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The concept ion of  rep l icabi l i ty  o f  an exper iment  conmon
to  phys i cs  and  chemis t r y  i s  a  concep t ion  tha t  canno t  f i t  l i v i ng
th ings.  Consider  for  example a s imple exper iment  on the bending
e f fec t  when  a  fo rce  i s  app l i ed  to ,  sd l r  an  a ruminum bean .  you
wourd suppor t  the beam at  both ends,  put  a  weight  on the middle
of  the beam, and measure the d is t ,ance the beam sags.  you could
ask others to  do the same th lng and see whether  they observe the
same sag.  They should,  o f  course,  examine no more anci  no less
t ,han you d id.  F i rs t ,  they should make sure they are measur ing
the  behav io r  o f  t he  same " th ing . "  Tha t  i s ,  t hey  shou ld  use  the
same beam you used or  one very much l ike i t .  (To get  a  beam
suf f ic ient ly  l ike yours,  maybe they could get  one made f rom
aluminum taken mol ten f rom the same vat  and ro l led or  ext ruded
into a beam by the same machj -ne.  )  Second,  they should make sure
that  the in ternar  condi t ions of  the two beams are the same.
Nei ther  beam should have unclergone v io lent  s t resses that  mrght
t rave produced cracks f ron i  "meta l  fa t igue."  The second beanr
shourd be at  the same temperature as the f i rs t .  Tt r i rd ,  the
env i ronmen ts  shou ld  be  as  c lose  to  i den t i ca l  as  poss ib le .  The
suppor ts  for  the two beams should be spaced at  exact ly  the same
distance.  The second weight  should have exactry  the same
pounciage as the f i rs t .  There shoul< i  be no s t rong winds that
might  produce an aerodynamic force on the beam or  the weight .  As
long as the repl icat ion is  be ing conducted here on ear th,  r  can
th inX of  no other  necessary precaut ions.

Not lce how many k inds of  events I  have omi t ted.  I  have
le f t  ou t  eve ry th ing  no t  s t r i c t l y  phys i ca l .  ! , ] e  do  no t  expec t
e i tner  beam to have any preferences a l rout  the amount  of  weight
pu t  on  i t .  we  do  no t  expec t  e i t he r  Dearn  t . o  g i ve  a  l i t t l e  and
t i l €n  re fuse  to  sag  dny  tu r the r .  we  do  no t  expec t  i t  t o  s lump
because  o f  t he  conve rsa t i on  o f  t he  l abo ra to ry  ass i s tan ts ,  t he
mus ic  the  j an i to rs  p layed  du r ing  the  n igh t ,  o r  t he  po l i t i ca l
s i tuat ion.  r  a lso orn i t tect  a  great  many phys icar  events and
cond i t i ons ,  because  phys i ca l  t heo ry  i s  ve ry  c lea r  abou t  wha t
might  make a d i f ference and what  woulc l  not .  I  pa i< l  no at tent j .on
to cosmj-c  rays or  to  the d i f ferences in  a i r  pressure between
st .ormy and sunny weather .  I  assumed some ef fects  to  be t .oo smal l
to  bother  apout :  the d i f ferences in  grav i ty  f rom one p lace to
another  on the sur face of  the ear th and the ef fects  of  d i f fer ing
degrees of  corros ion over  a per iod of  a  few days or  even a few
w e e k s ,  f o r  e x a m p l e .

Rep l i ca t i ng  th i s  s imp le  expe r imen t  i s  s t ra igh t fo rward .
one  can  eas i l y  spec i f y  s teps  to  make  su re  (1 )  t ha t  t he  same k ind
o f  " t h ing "  j - s  be ing  examined ,  (2 )  t ha t  i t s  i n te rna l  cond i t i - on  i s
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t he  same,  and  (3 )  t ha t  t he  env i ronmen t ,a l  i n f l uences  a re  the  same.
No maLter  how compl icated a phys lca l  exper iment  may become,  i t  is
a lways  poss ib le ,  by  the  ve ry  na tu re  o f  phys i ca l  t heo ry ,  t o
speci fy  some feas ib le  s teps by whicn the exper iment  can be
rep l i ca ted .  The  f i r s t  assumpt ion  i n  phys i ca l  t heo ry  i s  t ha t  i f  a
ce r ta in  k ind  o f  f o rce  can  be  seen  to  ac t  upon  a  ce r ta in  k ind  o f
th ing  w i th  a  ce r ta in  resu l t ,  t hen  i t .  can  be  seen  a t  ano the r  p lace
and  t ime .  I f  you  obse rve ,  i n  Peor ia  today r  € rn  a lum inum beam o f
cer ta in  d imensi .ons sagglng by a quar ter  o f  an inch under  a weight
of  a  hundred pounds,  then I  can observe,  Io  Sacramento next  week,
the same th ing.  This  beginning assumpt ion can hold for  the
l i nea r ,  seguen t ia l ,  ep i sod i - c  concep t ion  o f  phys i ca r  rea l i t y
because  i t  i s  poss ib le  to  spec i f y  a  rep l i cab le  sma l l  se t  o f  p r l o r
c o n d i t i o n  ( i n p u t ) ,  a  r e p l i c a o l e  s m a l l  s e t  o f  i d e n t i f y i n g
charac te r i s t i cs  o f  t he  " th ing "  be ing  obse rved ,  and  a  rep l i cab le
sma l l  se t  o f  consequen t  cond i t i ons  (ou tpu t ) .  The  p r i o r
cond i t i ons  can  be  re l j - ed  upon  to  ho ld  s t i l l  wh i l e  you  a r range  the
exper imenta l  j -nput  and make measurernents,  the ic tent i f  y ing
charac te r i s t j - cs  w i l r  s tay  subs tan t i a t l y  t he  same c iu r i ng  the
exper iment ,  anc l  the consequent  condi t ions can be re l ied upon to
ho rd  s t i l l  wh i re  you  measure  aga in - -o r  you  can  choose  po inLs  i n
the sequence of  events where condi t ions do hold s t i l l  long
enough.  The a luminum beam wai ts ,  unchan{ fng,  whi le  you put  the
we j .gh t  on  i t .  Then  i t  wa i t s  aga in ,  unmov ing ,  wh i l e  you  measure
the  sag .

