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?-JR 197 — O l h

~~u l a n t o r

(‘ i f  l i u r u  i~~ J u iv e r s i ty

Lntroduc t ion

Research in t r i o  P sy chophys ics  Laborato ry , Columbia U n i v e r s i t y  f r o m
1 OcLuIo- r  1971 t h r ~ u gh 31 Decoir~ber 1975 hds concent ra ted  on t h r e e  in t e r—
conne c ted  problems .

A. The mea surem ent  of th o  incremental  u t i l i ty of monetary  and non—
moneta ry  outcomes both  positive and negat ive .

B. Tho exp & r imenta l  s tudy  of response organization by the use of a
reaction time paradigm , and in particular the development of
sequential response u xperiment s; along with a new conceptua l
theory of response organization.

C. Psychophysica.l scaling of dynamic perceptual events under field
condl t~ ons , and the in t eg r a t i o n  of these psychophysical scales
into the percept .ial—motor performance theory mentioned in B.
above .

H> the research summary that follows we treat each of these areas
as a separabli- c r u r i t y .  The reader si-inuld recognize that as products of
a single laboratory the research reported here represents an interlocking
program of associat ed problems . The various graduate students and scien-
t i s ts  who participated in this vu rk developed a comm On vocabulary to dis-
cuss these experiments fri terms that made them Intercomparable. Here, we
shall chuck this laboratory jargon, and present our findings within the
classical psychological conventions .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Since the pub lication of The Direc t  Measurement of Utility and Sub—
j~~ tive Probability (Galanter , 1962) we have been concerned wi th the
psychic representation of monetary value . Insofar as money is the cul-
turally pervasive object ive scale of the value of human performance , the
measurement of its psychic effects is tantamount to a (one—dimensional)
theory of huma n mo t iva t i on .  Such measurement has deviled experimental—
fat s  since the turn  of the century . For art h is torical ly oriented dis—
cuasion of this background , see Galanter  (1974) .
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ftc ~ ; t . t , v . - > , 1 ~ i t  t in  - t t _ l i i t y  i f  uR i n - y  ~ y d i r i - : t  m a g u i t ’ ’3 e  o r t t i r r v . i !  l O t ’
u~ t lmu >~t - ;  w u c  m l  I l U  ‘i a- c m i m~ I i s h i~ i u j  t v. suhk v f u ~-y- of i - ; K 1a~ 5 i ~ ~~~c t _ -.
to  j iup ~& ’ j r 1 ’t ~~i u ~ ( uo l ) v . t  l-> oI r s > h i i i ’ - r i v °  h a p p f ’ ss .- a consc- lu- r o e u t  v ar—
LI tO tflo rjet . , r~ .~aj ~j s u u ~ LO8 f - :~. .  I n  r - v . tLs of t h e e ond a:u . y ‘ I t u r :~f r u i l a r
-~ :por in>~ nLs Cu t u i ’~ r gu -u ~ i u ; i  0 over  i i ° t i O p  as t l ie i t  f i f t y  ( u i o v . t  t v . >  f o r  non ev
Tho ui r- -n:ea r I i t t  1 I r~ ten  ui- fey f t c  r e - u >  d at a~~pr  nv. i i  y >c- squa ru
t o o t Ot t u e  ‘no~~~~t a r~ m e n - n c!  c , t i c  t h ’  d i s u t i l i t y  of - n , ( r u - t a r . ’ j o ’~ses iJe—
or e  -~i~~- 1 a t  -tno . t  t b  v . a a c  r - : - t  e .  Ret  i i i ’ > > ’  r u t s  i n  t h e  -~.p& r lnuent:t l e n t  by
c;a~ c u n t u . r - & P1 ~~~~~~~~ ( J n 7 ~~) : i - -~~s - t i - J  t h a t  th t ’ ,~u t e  ot  u. t j j  t t y  gain f i r  -n o n e — - 

~r i n er , - u - r i t o I .  ci igh  ~v .; v . . i  u tb ’> t h e  rotc of u t i l i t y  !oss f u r  -ro t c —
t ory dec r f lu . c ) t s

Th is 5~~
, i ) f j  ord ee f~ i i i v .r  is  of - i i  l r t ~-r e s t  i r - ; i n . u r  -us ~t m u ,  be

re i i  t~ - 1I t o  t h e  ~l , l i on  iv .  p u - c t  ~ - i i u ; - u s  of I n c  r -n u - t u t  i i  it i i i  ty  . Thus , .-ulthough
it w i l d  ue ideol . t o  ~-ve  o i g e h r -  o’ UI u l i t y  t h a t  L ! I o t l e d  us to c if t u —
l u t e  t i I (  r inal ne i l it y  of i ’ - r e m ~- , ’t :~ of X & l n i l a t s  t i l t s k’~-r ement s  of  Y
l ol l ir s . c ur r : . r  ~v we ru~~~t t h -t L l e  fo r  c t f l i t y  est  r u u l  e i ’~ the consequences
01 the otal tra ’:-u -ue t i on .  L ’i t ue t u c u n t  ~ x t  o t  our  l i r r e n t  u l n d e r st 3n d l ng  we
;uunsijer thr-s ’ ~j v t i ; u m j c ~uh - n u c n c i : n  15 a i t  i I c  e ve n t  t hat  r ep r ese n t s  e i the r

a >  i n c i u - v . e nt  or a dec re n e n t  i nn n in ct u ry  val uc , -I has a si nClo u t i l i t y
associated w i L :  it. . l i r u i e r  t i o  su f ij e c  t i t i t  t a c t  p i l o t  - x p er  u r n - n t  s were per-
formed to try r i  assess i y nani~ v. ut iii t y .  F h o  c- ‘ o r >  nc t t  iii paradigm (a social
iis~’cho1o gical  exper imen t )  r equ i r ed  th.i t two groups  of s u b j e c t s  appear to parti-
ci pa te In an e xp er im e n t a l  auc t  i o n .  t roc  ~ r o u n  r o u u  v u d  $2 w i th  which to parti-
c ipa te  in t h e  au c t i on .  The O t t i  r g roup  r i - d yed $5 , mo d then because of a
“mistake ’ by the :assiv.tant had t o  r f u r ~d ~3 before t b  exper imenta l  auct ion
began . The true experimental q i e  ot i o n  e r ,ncerned  the u t i l i ty  of the $2 held
by each group . AlL though qu - n t  ioona i t e  data suppor ted the conjec ture  tha t
the u t i l i t y  ni  $2 a r r i v e d  at by $5 m i n e s  S r  was Less than the u t i l i t y  of $2
d i rec tly  received , t h e  sub seç uent exper imenta l  a t t e m p ts  to assess these
d i f fe rences  behaviorally did not y i e L d  da ta  tha t  were statistically signifi-
cant . If new experimental p r e r o d Ares could he developed to examine this
problem , it could lead to ii u t i l i t y  equat on t ha t  w o u l d  permi t calculation
not only of monetary i o - r u v n u e n t s  and ~i n  ro~iont s , but of combinations of such
gains and losses with other v u luab le  or noisome commodity bundles.

Be that as it may , the e i m t I r u u i t 1 ~ r e f i nemen t  of util ity scaling lef t
us in a position of arguing on t h e  I n a s i s  of scaling experiments that the
growth and decline of subjective valu~ --- utility—-followed a power law with
an intuitively plausible e s p c’n i e n t .  The next  s t ep  was to ask whether this
utility function predicted t b :  n r ~ ’l n g  behavior of people guided by the con-
sequences of thei r ac t ion s. To s tudy titi>- ’ p rob lem we turned to experiments
within the context of the theory of pj~~ii n1 d e t e c t a b i l i t y .  rn this paradigm ,
subjects are asked to  make t o> inlons about l iutenal events , and they receive
feedback in the form of rewards and losses contingent on their decisions
and the payoffs posted by the experimenters . In the normal form of the
experiment , n bje Ls ~;a in and u s e  snail q u a n t i t i e s  of money on each of
a sequenc e of tr l lfl s £ u ~u which they c o r r e c t l y  •~ r incor rec t ly detect , dis-
cr imina te , or i d e n t i f y  the presence , absen ce , or difference among various
st imulus -v e n t S  p r e sen t e d  t o  t h E m .  The experimental question at issue is

whether by char -ic rerizing the entries in the pav-:)(f matrix of such an ex-
periment as uti liti e s calculated from previously uscertathed utility func-
tions, we would be able to predict the performance of the subjects in these

-~~~~~~~~~~~~~ —-
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ri  - u ’ u_ I t ’  c - n t  r. ~-. I a L u -  ; . u ,r.c 1 I ip .u t  r u r .
\ t t i n r  v o n - nb u t  l u ’ u n p i s  I L - a t u : r :~ .- n : t r; t . , O c u ss t n i : —  p u e d i . fr ’~i :L- c c ~~ c r c i
t h 0  n i l  i i  Itv I ’  - i on , ~~ v. : >  i t ~~ s i t h - 1 : - n > -  ~- : n n  b d u - n c - e  ‘ i n  - t  t i e  r i  i l i t y

t i n n  I :~~~ t , - .~~ - t s~~; - u - d 1-n ’ r h ,  nut t h u - t n  ~~I r I m  j  t o t e ’ ~-s b : n - n t  i - u n
w h i c h  v i u - ~ d , / c : u u~~~: II f r i . O ’ ’ ~ or  i - u -  r . ’:- - u t ~, m l .  - v . .  Q. i 5  L u r  len t —
fllefltS -, T , :  51 .1  I l i n t  ~~ : O C t - o u t  the r e i : I r u n -  t n t :  efl c c t -  ~c : r i i-- - t:y-t ri rl ~

- - in  ~ s I i ! do ’  ~‘t  - - \ O c  - -~~~~ j P~~ V i? a 
~ - H I  ~- rnrl . - - 9 - r u - n 3 u l

r ep r t e  h~ t~~: u u 3 l n n c t  an d on r u t - - n  JEI ’ I i  - i . -~~o )  i i i  - : t u n - s- , j f l  j~~h b e
These l u l u ~n n: _ t i l y r u  i n  r j n t -  1 - n :  u u > i l : t v  s ca le - u t - l u l l  - - ny
d i r ect  n e t h - d - 3  :n~ - a n - n  c i -  ~- no  p n ’d i  t b o f  ‘ w ~- r  f o r  b~ .. V ’ r ~u t
mel-it s. l : n - d a t a  a t  L - i h l u  1 u~~- r c  I : ’ i v y ’ -  to  es t  t n : r , I u -  t h u  i t i j u t v  f : i t t -  t i n t )

para mnet t ’r  ‘c t_. h c -  v . s r n I n n m - r :  nu n-: ’’ >  I u :  - !  : 0  ni— ’ t  C O  I :  I t  i t  d i n i S  t r o t e i t h e r
the th e or y  - -a s i r :i::l d,: t’u - t~,b1 I . : rv . ‘u t t c t -  n i O j i L!uv.>r’— 0 t h ro sho l u do—
term i n u t  i on  was  e l i  o n - n  ro iri:u C- no el u n :  s ensory  t- i s v .  tS . A l tb n u u - ~h the
e s t l : r r u ? , -s  - f  t h e  n i - ~~v. f u i n t i c r i n  u i H - -r  S i v . n b f j ~~J n 2 L l ’  ( r  .01 d t p n - n u l i n i ,
on t h e  sensory theory ii - .s- • i i  t u ’  of L u t e  i - s r  i i : :  t n - n ;  of t h e  sLopes
d i f f e r  over a l t  f r - u n - .r t i u -  0- n t  r n - c t  ~-ic c t  t i n  c~~urr ~ er  h~~ : c - J  0 1  c o r ch e p i ty s i c al

scaling d a t a .  Thu- L O t i .  a l oe> sn ws I t~ u t  d v u ’r r 3 g i f l~4 ~ - r av . s  :;uu bjec ’ts by blocks
as compared t o  ;u v u-l--auuu n l . ‘~i [f l u r I o t :  ‘ t o  ;u- y ! I- ;r .; h i  - c r  ks iL - : .  : i , - I t  o r  a
p r ac -t r .u : :i .- no r v. S t O ~~i S  l c : c l d i  t f - r e n - o-  i i ~ th e  ob s e r ved v v . I u e s .

Success in r i t e  ScaiiuI f -~~~~ u n - n f - y  led us t ’  t h e  q I u c - o t i e c u n  of wh i t h e r
u t i l i t y  t h e or y , t h at  is a t .ne r~- t o ot  a u - n I  es a l l  of  h u n r m r  v o J u n u -  to .3
on e — d i r i c ’ m t v . i e n o i  v . O u 1 t i v . n i~~u t , I - . 3de [ 1 : : % te t o  f t p :  w i t h  t h e  t -~~crnl tv nt
events that i-ir e - i :  he’r ’tesi re-~ or .t s p j s u - n l  1 , p e o p l e .  C c - n s i - q u ’ ; r u t  1-,- ‘at’
extended t h e ’  n n u pn i  t u i J E -  i n st  i a n  m : i e n  : - p ~: ri  Ii~ i . t0  ‘I l l  r h ~ - u t ~u lity of f lO I l e y
to encompa ss th e id _ i  I i  t ’v (>~~ OV c . ut s  h at  we- ~~O not  I i  rec L i  ~v none ’  L u  CV ill
na ture . Thus I - n i  - x o m 1 - l e , 11 w a n t e d  t i  .-stinn :aL ’- tli: numeric>. ut i lit y
of “succe’s sfn l  Ly r - ou p i c-I up your  I n -ome La ’-  r .- ’ c: u t , “ c r  t I n t -  d i s ut  i i i  t
of “get t  log a f t  at  r j  re on y o u - - w , — te- we r I: - 

- i t  w on  s i m p l e  to  g~. t
people to : l ss ipr -  nnagruituide en: inr> t_ h i t :  v i i  n > & 5 t in t h u  n u t  H i t  ies :n :d d E s—
u t i l i  t it’s of u c ; u r i  ot  n- u t  n v o ; - t S  of  t h i s  k i n d .  l~ we - e r , r h e re  war :  10

in t rin s i :  ev i  d ot e in  these P i t a  t o  sUj ) p O r t  the v i  t -w ia c n i : i i  a der ived
U t i l i t y  v u l u e  f o r  u -vent s r e p  r es e - °t  -d n o y t h i u p  mont - :nc:i o i n ~p t n i l  th  ni the
a c c i d e n t a l  numl ,er~ ng h e hav i o u  t b - u t  people happ ened to  a d o p t  . in  l ’rdet
to ‘‘v a i l  dat  in ’’ in sonie n i - o s - t ir e  cn !~~ er v t - d  ~ t i i  f t  b e r -  .~so I p n i  I v .  I n u ’ s c  flOfl

monetary  events , su r-nj ec -t s  w e r e  - u s C e ] t o  ~ r d p ’-  the i l L  i i  it n- nt -uone- tar-n i
events in t he  r u i i t~~n .t t n t  t i - - n i t -  n : c n n — 1 , u ) : l e L a n j  ‘i v . ! t - : .

