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^Adaptation' '  t o D isp lacemen t  Pr ism s I s Sensorimoto r  Learnin g 

Jennifer L. Romack, R. Andrew Buss 

and 

Geoffre y P .  Bingha m 

Departmen t  o f  Psycholog y 
Indian a Universit y 

Bloomington ,  I N 4740 5 
gbingham@ucs.indiana.ed u 

Abstrac t 

Observers reaching to a target seen through 
wedge shape d displacemen t  prism s initiall y 
reac h i n th e directio n o f  displacement ,  correctin g 
thei r  reache s ove r  a  serie s o f  abou t  1 2 trials . 
Wit h subsequen t  remova l  o f  th e prisms ,  observer s 
initiall y  reac h t o th e opposit e sid e o f  th e target , 
correctin g ove r  abou t  6  trials .  Thi s phenomeno n 

has bee n calle d "adaptation "  becaus e o f  it s 
similarit y t o th e adaptatio n o f  sensor y 
threshold s t o preveiilin g energ y levels .  W e show , 

however ,  tha t  thi s perturbatio n t o visuall y 
guide d reachin g onl y mimic s sensor y adaptatio n 
initially .  Subsequen t  change s sho w tha t  thi s i s 
sensorimoto r  learning .  Erro r  i n pointin g t o target s 
i s th e commonl y use d measure .  W e measure d 

time s fo r  rapi d reache s t o plac e a  stylu s i n a 
target .  Participant s wearin g a  pris m worke d t o 
achiev e criterio n time s previousl y establishe d 
wit h normal,  unperturbe d vision .  Block s o f  trial s 
wit h an d withou t  a  pris m wer e alternated .  Bot h 
th e numbe r  o f  trial s t o criterio n an d th e mea n 
time s pe r  bloc k o f  trial s decrease d ove r  successiv e 
block s i n a  session ,  a s wel l  a s ove r  successiv e 
days .  B y th e thir d day ,  participant s wer e abl e t o 

respon d rapidl y t o perturbations .  Thi s reflect s 
th e acquisitio n o f  a  ne w skil l  tha t  mus t  b e simila r 
t o tha t  acquire d b y user s o f  correctiv e lens . 

Introductio n 

Wedge shaped prisms bend the light projected to 
th e ey e s o tha t  ray s ente r  th e ey e a t  a n angl e 
displace d fro m thei r  origina l  angula r  locatio n 
abou t  th e poii\ t  o f  observation .  Th e directio n o f 

displacemen t  i s toward s th e ape x o f  th e wedge . 

The amotm t  o f  displacemen t  depend s o n th e siz e 
of  th e wedge .  Observer s reachin g toward s a 
targe t  see n throug h displacemen t  prism s reach , 
on thei r  firs t  attempt ,  i n th e directio n o f 
displacement .  Ove r  a  serie s o f  abou t  1 2 trials , 
observer s correc t  thei r  reache s s o tha t  eventuall y 
the y reac h directl y toward s th e actua l  locatio n 
of  th e target .  Wit h subsequen t  remova l  o f  th e 

prisms ,  observer s initiall y  reac h t o th e opposit e 
sid e o f  th e target ,  becomin g correc t  ove r  abou t  6 
trials .  Thi s phenomeno n ha s bee n calle d 
"adaptation "  becaus e o f  it s  similarit y t o th e 
adaptatio n o f  sensor y threshold s i n respons e t o 

changin g ambien t  energ y levels . 
Adaptatio n o f  sensor y threshold s exhibit s 

tim e course s invctriabl y describe d a s negativel y 
accelerate d exponentia l  curve s wit h a n 
asymmetr y i n th e rat e o f  adaptatio n dependin g 

on th e directio n o f  adjustment .  Fo r  instance , 
adaptatio n o f  visua l  threshold s t o darknes s 
take s 20-3 0 mi n whil e adaptatio n t o brigh t 
conditions '  take s onl y 2- 3 min .  Likewise ,  th e 
curve s fo r  gustator y adaptation ,  adaptatio n t o 

cutaneou s pressure ,  an d adaptatio n t o cutaneou s 
pai n exhibi t  asymmetr y dependin g o n directio n 
(Schiff ,  1980 ;  Uttal ,  1973) .  Characteristi c o f 
sensor y adaptatio n function s i s th e relativ e 