In  ce r ta rn  respec ts ,  i n  ways  o f  i n te res t  t o  f oo tba l l
p laye rs  and  su rgeons ,  among  o the rs ,  i n f l uences  on  l i v i ng
creatures have ef fects  very l ike the berrd ing force on the
a lum inum beam.  r f  an  au tomob i l e  s lams  aga ins t  a  hu rnan  body ,  t he
au to  w i l l  knock  ove r  t he  pe rson  j us t  as  i t  w i l l  a  f ence  pos t .  r f
phys icar  force overcomes the phys ica l  ab i l i ty  o f  the l iv ing body
to  oppose  i t ,  t he  body  w i l l  ac t  j us t  as  a  non l i v i ng  th ing  ac ts .
Bu t  mos t  o f  us r  mos t  o f  t he  t ime ,  dea l  w i th  o the rs  i n
nondestruct ive ways that  do not  overwhelm the abi l i t ies of  o ther
p e r s o n s ' b o d i e s  t o  c o p e  w i t h  e v e n t s .  I t  i s  t r u e  t h a t  a  g r e a t
dea l  o f  ma i rn ing  and  k i t t i ng  do  go  on ,  eve ry  day .  Bu t  I  am
l im i t i ng  th i s  d i scuss ion  to  t t r e  k inds  o f  behav io r  and  expe r ience
tha t  l eave  the  ood ies  o f  t he  pa r t i c i pan ts  capab le  o f  t he i r  f u l l
reper to i re  of  behavior .  We do of ten use our  bodies for  peacefu l
in teract ion,  wi thout  mal t reat ing or  coerc ing the other  person,
when we jo in  in  cooperat ive act iv i ty  or  j -n  other  ways communicate
d i rec t l y .  Fo r  examp le r  w€  dance  w i th  pa r tne rs  and  ca ress  those
we  love ,  ac t i v i t i es  no t  a t  a l l  l i ke  bend ing  a  beam o r  knock ing
ove r  a  fence  pos t .  Desp i te  a  g rea t  dea l  o f  bod i l y  con tac t ,
however ,  most  o f  us deal  wi th  one another  most  of  the t ime by
comrnunicat ing ora l ly  or  in  wr i t ing.  That  is ,  we make sound waves
in a i r  for  o thers to  hear  or  we make le t ters  on paper  (or  o ther
su r faces )  f o r  o the rs  to  see .  we  use  l i gh t  t o  commun ica te  no t
only  through wr i t ing ano reading,  but  a lso when we make
scu lp tu re ,  pa in t i ngs ,  and  o the r  f o rms  o f  v rsua l  a r t .

lv lost  in f  luences between humans are not ,  I  repeat ,  those
o f  b ru te  fo rce - -no t  push ing  o r  pu l l i ng  o r  bash ing .  They  a re
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i n f  l uences  to  wh ich  the  o the r  pe rson  w i l l  ' , r espond ' ,  o r  , ' r eac t . , ,
Tne sequence of  phys ica l  events ins ide a person who hears a
sentence is  very d i f ferent  f rorn the sequence of  phys ica l  events
ins ide the a luminum beam when Lhe weight  is  put .  on- i t .  i i that  the
person does in  response to t t re  sentence is  not  capable of
desc r ip t i on  by  Newton ' s  t h ree  l aws  o f  mo t ion .  W i ra t  t he  pe rson
does depends on whether  the sentence d is turbs some in ternal
s tandard - -some pe rcep tua r  va r iab le  the  pe rson  i s  con t ro r r i ng .