Iriterspe rscd u r n - - n i p t h u  r O~ . e ’S t c  r r r  u t  I I ‘ c ’~t t  I :r::i i-s fo r  non— mone-
tary e u e ’ O t S  w e- r n :  . i d d i t i c u u v . i L cpu - . H e  -~ fo r  u - s t  i : . u t n .  dout  i - t c J : o n o d  it em s
such as “you h avi-  won I t i t -  o t t -s t e  l r : t  t o r y  : o r ~ .‘~5 , bhL . ‘‘ or  ‘‘you l i V e  1st ;1

c ivil su i t  f o r  SI ,~~0U . ’’ W i t h  1 h a -  d uno n u - t i i c - ~ n n o n u - t - i r y  i r t - r : n s  l i t e r —
collated - t m  u n -r the  ‘u o r c - — c r u ’ n c  ; rv 0 9 u s , we were  n Ii .- n u  ;u  u i’~ iii th e  s u b se qu e n t
data analys is  t n  t X ?  t r o t li n e r~t n n c t i rV f - - l O l l !  s ari d : ! t n t  }u t ’ L i . t t , i t r I S t  ‘ 0 1 1 1_ V .

This permi I t ed ris to :u - e r r  a in  i t  t he  u t i  i i  ty t n t :! ion f o r  t i r e  n - : i u  t n t

event ’~ embedded i ir t h e  I b o n — n n u ’ n u  t m y  I t ens ~ be  ! dod t o  same O1-l ’Oll -fl t - I S

the it  i i t y  fu i r i n i j i o n  f o n  nuIu: n.- t , r V  , - ~~- u i t  S ~ s t i - c i . u t o d  ; i l O f l ( - . Vb C t~ 5 1 1  t o
of our i n 1 t j~~l --xpu -nl m ent v. (P1 !~— il - I I t - r i d s  s purt t o  t h a t  hypoth esis (see
Figur e 1).

The consequence of this cla r I s  of u- sp u r i nte nts in ul~~t -~~t -  a re  now ab le

____________________ 

________________ 

_______

— - — 
~l ,~ ‘P~~$~ ..~~~, ~~~ V 
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Table 1

Values of the utility function exponent
estimated from psychophysical experiments . Two different
theories were used to characterize the perceptual responses .

Signal Detection Theory Analysis

All Pay—Of fs Positive All Pay—Of fs Negative
Estimated utility func— Estimated utility func--
tion exponent for in— tion exponent for dec—
crenienta of money . rements of money .

Averaged by S’s 0.59 0.60

Averaged by Blocks 0.60 0.59

Choice Theory Analysis

All Pay—Of fs Positive All Pay—O f fs Negative
Estimated utility func— Estimated utility func-
tion exponent for in— tion exponen t for dec—
crements of money . rements of money.

Averaged by S’ s 0.37 0.39

Averaged by Blocks 0.39 0.37

_ _ _  _ _ _  

_ _ _  _ _ _

— ‘— - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I ~~~~~ —____ 

•
- _
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t o  r n nu - , i - - ; u n n -  ( i n  t h e -  e m p i r i r - s i  stu s u -  of h at t e r m ) t i e ie-latlv ~- va l ues nusso —
c i  m ed wi t s  a v. - u r i t - t y  Of ~- Vs t n t s  by in d iv i l u - u l s .  i n s o m a r  as the goal of
the  s e L u - t i  i - i :  u - n t  r p r ise  15 r ;uo t-t- i n n n n  ; i n p ~~y thu ’ t i t  I I  l~~t Li-- Q I the
s c i e n t  i f f y  inni. g l u - u L  l o i n . thea  - u r u ;n i i  i c at ion  of t he se  eneper mments  I s  I i i

make the ie i o u r e m c - r t  of human values  - i ’ u t - n i O v  le o m h  - same kinds of p r u l e —
t i cal  g o a l s  - u s  l i v .  t ip  r i  -~ a nv>ly s  is  Ot  u nion l i t  s-I I on tua l performance ,
or the asn~-s n- fnont u — f  put-sonal f r y  hv poiyc nI et n c  - h i u l  n~ue- . We l u cr e  pro —
pose t lu 1100 of t I n -Se u i - i l  I t v  m easuns i - inen t  te h n i q n u o s  fo r  th e  p r a ct  fo il
ds8essment f t  i n  r n  -i.. S r i  r Oil V I r e o n n - u ~ m -  I :c r n : : y ~> . n1c n: , p u b l i c  sa fe ty
proc e dur on-  . a i d  l u  i- iu l’ :ra I f o r  t i t -  e -vai  :1,: t i n ’  ol th~’ n:on sequen t i n i e f f e c t s
Of pol l ry  cue  i s i u n n s

I t ‘niro -al d hr ~ r e t i o r k e d  in e l o s i o~ ti i - ~ ~e- t a  ha t  the re  ~re many
thu~~r et i ’  ni I in - iS  ~ t V u l~~~~ t i  in  h ,  - i e _ L s u u r v i i l v r i r tn t  u tti it y  rot ; tht -  mathe—
mati- -~ l s L it ’  t u i t  -ire or1r -

~ canp~-o t l a l J  ~ t n u c r t e t d -v  ‘u t  ~ n!K . The develop-
ment i t  c o ! e -  .1  ma : t . - u ; i t l c a l  un - i e : g  f o r  u t i l i t y  s cnu ! ing using th u -  c lassi-
c-i l  c r i te r i a  of ou c h  :u- d e - i s  has r a t  be en a t t empted  e~v-ept  f r  a s~~~lI sor l i e
by Jacobs (l~~7 ’t) wh I t  -or - ed to f i nd a t e - -h n i qu e  f o r  cou -uvt r p in g  t i c  obta ined
u t i l i t y  scale f rom mnagni tudd_ u t ima t I - r n s~x p e u i m n n t s  w i t h  c a t e p c ) r y  scales af
u t  l it y  t h a t  ou ld  he subsumed -o ler  L-s ‘Ih u i r s tn: -ii t a l c  nt de l . We h ove  n i t u t p u i r —
sued the dove iepment  of such math .rm:u n . icol r u n n d e  Is s t u n 1 ly hecoui i c-- i t  t ;u - ern ~-d
prudent  to gro u p f i r s t  i-he broad  o u t  h i  nt ’s of the  n a t u r e  t n t  h uman Ut i li t y
judgments , ari d t he  p l aus ib i l i t y  p i l the ‘i t i  l i r y  idea u s a general  concep-
t ion of ho~~an m ot l v a I  ion be fore  deveioping models that  could constrain our
expe r imen ta t i on .

In the course of these reS: ;u r n 11u:s WI: have been led i ron t ime t t i  i-line
to con jec tu re  u lt or n a tiv e s  to tI -ic- one— diuiu en siu ,n ai  model of mo t iva t ion  that
u t i l i t y  theory p r u f u s u s .  However wi thou t  a t- l - :h :-r theory to gu ide  as , we
have been unable to cacture  the i nt u i t iv e l y  p laus ib l.e -n:i .’w tha t  t h er e  a re
other th ings  in the  wor ld  beside -nalr t- y or it s  -at  i l it y  tr out n f o rm , tha t  counts.
In the next section we Jl~~cuss a theory of a c ti o n  t h a t  may accommodate some
of these ide-au .

Respon e Or~~~n iza t1on

Most psychologists presume that once percep tit-li information has been
appropriately encoded and evaluated a n - - i  the costs and b en e f I t s  of alter-
nat ive courses of ac tion assessed , behavior is in s t i tu t e d  that optimizes
the functional relations between th e purceptu-i l envir jucnnuui t and the con-
jectured outcomes. In the section th-i t follows we will talk about the
scaling of perc eptua l phenomena and their  r e l a t i o n  to  act ion , here we will
concentrate on the question of whether , g i ven appropri ate perceptual in-
formation and its co r r e l a t i o n  ‘ a r m  outcomes whose u t i l i t i e s  can be assess-
ed , behavior can be ronir ,cr:’ d -,s n e t  ion gn ide d  liv continuous or possibly
intermittent feedback or p-:rc up itra l i r f o n -~ t~~t 1on  a bout the  action , or
changes in the u t i l i t y  s ta t e s  of ‘he m i t t  i v i d u a l

As outlined above such a cott~ u p t u a l i z at  ion c f  h u n - i n n  action , guided
by perceptual In f o rm at io n  on the one h- u n - h  and th e cn ’nu seq u ent la l outcome s
of action on the other , r epr esent s  a c e n t  m l  tenet in !  modern behavior
theory . it is exemplit led in work as d i sp a ra t e  in i t s  sp i r i t  as that of
B.  F . Skinner and the general p r I n c i p l e s  of operant conditioning (cf.
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h i u n n t u , ‘ 1~n )  I - t~ i u -  - u u 1. n l r t v n ’  r ’ - f P 1 m m a n d  h - . - ; n t a -n  c i ’

m h t  u u p i  u n i O n  en by ‘~m 1 l ~ i l a i n ’ r , mm c m  u h r  i n

E x p e ’ r m - s  i t -  I u - o ~~_ a u l u  . N d  t inder i u r t - ~~~j m - u u u  e n n i t u  iC~ w it  n .m I lu
o-~ N u v o  I kes - u rch - - al p 1 . - u  mis n ui ~~ o t t u r ~ t v  o . me - I ;  p s- rm: -op tunl . scal—
l a p  d u t u i n g  t I n e  p fonrmanr e of - : - ‘ i t . I . i u ~ ns i ’ s — .— n i n r ; l e . ; n r rig an a l r c  r a f t  and
obt an : l f l~ luu hr , u - u n t s  I i i  - a t  V t - e m ! O u t  ua n pn r a l  p-t r t a t  i n c r y - ) r  e n vir o n men t s
u - ~ . t o — r u n o l  t n  t u e  u f r c u - -i t u  - l i t  t !~~’ r i r s o f  i m i . -~ - d r  I t a t p u - - a r - d  t h a t
much of h ccc i — n i l  p h - I n t~~u - ;  n u u ; c u ~~~i i ’ ~~-, ;  u I n . } ,o o n - a n  T e l  I c-One whatso-
ever sin ei u t  v i~~u-h s - t u s n u v  ~~t t U u ~~;~~t I  - f r ~~-t otP n ; m d u  i - t o  u l t a i - a l t , or
in ~i n r m ; i t f  ~ ; t  - u - - n r a  t r -- ; t i m e  in s u ti c - - n t u t t f r m p l a v  I o u r - a i r c r a f t  i tse]  f .  l i t—
forma l 4- x pu ; l ru € n u t s  i nd i c a r  oh i - h u t  - t i n  an— V itAe cm l i v  c ,‘ n l e c f  u C u -  p - -; r : e n t  in
the oisu;’~ ~- -~s t erm u, is s uf t  in - i t n i u t  to p r o ” i - i l -  r udu  s t . r- Lr i h c v t r n a t h o n  for the
puinuumun - c -  of u 1 L A In  - f r  ra~ t u r n  o u j ~~h ~i ~ t n : ; H  u - I  -~ ~~~~ -co a and i unt d in-r, p a t —
t t - r n  rln wrn to w i t h i n  t h u  t~~~~t- - n u d r ,  c i  n un- ’ t m T r u - h i r i o - w u pn L i n t .

These ru ’ s , m I  i-s l t d  u s  to i ;r - l i e v e  t h u t  C~~~~r S U S  SE; - n e i i - -  of t I n t -  behavio m
assor 1~~t. ed ~~

- ith  t h e  primar-,- t ask -~~~~ I am -rd I -~~~~ l ; n r  a i t; - r a f t w e r e  !i~~t unde r
local s t imuLus  Colt-  mn ; 1 . hu t  r aLlit c w,-re r a i n  o f f  - m r  n u n  ~~~st - i i t bu l l y  ba l l i s -
t ic  act - Clean ~ . d u r i n g  i - I €  . - i -c esc n u f  S i t ;  a a n - u  I L i-ic  act o th er  maneuvers
were i n s t i t u t e d  tha t  ‘acr e- - u n d e r  I n ; n : i l  f e c i d u r a c k  c o n t r o l .  These included , for
examp le , naaintain ing m ‘w iags l u u v . u l ’t at t i t ud -r of tire a l - i - c r a f t  dur ing  the
f inal  approach p h a s e .  ic wevt- r it  was obvious , a t  the I n t u i t i v e  level , that
main ta in ing  a “wings [OVC I ” a t t i t u d e  n-las r iOt  pa rt  at  the landing  procedure ,
ra ther  It  was a onuru ~ -k r - e p i n ~r ch o re  per E u u : n u n u . d  t h r o m ab m b a ’  operat boo of feed-
back in ; c i r r t l a ’. Hi-c- sErved t h e  p n i H ’- ; e - - h ad  l i st l c -  i - a - - k n et  t r e t t i n g  the
a i rp lane  dow-n . As a r cs tm. i t  oil t tj e n e  i n f ~u u - ; - ~~ observa t ions  and experiments ,
we concluded that the  c l a ssi c a l  n h o - i n r y  of ;:ru v i-iuoI -ng ical behavior , based as
it is upon the  general principles u t  i cenhiack  cor rec t ion  of oirt;olng actions ,
migh t it self  be m o d u l at e d  th rough  s- - ’-at rrew f t - - c d b a c k .  This  feedback theory
had become ~ O w i  I en t r e n c h e d  a- i to n ; ne e v  p s y e h . n i ~~~Lcal exper imentalists
along by t t ~ n own b a l l i s ti c  - t - -n-ithcs . Consne- qu cnt! v members of the laboratory
and othe r colleagues ;;ns ,a .; r t ed j~ N c r -  d l r , a u u s ; i - u n  ~ ind development  of an alter-
nat ive  to the gener~u I . i v  a ccepted  pr n n~~i p l  eu  f e e c i i c - s c k  guidance and behavior-
al control to de~- r’lop in a d  t e r nat iv e  c o n c e p t i t r u l  schema . This new approach
although not n e c e s s n r i l ’  c on t - - a d i t - t o r y  to exi st in g th e o r y , represents at
least a supplemental  set ;~if  Ideas w i t h  sot - - tn o t en t i n l  for  now and altered
understanding.

The cen tral poin t of th i s  m o d i f i n a t l o n  of 1 ad~~.u s r i v u -  psychological
theory is that the prima ry s truct u re of a ct i o n  Is b a lif . s ti~~. Thi8 is not
merely to say that  t i m u i r e  ar e nartO iti ~n n n lI t I t I C t S  hat; arc’ known to be bal-
listic, e . g . ,  evO movements , b a t  i- z i ther  1- lus t  h , ~ -tr i v i u r in  the  large is of ten
bal l is t ic  in Its  st r u c t u r e , not under  t i m ’ cont ro l  of on— line -  perceptual  in-
formation . In a sense , we ire ah uindouu ing w h a t  we hove called the doctrine
of “local advancement .” In S—R t h e o r y  t h i s  tusu r i ! ly takes  the fo rm of the
chaining of S—R responses in which some i t e m  f u r -h r down the  chain is
frreleva~ t to the current m . n t l o n . En cognl tuve  t h e o ry  it  takes  the form
of a tactical organization of plans so t h a t  sub sequu -n t  ac t i o n  sequences
are conditional upon the outcome of cert ain l u S t  ope ra t ions .