constanc y o r  stabilit y  o f  th e relaxatio n times . 
Repeate d adaptatio n o f  visua l  threshold s t o 

alternatin g dar k o r  brigh t  condition s doe s no t 
alte r  th e respectiv e time s fo r  adjustment .  Th e 
magnitude s o f  thes e relaxatio n time s reflec t  th e 
characte r  o f  th e underlyin g neurophysiologica l 
events .  Th e stabilit y  o f  thes e time s reflect s th e 
relativ e simplicit y o f  th e underlyin g dynamics . 
Onl y tw o tim e scale s ar e involved .  A  relativel y 

'  Thi s i s ofte n calle d "recovery "  i n 

recognitio n o f  th e asymmetry . 
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fas t  tim e scal e associate d wit h detectio n a s a 

threshol d i s exceede d an d a  slowe r  tim e scal e 
corres]X)ndin g t o th e adjustmen t  o f  th e threshol d 
leve l  wit h adaptation . 

The effec t  o f  displacemen t  prism s i s t o 
pertur b th e perceptuomoto r  syste m used ,  fo r 
instance ,  i n reaching .  Referrin g t o th e respons e t o 
thi s p)erturbatio n a s "adaptation *  i s t o impl y 
tha t  th e underlyin g dynami c i s simila r  t o simpl e 
dynami c o f  sensor y adaptation .  Indeed ,  th e 
analog y ha s bee n mad e explicitl y  wit h th e 
suggestio n tha t  a  singl e (correlational ) 
transformatio n fro m sensor y t o moto r  variable s 

play s th e rol e o f  th e threshol d (Dolezal ,  1982 ; 
Hei n &  Held ,  1962 ;  Held ,  1%1 ;  1965 ;  1968 ;  1980) . 

The tw o tim e scale s woul d b e a  relativel y fas t 
tim e scal e associate d wit h a  proces s o f 
sensorimoto r  transformatio n an d a  slowe r  tim e 
scal e correspondin g t o th e tim e fo r  adaptatio n t o 

th e effec t  o f  th e pris m o r  it s  removal . 
Whil e thi s hold s ou t  th e promis e o f  a 

relativel y simpl e account ,  w e sugges t  tha t  th e 
commonl y successfu l  us e o f  lense s t o correc t  visua l 
dysfunctio n mean s tha t  thi s approac h i s overl y 
optimistic .  Th e simpl e accoun t  canno t  b e correct . 
I f  i t  were ,  th e us e o f  correctiv e lense s woul d b e 
much les s effectiv e an d mor e problemati c tha n i t 
is .  User s typicall y experienc e difficultie s i n 
adjustin g t o correctiv e lense s i n th e firs t  coupl e o f 
days .  Thereafter ,  however ,  adjustmen t  t o th e 
lense s i s almos t  immediat e a s i s th e adjustmen t  t o 
thei r  removal . 

The implicatio n i s tha t  th e tim e require d fo r 
adjustmen t  t o perturbatio n b y displacemen t 
prism s i s no t  constant ,  bu t  decrease s ove r  repeate d 
applicatio n o f  th e perturbation .  Thus ,  multipl e 
tim e scale s ar e involved ,  certainl y mor e tha n 
two .  Focusin g o n paradigmati c reachin g wit h 
prisms ,  an d startin g wit h relativel y fas t  tim e 
scales ,  ther e i s th e tim e fo r  a  singl e reach .  Thi s 
i s o n th e orde r  o f  a  second .  Ther e i s th e tim e fo r 
adjustmen t  t o th e pris m o r  it s  removal .  Thi s i s o n 
th e orde r  o f  a  fe w minutes .  Ther e i s th e tim e fo r 
chang e i n th e perio d o f  adjustment .  Thi s ma y b e 
on th e orde r  o f  a n hou r  o r  tw o o r  perhaps ,  a  da y o r 
two . 