Given the fact  that  behavior  is  a lways mot , ivated by the
int 'eract ion of  the person and the envi ronment- -by the resul tant
oT-T5e-l lTE'rnal stanoard and the external t  isturbance to the
percept ion--how can the in ternal  condi t ion of  the person or  the
external  condi t ion of  the envi ronment  by repl icated? Wi th t iv ing
c rea tu res ,  ne i the r  cond i t i on  can  be  rep l i ca ted .  rn  respec t  t o
the  va r iab les  tha t  a f fec t  bend ing ,  t he  i n te rna l  cond i t i on  o f  t he
aluminum beam stays very much the same dur ing the per iod of  t ime
that  we care about .  (The concl i t , ion mi .ght  change apprec iably  in  a
few hundred years;  i f  we were to  separate repl icat ions by that
muchr  w€ would protect  the beam f rom the weather ,  f rom marauders,
and so on.  )  But  the in ternal  condi t ion of  the person,  in  respect
to  the  va r iab les  the  pe rson  ca res  abou t ,  i s  i n  cons tan t  f l ux .
Think,  for  example,  o f  the way your  mind leaps f rom one
poss ib i l i t y  t o  ano the r  as  you  ta l k  t o  the  c le rk  i n  t he  shoe  s to re
about  the shoes you look aL and t ry  on.  or  Lh ink of  someone at
work inv i t ing you to  jo in  wi th  others in  some venture;  what
fur ther  in format ion do you inv i te  or  d iscourage as your  p ic ture
of  the oppor tuni - t ies ana dangers changes? or  th ink of  shaking
hands witn a person who seems t,o want to show you t.hat his grip
i s  s t ronger  than  you rs .  Eve ry  sn ippe t  o f  ou r  l i ves  i s  f u l l  o f
reassessmen ts ,  ad jus tmen ts ,  adap ta t i ons ,  rev i s ions ,  and
correct ions of  course.  we are never  in  the same condi t ion we
were in  yesterday or  even a moment  ago.

At  every moment ,  the bra in and other  par ts  of  the nervous
sys tem a re  busy  con t ro l l i ng  pe rcep tua l  va r j -ab les .  As  ac t i on
cont inues,  oppor tunic ies ar ise in  the envi ronment  for  the person
to br ing other  var iab les nearer  to  the in ternal  s tandard.  An
act ion to  improve the match- to-s tandard of  one var iabre may
dis turb the match of  another ,  anc i  that  d iscrepancy wi l r  awai t
repai r .  Though the person may be tak ing no over t  act ion,  the
p e r s o n ' s  c o n d i t i o n  o f  v i g i l a n c e  ( a r e r t n e s s ,  s e n s i t i v i t y )  w i l l
change  con t i nuous l y .  The  pe rson ' s  i n te rna l  cond i t i on  w i l l  no t
necessar i ly  change when some external  event  occurs that  would
in te res t  a  f r i end ,  spouse ,  emp loye r ,  t eacher ,  po l i ce -pe rson ,  o r
expe r imen te r .  I t  w i l l  change ,  ra the r r  ds  the  pe rson  dea ls  w i th
any and every d is turbance to an in ternal  s t .andarc i  o f  h is  or  her
own .  r t  w i l l  change  as  un fo reseen  d i s tu rbances  tu rn  up ,  as  the
person acts  upon the envi ronment ,  and as the person a l ters ,
i n te rna r l y ,  h i s  o r  he r  unders tand ing  o f  eve ry  new s i t ua t i on  and
eve ry  new oppor tun i t y .  The  pe rson ' s  a r ray  o r  cons te l l a t i on  o f
con t ro l l ed  va r iab les  tna t  a re  and  a re  no t  a t  ma tch  w i th  the i r
in ternar  s tandards i .s  therefore changing cont inuously .  As a
resu l t ,  no  ma t te r  w l th  wha t  me t i - cu lous ,  sc rupu lous ,  and  tho rough
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care an exper imenter may
ear l ie r  env i ronment ,  the
e f f o r t  w i l l  n o t  s u c c e e d .

wor j< to  produce a repl icat ion of  an
exper imenter  can be sure only  that  the