To characterize the nature of bal l i s t i c  ac t i on  in the context  of the
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u c ,  euro -~i i. - n-  - -j u m u  w i ,u - - u u - n ~ a - , - ~ - m~ n L n _ I  5 5  - 1 — - n - - 1 - or y
and also Liituui 1 e ot n a l  — na ~ 1 r  - , 1 - a - ;u .- r V m  in m a .  -t lmt5 i - ’  cc m n - r i  c r  I

it ~ t f -  -I r v ~o r - , r -  
~~~~ ; ml ij-_ :o r ~ un i ma ’ >~ -; m m l  - a ~ i - ;~~ - - omr-e~amnd “

1 j -
- -

- t lie ;~~~n ’ ~~ 
- t e l I  c-i C ~~‘ 

- i ; n  , u n - I

.~
) t n u u , ’ r u - ’  r a n _i ; t.u u rn ,  t n - ’ - t m u V l u  c - -  - ;- ‘c- - u - a t~~v i~~r m e t  t r o u - i

- u t  t - - imd -j c: n ;  ~~t -t  - u - ~5 o n ;  1.i I ~ - e , n u n  t t tu~ t urn gr :n l cd
1’ In u - - - 1 m m  l i u t t  0 C - -c-. n O - ;  I L m c  - u

Thua , u L . i~~~ c I -  a r t ’ . u i ’ ; r p; n m u - i :d ‘ - r~ l n n u  :l n ’ i . n Sn_ - U OC t I ’i f l  n t - u  t i l t - t m

by i - t ic -  1 - i t e n t i  -
‘ 01 i. ;c-- t si ~f a  m o u r n ;  m c -  s e t , - - - u e f l i u r i e ; _ i  COf l s - - I i t e u ; r c - L~il

to ~to - n - O t Wr m t ~~ I r u n  CI

c -t i c  m r r f e t c i s  : m ~~n c t- . i  i .  0 n or O u r  u c c i - u r ;  u ’  ;r I e i o m ~ - ; i  , c - m I  f r ’  si t .t

rei n s -P p ’~ i n n La r u ,~~L~~ln -m ; i g  n.n e r i r r c -- ay t c-  - - n -n r-a u i a t  I - i  . ~ih a c  et de t_ auade
.ol ; ;; t t ; — - ~‘c-- ~a - m - - n t - : • , c c i l  d i - - - - t -ij  p n n i ( i ; n r e € - or r n o d h  l n r K

t O o t  w in ; . - e n u t : u L n t e - :  iii tim L ;u~ ;a I  n e t  ~ i m ’ n c r m m r -  n d  t ; nz ;s_ nc n h u m t n , f  n e r n e r u m o u r n e .
The C ; mF ~~- - : . 1  u m r i ’p m m m  i n -  ‘ n e - - en ;  - - N ’-~ i- b at . t n t a -’ m i - m a r  ii- n mai A C t S  ore
pr imarI ly  h a t  r i - - u ‘ (  , 5 t h o  , _ - l i f ~ itno - r n .~ ui -ion ;; n-I  t :~~ - c--c u ~5t ; ~ i ac t ion
that ~u er - mrn rrpd nv  n _ 1t ! e r _ t ’ ; ; i  ire 1- c -  ski d u , -c- i m r l i v  ‘ m l ) m o - r  u . - n  - - t h e  f .i . u h

~~ai ;il ce ‘i~~ t n . c — i -r n  S t - i n - - ci m ‘ t t c  n m r n n i t o r up ; ;V r i t c - u ; - n c r  in u lu a t e  t h e
u t l  1 n t ~- n t  t i r e -  t . c m.nn ’ - ! ri cc-h~~ m ~~~~~ to a dn i l ;  of r u :  r e - v i - ; ic ; -u i  of n: ur or iginal
theory , I t  t h at  a - ; i - p i u-- ; u - i -  as ; I ; - n u f l i  l ie - r  h a i i ~~s tIc  targc- t r ; - t u n L r e s  them to
transverse :n -‘ i - p - n  u n - u ;  I~ t~~m t i  te u ; l i r - . r - -i I - ; .  ~~j~~n a~~ rer L ; c T i - a tbon S i .nf lu~mrm c e the i r
act ions . These i - c O P S  e n  In poi - t m~ -n a; .l u - -s ai e ~~ - m  or nrn~- r b a  ed f-~ i n , , ’ - u i  f eedback
con tr o l  i n .~d n u l l s-c- n i ur u r s - m u n u - I n  LI t I ;t  5 _ n r ’  i -h - i t  Out  i n c - n r t r a ] .  p - h u , u n m : i r ,v stetn

w m i - t  ions in a I n ]  c ~~ j u n  v m . r i i r i  e to e &i i i i i O n  0 n ;n :  : ru ~’o ;  -O~ ourse pr ogress  in
the I -to m ’ o f  l~~c u n  I t iurh ulaz-.ccr

[‘I n , - n rc~~i - i  - i r i l  sub~~r~ -.: - - , P u . - icc t - en - ne am e -s rrcnn n r - J ;l r u- fin d poa~ is what
wi h i - ;  n - r u m - i a-a- , r u n  Iii t - ” ~i— [I — ,yn~~ n~~ 5 :.r — L- ’ca I r o t a  ~-- - r c n e  c l v  e n ]
poses . i) r e n m _ r a [  irlp:.- r  c - a - c- to t i ;  b - t ry no k c -  t r ’~t n r m i i L -  t I O ~ r l i r - V itae
a&oi i u- of a 1_n e t r o n  - ;  - s  Ins -  1nua~~ m r-  ‘corre ite  ci t i m e  1-1i ! I l ! I \  i c e ’ r c - c n i n a t n i s i r  of the
h - ’ I e i v ic ; y . In  - c - r n -  - ; 5 c- i - I  ~- u b ’~’ ts a.i ; m ~,Le  a n e - n - t j ~~a uuie. i t  of - m c i - n  I—

men t a l  ~~~~~~~~~ In -~ t r u n  r c n n c ; c u m - - - . ° u : I t  ; u [ ’ s  I n -  ~c-n . m S r i r ,i 0! VI t o ;  pro—
ir is ’ i i i  L3u -~- o ° lnc h ;mv j ,i r- l.n tau t - i n ~, - - - c i  - - - u t_ t a t - r n  c- c-~~’erts

m _h~- V~~o - dt- - - 1 y t , - S c o  - k( fla ‘ - 1 ) ,  ( K 0 c ’ r  l n p ; ; n e  1 ria t : a - s n - ce r - - i r t cc to
- h u u pn m I t m .  !i~ n 5 l m 5 i , f l  r ;- c  b e t i . t - i  H u~~ p r - --- ~~- r c l t r . c E i ; f l E o I - 1. 1 ;  h O il i r S n  t i -

occ ur i i i  n h :  - n. 
- 

l i - J s , in , ~ ) c- c  e u t e  cas t ( I ~i i  c -r i d  ~t m r i c - n i u u u k . ‘ N - n ) ,

and t n . m  r I - m r~ - u -  - or ;-‘ ] er-- c i: h e - I t - i - i t  - m n e i t t er n s  t rou t  o t  m I ’  t he o f  e’~~ed— boop
or ienu!bm u~~ li - n - t a r-N-; ( A b r a m , P u t t  -u , ‘id ~tu u s[i ui.l , 1972) Thiur is prob-
ab ly  t e , a n d  c u r  wu: ir-rin u i~~t . u u m n  NcsI C c O  t iOfl t c c i l t l P  ~~~.- c c o n l O n , Brief ,
and ~~ e n n n s , [9 /1 )  i d - I  t o  [ in; - t I n  i , i  re ’ But ‘ l m ~t t  n’ - m e :— ’  l i t  ama i-nv  slow
and l arge uc~m I n s ;  a-i 8 : - u r N  dcc - - -, Of - n u t  ‘ t ~mi ( ia  ii t t n w E - c  n o d  Lii i S t I c - t I m

th e c u r ru - ul  1 i t - - : c- . u u t  -‘ra tI - m a - - ’ - 11c r — C  we n- - r n  wha t bmw been ailed C i u u ; S I —
cal ly “molar ’ l o .z : iv t m .  ;- un y ea.l  wc u I ul oco ti be annvior  I -‘~ ‘t ~ ’f i i i i : - ui by its
‘‘intent I nil ~i b y , ” e . ~ - , ‘ 1 an.i t m m ~: up  u irp io-ou ’ . ( 1  : isnn 4 n n u I her  has always
attemptE (l to b r e m c k d r n - ~- r r  : : u r (  h m n n l  :-m ,~ C i-s l O t ’  mo n o c u l a r  S u - p c i i ’ c L - > . The re—
synthe sis - f t I n ~:s~ “pr - m t  - ; cona t~- t n i t  Cs tam - - c - t- 1~ i -~ - air ’; of behavior  theory.
The tet’dir sy uo t P si r ;  i s  - i s  n Tt n - m ’ n S l i i  —i f o r  l i c k i n c  rhi- ~~i -  s l e cu l a r
acts , e-,Qunu where these On  is .i~~~- i argr-t t~ u p n r  t h o  twi C h - I J K ( ’  ( O i i ; f m O l L-f lt .5 of
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0! -~ t t  i - m t m n s y  nay 5, - , : n 1 m - , a r t  -

imp ! L i t  I v , - -  - - ; , i u - u  ‘ir , un . i - I  i n c i t  j I  I n t I ~~’ c . k Y f i ( O J ~e51~ IS
t r u e  N cr  ‘ t I t ’ ’ i i]  ;‘t~~ ‘n he-i . - ; on i o u , L u  ,c-’ n - r - ;  a ]  ~ r r e f-a r - 

- I p~ r ‘ p

~~t ; m t  we li re m I c a- i t ;  t I t a ~ i t ti. u - r i  r a t , N ia I~~u v- ry anal!  - m a n !  O!i ,

t h .  very [ j r 1  c - m O 4 i n - i ;  s c- i t O  I C  o n - ’ tSr- arem c - I  e t i .  , ,~~‘ as i - i n--
; l m .; — r - m z c r hu t  ~.; 5 . 1 r i - a l L y  cu t,- -c - H b t ;n  m v i n r  ;,~~i - r r u ~~ n c - C r  s a r v - m rem rut r (  l ied .

But b e f o r -  ~.-c p lu .usr - -  rib,: .1 w i t h  a J i ;a  i n r s i c m e  c i  l u ng e  em a l e  5:-i l I st I - - act s ,
b e t  - icr  r e -c l ew  Ic-it - l - r - u d h .- - k h -y- t - m t h e : i a  o t , u e a r ; . m ii ,mnd s:- ’n Ontu n fle - i m m r - - s -  n e - r u .  - i - aims
01 I I  in ’ - i .  - x ; l a m m a t m - ’-v - u u f l c e p t  1cr  .- r - h : ; v i c , r  icc t h ’ n  ru - ,

The f~~e-d tc ;n ’ k , c r .j u a ,. i c - a ; )  I- , , m I i -  - l u ;  e I pi Cr--)~ c m u[r ’ t it . t , i m r  10,1

w i d e l y  .mccepted - u t  r u l e - u r n .- - r  c i n t . u~cri n r;nry ; ‘ - i ; m ; - - ; i ’ m r u r  t t n t - ’m r e z  i n ~ -- ( ‘ h u n vey
neid i ’titni)< - 9 , ; Ao- kb  i i . ~m ( ’ i ;  P , 1  , 

V mf n , ~ - n - nb , i-i ll) I t  r i - u  bon n
nan d a n -  art m ’ r ) n i n :p i m - n i i n i  m o r  n . n ~~ ; in; d ; r _ m : s -  ~ n the r ‘-s P rn ;i r m t i m nr i  m f  t 1 i ~
punc t a te  act  i - - u  c-I n eu r a l  e c- loOt S  I r u t - :  b e [ ra l - i , -- r ; ;j  ly  mu- - m n ;  n 1 i- Pu l  cong l i u r u —
ra tes , wim I ! u i t  m a a I ‘u s r - u c - m .I -ic a met m n Pr r [ - r o :N t r .  r i p t  I or ; of the  organi-
zat ion - - - ‘-ri p t — t  n u - r u m p - m n ; .  L [y e—ere a s 1’’e no - icr  h : - ! m : \ ’ I r . i - t u e  c m - n n t  c - t i  n [ r e I -;t iof l

which we r a ; sn - - m mvt -  - i  , enona --rrn r; u [-r-~ m e u m i a t i m  and s u b n r t ; m n t  j -~u - - :;i i -e ,-u of con-

tinued mis t -  of 1 m n :  t e enn i i -n - r k l i o u n c ; t b ~ - � r ;.s a l e n t - , m e  ic - un , m o l a r  au -u s  ly s Is  of comp lex
motor ac t s .

There i t t ’ at  l ina r ; - t h r e e  n - c - n i t -  I n - i c - r e t  no r m - ;  - -a ’ I - n . ;  m r / n - r u . Vomi t one mus t be
ca re fu l  --tb -u t  Jm ~ sc-c-p s’ of f o u n m i b a n  r n c d n u f  i n r - n t i o u ;  iii i i u T - t , r n e t n t l o i t a

1) the  toru ;p c-r a l  ;rh , i i - m u , n t e r i ~~tj - :n r of ac t  j Ofl , u-i the n _ iou _ i l l  (and in the
l a r ge)  may Im el t a -  r ai l to r I  b - n  cu t  l in t  . -~- r  i n t e g r a t i o n  of the in—
1or’tc- r I n -ru pot  o f t  i n  [lv  a v a t  t a b l e  f a r -  I e c - . I i n ; ; m k ,

2) a p r i o r i , ‘i i -  ex ist c - m ne net c- t int -i nn - - — media to t !  f a€- d t- . -4 n k  is not a
t - m I f i c i e n t  c -ndi u [ ‘ n c :  I -a: the u f l i q n u : n o - i - l u ;  n s f  ii I r i d! -ar k mechanism
of movement u—on r ro I i-~i~ I r io t :  t I c - a r m  m .r; pm) rc-r nit-: c of f e t rdh ; - i ’r k  un mrnn In
be euun ~d rj a~~l y o ; r N r r c t c ’d , ~a n r n ’  t i n t  I v  u r n  c r f l n ’’~r i S  which vary the
r e i n  V i  ‘~ - -ia] mu : in i- r i , - m c e p r j ,-i , m ~] e000:n unv of servo — ’I - a n ;pn d ~~ - - u r r r c y

3) ~~
‘ , _ -  fm rn i en- , r i p e i c n m r  ot .i P e r - t I - i - k I n - ~ ou m p.  ~~t t ,  a l \ p m m I c -~ y

r - f  m - n inrr n ~u e n u n r r y  ~ i 1c c -  i r  li’s r u r u c i  n c r c .n r - L c n . i u :>- as wh t cim r i m ,  a t

v a r i a n c e  r ,i  V P  - c u l t  r - r - ~ enn . c c - n m - u - s’ ion  c f  LI P : I m u-ge pt a  1-:- psy cho—
)h V 3  I e r r  of ; n u  t u r n ! -  p -n’- - n p t  LOt~, - In pro- i -  i t a r , t h e  Linea r i ty  of
the  m- - : r m , r  operator runs c , n n ; 1 l V  er t m ’  r u n n y  01 th~ r u e n u l  ts of ~u s y —
C i t C i p i - ’’S l u - - I u - n - n i  t og - -~.pe-r Iment s

It  has f _ o r ; ;  been known l b  j :  -n t- .- -u-q n - n ’ t a - i  , i u m - v - - u ; m& r .X. s - c- ‘- c o i r c u t e d
so quickly t h a t  J t a-u ,~ ] I i i  o c t  I t  t i  L u n m i e r O t  c c c  t r w  t ot-dh i~ k con]  d h i -
u t i l ized  In I h - i r Cre ’ C !mi  i nn .  Thi ; pa h i t  w r i t  f i r s t  d e t , u i I i - -1 b y Lashinn v
(1951) and U u I b S ( ( mn u m t  m ’ nu - isn res of ru ’ac  t iOf l  t l n c O r - to both  v m r - n u u l  ( K s - 0  I
and Posner , I )b lr ) Ou ’ici a I n c  ct h et i u :  t e edback  (Cl i ~~~ i c c - f l  ma c i ,:Iy lor , 1952)
s trong ly suggest tha t many sc-a l I s c at -  - n o v er m u e n t u r  r a i n - u t - i t °  us in the  r u h u n t - ran e
of f eedback .

in this I ;ul n - r ,r - u I - r n ’ : , - -- n I m i - t I n - i - n t - -- c - u n  s5-r h u l  Li N t- i - - s p an s - -  tiiu n c~ ( - ;-u l an t e r ,
Br ie f , and Owens , L 9 7 1  show r e - u n ,  t n t c - r — r e  ‘r p r i n n s e  t m i - s nor -n w as 12 on-ret-

i

i ,
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n- . n u ’ ,,i- t . n ut ; ~ L - m n  o ~~i m r , , n ; n n  : ‘-rn) rn~t 0 n m - m n ~ ti5 ‘ - -  n i ,] - c -  l i p u i c a  2 ) .  t ,u u ; h  re-
1m m — u- c - u -  - -  n - n  a n n  wi_ I_ h - , a . u a j n _ i r m  - - rr ; ’ ncn ls t , ’ a ,n n e r , u t  - i n - i  ‘ l - m ~ I t - i ’d -

b y n - t h - - - , t u  .tti p., ‘ u. c-J t a r  u n i t -  , ,.- - r ; L  i ’ l ’. n i m i r _J - t ; ! c -  - i t  rOl

h .  E l i  c - t I m  - u l l  t - u  ‘ ne. - d a- . m u : u n n [ :  I L -  t o  - - c - c- i ]  n - c - ’ , - ; I ,  ‘ I i . .- On ,~n cf
1 w, ’  c r m n ~u i m  1 4 - ’ - -m r s i’ - to m ~ t - . i l - u - ‘ c , u - I ~~ _ i -~ ‘:‘~~- - r  l u _n t - i l -  u d
l u - p  ~u r .. ’ ; ! u - . t . c - !  w~~n - u n , - 

~
- -  - c - n i - - r u I n  ‘ -m m ra t; - t i n , : : l m j : - . m o - - - - t -u  u ,i :lv - n r c - I,;

t ho  \ / c t v  i n t O -  . I m ~~,--- ; 
~~~~ in  i ( ’ _ii_’ n l 1 ,  “I - , ; m ! - --  . r c - u n - l y ,  i - -  - ‘ r o l led .

