransform an un fami l i a r  ( U )  r u l e  -- l i k e ,  " I f  a man e a t s  cassava  

r o o t ,  then  he must have a  t a t t o o  on h i s  f a c e "  -- i n t o  e i t h e r  a  

U-SC o r  U-D problem. By embedding t h e  same un fami l i a r  r u l e  i n  

two d i f f e r e n t  s t o r i e s ,  one can c o n t e x t u a l l y  d e f i n e  t h a t  r u l e  a s  

e i t h e r  a  s o c i a l  c o n t r a c t  (U-SC) or  a  d e s c r i p t i v e  r u l e  (U-D) . A 

s o c i a l  c o n t r a c t  s t o r y  c o n t e x t u a l l y  d e f i n e s  one term of t h e  

un fami l i a r  r u l e  a s  a  r a t i o n e d  b e n e f i t  t h a t  must be earned  and t h e  

o t h e r  term a s  a  cost / requirement .  A d e s c r i p t i v e  s t o r y  does no t  

d e f i n e  t h e  terms a s  c o s t s  and b e n e f i t s ,  but  i t  does c o n t e x t u a l l y  

l i n k  them t o  f a m i l i a r  concepts  and t i e  them toge the r  by a  

f a m i l i a r  r e l a t i o n .  I n  t h e s e  experiments,  t h e  U-D problems invoke 

what should be one of t h e  most f a m i l i a r  r e l a t i o n s  accord ing  t o  

s t a n d a r d  a s soc i a t ion i sm:  spat io- temporal  co-occurrence. 

Switching t h e  p o s i t i o n  t h a t  a  U-SC's terms occupy i n  t h e  
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" I f  - thenn  s t r u c t u r e  of t h e  r u l e  t r ans fo rms  i ts  t h e o r e t i c a l  s t a t u s  

from s t a n d a r d  (U-STD-SC) t o  switched (U-SWC-SC), or  v i c e  ve r sa .  

L e t t s  say  a  s t o r y  p o r t r a y s  cassava  roo t  a s  a  r a t i o n e d  b e n e f i t  and 

having a t a t t o o  a s  a  c o s t  requirement.  Then: 

" I f  a  man e a t s  cassava  r o o t  then he has  a  t a t t o o  on h i s  f a c e "  
( I f  a  man t a k e s  t h e  b e n e f i t ,  then  he pays t h e  c o s t )  

has  a  s t a n d a r d  S C  format ,  whereas: 

" I f  a  man h a s  a  t a t t o o  on h i s  f a c e  then he e a t s  cassava  roo t "  
( I f  a  man pays t h e  c o s t ,  then he t a k e s  t h e  b e n e f i t n  

h a s  a  swi tched  SC format.  Switching t h e  p o s i t i o n  of a  U - D ' s  

t e rms  does no t  change i ts  t h e o r e t i c a l  s t a t u s .  

Experiments 1 through 4 a r e  t h e  most important  from a  

t h e o r e t i c a l  p o i n t  of view. They compare performance on un fami l i a r  

s o c i a l  c o n t r a c t  problems t o  performance on un fami l i a r  and 

f a m i l i a r  d e s c r i p t i v e  problems. These experiments permi t  s i x  

c r i t i c a l  tests -- comparisons f o r  which hypotheses PIY and SC 

make r a d i c a l l y  d i f f e r e n t  p r e d i c t i o n s .  These t e s t s  add res s  t h e  

fo l lowing  q u e s t i o n s :  

1. Does an un fami l i a r  s t anda rd  s o c i a l  c o n t r a c t  e l i c i t  t h e  
p r e d i c t e d  SC response,  ' P  & not -Qt?  

2. Are t h e r e  more SC responses  t o  an unfami l ia r  s t anda rd  s o c i a l  
c o n t r a c t  t han  f a l s i f y i n g  responses  t o  a  f a m i l i a r  d e s c r i p t i v e  
pro  b l  em? 

3. Does an un fami l i a r  switched s o c i a l  c o n t r a c t  e l i c i t  t h e  
p r e d i c t e d  S C  response,  'not-P & Q'? 

4 .  Are t h e r e  more SC responses  t o  an un fami l i a r  switched s o c i a l  
c o n t r a c t  t han  f a l s i f y i n g  responses  t o  a  f a m i l i a r  d e s c r i p t i v e  
problem? 

5. Is t h e  c o r r e c t  SC response t o  a  s t anda rd  s o c i a l  c o n t r a c t  ( ' P  & 
not-Q')  very r a r e  f o r  a  switched s o c i a l  c o n t r a c t ?  

6. Is t h e  c o r r e c t  SC response t o  a  switched s o c i a l  c o n t r a c t  
( 'not-P & Q ' )  very r a r e  f o r  a  s t anda rd  s o c i a l  c o n t r a c t ?  



Experiment 5 t e s t s  whether an abs t r ac t  problem with a soc i a l  

contract  s to ry  context can e l i c i t  SC responses; Experiment 6 

shows t h a t  the soc i a l  contract  e f f ec t  i s  rep l icab le  with famil iar  

content.  

Experiment 1 

The purpose of Experiment 1 was t o  see whether an unfamlllar . . 

STD-SC problem would e l i c i t  the predicted S C  response, ' P  & not-Q1. 

A high percentage of " fa l s i fy ing"  responses on a U-STD-SC i s  

predicted only by soc i a l  contract  theory; a v a i l a b i l i t y  theory 

pred ic t s  a  low percentage of f a l s i fy ing  responses on the U-STD-SC 

because it is  unfamiliar.  Each subject  was asked t o  solve four 

Wason se lec t ion  tasks ,  which were presented i n  random order. 

Theoret ica l ly ,  the problem types can be described a s  follows: 

U-STD-SC: Unfamiliar - Standard Social  Contract 
U-D : Unfamiliar - Descriptive 
AP : Abstract Problem 
F-D : Familiar - Descript ive 

The AP was a non-SC p re sc r ip t i ve  ru le ;  it was included because it 

is commonly used a s  a standard fo r  assessing a v a i l a b i l i t y  (Wason, 

1983). 

Table 6.1 shows the  r e l a t i v e  percentages of 'P & not-Q' and 

'not-P & Q 1  responses expected i n  Experiment 1, assuming t h a t  

responses a r e  determined by e i t he r  S C  algorithms or a v a i l a b i l i t y  , 
but not both. 

Subjects  . 
Twenty-f our undergraduates from Harvard University 

par t i c ipa ted  i n  Experiment 1; they were paid volunteers rec ru i ted  

by advertisement (13 females, 11 males; mean age: 19.4 years ) .  

205 



................................................................... 
Table  6.1 P r e d i c t i o n s ,  Experiment 1: S o c i a l  c o n t r a c t  t heo ry  

ve r sus  a v a i l a b i l i t y  theory.  

STANDARD S o c i a l  Cont rac t  (STD-SC) v. D e s c r i p t i v e  ( D )  problems. 

S o c i a l  c o n t r a c t  Avai(Labi1ity Both t h e o r i e s  

U-STD-SC : high  1 ow 
U-D : 1 ow 1 ow 
AP : 1 ow 1 ow 
F-D : 1 ow middl ing t o  low 

very low 
very low 
very low 
very low 

Table  6.1 R e l a t i v e  percentages  of ' P  & not-Q' and 'not-P & Q '  
responses  expec ted  f o r  Exp 1, assuming t h a t  responses  a r e  
a&dy determined by e i t h e r  SC a lgo r i t hms  o r  a v a i l a b i l i t y .  

'2 & not-Q'  xesDonses: S o c i a l  Cont rac t  P r e d i c t i o n s :  R a t i o n a l e  
f o r  U-STD-SC d e s c r i b e d  i n  t e x t .  Because SC a lgo r i t hms  w i l l  
no t  be s t r u c t u r i n g  responses  t o  non-SC problems (U-D, AP, 
F - D ) ,  t h e s e  should no t  e l i c i t  high l e v e l s  of SC responses .  
They can be expected t o  e l i c i t  t h e  same low l e v e l s  of, 'P  & 
not-Q' responses  (and very  low l e v e l s  of 'not-P & Q ' ,  s e e  
below) t y p i c a l l y  found i n  t h e  l i t e r a t u r e  f o r  non-SC 
problems. SC i s  s i l e n t  on whether a v a i l a b i l i t y  w i l l  e x e r t  an 
independent e f f e c t  on F-D problems. A v a i l a b i l i t y  
P r e d i c t i o n s  : The F-D t r a n s p o r t a t i o n  problem could e l i c i t  a  
somewhat higher  percentage  than  t h e  un fami l i a r  problems 
(U-STD-SC, U-D, and AP) because i t  i s  l i k e l y  t h a t  a t  l e a s t  some 
s u b j e c t s  l i v i n g  i n  t h e  Boston a r e a  have a  p re -ex i s t i ng  o r  
dominant ' P  & not-Q' a s s o c i a t i o n  ( s e e  Chapter 3 )  . 
'not-P & Q' x e s D o n s a :  T h i s  i s  a  very  r a r e  response on Wason 
s e l e c t i o n  t a s k s .  I t  i nvo lves  t h e  f a i l u r e  t o  choose t h e  P  
c a r d ,  which i s  almost  u n i v e r s a l l y  chosen, and which even 
a v a i l a b i l i t y  t h e o r i s t s  concede i s  guided by a t  l e a s t  a  
rudimentary unders tanding  of l o g i c  (Evans & Lynch, 1973; 
P o l l a r d ,  1979) . I n  a d d i t i o n ,  when chosen wi th  Q, t h e  
s u b s t i t u t i o n  of not-P f o r  P  v i o l a t e s  o rd ina ry  no t ions  of 
cont ingency a s  expressed  i n  Engl i sh  (why say " I f  P  then  Q" i f  
you mean " I f  not-P then  Q"?) . No a v a i l a b i l i t y  t h e o r i s t  ha s  
ever  p r e d i c t e d  t h i s  response.  Both hypotheses p r e d i c t  a  
low percentage  f o r  a l l  problems o t h e r  than a  U-SWC-SC, f o r  
which, accord ing  t o  s o c i a l  c o n t r a c t  theory  a lone ,  it i s  t h e  
p r e d i c t e d  response.  



M a t e r i a l s  and Procedures.  

Each s u b j e c t  r ece ived  a  s e a l e d  booklet  wi th  i n s t r u c t i o n s  on 

t h e  f i r s t  page, fol lowed by fou r  Wason s e l e c t i o n  t a s k s ,  one per 

page. Each s e l e c t i o n  t a s k  was embedded i n  a  b r i e f  s t o r y .  Each 

bookle t  con ta ined  a  U-STD-SC, a  U-D, an AP, and an F-D. The 

order  of t h e  f o u r  problems was randomized a c r o s s  s u b j e c t s .  

Experiment 1 had a  w i t h i n  s u b j e c t s  design.  

A l l  s t o r i e s  were phrased so  a s  t o  a c t i v a t e  a  " d e t e c t i v e  s e t "  

(Van Duyne, 1974) ,  and a l l  asked s u b j e c t s  t o  look f o r   viol^ 

of t h e  r u l e .  There were two v e r s i o n s  ( ' A '  and 'B') of un fami l i a r  

problems; t h e  r u l e s  used and t h e  two c u l t u r e s  desc r ibed  t h e r e i n  

were f i c t i t i o u s .  A bookle t  e i t h e r  conta ined  t h e  ' A '  ve r s ion  of 

t h e  U-D problem and t h e  ' B '  ve r s ion  of t h e  U-STD-SC, or  v i c e  

ve r sa .  F igure  6.2 shows t h e  ' A '  v e r s ions  of t h e  un fami l i a r  

problems; F igure  6.3 shows t h e  ' B '  ve rs ions .  The ' A '  v e r s ion  of 

t h e  U-D and U-STD-SC v a r i e d  only i n  sur rounding  s t o r y  con tex t ;  

t h e  r u l e s  used were i d e n t i c a l .  The same was t r u e  of t h e  ' B '  

ve r s ion  problems. Figure  6.4 compares t h e  unf a rn i l ia r  problems 

used i n  Experiments 1 and 2. 

I wanted t o  use any e f f e c t  a v a i l a b i l i t y  might 

have i n  e l i c i t i n g  f a l s i f y i n g  responses  t o  t h e  F-D problem a s  a  

m e t r i c  f o r  judging t h e  s i z e  of a  s o c i a l  c o n t r a c t  e f f e c t .  For 

t h i s  reason I used a  t r a n s p o r t a t i o n  problem a s  t h e  F-D problem; 

t h e  t r a n s p o r t a t i o n  problem had been t h e  most s u c c e s s f u l  non-SC 

problem i n  t h e  l i t e r a t u r e  ( s e e  Chapter 2 ) .  Various v e r s i o n s  

(u s ing  d i f f e r e n t  t e rms)  of t h e  F-D and AP problems were 

randomized wi th  r e s p e c t  t o  each o the r  and t h e  un fami l i a r  problems. 

F igure  6.5 shows examples of t h e  F-D and AP problems used. 



Figure 6.2 ' A '  versions of Unfamiliar rules 

Unfamiliar Standard Social Contract (U-STD-SC) 
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You a r e  a  Kaluame, a  member of a  Polynesian c u l t u r e  found only on Maku 
I s land  i n  the  Pac i f ic .  The Kaluame have many s t r i c t  laws which must 
be enforced, and t h e  e l d e r s  have en t rus ted  you with enforc ing  them. 
To f a i l  would d i sgrace  you and your family. 

Among t h e  Kaluame, when a  man marr ies ,  he g e t s  a  t a t t o o  on h i s  f a c e ;  
only married men have t a t t o o s  on t h e i r  faces .  A f a c i a l  t a t t o o  means 
t h a t  a  man is  married, an unmarked f a c e  means t h a t  a  man i s  a 
bachelor. 

Cassava root  is a powerful aphrodis iac  - it makes t h e  man who e a t s  it 
i r r e s i s t i b l e  t o  women. Moreover it is  d e l i c i o u s  and n u t r i t i o u s  - and 
very scarce.  

Unlike cassava roo t ,  molo n u t s  a r e  very common, bu t  they a r e  poor 
e a t i n g  - molo n u t s  t a s t e  bad, they a r e  not very n u t r i t i o u s ,  and they 
have no o ther  i n t e r e s t i n g  'medicinaln proper t i es .  

Although everyone c raves  cassava roo t ,  e a t i n g  it i s  a p r i v i l e g e  t h a t  
your people c lose ly  ra t ion .  You a r e  very sensual  people, even without  
t h e  aphrodis iaca l  p r o p e r t i e s  of cassava roo t ,  but you have v e r y  s t r i c t  
sexual  mores. The e l d e r s  s t rongly  disapprove of sexua l  r e l a t i o n s  
between unmarried people, and p a r t i c u l a r l y  d i s t r u s t  t h e  motives and 
i n t e n t i o n s  of bachelors. 

Therefore, the e l d e r s  have made laws governing r a t i o n i n g  p r i v i l e g e s .  
The one you have been e n t r u s t e d  t o  enforce is a s  fol lows:  

'If a  man e a t s  cassava roo t ,  then he must have a  t a t t o o  on h i s  face.' 

Cassava r o o t  is so powerful an aphzodisiac,  t h a t  many men a r e  tempted 
t o  chea t  on t h i s  law wnenever t h e  e l d e r s  a r e n ' t  looking. The cards  
below have information about  f o u r  young Kaluame men s i t t i n g  i n  a  
temporary camp; t h e r e  a r e  no e l d e r s  around. A t r a y  f i l l e d  with 
cassava r o o t  and molo n u t s  has j u s t  been l e f t  f o r  them. Each c a r d  
represen ts  one man. One s i d e  of a  ca rd  t e l l s  which food a  man is 
eat ing,  and the  o ther  s i d e  of t h e  ca rd  t e l l s  whether o r  n o t  t h e  man 
has a  f a c i a l  t a t t o o .  

Your job  is t o  ca tch  men whose sexual  d e s i r e s  might tempt them t o  
break t h e  law - if any g e t  p a s t  you, you and your fami ly  w i l l  be 
disgraces. Ind ica te  only those c a r d ( s )  you d e f i n i t e l y  need t o  t u r n  
over to see if any of t h e s e  Kaluame men a r e  breaking t h e  law. 

................. 
A. : 

: e a t s  cassava : 
r o o t  

: ............... : 

................. 
B. : 

no 
t a t t o o  : ................. 

Unfamiliar Descriptive (U-D) 
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You a r e  a n  an thropolog is t  s tudying t h e  Kaluame people, a  Polynesian 
c u l t u r e  found only on Maku I s l a n d  i n  t h e  P a c i f i c .  Before l e a v i n g  f o r  
Maku I s l a n d  you read a  r e p o r t  t h a t  says  some Kaluame men have t a t t o o s  
on t h e i r  f a c e s ,  and t h a t  they e a t  e i t h e r  cassava  roo t  o r  molo n u t s ,  
but not  both. The au thor  of t h e  r e p o r t ,  who d i d  not speak t h e  
language, s a i d  t h e  fol lowing r e l a t i o n  seemed t o  hold: 

'If  a  man e a t s  cassava r o o t ,  then he must have a  t a t t o o  on h i s  face. '  

You decide t o  i n v e s t i g a t e  your c o l l e a g u e ' s  p e c u l i a r  claim. When you 
a r r i v e  on Maku I s land ,  you l e a r n  t h a t  cassava  r o o t  is  a s ta rchy  s t a p l e  
food found on t h e  south end of t h e  i s l a n d .  Molo nu ts  a r e  very  high i n  
p r o t e i n ,  and grow on molo t r e e s ,  which a r e  p r i m a r i l y  found on t h e  
i s l a n d ' s  nor th  shore. 

You a l s o  l e a r n  t h a t  bachelors  l i v e  p r i m a r i l y  on t h e  north shore,  but  
when men marry, they usua l ly  move t o  t h e  south end of t h e  i s land .  
When a Kaluame man marr ies ,  he g e t s  a  t a t t o o  on h i s  face ;  only married 
men have t a t t o o s  on t h e i r  faces.  A f a c i a l  t a t t o o  means t h a t  a  man is 
married, an unmarked f a c e  means c h a t  a  man i s  a bachelor. Perhaps men 
a r e  simply e a t i n g  foods which a r e  most a v a i l a b l e  t o  them. 

The cards  below have information about  f o u r  ~ a l u d  men s i t t i n g  i n  a .  
temporary camp a t  t h e  cen te r  of t h e  i s l a n d .  Each man is  e a t i n g  e i t h e r  
cassava r o o t  o r  molo n u t s  which he has brought  with him from home. 
Each card  represen ts  one man. One a i d e  of a  c a r d  t e l l s  which food a  
man is e a t i n g  and t h e  o ther  s i d e  of t h e  c a r d  t e l l s  whether or n o t  t h e  
man h a s  a  t a t t o o  on h i s  face.  

The r u l e  l a i d  o u t  by your co l league  may no t  be t r u e ;  you want t o  s e e  
f o r  yourse l f .  I n d i c a t e  only those ca rd  (s) you d e f i n i t e l y  need t o  t u r n  
over t o  sca if any of t h e s e  Kaluame men are breaking the rule. 

.................. ................. 
A. : B. : 

no t a t t o o  : 
: t a t t o o  
: ............... : :...............: 
................. 

C. : 
: e a t s  cassava : 

r o o t  :...............: 

................. 
D. : 

: e a t s  molo : 
n u t s  : ................. 

................. 
C. : 

: e a t s  molo : 
n u t s  :...............: 

................. 
D. : 

t a t t o o  : 

:...............: 



Figure 6 , 3  ',B', versions of  Unfamiliar rules 
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You a r e  a n  an thropolog is t  s tudying t h e  Namka, a  hunte r -ga there r  c u l t u r e  
l i v i n g  i n  t h e  d e s e r t s  of southwest Afr ica.  You a r e  p a r t i c u l a r l y  i n t e r e s t e d  
i n  whether Namka boys obey t h e  laws of t h e i r  people. 

Every f u l l  moon t h e r e  is a s p e c i a l  f e a s t  i n  which a  du iker  - a small  
an te lope  - is s laughte red  and eaten. Duiker meat is  q u i t e  s c a r c e  and 
d e l i c i o u s  - a r e a l  t r e a t .  Eat ing duiker  meat is a p r i v i l e g e  t h a t  
must be earned. 

For boys, t h i s  p r i v i l e g e  is governed by t h e  fo l lowing  law: 

.If you e a t  duiker  meat,  then you have found an o s t r i c h  eggshell. .  

Finding o s t r i c h  eggshe l l s  is a s o p h i s t i c a t e d  and d i f f i c u l t  t a s k  which t a k e s  
a  boy y e a r s  t o  l ea rn .  Having found an o s t r i c h  e g g s h e l l  on your own is 
t h e r e f o r e  a  s ign  t h a t  you have mastered t h e  most d i f f i c u l t  s k i l l s  of  
hunting. For t h e  Namka, it represen ts  a  boy 's  t r a n s i t i o n  i n t o  manhood. 

You wonder i f  Namka boys c h e a t  on t h i s  law when nobody is looking. 
You d e c i d e  t o  hide behind some bushes and watch. During t h e  course  of 
t h e  f e a s t  of t h e  f u l l  moon, you see  f o u r  d i f f e r e n t  boys approach t h e  
roas ted  duiker  while  no one e l s e  is looking. 

The c a r d s  below have information about  t h e s e  f o u r  boys. Each c a r d  
r e p r e s e n t s  one boy. One s i d e  of a  c a r d  t e l l s  whether a  boy has ever  
found an o s t r i c h  eggshe l l  and t h e  o ther  s i d e  of t h e  c a r d  t e l l s  whether 
t h a t  boy took any of t h e  r o a s t e d  duiker  meat. 

The smell  of t h e  r o a s t i n g  du iker  is t r u l y  tempting t o  t h e  boys. You 
want t o  know i f  any of them cheated on t h e  law. I n d i c a t e  only those  
c a r d ( s )  you d e f i n i t e l y  need t o  t u r n  over t o  see if  any of t h e s e  boys 
have broken the law. 

................. 
A. : e a t s  

some 
: duiker  meat : :...............: 
................. 

C. : does not  : 
: e a t  any : 
: duiker  meat : ................. 

................. 
B. :has never found: 

: a n  o s t r i c h  : 
: e g g s h e l l  : :...............: 
................. 

D. : h a s f o u n d  : 
: an o s t r i c h  : 
: e g g s h e l l  : :...............: 

Unfamiliar Descriptive (U-D) 
PAGE 

You a r e  an an thropolog is t  s tudying  t h e  Namka, a  hunter-gatherer 
c u l t u r e  i n  t h e  d e s e r t s  of southwest Afr ica .  Over and over aga in ,  you 
hear  var ious  Namka repea t  t h e  fo l lowing  saying:  

' I f  you e a t  duiker  meat,  then you have found an o s t r i c h  eggshell. .  

Duikers  a r e  small  an te lopes  found i n  t h e  e a s t e r n  p a r t  of t h e  Namka's 
home range. Both duiker  meat and o s t r i c h  e g g s h e l l s  a r e  sought by t h e  
Namka: They e a t  t h e  meat and they use t h e  e g g s h e l l s  a s  canteens 
because they a r e  l i g h t  and hold l o t s  of  water .  Furthermore, du ikers  
f r e q u e n t l y  feed  on o s t r i c h  eggs. 

A s  a n  a n t h r o p o l o g i s t ,  you d o n ' t  know i f  t h i s  saying is  metaphorical ,  
r e f e r r i n g .  f o r  example, t o  c l a n  t e r r i t o r i e s  o r  r i t u a l  p r a c t i c e s ,  o r  i f  
t h e  say ing  r e f l e c t s  a  r e a l  r e l a t i o n s h i p  t h e  Namka use t o  guide t h e i r  
f o r a g i n g  behavior. Does it mean t h a t  i f  you f i n d  t h e  f i r s t  you f i n d  
t h e  second? T h i s  is what you a r e  t r y i n g  t o  f i n d  out.  

Is it f a c t  o r  f o l k l o r e ?  Do t h e  Namka u e g g s h e l l s  and duiker  meat, 
o r  a r e  t h e s e  th ings  merely symboZg f o r  something e l s e  e n t i r e l y ?  
Unfortunately,  you d o n ' t  know t h e i r  language w e l l  enough t o  ask them. 
So you dec ide  t o  i n v e s t i g a t e  whether t h e  r u l e  stat-ed i n  t h i s  saying 
h a s  any factual basis. 

Many s p e c i e s  of b i r d s  populate  t h e  a rea ,  and i n  your wanderings you 
have come a c r o s s  s e v e r a l  caches of eggs of  v a r i o u s  s o r t s .  The c a r d s  
below have information about  four  d i f f e r e n t  l o c a t i o n s  with egg caches. 
Each card  represen ts  one l o c a t i o n ,  and each l o c a t i o n  has t h e  t r a c k s  of 
one mammal a s s o c i a t e d  w i t h  it. One s i d e  of a  ca rd  t e l l s  what kind of 
e g g s h e l l  you found a t  a  l o c a t i o n ,  and t h e  oth?r s i d e  of t h e  ca rd  t e l l s  
which mammal's t r a c k s  you found there .  

Perhaps t h e  Namka's saying, has no f a c t u a l  basis. I n d i c a t e  only t h o s e  
c a r d ( s )  you d e r i n i t e l y  need t o  t u r n  over t o  s e e  i f  your f i n d s  a t  any 
of t h e s e  l o c a t i o n s  v i o l a t e s  the r u l e  expressed i n  t h e  Bamka's saying. 

................. 
A. : 

: q u a i l  
: eggshe l l  : 
: ............... : 
................. 

C. : 
duiker  : 

................. 
B. : 

o s t r i c h  : 
eggshel l  : :...............: 

................. 
D. : 

weasel : 

:...............: 



Rule A: 

Figure 6.4 Experiments 1 and 2 ;  Comparison of Unfamiliar Problems 

'A '  VERSIONS OP ONPAMILIAR PRDBLMS 'B' -IONS OP ONPAMILIAR PROBLMS 

(Exp 1) :  'If a man e a t s  cassava root,  then he must have a t a t too  on h i s  face.' 

(Exp 2):  'If a man has a t a t t o o  on h i s  face, .then he ea t s  cassava root:' 

Logical Category: 
(Exp 1) (Erp 2) 

.eats cassava root' P Q 
*eats molo nutsg not-P not-Q 
=ta t toom P P 
.no ta t toog  not-Q not+ 

A:Corron Story E l ~ e n t s :  A l l  ' A '  problcns involve a f i c t i o n a l  
Polynesian people ca l led  the 'Kaluame*. A f a c i a l  t a t too  means a man 
is married. no ta t too  means he is  a bachelor. 

AaV-D Story Smaary: You ( the  subjectf,  a r e  an anthropologist studying 
the Kaluame. Cassava root  and molo nuts a r e  foods found on two 
d i f fe ren t  par t s  of t h e i r  is land;  men e a t  one or the other. but not 
both. Harried men and bachelors tend t o  l i v e  on two d i f fe ren t  par t s  of 
the i d ~ d .  where cassava root and molo t r e e s  g r w ,  respectively. You 
read a report asaer t ing  t h a t  Rule A seems t o  hold. I f  so, perhaps men 
a re  simply eat ing foods which a r e  most ava i lab le  t o  them. But Rule A 
may not be true. You want t o  inves t iga te  fo r  yourself by seeing if 
any of four men (each card represents one man) a r e  breaking Rule A. 

ArV-STD. V-SWC Story Smnnry: You a r e  a Kaluame who has been entrusted 
t o  enforce your people's laws. Cassava root  is a powerful hut scarce 
aphrodisiac and a del icious food source; ea t ing  it is a rationed 
privi lege,  governed by Rule A. ,51010 nuts a r e  a common, undesirable 
food source with no i n t e r e s t i q  g m e d i c i ~ l '  properties. The Kaluame 
have very s tr ict  sexual mores,-and disapprove of sexual re la t ions  
between unmarried people. Your job i s  t o  catch any of four men (each 
card represents  one man) who might have cheated on Rule A. 