The condi t ions in  the envi ronment  that  wi l l  spur  the
person  to  ac t i on  a re  those  tha t  ( r )  d i s tu rb  some con t i o l l ed
va r iab le  o r  12 )  o f fe r  t ne  pe rson  a  r r i edns  tn rough  wn tcn  to  oppose
a  d l s t . u r tance  v rh i l e  no t  worsen ing  a  d i s tu rbance  o f  some h ighe r -
o roe r  con t ro l l ed  va r iab le .  Bu t  an  expe r imen te r  can  neve r  be
su re ,  i n  t he  case  o f  a  pe rson  even  m in ima l l y  f ree  to  ac t  j _n  an
envi ronment  furn ished wi th  even a min imal  var ie ty  of  means for
ac t j -on ,  wha t  va r i ab les  the  pe rson  w i l l  be  con t ro l l i ng  th i s  t ime .
Therefore,  the exper imenter  cannot  be sure whether  the- f f isumably
sanre envi ronment  wi l I  o f fer  the means for  pursuing the purposes
the  pe rson  w i l l  t h i s  t ime  wan t  t o  pu rsue ,  no r  can  the
exper imenter  be sure whether  the means the envi ronment  of fers
w i l l  f ac i l i t a te  ac ts  d i s tu rb ing  to  o the r  va r iab les  the  pe rson  i s
con t , ro l l i ng .  rn  sho r t ,  ac t i on  a r i ses  f rom the  i n te rac t i on
between envi ronment  and in ternal  s tanc lard,  and because the
exper imenter  cannot  know the var iab les being contro l led by the
person at  any g iven moment ,  the exper imenter  cannot  know whether
some envi ronment  ( in  the sense of  a  p lace furn i -sheci  wi th  objects)
i9 ,  in  any ef fect , ive way,  the same for  a  person at  two sepaiated
t i m e s .

The fact  that  a  p lace changes i ts  ' ,meaning, ,  as one has
var ious exper iences j -n  i t  is  a  fact  }ong ce lebrated by poets and
story- te l lers .  we behave one way in  the nouse of  a  s t ranger  and
in another  way af ter  we have come to know the householder  wel1.
We a re  a le r t  f o r  a  ce r ta j -n  range  o f  poss ib i l i t i es  when  wa lk ing
th rough  a  c i t y  pa rk  fo r  t he  f i r s t  t ime  and  a le r t  f o r  a  d i f f e ren t
range af ter  hav ing sat  on a bench there to  eat  lunch on severa l
summer  days .  Our  read iness  fo r  a  ce r ta in  range  o f  ac ts  i s
heightened par t ly  by the acts  we are abLe to conceive at  any
prace and t ime and par t ly  by the k inds of  acts  of  which we are
reminded by the p lace and t ime in  which we f ind ourselves.  And
the  p lace  o r  t ime  rem inds  us  o f  some poss ib i l i t i es  and  no t  o the rs
to the extent  that  we f ind i t  matching our  memory of  i t .  I f  we
knock on a door  only  to  f ind that  our  f r iend no longer  l ives
there,  our  readiness to  taKe some acts  drops and to  take oLhers
r ises.  The changing "meaning ' r  o f  a  p lace as our  exper ience wi th
i t  changes  i s  a  s imp le  i dea ,  bu t  one  tha t  see rns  somet imes  to
evade the minds of experj-ments who undertake to set up the same
condi t ions at  two separate t imes or  for  two or  more persons.

Most  exper imenters,  however ,  are at  least  somet imes aware
of  the changing meanings of  env i ronments.  Exper imenters wi th
ra ts ,  f o r  examp le ,  cus tomar i l y  l e t  a  ra t  become fam i l i a r  w i th  a
maze ( to  sat is fy  and thereby reduce i ts  urge to  exprore a new
place)  before put t ing the rat  through the t .est  runs.  And
exper imenters wno put  sublects  through two or  more exper iences
wi l l  o f ten order  the exper iences in  one sequence for  some
sub jec ts  and  i n  ano the r  f o r  o the r  sub jec ts  ( i n  a  ' ba lanced ' ,
des ign )  w i th  the  i dea  o f  randomiz ing  the  expe r ien t j . a l  e f f ec ts .
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Indeeo,  booxs on research method a lmost  a lways te l l  the reac ier  to
reduce the p iases that  can ar j -se f rom envi ron lnents or  sequences
o f  expe r ience  by  ass ign ing  sub jec ts  randomly  to  p laces  and  t lmes
and to draw conclus ions f rom the averages ca lcu lated over  the
sub jec ts  i n  t he  separa te  p laces  and  t imes .

Tha t  t ac t i c ,  i t  i s  t rue ,  reduces  b ias  be tween  the
ave rages .  Tha t  i s ,  when  pe rsons  a re  ass igned  to  g roups  randomly ,
the probabi r i ty  o f  an average being wrong in  one d i rect ion
becomes equal  to  the probabi l i ty  o f  i ts  be ing wrong in  any other
d i rect ion.  For  example,  t ,he probabi l i ty  o f  the average of  the
measures taken f rom the people in  th is  p lace being greater  than
the average taken f rom people in  that  o ther  p lace becomes equal
to  the  p robab i l i t y  o f  i t s  be ing  sma l l e r ,  Tha t r s  n i ce ,  bu t  b iasec l
or  not ,  the probabi l i ty  o f  an average or  a c l i f ference between
averages being at  least  to  some degree wrong in  one vray or
another  is  a lways very h igh.  Exper imenters somet imes speak of"equat ing"  two groups by randorn iz ing the ass ignment  of  persons to
them--as i f  randomly ass igning persons somehow makes the averages
conre  ou t  equa l .  I t  does  no t .