i’Ii im-  i , -~t ,  - n - , .  I; ’ ’ . 1 i n i 2  is  p r m - r c .c n ’ c u -  n t - e e l  c - i  ie

•~ ra~i i c - m : s  t . :- in ’ru  , n ’ m cr  d a r f a g  I t u -  I _ i n  -~ st - , - . n i  e n _ i  ‘
~~~~-j  

i, ts - c - .  ~ ta  be—
a 1 . m  I SR t U m j ~ n t - I , . - , ;  ~~~- -  t c - t  i n s _ i  n i l - . - 

‘- ‘ - r i m  iir, 1r cP a ’n c -  l u  u u u ~ - - Th is i-u ,
p r o p e r ly  t h e  - m ,- ‘ ‘ c-~~ _- n i l  t h u  m u  I n - ; c -

‘ 
- , .  I b i  b~ r~- r  u - r u n - u i  V i . - sub—

Seq uent I v . - a n , .. I i  : l~~’! I  m u ; ;  e _ - i t  on ’ t a t  . -  u -  J r - u ’ n i  — o u m li ni i - eye—movement
(Wo mac e- - - th , I d- i ’ - ,. rc-s p u n i , s ~ .s : n u  . n m .~ - u :  I -  b . n _ : n u ! ’  ‘ii-u - - Ii , c ou l d  be r tu—
quired ‘. r ’ ’  n r- : - ~~ - -  u , . - ~ n -  ( , ‘ e/o i V. j u t  p r -  ; : - u . I ~ -

- ; - . ar , .c,, , n , l  t h a t  when
the t a r -,-, - :s- ’ n - r  - t ’ m - um re . l~~’e- a  - aLl  l : i t : i ’ m u . ,  t .c n : t t m ’  l n - ; - p ; U : - ’ .c ms ;i~ p ropr Iate
for  the ~~~I t  m . - i r  ~~4~ - ! W l I n  m i - i  ~::‘- n -i s L ; u  u :L. C - t .  c-- ,. i;,1- ,r  arid m - n ’ n (1. 965 )

have , i 1 n , - m j e n - , n n:; t - . , r  n u t  tHi n j t .a- V Or ‘H , au OVu S u , ’ n - t s  t s r  :h- n n - a ~)on.se.

( .l i _ l d u  nj -Ni.) ,_ ‘ S s ip  - - I  I n n  t I m e  ‘-a L l i , - - n  m c :  ; m u m c - t i T i  o/  ir orr ec—
tive c l o t  l u cy ; .  b r a  ] t L t ~ c-I 

~~~~ 
- ‘ nj ( - u _ i .  ; t m ~i m n , C n c ’ C Y n  L i - m n _ c -  c’uo- ur  as p iece—

WiS~!—C .) ii t I : i n e - a - :  ‘t u u e i l , ’u m u  i n n. ’ - i - i  ncr ,  -s - c u r  - - i l _ i n n -  r i t  r u  fl8 to t .  ,ick as ex-
pec t ed it -rd u ’r n r u r v - - ,

~ - i - a m - c ’ ’  ( ! 9~~~~~~) ti m 2 r ; - . - 1 t r ~~ m - _~ n - t~~u ; m t r _ r - s u  gem.  rather
than c- ur -uu:- 2 [n I na- rrn i S.c- - u ,  I . - ; rl re ;’e- ’ t -Il tPi t f - . i -uig to I m - n c : L l i ’ . n- n s - i t ;nc- , ,r .  This
can also c - u -  u’’- ; : i i m m .- -i at; ii r n _ - e m i t , m r  ~r-- - 0 t n I  H , n  i t  m l  ,t ; _ i u  c-I Sm -a p i-u s es , be-
cause a cur sor i.n! :e; u-rm r I t i t ’ -’ mu - - n . t r ’ no cc-el 1 c - c n n  c- c n 1t c_i- --c a m .n art , Indeed ,
such i.n-u t o r r m i  r . r , ’ i m  I t : ;  nu ~ . n  ii - u p r e r  m l  -n o - 1- a -  it a ]  I i t  i b o y  r’c . i i - - T h~~d exac t ly
the t ime O t m u i s t  O u  he t ;~~l ’  .1 -.!:- o . O _ i i I -  ‘n - r I  -r b r - ~~- m : - c ; i ’u ~~n I  .~~ t :m t i o f l  of
these exr ~,n.u ’::i I-n. n t : ,  .~~, . m L  ass :1 p u r — - - m na ‘ c c ;  - - c r i t i c  t c’ k inma-u i [ c l _ i n . f m ’  -i t c -t- ’k in this
context Is  n ’ui ; ;! I - inn  uI,.- a , n- . n (  m m  -ne L i t , - ,-b~- 1 1.t ’  11 ‘nc u-u :~u) r t r n n l  - m t in iosmission
have been; c ; [ ; sm w ’ m e - I ,:- not ~r 0 . :  i - c m  ‘ ‘ n i s ~ - O c i-  i - r u t h  a ‘c - -. n i . r m n , ~~5rnm i Cher ir ikoff  and
Taylor , i- ~- - .’: -

T h u r n -  i _ i n nc ru _- a n r u nu to , - _ - r  r . t - r t  I ,  s i i- ’ ’ : r . m c . -r ;s ‘ l i t  i n m i m I c — r e n t  as we
move to I - , n b o ; - ,.l on  w:n t !n i J o  - i & - m  I - c - - n- - ru -s e a-n thin’ N i I I c - _ t~~; i n -  i , : n - cris . The
local  ab, . i - I  - - t ..-ri~ a ’ ic , ai - n ’ t r u  - r n !  l i n t  c - _- l - l i i -  i i , - r ’ - i l  - Vrm l uic- , us evidenced
above . \, [ i n ,  ‘ - -e at ic- - c - t v  s i P  t -  c -  t l m . t, , t i i I O ,0 , t m _ n _ i t o . t h e  information
avai lable  l u ;  -~ u - m r - ; r m m .i. ’ i - -  C i : ; ’m : . m m n - u t .  :H m t ~r , r;~0 - u n b  ic- :a-~t s  ~ - - n , ’ - r ~u l I y
possess a t mu - t - , . c n i m - - . - - ‘ ,- r - .- au- m - - n I- to  ‘; u, - ,ki- ~ h s  ;-unj, - r -  - p o  i n , !  , - n  am - u t  I - mn ;  per  unit

— t i r n i -  d~ c i- u- ’rj tr~~. h it- -~~~ h- : n mar ( :  thi: - :m irlm . l: a - 1 .. t l - t  ~- ;m : n--d  to rue - ic- - - he Informa-
tion u m t r u n s - t i , ~~ ii i a n_ - -a m m h i c - u  — ‘ n : /- u SS~~~n 1 t -  l~J . u e r’ b i m - P t s  - - mu t I e  -- - u t - -  ‘f  growth
of i n .  rrn5c- I A c - u  ( n u n  b a t s )  as a f u  n ’  - - n  - i  t~ ._i ’k n m m e m n c I. s n X i t ’ ~ t h u I n C ; , 1956) .
Thus ru-s the t l n _ i~- c-f tni r € ; .. ’ n -  n _ - n [ , 0 - w u c  m i  ; c t  u - h , -  l o P - y r - n c ; j a r ’  c i rn V ,:xt — t h e
average ra te  i_ - i i~ : a - ucm r n t le n— - m O m i _ Sn . n . n tn- . ’ t n t ’ ;  c - I ’ m~~- !  i u m i , -r - -’:mI between
i n fo rma tive  po 1 u t - ;  t t c - _ i t~~ t - - . ‘ i m r  I s  0mri ~‘~~nIa r ] c -  t n t - u _ i - - i-’crc -~ - premise
alluded to or.lIim r . ;‘nm ,r i. t- . n t i. t a ‘ l u - n t  i n  is ru _ n r a - n i. i c c  ‘ m u  s - I p j . - o c ’  t ha t  It
would be blo I og~ c ab 1> . r m .t vn un I t p € r o n l m S  , I t ;  rm ’n ,;y On ) 1 I . i n e t  C , t n  c ’ r O — p l d l r t b - c -  co u rse
of extensive ac-tic - -mis . iha n: i_i, , I t  ar-m u’ i ce  the - -~ m ’ n u~ t I ~- r t  h a ]  h u n t  i c  ac t ion  is
more ef fir i t - r u t  t b a n  S e r v I - -  tP’lr ntI 5 .~C n:- - c _ i t  101 1 r cue i_ h e  ‘a i_ nc -i c - s ta t o n I the organism .
No reasonable da tc - on rui n i— qm m u - - ; i  i n n  u - i - u - n o r  LU he ,vau i. J a t ; i r m .

The st -ac id poin t , t lu :- , n n e - e d!u ,m ’ : k untay have l it t l e  t t nr ;- : ti o na l  value , must
be considered .-a r - , - l  i i i  ! y in  e s l y  b u i t t ’m j : - i c - - t u I i - i c . a  of t h e  dat ;- on huma n per formance .
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P u t  _ ii .l . n l ._ r ’ , t i l e : a n t J_ ’, n L  n-rI 1_h1C c . ’ ’ t t , a  c.’ C ’ , u  , . u~~~~ _ i i - i~ n - i  - i ’ m f l i  on , in n . h

‘~u n ’r ; 3 ’ ’ i -u t :  - -  i - - ) i ~~uc , - i ’ ~~ - un lu n: , :  m :-1 ; - n r ’e i n t  t n t - ’: ‘ c u -  f - -  mi~ u , : t f l~~~~~ i - it s  I
t ~-ruuu. n 0: - m l  n - , ‘ , n 

~‘ -~; ‘i - ~, I n i i t  / , - (  -  - - j a c ’ - , , ~~ c- n r I  c- .ui  i - - i - - ,

I t t  O m O l t - ’ :15 ,‘fy,n - s t I m - - u ut u rni l - , - ’ ‘ - 1  _ i , ’ , N . u _  I ,  a i _ e u - , i - i :  l ’ .i t m m ’ ’ u i f t  1_ I t a ,
,‘t  j u n r , - u - u n - t m ’ --up ! c n -  r 4 -  ~~~~~~~~ u - n-u - - I l  I - :  .s - _n ue - r °; n e  t -  1 ’ - u f n m . t ( -  t a
t o t  n ’ m ; t i ~~ n t c  -- u ’r ;t j n m ’ f i- m n ; m  i i ,  i , . ; i - m t  ;a-’: n . , n , - ‘ c - n i t - i  b - cm ~~~~~~~ t - ‘ u —- m u m ~, a I L s —
V u - :  t i n m . u  i ’ ’  I ’ S-”  n i4 _- - c - s  :1151 n . - c-r u -a- ! 0 ’ ~ ‘ ‘i t  V h - m z - -~,

ft I - - in n- -n t o - i S t n  I - o ~~~ n - I  i n t l  wi ! - r ; - i d n -  _i-aa , \ 5 - - — ,  - u ’ ro ~c- r h I - t i c
s i i , i L i , .  m ! ’ ~ . It  i:; -” m I~~ h i n ~~ . h c _- n b a  t j l u~i t  r - - t ic -n  S C  , i t u -n~_’,- -mc - cm h . u t l i : , t i ’ .: u — _ i n n —

s t hc- nn - - ’n _ i p u t l d c - ; [  ;ies’I u in i c - i -, na’; i n .  r or sn : e . i b - ’n ’ ’ - : s m i  m f n n . m , . m l  fR - i- p ay — o f f
:Io mT r n n  i m ~ I - h a  -.~ t- ,mu- ; i 1 ~~.- -.n- ,.1 c u n i - 5 T ,.’ ic-r c n ~ , t c- -rm’ . n n - . u  ‘-u’ n e ’ i t s  - i  } - u n.~ I t o  i _ i - - u 1 .