Assumin g tha t  hi s latte r  chang e exist s a s ou r 
observation s o n correctiv e lense s suggest s i t  must , 
i t  woul d constitut e evidenc e fo r  learnin g o r 
sensorimoto r  skil l  acquisition .  I s th e adjustmen t 
t o displacemen t  prism s par t  o f  a  proces s o f  skil l 
acquisition ? I f  so ,  the n w e migh t  expec t  t o se e 
improvement s i n th e abilit y  t o respon d ove r  th e 
cours e o f  repeate d perturbatio n o n a  singl e da y 

wit h som e retentio n o f  skil l  o n a  subsequen t  da y 

and wit h continue d improvement s ove r  day s 

leadin g t o a n expert' s  leve l  o f  skill .  H o w skille d 

migh t  a n exper t  be ? Migh t  h e o r  sh e b e capabl e 

of  immediat e adjustmen t  t o prism s o f  variou s 

strengths ? Thi s i s unlikel y give n tha t  som e 
perio d o f  adjustmen t  i s require d eve n fo r  a  lif e 
lon g use r  o f  correctiv e lense s whe n a  ne w 
prescriptio n i s obtained . 

We investigate d thes e question s b y 
measurin g th e tim e cours e o f  rapi d reache s t o a 
targe t  performe d ove r  altentatin g applicatio n o f 

a displacemen t  pris m an d it s removal ,  allowin g 

norma l  vision .  W e als o bega n t o investigat e th e 
natur e o f  th e potentia l  skil l  b y applyin g a 

stronge r  pris m afte r  successiv e adjustment s t o a 
weaker  one .  Subsequently ,  w e wil l  discus s th e 
n e w question s tha t  aris e wit h th e 
reconceptucilizatio n o f  thi s lon g standin g proble m 

i n perception/actio n research . 

M e t h o d s 

Apparatus. All reaches were measured using a 
two-camer a W A T S M A RT syste m samplin g 
infrare d emittin g diode s (IREDS )  a t  10 0 Hz . 
IREDS wer e place d o n th e dorsa l  sid e o f  th e 
metacarpal-phalangea l  join t  o f  th e righ t  thumb , 
on th e thumbnail ,  an d aroun d th e righ t  eye .  Th e 
collectio n perio d wa s controlle d b y a n externa l 
trigge r  house d i n a  lavmchpa d an d target .  Dat a 
collectio n routine s wer e initiate d whe n a  stylu s 
was remove d fro m th e launchpa d an d terminate d 
when th e stylu s wa s inserte d int o a  target . 
Placemen t  o f  th e stylu s i n th e laimchpa d brok e a n 
infrare d beam ,  whic h se t  th e cloc k a t  zero . 
Removal  o f  th e stylu s fro m th e launchpa d 
triggere d th e interna l  timin g mechanis m wit h a 
maximvi m dela y o f  5  ms .  Placemen t  o f  th e stylu s 
int o th e targe t  spli t  a  bea m whic h terminate d 
th e dock .  Movemen t  time s wer e displaye d o n a 
C RT a t  th e en d o f  eac h tria l  an d recorde d b y th e 
experimenter . 

Thre e pair s o f  swimmin g goggle s wer e 
instrumente d t o allo w measuremen t  o f  th e hea d 
and ey e position .  I n ed l  cases ,  th e lef t  ey e piec e 
was blackened .  Th e righ t  ey e piec e wa s covere d 
wit h a  9  c m b y 4  c m piec e o f  plexiglas s whic h 
supporte d thre e IREDS ,  place d above ,  below ,  an d 
t o th e righ t  o f  th e eye .  Displacemen t  prism s 
wer e mounte d ove r  th e righ t  ey e o f  tw o o f  tiie  set s 
of  goggles .  Visua l  displacemen t  wa s W an d 15 ° 
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t o th e right ,  respectively . 

Participants. Eight adults, 5 male and 3 female, 

aged 18-2 8 years ,  participate d i n th e experiment . 

Al l  ha d good ,  uncorrecte d visio n an d ha d neve r 

v^or n correctiv e lens .  Al l  wer e fre e o f  moto r 

disabilities .  Participant s wer e peu d a t  $5.00/hr . 