*'murrtm is  l e f t  out of the  f i r s t  clause because it v io la tes  common 
English ueage36. - 

Rule B: 

(Erp 1): .If you e a t  duiker meat, then you have found an o s t r i c h  eggshell: 

(Exp 2): 'If you have found an os t r ich  eggshell,  then you e a t  duiker meat: 

0-D Cards: 0-STD, O-SWC Cards: 
( ~ x p  I r 2) (Exp 1 L 2) 

Logical Category: 
(Exp 1 )  (Exp 2)  

'duiker: .eats some duiker meatg P 
'weasel 

Q 
'does not ea t  any duiker meat' not-P not+ 

'ostrich eggshellg 'has found an os t r ich  eggshell' Q P 
'quail eggshell' .has never found an ostr ich not-Q not-P 

eggshell' 

BxCmon Story Elementax I n  a l l  'B' problems, you [the sub jec t )  a r e  
an anthropologist studying a ( f i c t i o n a l )  southwest African hunter- 
gatherer group cal led the 'Namkag. Duikers a re  antelopes whose meat 
the Namka eat. 

B:O-D Story Slrmrary: You want t o  knw if Rule B i s  f a c t  or folklore. 
The whereabouts of both duikers (hunted for  t h e i r  meat) and o s t r i c h  
eggshells (used a s  canteens) a r e  of i n t e r e s t  t o  the Namka. Duikers 
frequently feed on os t r ich  eggs, so you guess Rule B r e f l e c t s  a r e a l  
relat ionship t h a t  the Naka use t o  guide t h e i r  foraging behavior. You 
don't  know the Naka ' s  language well enough t o  ask, so you decide t o  
see i f  Rule B has any fac tua l  basis. To do th i s ,  you can inves t iga te  
any of four locat ions (each card represents one locat ion) .  Assocaated 
with each location i s  the egg cache of one bird species and t h e  t racks 
of one mammal. 

BID-STD. U-SWC Story Smmary: You a r e  in te res ted  i n  whether Nmka boys 
obey the laws of t h e i r  people. Pinding os t r ich  eggshells is  a 
d i f f i c u l t ,  sophisticated t a s k  which represents a boy's t r a n s i t i o n  i n t o  
manhood. Duiker meat is a scarce and prized food; eat ing duiker meat 
a t  f e a s t s  is a pr ivi lege t h a t  must be earned, and is regulated by Rule 
B. You want t o  know if any of four boys a t  the f e a s t  cheated on t h i s  
law when no one but you w a s  looking (each card represents one boy). 



Figure 6.5 Familiar Descriptive and Abstract Problems 

Familiar Descriptive (F-D: Transportation Problem) 

PAGE 

Par t  of your new job fo r  the City of Cambridge is t o  study the  
demographics of transportat ion.  You read a previously done 
report  on the habi ts  of Cambridge residents which says: 

Abstract Problem (AP) 

PAGE 

Part  of your new c l e r i c a l  job a t  the l o c a l  high school is t o  make 
sure t h a t  student documents have been processed correctly.  Your 
job is  t o  make sure the  documents conform t o  the following 
alphanumeric rule:  

"If a person goes i n t o  Boston, then he takes  the  eubway." 

"If a person has a ' D o  ra t ing ,  then h i s  documents must be marked code '3'." 
The cards below have information about four Cambridge res idents .  
Each card represents one person. One s ide  of a card tells where 
a person went and the  other s ide  of the card t e l l s  how t h a t  
person got  there. 

Indica te  only those ca rd ( s )  you de f in i t e ly  need t o  tu rn  over to 
nee i f  any of these people v io l a t e  t h i s  rule. 

................. 
A. : 

: subway : 
: 

z . . . . . . . . . . . . . . . :  

................. 
C. : t  

cab 
t  

................. 
8. : 

r Arlington : 
t  I 
I...............: 

YOU suspect the  secre tary  you replaced d id  not categorize the 
students '  documents correctly.  The cards below have information 
about the  documents of four people who a r e  enrolled a t  t h i s  high 
school. Each card represents one person. One s ide  of a card 
t e l l s  a person's l e t t e r  r a t ing  and the  other s i d e  of the card 
t e l l s  t h a t  person's number code. 

Indica te  only those ca rd@)  you & f i n i t e l y  need t o  turn over t o  
see i f  t he  documents of any of these people v io l a t e  t h i s  rule. 

................. 
A. : : 

P : 
: 

t . . . . . . . . . . . . . . . :  



The i n s t r u c t i o n s  (reproduced i n  Figure  6.6) asked s u b j e c t s  t o  

do t h e  f o u r  t a s k s  i n  o r d e r ,  wi thout  r e r ead ing  any prev ious  s t o r y  

o r  reviewing o r  changing any previous answers. The i n s t r u c t i o n s  

were r ead  aloud t o  s u b j e c t s ;  i n  a d d i t i o n ,  s u b j e c t s  were given a s  

much t ime a s  they  wanted t o  r ead  t h e  i n s t r u c t i o n s  over t o  

themselves  be fo re  breaking  t h e  s e a l  and beginning t h e  experiment.  

A 1  though most s u b j e c t s  completed t h e  experiment i n  about  10 

minutes ,  they  were t o l d  they  could t a k e  a s  much t ime a s  they  wanted. 

R e s u l t s  . 
The pe rcen t  of s u b j e c t s  choosing 'P  & not-Q' f o r  each 

problem c l o s e l y  matches t h e  s o c i a l  c o n t r a c t  p r e d i c t i o n s  shown i n  

Tab le  6  .l. Hypotheses By and SS: both p r e d i c t  t h a t  t h e  percent  of 

Tab le  6.2 Experiment 1: Percent  of s u b j e c t s  choosing 
'P  & not-Q1 or  'not-P & Q '  f o r  each problem (n=24) 

U-STD-SC: 1 75 I 0 1 
I I I 

U-D : 1 2 1 1 0 I 
I I I 

AP : I 25 I 0 I 

F-D : 

Table  6 .2 shows t h e  percent  of s u b j e c t s  who chose e i t h e r  ' P  
& not-Q' or  'not-P & Q 1 .  Residual  responses:  These two 
c a t e g o r i e s  do no t ,  of course ,  exhaust  a l l  p o s s i b l e  
combinations of ca rd  cho ices  -- t h e r e  a r e  s i x t e e n  i n  a l l .  
Of t h e  6  responses  t o  t h e  U-STD-SC t h a t  were not  f u l l  SC 
answers,  5  were h a l f  c o r r e c t ,  " s i n s  of omission":  2 ' P I  
responses  (omi t ted  not-Q) and 3 'not-Q' responses  (omi t ted  
P )  . The 'not-Q' response i s  most i n t e r e s t i n g  because not-Q 
i s  t h e  c a r d  people  r o u t i n e l y  f o r g e t  t o  choose on Wason 
s e l e c t i o n  t a s k s ,  and i t  i s  r a r e l y  chosen a lone .  I f  one 
counts  'not-Q1 a s  a l s o  c o r r e c t  f o r  both t h e  U-STD-SC and t h e  
F-D, t h e  magnitude of t h e  d i f f e r e n c e  between them i n c r e a s e s  
(87.5% v. 54%) . 



Figure 6.6 Instructions r~ 

PLEASE DON'T LOOK THROUGH THIS BOOKLET YET 
( B u t  go ahead and read these  i n s t ruc t i ons )  

This  is  an experiment, completely opt ional ,  which w i l l  t ake  about 15 
minutes. 

I am i n t e r e s t e d  i n  how people think about d i f f e r e n t  soc i a l  s i t u a t i o n s ,  You 
w i l l  be reading some br ief  s t o r i e s  and then evaluat ing sentences l i k e :  

" I f  a  f r u i t  i s  an apple, then it mus t  be red." 

You w i l l  be evaluat ing the sentence with r e s  e c t  t o  information on four 
ca rds  -- ac tua l ly ,  Dictures of four cards ,  1 f ke the p i c tu re s  below. 

In  t h i s  example, each card would represent  a  f r u i t .  Each card would have 
the  name of a f r u i t  on one s i d e  and t h a t  f r u i t ' s  color on the  other s i de ,  
f o r  example: ................. 

B. t t 
t b lue t 
t t 

. red I 

: t 

................. 
D o  t t 

I pear : 
t t 

Of course, s ince  they a r e  only p ic tu res ,  you w i l l  only be ab le  t o  see one 
s i d e  of each card. The cards  need not correspond t o  the  way the  world 
r e a l l y  i s t  f o r  example, the  "pear" card could say "yellowN or "red" or  
"purple" on the back, the  "red" card could say "apple" or "banana" or 
"blueberry" on the  back, and so on. For each s to ry ,  you w i l l  be asked t o  
i n d i c a t e  only those ca rd (@)  you d e f i n i t e l y  need t o  t u rn  over t o  see  if any 
of them v i o l a t e  the  r e l a t i o n  s t a t e d  i n  the  sentence. c i r c l e  the l e t t e r ( s )  
(A,B,C,  or D )  which is next t o  the c a r d ( s )  you want t o  t u rn  over. 

There a r e  four d i f f e r e n t  s t o r i e s  on four d i f f e r e n t  pages. Don't look ahead 
a t  any s t o r i e s :  Read the  f i r s t  s to ry  and answer the  quest ion,  then read the  
second s t o r y  and answer its quest ion,  and so on, i n  the  order the  s t o r i e s  
appear i n  t h i s  booklet. Please read a s to ry  i n  i t s  e n t i r e t y  W you 
answer the  quest ion.  Once you have f in i shed  answering the  quest ion 
associa ted with a s t o ry  and gone on t o  the  next s to ry ,  b nat g a  b& and 
rereadanyereviousstorieeQcreview.mchanaeianyDraPious- 

Never t r y  t o  answer a quest ion without first having read the  e n t i r e  s t o r y  
ca re fu l ly .  There a r e  no " t r i ck"  quest ions.  I f  a  sentence or s to ry  seems 
ambiguous, use your common sense -- I am in t e r e s t ed  i n  what you would 
r e a l l y  do i f  faced with these s i t u a t i o n s  i n  r e a l  l i f e .  

In  sum: Pretend you r e a l l y  do have t o  inves t iga te  the  s i t u a t i o n  described 
i n  a  s tory .  Then, f o r  each card,  ask yoursel f :  "Would I need t o  see the  
information on the  other s i d e  of t h i s  card i n  order t o  make a judgment?" 
I f  the  answer is "yes", then c i r c l e  the  l e t t e r ,  A,B,C, or D, corresponding 
t o  t h a t  card. 

Don't s t a r t  u n t i l  I have f in i shed  reading the  i n s t ruc t i ons  aloud. Take 
your time and have f unl 

What year a r e  you? Fresh -, Soph I J r  - r  6r  , Other - (please  
spec i fy)  

Are you Female - or Male - ? Age ? 
i 1 



s u b j e c t s  choosing 'not-P & Q 1  w i l l  be very  low f o r  t h e s e  f o u r  

problems; indeed ,  no one made t h i s  response i n  Experiment 1 ( s e e  

Tab le  6.2) . 
C r i t i c a l  T e s t s  

P r e d i c t i o n s  f o r  c c i t i c a l  t e s t s  1 and 2  a r e  t aken  from Tab le  

6.1; f o r  c r i t i c a l  tests 3 and 4 ,  they  a r e  t aken  from Table  6.3.  
' E  

P r e d i c t i o n s  f o r  c r i t i c a l  t e s t s  5 and 6  a r e  de r ived  from both 

t a b l e s .  

C r i t i c a l  Tes t  1: Does an  un fami l i a r  s t a n d a r d  s o c i a l  c o n t r a c t  
e l i c i t  t h e  p r e d i c t e d  SC response,  ' P  & not-Q'? 

To answer t h i s  q u e s t i o n ,  responses  t o  t h e  two un fami l i a r  

problems must be compared; t h e s e  problems use  t h e  same r u l e ,  bu t  

t h e  s t o r y  sur rounding  one r u l e  makes it a  s o c i a l  c o n t r a c t  whereas 

t h e  s t o r y  sur rounding  t h e  o the r  makes i t  a  d e s c r i p t i v e  r u l e .  

Percen tage  'P  & not-Q' responses:  

S o c i a l  Cont rac t  A v a i l a b i l i t y  
P r e d i c t i o n :  P r e d i c t i o n :  

U-STD-SC V. U-D. U-STD-SC > U-D U-STD-SC = U-D 
h igh  1 ow 1 ow 1 ow 

BJI does no t  p r e d i c t ,  and cannot  account f o r ,  a  wide d i s c r epancy  

i n  f a l s i f y i n g  ( 'P  & not-Q')  responses  between t h e s e  two 

un fami l i a r  problems. Yet a  h igh ly  s i g n i f i c a n t  54 p o i n t  

d i s c r epancy  occur red ,  j u s t  a s  SC p r e d i c t s  (75% v. 21%: F - - 
1123 

27 -18,  p  << .001, r = .74*).  U-STD-SC a l s o  produced a  

* r is an  e f f e c t  s i z e ,  which v a r i e s  between z e r o  and one 
(Rosentha l  & Rosnow, 1984) . 



s i g n i f i c a n t  "content  e f f e c t "  when measured a g a i n s t  t h e  AP 

(75% v. 25%: F = 13.80, p < .005, r = .61) .  The U-D and AP - 
1 r23 

both e l i c i t e d  t h e  same low l e v e l s  of f a l s i f y i n g  responses  (21% v. 

. . 
C r i t i c a l  Tes t  2: Are t h e r e  more S C  responses  t o  an unfamlllar 

s t a n d a ~ d  s o c i a l  c o n t r a c t  t han  f a l s i f y i n g  
responses  t o  a  familiar d e s c r i p t i v e  problem? 

A l l  problems asked s u b j e c t s  t o  d e t e c t  p o t e n t i a l  v i o l a t i o n s  

of t h e  r u l e .  Therefore ,  any e f f e c t  a v a i l a b i l i t y  has  i n  e l i c i t i n g  

f a l s i f  v u s  
. . responses  t o  f a m i l i a r  non-SC problems can be used a s  a  

m e t r i c  f o r  judging t h e  s i z e  of t h e  s o c i a l  c o n t r a c t  e f f e c t .  

Percentage 'P  & not-Q1 responses:  

S o c i a l  Cont rac t  A v a i l a b i l i t y  
P red ic t ion :  P r e d i c t i o n :  

U-STD-SC V. F-D U-STD-SC > F-D U-STD-SC F-D 
high low* 1 ow mid-low 

A s  s o c i a l  c o n t r a c t  t heo ry  p r e d i c t s ,  an un fami l i a r  s o c i a l  c o n t r a c t  

(U-STD-SC) with  which no s u b j e c t  could have had any a c t u a l  

exper ience  e l i c i t e d  s i g n i f i c a n t l y  more " f a l s i f y i n g "  responses  (SC 

responses)  t han  a  f a m i l i a r  r e l a t i o n  (F-D) with which s u b j e c t s  

were l i k e l y  t o  have had exper ience  (75% v. 46%: F = 5.24, p  < 
1,23 

d i r e c t i o n .  Counting r a r e  r e s i d u a l s  ( s e e  legend,  Table  6.2) f o r  

both problems magni f ies  U-STD-SC' s advantage (87.5% v. 54%: 

* On Tab le  6 .l, SC p r e d i c t i o n s  regard ing  magnitudes f o r  F-D 
problems assume no e f f e c t  of a v a i l a b i l i t y ;  a c t u a l l y ,  SC i s  s i l e n t  
on whether or not  a v a i l a b i l i t y  e x e r c i s e s  an independent e f f e c t  on 
f a m i l i a r  problems. 



Experiment 2 

Experiment 2 was i d e n t i c a l  t o  Experiment 1, except  t h e  

unf a rn i l ia r  r u l e s  were switched r a t h e r  than s tandard .  The f o u r  

problems f e l l  i n t o  t h e  fo l lowing  t h e o r e t i c a l  c a t e g o r i e s  : 

U-SWC-SC: Unf amil!iar  - Switched S o c i a l  Cont rac t  
U-D : Unfamil iar  - D e s c r i p t i v e  
AP : Abs t r ac t  Problem 
F-D : Fami l ia r  - Desc r ip t ivez  

Table  6.3 shows t h e  r e l a t i v e  percentages  of 'P  & not-Q1 and 

'not-P & Q '  responses  expected i n  Experiment 2 ,  assuming t h a t  

responses  a r e  determined by e i t h e r  SC a lgo r i t hms  o r  a v a i l a b i l i t y ,  

bu t  no t  both.  

Tab le  6.3 P r e d i c t i o n s ,  Experiment 2: S o c i a l  c o n t r a c t  theory  versus  
a v a i l a b i l i t y  theory.  

SWITCHED S o c i a l  Cont rac t  (SWC-SC) v. D e s c r i p t i v e  problems. 

S o c i a l  Cont rac t  A v a i l a b i l i t y  S o c i a l  Cont rac t  A v a i l a b i l i t y  

U-SWC-SC: very  low 1 ow high very low 
U-D : 1 ow 1 ow very low very low 
AP: 1 ow 1 ow very low very low 
F-D : 1 ow middl ing t o  low very low very low 

Table  6.3 R e l a t i v e  percentages  of ' P  & not-Q' and 'not-P & Q 1  

responses  expec ted  f o r  Experiment 2 ,  assuming t h a t  responses  
a r e  determined by e i t h e r  SC a lgo r i t hms  o r  a v a i l a b i l i t y ,  bu t  no t  both.  

'2 & pot-Q' r e svonses :  S o c i a l  Cont rac t  P r e d i c t i o n s :  These a r e  
t h e  c a r d s  SC a lgo r i t hms  should ignore  on switched s o c i a l  
c o n t r a c t  problems; hence t h e  percentage of " f a l s i f y i n g "  
responses  should be verv low on t h e  U-SWC-SC. The r a t i o n a l e  f o r  
t h e  o the r  p r e d i c t i o n s  i s  t h e  same a s  t h a t  p resen ted  i n  Table  
6.1 f o r  Experiment 1. 

'not-P st Q' responses:  Both hypotheses p r e d i c t  a low 
percentage  f o r  a l l  problems o t h e r  than t h e  U-SWC-SC, f o r  which, 
accord ing  t o  s o c i a l  c o n t r a c t  t heo ry ,  it i s  t h e  p r e d i c t e d  
response.  See r a t i o n a l e  i n  Table  6.1. 



Sub j e c t s  . 
Twenty-f our undergraduates  from Harvard Un ive r s i t y  

p a r t i c i p a t e d  i n  Experiment 2; they  were pa id  v o l u n t e e r s  r e c r u i t e d  

by adver t i sement  (11 females ,  13  males; mean age: 19.0 y e a r s ) .  

M a t e r i a l s  and Procedure.  

The procedure was i d e n t i c a l  t o  t h a t  f o r  Experiment 1. The 

m a t e r i a l s  were a l s o  i d e n t i c a l  with one except ion:  f o r  un fami l i a r  

r u l e s ,  t h e  p r o p o s i t i o n s  were switched. Thus, t h e  ' A '  ve r s ion  

r u l e  f o r  t h e  U-D and U-SWC-SC problems was: " I f  a  man has  a  

t a t t o o  on h i s  f a c e  then  he e a t s  cassava  roo t , "*  and t h e  'B1 

ve r s ion  r u l e  was " I f  you have found an o s t r i c h  e g g s h e l l ,  then  you 

e a t  du i  ker meat. " 

R e s u l t s  . 
Table  6 . 4  shows t h e  percent  of s u b j e c t s  choosing 'P & not-Q1 

and 'not-P & Q '  f o r  each problem: t h e s e  f i g u r e s  c l o s e l y  match t h e  

s o c i a l  c o n t r a c t  p r e d i c t i o n s  ( s e e  Table  6 .3 ) .  

C r i t i c a l  Tes t  3: Does an un fami l i a r  switched s o c i a l  c o n t r a c t  
e l i c i t  t h e  p r e d i c t e d  SC response,  'not-P & 4'3 

Adaptive i n f e r e n c e  d ive rges  sharp ly  from l o g i c a l  in£ e r  ence 

f o r  SWC-SC problems. 'Not-P & Q '  is completely a t  v a r i a n c e  with  

formal  l o g i c  and a  very  r a r e  response on Wason s e l e c t i o n  t a s k s  -- 
BY p r e d i c t s  it w i l l  be r a r e  f o r  a l l  problems. However, 'not-P & 

Q 1  i s  t h e  c o r r e c t  SC response t o  a  switched s o c i a l  c o n t r a c t ,  no 

ma t t e r  how unfami l i a r .  Therefore ,  C r i t i c a l  Test  3 r e q u i r e s  t h a t  

t h e  U-SWC-SC be compared t o  a l l  t h e  o the r  r u l e s ;  'not-P & Q 1  is 

t h e  p r e d i c t e d  response only f o r  t h e  U-SWC-SC. 

* "must" was l e f t  o u t  of t h e  " I f "  c l a u s e  because i t  v i o l a t e s  
common Engl i  sh  usage. 



T a b l e  6.4 Exper iment  2: P e r c e n t  of  s u b j e c t s  c h o o s i n g  'P  & not -Q '  
o r  'no t -P  & Q 1  f o r  e a c h  problem (n-24) 

u-SWC-SC: I 4  I 
I I 

U-D : I 12  I 
I I 

AP : I 1 2  1 

T a b l e  6.4 shows t h e  p e r c e n t  of  s u b j e c t s  who c h o s e  e i t h e r  ' P  & 
not-Q'  o r  ' no t -P  & Q '  i n  Exper iment  2 .  R e s i d u a l  r e s p o n s e s :  O f  
t h e  8  r e s p o n s e s  t o  t h e  U-SWC-SC t h a t  were n o t  f u l l  SC a n s w e r s ,  
6 were " s i n s  o f  o m i s s i o n n :  1 'not-P '  ( o m i t t e d  Q) and  5  'Q '  
( o m i t t e d  n o t - P ) .  Both are rare a n s w e r s  on Wason s e l e c t i o n  
t a s k s ,  and  t h e  f r e q u e n c y  o f  ' Q '  r e s p o n s e s  i s  much h i g h e r  t h a n  
i ts  e x p e c t e d  v a l u e  b a s e d  on  t h e  o t h e r  p rob lems  i n  Exps 1 and  2  
(2=4.00, g<.00003) . I f  one c o u n t s  r a r e ,  h a l f - c o r r e c t  r e s i d u a l s  
as  a l s o  c o r r e c t  ( ' Q '  f o r  U-SWC-SC, ' not-Q'  f o r  F-D) , t h e  
magn i tude  of  t h e  d i f f e r e n c e  between U-SWC-SC a n d  F-D i n c r e a s e s  
(87.5% v. 5 4 % ) ,  e x a c t l y  ma tch ing  t h e  U-STD-SC v. F-D f i g u r e s  i n  
Exp 1 f o r  t h e  e q u i v a l e n t  c a t e g o r i z a t i o n  scheme. 

P e r c e n t a g e  ' no t -P  & Q '  r e s p o n s e s :  

S o c i a l  C o n t r a c t  A v a i l a b i l i t y  
P r e d i c t i o n :  P r e d i c t i o n :  

U-SWC-SC V. U-D,AP,F-D. U-SWC-SC > U-D,AP,F-D U-SWC-SC = U-D,AP,F-D 
h i g h  v e r y  low v e r y  low v e r y  low 

The l a r g e  a n d  s i g n i f i c a n t  63-67 p o i n t  d i f f e r e n c e  between t h e  

U-SWC-SC a n d  a l l  o t h e r  p rob lems  (67% v. 48 ,  O % ,  08 ,  L = +3,-1,-1,-1: 

F = 116.26 ,  p << .001, r = .79) is  p r e d i c t e d  o n l y  by SIC.  
1,69 

'Not-P & Q '  was chosen  o n l y  once  on any non-SWC-SC p rob lem i n  

Exper iment  2 ,  and  was n o t  chosen  by anyone i n  Exper iment  1. 



i t i c a l  Tes t  4: Are t h e r e  more S C  responses  t o  an un fami l i a r  
swi tched  s o c i a l  c o n t r a c t  than  f a l s i f y i n g  
responses  t o  a  f a m i l i a r  d e s c r i p t i v e  problem? 

A s  i n  C r i t i c a l  Tes t  2,  one can use t h e  percentage  of 

f a l s i f y i n g  responses  t o  t h e  F-D problem a s  a  m e t r i c  f o r  judging 

t h e  s i z e  of t h e  s o c i a l  c o n t r a c t  e f f e c t .  T h i s  r e q u i r e s  t h a t  t h e  
I C 

propor t ion  of SC responsCs ( 'not-P & Q') t o  t h e  U-SWC-SC be 

compared t o  t h e  p ropor t ion  of f a l s i f y i n g  responses  t o  t h e  F-D. 

Percentage  'not-P & Q '  responses  t o  U-SWC-SC, 
Percentage  'P  & not-Q' responses  t o  F-D: 

S o c i a l  Cont rac t  A v a i l a b i l i t y  
P r e d i c t i o n :  P red ic t ion :  

U-SWC-SC V. F-D. U-SWC-SC > F-D U-SWC-SC < F-D 
high 1 ow very low mid-low 

A s  SC p r e d i c t s ,  SC responses  t o  t h e  U-SWC-SC o u t s t r i p p e d  

f a l s i f y i n g  responses  t o  t h e  F-D (67% v. 50%: F = 2.09, n . s . ) .  
l r23 

The d i f f e r e n c e  i s  no t  s i g n i f i c a n t ;  however AY p r e d i c t s  an 

i n e q u a l i t y  i n  t h e  Q D D O S ~ ~  d i r e c t i o n .  When r a r e  r e s i d u a l s  a r e  

counted f o r  both problems (U-SWC-SC: ' Q ' ;  F-D: 'not-Q')  , t h e  

d i f f e r e n c e  i s  magnif ied t o  t h e  exac t  p ropor t ions  found f o r  t h e  

p a r a l l e l  U-STD-SC v. F-D comparison i n  Experiment 1, and i s  

s i g n i f i c a n t  (87.5% v. 54%: F =8.36, p  < .01, r = .52) . T h i s  
1,23 

s u p p o r t s  t h e  con ten t ion  t h a t  SC a lgo r i t hms  a r e  a  major 

de te rminant  of responses  t o  problems invo lv ing  s o c i a l  exchange, 

even when t h o s e  problems a r e  unfami l ia r .  



Experiment 1 versus  Experiment 2 

C r i t i c a l  Tes t  5: Is t h e  c o r r e c t  SC response  t o  a s t a n d a r d  s o c i a l  
c o n t r a c t  ('P & not-0 ')  very  r a r e  f o r  a swi tched  
s o c i a l  c o n t r a c t ?  

Because t h e  U-STD-SC and U-SWC-SC a r e  both un fami l i a r  

problems, p r e d i c t s  t hey  should both e l i c i t  low l e v e l s  of 'P  & 

not-Q' responses .  The s o c i a l  c o n t r a c t  p r e d i c t i o n  could  no t  be 
't 

more d i f f e r e n t .  For a STD-SC, P r e p r e s e n t s  t h e  " b e n e f i t  

a ccep t edn  c a r d  and not-Q r e p r e s e n t s  t h e  "cos t  NOT pa id"  c a r d ,  t h e  

c a r d s  t h a t  a "look f o r  c h e a t e r s "  procedure  should  choose. 

However, f o r  a SWC-SC, P r e p r e s e n t s  t h e  "cos t  p a i d n  c a r d  and not-  

Q r e p r e s e n t s  t h e  " b e n e f i t  NOT accep tedn  c a r d ,  t h e  c a r d s  a "look 

f o r  c h e a t e r s n  procedure  should i gno re  because they  r e p r e s e n t  

people  who could  no t  pos s ib ly  have chea t ed  ( s e e  F igu re  6 .1 ) .  

What l o g i c a l  c a t ego ry  t h e s e  c a r d s  f a l l  i n t o  i s  simply i r r e l e v a n t  

from a s o c i a l  c o n t r a c t  pe r spec t ive .  Cards should be chosen on 

t h e  b a s i s  of t h e i r  c o s t / b e n e f i t  c a t ego ry ,  no t  t h e i r  l o g i c a l  

c a t ego ry .  

Percen tage  ' P  & not-Q' responses:  

S o c i a l  Cont rac t  A v a i l a b i l i t y  
P red i c t i on :  P r e d i c t i o n :  

U-STD-SC V. U-SWC-SC. U-STD-SC >> U-SWC-SC U-STD-SC = U-SWC-SC 
high very  low 1 ow 1 ow 

The l a r g e  and s i g n i f i c a n t  71  p o i n t  d i sc repancy  i n  ' P  & not-  

Q '  r esponses  between U-STD-SC and U-SWC-SC problems i s  p r e d i c t e d  

on ly  by SC (75% v. 4%: 2 = 5.02, p < .0000005, p h i  = .72*).  