Bu t  t he  un re l i ab i l i t y  o f  ave rages  i s  rea l l y  bes ide  the
po in t .  The  po in t  i s  t ha t  ass ign ing  pe rsons  to  g roups ,  randorn l y
or  nonrandomly,  and ca lcu lat ing averages does not  reduce the
ef fects  of  the in ternal  processes I  have ment ioned on the
behavior  o f  the ind iv idual ;  i t  does not  reduce the cont inuous
changes  i n  read iness ,  mean ing ,  and  the  l i ke .  r t  does  no t  reduce
the  con t i nuous  changeab i l i t y  o f  t he  pe rson ' s  i n te rna l  cond i t i on .
I t  ooes  no t  b r i ng  us  c lose r  t o  rep l i ca t i ng  the  cond i t j . ons ,
i n te rna l  o r  ex te rna l ,  i n  wh ich  i nd i v idua ls  f i nd  themse lves .  I t
does not  enable us to  suudy how ind iv iduals  cope wi th  those
chang ing  cond i t i ons .

Taking an average over  ind iv iduals  y ie lds a number
unint .erpretable in  regard to  any ind iv ic lua l  person.  Am I  to
th ink that  the average character izes any ind iv idual  in  the group?
No,  I  shou ld  no t  t h ink  tha t .  I f  one  pe rson  measures  .26  o f  a
second  in  reac t i on  t ime  and  ano the r  . 56 ,  t he  ave rage  i s  . 4L - -
whic l r  is  the react ion t ime of  ne i ther  of  them. Indeed,  averages
cove r  up  o r  neg lec t  i n fo rma t ion  tha t  i s  o f t . en  c ruc ia l .  Fo r
example,  one person may be running nor th,  another  east ,  another
sou th ,  and  ano the r  wes t ,  a l l  a t  t he  same head long  speed .  Tne
ave rage  o f  t hose  vec to rs  i s  ze ro - -no  mo t ion  a t  a I I .  Bu t  t o
repor t  that  the average movement  of  the group is  zero is  to  draw
at tent ion away f rom what ,  i f  you had seen the ind j_v iduals
themselves,  would have been the most  not iceable th ing about  them;
name ly ,  Lha t .  t hey  were  a l l  i n  head long ,  d i ve rgen t  f l i gh t .  The
average over  ind iv iduals  te l ls  noth ing about  what  is  happening to
a n y  i n d i v i d u a l ,  i n t e r n a l l y  o r  e x t e r n a l l y .

I t  i s  t rue  tha t  i t  i s  poss ib le  to  p roduce  ve ry  spec ia l
and  power fu l  env i ronmen ts .  I t  i s  poss ib le  (1 )  t o  f o rce  a  l a rge
discrepancy in  an animal  between what  the animal  perceives to  be
the present  s tate of  a  v i ta l  process such as ingest ing food and
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i t s  s tandard  fo r  t ha t  s ta te  and  (21  to  impover i sh  the  an ima l , s
envi ronment  so that  there is  on ly  one feature of  the envi ronment
the  an ima l  can  use  to  reduce  tha t  ve ry  sa l i en t  d i sc repancy .  A
ve ry  hungry  ra t  i n  a  Sk inne r  box  i s  t he  c tass j - c  examp le .  r t
t ,akes only  a min imal  knowledge of  an imal  behavior  to  prec i ic t  that
i f  a  ra t  i s  ex t reme ly  hungry ,  i t  w i l l  spend  a lmos t  a l l  i t s  t ime
hun t ing  fo r  s igns  o f  f ood .  I t .  w i l l  l ook  a t  and  sme l l  and  hand le
everyth ing i t  can in  search of  any c lue to  food.  when i t  happens
t .o  pus l r  on the lever  s t ick ing out  o f  the wal l  and a food pel le t
pops  i n to  the  l i t t l e  cup ,  no  one  w i l l  be  su rp r i sed  tha t  t he  ra t
before long hangs around the lever  instead of  prowl i -ng e lsewhere.
The rat  wi l l  pump out  more foo<J unt i l  i t  is  no longer  hungry.  rn
br ie f ,  when you have good reason to bel ieve that  one d iscrepancy
frorn an in ternar  s tanc iard is  overwherming a l l  o thers in  the
internal  condi t ion of  the animal ,  and you have the envi ronment
a r ranged  so  tha t  t he re  i s  on l y  one  k ind  o f  ac t  t ha t  w i l l  improve
mat ters- -produce food,  in  th is  case--you can then predic t  wi th  a
high degree of  success that  once the animal  has c l iscovered that
k inc i  o f  ac t ,  i t  won ' t  be  l ong  be fo re  i t  pe r fo rms  tha t  ac t  aga in .
(Among  humans ,  ac tua l l y ,  t he re  a re  excep t i -ons  even  to  th i s . )  o f
cou rse ,  t he  an ima l  f f i dy ,  espec ia l l y  a f te r  ea t i ng  the  f i r s t  f ew
pe l l e t s ,  sc ra tch  i t s  l eg  o r  de feca te  o r  run  a round  the  box  be fo re
press ing the lever  the next  t i rne,  but  the rat  wi I I  cont inue to
p ress  the  }eve r  p re t t y  f requen t l y  un t i l  i t  1s  no  l onger  hungry .
A f te r  i t s  nunger  i s  sa t i s f i ed ,  t hen  you  a re  back  where  you
s ta r ted ,  unab le  to  p red i c t  ve ry  we l l  wha t  ac t  Lhe  ra t  w i l l
per form next ,  even in  a severe ly  impover ished envi ronment  such as
a Skinner  box.