A~ i - o d n i t . , ij  y .  t b _ i _ s  CO u: - ’_ rV  nninie )‘nat S - i n c - I ’  -- - n b c - f .  • I c _ i  .1- - i  t_ c sma ct _- i-- i a - : n i .  , 1 t e
m _ i n u g~; e n n L~ . on Is n l m . .n.  t b _ i .  ‘ ,.n - k i ,  nb n n ~~ i- i c - I T  - cnn i - u ’  b e o_-~ l’!-nnua ’~ d i,.r t a ~ r n  n - -
bu.-h . t ’5’ i ; - r n t  n u l - ; v - ’. - iu  u i _ i ,  - m l m - n ~ - , Oil . c - Pa i n ,  , . l - :c-n ’ - .] cmi am
,nodel oi per - - a - iii t i n e  s, .- n - ’;e n ~ t c h r c , ; ’ , t t m ’ I u ’, ’L r r n - -  c- -~~i~~ i n -  c- -i.~ - ’c-e
hc,’ p o t i m u ~t 1. - I - . ‘ ‘ r I m  I . ’, ‘ r , . - n l S - ’; 3-I’ L t - t h Ci - ttu a- . ; S c I o O n _ i t , c -  i n n  - o  t.S _iio r n ’ .L  -0_ il Li-
s n I c - f ( m s f -  L O a t  n _ i c - t i n t s  ,: an  u - u n L I  r’ a- - a-n s--;: i n a b  l I m e  Li: ,t o t  i n  ‘ - -  ‘_ t -  L5  _ iJ I .

F t - I I - - a I m _ i , , i- ,.- i c n -r  ! O lO n b )  u- n - n t Sen n-dbn, ck I ; : - y i n - u t_ mr I cn -~’c ’ - c  - S O tS -S_i - t h u r  the
n i ’, , - _ i j I a i  i i  iv of P - - a m b -  - i_ i i s  I - ;  - 

- - - to I n n ’  c -n iI.i;a ’ - of f m n , ’ 1bru ~ Ii- . ‘h ey
have p e ’ r r t e m  to i - - i n - I t - c -  s i -u -~I’ n-i s-, i i , ’ n -r ’ i n :- n : i  S c e r r - n r  a-; - - o h m _ - l i a r  p a i t i e r t S
as p i - -n : c-f th~ i r  a’ :- o . :! mc- ; ;~ : ,  I n n  m m c c , n. h- _n n - n u t , S n I i _ i I n -  r i n _ i n - 0 ( n t_ of n ru- .n - -j _ i u m e u n t

p m u t i n c - n;- p i tns -  15 l i _ i n :  ‘ n _ i  ne.  m e n _ i t - n  lO -~ u ’ 1’,’-: r n ~ ‘- r u r’i.r ~~~~~~~~ Its ,.- , . r _ - r m u - : r  r _ - . i v
be Onus- S _ i . u_ u s  i u i t e r ; ’ r m . ,  ‘ i’ c-re u~am c - I  n . c r  . : n n :  ‘-I t’ I ( -  1 . 0 - Inc I c - ta m e ‘ -nh I - - s _ i t he
p a t ien t  ‘ ‘ I d  s t h i o - - -~h ’’ in nl’~~’I ’’’ in ’n. l it t i c- p e n ’ I r - - r ’ . ’ - - ‘ . f l - . r c  bc -h  re-
ward ,- u a d n n  a t e  Li, -uu u s~- Lb e n’~ o - T ’ i - ,- ,_- I , -bS  ac t J - : s  t ’ ;y b- ,n I . cy - .’c , o n ; r - n - f l s . I t 1 .~~r i .

CJ . t n L_ i t  I n - t n t - ’  1a u n _ t e  t- ;n m - - ;Cn I l l nr Oni ’ -J n- r.f0n.~~en ’ no - -is ‘ I t o -  ‘ -c LI ’S m- .m La ; or
other  uouch phn - t; u - °‘fr~~-\ n- - n i - s i r I f s ,  i - J r m m n u~, r m m e- m t , - _ i ; ’ n~ n_ t t c-~ ,c- 1  In
moVene r -  reac t N n , — - [ ‘1 0 h - ’ ‘c -ca : i a - i n ’,- , ‘. ; n n ’ l ,  ~~‘j  - m e n n c C l r f l j u i  th i s  p r u n h i e m

has i— m m—: c - S m ’ ’ n c - mIs- r ‘h -_n l ab e l  c u t ’ t~~~~ —c - s - , t_ !—-- ’ i c ’n_’i_n n tm;  - :n:-. , . : -— O t ’ Y ’’ . The : e u - u t r a l
r ’ - s u i l t  of t n ; .  s~ u - m - t — c - .- - n r c -’’ , n r a m k m _ o _ i s  - ‘~~ 

- r - ~ -n i s  t b _ _ i t , [ “ p i : r ’ l i r i n u t e  arrulnge—
m a c u _ i t o  u b  r ’~~ ;- - O T ° , m ; n n t j  mOI s ’ i~~ n~ -~ 3,’ tnc -~-! ~~t a n n , .- - --. , . r~ - t -  to , u -  , t l n t :s L c ompul—
Si’,’ - a t t - : u c c  m e n u  t , c  d~’ i c i 1 I . ,_ -i am cj _ i d t v i- s - . , m C i n n r  a t I . m i-it t)T: ~ t ~~~ - mu a- .-. ,  where—
us n t  t h en  o n  h r  m- -, t r ~~.1t, c, :- - t i c - ’ s  m _ i . , -ap I -1  n-u i c - ~~u - n n - - u - - h  L ! : i t .  IYTs r h .  i_ i. ‘- t l Of l  t O

ic- e m i h a r k  is I-~ ’~~~ t r io ...: I n u - ~ ti c - n - n - c_- m n  sin- c_i t h n ;  re-  ‘-n’ - l _ i t l . m l l c’w !, t b : - .av .t i l —
r -b I iit - - t u !  r ’l e ct N-o u ’anc - P i a -b  n— i - ;. ’ ’ j m - n ,

Ci ns ;  e t 1 c- ,a-: ’- t - n n v - — n - L f  ‘-n _ i , a i c l ~r, - - n t _ i  S f _ n  d i s t  ,~~~r n t t a . c m c -l , i i . m ~~c - -  I - r i r - , t . I C S

of c - l i - n i - i c -  al-;u - c - .~~I - : r- • . - - - - i n  t i . n  ;a -, n s - r c  ‘~~i , ; _ i r u _ i u l . ‘a - n I  I , m t O S I - u  ; n n c  n i n i_ I S S ,

Luce , c - n a  U a: _ in:nt .u-r (1 -1 - 7 ) ~~~~~
‘ ,n. ’ t i - ’  - n i - - ~~l c  n ’ - ’- —

‘ t - :t dc -  to i r n t m . - f _ e  w a r k  cl _ i _ i

V i t o  dc- f i . c- - : t a b i l f l y  c_t f  s ’ i ; — n . ’  ,; l e e ”- ‘n _ I  -la m ;. I - ; H — c  e- .n t u - . L i  i n c l - n e n i t ;n i  r ew ard
$; r d n ! I u ’ n m t c .  f h i m  i n c - a r ; ;  I ‘.011 ‘~~ ~- 1  :;, Y ; .  to  u O c _ i f l u c - t  S i .— m ’ nit On ‘ ;h . n un p ecnmi !
S t c-u r t n  , - - i  re_ i s - n i - n -  ~ _ iS ’ n1 ’ n o i n t -  b I r .O m V  c m l  ‘ h u o -dn ’ - - - - ‘ / , _ i C t , m r  n -  ~ L t ~. t , . l e — o f t  i n
movement t I rum - , f u  ru n.- ‘-,ifl i o- ’~ i - ‘  I i_ f ;  n-. u - - n ]  n i l  i - r n _ i n  ; m~ ot  - ‘ t n — i  - cT- p and bal l is—
t l c ’ pr ’ i f o r u n n n I n n . - u . ( t i n - c t , i~~~l ; M(- - l , o i ~ n , ’, i~ 59; c n k  , n~~7 l ;  , , . .o : n . -  c - m i m i  n l r e e n ,
1972) .

or .- I ~- - u ’~ I - -  -~ V i i  I’r pul  m n :  , It In -; u unpe r - l i r t  ‘ o a- - n n I i ~;c: t h a t  outcomes
in the u-c- net- of 1n . t y - : u l f m r  u - i  r ’- - t , - r s - ~- , u ’r i t g . n m  no t ,‘~~‘ n ; v _ - I u  n it  t o _ i response

‘
- I -

-
- ’- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- _-— — __—_-- —— ---
i 

- 
~~~~~ 

- - - - -  — - — -__
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u - c  - : a t i ’ nI -u s e S -b ..-~ - . m ;_i i - 
~- v i ~~~, ~Y. ui-  2 ‘ I i  t-a a 3. ml i,!~ S -  t t O f l S  Ccc 1 m m  t i c

i _ I  t _ i — i~ -~ . N ’ a “‘ r n - n ’  - uc - , m , ~ I - _ i  - ‘-n t -  S; .:— ’n ‘‘° - n ’ :  n —t i , I c -c l - I ;  n c - k
- - n  - - . ‘ St r i- _ i  I c - l~ ,~~t m n - - n c n c s e  c -f  -u -  n i s m c ~ . ‘II .- ~ o ’ u - — ’ _ I~~ i-c-- —c i t _ n i t  ‘ •- p - - a —

o f f  um t n , c  t ; t n  i s  - ‘. - nn~ ’ ’ , t c -  n , - c t - h in ; ;  t h : i t  I i ;  - - ‘ — — n - i .  _i- - - , c m i  1i~~, ’ , ~re
i.n t h u  control  1 i O n ’ n m ~~:- , i t r _ i -.~!rr m u -  e ta f u r _ i ’ , .

T u e  “ l i m b  c-~ fl~ ~)‘  
c !~J r  ‘am. i t i r p ’ c -  - , l  - ‘- a- t — - . - q - ~ - r u ns -’,. 1-_ i N, m a r s d o n ’  :-

a r c-pc - n a ’ a - - n  .-c ‘n - :- - - : — - ‘_i~
- n’ - ; -  c . “

~~ f - -€ ’, - -t~~ct ; ; - :  n r  is n m u ; ~~ n ’m c 1l ’ :  f r - - n b c - t e d ,
and r I m , . -  ‘ n a - I n _ n . -.’ ~~,

5 O Cc-1_u c- f ,mh 5)l_i n n ’- Tn.’,T-~”, c a - -n ’ .n u t l , n ~ n rc— nil t - i h i m : b s  - ncc- r ’- scales
are  de”I .y,.’-l . l_ i -,m .- rn . au l t  m ; ~~ _ i -  i~~~S! n _ i~ n n . , n i - Ip ’ , j m ~m n - : ’ C a t  , the I -  - ‘ ‘ -—h u r  inc-del
is Lii i -  I S -  Of J_ - i - c -  m r - c- -c - , 1r ; i e  ¶ — - I_ a ’i . .a. ’.r u~ n r m t ~~ f i t - ; it ‘t n l - c - _ i f r  i ’iI -~ f r u rnJFn r-~ arid the
back-ward u ’ . i l t :’n ’ - ‘:‘ f L I m o — - - nc - k I ‘ - ‘ . m m ; - . ~ u_ u;1 or , the n : - -’ - t r a l  tene t of
s e r v o — i - f l  f i l m ’  ~ , L I  c - ” ) u u m n t  - - Inn S ‘fl u-- In n t  - ‘ i - - - :. i n s  ‘l in aC_i l Is ‘h -b  l n cn !  as
the d i b f s n m c - i n ’ a ’ i~ Si ’  - s- _ n I i  i c -~~’ n I ,‘s u l ” , t I i . c- l_ i ’ t~

_ ;c’ i’eo d—- b a ck
~ m n n l t f a :  1, cnt’r -, n : - , n , b  n u u ~- - ~~~. 1;f  Ic- n m n - -:a~ 1’: t t  s - _ i n :- ’ -i to as t h n n  ‘norce tved ’’
error (~~c- ’ Ti ,  1951) . ‘r i ;  m . i m _ l u c u -  ~ - - -  c - C  nt :.~j e d n- ’ ’ ; ,  a . ,  -

~~
-
~ 

H- actua l
output - _ i n m d  ~ , ~nd a ha I c _ i  - ‘a ~ I ‘“ I nh-’ ~n - r - ‘--t n u-n i _ i a _ i c -  i L I - ‘- c- t - - in  n-. cut lers res—
rn eC ’a- vu~it , t . - e r r - u  in m! ’ f . n - ;  j u - ,  - I , - h , -’

11 1, ‘s H - , ~~~~~-‘ , - - i.e

This eqt.at !cnu ti- - . . n - . n n t r ,, ’ c-s -_ ~~
- i r a n ,. - .  •.;  - t  1In ’~ --n ’aat  f i n  ni _m n the e f fec t

of this Ir,~~;r- - r~~c c u ‘ : - u-~~ ~C ’c - m m - -
~~- ‘ , - I r e r - n_n ‘— - rid e task of

reaching f or a c c _ nc - c - n  -c-c u - - - - ‘ ‘he cc l’.’e-I dl u m r ~~n u - a l u e t , ;.:-c’n c ut- arid hand
generates a s n . gru: r l t - c -  r i m - ; ; :  - a , - ‘ : l ,~ d i s t - ..e ~u’ apr- C - u - r i  ‘ n ,-ei~ent  of the
hand Lo_ i~~ r c u  t a ’  c:’~ - . Acrror d  i n n ,; , 1.-  t n . , a  ‘m . d  i i - n  k ‘ i - s c -t i  - -- f - s . - h  series of
success’iv-n dau-_ ip n ’~ .n~a T , ’ :-r b m n - , :t l  mu- _i, f i m ’ u-cm l l ’ -  s c - - c . - ’ -c -_ i ~n “- ‘ - ‘ t - ~,~n L un g the hand to
the cup. Even If the d,i n.----r ’ - :-: br _ n o Is n m ” t a n } o r i c n c - i l v  ccnrr cct , it falls to in-
corporate the fact tha t’ t I m .  b ra ; i t - t r u  no t -! b c - c  r’~~~..t t ;n In - n i l .  si tuat ion is
represented h’s t .h ’n ’ t) c v- ._ ntn ,- .m u -) l , c;. i n -nd 1_ i_ i [5ct10r  o h  t.ne -- - ay e I - _ n , 1 d b’ ;ta :_ice. That
is ,

2 n ’  ‘i (d) ad °

where d Vs the 1 i _ i 2 _ i 1  - n t  _nU - ; L c - _ n i c n e  _i~~~ ~~
- -  n ar  -a i c  par ar ’c t s-  a’t I S t c - _ i ’ c - r ms , 1961).

Unless one ~‘I c -- c- m- ‘ -- ;m ’~ ’ n t  Hr~t~~~ - - u - - - r s - :a l .  - n  A o c -~ _i’ c ’5- - t v e t - S t c - t n l l \ ’  api—
phenomenal to t_ Iic ‘‘u: n I :n onn - ri~ c - -’’ t I  ‘ - n :- ‘ un: . f in t t l . - ’ a n r c , J , t i ’- ~r’mti a l ccn;i~
mand nnenuc - ,’~- cu c-ru l t h in  “c-- l i I n ’ -  l ; , i -  feed -m c-c -;~~ - ‘.i~ - ’  a s , h  “ - - c n u ; y m  “- , s iveLv smal ler
remainInn~ i i S t l e r n C ‘s , r..r ‘‘- a m r  :-,u~~t Ic r U t h ’-  € t o c - _ i -  IrSin -  to  °i — e - ,_ ir ’ I n n e a r
t ransduct ion of n~~ r, mtc-~ im _ i ’ i r - ,J , !t ext i~; , a p h . ’ c - l m c - i. a r r -u - r , -I , be-
tween c-t ra~ ned c - i -n d t in  m r s -C ~~~~~~ locu -~ i- el I - ” - - - t m _n .10 o in- iec . t ,‘Sve r  r ise
to visual f~~i~-; - ‘ O n , ’I w n i - 5 - ‘a_ i r 