Furthermore,  t h e  SC p r e d i c t i o n  t h a t  t h e  dominant, SC response t o  



t h e  U-STD-SC w i l l  be ve ry  r a r e  on t h e  U-SWC-SC was borne out .  

Only one s u b j e c t  gave t h e  STD-SC answer, ' P  & not-Q' ,  i n  response 

t o  t h e  U-SWC-SC -- and t h i s  was one of only two s u b j e c t s  i n  Exp 2 

t o  g i v e  f a l s i f y i n g  answers t o  a l l  of t h e  t h r e e  o the r  problems. 

r i t i c a l  Tes t  6: Is t h e  c o r r e c t  SC response  t o  a swi tched  s o c i a l  
c o n t r a c t  ( 'not-P & Q') very  r a r e  f o r  a s t a n d a r d  
s o c i a l  c o n t r a c t ?  

, = 

C r i t i c a l  Tes t  6 i s  simply t h e  f l i p  s i d e  of C r i t i c a l  Tes t  5. 

The p r e d i c t e d  SC response  t o  a SWC-SC i s  'not-P & Q ' :  not-P 

r e p r e s e n t s  t h e  "cos t  NOT pa id"  c a r d  and Q r e p r e s e n t s  t h e  " b e n e f i t  

accep ted"  c a r d  ( s e e  F igu re  6 .1) .  But f o r  a STD-SC, not-P 

r e p r e s e n t s  t h e  " b e n e f i t  NOT accep ted"  c a r d  and Q r e p r e s e n t s  t h e  

" cos t  pa id"  c a r d  -- t h e  c a r d s  a "look f o r  c h e a t e r s "  procedure  

should  i gno re ,  r e g a r d l e s s  of t h e i r  l o g i c a l  ca tegory .  Hence, SC 

p r e d i c t s  t h a t  t h e  c o r r e c t  SC answer t o  a SWC-SC, 'not-P & Q ' ,  

w i l l  be ve ry  r a r e  f o r  a STD-SC. I n  c o n t r a s t ,  By p r e d i c t s  t h a t  

t h e  pe rcen t age  of s u b j e c t s  choosing 'not-P & Q '  on t h e  U-STD-SC 

and t h e  U-SWC-SC w i l l  be about  equa l ,  and very  low ( s e e  Tab le  6 .1 ) .  

Percen tage  'not-P & Q '  responses:  

S o c i a l  Cont rac t  A v a i l a b i l i t y  
P r e d i c t i o n :  P r e d i c t i o n :  

U-SWC-SC V. U-STD-SC. U-SWC-SC >> U-STD-SC U-SWC-SC = U-STD-SC 
high very  low very  low very  low 

The l a r g e  and s i g n i f i c a n t  67 p o i n t  d i sc repancy  i n  'not-P & Q '  

responses  between U-SWC-SC and U-STD-SC problems i s  p r e d i c t e d  

on ly  by SI: (67% v. 0%: Z = 4.90, p < .0000005, ph i  = .71) . 
* p h i  i s  an e f f e c t  s i z e ,  which v a r i e s  between z e r o  and one 
(Rosentha l  & Rosnow, 1984) .  



Furthermore,  t h e  SC p r e d i c t i o n  t h a t  t h e  dominant, SC response t o  

t h e  U-SWC-SC w i l l  be ve ry  r a r e  on t h e  U-STD-SC was borne ou t :  no 

one gave t h e  SWC-SC answer, 'not-P & Q ' ,  i n  response t o  t h e  

U-STD-SC. 

Summary, C r i t i c a l  T e s t s  f o r  Experiments 1 and 2. 

Because t h e  BJI and SC hypotheses make very  d i f f e r e n t  

p r e d i c t i o n s  r ega rd ing  s i x  comparisons between problems, c r i t i c a l  

t e s t s  between t h e s e  two hypotheses  can be c o n s t r u c t e d  from t h e  

p r e d i c t i o n s  of Table  6  -1. The r e s u l t s  f o r  each of t h e  s i x  tests 

v e r i f y  t h e  SC p r e d i c t i o n  and f a l s i f y  t h e  By p r e d i c t i o n  ( s e e  

Figure  6.7 f o r  summary of c r i t i c a l  t e s t s  and r e s u l t s ) .  

S o c i a l  Cont rac t  T e s t s  

C r i t i c a l  tests only add res s  t h e  ques t ion :  Is t h e  d a t a  b e t t e r  

expla ined  by s o c i a l  c o n t r a c t  theory  or a v a i l a b i l i t y  theory?  

However, t h e r e  a r e  o ther  q u e s t i o n s  one can ask of t h i s  d a t a  t h a t  

a r e  s p e c i f i c  t o  s o c i a l  c o n t r a c t  theory .  Because t h e s e  q u e s t i o n s  

i nvo lve  a  comparison of r e s u l t s  from Experiments 1 and 2 ,  f o r  

convenience,  t h e  d a t a  from Tables  6.2 and 6.4 a r e  combined i n t o  

Table  6.5 below. 

Are t h e  l o g i c a l l y  d i s t i n c t  SC answers t o  s t a n d a r d  and 
swi tched  SC problems produced by t h e  same a lgo r i thms?  

The c o r r e c t  SC answers f o r  s t anda rd  and switched s o c i a l  

c o n t r a c t s  a r e  very  d i f f e r e n t  from a  l o g i c a l  po in t  of view: 'P  & 

not-Q' f o r  U-STD-SC v. 'not-P & Q '  f o r  U-SWC-SC. However, t h e  

p ropor t ions  of SC answers t o  t h e  U-STD-SC (75%) and U-SWC-SC 

(67%) a r e  not  s i g n i f i c a n t l y  d i f f e r e n t  (Z = 0.63),  j u s t  a s  one 



F i g u r e  6 . 7  

CRITICAL TESTS: SOCIAL CONTRACT THEORY VERSUS AVAILABILITY THEORY 

U-STD-SC > U-D 

U-STD-SC > F-D 

st2 75% >> 496, 
2=5.02, p<.0000005, phi=.72* 

SC: 67% >> W, 
2 4 . 9 0 ,  p<.0000005, phiz.71 

-) I 

AVAILABILITY ASSESSED: EXPERIMENTS 1 AND 2 

Exp 1: 46% > 25%, 21% 
Exp 2: 50% > 1246.12% 

Exp 1: F-D v. AP: NO EFFECT ( F 1 ~ 1 4 . 0 2 ,  n.s.); F-D v. U-D: EFFECT (F,,zl=5.31,p<.05) 

EXP 2: F-D V. AP: EFFECT (Fl,n=13.80, p<.OOS); F-D V. U-D: EFFECT (F1,~1=13.80.p<.005) 



................................................................ 
Tab le  6.5 Experiments 1 and 2: Percen t  of s u b j e c t s  choosing 

IP & not-Q1 or  'not-P & Q 1  f o r  each problem 

Experiment 1 
( n= 2 4 ) 

Experiment 2 
(n=24) 

P not-P P not-P 
not-Q Q not-Q Q 

9 C 

U-STD-SC: 1 75* 1 O L  1 1  U-SWC-SC: 1 4 1 67* 1 1 
I 

U-D : 
I I I I I 

u q :  
I I 

1 2 1  1 0 I I  1 1 2  1 4 1 1  
I I I I I I I I 

AP : 1 2 5  1 0 I I  Ap: 1 1 2  I 0  I I  
I I I I I I I I 

F-D : 1 4 6  I 0 I )  F -D 1 5 0  1 0 I 1  
I I I I I I I I 

* p r ed i c t ed  SC response t o  s o c i a l  c o n t r a c t  problems. 

would expec t  i f  t h e  same SC a l g o r i t h m s  were producing t h e s e  two, 

l o g i c a l l y  d i s t i n c t ,  responses .  When r a r e  r e s i d u a l s  ( s e e  legend ,  

Tables  6.2 and 6.4) a r e  added i n ,  t h e  percen tage  of SC answers on 

t h e s e  two problems i s  i d e n t i c a l  -- 87.5%. Using pe rcen t  

f a l s i f y i n g  answers  t o  t h e  U-D (same r u l e  a s  U-SC) a s  a b a s e l i n e  

f o r  comparison, t h e  r e l a t i v e  advantage SC s t a t u s  gave i n  

producing SC answers  i s  almost  i d e n t i c a l  f o r  both SC problems: 54 

p o i n t s  between U-STD-SC and i ts  U-D, 55 p o i n t s  between U-SWC-SC 

and i ts  U-D. 

Tab le  6.6 shows t h e  f r e q u e n c i e s  wi th  which i n d i v i d u a l  c a r d s  

were s e l e c t e d  i n  Experiments 1 and 2. 

Table 6.6 Experiments 1 and 2: S e l e c t i o n  f requenc ies  f o r  ind iv idua l  ca rds ,  s o r t e d  by l o g i c a l  category and s o c i a l  c o n t r a c t  ca tegory  ................................................................................................................................... 
I 

u-SC U-SC 
U-D AP P-D STD SWC STD SWC 

Logical  S o c i a l  Contract  
Categoryr Exp 1 Exp 2 Exp 1 Exp 2 Exp 1 Exp 2 Exp 1 Exp 2 Category r Exp 1 Exp 2 

P 21 1 9  23 23 22 22 20 2 I Benef i t  Accepted 20 21 
not-P 5 6 6 6 1 1 1 17 I Benef i t  NOT Accepted 1 1 
Q 9 12 8 14 4 1 0 21 I Cost Paid 0 2 
not-9 6 7 11 11 13 14 22 1 I Cost NOT Paid 22 17 

When c a r d s  a r e  s o r t e d  acco rd ing  t o  t h e i r  l o g i c a l  c a t ego ry ,  a l l  

21 8 



problems r e p l i c a t e  n i c e l y  over Experiments 1 and 2, except  t h e  

s o c i a l  c o n t r a c t  problems. When s o r t e d  acco rd ing  t o  l o g i c a l  

c a t ego ry ,  s e l e c t i o n  f r e q u e n c i e s  f o r  t h e  U-STD-SC and U-SWC-SC a r e  

r a d i c a l l y  a t  v a r i a n c e  wi th  one another .  When s o r t e d  acco rd ing  t o  

s o c i a l  c o n t r a c t  c a t ego ry ,  however, t h e i r  p r o f i l e s  a r e  almost 

i d e n t i c a l .  T h i s  i n d i c a t e s  t h a t  f o r  un fami l i a r  s o c i a l  c o n t r a c t  

problems, a  s o c i a l  c o n t r a c t  c a t e g o r i z a t i o n  scheme c a p t u r e s  

dimensions t h a t  a r e  p sycho log ica l l y  r e a l  f o r  s u b j e c t s ,  whereas a  

l o g i c a l  c a t e g o r i z a t i o n  scheme does not .  

How w e l l  do SC a l g o r i t h m s  o p e r a t e  i n  novel ,  ve r sus  f a m i l i a r ,  
s o c i a l  exchanges? 

I f  SC a l g o r i t h m s  a r e ,  i n  p a r t ,  f r a m e - k u i h k u ,  a s  proposed,  

one would expec t  them t o  o p e r a t e  i n  novel s o c i a l  exchanges,  a s  

w e l l  a s  i n  f a m i l i a r  ones. I n  f a c t ,  t h e  75% " f a l s i f i c a t i o n n  r a t e  

on t h e  U-STD-SC, an un fami l i a r  s o c i a l  c o n t r a c t ,  i s  e q u i v a l e n t  t o  

t h a t  u s u a l l y  found f o r  t h e  Drinking Age Problem, a  h igh ly  

f a m i l i a r  s t a n d a r d  s o c i a l  c o n t a c t  (Cox & Griggs,  1982; Gr iggs  & 

Cox, 1982; Gr iggs  & Cox, 1983; s e e  Chapter 2 ) .  T h i s  cannot  be 

accounted  f o r  by d i f f e r e n c e s  i n  s u b j e c t  popu la t i ons  : 78% of a  

s i m i l a r  group of 23 Harvard undergradua tes  " f a l s i f i e d n  on t h e  DAP 

( s e e  Experiment 6-A below).  Thus, t h e  pe rcen t  of Harvard 

undergradua tes  choosing 'P & not-Q' on a  STD-SC was t h e  same, 

r e g a r d l e s s  of whether t h e  s o c i a l  c o n t r a c t  was very  f a m i l i a r  or 

complete ly  un fami l i a r  (78% v. 75%: Z = 0.26, n.s .)  . 
The same was t r u e  of t h e  un fami l i a r  switched s o c i a l  

c o n t r a c t .  The percen tage  of s u b j e c t s  choosing 'not-P & Q' on t h e  

U-SWC-SC d i d  no t  d i f f e r  s i g n i f i c a n t l y  from t h e  percen tage  

choosing 'P  & not-Q'  f o r  t h e  f a m i l i a r  DAP (67% v. 78%: Z = 0.88, 

21 9  





non-SC problems i n  producing f a l s i f y i n g  responses  (average  

advantage = 30.5) . However, u s ing  pe rcen t  f a l s i f y i n g  responses  

t o  U-Ds  and APs a s  a  b a s e l i n e  f o r  comparison, t h e  a v a i l a b i l i t y  

advantage appea r s  t o  be much less important  than  t h e  s o c i a l  

c o n t r a c t  e f f e c t .  The average advantage i n  producing SC responses  

t h a t  s o c i a l  c o n t r a c t  s t a t u s  g i v e s  t o  an un fami l i a r  problem i s  

abou t  1 .8  t imes  t h e  s i z e  of t h e  a v a i l a b i l i t y  advantage.  And, a s  

C r i t i c a l  T e s t s  2 and 4 of F igure  6.7 show, more SC responses  were 

e l i c i t e d  by unfamlllar . . s o c i a l  c o n t r a c t  problems than  f a l s i f y i n g  

responses  by f a m i l i a r  non-SC problems t h a t  had an a v a i l a b i l i t y  

advantage.  

Summary, Experiments 1 and 2.  

Unfamil iar  though they  were, s o c i a l  c o n t r a c t  problems 

r e l i a b l y  e l i c i t e d  s o c i a l  c o n t r a c t  answer sf  even when t h e s e  were 

r a d i c a l l y  a t  v a r i a n c e  wi th  formal  l o g i c .  Furthermore,  non-SC 

problems (U-D, AP, F-D) d i d  no t  show t h i s  d i s t i n c t i v e  p a t t e r n  of 

v a r i a t i o n .  A v a i l a b i l i t y  a lone  can n e i t h e r  p r e d i c t  nor e x p l a i n  

t h e  r e s u l t s  of t h e s e  experiments.  I n  a d d i t i o n  t o  t h e  s o c i a l  

c o n t r a c t  e f f e c t ,  t h e r e  a l s o  appea r s  t o  have been a  marg ina l  

e f f e c t  of a v a i l a b i l i t y  on F-D problems. 

Experiment 3 

I n  Experiments 1 and 2, t h e  un fami l i a r  s o c i a l  c o n t r a c t s  used 

were expressed  a s  laws of o n e ' s  s o c i a l  group. I d i d  t h i s  because 

t h e  r u l e s  used i n  t h e  l i t e r a t u r e  on t h e  Wason s e l e c t i o n  t a s k  were 

i n v a r i a b l y  expressed  a s  laws.  Moreover, u s ing  a  s o c i a l  c o n t r a c t  

law l e t  me use t h e  e x a c t  same r u l e  i n  U-SC and U-D problems. 



However, s o c i a l  c o n t r a c t  a lgo r i t hms  should work j u s t  a s  w e l l  

wi th  c o n d i t i o n a l s  t h a t  exp re s s  a  p r i v a t e  s o c i a l  exchange between 

j u s t  two i n d i v i d u a l s ,  r u l e s  l i k e :  

" I f  you do X f o r  me, then  I ' l l  do Y f o r  you," 

o r ,  e q u i v a l e n t l y ,  

" I f  I do Y f , ~ r  you, then  you do X f o r  me. " 

To t e s t  t h i s ,  I conducted two exper iments  (Experiments 3  and 4 )  

t h a t  were i d e n t i c a l  t o  Experiments 1 and 2,  except  t h e  un fami l i a r  

s o c i a l  c o n t r a c t s  used expressed  an exchange between two 

i n d i v i d u a l s  r a t h e r  than  a  s o c i a l  law. 

The p r e d i c t i o n s  f o r  Experiments 3  and 4 a r e  i d e n t i c a l  t o  t h e  

p r e d i c t i o n s  f o r  Experiments 1 and 2. Hence, they  provide  an 

oppor tun i ty  t o  r e p l i c a t e  t h e  r e s u l t s  of t h e  s i x  c r i t i c a l  t e s t s  

f o r  choos ing  between s o c i a l  c o n t r a c t  t heo ry  and a v a i l a b i l i t y  t heo ry .  

S u b j e c t s .  

Twenty-f our undergraduates  from Harvard U n i v e r s i t y  

p a r t i c i p a t e d  i n  Experiment 3; t hey  were pa id  v o l u n t e e r s ,  

r e c r u i t e d  by adver t i sement  (11 females ,  13  males;  mean age: 20.0 

y e a r s  (no d a t a  on age of 3  s u b j e c t s )  ) . 
M a t e r i a l s  and Procedures .  

The procedure  was i d e n t i c a l  t o  t h a t  d e s c r i b e d  f o r  Experiment 1. 

The m a t e r i a l s  were a l s o  i d e n t i c a l ,  wi th  one except ion :  t h e  U-STD-SC 

exp re s sed  a  p r i v a t e  exchange r a t h e r  than a  s o c i a l  law. The ' A '  

v e r s i o n  r u l e  was: " I f  you g e t  a  t a t t o o  on your f a c e ,  then  1'11 

g i v e  you ca s sava  roo t .  " The 'B' ve r s ion  r u l e  was: " I f  you g i v e  

me your o s t r i c h  e g g s h e l l ,  then  I ' l l  g i v e  you du iker  meat. " I n  

both c a s e s ,  t h e  "dea ln  was o f f e r e d  by t h e  person i d e n t i f i e d  i n  

t h e  s t o r y  a s  t h e  p o t e n t i a l  chea t e r .  Thus, i n  t e rms  of t h e  v a l u e  



system of t h e  p o t e n t i a l  c h e a t e r ,  t h e  SC s t r u c t u r e  of both 

problems was: " I f  B (me) then  C (me) " -- a STD-SC. The SC answer 

t o  such a problem i s  ' P  & not-Q'.  The U-STD-SC problems used i n  

Experiment 3 a r e  shown i n  F igure  6.8. 

Note t h a t  both s o c i a l  c o n t r a c t  s t o r i e s  i n c l u d e  a t ime de l ay  

between when t h e  p o t e n t i a l  chea t e r  r ece ives  h i s  b e n e f i t  and when 

he must cough up C ( c h e a t e r )  -- t h e  b e n e f i t  t o  t h e  o the r  person. 

I n  most P l e i s t o c e n e  exchanges r e c i p r o c a t i o n  was delayed,  no t  

s imultaneous ( s e e  Chapter 5 ) .  Cheating i s  f a r  e a s i e r  when 

r e c i p r o c a t i o n  must occur  a f t e r  a b e n e f i t  h a s  been r ece ived ,  and 

s u b j e c t s  should be more l i k e l y  t o  suspec t  someone of i n t end ing  t o  

c h e a t  i n  such delayed b e n e f i t  t r a n s a c t i o n s .  I n  a s imultaneous , 
face- to- face  exchange, i f  you s e e  t h a t  t he  o the r  person has  come 

prepared  t o  d e f e c t ,  you simply withhold what he or she wants. 

S u b j e c t s  can be expected t o  assume t h a t  such i n t e r  cont ingent  

behavior w i l l  occur i n  face- to-face exchanges, u n l e s s  they  a r e  

g iven  i n £  ormation t o  t h e  con t r a ry .  

I f  s u b j e c t s  made t h i s  assumption,  what would happen t o  

performance on an SC Wason s e l e c t i o n  t a s k  with  no t ime de lay?  

S u b j e c t s  would f a i l  t o  choose t h e  "cos t  NOT pa id"  c a r d  (U-STD-SC: 

not-Q; U-SWC-SC: not-P).  Th i s  c a r d  i n d i c a t e s  t h a t  t h e  p o t e n t i a l  

chea t e r  had, indeed, come prepared  t o  chea t  -- t h a t  he had NOT 

p a i d  t h e  c o s t .  The s u b j e c t  would assume t h a t  upon s e e i n g  t h i s ,  

t h e  honest  p a r t y  i n  t h e  i n t e r a c t i o n  would simply withhold t h e  

item t h a t  t h e  p o t e n t i a l  chea t e r  had wanted ( B ( c h e a t e r ) )  . No 

exchange would have taken p l ace ,  and t h e r e f o r e  no chea t ing .  

S u b j e c t s  would t h e r e f  o r e  choose only t h e  " b e n e f i t  accepted"  ca rd :  

'PI a lone  on a U-STD-SC, ' Q 1  a lone on a U-SWC-SC. 



Figure 6.5 Experiment 5 :  ' n  -,,- 

version U-STD-SC 
PAGE 

1 are  an anthropologist studying the Kalume, a Polynesian people 
o l i v e  i n  small, warring bands on Maku Island i n  the  Pacific.  You 
e in t e re s t ed  i n  how Kaluame *big meng - chief tans  - wield power. 

i g  Kikum i s  a Kaluame big man who i s  known fo r  h i s  ruthlessness.  
r a s ign  of loyal ty ,  he makes h i s  own gsubjec ts*  put a t a t t o o  on 
~ e i r  face.  Uembers of other Kaluame bands never have f a c i a l  ta t toos .  
ig Kiku has made so  many enemies i n  other Kaluame bands, t h a t  being 
xught i n  another v i l l a g e  with a f a c i a l  t a t t o o  is, q u i t e  l i t e r a l l y ,  
he k i s s  of death. 

our men from d i f f e ren t  bands stumble i n t o  Big Kiku's v i l l age ,  
~ t a rv ing  and desperate. They have been kicked out  of t h e i r  respective 
r i l lages f o r  various misdeeds, and have come t o  Big Kiku became they . 
teed food badly. Big Kiku o f f e r s  each of them the  following deal: 

'If you get  a t a t t o o  on your face ,  then I 'll g ive  you cassava root.' 

Cassava root  is a very sus ta in ing food which Big Kiku's people 
cu l t i va t e .  The four  men a r e  very hungry, so they agree t o  Big Kiku's 
deal. Big Kiku says  t h a t  the  t a t t o o s  must be i n  place tonight,  but 
t h a t  t he  cassava root  w i l l  not  be ava i l ab le  u n t i l  t he  following 
morning. 

You l e a r n  t h a t  Big Kiku ha te s  some of these  men f o r  betraying him t o  
h i s  enemies. You suspect  he w i l l  cheat  and betray some of them. 
Thus, t h i s  is  a pe r fec t  opportunity for  you t o  see f i r s t  hand how Big 
Kiku wields h i s  power. The cards below have information about the 
f a t e s  of the  four men. Each card represents one man. One s ide  of a 
card t e l l s  whether or not t he  man went through with t h e  f a c i a l  t a t t oo  
t h a t  evening and t h e  other s ide  of t he  card t e l l s  whether or not Big 
Kiku gave tha t  man cassava root  the next day. 

Did Big Kiku get away with cheating any of these four men? Indica te  
only those card(s)  you d e f i n i t e l y  need t o  tu rn  over t o  see if Big Kika 
h a  broken h i s  word to any of these  fou r  men. 

................. 
A. : : 

a got the t a t t oo :  

:...............: 
................. 

C. : : 
: no t a t too  : 

: :...............: 

................. 
B. : Big Kiku : 

: gave him : 
: nothing : 

................. 
D. : BigKiku : 

: gavehim : 
: cassava root  : 
:.............re. 

' B '  version U-STD-SC PAGE 

The Namka are  a hunter-gatherer people who l i v e  i n  small bands i n  the 
deser ts  of southwest Africa. You a r e  an anthropologist  i n t e re s t ed  i n  
whether members of d i f f e ren t  Namka bands can t r u s t  each other. 

Bo is  a c ra f ty  old Namka man i n  the  band you a re  studying. Be is  
always accidental ly breaking h i s  o s t r i ch  eggshell  and would l i k e  t o  
'stockpileg some - the Namka use o s t r i c h  eggshells  a s  canteens 
because they a r e  l i g h t  and hold l o t s  of water. Be sees h i s  
opportunity when four men from a neighboring band stumble i n t o  camp 
one morning. 

The four men have been on a long and unsuccessful hunting expedition. 
They a re  hungry, and they want to be ab le  t o  bring meat back t o  t h e i r  
families. Bo approachs each man pr iva te ly  and o f f e r s  him the  
f ol loving deal  : 

.If you give me your os t r i ch  eggshell, then I ' l l  give you duiker meat.. 

Bo explains t h a t  h i  a  wife is  skinning the  duikers today, and they 
won' t be ready u n t i l  tomorrow. Earever I he w i l l  need the  eggshell  by 
t h i s  evening fo r  h i s  son, who is - leaving tonight on a week long 
hunting expedition. Each man aceepts Bo'a o f f e r ,  and agrees t o  meet 
him alone i n  a secluded spot tomorrow t o  consumate the deal. 

You f ind  t h i s  deal  in teres t ing ,  became you happen t o  know t h a t  Bo, ' who is a rather unscrupulous character  t o  begin with, bas very l i t t l e  

/ duiker meat and a l a rge  family t o  feed. It is  p t r f ec t ly  p s s i b l e  t h a t  
he w i l l  cheat some of these men. You decide t o  spy* on Bo and see. 

The cards below have information about t h e  four deals  Bo made with 
these four men. What happened i n  one dea l  had no e f f e c t  on the  
outcome of any other deal. Each card represents one man. One s i d e  of 

i 
a card t e l l s  whether or not the man gave h i s  d s t r i ch  eggshell  t o  Bo 
tha t  evening, and the  other s ide  of the  card  t e l l s  whether or  not  Bo 
gave t h a t  man duiker meat;,the next day. 

I   id BO ge t  away with cheating any of these  four men? Indica te  only 
those card(s)  you d e f i n i t e l y  need t o  t u r n  over t o  see if So bas broken 

I ! 
his word to any of these  four  men. 

................. ................. 
A. : He gave : 8. : 

i : h i s  o s t r i ch  : : Bo gave him : 
:eggshell t o  Bo : : nothing : :...............: 2...............: 

................. 
C. : 

: Be gave : 
: Bo nothing 8 :...............: 

................. 
D. : 

r Bo gave him : 
: duiker meat : 
: ............... : 



Such s o p h i s t i c a t e d  reasoning  about i n t e r  cont ingent  behavior 

should come qu ick ly  and e a s i l y  t o  s u b j e c t s .  I n  f a c t ,  I ran  a  few 

p i l o t s  i n  which I had f o r g o t t e n  t o  i nc lude  a  t ime de lay .  Af te r  

do ing  t h e  t a s k s ,  a  number of s u b j e c t s  spontaneously t o l d  me they 

had assumed t h e  i n t e r c o n t i n g e n t  s c e n a r i o  ske tched  above. The i r  

c a r d  cho ices  on both s tgnda rd  and switched s o c i a l  c o n t r a c t  

problems were c o n s i s t e n t  w i t h  t h e i r  claim. 

Hence, t h e  t ime de l ay  of r e c i p r o c a l  a l t r u i s m  i s  an e s s e n t i a l  

element i n  a  s t o r y  when t h e  r u l e  expresses  a  p r i v a t e  exchange: i t  

a l l o w s  t h e  p o t e n t i a l  chea t e r  t o  s e i z e  t h e  b e n e f i t  be fo re  he i s  

expec ted  t o  pay t h e  c o s t .  The honest  person then  has  no opt ions .  

Because t h e  s o c i a l  c o n t r a c t  r u l e s  i n  Experiments 1 and 2 

were expressed  a s  s o c i a l  laws, t h e  U-SC r u l e s  could be i d e n t i c a l  

t o  t h e i r  cor responding  U-D r u l e s .  I n  experiments  3 and 4 ,  t h e  

te rms  used a r e  s i m i l a r  t o  t hose  used i n  t h e  corresponding U-D 

r u l e s ,  bu t ,  because t h e  U-SC r u l e s  express  p r i v a t e  d e a l s  r a t h e r  

than  laws, they  could no t  be i d e n t i c a l .  

U-STD-SC: " I f  you g e t  a  t a t t o o  on your f a c e ,  then I ' l l  g i v e  you 
cassava  roo t .  " 

U-D: " I f  a  man h a s  a  t a t t o o  on h i s  f a c e ,  then he e a t s  cassava  roo t . "  

U-STD-SC: " I f  you g i v e  me your o s t r i c h  eggshe l l ,  then  I ' l l  g i v e  
you duiker  meat." 