Not ice,  however ,  even wi t .h  the rat  j_n a Skinner  box,  the
exper imenter  is  not  actual ly  predic t ing par t icu lar  pat terns of
neura l  and muscular  act ion.  When the raL s tands to  the le f t  o f
the lever ,  i ts  muscles combine to  move the lever  in  a
conf igurat ion d i f ferent  f rom that  requi red when the rat  s tands to
the  r i gh t .  When  the  ra t  p resses  the  l eve r  w i th  i t s  cn in ,  t he
bod i l y  ac t i on  i s  no t  Lne  sa rue  as  when  i t  p resses  the  l eve r  w i th
i t s  paw.  And  so  on .  Ra ts  a lways  pe r fo rm wha t  we  ca l l  t he  " same"
acts  j -n  var ious ways.  The exper imenter  is  not  predic t ing the
comp lex  o f  musc le  ac t i on  ca l l ed  fo r th  by  pu l ses  i n  t he  e f fe ren t
ne rves .  The  expe r i -men te r  i s ,  i ns tead ,  p red i c t i ng  pu rpose - -any
act ion d i rected toward a purpose,  in  th is  case any movenrent  that
p resses  a  l eve r  t ha t  i n  t u rn  b r i ngs  food .  wha t  a l I  t h i s  comes
down to is  that  the exper imenter  is  predic t ing that  when the rat
i s  hungry ,  i t  w i l l  do  w i ra t  i t  can  to  ge t  f ood .  A r i s to t l e  knew
that .  So d id Tutanki ramen.

In  sun r ,  rep l i ca t i ng  an  expe r imen t  w i th  l i v i ng  c rea tu res
is impossible. We should expecE it  to be IrnposEIOTe the moment.
we  reaLLze  tha t  l i v i ng  c rea tu res  mus t  and  do  ma in ta in  a
cont inu lng purpose (contro l  a  perceived quant i ty)  despi te  an
unpredic tably  vary ing envj - ronment- -a fact  that  wi l l iam James
(1890 ,  vo lume L ,  pp .  6 -8 )  i ns i s ted  upon  more  than  a  hundred  yea rs
ago.  An exper iment  can approx imate a repl icat j ,on only  when the
env i ronmen t  i s  s imp l i f i ed  un t1 l  i t  can  a lmos t  be  sa id  to  con ta in
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on ly  one  b i t  o f  i n fo rma t ion - - l eve r
as  l ong  as  one  con t ro l l ed  quan t i t y
o the rs .

p ressed  o r  unp ressed- -and  on l y
(such  as  hunger )  ove r r i des  a l l

Fo r  me ,  t he  i n te res t i ng  ques t i on  i s  no t  how we  can
achieve a proper  rep l icat j -on of  an exper lment ,  but  ra ther  why
anyone should have wanted to  do so.  r f  we want  to  f ind out
whether  bre can construct  an actual  work ing moder  of  purposive
ac t i on r  w€  mus t  do  so  by  fo l l ow ing  the  ac t i on  o f  an  j -nd i v i c lua l
person in  hold ing a perceptual  quant , i ty  constant  despi te  random
envi ronnrenta l  d is turbances to  i t ,  and we must  ta fe observat ions
abou t  as  fas t  as  ne rves  and  n rusc les  can  reve rse  the i r  ac t i on r  so
that  we can be sure whether  our  data-points  are g iv ing us a
cont inuous record or  mere ly  a t rend that  might  h ide impor tant
deviat ions.  I f  we want  to  rnodel  a  h j .erarchy of  contro l r  w€ must
observe the ind iv iduar  person to  f ind out  which var iab le the
person holds constant  a t  the expense of  another .  r f  we want  to
study the re la t ive t imes requi red to  br ing a d is turbed var iab le
back to  the s tandard va lue at  var ious levers of  the contro l
h ierarchy,  we must  compare the react ion t imes of  the s ingre
ind i v idua r .  rn  eve ry  case r  w€  mus t  d i scove r  no t  whe the r  one
average over  persons is  greater  than another ,  but  whether  any
s ing re  pe rson  i s  capab le  o f  t he  con t ro l  we  pos tu ra te .  And  then
whether any person shows up wiro does not make use of such
contro l .  Averages of  groups are besiFtne point .