~~~~
- - u - - nan - - -‘ t m  c cu - n - ’ - k im - -mi of as distance—

like . Thus if C j ,  d0, :1,.; t~~~m r c um, c- r f. t i lO Li _ iL  n - i l , u m r u t a i n~~d _ in d desired dis—
tances , rns ,_ iect.lvely then t ic -_ n ma r rn l _i , - .d , in- , ~t ; .v ’_ n , ,  ~cv~

3) M ’ d0 — d d

Now dd is presumably dependent on d 1, is-i part icular or the perceive d
initial distance ~‘(d 1) — ad 1

11 . Thus

4) d~j  F(ad j~’)

_ _  : ~~~~~~~~~~~~~~ ~ ~:~I ~~~~
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In l ike manner n ne  f~ e~I -l n n ! ’~ ’st ~~tl c - , i n _ n  I s- n _n it F ’a ’: ’~ i unp i i f l c a t  te n s  represent
tr an sfon~at ions on t h i n  f u nct t or .  ~-b I oh . n i ! ’ ,~ tl ,C rn n S’IVemn e- c-c-n- l inear (in
the sense t h i t  “erce ny c - m t  ‘‘ m ’’c~ L ’ - n u  I s  i n c - i — i  ine~ r a~’1 t I n i t  c p S nnon ca l, r. m - as uj re)
Taken ~~ q whole , the e f f e c t  c o u ls i  I - p  c- a l l  f l y  i n n - - u n ’ s’ n~v- - n t ’ - m - - . Of
course the ro l e  , _ i f t un- - t  loins , - ; - i e i i  i n .  ‘ _nm c’.v ~ m - - - 5 ~~~~~~ a ’tm I n - ou t f it
This Is irre levant f o r  t i n , -  ‘u n - r u n - c u t s  d i e n - u s s l o n  whi m - I j 5 u c - u j e l --’ J o n  ‘- n _ i ded to
point  ‘- ii t l t ct t c - n ~~sPn i.e of  f m n c i n ;  I~ ii u ~t t,c-,U: l-i ’enr n ’v -  r ) :m nn !- nm m c . in  I Ic -n r ’c - ; t C x t  of
feed-hack  t } n m ’n n , ‘-v - F u r  t n t ’_ n u ex p s - r t m er n r -‘1 and aol t a t  b c - i l  — ‘cr 1 ’ i s  n s - n u t — C s - I  to
evaluate the ap~-ropr i a t en t - sus  of t I n - - c r l f  [c l - cnn . t N~ ‘r rou -,nd t ’ - r a t l - c - u _ n’n
of this k ind  tha t  (Ial ar, ’ r ’r (lit 7n ~ ‘-m iy , - c - s t.ed t h a t  I t  is ic-pa r tan t to h ives—
t igate the  e f f ec t  of U i n ,  l j;_ is •~~: r rn ’ r u s i  n i t  l or i s tin ‘ uT u _ i -~~n - ‘or f ,r ’uu n’n nn e .

Ironicall y. t h is p r oh i em  isos ta. -~S c n t  t ie  c-U  - n i ’ • in rn -m v In tere sted
in motor behavior. T h i s  ins o r rib-ahI v ‘h r ’ - - n u n t  m ’nf t h e  h i s t o rI c a l  f a c t
that the physical domain n-ost closel~’ examined I n  t’- ,ic~- I np and motor be-
havior is physical exten t , ,cr which the p~~v c i s n n ç m v ’ a t c . i 1  .u n i n - t i o n  I s  (near-
ly) linear . It Is e nt i r e l y possible  t h a t  ~n n t - c -~’cans  l n v e s t n s ’n i _ i  ions of track-
ing in , say , the auditory i c l t e n s L t v  domain ‘i’ t i m - _ n  t rni - l og  , c f  v isual  h r ig ht —
mess may lead to signlni icin t - non - I l n ea r i t l e : ,  I n n  this  he h -, -. i o r .  Such non—
linearitie s would explain p~- r u n - rm ance decre ment ’; ~n um’a r ’y  r eal world situa-
t ions such as the _ i-espon se to the  cen ’-er l ine s t r e l - m n  l i g h t - n  in L F R  lan ding
conditions , an d the fa il ; ii ’e of the FLY I~AR nav I ga~~1c-n al sv~~t en _ i .

But before we consider tii ~~ite percep t u a l  p h en c - m s -n i  I n  d c - r a i l  in the
next section , we turn  our a t tention n 5 -~~ Li’ e l’f ’ar ’ . -n t af’en in t he laboratory
to develop expertm enta l paradigms f~~r the meatnt u r , -_nien t c- f human r esponse
time . There is nt_ i need here s - c u  ‘Is- lye In to  th e l ong h i st -c-ry  of the reaction
t ime experimen t . Suf f ice  i t  to s _ m y  the experiment i t se l f  Is replete with
a variety of problems . One c- f  the main problems is t h at  t t t - ,u experiment
seems to be t ra nsp are nt i n simp le  in its natur e and th ;~t h it - c o n t r o l  of the
dependent va r la h le,—— re sp or , ru’- i in ’ — -- - c c f t en appea rs in nns -~-e ri tn eri ta l data to
be under the contro l of -nimp ic- ch r i r a ct e r i z a tj o r us -ii th ’:  1ahv a ica l  stimulu s .
These tvo features of the experimen t have haen cr l t i z ed in some detail by
Galanter (1966) and form the h i s -l u; o~ the develop ment of re i c t i on  time ex-

periments using feed—b a ck and pa y —o f f pr incip les as demon strated by Snodgraas ,
Luce , and Galanter (1967).

In these studies however , the dependence of the reaction t ime on the
physical stimulus was not examined I n  detaiL But other classical results
establish the strong depend ence of the r e c - c t i o n  tine on st Imulus values.
Ghocholle ’s (1945) studies of reaction time as a funct ion of auditor y in-
tensity generated the beguiling pos sibility that reaction t ine may be rep-
resented as a simple (power function) behavioral function agai nst p hysical
stimuli. This psychoph y sical function lii the mos t trivial representation
of the stimulus parameter. Howeve r Greenbawn (1963) showed t h -’n tn the abso-
lute intensity of the acous ’ t.c stimulus was not suf f Ic ient i-ru characterize
the reaction time , rather soni c- riuan ti ty like signal-t o— noise ratio was
shown to be a better representat ion .

Following on this suggestio n , we undertook a series of reaction time
experiments in which the signal intensity varied by as much as two and

- --
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one hi .t t s-m i an ’i s  0 5 n - r . -~~’t ,  I t  t~ l I . ’ , wi_ i - i 55 i-N .’ S n ’!n- ’-  i ’ - n - n n n  n B C  rat I e ‘r , - _ n ; t - 4

tn t i s . -  u n - o ’ ; t  ~u i , - - :~~C n , ~ h v f m . m - i ~~ f m t i n  ru - r n : , ! , -, c c - n n s ’ on ’ L . ~- : S n ; t S  r n - n-
ey~~r—r i~—n - - t s  ~ I -  ‘.u n  - - , h - , 1 ‘ h -  .‘,- - - : ‘ I u n - . ‘: , s .u , I  - - ‘Irm u - m u  - i ’r n - m  n n  b s ; n n n - t  L o n  ‘if

I t  ,‘ n i I , ~ T m i m i  -~~~~ i - I i ’ ’t  - - - - u  h - s n ; 0. t ,  r - - - n , - n  ~c-t ;  .‘ n I

i . e . ,  t h u  iii n J s - - , ~‘ ; n ~~ n u _ i t h -  u ’ - t nf rhf ovm,-t’ ; t  , nn t n,-n b t  — c- f i i ~ -- ir,~in ,~t si~;n a 1  -

(J - ’ : ; ~ ;n r , - 3) l i i ’ . v . , r ’ , . n : , l ~~i t v  n i f  t ’’ n , -  , n i s r n I ’ n - . t , ,Lon ’ W a :  - n t m ea l  - - - . - n - n i n - u ’ t

on t i ’  s I s -- , i s t — - t o — r o i ;~- r n — n e  :s 5 i~ n j  i s - m i . i i iu : -  I -n - n ; ,  “ - , j’N u ;c’  - n - u - c - t . c -r L i i ,

var 1 st _ i , i t  y , n ~ Ld nc - r n .  n m :  tic -n t : i - c  ; t.-~’- ~-.‘ t-:i r ,ir ti c- :—~!‘-~ i -  sm;i i  n’r 1 se vnirla—
hill Lv ~uf fis - “ ‘ i ’  ~; u :  £: In , . ‘~~~. - rn s- ~;t , s - -  m i  u ,-u _ m - ‘. nY ‘It f u n n , t ie  l a m  ‘~ - ~

- u n - n ] — -  S

noise c i t  ic - s  iI ; ( n3t ~k i r n d - - Si~ n i ;~ I ( L i l s - - n ’ gV to  n t - c - n o ’ ’ - n ~~n - r ~ i nin~.t --y’- ie . }ig—

ure 4 shown— r h -  fn is ’ s t j - u i ,  r : - I a u ’ s ‘ j i m  J n l ; m ’ r o ;u 5, ~fn ,’ t h u r - : rj  S/ ’~ o’.cn r j  70 dB
dynamic I I t 1 m ~ - - -

It  n-, i t n n n j t d  i -  rc -’n - ; kn ~d L t n , , t tt j c’- ~ o nn _ n r:,tirin s i t  d ’it  u s nn o;-nisre rmt:

reii~~h1,� as :;~~ m W n ;  i n :  I n r m .-s , , r~j  n ’s - -Jut -i nc-thu ~‘o t ; s t .  l i  by tt, n ’ i n n s :  of a
small p i -ocess— - n - - n - t r o l  c -- n n ,~~s- ‘ at ’ - - mc - r n t r o l L I n e  1- u n n e r i  -~, n . - c - t  al e;u , i r m - n i r u a ’n t

This c o m p u t e r . , I t :  .- _ i d n t t t  c- - , t o  r n - s . ’- n 5 , H _ n  m e  ~ t 1 - - i , I - ,~~ ma t e r i c - I s  w’i h appro-
priate -- j r m d o n n i~~j i  IO n , LU - ; -  - co J L ~ - te.: the n’- n p : u n n ~~- d~~ L t-a J  ,t _ n~~ n3 t h e d a ta , and
printed out t an hls~~i’g ra nns . D i  ; c- 1 n -  i - h ; :- J c -vn - , - -  n p m s ’ m t  of ‘uti -;,s _ n n n m p u n t _ n r  based
capabi l i ty . other possil - 1- ,n r o i m  u _ n i  m l  ~~~~ n t  - n ”c - i - i  dc - n -n : 3 c’ L _ n ’ - f l  t ime experi-
ments were ex p lo red .  One au:: 1l isry ~ tn _ i dy ~- -s n - o n n - c - r n r - d  w i t i n  t!’et q uest ion
of key force  re-,juui remei its , c-cud Li - .~ rc- i;m t i c n r -  to t I n : ’ ‘ s- - -j - : l i s -’n t ine . In some
contexts key ; o r n - c  r~-~ ar ipe ared t o  hc - a v~;r bab l ,c  of sc-inc in , er e s t .  We had
hoped that u s in g  t l i s -  hn t~~mn -’tn dc - c-- c lopenI f or t, Inc  eu , 1 n c - r i m c - n c h  r epor t ed  above
we could avoid -iec -iing w m L t t  ~ in ’- ” p c - S i S f l - 1 l i L~1 of a < - o n t :~ -n in - stlu _ nc variable of
this k i n d .  Tr -  i s t i r  - n i i _ i~ n~:_ is the - ‘ n - s- a u , r a r f , n f u ~~ m- ¶c-rcc k m --y was design
ed and c v n s tr : n s: ted  u s - , t u • r - n i - -e .lnng m ,na5 -’i t2 . ] i ;nta ,a,- n r -  - c - i  I out ed from three sub-
jects ~ m l :  key icc- u’- - - van 1! j o-is c - i  n, wm- to t ~nr € - n - ,- -~ c r s  of ma~- n I t ude . These
results t u k s - n  fro m ~-m I - f l r c -  r in Own - -s (1 q - ‘,

~ 
n u n - I  I c an :  i t i t. s- i t i- n a t h e  ex—

perlmeni tal c I n i l t - r X t  - -‘i i T - cc- n - ‘ I n ;  - 1 ‘u~ ‘~‘i :1 ; t,hn m : , v — - - - f 1  - , c-t~ rnt~& nns - , ies that were
employ -- , L 1 ns k - v  f o n , m,. - -- c - r f ii- — e ti n t  ~nu in finn -_ nc - m n ’ wria tn~on .:ver. A typica l  ex-
amp le  of these d i t a  sr ,  sn nowrn ‘In s’i- ’ - ’r~ 5.

Our rnox t  in !’ - - i d - _nu  ,:t~ pn; c- n -h i s  r s --sn ar ~ c_i ar -c -  t e:xp~~n - r u  ‘ a_ nh - ’ i -h er the
concep t c- I  m ini ,- -if ~~5 L5 — L I ’ - i5o iti e t ,~~ ~~~ 

u- .ç -~~r( 5 3,4 ci n~ ra1 - -
~~ pr - ’ se n t t c - L i o n  of

the phys ical  ‘setr ic c-f s. ’~v i u - - - I - - l i  - I i  3 1, t -vent s , nfl -I - - n- n _ in ’:- ’qulc: rt ly wha t her It
can form the basis f o r  a c-c’gnltivc- n c - :~ - n t  c-n c - i  st im ul us i n f - : , r n n i t i c m n n .  Our
i n ten t i on  is L ’l  ‘ n t  --_ n the  c-xper ~‘_in t n t ;  ‘ c s - c ard b - n  :~~ - v 1 sn n , ~ n u m b  using light
increments on ba k 1, roun-i 1 ‘tnt !  4 w I  1 t , 1 - n 1  in n - t s a r _ n  r oan - t i c - n i  time as
a func t ion of  an :i i - p n - s- ;:- i t u i l ; : - J  d e ” i n r : - n .l .5n ,5 inc - i, - b’ n~ - - r n c  J~~o r-;~ i n — . kuxilliary ex-
perimen ts along these !l n ’u s.s ;trc- n~m u i t i n ;  ~~- - he erfnnrsn ,od i n - ’ I n n -  light increments
on configur ed back~ r om in r i s , s a . s i~ - b-n” i- rztndom co o f i gu r a t -m n n-  and configurations
rich In s t imulus ~ i n n s - s n r n a t f - , _ i -  1 _ n . ,  ‘d u nj t : ,~~rc-~~ I ; .