U-D: " I f  you have found an o s t r i c h  eggshe l l ,  then you e a t  duiker  meat." 

R e s u l t s  . 
The pe rcen t  of s u b j e c t s  choosing 'P  & not-Q' f o r  each 

problem c l o s e l y  matches t h e  s o c i a l  c o n t r a c t  p r e d i c t i o n s  shown i n  

Table  6 .l. No one chose 'not-P & Q ' ;  t h i s  i s  c o n s i s t e n t  wi th  

both By and X. The r e s u l t s  a r e  remarkably s i m i l a r  t o  t hose  f o r  



Experiment 1. 

T a b l e  6.7 Experiment 3: P e r c e n t  of s u b j e c t s  c h o o s i n g  
'P & not-Q'  o r  'not -P  & Q '  f o r  each  problem (n=24) 

U-STD-SC! I 7 1 I 0 I 
I I I 

U-D : I 25 I 0 I 
I I I 

AP : I 29 I 0 I 
I I I 

F-D : 

T a b l e  6.7 shows t h e  p e r c e n t  of s u b j e c t s  who chose  e i t h e r  ' P  
& not-Q'  o r  'not -P  & Q ' .  R e s i d u a l  r e s p o n s e s :  Of t h e  7 
r e s p o n s e s  t o  t h e  U-STD-SC t h a t  were n o t  f u l l  SC answers ,  5 
were h a l f  c o r r e c t ,  " s i n s  of o m i s s i o n n :  5 'P '  r e s p o n s e s  
( o m i t t e d  no t -Q) .  No one answered 'not -Q'  ( o m i t t i n g  P )  on 
e i t h e r  t h e  U-STD-SC o r  t h e  F-D, s o  c o u n t i n g  rare r e s i d u a l s  
n e i t h e r  i n c r e a s e s  nor  d e c r e a s e s  t h e  magni tude  of  t h e  
d i f f e r e n c e  between t h e s e  two problems.  

C r i t i c a l  T e s t s  

S i x  c r i t i c a l  t e s t s  p i t t i n g  h y p o t h e s i s  a g a i n s t  h y p o t h e s i s  

SC were used  i n  a n a l y z i n g  t h e  d a t a  from Exper iments  1 and 2.  The 

same s i x  c r i t i c a l  tests can  be c a r r i e d  o u t  on t h e  d a t a  from 

Exper imen t s  3 and 4 .  

C r i t i c a l  T e s t  1: Does a n  u n f a m i l i a r  s t a n d a r d  s o c i a l  c o n t r a c t  
e l i c i t  t h e  p r e d i c t e d  S C  r e s p o n s e ,  ' P  & not-Q'?  

P e r c e n t a g e  ' P  & not-Q'  r e s p o n s e s :  

S o c i a l  C o n t r a c t  A v a i l a b i l i t y  
P r e d i c t i o n :  P r e d i c t i o n :  

U-STD-SC V.  U-D. U-STD-SC > U-D U-STD-SC = U-D 
h i g h  1 ow 1 ow 1 ow 



There i s  a  h igh ly  s i g n i f i c a n t  46 p o i n t  d i sc repancy  i n  'P  & not-Q1 

responses  between t h e  U-STD-SC and t h e  U-D (71% v. 25%: F - - 
l r 2 3  

19.46, p  < .001, r = .68).  T h i s  d i sc repancy  is  p r e d i c t e d  only by 

a; BY p r e d i c t s  a  low p ropor t i on  of f a l s i f y i n g  responses  on a l l  

un fami l i a r  problems, whether they  a r e  s o c i a l  c o n t r a c t s  o r  not .  

U-STD-SC a l s o  produces a  s i g n i f i c a n t  "content  e f f e c t "  when 

measured a g a i n s t  t h e  AP (71% v. 29%: Fz = 16.43, p < .001, 
1 ,23 

r = - 6 5 )  . The U-D and AP both e l i c i t e d -  t h e  same low l e v e l s  of 

f a l s i f y i n g  responses  (25% v. 29%: F1,23= 0.19, n.s.) . 
. . 

C r i t i c a l  T e s t  2: A r e  t h e r e  more SC responses  t o  an unfamlllar 
s t a n d a r d  s o c i a l  c o n t r a c t  t han  f a l s i f y i n g  
responses  t o  a  familiar d e s c r i p t i v e  problem? 

Percen tage  'P & not-Q' responses:  

S o c i a l  Cont rac t  A v a i l a b i l i t y  
P r e d i c t i o n :  P r e d i c t i o n :  

U-STD-SC V. F-D U-STD-SC > F-D U-STD-SC I F-D 
high 1 ow 1 ow mid-low 

The advantage t h a t  SC s t a t u s  g i v e s  an un fami l i a r  problem i s  

l a r g e r  than  t h e  advantage a v a i l a b i l i t y  g i v e s  a f a m i l i a r  d e s c r i p t i v e  

problem. The U-STD-SC e l i c i t e d  s i g n i f i c a n t l y  more "f a l s i f y i n g "  

(SC) responses  than  t h e  F-D (71% v. 38%: F  = 6.57, p  < .025, r 
1,23 

= .47) .  BJL p r e d i c t s  an i n e q u a l i t y  i n  t h e  o p p o s i t e  d i r e c t i o n .  

T h i s  s u p p o r t s  t h e  c la im t h a t  SC a l g o r i t h m s  a r e  a  major 

de te rminant  of responses  t o  problems i n v o l v i n g  s o c i a l  exchange. 

Experiment 4 

T h i s  experiment i s  i d e n t i c a l  t o  Experiment 2 ,  except  t h e  



swi tched  s o c i a l  c o n t r a c t  r u l e s  used e x p r e s s  a  p r i v a t e  exchange 

r a t h e r  t han  a  s o c i a l  law. &! and SI: p r e d i c t i o n s  a r e  t h e  same a s  

f o r  Experiment 2 .  

Sub j ects . 
Twenty-four undergradua tes  from Harvard Un ive r s i t y  

p a r t i c i p a t e d  i n  Experiment 4; they  were p a i d  vo lun t ee r  s f  

r e c r u i t e d  by adver t i sement  (11 females ,  13  males;  mean age: 19.4 

y e a r s  (no d a t a  on one s u b j e c t  s age)  ) . 
M a t e r i a l s  and Procedures .  

The procedure  was i d e n t i c a l  t o  t h a t  f o r  Experiment 3. The 

m a t e r i a l s  were a l s o  i d e n t i c a l  with one except ion :  t h e  un fami l i a r  

r u l e s  were "switched." Thus, t h e  U-SWC-SC r u l e s  were: " I f  I g i v e  

you ca s sava  r o o t ,  then  you must g e t  a  t a t t o o  on your f a c e "  ( ' A 1  

v e r s i o n ) ,  and " I f  I g i v e  you du iker  meat, then you must g i v e  me 

your o s t r i c h  e g g s h e l l w  ( I B 1  v e r s i o n ) .  The U-Ds  were t h e  same a s  

i n  Experiment 2. 

R e s u l t s  . 
The r e s u l t s  a r e  shown i n  Table  6.8; they  match t h e  s o c i a l  

c o n t r a c t  p r e d i c t i o n s  of Table  6.3. 

C r i t i c a l  T e s t  3: Does an  un fami l i a r  swi tched  s o c i a l  c o n t r a c t  
e l i c i t  t h e  p r e d i c t e d  SC response,  'not-P & 4'3 

Percen tage  'not-P & Q 1  responses:  

S o c i a l  Cont rac t  A v a i l a b i l i t y  
P red i c t i on :  P r e d i c t i o n :  

U-SWC-SC V. U-D,AP,F-D. U-SWC-SC > U-D,AP,F-D U-SWC-SC = U-D,AP,F-D 
high very  low v e r y l o w  v e r y l o w  



T a b l e  6.8 Experiment 4: P e r c e n t  of s u b j e c t s  c h o o s i n g  
'P  & not-Q'  o r  'not -P  & Q '  f o r  each problem (n=24) 

U-SWC-SC: I 0 I 
I I 

U-D : I 25 I 
I I 

AP : I 3 3  1 
I I 

F-D : I 5 8 I 
I I 

T a b l e  6.8 shows t h e  p e r c e n t  of s u b j e c t s  who chose  e i t h e r  'P 
& not-Q'  o r  'not-P & Q'. R e s i d u a l  r e sponses :  Of t h e  6 
r e s p o n s e s  t o  t h e  U-SWC-SC t h a t  were n o t  f u l l  SC answers ,  4  
were h a l f  c o r r e c t ,  " s i n s  of omiss ion":  4 'Q '  r e s p o n s e s  
( o m i t t e d  no t -P) .  Count ing r a r e  r e s i d u a l s  f o r  both  t h e  
U-SWC-SC ( ' Q ' )  and t h e  F-D ( ' n o t - Q ' )  i n c r e a s e s  t h e  
magni tude  of t h e  d i f f e r e n c e  between them (92% v. 63%) . 

The l a r g e  and s i g n i f i c a n t  7 5  p o i n t  d i f f e r e n c e  between U-SWC-SC 

and a l l  o t h e r  problems i s  p r e d i c t e d  o n l y  by SC (75% v. 0%,  0%,  O % ,  

L = +3,-1,-1,-1: F = 207.01, p << .001, K = . 87 ) .  'Not-P & Q '  
1 , 6 9  

was n o t  chosen on any o t h e r  problem i n  bo th  Exper iments  3 and 4. 

c a n  n e i t h e r  p r e d i c t  nor  e x p l a i n  t h i s  r e s u l t .  

C r i t i c a l  T e s t  4: A r e  t h e r e  more SC r e s p o n s e s  t o  a n  u n f a m i l i a r  
s w i t c h e d  s o c i a l  c o n t r a c t  t h a n  f a l s i f y i n g  
r e s p o n s e s  t o  a f a m i l i a r  d e s c r i p t i v e  problem? 

P e r c e n t a g e  'not -P  & Q' r e s p o n s e s  t o  U-SWC-SC, 
P e r c e n t a g e  ' P  & not-Q'  r e s p o n s e s  t o  F-D: 

S o c i a l  C o n t r a c t  A v a i l a b i l i t y  
P r e d i c t i o n :  P r e d i c t i o n :  

U-SWC-SC V. F-D. U-SWC-SC > F-D U-SWC-SC < F-D 
h i g h  1 ow v e r y  low mid-low 

There  were more SC r e s p o n s e s  t o  t h e  u n f a m i l i a r  U-SWC-SC t h a n  



f a l s i f y i n g  responses  t o  t h e  f a m i l i a r  F-D, j u s t  a s  SC p r e d i c t s  

(75% v. 58%: F = 1.64,  n.s .)  . Although t h e  d i f f e r e n c e  i s  no t  
l r 2 3  

s i g n i f i c a n t ,  By p r e d i c t s  an i n e q u a l i t y  i n  t h e  ~ g p o s i t e  d i r e c t i o n .  

When r a r e  r e s i d u a l s  a r e  counted f o r  both problems (U-SWC-SC: ' Q '  ; 

F-D: 'not-Q' ) , t h e  d i f f e r e n c e  i s  magnif ied,  and i s  s i g n i f i c a n t  

(92% v. 63%: F = 6.75, p  < .025, r = .48) . Like t h e  r e s u l t s  
1 ,23 

of C r i t i c a l  ~ e s t  2 ,  t h i s  suppor t s  t h e  c o n t e n t i o n  t h a t  SC 

a l g o r i t h m s  a r e  a  major de te rminant  of responses  t o  problems 

i n v o l v i n g  s o c i a l  exchange. 

Experiment 3 versus  Experiment 4  

C r i t i c a l  Tes t  5: Is t h e  c o r r e c t  S C  response  t o  a  s t a n d a r d  s o c i a l  
c o n t r a c t  ('P & not-Q') very  rare f o r  a  swi tched  
s o c i a l  c o n t r a c t ?  

BJ1! p r e d i c t s  t h a t  t h e  U-STD-SC and t h e  U-SWC-SC should  both 

e l i c i t  low l e v e l s  of 'P & not-Q1 responses  because they  a r e  both 

un fami l i a r .  I n  c o n t r a s t ,  SL: p r e d i c t s  t h a t  ' P  & not -Q ' ,  t h e  

dominant, SC response t o  t h e  U-STD-SC, should be ve ry  r a r e  on t h e  

U-SWC-SC. 

Percen tage  'P & not-Q' responses:  

S o c i a l  Cont rac t  A v a i l a b i l i t y  
P r e d i c t i o n  : P r e d i c t i o n :  

U-STD-SC V. U-SWC-SC. U-STD-SC >> U-SWC-SC U-STD-SC = U-SWC-SC 
high very  low 1 ow low 

Only SC p r e d i c t s  t h e  l a r g e  and s i g n i f i c a n t  71 p o i n t  d i sc repancy  

i n  'P  & not-Q'  responses  between t h e  U-STD-SC and t h e  U-SWC-SC 

(71% v. 0%: Z = 5.14, p  < .00000025, p h i  = .74) .  The SC 



p r e d i c t i o n  t h a t  t h e  dominant, SC response t o  t h e  U-STD-SC w i l l  be 

very  r a r e  on t h e  U-SWC-SC was a l s o  borne ou t :  no one gave t h e  

STD-SC answer, ' P  & not-Q' ,  i n  response t o  t h e  U-SWC-SC. 

Cri t ical  Tes t  6: Is t h e  c o r r e c t  SC response t o  a swi tched  s o c i a l  
c o n t r a c t  ( 'not-P 6 Q ' )  very  r a r e  f o r  a  s t a n d a r d  
s o c i a l  c o n t r a c t ?  

p r e d i c t s  t h a t  t h e  c o r r e c t  SC answer t o  a  SWC-SC, 

'not-P & Q ' ,  w i l l  be very  r a r e  f o r  a  STD-SC. I n  c o n t r a s t ,  BY 

p r e d i c t s  t h a t  t h e  percentage  of s u b j e c t s  choosing 'not-P & Q '  on 

t h e  U-STD-SC and t h e  U-SWC-SC w i l l  be about equa l ,  and very  low. 

Percentage  'not-P & Q '  responses:  

S o c i a l  Cont rac t  A v a i l a b i l i t y  
P red ic t ion :  P r e d i c t i o n :  

U-SWC-SC V. U-STD-SC. U-SWC-SC >> U-STD-SC U-SWC-SC = U-STD-SC 
high very  low very low very low 

The l a r g e  and s i g n i f i c a n t  75  po in t  d i sc repancy  i n  'not-P & Q '  

responses  between U-SWC-SC and U-STD-SC problems i s  p r e d i c t e d  

only by SC (75% v. 0%: Z = 5.37, p < .0000001, p h i  = .77) . 
Furthermore,  t h e  dominant, SC response t o  t h e  U-SWC-SC was indeed  

ve ry  r a r e  on t h e  U-STD-SC, j u s t  a s  p r e d i c t s :  no one gave t h e  

SWC-SC answer,  'not-P & Q ' ,  i n  response t o  t h e  U-STD-SC. 

S o c i a l  Cont rac t  T e s t s  

A s  be fo re ,  i f  t h e  s o c i a l  c o n t r a c t  view i s  c o r r e c t ,  c e r t a i n  

r e l a t i o n s  should be man i f e s t  i n  t h e  d a t a ,  above and beyond t h o s e  

addressed  by t h e  c r i t i c a l  t e s t s .  For convenience,  t h e  d a t a  from 

Tables  6.7 and 6.8 a r e  combined i n  Table  6.9. 



................................................................ 
Tab le  6.9 Percen t  of s u b j e c t s  choosing 'P & not-Q' o r  

' not-P & Q '  f o r  each problem 

Experiment 3 
(n=24) 

Experiment 4 
(n=24) 

U-STD-SC: 1 71" 1 0 I  I U-SWC-SC: I  0 1 75* 1 1 
I  I  I  I I  I  I  I  

U-D : 1 2 5  1 0 1 1  U-D : 1 2 5  1 0 1 1  
I  I  I  I  I  I 

AP : 
I  I  

1 2 9  1 0 1 1  AP : 1 3 3  1 0 1 1  
I  I  I  I  I  I  I  I  

F-D : 1 3 8  1 0 1 1  F -D 1 5 8  1 0 1 1  
I  I  I  I  I  I  I  I  

* p r e d i c t e d  SC response  t o  s o c i a l  c o n t r a c t  problems. 

Are t h e  l o g i c a l l y  d i s t i n c t  SC answers  t o  s t a n d a r d  and 
swi t ched  SC problems produced by t h e  same a lgo r i t hms?  

The p r o p o r t i o n s  of SC answers t o  t h e  U-STD-SC ( ' P  & not -Q ' )  

and U-SWC-SC ( 'not-P & Q ' )  a r e  no t  s i g n i f i c a n t l y  d i f f e r e n t  (71% 

v. 75%: Z = 0.32, n. s.) , j u s t  a s  one would expec t  i f  t h e s e  two 

l o g i c a l l y  d i s t i n c t  responses  were t h e  product  of t h e  same SC 

a lgo r i t hms .  Using pe rcen t  f a l s i f y i n g  answers t o  t h e  U-D (same 

r u l e  a s  U-SC) a s  a b a s e l i n e  f o r  comparison, t h e  relative 

advantage SC s t a t u s  gave i n  producing SC answers  i s  very  s i m i l a r  

f o r  both SC problems: 46 p o i n t s  between U-STD-SC and its U-D, 50 

p o i n t s  between U-SWC-SC and its U-D. 

For t h e s e  pe r sona l  exchange problems, r e s i d u a l  responses  d i d  

no t  s p l i t  (e. g.,  some ' P' , some ' not-Q ' f o r  t h e  U-STD-SC) as they  

d i d  f o r  t h e  law problems of Experiments 1 and 2; t h e  only " s i n s  

of omiss ion" i n  Experiments 3 and 4 involved choosing t h e  c a r d  

t h a t  r e p r e s e n t s  what t h e  hones t  person d id .  There were 5 ' P '  



a lone  responses  f o r  t h e  U-STD-SC and 4 'Q' alone responses  t o  t h e  

U-SWC-SC. T h i s  i s  i n t e r e s t i n g ,  because only Experiments 3 and 4 

admit t h e  p o s s i b i l i t y  of i n t e r  cont ingent  behavior ; t h e s e  a r e  t h e  

responses  one would expec t  i f  a  s u b j e c t  r ead  through q u i c k l y ,  no t  

n o t i c i n g  t h a t  t h e r e  i s  a  t ime de l ay  between when t h e  p o t e n t i a l  

c h e a t e r  g e t s  h i s  b e n e f i k  and when he is expected t o  honor h i s  end 

of t h e  d e a l .  The numbers involved  a r e  t o o  smal l  t o  f i r m l y  

a t t r i b u t e  t h i s  p a t t e r n  t o  t h e  power of i n t e r c o n t i n g e n t  reasoning,  

bu t  it i s  an a r e a  t h a t  deserves  f u t u r e  research .  

Table  6.10 shows t h e  f r equenc ie s  wi th  which i n d i v i d u a l  ca rds  

were s e l e c t e d  i n  Experiments 3 and 4 .  

Table  6 .10 Exoeriments 3 and 4: S e l e c t i o n  f requenc ie s  f o r  ind iv idua l  cards,  sor ted  by l o g i c a l  category and s o c i a l  contrac t  Category 

D-SC 0-SC 
D-D AP F-D STD SWC STD SWC 

Log ica l  s o c i a l  contrac t  
Category: Exp 3 Exp 4 Exp 3 Exp 4 Exp 3 Exp 4 Exp 3 Exp 4 Category: Exp 3 Exp 4 

P 22 21 23 23 24 23 23 1 I B e n e f i t  Accepted 23 23 
not-P 4 5 4 5 0 1 2 19 I B e n e f i t  NOT Accepted 2 2 
Q 11 1 1  7 9 4 5 0 23 I Cost Paid 0 1 
not-Q 1 2  13 10 14 10 18  17 2 I Cost NOT Paid 17 19 

J u s t  a s  be fo re ,  t h e  two s o c i a l  c o n t r a c t  problems r e p l i c a t e  when 

s o r t e d  by s o c i a l  c o n t r a c t  ca tegory ,  bu t  no t  when s o r t e d  by 

l o g i c a l  ca t ego ry ,  a s  t h e  o the r  problems do. The s o c i a l  c o n t r a c t  

c a t e g o r i z a t i o n  scheme c a p t u r e s  dimensions t h a t  a r e  

p sycho log ica l ly  r e a l  f o r  t h e  s u b j e c t s  i n  Experiments 3 and 4 ,  

j u s t  a s  it d i d  i n  Experiments 1 and 2.  

How we l l  do S C  a lgo r i t hms  o p e r a t e  i n  novel ,  versus  f a m i l i a r ,  
s o c i a l  exchanges? 

A f rame-bui lder  s t r u c t u r e s  novel exper iences  a long  

e v o l u t i o n a r i l y  r e l e v a n t  dimensions t h a t  i t  i s  keyed t o  pick up. 

If SC a l g o r i t h m s  f u n c t i o n  a s  f rame-bui lders ,  then they  should 

o p e r a t e  w e l l  i n  novel s o c i a l  exchanges, l i k e  t hose  r ep re sen ted  i n  



t h e  un fami l i a r  s o c i a l  c o n t r a c t  problems. The percentage  of SC 

responses  e l i c i t e d  by t h e  U-STD-SC -- 71% -- does no t  d i f f e r  

s i g n i f i c a n t l y  from t h e  78% e l i c i t e d  by t h e  f a m i l i a r  DAP wi th  a  

s i m i l a r  group of Harvard s t u d e n t s  (71% v. 78%: Z = 0.58, n.s.; 

s e e  Experiment 6-A). Nei ther  does t h e  percentage  of l o g i c a l l y  

d i s t i n c t  SC responses  e a i c i t e d  by t h e  U-SWC-SC (75% v. 78%: Z = 

0.26, n. s.) . The hypo thes i s  t h a t  f a m i l i a r  SC problems e l i c i t  

more SC answers  than  unfami l ia r  ones i s  no t  suppor ted  by t h i s  

d a t a ,  even when one combines a l l  t h r e e  problems (F-STD-SC, 

U-STD-SC, U-SWC-SC) i n t o  one t e s t  (78% v. 71%: 75%, L = +2,-1,-1, 

F = 0.23, n.s.)  . Not only a r e  SC a lgo r i t hms  keyed t o  a b s t r a c t  
1 , 6 8  

SC dimensions from novel s i t u a t i o n s ,  but  they  accomplish t h i s  a s  

e f f i c i e n t l y  i n  novel  s i t u a t i o n s  a s  they  do i n  f a m i l i a r  ones. 

A v a i l a b i l i t y  a s se s sed  

Does a v a i l a b i l i t y  have any e f f e c t  a t  a l l  on f a m i l i a r  
problems?. 

The F-D d i d  no t  e l i c i t  s i g n i f i c a n t l y  more f a l s i f y i n g  

responses  t o  e i t h e r  t h e  AP o r  t h e  U-D i n  Experiment 3  (F-D v. AP: 

38% v. 29%, F = 1.31, n.s.; F-D v. U-D: 38% v. 25%, F - - 
1,23 1,23 

1.30,  n o s . ;  F-D v. AP, U-D: L = +2,-1,-1, F = 1.38,  n . s . ) .  
1,46 

However, i n  Experiment 4 t h e  F-D d i d  e l i c i t  more f a l s i f y i n g  

responses  t han  both t h e  AP and U-D (F-D v. AP: 58% v. 33%, F - - 
1.23 

5.31, p  < .05, r = -43; F-D v. U-D: 58% v. 25%, F = 11.50, p  < 
1,23 

t h e s e  two experiments  than  it was i n  Experiments 1 and 2. 

I n  Experiments 3  and 4 ,  a v a i l a b i l i t y  gave f a m i l i a r  non-SC 

problems an advantage of 9  t o  33 p o i n t s  over un fami l i a r  non-SC 

problems i n  producing f a l s i f y i n g  responses  (average advantage = 

23 3 



20) .  However, s o c i a l  c o n t r a c t  s t a t u s  gave un fami l i a r  problems an 

average  advantage of 45 p o i n t s  i n  producing SC responses  -- t h i s  

means t h e  s o c i a l  c o n t r a c t  advantage was 2.25 t imes t h e  s i z e  of 

t h e  a v a i l a b i l i t y  advantage.  Compared t o  t h e  s o c i a l  c o n t r a c t  

e f f e c t ,  t h e  e f f e c t  of a v a i l a b i l i t y  was even smal le r  i n  

Experiments 3  and 4  than  it was i n  Experiments 1 and 2. 

By cons ide r ing  t h e  r e s u l t s  of a l l  four  experiments (n=96) , 
we can e s t i m a t e  t h e  r e l a t i v e  s i z e s  of t h e  a v a i l a b i l i t y  and s o c i a l  

c o n t r a c t  e f f e c t s .  Measured a g a i n s t  t h e  U-D problems, t h e  unfami l ia r  

s o c i a l  c o n t r a c t s  y i e l d  an e f f e c t  s i z e  ( r )  of .70, whereas t h e  

f a m i l i a r  d e s c r i p t i v e  problems y i e l d  an e f f e c t  s i z e  of .47. 

Ove ra l l ,  then ,  t h e  s o c i a l  c o n t r a c t  e f f e c t  i s  1.49 t imes  t h e  s i z e  

of t h e  a v a i l a b i l i t y  e f f e c t  -- about h a l f  aga in  a s  l a r g e .  

These r e s u l t s  can shed l i g h t  on why performance wi th  t h e  

t r a n s p o r t a t i o n  problem has  been so e r r a t i c  i n  t h e  l i t e r a t u r e .  

When t h e  t r a n s p o r t a t i o n  problem i s  measured a g a i n s t  t h e  AP -- t h e  

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

s i z e  (n=96) f o r  a v a i l a b i l i t y  is only r = .41. Twenty-four (df 

23) is a  common sample s i z e  i n  t h e  l i t e r a t u r e .  Assuming t h e  t r u e  

e f f e c t  s i z e  i s  .41, a  sample s i z e  of 24 would y i e l d  an F of 
1 r23  

4.65 -- ba re ly  over t h e  p < -05 cu to f f  of 4.28. With j u s t  a  

l i t t l e  sample v a r i a t i o n ,  one would sometimes s e e  an e f f e c t ,  

sometimes not .  

Summary, Experiments 3 and 4 .  

These experiments  r e p l i c a t e d  t h e  r e s u l t s  of Experiments 1 

and 2: a s  before ,  t h e  s i x  c r i t i c a l  t e s t s  suppor ted  hypo thes i s  SC 

over BY, and a l l  t h e  o the r  s o c i a l  c o n t r a c t  p r e d i c t i o n s  were borne 



out. Ava i lab i l i ty  was shown, once again, t o  have a  minor but 

e r r a t i c  e f f e c t  on fami l ia r  descr ip t ive  problems. 

Posit ion Effects ,  Experiments 1 through 4 

Experiments 1 through 4 control led  fo r  problem posi t ion:  

each experiment had f oux problems, and every problem occurred i n  

each posi t ion the  same number of times. Therefore these 

experiments can be used t o  see i f  there  were any posi t ion 

e f f ec t s :  i f  the probabi l i ty  of a  subject  solving a  Wason se lec t ion  

task  cor rec t ly  increases with the number of problems t h a t  subject  

has already been exposed to .  T h i s  w i l l  be useful t o  know i n  

analyzing some data from Experiment 6 .  

Experiments 1 through 4 do not allow a  pure t e s t  of 

pos i t ion ,*  however, because the pos s ib i l i t y  of t rans fe r  from a  

successfully solved soc i a l  contract  problem is confounded with 

posi t ion -- the l a t e r  a  problem occurs i n  the  booklet, the more 

l i k e l y  it i s  t o  have followed the  soc i a l  contract  problem. 

Although no one i n  the  l i t e r a t u r e  has yet  found t r ans fe r  from a  

successf u l ly  solved Wason se lec t ion  task t o  an abs t r ac t  problem 

(Johnson-Laird, Legrenzi, & Legrenzi, 1972; Griggs & Cox, 1982) , 
the re  i s  one report  of t rans fe r  from a  soc i a l  contract  problem t o  

a  "semin soc i a l  contract  problem, the apparel-color problem (Cox 

& Griggs, 1982; see  Chapter 5 ) .  Success on a  soc i a l  contract  

problem could give subjects  ins igh t  i n t o  the  s t ruc tu re  of the F-D 

t r anspor ta t ion  problem, especia l ly  i n  my subject  population. 