And we should not  want  to  test  whether  a person wi l l  do
exact ly  the same th ing in  exact . ly  the same s i tuat ion,  because our
tneo ry  te l l s  us  tha t  t he  pe rson  i s  i ncapab le  o f  do ing  exac t l y  t he
same " th ing "  as  i n  any  ac t  i n  t . he  pas t .  When  we  say  a  pe rson  i s
doing the same th ing as a mornent  ago or  a  week d9o,  we a lmost
a lways mean that  t ,he person seerns to  us to  be pursuing the same
immediate purpose:  opening a door ,  t ry ing to  persuade somebody
of  someth ing,  eat ing a pear ,  and so on.  We do not  mean that  the
person is  tens ing the same rnusc les to  the same degree and
apply ing the same force to  the knob of  the door ;  those are bound
to d i f fer  f rom an ear l ier  t j .me because of  s t rength added by
exe rc i se  o r  sub t rac ted  by  fa t i gue ,  because  o f  a  s l i gh t t y
d i f f e ren t  pos i t i on  i n  g rasp ing  the  knob ,  and  so  on .  We do  no t
mean that .  the person is  say ing the same persuasive words or  us lng
the same energy to  move the rnouth in  forming the words.  The
in te rna l  cond i t i on  o f  ne rves ,  musc les ,  g landu la r  sec re t i ons ,  and
so on must  a lways d l f fer  f rom one moment  to  another .  To test
whether  \^ te  can be conf ident  that  we have modeled the funct ion ing
of  the human creature,  we should test  whether  the model  can
mainta in pursui t  o f  a  purpose for  some reasonable span of  t ime
dur ing unpredic table var ia t ions in  t .he envi ronment ,  s ince
unpred ic tab le  va r ia t i on  i s  t he  cons tanL  cond i t i on  o f  t he
uncontr j -ved envi ronment .  we must  demand of  any model  that  i t
pe r fo rm rea l i s t , i ca l l y  i n  an  unp red ic tab l y  chang ing  env i ronmen t .

I ' 11  say  ye t  ano the r  word  abou t  t he  con t i nuous l y  chang ing
envi ronrnent .  You may be th ink ing y€s,  i t  changes a lo t ,  but
don ' t  some th ings s tay very much the same for  a  pret ty  long t ime?
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Maybe  you r  bank  hasn ' t  had  a  remoc ie l i ng  i n  33  yea rs .  when  you
walk in ,  you use the same number of  s teps get t lng f rom the i ront
doo r  to  the  te l l e r ' s  coun te r  t ha t  you  used  the  l as t  t j _me .  you
brea th  the  same fu rn i t u re  po l i sh .  The  same pe rson  sm i les  a t  you .
And so on.  can you not  use at  least  a  good many of  the same acts
today  tha t  you  used  l as t  t ime?  we l l r  | ou  can  use  many  o f  t het 'same,  par ts  of  the envi ronmenl ,  yes--such as the same path f rom
door  to  coun te r  and  the  same te l l e r .  Bu t  you  canno t  use  the  same
par t i cu la r  ' ac t s . "  on  you r  l as t  v i s i t ,  you  came in t ,o  the  doo r
f rom the  wes t i  on  th i s  v i s i t ,  f r om the  eas t .  so  the  cen t r i f uga l
force on you as you came through the door  is  d i f ferent ,  and that
changes what  your  muscles must  do to  get  you across the f loor  to
the  r i gh t  t e l l e r .  And  you  a re  no t  f ee l i ng  as  cheer fu l  as  l as t
t i m e r  l o u  d o  n o t  w e r c o m e  t h e  t e l l e r ' s  c l a r i o n , , h e r l o - o - o r "  a n d
you  do  no t  ac t  t oward  the  te l1e r  i n  t he  same way .  Regard less  o f
whether  the bank seems to a presurnably  object ive obseiver  (an
exper imen te r ,  l e t ' s  say )  t o  s tay  the  same f rom day  to  day ,  t he
bank can never  s tay the same for  you.  when you a- t  in  re la t ion
to the bankr  lou must  a lways aEE anew.