A second , p ’n r t - I  >- r ’s - : m c - u i  m l  , c o n - n  e t c -  hu t  one w i t h  d e c -p  un~f u - r J .ying physio—
logical impilca tio r ~s, cs t t t ’  s ; n u f i - ’  c-f tn t- r o ”, r- oi~ st i m u l u s  m s ’  t ime . We
have evolved a set u , f  - l I n : t i n c r  n t : _ n J ’ - I  4 L I n a  - ‘ I t n n : ’ - n n l - - r i _ n c -  how the observer In-
tegrate s in f o rm a t i n n n  a_ n a f u ’ n n - t i n , c -  i i  t i m n  to d e f i n e  t he “presence of the

• s timulus . ” This ‘ m p - u n ’ :n l  ho t , ‘ Ion ni u m-i t , by I t s  very  n atu r e , interact
strong ly with the reac t ion t i n n e r -, t i e s ! n u n :  c - i - s n - ‘ s ’ d .  ~ c’r example two of the
models that we consider ar ! :

— - — - 
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1) a threshold model , the reaction time process begins when the
“signal component ” reaches or exceeds a particular threshold
level relative to the “noise. ”

2) an Integra tion model , the reaction time process I,s inst ituted
when the Integral of the “signal Information ” reaches a pre-
scribed magnitude relative to the “noise ”.

To date , the subtlety of the desi gn problem has prevented us from
distinguishing between these models even thoug h in princip le they yield
distinguishable reaction t ime functions as a function of rise time . The
central difficulty is related to the difficulty of estimating the additive
conStan t in the reaction time process. That is to say , before we can apply
either of these models we have to have a general model of the reaction time
process itself so that we can distinguish the parameters associated with
the reaction time process from the par~~eters associated with the signal
integration process . These studies are continuing on a low level making
use of instructional budget funds for their performance . Consequently it
may be some time before we are able to report itt detail on these aspects
of the reaction time research.

Simultaneous with these studies of the simple reaction time , other
studies of sequential reaction time have been performe d since the original
work reported by Brief , Owens , and Galanter. This new work , a primary con-
tribution of Russell Mama , studied the capabili ty of the individual to con-
trol the inter—response time by use of appropriate band pay—offs or sequen-
tial contingencies. Some results shown In Figure 6 demonstrate that with-
out question , inuividuela are capable of adjusting inter—response times with
a precision of about f ive percent (at long IRT ’s) between 20 and 90 m acc.
Notice therefore that people are able to adjust their inter—response times
at speeds tha t are all consistently faster than the minimum simple reaction
time . It Is this unusual ly provocative result that has convinced us of
the autonomous nature of integrated acts , and the capability of human beings
to organize acts with components tha t follow on each other at -rates many
times faster than the “call—up ” t ime of a particular response. It is this
organizational capability that leads us to believe that the theory of bal—-
listic structure for complex acts that we postulate in this section is a
plausible alternative to the classical feed —back view of large scale be-
havior. 

-

Psychophysical Scali~~

Our experimental studies of psychop hysical scaling have taken two lines .
Theoretical considerations have moved in novel direction. We review firs t
experiments performed for the direct estimation of psychological scales of
various social and physical events. Th~ first of these scaling efforts
were directed toward the construction of utility functions for monetary and
non-monetary events. We have reviewed some of the findings from this work
in the first section of the present report .

A second class of experiment s was undertaken to connect category judg—

_ _ _ _  

_ _ _ _
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ments , t h e most wide ly  c~.ed form of p sycho log i ca !  s ca l ing ,  to m a g n i t u d e
e8tima t ions - I h i s  i~f f o rt ~~ o ni i . ~-~ t t hc two torms of psychop hys ica l  scal-
ing represent s a coO t I ~- - c i t  i & - o  ci the  C L  I ~ inal work by Stevens and Galante r
(1956) , and ~cilan te r and Mesai , ;~ ( i 9~~l ) .  In these s tudies , we demonstra ted
that s L1c 3 ie forms ~‘f category s- - a l  i ng  (~- ik er t  s ca ie~~) wcre n o n— l i n e a r  func-
tions ~~~ fl 2 :~~~1 i~~” ~ ~t1~~S. }- ‘ .~r thermor e ma gnitude scales were shown to re—
main in~.- a L  ~at  ovc~- - ‘ wider  ci -ia s of exper imenta l  m~mipu1at fons  than cate-
gory scales . I t  wa - i  ~~n t he 1 -i~~1b of ob aei vat:ions of t h i s  kind tha t  Stevens
concluded r h at  mag i i L ’i d e  ~‘c t imat ion  scales represented the “ true ” psycho-
physical f u - ict ions . W— ~ have ~ s - .h ~~wed this  argument In favor  of d emonstrat-
ing that these m a g n i t u d e  c s r i m at l on  func t ions  are capable  of p redic t ing  corn—
plex behavior p a t t — r u s  in othe r  cont:exts .  Thus , for  examp l e , we have used
cross—modali ty r-~at :h ing (Galante r  - n ~’l Pi lner , 1974) to val idate further the
ut i l i ty  scal e fanr~ ion~ of r n - u e y  agains t a va riety of other psychophysical
judgments.

In addi t ion to soch classical methods to validate magnitude estimation
scales , Diane Jacobs and the  Princ ipal Inves t igator  undertook a s tudy of
two models of category scaling data that partitioned the category judgment
scales Into a sensory and motivational process (Galanter and Jacobs , 1973).
The sensory process w it h in  these two models could be construed as linear; as
in Thurstone ’s theory——or hierarchical : a new proposal . The results of these
experiments rejected the hierarchical  model out of hand , a model in which we
had a great deal of f — i i t h  prior to th e evidence . The linear model was strong-
ly supported and in addition the stimulus parameters within thi s model remain-
ed invariant under p.~-y~ off  manipulations , as predicted by the theory of signal
detectability . Furthermore the response bias parameter s In the categ ory scal-
ing experiments were shifted as if the subjects in the experiment were attemp t-
ing to maximizc their expected earnings or to maximize the uti l i ty tr ansform
of those earnings .

The app licab i l i ty  of ideas f rom the theory of si gnal detectability to
the analysis of scalia g studies added to our coz- i- :lct ion that this theory
possessed general notion s that  could amid do i l lu mi nat e  many areas of behavior-
al research . To evaluate this conjecture we undertook a survey of the be—
h3vlor science literature In which TSD had been app lied to non—psychophy si—-
cal problems . We are preparing a rcport of this literature review that will
su uarize these applications , and wi l l  -also attemp t to ext rac t  general prin-
ciples to guide the applica tion o~ t’-ils powerful theory into new areas.

Our review of approximately 200 applicatIons of signal detectabi lity
theory demonstrates that the us’- of the theory has two main purposes . First ,
experimen t-al lets ha y— been al-i.e to demonstrate that  wha t had been thought to
be effects on behavior ~ss’L1ated with st~nsory activities were in fact more
accurately attribu ted to - -o~ riltive arid motivatio nal variab les , in addition ,
certain kinds of ef1c-~-ts Lh;-it have been thought to be state induced , e.g.,
changes in t~ -;te thresholds as a functi on of hunger are shown to be merely
alterations in response bias .

Our experii~-ii ts on the development of psychop hysical scales using mag-
nitud e eqtlmattr ,n technf4~Jmt e s have not been res t ricted to laboratory experi-
ments . We hav~’ al— a Comp leted a series of psychophy sical scales of perceptua l

1 -  
___
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•1udgm c-nt~ u n d e r  f i el d  - n t  ions  where  the c~,server  i:~~ ir’ d’ rg iri ~ d ynamic
t rans fo r~~. t h a  . Wa r e f e r  be ci - t -  pey hophysica  I st -a I es of v~ stC i d ist a n ce
(dep th )  dur ing  ~1ie mov e~ e at  of ~~~~ airc aft ft ~vr~ un I i i  p , a f t  t en  t o  a
ru nway tu u c~~— 1own ~ene , These s tod  Los w. -r  o r i g in a l ly  - nd ic ted to deter-
mine the pi rccpt ual ! a s ln  t~ n b eh a v i or 3 l  ~~us~: t n r r t s  t - lma t  w r e  osea tO
accomp lish t h e  L an d l t i ~ rn a n e u ’e~ by t.he p1 1~~ of an a irp l-srie . ftc r i - s uI t s
of man”  ol  h , -ce  ~~ud Les b i  ~it -  been s & n c n i r i z e d  in i ;i l an t er  and ~ai - i i r tt or  (197 J~
The data  r ep or t ed  fr i  t h a ~ a r t i c le  &!cn ~~ns t ra~~e th e  in t r i n s i c  n o n — 1 i n a r~ r y  of
distrtnc’. 1~ !d~~- vnt~; - n h -  by a p i~ ‘1 !n a i t i d i t e, o1rr r~- - I t .  ~n - L H  t ion to
thes e •~ I t~ t~P I C t  n1~I O~ e— c f e  I ~ n s- aJ  so couduc c c l  e x p~ r I - a s in w h i c h
pilots and .bs trvcrs niiuh t irn c judgments t touch—down p i !Its under the  same
envirorunent i l. cond i t ic ,ns . I i i  t h c~,e ex i :er ~i,c~n ts  we were  ab le  to show that
time to t e u ch - - d e wo  j . - icn er ,ts ~ ore essent ia l ly t i - t e i r  as a fui n c’  t i n  of actual
time. That me-cnn , t h a t  for -on s t a- t t v c lo t : J t h ’ s  in an approa. n , t ime to ~oci ch —
down was :i l sc  a l in a: f~~n~- t i t n  of d i e t  e. F i g t i - ’. 7 shown : n i s  function.

This resul t , t h a t  t u e  s i bj e - t lye d i s ta nce  as scaled by n-i n i t u d e  estima-
tion to poInt of touch—down is a non—linear  f u n c t ion  of distance , whereas
estimated t Ime ~-to — to uch—d own is a l in ea r  funct ion of distance led to a con-
cern about what were the perceptua l  propert ies  that  guided the behavior in
the performances involved In these activities . Further , we questIoned
whether switching from one judgmental basis to another migh t be a central
factor in the disruption of such performance , and consequently the source
of hazardous oper . t ions . Once we had recognized that the basis for the con-
trol of action may be constructed of multi—modal or multiple structured input
information that  could form the matrix for a ballistic act , our attention
was directed toward the development of the theory of bal l is t ic  act iv i ty  out-
lined in the previous section . In order to complement this theory of action ,
we saw the need to make a fundamental recharacterIzation of the nature of
human perceptua l functioning .

It Is g e n e r a l ly  pi -esutned t ha t  the sense organs con st itute  the prima ry
mechanisms of pen ~ t tri l an a l y s i s , ir:tegration , and organization (except for
modality—specific eel ra.l processing) . T !a- view of human ac t ion  we now pro—
pc~~~, howeve r , r e q u i r e s  a perceptuil . r ‘ce ptor ” that has the capabil ity to
perceive into t ime In the way tha t  the  eye perceives into space.  Our pri-
mary notion Is that such t emporal percep t -it -n is served by inter—sensory in-
forma t ion primarily t ram the visual and auditory syst ems . These inter—modal
effects are presumed to give r i se  to the experiences uf past and future that
may constitute what has c l a s s i c a l l y b e-ott cal  ~ed “n a-tory ” and “imagination.”

Generally speaking past  re t ~ -arch on lot er--son o ry and inter—modal phenome-
na have looked primarily t t r  f a t  ~uenccs of one sense mode on the other
(Kle er, 1958; Ada~~t n - I  -~i t a : - ! - ~~s , 1Yf~2; tin’.- i-id Ben -h , 1950) . In the con-
text of the p r e s & nt  theory we propo se L h at  i n t e r - s e n a r r y  effects are to be
construed as inpi ;~ par- itt - t er’4 lot s u e  c e r i r l i  imaginat ive—memorial percep-
tual mechanism . 1 h.t ’ it -  r o  : ; ey ~c- N • anne tha t ,  a v a r  I c ty  of  sensory data
are mapped onto  ii s !n g l e -  p e r c t - p t e i J  ‘ - o n t i n i u m , and t h a t  the continuwn is
representable I n  a c t i o n  a-s t i r e s i gh t  or a r t  i - i p a t  l o t - i , and :a-rrvrv or revi ew.
It is such a ‘ ‘mmc c r e p r e s e i t t a t l - -n  o f  i n t e r—  n ’;cr~ Informu t Ion that enables
a person to perceive ~1ans a’ ci 0 exer te :,ct toits b~ seJ co ‘- e ’mpor -i I percep-
tion , and to contemp la te . ,L t e ~rn q ’l v t ectliiis . and review h~s -wn past acts
and percept~ as part o. is &-nti.e beh av fcr a l economy .

-~
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Such a o t t  f a n , t hat  a v-i : l e t y  of sensor’’ i n p u t H  - i r e  ~- p r sen ted  i n
some coitr- ’en t o rn . Is  a - u rtt-nt f e ’  r~ - c~ t t i ’~ l it et tore ii stud i ’~-s of
p e r c e p t i c n  and I t t  t a t  t en  M n d a r n  i t . t c u j - i t s  t ,  demon - s t  r it e  t b - c t  t h e  ri~p r e—
senat J u t  of i n  O i - ~ c f f  C O  I r a n  di ‘[er -o r  ~t a t z n o r y  t r do ’; Is r :I ic e l  a a f ina l
coimnon to rv a t ;  wh ich  act  i er ,  a sun : -d i n t  lv is, •~ de ye f risc c - a l l y  s t u d i e s
as K 1eraiu~ i ‘ s (l9’ ,’~ wo rk on t: imc ‘he ; r i n g  l:n ~~~er f i -  - cpir  n - ’ ~’ cu ie d - t u d it o r j
and v isual  c inane I~ , n w  . i ’r ~-; 1 ’  /~~j : t ’ :  - cod d t n i n h e r s  I’ 62) on responses t o
simultaneous n t j m u ja tj ” i 01 r w - - 5 c c - t O  moda l i t  t a .  i’h’ nc- c1a5~~i c - c ~ - ;t u d i e s
have g iven  i - i s ’  t i ’  t h e  nti re ~~~ ea t  e s p  -r ~~i ’  - - ,  - ih~c t a t  t~- p t  t isolat  ‘ ‘ the
represen t it  I ’m of t h e  otult t~~ 1 - a l  i i io’ t -i I~o r xactp  • - the Shi I r t i c  and
Grantham (1974) analysis of mode l ’  t o r  - i t r e n t  j a r -c s -t o w s  t h a t  a t t em pts  to
attend to rnodalit-i spec t i c  t n t - i c c -  ,~ i n  ,i ’- ’o; - t  ic ’:-~ - r ~~~~e: p - ’r formance .  Fur-
thermore , Auerhach and Sp o i l i n g l°74 i p u t  s t-nt  a S l i si l d et e c t i o n  model and
report evidence t a r  a coni-non au d i t o r y — v sua i spacc’ . This  r epreSents a
st ra ight — for ward us t  ifica ’- ion ci i ’ i r  t - ro nn - ; -, - i  s f l l t ; - c I y  pe rcep tua l  system
that uses i n f o r mat i o n  f ’om -i v r t r i e t v ’t f  a - cso r ’y mO i c’ -i . Fina l l y , Marks (1974)
shows tha t  au d i t or y  and visua l, cross -n ; ’dal i t c h I n g  exper im en t s  suppor t  the
existence of what he ~u i iS t r~~-~S r~s ,i ‘:Oi-.t-t it lye ceichani sm capable of ma n ipu —
lating dimensions of sensory expc: r I nc~ . V ’ ~~~out d  p re fe r  to charac te r ize
such a mechani sm -e s - ‘ ~~-r c ’p r u a J  ax - ’ - ea:~a r.  ‘- tc r d c a c h a r a c t e r i z a t i o n  Justi-
fies an analysis o~ m t - c- -:- at is trv ef f e c t s  by exper i men ta l  procedures that
have been developed for  the st u dy  of perceptual  phenomena even though the
apparent subject m a t  Icr  re~d r s  to r-t ’:,ernhero ’l or an : Ic ipa ted  events.