Af t e r  a l l ,  my subject  population i s  an unusual one: the  median 

SAT scores of Harvard students a r e  among the  highest -- i f  not 

the  highest  -- i n  the  U . S .  SATs t e s t ,  i n  pa r t ,  an appl icants '  



a b i l i t y  t o  d i s c e r n  t h e  s t r u c t u r e  of a  problem, r e g a r d l e s s  of its 

c o n t e n t ;  h igh  s c o r e s  i n d i c a t e  s k i l l e d  problem s o l v e r s .  Consonant 

with  t h i s ,  f o r  my s u b j e c t  popula t ion ,  t h e  f a l s i f i c a t i o n  r a t e  on 

t h e  a b s t r a c t  problems of Experiments 1 - 4  was unusual ly  high: 

i n s t e a d  of t h e  4-10% r a t e  found f o r  most s t u d i e s  (Wason, 1983) ,  

an average  of 25% of Hapvard s t u d e n t s  f a l s i f i e d  on t h e  a b s t r a c t  

problems. F i r s t  s o l v i n g  a  U-SC c o r r e c t l y ,  combined wi th  t h e  

f a m i l i a r i t y  of t h e  t r a n s p o r t a t i o n  problem, might provide enough 

i n s i g h t  i n t o  t h e  s t r u c t u r e  of t h e s e  problems t o  improve 

performance on t h e  t r a n s p o r t a t i o n  problem. 

Table  6  .ll shows t h e  number of problems c o r r e c t l y  so lved  a s  

a  f u n c t i o n  of p o s i t i o n  f o r  Experiments 1 through 4. The 

h y p o t h e s i s  t h a t  t h e r e  i s  a  l i n e a r  e f f e c t  of p o s i t i o n  was t e s t e d  

us ing  t h e  c o n t r a s t s  L = -3, -1, +1, +3. 

Table  6.11 Number of problems c o r r e c t l y  so lved  a s  a  f u n c t i o n  of 
p o s i t i o n .  ** 

P o s i t i o n :  1 2 3  4 

Experiment : 

** "Cor rec tn  is  de f ined  a s  'not-P & Q '  f o r  U-SWC-SC problems, ' P  & not-Q' 
f o r  a l l  o the r  problems. 

* I t  i s  not  c l e a r  t o  me t h a t  a  pure  t e s t  of o rder  i s  p o s s i b l e  -- 
a l l  methods I have cons idered  seem r i d d l e d  wi th  confounds. 



None of these experiments showed any s ign i f ican t  posi t ion 

e f f e c t .  When the  r e s u l t s  of a l l  four experiments a r e  combined 

i n t o  one l a rge  experiment (n=96) t he re  is  a  s ign i f i can t  e f f e c t  of 

order. B u t  remember: posi t ion i s  confounded with t rans fe r  i n  

these  experiments, i f  the re  i s  evidence of t rans fe r  . Experiment 

1 showed s ign i f i can t  tr,ansf er from a  successfully solved U-SC t o  

the  F-D; none of the  other experiments did (Exp 1: G(adj)  = 6.34, 

p < .01; Exp 2: G(adj)  = 0.17, n.s.; Exp 3: G(adj)  = 0.00, n.s., 

Exp 4: G(adj)  = 1.56, nos . ;  Sokal & Rohlf, 1969, p.591). When 

Experiment 1 is excluded from the ana lys i s  such t h a t  the three  

experiments showing no evidence of transf  er (2-4) a r e  analyzed 

together ,  the re  i s  no s ign i f i can t  order e f f ec t  -- and, for  an 

e f f e c t  s i z e  of r = .15, 72 subjects  a r e  su f f i c i en t  t o  produce a  

s i gn i f i can t  F. Thus, it seems f a i r  t o  conclude t h a t  the order 

e f f e c t  found for  the combined 1-4 data was due t o  the t rans fe r  

e f f e c t  i n  Experiment 1, not t o  an e f f e c t  of problem posi t ion.  

Taken together,  these r e s u l t s  indicate  t ha t  there  i s  no e f f e c t  of 

posi t ion alone on performance. 

Experiment 5 

For standard s o c i a l  contracts ,  the cor rec t  SC response 

happens t o  a l so  be the log ica l ly  cor rec t  response, 'P & not-9'. 

Experiments 1 and 3  showed t h a t  STD-SC s t a t u s  f a c i l i t a t e s  

" log ica l  f a l s i f  i c a t i onn  f o r  unfamiliar ru les  s e t  using concrete 

-- i f  obscure -- terms. B u t  can STD-SC s t a t u s  a l so  f a c i l i t a t e  

" log ica l  f a l s i f  i ca t ion"  fo r  an abs t r ac t  problem? 

Experiment 5 compared performance on two abs t r ac t ,  

p r e sc r ip t i ve  rules :  one a  standard s o c i a l  contract  ru le ,  one not 



Both were s e t  i n  a  r e a l i s t i c  context -- they were bureaucrat ic  

ru l e s  involving an immigration of f ice .  The s tory  surrounding one 

r u l e  defined i ts  proposit ions i n  cost /  benef i t  terms t h a t  made it 

an abs t r ac t  standard soc i a l  contract  (A-STD-SC). The s to ry  

surrounding the  other ru l e  gave each proposit ion a  c l ea r  meaning, 

but these  meanings did  not represent cos t s  or benef i t s ;  hence, 

t h a t  problem was an ordinary abs t rac t  problem (AP)  . BY pred ic t s  

t h a t  the percentage of ' P  & not-Q' responses w i l l  be equally low 

on both problems; SC pred ic t s  a  high percentage fo r  the A-STD-SC 

and a  low percentage fo r  the AP. 

Subjects  . 
Forty-two undergraduates from Harvard University 

par t i c ipa ted  i n  Experiment 5; they were volunteers from an 

introductory science course. Eighteen were i n  the  group given 

the  AP (13 females, 5  males) ,  24  i n  the group given the  A-STD-SC 

(16  females, 8  males).  

Materials  and Procedure. 

Although each t e s t  booklet contained f i v e  problems, only the 

abs t r ac t  problems a r e  relevant t o  Experiment 5. The four th  

problem i n  every booklet was an abs t r ac t  problem -- e i the r  the AP 

or the A-STD-SC. The other problems a r e  shown i n  Figure 6.9. 

The f i r s t  and t h i r d  problems were food problems (one "salad bar" 

problem and one "Mexican food" problem per bookle t ) ,  the second 

problem was a  semi-social contract  problem s imilar  t o  Cox & 

Griggs' (1982) apparel color problem (see Chapter 2 )  , and the  

f i f t h  problem was a  p i l o t  t h r ea t  problem (see  Appendix C ) .  

Experiment 5  had a  between-groups design. 

Experiment 5  was pa r t  of a  l a rge  ba t te ry  of t e s t s  given a t  



Most of your f r i e n d s  f i n d  Mexican food t o o  spicy.  That'n about 
a l l  you knew about Mexican food when t h e  Associat ion of Uexican- 
American Res tauran teurs  (AMAR) f i r s t  h i r e d  you t o  conduct market 
research  on Americans' food pre fe rences .  So you s t a r t e d  reading 
up on t h e  sub jec t .  I n  t h e  course of your reading, you came 
a c r o s s  a previously done r e p o r t  on t h e  e a t i n g  h a b i t s  of Americans 
i n  Mexican r e s t a u r a n t s  which s a i d r  

'If a'person e a t s  h o t  c h i l i  peppers ,  then he w i l l  dr ink a cold 
beer. 

You decide t o  look i n t o  t h i s  yourse l f .  The c a r d s  below have 
information about  four  people i n  a Mexican r e s t a u r a n t  i n  Boston. 
Each card  r e p r e s e n t s  one person. One s i a e  of a ca rd  t e l l s  what a 
person a t e ,  and t h e  o ther  s i d e  of t h e  c a r d  t e l l s  what t h a t  person 
drank. 

I n d i c a t e  only those  c a r d ( s )  you d e f i n i t e l y  need t o  tu rn  over t o  
s e e  i f  any of t h e s e  people v i o l a t e  t h i s  ru le .  

................. 
A. I r 

r hot  t e a  I 
I r 
I...............: 

................. 
B. r I 

r co ld  beer I 
I I 
(...............I 

................. ................. 
C. I I D. I I 

r h o t c h i l i  r I broccol i  I 
r peppers  r I r 
r...............: I...............: 

When t h e  Consortium of Salad-Bar Owners L Operators  (CSOSO) f i r s t  
h i r e d  you t o  conduct market research  on Americans' food 
pre fe rences ,  a l l  you knew about s a l a d  b a r s  was t h a t  your fr iends 
i n v a r i a b l y  s t a r t  a t  t h e  wrong end of them -- where t h e  bacon b i t s  
6 d r e s s i n g  a r e  i n s t e a d  of where t h e  l e t t u c e  is. So you s ta r ted  
reading up on t h e  sub jec t .  I n  t h e  course of your reading, you 
came across  a p rev ious ly  done r e p o r t  on t h e  e a t i n g  h a b i t s  of 
Americans i n  s a l a d  b a r s  which s a i d r  

'If a person e a t s  l e t t u c e ,  then he w i l l  d r ink  water.' 

You decide t o  look i n t o  t h i s  yourse l f .  The cards  below have 
information about  four  people i n  a s a l a d  bar i n  Cambridge. Each 
card  represen ts  one person. One s i d e  of a ca rd  t e l l s  what a 
person a t e ,  and t h e  o ther  s i d e  of t h e  c a r d  t e l l s  what t h a t  person 
drank. 

I n d i c a t e  only t h o s e  c a r d ( s )  ou d e f i n i t e l y  need t o  tu rn  over t o  
s e e  i f  any of t h e s e  people v f o l a t e  t h i s  ru le .  

................. 
A. I I 

r water r 
r I 
I...............: 

................. 
C. r I 

I c o f f e e  I 
r I 

................. 
B. r r 

r cheese r 
r I 
r...............: 

................. 
D. r r 

I l e t t u c e  r 
I t 
I...............! 

Figure 6.9 

Food Problems 

Apparel-Color P r o b l e ~  5 

You a r e  an an thropolog is t  s tudying  t h e  Kaluame people, a 
Polynesian c u l t u r e  found only on Maku I s l a n d  i n  t h e  Pacif ic .  
The Kaluame adopted you i n t o  t h e i r  c u l t u r e  and gave you the  job 
of enforc ing  t h e i r  s o c i e t a l  laws. One of t h e i r  s o c i a l  rules  is: 

'If a person is wearing a f l o r a l  p r i n t  s h i r t ,  then he nuat be 
over 20 y e a r s  old.' 

The cards  below have information about  f o u r  Kaluame people 
s i t t i n g  i n  a temporary camp1 they don ' t  seea  t o  know one another. 
Each card  r e p r e s e n t s  one person. One s i d e  of a ca rd  t e l l s  what 
kind of a s h i r t  a person is wearing and . the  o ther  s i d e  of the 
ca rd  t e l l s  t h a t  person'n age. 

I n d i c a t e  only those  c a r d ( s )  you d e f i n i t e l y  need t o  tu rn  over t o  
nee i f  any of thane Kaluame people a r e  v i o l a t i n g  t h i n  rule. 

................. 
A. r I 

I s o l i d  black I 
r s h i r t  r 

................. 
C. r I 

r 42 years  o l d  r 
r s h i r t  I 
I...............( 

................. 
B. r r 

r f l o r a l  p r i n t  r 
I s h i r t  I 
r...............: 

................. 
D. I I 

I 17 years  old r 
I I 
I...............: 



the  beginning of a  c lass .  upon enter ing the  c l a s s ,  each subject  

took a  sealed t e s t  booklet from a  stack containing booklets from 

the  e n t i r e  bat tery .  The order of booklets i n  the  stack was 

random. The f i r s t  page of each booklet was an ins t ruc t ion  sheet .  

The i n s t ruc t i ons  were the same a s  fo r  Experiments 1 through 4 ,  

except t he re  was an addi t ional  sentence t e l l i n g  sub jec t s  t h a t  i f  

a  problem had more than one question associated with it ,  t o  

answer the quest ions i n  the  order they appear. Subjects had the  

opportunity t o  read the  ins t ruc t ions  t o  themselves; i n  addi t ion,  

the  i n s t ruc t i ons  were read aloud t o  the e n t i r e  c lass .  

The two abs t r ac t  problems a r e  shown i n  Figure 6.10. Both ru les  

express an alphanumeric code governing immigration documents 

(AP: " I f  a  person has a  ' D l  r a t ing ,  then h i s  documents m u s t  be 

marked code ' 3 ' " ;  A-STD-SC: "I f  you f i l l  out document I D ' ,  then 

Ed w i l l  r a t e  you code ' 3  I " ) .  To make sure subjects  paid 

a t t en t ion  t o  what the l e t t e r s  and numbers stood for  i n  the  s to ry ,  

the  se lec t ion  task question was preceded by quest ions about each 

term. For the AP, these quest ions asked what each term meant; 

f o r  the A-STD-SC they asked how the des i res  of characters  i n  the 

s to ry  mapped onto each term. 

The r e l a t i on  expressed i n  the  A .  was a  sens ib le  one -- if 

one t r a n s l a t e s  the  l e t t e r s  and numbers i n t o  the proposit ions they 

represent ,  i t  reads : 

" I f  an applicant  has submitted an incomplete medical record, then 

t h a t  applicant  m u s t  see a  heal th  inspector." 

I wanted both abs t rac t  ru les  t o  be s e t  i n  a  s imi lar  context 

-- thus both a r e  bureaucrat ic  ru les  involving immigration, and 

both a r e  s e t  i n  an immigration of f ice .  However, t h i s  const ra int  



Figure 6.10 Experiment 5: Abstract Immigration Problems 

Abstract Standard Social Contract (A-STDISC) 
PAGE 4 

You work f o r  the  n a t i o n a l  o f f i c e  of t h e  U.S. Immigration Serv ice ,  and 
it is your job t o  weed ou t  cor rup t ion  among immigration o f f i c e r s  i n  
the  branch of f ices .  

Four upstanding Mexican c i t i z e n s  want t o  immigrate t o  t h e  U.S. Each 
needs t o  be rated code '3- by U.S. immigration i n  o rder  t o  s t a y  here;  
code *7* means i n s t a n t  depor ta t ion .  Cent ra l  Americans m u s t  f i l e  
document D with immigration# Europeans must f i l e  document P. Each 
Mexican c a l l s  t h e  Texas immigration o f f i c e  and t a l k s  t o  Be t ty ,  a very 
n i c e  s e c r e t a r y  who works f o r  an immigration o f f i c e r  named Ed. Be t ty  
sends each a s tandard  packet con ta in ing  documents -Am through "8".  
And, i n  accordance w i t h  s tandard  immigration law, Be t ty  e x p l a i n s  t h e  
law a s  follcw8r 

'If you f i l l  o u t  document ' D ' r  then Ed w i l l  r a t e  you code '3 '* .  

Ed i8  t h e  very bigoted immigration o f f i c e r  who is i n  charge of 
processing these  forms. You know t h a t  Ed h a t e s  Mexicans# he has  made 
no s e c r e t  of the  f a c t  t h a t  he does no t  want them coming i n t o  t h i s  
country. You suspec t  t h a t  he w i l l  t r y  t o  c h e a t  some or  a l l  of t h e s e  
people o u t  of t h e i r  r i g h t  t o  immigrate. 

Quest ions:  
3 

1. ,Each Mexican wants t o  be r a t e d  code nurber . 
2. I t  is  i n  the  i n t e r e s t  of each Mexican t o  f i l l  o u t  document 2 
3. The Mexicam would no t  need t o  f i l l  o u t  document 5. 
4. Personal ly,  Ed would l i k e  t o  r a t e  each Hexican code number 7. 
5. The cards  below have information about  t h e  documents of t h e  f o u r  
Mexicans who appl ied  f o r  immigration through Ed's o f f i c e .  Each card  
represen ts  one person. One s i d e  of a ca rd  t e l l s  t h e  l e t t e r  name of 
the  document the person f i l l e d  o u t  and t h e  o ther  s i d e  of t h e  Card 
t e l l s  what number code r a t i n g  Ed gave t h a t  person. 

The Washington o f f i c e  of t h e  U.S. Immigration S e r v i c e  h i r e d  you t o  
f e r r e t  o u t  cor rup t ion  i n  t h e  branch o f f i c e s .  Ed is  your t a r g e t .  
I n d i c a t e  only those c a r d ( s )  you d e f i n i t e l y  need t o  t u r n  over t o  nee if 
Ed, by breaking t h e  law Bet ty  quoted,  has cheated any of t h e s e  
Mexicans o u t  of their r i g h t . t o  immigrate. /.' ............. A. ............... 

A. : 8. r : 
D : : 7 : 

: : : : 
I . . . . . . . . . . . . . . . :  z...............: 

Abstract Problem 

PAGE 4 

P a r t  of your new c l e r i c a l  job a t  t h e  l o c a l  immigration o f f i c e  is t o  
make s u r e  t h a t  t h e  documents of people applying t o  immigrate i n t o  t h e  
U.S. a r e  processed according t o  t h e  proper  alphanumeric r u l e s  r e l a t i n g  
l e t t e r  ratin'gs t o  number codes. There ' s  a whole alphabet  of l e t t e r  
r a t i n g s ,  and a s  many d i f f e r e n t  number codes. For example, a *Dm 
r a t i n g  i n d i c a t e s  t h a t  t h e  a p p l i c a n t  has  submit ted an incomplGte- 
medical record,  an - P l . r a t i n g  r n e a n c t h e a p p l i c a n t  has dependent 
r e l a t i v e s ;  code "3- means t h e  a p p l i c a n t  m u S t - a a ~ ~ l E h - i n S p 6 c t o r ,  
code *7* means t h a t  t h e  a p p l i c a n t  must undergo a secur i ty -check  f o r  
p o s s i b l e  c r i m i n a l  a c t i v i t i e s .  The-documents-arCdlready known t o  have 
t h e  c o r r e c t  l e t t e r  r a t i n g .  job is t o  make s u r e  t h e  documents 
conf o m  t o  t h e  fo l lowing  alphanumeric' r u l e r  

*If  a person h a s  a 'D' r a t i n g ,  then h i s  documents m u s t  be marked code '3'. 

Quest ions:  

1. Which code means t h e  app l ican t  must s e e  t h e  h e a l t h  inspec tor?  A 
2. Which r a t i n g  means t h e  a p p l i c a a t ' s  medical  record is incomplete? 

3. Which r a t i n g  means t h e  app l ican t  h a s  dependent r a l a t i v e s ?  

4. Which code means t h e  a p p l i c a n t  must undergo a s e c u r i t y  check? 7 
5. You suspec t  t h e  absent-minded s e c r e t a r y  you replaced d i d  n o t  
c a t e g o r i z e  t h e  documents c o r r e c t l y .  The c a r d s  below have information 
about  t h e  documents of f o u r  people who a r e  app ly ing  f o r  immigration. 
Each card  r e p r e s e n t s  one person. One s i d e  of a ca rd  t e l l s  a p a r s o n ' s  
l e t t e r  r a t i n g  and t h e  o ther  s i d e  of t h e  c a r d  t e l l s  t h a t  person ' s  
number code. 

I n d i c a t e  only those  card(s?k you d e f i n i t e l y  need t o  t u r n  over t o  see .If 
t h e  documents of any of t h e s e  people v i o l a t e  the alphanumeric r u l e .  



made it d i f f i c u l t  t o  c o n s t r u c t  a  " f u l l  s t r e n g t h "  s o c i a l  c o n t r a c t  

problem. By t h e i r  na tu re ,  b u r e a u c r a t i c  r u l e s  exp res s  

" i n s t i t u t i o n a l  d e s i r e s " ,  not  t h e  persona l  d e s i r e s  of t h e  

bu reauc ra t  charged with  en fo rc ing  them. What i s  a  STD-SC from 

t h e  i n s t i t u t i o n ' s  "poin t  of viewn may not  be a  proper s o c i a l  

c o n t r a c t  of any kind f  r m  t h e  po in t  of view of t h e  bu reauc ra t  

a d m i n i s t e r i n g  it .  Th i s  can be seen by t r a n s l a t i n g  t h e  r u l e  i n t o  

c o s t / b e n e f i t  terms from t h e  po in t  of view of t h e  immigrants, t h e  

S t a t e ,  and Ed, t h e  bureaucra t  and p o t e n t i a l  chea t e r .  

The oppor tun i ty  t o  immigrate (be r a t e d  "code ' 3 ' " )  is  

cons idered  a  r a t i o n e d  b e n e f i t  i n  t h i s  country;  having t o  f i l l i n g  

o u t  papers  i s  usua l ly  cons idered  a  cost / requirement .  From t h e  

p o i n t  of view of t h e  immigrants'  va lue  system, t h e  A-STD-SC r u l e  

t r a n s 1  a t e s  t o  : 

" I f  P then  Q Il 

" I f  you pay t h e  c o s t ,  then you a r e  e n t i t l e d  t o  t h e  b e n e f i t .  " 

Ed, t h e  p o t e n t i a l  chea t e r ,  i s  t h e  bureaucra t  charged wi th  

en£ o r c i n g  t h i s  r u l e .  Cheating an i m m i g r a n t  would c l e a r l y  

i nvo lve  no t  g i v i n g  him t h e  b e n e f i t  (not-Q) he i s  e n t i t l e d  t o  when 

he has  pa id  t h e  c o s t  ( P ) .  Thus t h e  c o r r e c t  SC answer i s  'P & 

not-Q' , making t h i s  problem a STD-SC. (Remember : a STD-SC only 

h a s  t h e  form " I f  B(X) then  C(X)" when t r a n s l a t e d  i n t o  t h e  v a l u e  

system of t h e  p o t e n t i a l  c h e a t e r .  I n  t h i s  problem Ed i s  t h e  

p o t e n t i a l  c h e a t e r ,  no t  t h e  immigrants.) 

How does t h i s  r u l e  t r a n s l a t e  from t h e  po in t  of view Ed, t h e  

p o t e n t i a l  c h e a t e r ?  A bu reauc ra t  i s  charged wi th  r e p r e s e n t i n g  t h e  

d e s i r e s  of t h e  i n s t i t u t i o n  t h a t  made t h e  r u l e ,  not  h i s  own: t h e  

bureaucra t  i s  supposed t o  behave a s  i f  h i s  i n t e r e s t s  and t h e  
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i n t e r e s t s  of h i s  employer co inc ide .  Th i s  r u l e  t r a n s l a t e s  i n t o  a  

convent iona l  STD-SC only i f  you view Ed a s  t h e  inst rument  of t h e  

S t a t e  -- an i n t e r p r e t a t i o n  discouraged by t h e  t e x t .  S u b j e c t s  

l i v i n g  i n  t h i s  count ry  a r e  presumably aware t h a t  t h e  S t a t e  -- 
Ed's  employer -- views immigration a s  c o s t l y ,  bu t  i s  w i l l i n g  t o  

a l low it when t h e  person18 cha rac t e r  and f i n a n c e s  a r e  l i k e l y  t o  

provide  b e n e f i t s  t h a t  o f f s e t  t h e  c o s t  -- b e n e f i t s  a s su red ,  

presumably, by f i l l i n g  o u t  document D. I f  Ed, t h e  p o t e n t i a l  

c h e a t e r ,  i s  seen merely a s  t h e  inst rument  of t h e  S t a t e ,  then t h e  

r u l e  i s  a  proper STD-SC: 

It I f  P then Q I1 

" I f  we r e c e i v e  t h e  b e n e f i t ,  then we must pay t h e  c o s t .  " 

T r a n s l a t i n g  t h e  r u l e  i n t o  Ed 's  persona l  va lue  system is  more 

d i f f i c u l t ;  because Ed d i d  no t  make t h e  r u l e ,  it does no t  

n e c e s s a r i l y  express  h i s  va lues .  He c l e a r l y  ag rees  t h a t  t h e  

second term is a  c o s t  -- Ed d o e s n ' t  want Mexicans e n t e r i n g  t h e  

country.  However, it i s  not  c l e a r  t h a t  a  completed "document 

ID '  II b e n e f i t s  Ed i n  any way. From Ed's  po in t  of view, t h e  r u l e  

probably t r a n s l a t e s  t o :  

n I f  P then  Q " 
" I f  0 (Ed) then  C (Ed) .  

Moreover, we know from t h e  s t o r y  t h a t  Ed p r e f e r s  not-Q ( n o t  

l e t t i n g  Mexicans i n )  t o  Q ( l e t t i n g  them i n ) .  Hence, i n  te rms  of 

c h e a t i n g  t h e  immigrants,  Ed has  both motive and oppor tun i ty .  

But no te  t h a t  he i s  no t  chea t ing  them i n  t h e  n a t u r a l  

s e l e c t i o n  sense  of t h e  word -- he i s  not  absconding with  a  

b e n e f i t  wi thout  paying t h e  r equ i r ed  c o s t .  Ed is not  b e n e f i t e d  by 
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t h e  immigran t s  h a v i n g  f i l l e d  o u t  document D*; by r a t i n g  t h e  

immigran t s  code  7 ,  Ed i s  a v o i d i n g  t h e  i m p o s i t i o n  of a  c o s t ,  b u t  

n o t  a b s c o n d i n g  w i t h  a  b e n e f i t .  From t h e  immigran t s '  p o i n t  of 

v iew,  h i s  d o i n g  t h i s  d o e s  c h e a t  them i n  t h e  n a t u r a l  s e l e c t i o n  

s e n s e  of  t h e  word -- t h e y  have  p a i d  t h e  c o s t ,  b u t  n o t  r e c e i v e d  

t h e  b e n e f i t  t h a t  t h i s  e p t i t l e s  them t o .  Thus,  i n  t h e  n a t u r a l  

s e l e c t i o n  s e n s e ,  t h e  immigrants  have  been c h e a t e d  b u t  E d  h a s  n o t  

c h e a t e d  them. T h i s  a s s y m e t r y  r e s u l t s  from t h e  f a c t  t h a t  Ed d i d  

n o t  h i m s e l f  make t h i s  c o n t r a c t  w i t h  t h e  Mexicans, s o  it d o e s  n o t  

e x p r e s s  h i s  own d e s i r e s .  

I n  f a c t ,  g i v e n  E d ' s  b i g o t r y ,  h e  p robab ly  d o e s  n o t  s e e  t h e  

r u l e  a s  a  s o c i a l  c o n t r a c t  between h i m s e l f  and t h e  immigran t s ,  and 

t h i n k s  of  it t h u s :  

" I f  a  Mexican f i l l s  o u t  document 'F', t h e n  I g e t  t o  r a t e  him code  ' 7 ' . "  
" I f  0 (Ed) t h e n  B(Ed) n 

From t h e  Mexican 's  p o i n t  of view, t h i s  r u l e  would be: 

" I f  0 (Mexican) t h e n  0 (Mexican) " 

-- n o t  a  s o c i a l  c o n t r a c t  a t  a l l !  

So,  t h e  r u l e  is  s l i g h t l y  c o n f u s i n g  from a  s o c i a l  c o n t r a c t  

p o i n t  of view. I f  one i d e n t i f i e s  w i t h  t h e  immigran t s ,  t h e n  t h e  

c o n d i t i o n s  t h a t  c o n s t i t u t e  c h e a t i n g  a r e  c l e a r ;  i f  one i d e n t i f i e s  

w i t h  Ed, t h e y  a r e  n o t  s o  c l e a r .  For t h i s  r e a s o n ,  pe r fo rmance  may 

be weaker on t h i s  p a r t i c u l a r  A-STD-SC t h a n  on t h e  " f u l l  s t r e n g t h n  

U-STD-SCs used  i n  Exper iments  1 and 3 .  

* Nor i s  t h e  S t a t e .  Because B ( S t a t e )  r e s i d e s  i n  t h e  c h a r a c t e r  
and f i n a n c e s  of  t h e  p o t e n t i a l  immigrants ,  B ( S t a t e )  c a n  on ly  be  
c o l l e c t e d  i f  t h e  Mexicans a r e  a l l o w e d  t o  immigra te .  Thus,  i n  t h e  
n a t u r a l  s e l e c t i o n  s e n s e ,  t h e  S t a t e ,  l i k e  Ed, canno t  c h e a t  t h e  
Mexicans -- it c a n ,  however, v i  01 a t e  t h e  r u l  e. 