You can th ink of  these smal l  d i f ferences in  the manner  of
r e c e n t  d i s c u s s i o n s  o f  c h a o s .  A  b u t t e r f l y ' s  w i n q  i n  c a l i f o r n i a
can ef fect  a  t iny change in  a i r  currents  that  combines wi th  a
sma l l  f l ow  tha t  nudges  a  coo l  a i r  mass  up  th i s  canyon  i ns tead  o f
that ,  the a i r  mass jo ins wi th  ot .hers over  the Rockies,  and
even tua l l y  ra in  fa l I s  on  Denver  tha t  wou lc i  no t  have  fa l l en  the re
bu t  f o r  t he  bea t  o f  t he  bu t t , e r f  l y ' s  w i -ng .  s im i l a r l y ,  a  t i ny
di f ference in  a curv ing path as one goes through the door  o i  the
bank can br ing one to  swerve a foot .  or  two of f  last  week 's  path
and requi re another  pound per  square inch of  force to  br ing one
back toward the in tenc ied te l ler .  A l iv ing creature must  act
cons tan t l y  aga ins t  s l i d ing  o f f  i n to  chaos .

We should want ,  therefore,  to  tesL whether  the model  can
per fornt  i r roper ly  in  a changing envi ronment  or  j .n  severa l  k inds of
envi ronrnents,  not  in  an unchanging envi ronment .  we should test
whe the r  we  can  mode l  seve ra l  ac tua l  i nd i v idua l  humans .  I n  b r i e f ,
t he  w ish  Lo  m im ic  phys i c l s t s  by  rep l i ca t i ng  the  sub jec t i on  o f  t he
same o r  equ iva len t  ob jec t  o r  subs tance  (an  an ima l )  t o  t he  same
in f  l uences  ( s t imu l i )  has  been  a  te r r j - b le  m is take .  We shou ld
instead be observ ing how the l iv ing creature rnaj .n ta ins i ts
perceptual  input  constant  whi le  the envi ronment  changes.

And  i f  r ep l i ca t i on  j - s  a  va in  hope ,  t he  phys i c i s t , s  i dea
q{  p red i c t i on  i s  r i kew ise  one  to  be  g i ven  up .  L i v ing  c rea tu res
diver t  and negate the expected phys i -a l  e f fects  of  phys ica l
fo rces .  They  do  no t  reac t  t o  one  ano the r  (o r  t o  any th ing  e l se )
acco rd ing  to  the  l aws  gove rn ing  b i l l i a r c i  ba l l s .  The  o rd ina ry
concept  of  predic t ion has th is  form:  under  the condi t ion x ,  we
expec t  t o  see  Lhe  ac t i on  Y .  Bu t  i f  we  can  neve r  es tab l i sh  the
cond i t i on  X  (excep t  t r i v i a l l y ) ,  we  shou ld  no t  expec t  t o  see  the
ac t i on  y  i n  connec t i on  w i th  any  spec i f i ab le  cond i t i on .  And  i t  i s
the case that  we do not .  we should not  t ry  to  predic t  par t icu lar
acts .  r  mean v is fSle ' racts"  (observed wi thout  iny tnougrr t  or
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purpose)  such as pushing on a c loorknob r  pouf , ing water  in to the
1ou th ,  pu t t i ng  one  foo t  i n  f ron t  o f  ano the r ,  ma l i ng  an  uxu  i n  a
l i t t l e  p r i n ted  box  on  a  p iece  o f  paper ,  and  so  on .  we  shou ld
ins tead  p red i c t  t ha t  a  pe rson  w i l l  pu rsue  a  pu rpose .  we  shou ld
then t ry  to  learn how the person manages to  achi -eve i t  and what
the  ranges  o f  success  can  be  w i th  va r ious  i nd i v idua ls .  We  shou ld
t ry  to  see how an ind iv idual  re l inquishes one purpose and takes
up  ano the r .  Wha t  he lps  o r  h inde rs  i nc l i v i dua ls  i n -mak i -ng  use  o f
the i r  env i ronmen ts  i n  pu rsu ing  mu l t i p le  pu rposes  (wh icn  i s  a lmos t
a lways  the  case )  ?  Tha t  i s  t . o  say ,  we  shou la  l ea rn  the
capab i l i t i es  and  l im i ta t i ons  o f  human  in< l i v i dua ls  so  tha t  we  can
pred ic t  t he  c i r cu ins tances  u r i c l e r  l vh i ch  hu rnans  a re  l i ke ty  to
func t j -on  co rnpe ten t l y  ( rega rd less  o f  t he  pa r t i cu la r  ac ts  they  may
employ in  doing so)  and the c i rcumstances in  which they wi r i
I i ke l y  be  s t ressed  too  much  and  func t i on  poo r l y ,  become
incompe ten t ,  o r  even  d ie .  we  shou ld  l ea rn ,  t oo ,  t he  ways  we  can
help one another  funct ion wel l  and the ways we inadver tent ly  (and
adver ten t l y ,  t oo )  h lnde r  one  ano the r .