Procedure. Three experimental sessions were 

performe d o n consecutiv e day s a t  approximatel y 

th e sam e tim e eac h day .  Durin g testing ,  th e 

participan t  wa s seate d comfortably .  Hea d 

movement  wa s unrestricted .  Th e participant' s 
tas k wa s t o remov e a  stylu s fro m a  launchpa d an d 
t o plac e th e stylu s a s rapidl y a s possibl e i n a 
targe t  hol e b y reachin g wit h th e righ t  hand . 
The launchpa d wa s locate d nex t  t o th e 

participcmt' s hi p an d th e targe t  wa s place d jus t 
abov e th e p<irticipant' s righ t  knee .  Th e targe t 
was positione d a t  a  distanc e reachabl e b y full y 
extendin g th e ar m withou t  movin g th e shoulde r 

or  trui\k .  Th e angl e o f  th e targe t  wa s determine d 
by havin g th e subjec t  sigh t  directl y dow n th e 
targe t  hole .  Th e tas k wa s performe d unde r  fou r 
visua l  conditions :  binocular ,  monocular ,  monocula r 

wit h a  restricte d fiel d o f  vie w (clea r  goggles) , 
and monocula r  wit h restricte d fiel d o f  vie w an d 
displace d visio n (pris m goggles) .  Th e 
displacemen t  wa s 10° . 

The {participan t  wa s instructe d t o mov e t o th e 
targe t  a s rapidl y an d accuratel y a s possible ,  s o a s 
not  t o collid e wit h th e targe t  fac e a t  a  hig h 
speed .  Th e participan t  wa s tol d no t  t o us e an y 
targetin g strategie s othe r  tha n aimin g straigh t 
fo r  th e targe t  itself .  Th e participant' s eye s 

remaine d close d excep t  immediatel y befor e an d 
durin g th e reach . 

The firs t  2  block s consiste d o f  1 0 trial s i n eac h 
of  th e binocula r  an d monocula r  conditions .  Th e 
remainde r  o f  th e experimen t  consiste d o f 
alternatin g block s o f  clea r  goggl e an d pris m 
trials .  Th e initia l  clea r  goggl e bloc k consiste d o f 

10 trial s whic h wer e use d t o obtai n th e 
participant' s criterio n value .  Th e participan t 
was no t  awar e tha t  a  criterio n tim e wa s bein g 
establishe d fo r  us e throughou t  th e remainde r  o f 
th e experiment .  Th e criterio n valu e wa s 
determine d b y takin g th e mea n o f  th e 
participant' s movemen t  time s fo r  thi s bloc k 
(minu s th e fastes t  an d slowes t  trials )  an d addin g 

one standar d deviation . 
Thereafter ,  th e numbe r  o f  trial s fo r  eac h 

bloc k varied ,  dependin g o n th e numbe r  o f  trial s 

require d fo r  th e participan t  t o reac h th e criterio n 

valu e durin g thre e consecutiv e trials . 
Participant s wer e informe d tha t  the y wer e tryin g 
t o achiev e reache s a t  o r  belo w criterio n times . 

Alternatin g block s o f  viewin g condition s 

continue d unti l  th e participan t  reache d th e 

criterio n withi n a  maximu m o f  fou r  trial s fo r  th e 

pris m condition .  A t  thi s point ,  a n additiona l 

roun d o f  clea r  goggle s an d pris m block s wa s 

performe d endin g wit h a  fina l  bloc k o f  th e clea r 

goggle s trials .  Thi s wa s followe d b y a  pris m 

bloc k wit h a  15 °  displacemen t  prism . 

Result s an d Discussio n 

The number of trials and mean movement time 
fo r  eac h bloc k o f  trial s wer e compute d fo r  eac h 

participant .  Base d o n thes e results ,  th e dat a o f 
tw o participant s wer e remove d fro m th e 
analysis .  On e mal e exhibite d muc h slowe r  an d 
more variabl e time s an d a n exceptionall y larg e 
number  o f  trial s pe r  bloc k compare d t o th e othe r 

participants .  H e wa s discovere d t o b e lef t  han d 
dominant .  Th e othe r  wa s a  femal e w h o 
exhibite d a  distinc t  lac k o f  motivatio n whil e 
performin g th e task .  He r  criterio n tim e wa s ver y 
slo w an d wa s foun d no t  t o b e representativ e o f  he r 
performcuic e capabilitie s a s reveale d i n a  numbe r 
of  othe r  block s fro m baselin e an d experimenta l 
trials .  He r  dat a als o exhibite d a n unusuall y 

hig h degre e o f  variability . 
Mecm movemen t  time s an d th e mea n numbe r 

of  trial s pe r  bloc k wer e calculate d fo r  th e 

remainin g 6  participants .  Th e overal l  mea n 
criterio n tim e fo r  th e 6  participant s wa s 1. 1 s 

(sd=.05 3 s) . 