R e s u l t s  . 
C r i t i c a l  Tes t  7: Does an a b s t r a c t  s t anda rd  s o c i a l  c o n t r a c t  

e l i c i t  t h e  p r e d i c t e d  S C  response,  ' P  & not-Q1? 

Percentage  'P  & not-Q1 responses:  

S o c i a l  Contract  
P r e d i c t i o n :  

A-STD-SC V. AP A-STD-SC > AP 
high 1 ow 

A v a i l a b i l i t y  
P r e d i c t i o n :  

A-STD-SC = AP 
1 ow 1 ow 

The A-STD-SC e l i c i t e d  more "f a l s i f  y ingn  responses  t han  t h e  

AP, j u s t  a s  s o c i a l  c o n t r a c t  theory  p r e d i c t s  it  should ( Z  = 2.34, 

p  < .01, p h i  = .36) .  Hypothesis AY does no t  p r e d i c t  and cannot  

e x p l a i n  t h i s  r e s u l t .  However, t h e  s i z e  of t h i s  e f f e c t  i s  

somewhat sma l l e r  than  those  found i n  Experiments 1 and 3 f o r  t h e  

U-STD-SC v. AP comparisons -- about 57% t h e  s i z e  (.36 f o r  A-STD- 

SC v. AP, ve r sus  .61 and .65 f o r  U-STD-SC v. AP i n  Experiments 1 

and 3 ) .  There a r e  a t  l e a s t  t h r e e  exp lana t ions  f o r  t h i s  smal le r  

e f f e c t  s i z e :  

1. Abs t r ac t  symbols a r e  more d i f f i c u l t  t o  process  t han  words, no 
ma t t e r  how unfami l i a r  those  words a r e .  I f  t h i s  were t r u e ,  
then  i n  Experiments 1-4, f a l s i f i c a t i o n  r a t e s  would have been 
lower f o r  AP problems than  f o r  U-D problems; they  were not.  
Theref o re ,  t h i s  exp lana t ion  i s  r a t h e r  un l ike ly .  

2. Random v a r i a t i o n  i n  popula t ion  sampling -- I have no way of 
a s s e s s i n g  t h e  m e r i t  of t h i s  explana t ion .  

3 .  The A-STD-SC was not  a  " f u l l - s t r e n g t h n  s o c i a l  c o n t r a c t  problem 
whereas t h e  U-STD-SCs of Experiments 1 and 3 were ( s e e  
d i s c u s s i o n  above) . 

I have no d a t a  t h a t  would a l low me t o  choose between t h e  second 

and t h i r d  exp lana t ions .  



Summary, Experiment 5.  

An a b s t r a c t  standard s o c i a l  contract  e l i c i t e d  a  "content 

e f f e c t " ,  a s  r e s u l t  predicted only by soc i a l  contract  theory. The 

e f f e c t  was somewhat smaller than the  soc i a l  contract  e f f e c t s  

found i n  Experiments 1 through 4 for  the unfamiliar problems. 

Experiment 6 

So f a r ,  unfamiliar and abs t r ac t  soc i a l  contract  problems 

have a l l  e l i c i t e d  high l e v e l s  of predicted SC responses: these 

were the  t heo re t i ca l l y  c ruc i a l  problems for  es tab l i sh ing  a  soc i a l  

con t rac t  e f f e c t  and choosing between hypotheses SC and BY. 

In  Experiment 6 ,  famil iar  STD-SC problems a r e  p i t t e d  agains t  

abs t r ac t  problems and fami l ia r  descr ip t ive  problems. Social  

contract  theory pred ic t s  t h a t  a  famil iar  STD-SC problem (F-STD-SC) , 
l i k e  i ts  unfamiliar analog, w i l l  e l i c i t  high l e v e l s  of " log ica l  

f a l s i f i c a t i o n "  . Avai lab i l i ty  predic ts  middling performance on 

both F-D and F-STD-SC problems, unless,  be£ ore seeing the  r e s u l t s  

of the experiment, the individual  a v a i l a b i l i t y  t heo r i s t  can 

concoct reasons why one problem or the other should prompt more 

counter-examples; so f a r ,  no principled way of making such 

judgments has been proposed (see Chapter 3 ) .  

The l i t e r a t u r e  r e s u l t s  reported i n  Chapter 2 indicate  t h a t  

fami l ia r  STD-SCs e l i c i t  r ep l icab le  and robust soc i a l  contract  

e f f e c t s ;  however, given the  e lu s iv i t y  of other content e f f e c t s  on 

the  Wason se lec t ion  task ,  it seemed prudent t o  t e s t  some F-STD-SCs 

on the  same subject  population t h a t  I used for  the c r i t i c a l  t e s t s  

reported above.* Moreover, t h i s  allowed me t o  compare 

* F-SWC-SCs cannot be used; experience with the more usual STD-SC form 
c rea t e s  too many confounds (see Chapter 2: "Deformed Socia l  Contracts") .  



performance on f a m i l i a r  STD-SCs t o  performance on un fami l i a r  

ones ,  t o  s e e  i f  f a m i l i a r i t y  produces an e f f e c t  over and above t h e  

s o c i a l  c o n t r a c t  e f f e c t  ( s e e  above: "Soc ia l  Cont rac t  Tests") .  

Experiment 6  -A 

The F-STD-SC used .,in t h i s  experiment was a  Drinking Age 

Problem (DAP;  s e e  Chapter 2 ,  F igure  4 .1) .  The percen tage  of ' P  & 

not-Q' responses  e l i c i t e d  by t h e  DAP was compared t o  t h a t  

e l i c i t e d  by a  t r a n s p o r t a t i o n  problem (F-D) and a  p r e s c r i p t i v e  AP 

(shown i n  F igure  6.5) . 
S u b j e c t s .  

Twenty-three undergraduates  from Harvard U n i v e r s i t y  

p a r t i c i p a t e d  i n  Experiment 6-A (16 females ,  7 males ) ;  t h e y  were 

v o l u n t e e r s  from an i n t r o d u c t o r y  s c i e n c e  course .  

M a t e r i a l s  and Procedure.  

Experiment 6-A was p a r t  of t h e  b a t t e r y  of t e s t s  d e s c r i b e d  i n  

Experiment 5.  Each s u b j e c t  so lved  f i v e  problems, which appeared 

i n  t h e  fo l l owing  o r d e r :  AP, F-D, F-STD-SC (DAP), semi-SC ( s e e  

F igu re  6.9) , and t h r e a t  ( s e e  Appendix B) . Only t h e  f i r s t  t h r e e  

problems a r e  r e l e v a n t  t o  t h i s  a n a l y s i s .  

A s  d i s c u s s e d  i n  t h e  s e c t i o n  on p o s i t i o n  e f f e c t s ,  r e s u l t s  

i n d i c a t e  t h a t  f a l s i f i c a t i o n  r a t e s  a r e  not enhanced by i n c r e a s i n g  

s e r i a l  p o s i t i o n ;  i n  f a c t ,  Cox & Griggs  (1982) p r e s e n t  ev idence  

s u g g e s t i n g  t h a t  f i r s t  s o l v i n g  an AP i n c o r r e c t l y  d e ~ r w  

f a l s i f i c a t i o n  r a t e s  on a fo l l owing  DAP. I f  any th ing ,  t hen ,  

having t h e  F-STD-SC i n  t h e  t h i r d  p o s i t i o n  should narrow t h e  

d i f f e r e n c e  between it and t h e  AP. Moreover, having it fo l low  t h e  

F-D e l i m i n a t e s  t h e  p o s s i b i l i t y  of t r a n s f e r  from a  c o r r e c t l y  



so lved  F-STD-SC t o  t h e  F-D. 

Throughout Experiment 6  , a v a i l a b i l i t y  p r e d i c t i o n s  a r e  based 

on Gr iggs  & Cox's (1982) memory-cueing v e r s i o n  of a v a i l a b i l i t y  

theory .  P r e d i c t i o n s  based on P o l l a r d ' s  (1982) d i f f e r e n t i a l  

a v a i l a b i l i t y  would f a r e  much worse, because, f o r  very  f a m i l i a r  

STD-SCs l i k e  t h e  DAP (mper iement  6-A) and t h e  r e s t a u r a n t  problem 

(Experiment 6-B) , f a l s i f y i n g  i n s t a n c e s ,  though a v a i l a b l e ,  should 

be l e s s  a v a i l a b l e  than  con£ i rming i n s t a n c e s  ( s e e  Chapter 3 )  . 
Other brands of a v a i l a b i l i t y  pu t  f o r t h  a r e  not  s u f f i c i e n t l y  well-  

s p e c i f i e d  t o  make any s t r o n g  p r e d i c t i o n s .  

So a s  no t  t o  confuse i s s u e s ,  t h e  s o c i a l  c o n t r a c t  p r e d i c t i o n s  

f o r  F-D problems w i l l  assume no e f f e c t  of a v a i l a b i l i t y ,  a s  

be fo re ;  however, s o c i a l  c o n t r a c t  theory  i s  s i l e n t  on whether 

a v a i l a b i l  t y  e x e r c i s e s  an independent e f f e c t  on such problems. 

R e s u l  ts . 
The r e s u l t s  a r e  p i c t u r e d  i n  Table  6.12. 

Tab le  6.12 Experiment 6-A: Per cen t  of s u b j e c t s  choosing 
' P  & not-Q' f o r  each problem (n=23) 

- 

AP : 30% 

F-D : 57% 

F -STD-SC : 7 8% 

The t e s t s  t h a t  fo l low a r e  not c r i t i c a l  t e s t s  because t h e  two 

hypotheses ,  SC and BY do no t  make r a d i c a l l y  d i f f e r e n t  p r e d i c t i o n s  

about  t h e s e  problems (al though t h e  p r e d i c t i o n s  of s o c i a l  c o n t r a c t  

t heo ry  a r e  more t i g h t l y  s p e c i f i e d  than  those  of a v a i l a b i l i t y  

t heo ry )  . Rather ,  they  a r e  o f f e r e d  t o  show t h a t  t h e  r e s u l t s  a r e  



c o n s i s t e n t  w i t h  s o c i a l  c o n t r a c t  t heo ry ,  and t h a t  s o c i a l  c o n t r a c t  

s t a t u s  produces  r e l i a b l e ,  r e p l i c a b l e  e f f e c t s .  

Does a  f a m i l i a r  s t anda rd  s o c i a l  c o n t r a c t  e l i c i t  t h e  
p r e d i c t e d  S C  response,  'P  & not-Q'? 

Percentage  'P  & not-Q' responses:  

S o c i a l  Cont rac t  A v a i l a b i l i t y  
P r e d i c t i o n :  P r e d i c t i o n :  

F-STD-SC V. AP F-STD-SC > AP F-STD-SC > AP 
high 1 ow high-mid 1 ow 

Experiment 6-A r e p l i c a t e s  t h e  many experiments i n  t h e  

l i t e r a t u r e  showing a  robust  conten t  e f f e c t  f o r  t h e  DAP. T h i s  

F-STD-SC e l i c i t e d  a  high percentage  of SC responses  -- 7 8%. 

Moreover, t h e  p ropor t ion  of ' P  & not-Q' responses  e l i c i t e d  by t h e  

F-STD-SC i s  s i g n i f i c a n t l y  higher  than t h a t  e l i c i t e d  by t h e  AP 

(78% v. 30%: F = 21.08, p  << .001, r = .69) . T h i s  r e s u l t  i s  
l r 2 2  

no t  p r e d i c t e d  by P o l l a r d ' s  d i f f e r e n t i a l  a v a i l a b i l i t y  theory  

( d e s p i t e  h i s  c l a ims  -- s e e  Chapter 3 ) ,  bu t  it i s  c o n s i s t e n t  w i th  

Gr iggs  & Cox's memory-cueing v e r s i o n  of a v a i l a b i l i t y  theory .  

Are t h e r e  more S C  responses  t o  a  f a m i l i a r  s t anda rd  s o c i a l  
c o n t r a c t  problem than  f a l s i f y i n g  responses  t o  a  f a m i l i a r  
d e s c r i p t i v e  problem? 

Percentage  ' P  & not-Q' responses:  

S o c i a l  Cont rac t  
P red ic t ion :  

A v a i l a b i l i t y  
P r e d i c t i o n :  

F-STD-SC v. F-D F-STD-SC > F-D F-STD-SC 2 F -D 
high 1 ow high-mid mid-low 

A s  s o c i a l  c o n t r a c t  theory  p r e d i c t s ,  t h e  F-STD-SC problem 



e l i c i t e d  s i g n i f i c a n t l y  more ' P  & not-Q' responses  t han  t h e  F-D 

(78% v. 57%: F = 6.11, p  < .025, r = .47) .  T h i s  r e s u l t  i s  
1 r22 

a l s o  c o n s i s t e n t  w i th  Gr iggs  & Cox's a v a i l a b i l i t y  t h e o r y ,  assuming 

t h a t  more s u b j e c t s  had exper ienced  coun te r - i n s t ances  t o  t h e  DAP 

t h a n  t o  t h e  t r a n s p o r t a t i o n  problem. I t  i s  not  c o n s i s t e n t  wi th  

P o l l a r d ' s  d i f f e r e n t i a l  a v a i l a b i l i t y .  

A v a i l a b i l i t y  a s se s sed :  Does a v a i l a b i l i t y  have any e f f e c t  a t  
a l l  on f a m i l i a r  problems? 

E f f e c t  : No e f f e c t :  

F-D V.  AP F-D > AP F-D = AP 

57% > 30% 

The F-D t r a n s p o r t a t i o n  problem e l i c i t e d  s i g n i f i c a n t l y  more 

f a l s i f y i n g  responses  t han  t h e  AP (57% v. 30%: F = 7.76, p < 
1,22 

Experiments 1 through 4. A s  before ,  t h e  a v a i l a b i l i t y  e f f e c t  i s  

sma l l e r  t h a n  t h e  s o c i a l  c o n t r a c t  e f f e c t .  

Experiment 6  -B 

I n s t e a d  of t h e  DAP,  Experiment 6-B uses  a F-STD-SC t h a t  

i n v o l v e s  d i s c o v e r i n g  who has  been c h e a t i n g  on t h e  b i l l  a t  a  

r e s t a u r a n t ;  o t h e r  than  t h a t ,  it is i d e n t i c a l  t o  Experiment 6-A. 

The s i t u a t i o n  -- one person c o n t r i b u t i n g  l e s s  than  her  s h a r e  when 

a  group of f r i e n d s  e a t s  o u t  -- is  probably f a m i l i a r  t o  c o l l e g e  

s t u d e n t s .  

T h i s  r e s t a u r a n t  problem invo lves  a  s imul taneous exchange: 

SC e f f e c t s  on t h e  Wason s e l e c t i o n  t a s k  can be somewhat weaker f o r  

s imul taneous ,  face- to - face  exchanges, '  a s  t hey  imply t h e  

p o s s i b i l i t y  of i n t e r  cont  i ngen t  behavior t h a t  would prevent  

2  4 8  



c h e a t i n g  ( s e e  Chapter 5 and t h e  d i s c u s s i o n  i n  Experiment 3 ) .  

Unfo r tuna t e ly ,  I was no t  t h i n k i n g  about  t h i s  when I c r e a t e d  t h e  

problem. Nonetheless ,  it should e l i c i t  a  s o c i a l  c o n t r a c t  e f f e c t .  

S u b j e c t s  . 
Twenty-f our undergraduates  from Harvard U n i v e r s i t y  

p a r t i c i p a t e d  i n  Experiment 6-B (17 females ,  6  males,  no d a t a  on 

s e x  of one s u b j e c t ) ;  t hey  were v o l u n t e e r s  from an i n t r o d u c t o r y  

s c i e n c e  course .  

M a t e r i a l s  and Procedure.  

The r e s t a u r a n t  problem i s  shown i n  F igu re  6.11. The o t h e r  

m a t e r i a l s  and t h e  procedure  were i d e n t i c a l  t o  t hose  d e s c r i b e d  f o r  

Experiment 6  -A. 

R e s u l t s  . 
The r e s u l t s  a r e  p i c t u r e d  i n  Tab le  6.13. 

Tab le  6.13 Experiment 6-A: Per cen t  of s u b j e c t s  choosing 
'P  & not-Q'  f o r  each problem (n=23) 

AP : 12% 

F-D : 29% 

F-STD-SC : 62% 

Does a  f a m i l i a r  s t a n d a r d  s o c i a l  c o n t r a c t  e l i c i t  t h e  
p r e d i c t e d  S C  response,  'P  & not-Q'? 

Percen tage  ' P  & not-Q'  responses:  

S o c i a l  Cont rac t  
P r e d i c t i o n :  

A v a i l a b i l i t y  
P r e d i c t i o n :  

F-STD-SC V.  AP F-STD-SC > AP F-STD-SC > AP 
high 1 ow mid-low? 1 ow 



Figure 6.11 Experiment 6-B: Restaurant Problem 

Every Wednesday n i g h t  you go o u t  t o  dinner  wi th  t h e  same group of 
f o u r  f r i e n d s  from work. You j u s t  g o t  your f i r s t  c r e d i t  c a rd ,  and 
you a r e  t r y i n g  t o  b u i l d  up a good c r e d i t  r a t i n g .  So every t ime 
t h e  f i v e  of you go o u t ,  you pay t h e  check wi th  your c r e d i t  c a rd ,  
and they  reimburse you on t h e  s p o t  wi th  cash.  

The problem is, t h e  l a s t  few t imes  you a l l  have gone ou t ,  you've 
ended up paying more than  your s h a r e  of t h e  b i l l .  One of your 
f r i e n d s  has  been c o n s i s t e n t l y  c h e a t i n g  you. T h i s  h u r t s  your 
f e e l i n g s ,  because you a r e  t h e  iTeast w e l l  o f f  of your f r i e n d s  -- 
you f e e l  taken advantage of.  So ' t h i s  Wednesday n i g h t  you dec ide  
t o  f i g u r e  o u t  who i s  chea t ing  you. 

A t  t h e  r e s t a u r a n t ,  some of your f r i e n d s  order  hamburgers, and 
o t h e r s  s p l u r g e  on l o b s t e r .  When t h e  check comes you announce t h e  
fo l lowing  r u l e :  

" I f  you o rde red  l o b s t e r ,  then you must p u t  i n  $20." 

The c a r d s  below have in format ion  about  your fou r  f r i e n d s .  Each 
c a r d  r e p r e s e n t s  one person.  One s i d e  of a  c a r d  t e l l s  what 
a  person ordered  and t h e  o the r  s i d e  of t h e  c a r d  t e l l s  how much 
money t h a t  person kicked in .  

I n d i c a t e  only  t h o s e  c a r d ( s )  you d e f i n i t e l y  need t o  t u r n  over t o  
see i f  any of your f r i e n d s  have broken t h e  rule  you announced. 

................. 
C. : . 

l o b s t e r  
: 

................. 
D. : 

: hamburger : 
: 



The F-STD-SC e l i c i t e d  t h e  p r e d i c t e d  s o c i a l  c o n t r a c t  e f f e c t  (62% 

v. 12%: F = 23.00, p << .001, r = .71) .  The problem's  - 

1,23 
s i m u l t a n e i t y  does no t  appear t o  have diminished t h e  s i z e  of t h e  

s o c i a l  c o n t r a c t  e f f e c t  -- .71 f o r  t h e  r e s t a u r a n t  problem, .69 f o r  

t h e  DAP. 

I t  i s  d i f f i c u l t  t o  Say whether or not t h i s  r e s u l t  i s  a l s o  

c o n s i s t e n t  wi th  a v a i l a b i l i t y  theory .  "Although t h e  s i t u a t i o n  

should  q u a l i f y  a s  f a m i l i a r ,  so  i s  e a t i n g  w h i l e  d r i n k i n g ,  y e t  many 

t h e o r i s t s  a rgue  (post-hoc) t h a t  t h e  food problem should not  

e l i c i t  a  con ten t  e f f e c t  (see Chapter 3 )  . Whether AY p r e d i c t s  

such a  s t r o n g  con ten t  e f f e c t  f o r  t h e  r e s t a u r a n t  problem depends 

on whether t h e  p a r t i c u l a r  a v a i l a b i l i t y  t h e o r i s t  b e l i e v e s  being 

s h o r t e d  a t  a  r e s t a u r a n t  i s  a  s u f f i c i e n t l y  common exper ience .  

T h i s  r e s u l t  i s  important  p r e c i s e l y  because t h e  con ten t  

e f f e c t  on t h e  Wason s e l e c t i o n  t a s k  has  been so  e l u s i v e  and 

unpred ic t ab l e .  The r e s t a u r a n t  problem i s  a  brand new problem, 

never t r i e d  before .  I t  was designed accord ing  t o  t h e  

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

p r e d i c t e d  s o c i a l  c o n t r a c t  e f f e c t .  I t  i s  a  new a d d i t i o n  t o  t h e  

a r s e n a l  of s u c c e s s f u l  s o c i a l  c o n t r a c t  r u l e s .  

A r e  t h e r e  more S C  responses  t o  a f a m i l i a r  s t a n d a r d  s o c i a l  
c o n t r a c t  problem than  f a l s i f y i n g  responses  t o  a f a m i l i a r  
d e s c r i p t i v e  problem? 

Percentage  ' P  & not-Q' responses:  

S o c i a l  Cont rac t  
P red ic t ion :  

F-STD-SC V. F-D F-STD-SC > F-D 
high 1 ow 

A v a i l a b i l i t y  
P r e d i c t i o n  : 

F-STD-SC = F-D 
mid-low? mid-low 



According t o  s o c i a l  c o n t r a c t  t heo ry ,  t h e  r e s t a u r a n t  problem 

should  e l i c i t  more ' P  & not-Q' responses  than t h e  F-D 

t r a n s p o r t a t i o n  problem; t h i s  p r e d i c t i o n  was borne ou t  (62% v. 

29%: F = 8.36 , p < . O l  , r = .52) .  Whether t h i s  r e s u l t  i s  a l s o  
1 ,23 

p r e d i c t e d  by Gr iggs  & Cox's memory-cueing depends on whether one 

p r e d i c t s  t h a t  more s u b j e c t s  have been s h o r t e d  by a  f r i e n d  than  

have gone t o  Boston or  Ar l ing ton  by t h e  form of t r a n s p o r t a t i o n  

no t  mentioned i n  t h e  r u l e  -- I have no i n t u i t i o n s  on t h i s  s co re .  

However, a s  it i s  l i k e l y  t h a t  most s u b j e c t s  have had more 

exper iences  wi th  t h e i r  f r i e n d s  paying t h e i r  f a r e  s h a r e  than  no t ,  

t h i s  r e s u l t  c o n t r a d i c t s  P o l l a r d ' s  d i f f e r e n t i a l  a v a i l a b i l i t y  

theory .  

A v a i l a b i l i t y  a s se s sed :  Does a v a i l a b i l i t y  have any e f f e c t  a t  
all on f a m i l i a r  problems? 

E f f e c t :  

F-D V.  A .  F-D > AP 

29% > 12% 

No e f f e c t :  

F-D = AP 

A v a i l a b i l i t y  appears  t o  have produced a  smal l  but  

s i g n i f i c a n t  con ten t  e f f e c t  f o r  t h e  F-D (29% v. 12%: F = 4.60, 
1,23 

p < .05, r = .41) . However, t h e  s o c i a l  c o n t r a c t  e f f e c t  i s  

l a r g e r ,  j u s t  a s  it has  been i n  a l l  previous experiments.  

Taking Experiments 6-A and 6-B toge the r  and us ing  t h e  AP a s  

a  b a s e l i n e ,  t h e  s i z e  of t h e  s o c i a l  c o n t r a c t  e f f e c t  i s  r = .70 ,  

and t h e  s i z e  of t h e  a v a i l a b i l i t y  e f f e c t  i s  r = .46. I n  o the r  

words, f a m i l i a r  s o c i a l  c o n t r a c t  problems produce a  s o c i a l  

c o n t r a c t  e f f e c t  t h a t  i s  1.52 t imes a s  b ig  a s  t h e  a v a i l a b i l i t y  

e f f e c t .  T h i s  r e p l i c a t e s  t h e  50% advantage t h a t  s o c i a l  c o n t r a c t  



s t a t u s  gave t o  unfamlllar . . problems i n  Experiments 1 through 4 .  

Experiments 6-A and 6-B versus  Experiments 1-4 :  
Fami l ia r  ve r sus  Unfamil iar  S o c i a l  Cont rac t  Problems 

S o c i a l  c o n t r a c t  s t a t u s  has  a  profound e f f e c t  on t h e  

percentage  of SC answers e l i c i t e d  by a  r u l e ,  but  f a m i l i a r i t y  does 

no t  appear  t o  f u r t h e r  enhance t h i s  e f f e c t .  The percent  of SC 

responses  t o  t h e  un fami l i a r  SC problems i n  Experiments 1 through 

4  does no t  d i f f e r  s i g n i f i c a n t l y  from those  f o r  t h e  f a m i l i a r  SC 

problems of 6-A and 6-B; i n  f a c t ,  t h e  un fami l i a r  problems 

e l i c i t e d  s l i g h t l y  more SC responses  than  t h e  f a m i l i a r  ones (U-SC 

= 72%, F-SC = 66%: Z = 0.72, n . s . ) .  Moreover, t h e  e f f e c t  s i z e s  

f o r  t h e  U-SC v. AP comparison a r e  comparable t o  t hose  f o r  t h e  

F-SC v. AP comparison (U-SC v. AP, Experiments 1-4: .61, .6 9,  .65, 

s i z e s  f o r  t h e  U-STD-SC v.  F-D and F-STD-SC v. F-D comparisons a r e  

a l s o  comparable (U-STD-SC v. F-D, Experiments 1 and 3: .43, .47; 

F-STD-SC v. F-D, Experiments 6-A and 6-B: .47, .52). Ei the r  

performance i s  so high f o r  un fami l i a r  SC problems t h a t  t h e r e  i s  a  

c e i l i n g  e f f e c t ,  or  SC a lgo r i t hms  ope ra t e  j u s t  a s  smoothly i n  

un fami l i a r  s i t u a t i o n s  a s  they  do i n  f a m i l i a r  ones. 

Experiment 6  -C 

The r e s u l t s  so  f a r  have shown t h a t  t h e  s o c i a l  c o n t r a c t  

e f f e c t  i s  so  l a r g e  t h a t  t h e  percentage  of SC responses  u sua l ly  

o u t s t r i p s  t h e  per cen tage  of f a l s i f y i n g  responses  t o  f a m i l i a r  

d e s c r i p t i v e  problems. The t r a n s p o r t a t i o n  problem was t h e  F-D 

problem used i n  a l l  t h e  previous experiments,  because t h i s  was 

t h e  non-SC problem t h a t  had been most succes s fu l  i n  e l i c i t i n g  



content e f f e c t s  i n  the  ex i s t ing  l i t e r a t u r e .  To show t h a t  there  

i s  nothing spec i a l  about the  t ranspor ta t ion problem, i n  t h i s  

sect ion performance on the  DAP and res taurant  problems -- the two 

F-STD-SC problems -- i s  compared t o  performance on an array of 

other fami l ia r  descr ip t ive  problems. The la rge  ba t te ry  of t e s t s  

described i n  Experimenb 5  allowed t h i s  comparison. 

Sub j ec t s  . 
In  addi t ion t o  the 47 subjects  who solved the  DAP and 

res taurant  problems of 6-A and 6-B, 115 Harvard undergraduates 

par t i c ipa ted  i n  Experiment 6-C (71 females, 42 males, no data on 

sex of two sub jec t s ) ;  they were volunteers from an introductory 

science course. 

Materials  and Procedure. 

A l l  sub jec t s  solved f i v e  problems, but the  only problems 

relevant  t o  t h i s  ana lys i s  a r e  those t h a t  f e l l  i n  the  t h i r d  

pos i t ion ,  the same posi t ion a s  the  F-STD-SC problems of 6-A and 

6-B. The F-D problem for one group (n=23) was a  r u l e  r e l a t i ng  a  

person's  appearance i n  a  par t i cu la r  kind of a t t i r e  t o  h i s  age; 

f o r  another group (n=49) the  F-D r u l e  re la ted  a r t h r i t i s  t o  age -- 
these problems a r e  shown i n  Figure 6.12. A t h i r d  group (n=43) 

had one of the  two food problems described i n  Experiment 5  a s  an 

F-D. The f i r s t  two groups had an AP and t ranspor ta t ion  problem 

i n  the  f i r s t  two posi t ions;  i n  the t h i r d  group, those posi t ions  

were occupied by the other food problem and the  semi-SC problem 

(Figure 6.9) . Unlike the S C  v. F-D comparisons of the previous 

experiments, t h i s  was a  between-groups design, so the t e s t s  a r e  

not a s  powerf u l .  



