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H o w C o n s e q u e n c e s o f  Physica l  Principle s Influenc e M e n t a l  Representat ion : 

T h e E n v i r o n m e n t a l  Invariant s Hypothes i s 

Timothy L. Hubbard (thubbard@gainina.is.tcu.edu) 
Departmen t  o f  Psychology ;  TC U Bo x 29892 0 

Texa s Christia n University ;  For t  Worth ,  T X 7612 9 

The remembere d positio n o f  a  targe t  i s  usuall y displace d 
from  th e actua l  positio n o f  tha t  target ,  an d th e patter n o f 
displacemen t  i s  usuall y consisten t  wit h th e operatio n o f 
invarian t  physica l  principle s (fo r  review ,  se e Hubbard ,  1995 , 
1998) .  Fo r  example ,  memor y fo r  th e final  positio n o f  a 
movin g targe t  i s ofte n displace d forwar d an d downward ,  an d 
thes e pattern s hav e bee n referre d t o a s representationa l 
m o m e n t u m an d representationa l  gravity ,  respectively .  Th e 
magnitud e o f  thi s displacemen t  i s diminishe d wit h increase s 
i n implie d friction ,  a  patter n referre d t o a s representationa l 
friction .  Also ,  memor y fo r  a  targe t  movin g alon g a  circula r 
orbi t  i s  displace d towar d th e focu s o f  th e orbit ,  a  patter n 
referre d t o a s representationa l  centripeta l  force . 

Environmental Invariants Hypothesis 

The environmenta l  invariant s hypothesi s propose s tha t 
effect s o f  invarian t  physica l  principle s ar e incorporate d int o 
menta l  representation ;  i n othe r  words ,  pwrcepdo n an d 
memory system s respon d a s i f  th e representatio n o f  a n 
objec t  wer e subjec t  t o th e sam e physica l  principle s tha t 
influence d th e origina l  object. '  Thi s incorporatio n take s th e 
for m o f  a n automati c extrapolatio n i n whic h memor y i s 
displace d i n way s consisten t  wit h thos e principles . 

A New Second-Order Isomorphism 

The "a s i f  natur e o f  displacemen t  suggest s a  ne w second -
(xd a isomorphis m betwee n menta l  representatio n an d th e 
physica l  world .  M u c h a s imager y reflect s a  second-orde r 
isomorphis m betwee n propertie s o f  physica l  object s an d 
propertie s o f  image s o f  thos e objects ,  s o migh t 
displacemen t  reflec t  a  second-orde r  isomorphis m betwee n 
propertie s o f  physica l  principle s an d propertie s o f  menta l 
representation .  Accordingly ,  propertie s o f  invarian t  physica l 
principle s m a y hav e bee n incorporate d int o th e functiona l 
architectur e o f  menta l  representation . 

Implications and Consequences 

The environmenta l  invariant s hypothesi s ha s implication s 
and consequence s fo r  severa l  area s o f  investigation . 

Naive Physics Findings from "spiral tube" experiments 
sugges t  observer s d o no t  hav e veridica l  knowledg e o f 

'Th e clai m tha t  menta l  representation s respon d "a s i f 
influence d b y physica l  force s doe s no t  endors e dualism .  Th e 
poin t  i s  mor e subtle :  factor s influencin g a  give n objec t  nee d 
not  similarl y influenc e o r  b e presen t  withi n a  representatio n o f 
tha t  objec t  (e.g. ,  a  videotap e representatio n o f  a  movin g targe t 
woul d no t  experienc e th e sam e momentu m a s th e actua l  target) . 

physica l  principles ;  however ,  Hubbar d (1996 )  suggeste d 
h o w suc h findings  migh t  instea d reflec t  operatio n o f 

accuratel y incorporate d physica l  principles . 

Boundary Extension Representational momentum and 
boundar y extensio n ma y reflec t  a  mor e genera l  mechanis m 
tha t  biase s memor y i n way s consisten t  wit h experience . 

Art Paintings are perceived as unbalanced when larger 
object s ar e highe r  i n th e pictur e plane ,  an d stationar y target s 
highe r  i n th e pictur e plan e exhibi t  greate r  representationa l 
gravity .  Thes e pattern s ma y resul t  from  a n interactio n o f 
size-distanc e constanc y scalin g an d representationa l  gravity . 

Implicit Processing Dissociations of representational 
m o m e n t u m an d explici t  knowledg e sugges t  displacemen t 
may reflec t  implici t  knowledg e o f  physica l  principles . 

Evolutionary Psychology Any organism that could 
automaticall y extrapolat e th e effect s o f  physica l  principle s 
on a  pre y o r  predato r  coul d hav e a  selectiv e advantage ,  an d 
so displacemen t  shoul d als o b e foun d i n nonhuma n animals . 

Consciousness One function of consciousness may be 
t o monito r  performanc e an d compensat e fo r  error s produce d 
by displacemen t  processe s whe n a  stimulu s doe s no t  behav e 
as expecte d (e.g. ,  pre y changin g directio n o f  flight). 

A Representational Reflex Arc The notion of 
displacemen t  suggest s tha t  menta l  representatio n doe s no t 
portra y th e world-as-it-is ,  bu t  rathe r  portray s th e world-as-it -
soon-will-be .  Displacemen t  ma y hel p bridg e th e ga p 
betwee n a n organism' s initia l  perceptio n o f  a  stimulu s an d 
tha t  organism' s subsequen t  respons e t o th e stimulus . 
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