Movement  time s decrease d ove r  trial s withi n 
blocks .  I n th e firs t  pris m block s o n th e firs t  day , 
time s starte d wel l  abov e criterio n an d droppe d t o 
criterio n level s ove r  a n averag e o f  abou t  1 1 trials . 
I n th e firs t  clea r  goggle s bloc k followin g this , 

time s droppe d t o criterio n i n abou t  7  trials .  Thes e 
result s wer e consisten t  wit h th e standar d 
"adaptation "  pattern ,  includin g th e asymmetri c 
number  o f  trial s wit h an d withou t  th e prism . 
However ,  th e amoun t  o f  decreas e i n time s ove r 
trial s withi n block s itsel f  decrease d ove r 

successiv e block s a s di d th e initict l  cimoun t  o f  tim e 
abov e criterio n a t  th e beginnin g o f  blocks .  Thes e 
change s i n time s reveale d tha t  th e patter n o f 

result s wit h initia l  exposur e t o th e pris m wa s 
merel y th e firs t  stag e i n a  proces s o f 
perceptuomoto r  skil l  acquisition . 
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M e an movemen t  tim e an d th e mea n numbe r  o f 

trial s pe r  bloc k decrease d ove r  successiv e block s 
withi n a  session .  I n addition ,  m e a n movemen t 
tim e an d th e m e a n numbe r  o f  trial s pe r  bloc k 

decrease d acros s days .  Th e variabilit y  I n 
m o v e m e nt  time s followe d a  simila r  tren d 
showin g tha t  participant s wer e performin g th e 

tas k wit h increasin g consistenc y a s wel l  a s 

proficiency . 
The m e a n numbe r  o f  trial s pe r  bloc k i s show n 

i n Figur e 1  fo r  th e 3  day s (Da y 1 :  fille d circles ; 
D ay 2 :  of)e n squares ;  D a y 3 :  fille d triangles) .  A s 
require d b y design ,  th e numbe r  o f  tried s fo r  th e 
firs t  thre e baselin e block s (binocular ,  monocular , 

an d clea r  goggle s 1 )  remaine d constan t  acros s 
day s a t  1 0 trials .  Afte r  a  sligh t  increas e fo r  th e 
firs t  pris m bloc k o n da y 1 ,  th e m e a n numbe r  o f 
trial s fo r  eac h subsequen t  bloc k decline d 
progressivel y i n a  nonmonotoni c fashion .  M e a n 

number  o f  trial s t o criterio n droppe d belo w 4 

trial s afte r  1 4 alternatin g block s o n da y 1 .  S o m e 
participant s reache d th e 4  tria l  cutof f  befor e 
others .  Th e numbe r  o f  participant s contributin g t o 
th e m e a n s w a s s h o w n i n Figur e 1' . 

Mean Numbe r  o f  Trial s pe r  Bloc k 
l6 > 

10 12 5 1 5 17 3 2 0 22 5 2 5 
Bloc k 

A simila r  patter n w a s obtaine d o n da y 2 , 
althoug h th e m e a n numbe r  o f  trial s i n th e firs t 
pris m bloc k wa s onl y 5.67 ,  a  dro p o f  4.8 3 fro m da y 
1.  Thi s dro p als o w a s eviden t  o n da y 3  i n whic h a 
mean o f  5.3 3 trial s w a s require d t o reac h criterio n 
i n th e firs t  pris m block .  Th e tota l  numbe r  o f 
alternatin g block s performe d befor e th e cutof f  o n 
da y 2  w a s 12 ,  however ,  th e 9-12t h block s wer e 

performe d b y a  singl e participant .  Fo r  da y 3 ,  th e 
number  o f  alternatin g block s w a s 6 .  Th e overal l 

m e an n u m b e r  o f  trial s t o criterio n jje r  bloc k 

droppe d ove r  day s fro m 6 5 o n da y 1  t o 4. 2 o n da y 

2 t o 3. 8 o n da y 3 . 
As show n i n Figur e 2 ,  m e a n m o v e m e n t  time s 

fo r  binocular ,  monocular ,  an d dea r  goggl e 1  block s 
wer e simila r  t o on e anothe r  o n al l  3  days . 