Arthritis Problem (F-D) 

Figure 6.12 Experiment 6-C: Familiar Descriptive Problems 

Appearance Problem (F-D) 

PAGE 2 

You a r e  a physician in t e re s t ed  i n  disease i n  other cul tures .  You 
a r e  studying the  Kaluame people, a Polynesian cu l tu re  found only 
on Maku Island i n  the Pacific.  In  medical school. you learned 
the  following: 

'If a person has a r t h r i t i s ,  then he must be over 20 years old.' 

The cards belaw have information about four Kaluame people i n  a 
hospital .  Each card represents one person. One s ide  of a card  
t e l l s  what disease a person has and the  other s ide  of the  cazd 
t e l l s  t h a t  per son' s age. 

Indicate only thoee ca rd@)  you de f in i t e ly  need t o  tu rn  over t o  
see  if any of these Kaluame people v i o l a t e  t h i s  rule. 

................. 
A. : 

: 15 years  o ld  : 

t . . . . . . . . . . . . . . . :  

C. : 
: a r t h r i t i s  : 

................. 
B. r 

r 58 years old r 
: ; 
I . . . . . . . . . . . . . . . :  

D. : : 
: t o n s i l i t i s  : 
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You a re  a fashion designer i n t e re s t ed  i n  the  dress of other 
cul tures .  You a r e  studying the  d re s s  hab i t s  of the Kaluame 
people, a Polynesian cu l tu re  found only on Maku Island i n  the  
Pacific.  In  design school, you s tudied  variour s o r t s  of f ab r i c s  
and learned the  following about f l o r a l  pr in ts :  

'If a person looks f a t  i n  a f l o r a l  p r i n t  s h i r t ,  then he mwt be 
over 20 years  old.. 

The cards below have information about four  Kaluame people 
s i t t i n g  around a campfire. Al l  four  a r e  wearing f l o r a l  p r i n t  
s h i r t s .  Each card represents one person. One r ide  of a card 
t e l l s  how heavy a person looks and t h e  other r ide  of the card 
t e l l s  t h a t  person's age. 

Indica te  only those ca rd ( s )  you d e f i n i t e l y  need t o  tu rn  over t o  
see if any of these Kaluare people v i o l a t e  t h i q  rule. 

................. 
A. r 

: 15 years o ld  : 
: 

s...............: 

................. 
C* : : 

: looks f a t  t 
: : 
I...............: 

................. 
0. r 2 

: 35 years old r 
: t 

................. 
D. r r 

a looks th in  r 
r t 
z...............: 



R e s u l t s  . 
T a b l e  6.14 d i s p l a y s  t h e  r e s u l t s  . Both s o c i a l  c o n t r a c t  p r o b l e m s  

e l i c i t e d  more 'P & not -Q '  r e s p o n s e s  t h a n  e a c h  of  t h e  f a m i l i a r  

d e s c r i p t i v e  problems.  I n  f o u r  o u t  o f  s i x  tests t h i s  d i f f e r e n c e  

was s i g n i f i c a n t .  I n  two tests, t h o s e  u s i n g  t h e  a r t h r i t i s  problem 

as a n  F-D, t h e  d i f f e r e n c e  i s  i n  t h e  r i g h t  d i r e c t i o n  b u t  n o t  

s i g n i f i c a n t .  Note,  however,  t h a t  t h e  p e r c e n t  o f  s u b j e c t s  who 

f a l s i f i e d  on t h e  a r t h r i t i s  problem i s  n o t  o u t s i d e  t h e  r a n g e  found  

f o r  t h e  t r a n s p o r t a t i o n  problem w i t h  t h i s  s u b j e c t  p o p u l a t i o n  

( a r t h r i t i s :  57%; t r a n s p o r t a t i o n :  58% (Exp 4 ) ,  50% (Exp 2 ) ,  57% 

(Exp 6-A)) .  

T a b l e  6.14 Exper iment  6-C: F-STD-SC v. F-D ( n o n - t r a n s p o r t a t i o n )  , 
P e r c e n t  o f  s u b j e c t s  c h o o s i n g  'P  & not -Q '  

Drinking-Age Problem: 78% (n=23)  

F -D v e r s u s  F-STD-SC 

Appearance:  41% (n=49)  Z = 2.97, p < .0025, p h i  = .35 

Focd : 35% (n=43)  Z = 3.97,  p < .00005, p h i  = .49 

A r t h r i t i s :  57% (n=23)  Z = 1.57 ,  n.s .  

R e s t a u r a n t  Problem: 62% (n=24)  

F  -D v e r  sus F-STD-SC 

Appearance:  41% (n=49) Z = 1 .74 ,  p < .05 ,  p h i  = .20 

Food : 35% (n=43)  Z = 2.18 ,  p < .025,  p h i  = .27 

A r t h r i t i s :  57% (n=23)  Z = 0.42,  n.s .  



Summary, Experiment 6 .  

Two fami l iar  standard s o c i a l  contracts ,  including one tha t  

had never been t e s t e d  before,  e l i c i t e d  the  predicted s o c i a l  

contract  e f f e c t s .  Not only d id  they e l i c i t  more " f a l s i f y i n g n  

responses than abstract  problems, but they a l s o  e l i c i t e d  more 

than d id  a  wide var i e ty  of f  ami l iar-descr ipt ive  problems. 



Chapter 7 

Discussion and Conclusions 

7.1 The s o c i a l  c o n t r a c t  hypo thes i s  uniquely accounts  f o r  
e m p i r i c a l  r e s u l t s  on t h e  Wason s e l e c t i o n  t a s k  

P re sen t  i n  any novel s i t u a t i o n  a r e  an i n f i n i t e  number of 

p r o p e r t i e s  and r e l a t i o n s .  Darwinian a lgo r i t hms  a r e  l e a r n i n g  

mechanisms keyed t o  focus  a t t e n t i o n  on those  dimensions of a  

s i t u a t i o n  t h a t  a r e  e v o l u t i o n a r i l y  impor tan t ,  and o p e r a t e  on them 

wi th  in£  e r e n t i a l  procedures  t h a t  embody an a p p r o p r i a t e  

evo lu t iona ry  s t r a t e g y .  Without Darwinian a lgo r i t hms ,  no th ing  

could be l e a r n e d ;  exper ience  could not  be s t r u c t u r e d  t o  gu ide  

a c t i o n  a long  a d a p t i v e  pa ths .  

T h i s  t h e s i s  h a s  proposed t h e  e x i s t e n c e  of s o c i a l  c o n t r a c t  

a lgor i thms .  These focus  a t t e n t i o n  on t h e  a c t i o n s  of i n d i v i d u a l s ,  

d i s c e r n  what those  a c t i o n s  mean i n  terms of t h e i r  d e s i r e s ,  and 

c a l c u l a t e  whether t h e  c o s t / b e n e f i t  s t r u c t u r e  of t hose  d e s i r e s  

i n d i c a t e s  t h a t  t h e  s i t u a t i o n  i s  one of s o c i a l  exchange; i f  it is ,  

they  ope ra t e  on t h e  c o s t / b e n e f i t  s t r u c t u r e  of t h e  s i t u a t i o n  with  

i n f e r e n c e  procedures  t h a t  de f ine  chea t ing  and f a c i l i t a t e  t h e  

d e t e c t i o n  of c h e a t e r s .  They ope ra t e  i n  novel s i t u a t i o n s ,  a s  we l l  

a s  f a m i l i a r  ones,  gu id ing  i n f e r e n c e  and choices  a long  a d a p t i v e  

pathways. The hypo thes i s  t h a t  humans have s o c i a l  c o n t a c t  

a lgo r i t hms  was t e s t e d  us ing  t h e  Wason s e l e c t i o n  t a s k ,  a  t e s t  of 

how humans reason.  

I t  was a l r e a d y  known t h a t  how humans reason on t h e  Wason 

s e l e c t i o n  t a s k  v a r i e s  wi th  what they a r e  reasoning about ;  t h e  

q u e s t i o n  was, can t h e  s o c i a l  c o n t r a c t  hypothes i s  e x p l a i n  much of 



t h a t  v a r i a t i o n ?  The n u l l  hypothes i s  from t h e  s t andpo in t  of t h e  

e x i s t i n g  l i t e r a t u r e  i s  t h a t  a v a i l a b i l i t y  i s  t h e  s o l e  determinant  

of performance on Wason s e l e c t i o n  t a s k s  of vary ing  con ten t .  T h i s  

was t e s t e d  a g a i n s t  t h e  hypo thes i s  t h a t  humans have s o c i a l  

c o n t r a c t  a lgo r i t hms  t h a t  a r e  t h e  major determinant  of performance 

on Wason s e l e c t i o n  t a s k g  whose conten t  i nvo lves  s o c i a l  exchange.* 

S i x  c r i t i c a l  t e s t s  -- comparisons f o r  which s o c i a l  c o n t r a c t  

t heo ry  and a v a i l a b i l i t y  theory  make r a d i c a l l y  d i f f e r e n t  

p r e d i c t i o n s  -- were made by comparing performance on unfami l ia r  

s o c i a l  c o n t r a c t  problems with  performance on both un fami l i a r  and 

f a m i l i a r  d e s c r i p t i v e  problems. A v a i l a b i l i t y  p r e d i c t s  a  low 

percentage  of l o g i c a l l y  f a l s i f y i n g ,  P  & not-Q' , responses  f o r  

a l l  un fami l i a r  r u l e s ,  whether they a r e  s o c i a l  c o n t r a c t s  o r  no t ,  

and does no t  p r e d i c t  t h e  response 'not-P & Q t  under any 

ci rcumstance.  S o c i a l  c o n t r a c t  theory  p r e d i c t s  a  high percentage  

of 'P  & not-Qt responses  t o  "s tandard"  s o c i a l  c o n t r a c t s ,  and a  

high percentage  of 'not-P & Q' responses  t o  "switched" s o c i a l  

c o n t r a c t s  -- no mat te r  how unfami l i a r  t h e  s o c i a l  c o n t r a c t s  a r e .  

The c r i t i c a l  t e s t s  were designed t o  unambiguously choose between 

t h e  s o c i a l  c o n t r a c t  hypo thes i s  and t h e  a v a i l a b i l i t y  hypothes i s .  

I f  s o c i a l  c o n t r a c t  a lgo r i t hms  e x i s t ,  they should produce a  h igh ly  

d i s t i n c t i v e  and unusual  p a t t e r  n  of r e s u l t s  . 
For a l l  s i x  t e s t s ,  t h e  s o c i a l  c o n t r a c t  hypo thes i s  was 

v e r i f i e d  and t h e  n u l l  hypothes i s  t h a t  a v a i l a b i l i t y  i s  t h e  s o l e  

determinant  of responses  was f a l s i f i e d .  Each of t h e s e  s i x  tests 

was r e p l i c a t e d ,  us ing  d i f f e r e n t  unfami l ia r  s o c i a l  c o n t r a c t  

* The s o c i a l  c o n t r a c t  hypo thes i s  i s  s i l e n t  on whether 
a v a i l a b i l i t y  e x e r t s  an indepedent e f f e c t  on f a m i l i a r  problems 
t h a t  do no t  i nvo lve  s o c i a l  exchange. 



problems. The s i x  c r i t i c a l  t e s t s ,  and subsequent experiments, 

es tabl ished the  following points:  

1. Unfamiliar stan- soc i a l  contracts  e l i c i t  the predicted S C  

response, ' P  & not-Q1, i n  the  vas t  majority of subjects .  

2 .  Unfamiliar switched soc i a l  contracts  e l i c i t  the predicted S C  

response, 'not-P & Q', i n  the vas t  majority of subjects .  

3 .  The percentage of S C  responses e l i c i t e d  by standard and 

switched s o c i a l  contracts  i s  equivalent,  even though these 

responses a r e  qu i t e  d i s t i n c t  from a  l og i ca l  point of view ( 'P 

& not-Q' versus 'not-P & Q ' )  . T h i s  i s  j u s t  what one would 

expect if the  same algorithm were producing both responses. 

4 .  Social  contract  algorithms ignore fo r  a  switched s o c i a l  

contract  the cards they should choose fo r  a  standard one, and 

v ice  versa,  j u s t  a s  soc i a l  contract  theory predic ts .  

5. Socia l  contract  algorithms operate j u s t  a s  well i n  novel 

s i t ua t i ons  a s  they do i n  famil iar  ones: The percentage of S C  

. . responses e l i c i t e d  by unfamlLlar soc i a l  contracts  i s  

equivalent t o  t h a t  e l i c i t e d  by famlllar. . . soc i a l  contracts .  

6 .  Social  contract  algorithms a r e  the major determinant of 

responses t o  problems whose content involves soc i a l  exchange. 
. . More S C  responses a r e  e l i c i t e d  by unfamlllar soc i a l  contracts  

than f a l s i f y i n g  responses by famlllar . . descr ip t ive  problems. 

The soc i a l  contract  e f f e c t  i s  about 50% larger  than the  

e f f e c t  a v a i l a b i l i t y  has on famil iar  descr ip t ive  problems. 

7 .  The s o c i a l  contract  e f f e c t  i s  rep l icab le  with a  var ie ty  of 

famil iar  and unfamiliar soc i a l  contracts .  

The hypothesis t h a t  humans have soc i a l  contract  algorithms 



uniquely accounts fo r  the r e s u l t s  of these experiments. I t  

p red ic t s  them and it explains them; no other hypothesis proposed 

so f a r  can do e i t he r .  Moreover, the apparently contradictory 

l i t e r a t u r e  attempting t o  s t a l k  the  "elusive" content e f f e c t  on 

the  Wason se lec t ion  task can be systematical ly explained only by 

the  s o c i a l  contract  h y w h e s i s .  * Robust and rep l icab l  e  content 

e f f e c t s  a r e  found only for  ru les  t h a t  a r e  standard s o c i a l  

contracts :  the  only ru les  fo r  which the predicted S C  response is 

a l so  the  l og i ca l l y  f a l s i fy ing  response. ** 

7.2 Are soc i a l  contract  algorithms innate? 

Theoretical  considerat ions 

Avai lab i l i ty  theor ies  presume the existence of innate 

l ea rn ing  mechanisms t h a t  a r e  general purpose and content- 

independent. However, no var ian t  of a v a i l a b i l i t y  theory can 

adequately explain the r e s u l t s  of the experiments presented i n  

Chapter 6 .  I t  i s  d i f f i c u l t  t o  see how the associa t ion 'cassava 

root-no t a t t o o '  or ' e a t s  duiker meat-has never found o s t r i c h  

eggshell '  could have been "cued" from long-term memory (Manktelow 

& Evans, 1979; Griggs & Cox, 1982), l e t  alone be the dominant 

associa t ion fo r  over 70% of undergraduates t e s t ed  (Pol lard ,  

1982). N o  matter how wildly unfamiliar the r u l e ' s  terms, soc i a l  

contract  problems e l i c i t e d  soc i a l  contract  responses. 

Furthermore, i f  associa t ions  between spec i f i c  terms were 

responsible fo r  the pa t te rn  of r e su l t s  on soc i a l  contract  ru les ,  

* Problems with other proposed hypotheses a r e  discussed i n  depth 
i n  Chapter 3 .  

** See Chapter 2 for  a  de ta i l ed  review (especia l ly  p. 70-71). 



then  d e s c r i p t i v e  r u l e s  us ing  t h e  same un fami l i a r  terms should 

have e l i c i t e d  t h e  same p a t t e r n ;  they  d i d  not .  No theo ry  whose 

p r e d i c t i v e  and exp lana to ry  power r e s t s  on a s s o c i a t i o n s  between 

s p e c i f i c  t e rms  used i n  a  s o c i a l  c o n t r a c t  r u l e  can e x p l a i n  t h e  

r e s u l t s  of my experiments.  

A v a i l a b i l i t y  t h e o r i e s  t h a t  emphasize t h e  r o l e  of mental  

modeling (Johnson-Laird, 1982) o r  frames (Wason, 1983; Rumelhart 

& Norman, 1981) i n  recogniz ing  l o g i c a l  c o n t r a d i c t i o n  cannot 

e x p l a i n  t h e  fo l lowing  a s p e c t s  of t h e  r e s u l t s :  

1. Why would s u b j e c t s  f i n d  an un fami l i a r  s o c i a l  c o n t r a c t  

s c e n a r i o  (U-STD-SC) s o  much e a s i e r  t o  model than  an 

un fami l i a r  d e s c r i p t i v e  s c e n a r i o  (U-D) , or  indeed, a  f a m i l i a r  

one (F-D)? 

2. Why would t h i s  s i t u a t i o n  r eve r se  i t s e l f  on switched s o c i a l  

c o n t r a c t s  (U-SWC-SC) , f o r  which t h e  s c e n a r i o  t o  be modeled is 

i d e n t i c a l  t o  t h a t  f o r  t h e  U-STD-SC? Unlike t h e  U-STD-SC, t h e  

U-SWC-SC does no t  e l i c i t  l o g i c a l l y  f a l s i f y i n g  responses  -- 
al though it does e l i c i t  t h e  c o r r e c t  s o c i a l  c o n t r a c t  response.  

The only response an a v a i l a b i l i t y  t h e o r i s t  of t h e  modeling 

v a r i e t y  could make would be t o  c la im t h a t  people  have a  

s o c i a l  c o n t r a c t  "f ramen t h a t  recognizes  and o p e r a t e s  

on t h e  c o s t / b e n e f i t  s t r u c t u r e  of a s o c i a l  c o n t r a c t  a s  p re sen ted  

i n  F igure  6.1 (wi th  which I ag ree  -- s e e  Chapter 5 1 ,  but  t h a t  it 

was a c q u i r e d  e x c l u s i v e l y  through "exper iencen  -- more p r e c i s e l y ,  

through exper ience  s t r u c t u r e d  s o l e l y  by t h e  content-independent , 
g e n e r a l  purpose in format ion  process ing  systems presumed by 

a s s o c i a t i o n i s t s  (Fodor, 1983) .  Inna teness  per s e  is  not  t h e  



i s sue  here: Every psychological theory -- even Hume's 

associat ionism -- assumes the  existence of innate algorithms t h a t  

s t ruc tu re  experience. The i s sue  is: Are some of the innate  

algorithms spec ia l  purpose, content-dependent, Darwinian algorithms? 

There i s  nothing i n  a v a i l a b i l i t y  theory t ha t  would lead one 

t o  p red ic t  the exis tence of generalized s o c i a l  contract  frames. 

Besides being post-hoc, t h i s  view cannot cope with a  var ie ty  of 

fundamental i s sues ,  for  example: 

1. There i s  no reason t o  believe t h a t  SC ru les  a r e  more common 

than non-SC p re sc r ip t i ve  ru les  (bureaucrat ic  ru les ,  work 

orders  from employers, sa fe ty  rules ,  t r a f f i c  ru l e s ,  e t c . )  or 

the ubiquitous descr ip t ive  r e l a t i ons  people use t o  describe 

and a c t  on the  world. Why, then, would general purpose 

algorithms have produced generalized SC frames, but not 

general ized frames for  re l i ab ly  detect ing v io la t ions  of 

descr ip t ive  or prescr ip t ive* rules?  

2.  Compliance with soc i a l  contracts  i s  f a r  more common than 

cheating. Every time a  s t o r e  l e t s  you walk out with the 

goods you have paid f o r ,  you have experienced compliance. 

General purpose learning mechanisms should there fore  c rea te  

frames t h a t  look fo r  compliance, not cheating. ** A t  best ,  a  

* A number of non-SC p re sc r ip t i ve  ru les  have been t e s t ed ,  both i n  
t h i s  t h e s i s  and i n  the  l i t e r a t u r e :  the  AP immigration r u l e  of 
Experiment 5;  the  AP of Experiments 1 - 4 ,  6 ;  DIAndrade's AP; non- 
S C  post -off ice  ru les  i n  Golding, 1981 and Griggs & Cox, 1982; the 
apparel-color problem of Cox & Griggs, 1982; the  deformed SC 
ru les  of Griggs & Cox, 1983 (see  Chapter 2 ) .  

** Contextual exhortat ions t o  "look for  cheaters"  cannot explain 
t h i s .  Each non-SC problem contained several  s imi lar  requests t o  
see if the  f a c t s  v i o l a t e  the rule ,  yet  most subjects  behaved l i k e  
ver i f  i c a t i o n i s t s ,  nevertheless. 



s u b j e c t ' s  r a t i o  of compliance-to-cheating ep isodes  should be 

t h e  i d i o s y n c r a t i c  product  of d i f f e r e n t  l i f e  exper iences ,  and 

un fami l i a r  s o c i a l  c o n t r a c t  problems should show a t  l e a s t  a s  

much response v a r i a b i l i t y  a s  f a m i l i a r  d e s c r i p t i v e  ones. 

3 .  T r i a l  and e r r o r  l e a r n i n g  r e q u i r e s  some d e f i n i t i o n  of e r r o r ;  

hypo thes i s  t e s t i n g  r e q u i r e s  some d e f i n i t i o n  of v i o l a t i o n .  A 

g e n e r a l  purpose,  content-independent l e a r n i n g  mechanism needs 

a  g e n e r a l  purpose,  content-independent d e f i n i t i o n  of e r r o r .  

Logica l  f a l s i f i c a t i o n ,  f o r  example, i s  a  content- independent  

d e f i n i t i o n  of e r r o r  or v i o l a t i o n .  But t h e  d e f i n i t i o n  of 

v i o l a t i o n  f o r  s o c i a l  c o n t r a c t s  i s  q u i t e  s p e c i f i c :  Cheat ing i s  

d e f i n e d  a s  absconding with  a  b e n e f i t  when you have not  pa id  

t h e  r e q u i r e d  c o s t .  I t  conforms t o  no known conten t -  

independent d e f i n i t i o n  of e r r o r ;  i t  c e r t a i n l y  does no t  map 

onto  l o g i c a l  f a l s i f i c a t i o n ,  a s  a  c o n s i d e r a t i o n  of switched 

s o c i a l  c o n t r a c t s  shows. Without b u i l t - i n ,  domain s p e c i f i c  

knowledge d e f i n i n g  what counts  a s  chea t ing ,  how could one 

develop a  g e n e r a l i z e d  s o c i a l  c o n t r a c t  frame?* 

An evo lu t iona r i l y -based  s o c i a l  c o n t r a c t  theory  handles  

i s s u e s  l i k e  t h e s e  wi th  ease.  S o c i a l  c o n t r a c t  theory  not  only 

p rov ides  t h e  most parsimonious explana t ion  of t h e  d a t a ,  bu t  t h e  

assumption t h a t  some i n n a t e  a lgo r i t hms  a r e  s p e c i a l  purpose and 

content-dependent i s  a l s o  more parsimonious from t h e  s t andpo in t  

of evo lu t iona ry  theory .  S o c i a l  exchange i s  a  domain f o r  which 

* I t  i s  not  s u f f i c i e n t  t o  say t h a t  people  l e a r n  what counts  a s  
c h e a t i n g  because they  f e e l  i r r i t a t e d  when they  have been chea ted  
and t h e r e f o r e  a t t e n d  t o  t h e  i r r i t a t i n g  s t i m u l i ;  t h a t  presumes 
they  a l r e a d y  know what c o n s t i t u t e s  chea t ing .  Having been chea ted  
was t h e  s t imu lus  t h a t  t r i g g e r e d  t h e  i r r i t a t i o n  i n  t h e  f i r s t  p lace .  



t h e  e v o l u t i o n a r i l y - p r e d i c t e d  computat ional  theory  i s  complex, and 

t h e  f i t n e s s  c o s t s  a s s o c i a t e d  with  " e r r o r s "  a r e  l a r g e .  Even i f  it 

were p o s s i b l e  f o r  a  domain g e n e r a l  in£  ormation p roces s ing  

s t r a t e g y  t o  c o n s t r u c t  s o c i a l  c o n t r a c t  a lgo r i t hms  -- and it is  by 

no means c l e a r  t h a t  it p o s s i b l e  -- it i s  not  reasonable  t o  

expec t  t h a t  n a t u r a l  s e l e c t i o n  would l e a v e  l e a r n i n g  i n  such a  

domain t o  a  g e n e r a l  purpose mechanism. Succes s fu l ly  conducted 

s o c i a l  exchange was such an important  and r e c u r r e n t  f e a t u r e  of 

hominid e v o l u t i o n ,  t h a t  a  r e l i a b l e ,  e f f i c i e n t  c o g n i t i v e  c a p a c i t y  

s p e c i a l i z e d  f o r  reasoning  about  s o c i a l  exchange would qu ick ly  be 

s e l e c t e d  f o r .  A g e n e r a l  purpose l e a r n i n g  mechanism would e i t h e r  

be supplan ted  o r  used only f o r  l e a r n i n g  i n  o the r  domains. 

Ontogeny 

Evolut ionary c o n s i d e r a t i o n s  can a l s o  gu ide  r e sea rch  i n t o  t h e  

ontogeny of t h e  s o c i a l  c o n t r a c t  a lgo r i t hms  ( s e e  Cosmides, 1980) . 
The b r a i n  i s  a  me tabo l i ca l ly  expensive organ ; expensive c o g n i t i v e  

c a p a c i t i e s  should no t  mature u n t i l  t h e  organism needs them, so 

t h a t  metabol ic  energy can be devoted t o  o the r  k inds  of growth.* 

S o c i a l  c o n t r a c t  a lgo r i t hms  a r e  not  u se fu l  t o  a  c h i l d  u n t i l  i ts 

w e l f a r e  depends on i n d i v i d u a l s  whose f i t n e s s  i n t e r e s t s  a r e  no t  

i d e n t i c a l  t o  i ts  own -- i n d i v i d u a l s  t o  whom it must o f f e r  a  

b e n e f i t  t o  g e t  a  b e n e f i t .  U n t i l  weaning, t h e  i n t e r e s t s  of mother 

and c h i l d  a r e  i d e n t i c a l ;  b e n e f i t i n g  t h e  i n f a n t  b e n e f i t s  t h e  

mother equa l ly .  Weaning marks t h e  beginning of t h e  end of t h i s  

co inc idence  of i n t e r e s t .  I t  i s  a  pe r iod  of i n t e n s e  paren t -  

* S p u r t s  i n  b r a i n  growth appear t o  be c o r r e l a t e d  wi th  s p u r t s  i n  
c o g n i t i v e  development (Eps t e in ,  1974a, b) . 
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of f  s p r i n g  c o n f l i c t  i n  both humans* and o t h e r  pr imates  ( T r i v e r s ,  

1976; Shostak,  1981) ,  a  pe r iod  when t h e  c h i l d  wants more 

investment  than  t h e  pa ren t ,  who i s  ready t o  i n v e s t  i n  a  new 

o f f s p r i n g ,  i s  w i l l i n g  t o  g ive .  After  being weaned from t h e  

b r e a s t ,  t h e  c h i l d  i s  weaned from i ts  mother ' s  s i d e ;  i ts  we l f a re  

depends i n c r e a s i n g l y  on t h e  behavior of t h e  l e s s  r e l a t e d  

i n d i v i d u a l s  wi th  whom it i s  l e f t .  A t  t h i s  p o i n t ,  t h e  a b i l i t y  t o  

c a j o l e ,  t h r e a t e n ,  exchange, and n e g o t i a t e  become c r u c i a l .  

Thus, evo lu t iona ry  c o n s i d e r a t i o n s  sugges t  t h a t  t h e  l e a r n i n g  

mechanisms t h a t  under l i e  t h e  a b i l i t y  t o  engage i n  s o c i a l  exchange 

should begin t o  mature s l i g h t l y  before  t h e  age usua l ly  a s s o c i a t e d  

wi th  t h e  onse t  of weaning d u r i n g  most of human evo lu t ion .  World- 

wide, t h e  average age of weaning i s  age two (Whiting, pe r sona l  

communication**), and t h i s  f i g u r e  ag rees  we l l  with l i f e  h i s t o r y  

e s t i m a t e s  from t h e  San, t h e  hunter -ga therer  group whose way of 

l i f e  i s  c u r r e n t l y  be l i eved  t o  most resemble t h a t  of P l e i s tocene  

hunter -ga therer  s. 