The ways tha t  t - ser~’a:1ens a re  r- -n ’ -p tua lized  p l ac e s  a s t rong  constraint
on our unde rs tau d in ” . honsider f t  exampi the concept o~ memo ry . A current
view of the - i n e - m o ’ i - i i  f u n c t r u i i  i - i t  human behavior is t h a t  memo ry consists of
some sort o~ s t or a g e  f a c i l I t : v w i t h  address ing  po ten t i a l , so tha t  Information
in some appropi  la t e l y  coded fo rm , b u st -h  oct Sensor ’.’ input , can be retrieved on
demand , when son-s a d d r e s s — I l - c -  component  of t! ce- s- n - s i r y  I nput  is presented
to the in d iv i d u al .

Such .-~ st r r a g e— r . tr ieva l çn a d i gm  to t u r n  human na’r~o r y  i n t o  a s ta t ic
library had a gre: ; t sc- -i I to ~vc a; -i ’ t’ l l  i F to Thb I T I , ~ I I ~~ I J S (1l’~B 5)  

* because it
lent Itself to ingenious bu t easy exper imen ta l  s tudy . You put : thin gs in ,
then you see how much ~~0U C L ; ;  b et  out . The d i f f e r e nc e between be input and
the output represented a degrada r - i orc at r i I - a c t a b l e  to -l or - o ry . The fact is
that rememb ering things in t h in  way is normall y so m et -h in g  that oc cur s  on a
theatre s tage or in a psycho L o g i c a l  ex p er L i en t . ~1ca ry i t s e l f  must serve an
ongoing , forward looking f un c t i o n , if i t  Is tc be ot service  to the active
organism. The fact that in a d d i t i o n  to this p r i m a ry  function i t  can also
perfor m tricks , wh il. - int -r * - s t l n g  nay not be tao en i l g h f e n i . n g .  Certainly
to elevate such c leverness ,  -~~g . ,  t ilt ’ a b t i t L y  t:c ’ i - t a i l a telephone n~~ ber
on demand , to the at  i t - i s  of a cent n J  p sycIcn~~c - i g i a - t  I p rocess is to allow ex—
periment al procedure t i  dominate  ones t i m l i k i a g .

In its p r l t ; a ry  role memor y  r ; j 8 t  r epresent  how the per c ’ept ua l system of
• the organism , ( t h at  Is the  precessing of informa t Ian and th e .  character iza-

tion of activ i ty) acts to “perceive ” the pas t as well  as the future in order
to guide future action .

Part of the niain cooceptua l point i f  our i n t roduc t ion  of t h i s  new per-
ceptual system Is the conjectured mir ror  symme t ry of the forward and back—
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ward l o o k in g  t . - u p o t - ; c ;  -i/ t a L o n  . o u p a r  F ,‘ or  r u , ’ - ~-on ~~e t i a a _ - “ t i ;

by c o m p a r i n g  ~- a j ’ e r i - - .~’ i t ;- i r , - ,~~ 1 I ;  ~~- - : a r  i i .  has - c l - i - ;  - r ; ~ - t  t i e : - :  i n  corn—
ai r ed  w i t h  p ;-r 1 l , - - c ’- - b- . i’, ii: r c - v i c - w .  . 0  - - ‘ ) t i n s - : - - - r i ;lk’t t s  ~~ ; I I

be 1-c r f o r : cc -d  i t t  ti n - ‘~ai’;-ir :c~~ L -  is n - i t  “ i e c r , l ’ , c r  -i s i c - - - , , - -~~-d , t , - ve wc-- have
alre ady c i i  ‘Ic - - I  I n  I h e l d  i x  a ’ : -  - ‘leOl a t o  re -r ; , ~1fe  s ; u ; I a L i & - o ~. to ;i: - f 3~ -3s Lil O

qualit-y ot  ; ; u i - c : , - , I i ~a j u u ’ - i - t s . cet ; i t c  of tI-es ’- i e~~I l i f e  c- -- :gc -r i men t s
con s i s t e d  f r  ~~ c ’ ; : - ; a  r h- i - d u t - ,’ cycle ~~f L b -  ; i ’l ’t  ~~v - s i 1 - i ; i h i t y  - i f  t O ’ -  a i r -
c r a f t  c m v i  r n n r ~ a t  t o  e p 11- i t in we,’ -i h i ’ ;  a n t i c ; - i t ’  r -  i -b .‘_ ‘ ; - r is no L o u v er

undet- F h c -  o~~i ro~ . o~ i i - :  I~~~l , i no t  co l t .

F i n a l l y ,  ~c ]~~~ia . ‘1 wo rk 1: W I l i l we ‘ - - i v  - ‘ f l y  j u s t  c _~I - t n I S  ~-o 1 5 ; c-c
to d e t e r m i t i c ’  w n t - t h e r  : - h e  ; ‘ ;  ~I :  n ;r  l i _ i - i - i t  ~~- r ’ -’ t i - c l  ~; r - I - ’ ; - ~~o t S  ir e  1100 - i - rn —
panied by ‘-ar  - I  i t  , c j — i l  i - i  s in  pc’t- ’ - r v , -i - - i :~ ~, - i ~~o-J c’ ; t i t - i so i’k_ -

~, , - n L S .  Th c-s~’
“perceptua l t r a c k i a n  t s , n ’’ ‘ ;a - c -  b . - a - ;  r e ce nt l y i s : r - ; ;  ne at should bc--
gin shor t  lv to - : -c ’:’ -i: n c ’  u - c t, - . - , - n c - i - I  c-s tha : - ,~ ‘ - i c t -  o r c- c t  I v - i- t . ‘id ’- I
are the ai;dit _ - -r ’ - i;s~’ c S i t _ y -i ’d ’: ~~~~ I: j~ r i ~ t o , .  kc-d -i ’, e~~~ e- c. ; ; t s  of
pressure t :‘a ; s ! x : - e r , u i - i  a c ent  , u i ’ -~~i t v i s u j J  d i- ; : r c : ; . :e  judbrc* ’ut . w h i c h  we
are  t r a c k in g  o t h  t v l ’ i s  i l * - V e . Pr c - , i : , - i t ; ;  0 ’- , I n ;t n H o r l ’ ;  to c !- c s s ica l
results i c - i  t h ~~s a r ” ; c .  l a ir  d n t ; c a - ; :’,;i - s t  at  g iv e n  i r e :  - i: af  t r ~’f i i i r i g ,
linear pert- ’rniaiicc- output a ar e  ;;v , ’ ib e - i - ” t ’n  t i tougn  Fbi ’ i c - r  u i -u t  i i i  func.—
tions themselves  - c r c  n o n — I  i ,;~-a r  . We lit erg -- - - : - I ;  i a to n e - i c c  , t a t  t r a t  the
subject perform s a n on— i  i n’ -’ar  i : - - t y ( - I l  t u  t r ;o ;a : rn p r i o r  to n -  control  of
the ou tpu t  a I ~- , n c  I h - p t  r o t h i -  - - t i m  V the  op’: ru t or  fo r n , t ; l  a :  eS - L  ‘~ a l l i St  it’ pro-
gram to c -xe -  ‘at , ’ i c R ’  r e a p I - in s ’ -: r io ~~-d on an ego-eec  i ;  i mau l t l i - i l -  st r u c t u r e d
matr ix  of in p u t  s i t u  c i s  and t he i r  ex pe c ted e] a s t i c ; c l l v  t r a n s f o r m e d  continua—
tion . Experi ’c ce- iut  a t ha t  I u t e r i - i;’: the input sldno a t  var ious  po in ts  are
currently h i ’  t o p  Ins tru tneutea  t o  ;rnc-sa the  at  :hcoi lb  I Ii te of t i c e s - .’ hypotheses.

In sun n ;n ry , r - a t - o c r c t ’  i n  t i c  ‘‘ s :- ’h ’p i , v c i c e ;  l.,aieratory at :  Co ’_ umb ia Uni-
vers i ty  over the  aes t  f o u r  71’;crs ii ’s v L u  I de .1  t i : - c  f . c [  ow i n~ c on c r ’ : - 1  “ insights
and d a t ; :

1)  We ha -c dc’tecrrin ~-a i’- ’t t i t  n oir e  p ’r c ; ’ j s i_ Ofl t i - i - ea ch - ev a  t o n i  f unc t i on
r ” i : c t I n d  ~c - r  - i c - i a - - I  J e - e i m - ci - , i . I i t ’ . or  o v - r , : - i ’ - - a~- : - s  a ; - ;  ~ ;c :-’ementa l
ga ins a n d  1~ - ; s.- s -eI : : i :cni -y

2) We hav e ch ’ w in h . - - - - i n t & ’ x t  of  a -c i  e l m , ; 1  do t  i - c t  i - i  experiment that
the u t i l i t y  funct ions  ~‘r- t ,~n - s - ; ;  Ia ) a l - e v e - J tC not in c onsistent
with  the  n a y — u i  i an t  it’ a t  ;cuin ;lr ’ I ud t - , nii m i t ~ in i ps~ c t i t - i g hysica l
experiment .

3) U t i l i ty  j u d g m e r t s  f o r  d c - s i r - i d- i ’ . ’ ;o~d - ;vcr s iveness norc—n; m;c’tary

events c - au cc ’ oh ; : i f n c ’d us ing  the  S II t c c  i m l i  q;ces c o t  we use for
the monetary  j u d g m e n t s , :c is t l ;c~ none t a rv  j u d g m e n t s  w i t h i n  the con-
texts  of these n o n — m on e t a r y  c-vo mits  rc -’( ove r  t h e  on ~ i n , ’  I parameters
of the  u t I l i t ’ i  un c t ion .

4) People are  able to ct , -n ’;r;etc- se q u c ’ ;c t I a l  r c - o i , ’ r s c s  w i t h  inter—response
times two orders  ‘1 ;c a g n i t u d e  f a s t ” r  than  the r e a - ’ t l c c n  t i m e .

5) Inter—respon se times s h o r t e r  than  L b . ’ sI m~~1e reaction I law - ca n
be adj usted over -s W I - I c ’  dynamic r i m , 1 - , ;- b y a p ; ’r c ’p c  I - u i . v i  r i o t  Ions

— 
- -~~~~- -~~~~9~~~l_ --’-_ _ .., 

- it’- - _
_

,~~-*‘ 
- - -

- -- _— - - _ --~~
__ - - - . - 

~~- - _ _ - _ - -_- - _ aT 
- 

- - _
- 

- -
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in r I l 0 t ) e - l O I ~~~ r- -u~ 
- - - i- ’ - S.

(i )  S im p le  rcr’ ’- t i o t ;  t i - i c - ’ ;  I : -  t e , - ’ - c , - l i L c  r -  -nc - - i a  i t ’,- l I ; : -~~ 4’ ,e’’fl - . 1 m w - i ,
t o  ~.‘ i n d c , - t - : 0 c t ’n t  c c l  t h e  I or  ~~~~~~ 

- ‘1 t ine ; :  a ’ o cr - ’- I o n  ki-v
Ov er  t w o  c~ r , r s  I , f  I ‘ m a  I ;; I i -  -

7) S 1mp h i - - a ~~ -i ’ t i’:;- : in I ’ .’ u u , t i t - i - ” ”c;c d i -  - r e  s n ’- ~~,, t o  depen ~
( - a  ‘ i c ’  :-c i p u i t — t ’  - - c i  lu t e  ; — , t i ’  a i d  ‘ t - -i c l - i l a : - c~; : -  [~ , a a - r  - ‘ V.

8) P ay c i ’1 I i ; - i ’  ,i~ u ’ t n _ , ’ c ‘.g  ‘ I m r , - ; - i ; - , c ’ e p t i m e u  ‘ i i : : - - c , i s j c c : -  mi t

d i n t  ou t’ in - : -  -i ’ v : - a r ’ I - ;- n - ~ i : - i c n , ’, e - t m L  ~ S a ‘ i n —  i m - i : - i r  f cnc ion of
d i s t - i ’n ,’e.

9) ii t t c c ’a ’ - i Jv aaiu c - u - v t  - i t o  , e—e ’ hcci p h , - - i -  - c l  jucl, -,tmerts of t emporal
J a r - i t t  t a n  c m n d c - u  c C u l t i t  t I u : i l  is a 1 i c : o : ’ r  i t c n ’ ’t t o n  c - i f  r ime .

10) Wi’ i u c c v ’ - ’ formul - i i :  ed a - e~ - er , - ep :-  :cai  theory of h ’u - i ;.cn ac L ion  and per-
t , - i  t u ia i ,ce  t h a i  c-c-irs t c m , - :  i n  rg l  - or  .1 -mind iton I d i rec ted  acts as
b a l l i s t i c , - - ; ‘ ! hc - r i , a i  1c- i - d — ’ -:i -i o n u r o  l e d .

11) We ~:re  cont_ 1:-c t - i  ~~ ; - ‘x ; a - r i I u ’n ’ a t i S t I ~ ‘ ‘ ‘J r  ‘ c a i c i m i t e r  n,’csc~d f a c i l i t y
to s t u d y  p r eb  I err s of pe r:’ -p  t u a l  ud gmenr  and  r O i c  t i  en t ime within
the cent -ia-t i ni t ! - i i c t  now _ - a n i - u ’ I ;t  c ’j i  iz , ,t  i c - i a .

Finall y i t  L i  ~ - - - i~~t o n t  :c - p a l  - I t  omit tillct  dan ny the  cour s e  of this
program the laboratory h-es  .-io qua in ted  m p p , c - i x i t : - i a t e ’ l y  ~2 undergraduates and
nine graduate s t u d e n t s  w i t h  o x p ; ’n i n u i c t ~ i I  t echniques  i t t  wh ich  we have some
competence. Three of our rçr oci u l t o  s t u d e n t s  have  r e c eiv e d  the Masters Degree
for  work conducted in t h e  cotirre oil r esearch under  the  s u b j e c t  con t rac t , tWO

of our g raduate  s tudent s  inn .’:-- s i t c - c- ’~s’ i c i l y  - ‘anp i --t e d the -j r  P h . D .  A third
graduate student , Mr.  Joht; Al i en Owens , who would L ove  i i r r l s l c c ’ct his Ph .D.
during the term of t h i s  con t ra - i t wr - s t ’ i t i i - d  in :in airplane accident. His
loss was deep ly f e l t  by a ’ I ct-nbc-os of ou r  i nh o r a t  or ~- :i , id the Columbia
University c o m m u ni t y .
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