However ,  th e overal l  m e a n tim e fo r  thes e block s 
Mean Tria l  Duration s pe r  Bloc k 

Si. i 

.8 

.T 

'  Fo r  instance ,  3  participant s ha d reache d th e 
4 tria l  cutof f  b y th e 9t h bloc k overal l  o n th e firs t 
day ,  leavin g 3  participant s contributin g t o th e 
mean fo r  th e 10t h block . 

0 2 5 5  7 5 1 0 12 5 1 5 17 5 2 0 22 5 2 5 
Bloc k 

decrease d ove r  day s fro m 1.0 8 s  t o .9 4 s  t o .8 6 s . 
Thi s reflecte d a  genera l  i m p r o v e m e n t  i n 
performanc e acros s days . 

The m e a n movemen t  tim e fo r  th e firs t  pris m 
bloc k o n da y 1  wa s 1.25 s (sd=.07s) .  Thi s w a s .1 8 s 
greate r  tha n th e m e a n o f  th e clea r  goggl e 1  block . 
Thi s increas e w a s exactl y th e sam e eac h day . 
Pris m 1  m e a n time s fo r  day s 2  an d 3  wer e 1.1 2 s 
an d 1.0 4 s ,  respectively . 

However ,  subsequen t  rate s o f  decreas e o f 
m e an time s ove r  block s wer e differen t  o n differen t 

days .  W e performe d linea r  regression s o n th e 
individua l  time s fo r  th e firs t  tria l  o f  eac h bloc k 
fro m pris m 1  o n t o th e las t  clea r  goggl e bloc k 

(tha t  is ,  excludin g th e 15 °  pris m blocks) , 
regressin g bloc k numbe r  o n time s fo r  eac h day .  Al l 
3 regression s wer e significant ,  p<.0 1 o r  better . 
The slope s represente d th e decreas e i n m e a n tim e 
per  block .  Ove r  days ,  th e slope s increase d fro m -
15ms t o -47m s t o -113ms .  W h e n couple d wit h th e 
m e an pris m 1  times ,  thes e result s m e a n that ,  o n 
subsequen t  days ,  participant s starte d wit h faste r 
time s an d proceede d t o decreas e m o r e rapidl y 
fro m thos e time s ove r  blocks .  However ,  th e 
chang e i n th e rat e o f  decreas e occurre d onl y fo r 
clea r  goggl e blocks .  Th e resul t  o f  a  linea r 
regressio n o f  bloc k numbe r  o n individua l  time s fo r 

th e firs t  trial s o f  pris m block s alon e w a s plotte d 
i n Figur e 3 .  Almos t  identica l  slope s wer e 
obtaine d fo r  «d l  3  days .  Th e slope s wer e -69ms ,  -

71ms,  an d -84m s fo r  day s 1- 3 respectively .  Thi s 
means tha t  th e m o v e m e n t  tim e fo r  th e firs t  tria l 
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of  pris m block s decrease d a t  a  constan t  rat e o f 

abou t  70in s pe r  bloc k o n al l  3  days .  Th e differenc e 

i n intercep t  betwee n day s 1  an d 2  wa s 220m s 

(«3x70ms) .  Betwee n day s 2  an d 3 ,  i t  wa s 140m 8 

(=2x70ms) .  Thi s mean s tha t  abou t  3  pris m block s 

wort h o f  progres s (o r  abou t  1+3=4 ,  4x2= 8 
prism/dea r  goggl e alternations )  wa s retaine d o n 
th e secon d day ,  whil e abou t  3  pris m block s wort h 
of  progres s beyon d da y 2  (o r  abou t  6  prism/dea r 
goggl e alternations )  wa s retaine d o n da y 3 .  Th e 
regularit y i n thes e number s surel y implie s th e 

existenc e o f  a n underlyin g learnin g function . 