A mechanism t h a t  gu ides  l e a r n i n g  about  s o c i a l  exchange 

should i n c l u d e  f e a t u r e s  t h a t  a l low t h e  c h i l d  t o  a )  model o t h e r  

people '  s v a l u e s ,  both by no t ing  t h e i r  emotional r e a c t i o n s  and 

a t t empt ing  t o  manipulate  t h e i r  behavior ,  b)  c a t e g o r i z e  va lues  

acco rd ing  t o  who has  them, c )  be aware of i ts own a b i l i t i e s ,  a s  

t h e s e  determine what t h e  c h i l d  i s  capable  of o f f e r i n g  t o  o t h e r s ,  

* Most markedly i n  c u l t u r e s  where t h e  only o the r  food sou rces  
a r e  d i f f i c u l t  f o r  i n f a n t s  t o  d i g e s t ;  f o r  example, weaning among 
t h e  San, who e a t  a  high p ropor t ion  of f i b r o u s  bush food a s  
a d u l t s ,  appears  t o  be p a r t i c u l a r l y  s t r e s s f  u l  ( e .  g., Shostak,  1981) . 
** T h i s  f i g u r e  ag rees  with  d a t a  f o r  a  popula t ion  be l i eved  t o  
approximate n a t u r a l  f e r t i l i t y  cond i t i ons  (Bongaarts & P o t t e r ,  
1983, pp. 25, 90 , 145) . 



d )  under s t and  and apply concepts  of o b l i g a t i o n  and e n t i t l e m e n t ,  

e )  become i n t e r e s t e d  i n  no t ions  of f a i r n e s s  and chea t ing ,  f )  

p r a c t i c e  i n t e r c o n t i n g e n t  behavior ,  g )  remember i ts  h i s t o r y  of 

exchange wi th  o the r  i n d i v i d u a l s  ( s e e  Chapter 5 )  . 
I n t r i g u i n g l y ,  Kagan (1981) has  c o l l e c t e d  c r o s s - c u l t u r a l  d a t a  

sugges t ing  t h e  matura t ion ,  j u s t  p r i o r  t o  age two, of a  c o g n i t i v e  

c a p a c i t y  t h a t  l ooks  s u s p i c i o u s l y  l i k e  i t  i s  s p e c i a l i z e d  f o r  

l e a r n i n g  about  and engaging i n  s o c i a l  exchange. According t o  

Kagan, t h e  mental  organ t h a t  emerges a t  t h i s  age inc ludes :  

* t h e  concept  of o b l i g a t i o n ,  

* i n t e r e s t  i n  and concern with  o the r  peop le ' s  v a l u e s ,  

* t h e  a b i l i t y  t o  unders tand when an emotional  r e a c t i o n  i s  

"appropr i a t e "  t o  a  p e r s o n ' s  age and s i t u a t i o n ,  

* an awareness of one ' s  own c a p a c i t i e s  f o r  a c t i o n ,  

* t h e  a b i l i t y  t o  under s t a n d  o t h e r  peop le ' s  i n t e n t i o n s  and 

a n t i c i p a t e  t h e i r  a c t i o n s ,  

* an i n t e r e s t  i n  t r y i n g  t o  coax o t h e r s  i n t o  doing what t he  c h i l d  

wants (per haps t h e  most 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  of t h e  

" t e r r i b l e  twos") .  

Moreover, it i s  a t  about  t h i s  age t h a t  language, t h e  u l t i m a t e  

n e g o t i a t i v e  t o o l ,  begins  t o  emerge. The computat ional  theory  of 

s o c i a l  exchange p re sen ted  i n  Chapter 5  should a l low one t o  

g e n e r a t e  p r e d i c t i o n s  about  o the r  c a p a c i t i e s  t h a t  can be expected 

t o  co-occur wi th  those  a l r eady  d iscovered  ( s e e  Cosmides, 1980) . 
The f i n d i n g  t h a t  a d u l t  s u b j e c t s  a r e  very  adept  a t  d e t e c t i n g  

p o t e n t i a l  " chea t e r s "  on a  s o c i a l  c o n t r a c t ,  even when i t  i s  

un fami l i a r  and c u l t u r a l l y  a l i e n ,  s t a n d s  i n  marked c o n t r a s t  t o  t h e  

r epea t ed  f i n d i n g  t h a t  they a r e  no t  s k i l l e d  a t  d e t e c t i n g  t h e  
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p o t e n t i a l  i n v a l i d i t y  of d e s c r i p t i v e  r u l e s ,  f a m i l i a r  or 

un fami l i a r .  The ontogeny of t h e  a lgo r i t hms  t h a t  produce t h e s e  

r e s u l t s  remains an open ques t ion .  I t  i s  p o s s i b l e  t h a t  they  a r e ,  

i n  some c a r e f u l l y  d e l i m i t e d  sense ,  l ea rned .  However, t h e  mental  

p roces ses  involved  appear  t o  be power£ u l l y  s t r u c t u r e d  f o r  s o c i a l  

c o n t r a c t s ,  y e t  weakly s t r u c t u r e d  f o r  o the r  elements and r e l a t i o n s  

drawn from common exper ience .  Th i s  i i fp l i e s  t h a t  t h e  l e a r n i n g  

p roces s  involved  i s  guided and s t r u c t u r e d  by s p e c i a l  purpose 

i n n a t e  a lgo r i t hms ,  j u s t  a s  l e a r n i n g  a  n a t u r a l  language i s  guided 

and s t r u c t u r e d  by t h e  i n n a t e  a lgo r i t hms  of t h e  language 

a c q u i s i t i o n  device .  

7.3 The r o l e  of evo lu t iona ry  theory  i n  psychology 

For t h e  p a s t  100 y e a r s ,  domain g e n e r a l  psychologica l  

mechanisms have been t h e  Holy G r a i l  of exper imental  psychology. 

Paradigms r o s e  and f e l l ,  mentalism gave way t o  behaviorism gave 

way t o  mentalism, bu t ,  undaunted, t h e  q u e s t  f o r  an e q u i p o t e n t i a l  

psyche cont inued.  

And psychology, a f t e r  a cen tu ry  of r e sea rch ,  i s  no t  y e t  an 

i n t e g r a t e d  sc i ence .  

There may be a  connect ion between t h e s e  two f a c t s .  I t  may 

be t h a t  t h e  p roces ses  t h a t  govern a t t e n t i o n ,  pe rcep t ion ,  memory, 

c a t e g o r i z a t i o n ,  reasoning,  and l e a r n i n g  simply a r e  no t  

e q u i p o t e n t i a l .  The G r a i l  of legend could not  be found because i t  

d i d  no t  e x i s t .  

The human mind d i d  no t  evolve  t o  a t t e n d  " i n  gene ra l " ,  t o  

remember " i n  g e n e r a l , "  t o  l e a r n  " i n  genera l" .  I t  evolved t o  

a t t e n d  _tp p r e d a t o r s ,  _tp t h e  needs of k in ,  fn p o t e n t i a l  s exua l  
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p a r t n e r s ,  agen t s  of t h r e a t .  The c o g n i t i v e  p roces ses  r e q u i r e d  

f o r  d i f f e r e n t  e v o l u t i o n a r i l y  important  domains a r e  d i f f e r e n t  in 

kind: A t t e n t i o n  t o  p r e d a t o r s  r e q u i r e s  a  high l e v e l  of f a l s e  

p o s i t i v e s  t o  cues  i n d i c a t i n g  f e l i d s  and snakes;  a t t e n t i o n  t o  t h e  

needs of k i n  r e q u i r e s  s e l e c t i v e  o r i e n t a t i o n  t o  emotion cues  

e m i t t e d  by r e l a t i v e s ,  and t h e  mob i l i za t ion  of reasoning  and 

i n v e s t i g a t i o n a l  p roces ses  t h a t  a l low one t o  i n f e r  what it i s  t h a t  

they  need. 

A t t e n t i o n ,  pe rcep t ion ,  c a t e g o r i z a t i o n ,  l e a r n i n g ,  memory, 

d e c i s i o n  making, and reasoning  cannot  be s t u d i e d  i n  i s o l a t i o n  

from mot iva t ion ,  emotion, behavior ,  and s o c i a l  psychology. To do 

so  i s  t o  c a r v e  t h e  s tudy  of psychology i n t o  a r t i f i c i a l  u n i t s  t h a t  

w i l l  no t  hang t o g e t h e r .  A l l  t h e s e  a s p e c t s  of human psychology 

must be mobi l ized  i n  d i f f e r e n t  ways t o  s o l v e  d i f f e r e n t  a d a p t i v e  

problems. A s  Chapter 5 i l l u s t r a t e d ,  cogn i t i on ,  mot iva t ion ,  

emotion, and behavior a l l  must p lay  s p e c i f i c  and wel l -def ined 

r o l e s  i n  s o l v i n g  t h e  v a r i o u s  a d a p t i v e  problems a s s o c i a t e d  with 

s o c i a l  exchange. 

The sea rch  f o r  domain s p e c i f i c  Darwinian a lgo r i t hms  promises 

t o  i n t e g r a t e  psychology, p r e c i s e l y  because it focuses  on a d a p t i v e  

problems. Cogni t ive  p sycho log i s t s  can begin add res s ing  i s s u e s  

c l o s e r  t o  t h e  h e a r t  of human na tu re .  The s tudy  of emotion and 

mot iva t ion  can be welcomed back i n t o  psychologica l  t heo ry ,  a s  

systems f o r  mob i l i z ing  t h e  a p p r o p r i a t e  Darwinian a lgo r i t hms  when 

t h e  s i t u a t i o n  " c a l l s  f  o r n  them. The e x i l e  of behavior from 

c o g n i t i v e  t heo ry  can end, because t h e  presumed purpose of 

a d a p t i v e  thought  i s  t o  produce a d a p t i v e  behavior.  

Psychology and evo lu t iona ry  biology a r e  s i s t e r  d i s c i p l i n e s .  
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The g o a l  of evo lu t iona ry  theory  is t o  d e f i n e  t h e  a d a p t i v e  

problems t h a t  organisms must be a b l e  t o  so lve .  The goa l  of 

p sycho log ica l  theory  is  t o  d i scover  t h e  in format ion  p roces s ing  

mechanisms t h a t  have evolved t o  s o l v e  them. Alone, each is  

incomplete  f o r  t h e  under s t and ing  of human na ture .  Together ,  they 

a r e  powerful:  a s  I hope t h e  r e sea rch  p re sen ted  i n  t h i s  t h e s i s  

demons t ra tes ,  under s t and ing  what a d a p t i v e  problems t h e  human mind 

was des igned  t o  s o l v e  i s  a g r e a t  a i d  t o  d i scove r ing  how it works. 

An e v o l u t i o n a r y  psychology would proceed a d a p t i v e  problem by 

a d a p t i v e  problem, domain by domain. Many a d a p t i v e  problems have 

a l r e a d y  been de f ined  by evo lu t iona ry  b i o l o g i s t s .  The r e a l  

cha l l enge  f o r  p sycho log i s t s  i s  t o  develop experimental  methods 

t h a t  w i l l  a l low t h e  o u t l i n e s  of t h e  psychologica l  mechanisms t h a t  

s o l v e  t h e s e  problems t o  be t r a c e d .  Happily, c o g n i t i v e  

p s y c h o l o g i s t s  a r e  i n  an e x c e l l e n t  p o s i t i o n  t o  do t h i s ,  having 

a l r e a d y  invented  an impress ive  a r r a y  of concepts  and exper imenta l  

methods f o r  t r a c k i n g  complex in£  ormation p roces s ing  systems. The 

experiments  r e p o r t e d  i n  Chapter 6 a r e  a f i r s t  a t tempt  a t  such an 

approach: t hey  used an  exper imenta l  paradigm t h a t  had a l r e a d y  

been developed by c o g n i t i v e  psychologis t s .  

The hypo thes i s  t h a t  t h e  human mind i s  a e q u i p t e n t i a l  

in format ion  p roces s ing  system has  been e n t e r t a i n e d  f o r  one 

hundred y e a r s .  I t  i s  t ime f o r  a change. The human mind i s  not  a 

machine t h a t  f e l l  ou t  of t h e  sky,  of unknown purpose. The human 

mind was designed by n a t u r a l  s e l e c t i o n  t o  accomplish s p e c i f i c ,  

wel l -def ined  a d a p t i v e  f u n c t i o n s .  An e q u i p o t e n t i a l  psyche cannot 

accomplish t h e s e  func t ions .  A c o g n i t i v e  s c i e n c e  t h a t  i gno res  

t h i s  r e a l i t y  is a c o g n i t i v e  s c i e n c e  t h a t  w i l l  f a i l .  
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Appendix A: 

The Frame Problem and So-Called "Cons t r a in t sn  on Learn ing  

B i o l o g i s t s  and psychologi  sts have a  mys te r ious  tendency t o  

r e f e r  t o  t h e  p r o p e r t i e s  of domain s p e c i f i c  (bu t  no t  domain 

g e n e r a l )  mechanisms a s  " c o n s t r a i n t s .  " For example, t h e  o n e - t r i a l  

l e a r n i n g  mechanism, d i scovered  by Garcia  & Koel l ing  (1966) ,  t h a t  

pe rmi t s  a  b lue  jay t o  a s s o c i a t e  a  food t a s t e  wi th  vomit ing 

s e v e r a l  hours  l a t e r ,  i s  f r e q u e n t l y  r e f e r e d  t o  a s  a  " b i o l o g i c a l  

c o n s t r a i n t  on l ea rn ing" .  Books r e p o r t i n g  t h e  e x i s t e n c e  of domain 

s p e c i f i c  l e a r n i n g  mechanisms f r e q u e n t l y  have t i t l e s  l i k e :  

"B io log ica l  Boundaries of Learning" (Seligman & Hager, 1972) o r  

"The Tangled Wing: B i o l o g i c a l  Cons t r a in t s  on t h e  Human S p i r i  tl' 

(Konner , 1982) . T h i s  terminology is dangerously mis lead ing ,  

because it i n c o r r e c t l y  imp l i e s  t h a t  "unconstra ined" l e a r n i n g  

mechanisms a r e  a  t h e o r e t i c a l  p o s s i b i l i t y .  

A l l  c o n s t r a i n t s  a r e  p r o p e r t i e s ,  bu t  not  a l l  proper t i es  a r e  

c o n s t r a i n t s .  C a l l i n g  a  p rope r ty  a  " c o n s t r a i n t "  i m p l i e s  t h a t  t h e  

organism would have a  wider range of a b i l i t i e s  i f  t h e  c o n s t r a i n t  

were t o  be removed. 

Are a  b i r d ' s  wings a  " c o n s t r a i n t  on locomotion"? B i rds  can 

locomote by f l y i n g  o r  hopping. Wings a r e  a  p rope r ty  of b i r d s  

t h a t  enab le s  them t o  locomote by f l y i n g ,  bu t  wings a r e  not  a  

" c o n s t r a i n t  on locomotion." Wings expand t h e  b i r d 1 s  c a p a c i t y  t o  

locomote -- with wings, t h e  b i r d  can f l y  U hop. Removing a  

b i r d 1 s  wings reduces  i ts  c a p a c i t y  t o  locomote -- without  wings, 

i t  can hop, but  no t  f l y .  Wings cannot be a  c o n s t r a i n t ,  because 

removing them does no t  g i v e  t h e  b i r d  a  wider range of locomoting 

a b i l i t i e s .  I f  anything,  wings should be c a l l e d  "enablers" ,  
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because they  enab le  an a d d i t i o n a l  form of locomotion. Having 

them a c t u a l l y  expands t h e  b i r d ' s  c a p a c i t y  t o  locomote. * 
A t h i c k  rubber band p laced  such t h a t  it p i n s  a  b i r d ' s  wings 

t o  i ts  body i s  a  c o n s t r a i n t  on t h e  b i r d ' s  a b i l i t y  t o  locomote: 

With t h e  rubber band t h e  b i r d  can only hop; wi thout  it t h e  b i r d  

can both hop and f l y .  

S i m i l a r l y ,  t h e r e  is  no evidence t h a t  t h e  domain s p e c i f i c  

mechanisms t h a t  permit  one t r i a l  l e a r n i n g  of an a s s o c i a t i o n  

between a  t a s t e  and vomit ing a r e  " c o n s t r a i n t s  on l ea rn ing . "  

Removing t h e  s p e c i f i c  p r o p e r t i e s  t h a t  a l low t h e  e f f i c i e n t  

l e a r n i n g  of t h i s  p a r t i c u l a r  a s s o c i a t i o n ,  would no t  expand t h e  

b i r d ' s  c a p a c i t y  t o  l e a r n ,  it would reduce it. Not only would t h e  

b lue  jay  be unable  t o  a s s o c i a t e  an e l e c t r i c  shock wi th  vomit ing,  

it would a l s o  be unable  t o  a s s o c i a t e  a  food t a s t e  wi th  vomiting.  

Having wings t o  f l y  is,  however, a  c o n s t r a i n t  on (or  more 

p r e c i s e l y ,  a  r e s t r i c t e d  s u b s e t  o f )  t h e  Ue0re t ica . l  c l a s s  of a l l  

p o s s i b l e  means of locomotion. A rob in  i s  capab le  of only two 

members of t h i s  t h e o r e t i c a l  set -- it cannot crawl ,  t r o t ,  r o l l ,  

s w i m ,  burrow, or  t r a v e l  through t ime warps and worm ho le s  i n  space  -- 
it can only hop and f l y  . Having wings i s no t ,  however, a  

~ o n s t r a i n t  pn khe m s m ' s  &&lJ&y & -ate. S i m i l a r l y ,  

i n t e r n a l  r e p r e s e n t a t i o n s  of t h e  movements of s o l i d  o b j e c t s  appear  

t o  be "cons t r a ined"  by t h e  same laws of kinematic  geometry t h a t  

* The a b i l i t y  t o  f l y  may t u r n  ou t  t o  p l a c e  c o n s t r a i n t s  on an 
a l t e r n a t i v e  kind of locomotion, t h a t  is, e f f i c i e n t  b ipeda l  
locomotion ( f l y i n g  r e q u i r e s  hollow bones, which may not  be s t r o n g  
enough t o  permi t  prolonged walking o r  hopping) U j& Fs naf a 
~ o n s t r a i n t  pn khe birds c a p a c i t v  & locomote. Furthermore: 
Whether t h e  a b i l i t y  t o  f l y  p l a c e s  c o n s t r a i n t s  on t h e  e f f i c i e n c y  
of b ipeda l  locomotion i s  an m i r i m  claim: One cannot simply 
assume, a  p r i o r i ,  t h a t  having t h e  a b i l i t y  t o  locomote by one 
means reduces  t h e  e f f i c i e n c y  of another  kind of locomotion. 



govern t h e  movement r e a l  o b j e c t s :  we only imagine a  s u b s e t  of t h e  

t h e o r e t i c a l l y  i n f i n i t e  number of p o s s i b l e  p a t h s  by which an 

o b j e c t  can t r a v e l  between two p o i n t s  (Shepard, 1984) .  Th i s  

s u b s e t  i s  t h e  same subse t  t r u e  of r e a l  o b j e c t s .  However, domain 

s p e c i f i c  knowledge l i k e  t h i s  expands t h e  our c a p a c i t y  t o  

a c c u r a t e l y  model t h e  world,  it does not  reduce it .  

T h i s  mys te r ious  tendency i s  perhaps t h e  r e s u l t  of t h e  

mistaken no t ion  t h a t  a  t a b u l a  r a s a  i s  p o s s i b l e ,  t h a t  l e a r n i n g  i s  

p o s s i b l e  i n  t h e  absence of a  g r e a t  d e a l  of domain s p e c i f i c  i n n a t e  

knowledge. I f  t r u e ,  then a  proper ty  t h a t  "p repa re sn  an organism 

t o  a s s o c i a t e  vomit ing wi th  a  t a s t e  may p rec lude  it from 

a s s o c i a t i n g  an e l e c t r i c  shock wi th  t h a t  t a s t e .  However, i f  an 

organism had a  domain g e n e r a l  a s s o c i a t i v e  mechanism, t h e r e  i s  no 

reason why t h a t  mechanism should not  work t o  p a i r  t a s t e  wi th  

e l e c t r i c  shocks.  One would have t o  hypothes ize  t h a t  t h e  presence  

of food somehow s h u t  o f f  t h e  domain g e n e r a l  mechanism -- and t h i s  

i s  an e m p i r i c a l  c la im t h a t  would have t o  be demonstrated.  



Appendix B: Na tu ra l  S e l e c t i o n  i n  Act ion 

How many g e n e r a t i o n s  w i l l  it t a k e  f o r  i n d i s c r i m i n a t e  a l t r u i s t s  
t o  go e x t i n c t ?  

( s e e  Chapter 5 ,  p. 138) 

Imagine a  popu la t i on  wi th  n  " a l t r u i s t s "  ( i n d i v i d u a l s  who always 
coope ra t e ,  r e g a r d l e s s  of whether they  a r e  p l ay ing  another  a l t r u i s t  o r  
a  c h e a t e r )  and n  " c h e a t e r s "  ( i n d i v i d u a l s  who never c o o p e r a t e ) ,  where n  
i s  a  ve ry  l a r g e  number.* Fag s i m p l i c i t y ' s  sake,  assume each 
i n d i v i d u a l  reproduces  a s e x u a l l y ,  produces 2  o f f s p r i n g  i n  t h e  absence 
of any exchange, t hen  d i e s .  Each i n d i v i d u a l  p l a y s  one P r i s o n e r ' s  
Dilemma game per g e n e r a t i o n ,  and t h i s  game 'bff  e c t s  t h e  number of 
o f f s p r i n g  produced acco rd ing  t o  t h e  payoff ma t r ix  i n  F igure  7.2 (+1 = 
one more of f s p r i n g ,  f o r  a  t o t a l  of 3; -1 = one l e s s  t han ,  f o r  a  t o t a l  
of 1, and s o  o n ) .  Whether a  p a r t i c u l a r  i n d i v i d u a l  p l a y s  wi th  an 
a l t r u i s t  (A)  o r  c h e a t e r  ( C )  i s  random, and t h e r e f o r e  p r o p o r t i o n a l  t o  
t h e  pe rcen t age  of t h e  popula t ion  which each r e p r e s e n t s .  P (A) = 
p r o b a b i l i t y ' o f  p l a y i n g  wi th  an a l t r u i s t  and P(C) = p r o b a b i l i t y  of 
p l a y i n g  wi th  a  c h e a t e r .  

Expected r e p r o d u c t i v e  v a l u e  
f o r  an i n d i v i d u a l  a l t r u i s t  = [ 5  x  P(A)]  + [O x  P (C) ]  

Expected r e p r o d u c t i v e  v a l u e  
f o r  an i n d i v i d u a l  chea t e r  = [7  x  P(A)]  + [ 2  x  P(C)]  

Absolute  numbers Per cen t  of Popula t ion  

A C 
P a r e n t a l  
g e n e r a t i o n  n n  

When n  = 1 0 ,  t h e  a l t r u i s t s  a r e  e x t i n c t  a f t e r  t h e  f i f t h  gene ra t i on  (F5 ) .  
When 10 < n < 2857, t h e  a l t r u i s t s  would be e x t i n c t  a f t e r  t h e  s i x t h  

g e n e r a t i o n  (F6) . 
* T h i s  assumption simply smooths o u t  t h e  p r o b a b i l i t i e s .  For example, 
i f  n=10, then  P(A p l a y s  wi th  C )  = .53, P(A p l a y s  with  A )  = .47, P(C 
p l a y s  wi th  A )  = .53, P(C p l a y s  wi th  C )  = .47. A s  n  reaches  i n f i n i t y ,  
a l l  f ou r  p r o b a b i l i t i e s  converge on .5. Using t h e  exac t  p r o b a b i l i t i e s  
f o r  a  sma l l  n,  simply d r i v e s  a l t r u i s t s  t o  e x t i n c t i o n  a  b i t  f a s t e r .  



Appendix Cs Threat Problems 

PAGE 5 
PAGE 5 

You a r e  a homicide d e t e c t i v e  f o r  t h e  Boston Pol ice .  For months, 
you have been ga ther ing  evidence a g a i n s t  t h e  infamous Owens 
Brothers. Jake and Ted Owens a r e  i n  t h e  drug t r a d e ,  and a r e  
respons ib le  f o r  sever  a 1  p a r t i c u l a r l y  bloody underworld murders. 
They a r e  shrewd and t r i c k y  -- they have eluded c a p t u r e  f o r  
months. You have amassed a huge amount of evidence a g a i n s t  them - your testimony i n  c o u r t  could send them t o  j a i l  f o r  l i f e .  The 
problem is, they know it - They have made s e v e r a l  a t t empts  on 
your l i f e .  They a r e  r u t h l e s s  k i l l e r s  and they  want you dead. 

An anonymous phone c a l l e r  t e l l s  you t h a t  Ted w i l l  be down a t  t h e  
docks a t  10 ton igh t .  You go down t h e r e  -- t h e  docks a r e  
deserted.  You t u r n  a corner ,  and t h e r e  is Ted. Quickly you p u l l  
your gun, shouting 'Preezel*. J u s t  a s  Ted is p u t t i n g  h i s  hands 
i n  t h e  a i r ,  you f e e l  a gun i n  your back and hear  J a k e ' s  cold 
v o i c e  behind you, saying: 

You a r e  a n a r c o t i c s  d e t e c t i v e  f o r  t h e  Cambridge Pol ice .  For 
months, you have been ga ther ing  evidence aga ins t  Professor  Owens 
and h i s  s tudent  B i l l .  Professor  Ovens i s  a mild mannered f e l l o w  
who is i n t e r e s t e d  i n  t h e  consciousness-expanding p o t e n t i a l  of  
h a l l u c i d a t o r y  drugs  -- but  he has  had t r o u b l e  g e t t i n g  h i s  
research  funded. Be and h i s  s t u d e n t s  have been using Univers i ty  
chemistry l a b r  t o  manufacture LSD t o  re11  on campus, i n  o rder  t o  
fund t h e i r  research. You have enough evidence t o  a r r e s t  them -- 
t h e  problem is, you have not  been a b l e  t o  f i n d  them. 

An anonymous phone c a l l e r  t e l l s  you t h a t  t h e  s t u d e n t ,  B i l l ,  w i l l  
be down a t  t h e  docks a t  10 tbn igh t .  You go down t h e r e  -- t h e  
docks a r e  deser ted .  You t u r n  a corner ,  and t h e r e  is B i l l .  
Quickly you p u l l  your gun, shout ing  'Freezelm. J u s t  a s  B i l l  is 
p u t t i n g  h i s  hands i n , t h e  a i r ,  you f e e l  a gun i n  your back and 
hear Professor  Owens voice behind you, saying: 

'If you make one f a l s e  move, I ' ll k i l l  you.* 
'If you make one f a l s e  move, I ' ll k i l l  you.' 

What should you do? Does he mean i t ?  The c a r d s  below have 
information about  how t h i s  s t o r y  could end. Each card  represen ts  
an ending - not  n e c e s s a r i l y  d i f f e r e n t  endings. One s i d e  of a 
ca rd  t e l l s  whether you gave up your gun, and t h e  o ther  s i d e  of 
t h e  ca rd  t e l l s  whether Jake  Owens s h o t  you. 

I n d i c a t e  only t h o s e  c a r d ( s )  you d e f i n i t e l y  need t o  t u r n  over t o  
nee i f  Jake  has  broken h i s  'promisem i n  any of t h e s e  endings. 

................. 
A. : 

: Jake shoots  : 
: YOU : 
s...............: 

................. 
C. : : 

: Jake  l e t s  : 
: you go : :...............: 

................. 
8. : : 

: You g i v e  them : 
: your gun : 
I...............: 

................. 
D- : : 

: You shoot  : 
Ted 

z...............: 

What should you do? Docs he mean it? The c a r d a  below have 
information about  how t h i s  s t o r y  could end. Ea-ch card  r e p r e s e n t s  
an ending - not  necessar i ly  d i f f e r e n t  endings. One s i d e  of a 
ca rd  t e l l s  whether you gave up your gun, and t h e  o ther  s i d e  of 
t h e  ca rd  t e l l s  whether Professor  Owens s h o t  you. 

I n d i c a t e  only those  c a r d ( s )  you d e f i n i t e l y  need t o  t u r n  over t o  
see  i f  Profes ror  Owens ha8 broken h i s  mpromisem i n  any of t h e s e  
endings. 

................. 
A. : I 

: Owens shoots  r 
: YOU : 

................. 
C. : I 

: Ovens l e t s  r 
: you go : 

................. 
B. r : 

r You g ive  them : 
: your gun : 
I...............: 

................. 
D. : : 

: You shoot  : 
: B i l l  : 
I...............: 
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