3 fro m -12m s t o -17m s t o -31m3 ,  respectivdy . 
SD' s fo r  Bloc k Tria l  Duration s 
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The mea n time s fo r  th e fina l  15 "  pris m block s 

al l  hovere d aroim d th e mea n criterio n tim e acros s 
participant s implyin g tha t  th e participant s 

discovere d exactl y wha t  thi s tim e wa s an d 
tende d t o optimiz e t o tha t  time .  Mea n time s fo r 

15°  pris m block s wer e les s tha n o r  equa l  t o thos e 
fo r  th e firs t  10 °  pris m block s o n a  give n day . 

Becaus e 15 °  pris m trial s wer e performe d afte r 
partidpant s ha d re-adjuste d t o th e dea r  goggl e 
condition ,  w e ca n infe r  tha t  skil l  gaine d i n th e 
contex t  o f  adjustmen t  t o 10 °  prism s wa s use d t o 
advantag e i n adjustin g t o a  15 °  prism '  .  I n th e 

learnin g literature ,  thi s woul d b e calle d 
"positiv e transfer "  o r  "stimulu s generalization " 
(Welch ,  1978 ;  1991) . 

Finally ,  th e standar d deviation s fo r  bloc k 
time s wer e plotte d i n Figur e 4 .  Variabilit y  i n 
movement  time s decrease d ove r  block s withi n a 

day .  Further ,  th e rat e o f  decreas e fro m a  commo n 
initia l  leve l  o f  variabilit y  increase d ove r  days . 
Linea r  regression s wer e performe d o n standar d 
deviation s fo r  block s startin g wit h pris m 1  (an d 
excludin g 15 °  pris m blocks) ,  regressin g bloc k 
number  o n SD's .  Th e slope s increase d ove r  day s 1 -

*  Although ,  partidpant s wer e no t  a s quic k t o 
adjus t  a s the y wer e o n th e immediatel y precedin g 
10°  pris m block . 

15 V S 20 22 3 10 12 5 
Bloc k 

Thus, participants exhibit approximately the 

same amoun t  o f  rando m variabilit y  a t  th e 
beginnin g o f  subsequen t  days .  Reductio n o f  thi s 
variabilit y  precede d mor e rapidl y o n successiv e 
days .  Th e implicatio n i s tha t  participant s star t 
wit h a  roug h for m o f  th e adjustmen t  functio n o n a 
give n day ,  bu t  procee d wit h skil l  t o hon e i n 
quickl y o n a  stabl e adjustmen t  function . 

Conclusion s 

We fovmd evidence for processes on multiple time 
scale s indudin g individua l  reache s performe d i n 
abou t  1  second ,  adjustmen t  t o perturbatio n ove r 
trial s withi n a  bloc k occurrin g ove r  abou t  1 

minute ,  acquisitio n o f  th e abilit y  t o adjus t  ove r  a 
mere coupl e o f  tricd s occurrin g ove r  1  hour ,  an d 

acquisitio n o f  th e abilit y  t o adjus t  almos t 
immediatel y o n firs t  exposure ,  whic h occurre d 
ove r  days .  Th e problem ,  viewe d i n th e ligh t  o f 
thi s evidence ,  i s t o fin d a  commo n framewor k 
enablin g u s t o understan d ho w processe s o n 
differen t  tim e scale s ca n intera d an d determin e 
one another . 

Another ,  perhap s mor e familia r  wa y o f 

expressin g thi s questio n i s a s follows .  W e hav e 
evidenc e tha t  adjustment s t o perturbation s b y 

displacemen t  prism s ar e par t  o f  a  proces s o f 
sensorimoto r  skil l  acquisition .  Th e question s tha t 

aris e naturall y i n thi s contex t  are :  Wha t  ar e th e 
ol d skills ? Wha t  ar e th e ne w skills ? H o w ar e 
th e ne w skill s  relate d t o th e ol d skills ? 

Our  experiment s provide d u s wit h 
kinemati c dat a tha t  w e ca n us e t o begi n t o 
addres s thes e questions .  W e wil l  tur n t o thi s tas k 

i n futur e papers . 
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