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Abstrac t 
A se t  o f  tâ k s develope d i n accordanc e wit h 

Kosslyn .  Va n Kleeck .  &  Kirby' s (1990b ) 
neurologicall y plausibl e mode l  o f  visua l  menta l 
imager y wa s use d t o explor e effect s o f  agin g o n 
specifi c  componen t  processe s involve d i n imag e 
generatio n an d maintenance .  Contrar y t o th e widel y 
hel d belie f  tha t  ag e difference s i n cognitio n ar e 
attributabl e t o a  singl e mechanis m o f  globa l  effec t 
(e.g. ,  a  reductio n i n critica l  processin g resources , 
Salthouse ,  1988) ,  result s indicat e tha t  processe s 
involve d i n visua l  menta l  imager y ar e differentiall y 
age-sensitive .  Mor e precisely ,  component s require d 
t o activel y maintai n image s ar e particularl y sensitiv e 
t o effect s o f  aging ,  whil e thos e tha t  acces s visua l 
informatio n from  memor y ar e no t  especiall y 
affected .  Advantage s o f  a  componentia l  approac h t o 
understandin g ag e difference s i n cognitiv e processin g 
ar e disscussed ,  a s wel l  a s th e potentia l  fo r  suc h age -
relate d change s t o b e a  readil y exploitabl e sourc e o f 
informatio n regardin g th e functiona l  architectur e o f 
cognition . 

Age Differences in Visual Mental Imagery 

Researc h int o effect s o f  agin g o n visua J menta l 
imager y ha s focuse d primaril y o n th e abilit y t o "mentall y 
rotate "  disoriente d object s (fo r  a  comprehensiv e review  o f 
suc h task s se e Shepar d &  Cooper ,  1982) .  I n general , 
result s fro m thes e studie s ar e consisten t  wit h ag e 
difference s foun d o n virtuall y  al l  speede d cognitiv e tasks : 
That  is ,  olde r  adult s perfor m mor e slowl y tha n d o thei r 
younge r  counterpart s (Salthouse ,  1985) .  I n additio n t o thi s 
generalized ,  o r  task-independent ,  slowing ,  ther e i s reaso n t o 
believ e tha t  specifi c  imager y processe s diffe r  i n thei r 
sensitivit y t o effect s o f  aging .  A n unpublishe d tas k 
analysi s o f  th e si x mos t  recen t  chronometri c studie s o f 
agin g an d menta l  rotatio n (Berg ,  Heruo g &  Hunt .  1982 ; 
Cerella ,  Poo n &  Fozard ,  1981 ;  Gaylord' & Marsh ,  1975 ; 
Jacewic z &  Hartley ,  1979 ;  Puglis i  &  MorreU ,  1986 ; 
Sharp s &  GoUin ,  1987 )  suggeste d tha t  observe d age-relate d 
slowin g m a y b e primaril y attributabl e t o specifi c  deficit s i n 
shiftin g visua l  attention .  Furthermore ,  i n th e on e menta l 
rotatio n tas k reviewe d wher e attentiona J demand s wer e 
minimize d (b y presentin g to-be-compare d stimul i 
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sequentiall y  rathe r  tha n simultaneously) ,  olde r  adult s 
performe d a s quickl y an d accuratel y a s th e youn g adul t 
grou p (Jacewic z &  Hartley ,  1979) .  Similarly ,  Dirk x 
and Crai k (1989 )  foun d tha t  olde r  adult s wer e impaire d o n 
certai n task s o f  menta l  imag e rotatio n (East-Wes t  Test ) 
and imag e generatio n (Qoc k Test) ,  ye t  demonstrate d 
ncMina l  level s o f  performanc e o n anoth w versio n o f  th e 
menta l  rotatio n tas k (Brook' s Lette r  Test) .  Finally ,  i n thei r 
neuropsychologica l  stud y o f  variou s imager y abilities , 
Fara h an d H a m m o nd (1988 )  reported  ag e difference s i n th e 
abilit y o f  healthy ,  olde r  contro l  subject s t o perfor m 
judgement s base d o n self-generate d image s i n some ,  bu t  no t 
al l  tasks . 

I n sum ,  previou s research  suggest s tha t  som e 
aspect s o f  imager y ar e particulail y  sensitiv e t o effect s o f 
aging ,  whil e other s ar e no t  uniquel y affected .  Th e 
equivoca l  natur e o f  thes e findings  i s no t  easil y reconcile d 
wit h th e prevailin g wisdo m tha t  ag e difference s i n 
performanc e ar e attributabl e t o a  singl e mechanis m o f 
globa l  effec t  (e.g. ,  a  declin e i n th e availabilit y  o f  critica l 
processin g resources  (reviewe d i n Salthouse ,  1988) ,  slowe d 
rat e o f  neura l  conductio n (Birren ,  1974) ,  o r  undifferentiate d 
information-los s arisin g fro m increase d 'neural-noise ' 
(Myerson ,  Hale ,  Wagstaff ,  Poon ,  &  Smith ,  1990) .  I f  thi s 
i s  so ,  performanc e o f  al l  imager y task s shoul d b e similarl y 
affecte d b y aging .  Variabilit y  i n effect s o f  agin g acros s 
imager y task s i s t o b e expected ,  however ,  if :  (a ) 
performanc e o f  visua l  imager y task s demand s conuibution s 
firom  numerous ,  relativel y independen t  processin g 
component s (e.g. ,  Kosslyn ,  1987 ;  Kosslyn ,  e t  al. ,  1984 ; 
Kosslyn ,  e l  al. ,  1990b) ;  and ,  (b )  suc h component s ar e 
differentiall y  sensitiv e t o effect s o f  agin g (e.g. ,  Johnson , 
1990 ,  Johnso n &  Kosslyn ,  1991 ;  Johnso n &  Rybash . 
1991) .  Th e presen t  studie s undertoo k t o investigat e thes e 
possibilitie s withi n th e contCA i  o f  iw O basi c imagei y 
abilitie s -  imag e generatio n an d imag e maintenence . 

A Componential Approach 

Kossly n an d hi s colleague s (Kosslyn ,  1988 ; 
Kosslyn ,  e t  al. ,  1988 ;  Kossly n e t  al. ,  1990a )  hav e 
develope d a  se t  o f  task s base d o n Podgom y an d Shepard' s 

(1978 )  paradig m tha t  provid e a  mean s o f  examinin g th e 

efficienc y o f  particula r  componen t  processe s involve d i n 

generatio n an d maintenanc e o f  visua l  menta l  images . 
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Becaus e thes e task s allo w on e t o stud y particula r 
component s i n isolation ,  the y ar e idea l  fo r  evaluatin g 
hypothese s regardin g mechanism s responsibl e fo r  ag e 
difference s i n imager y behavior .  Accordin g t o Kossly n e t 
al .  (1990b) ,  imag e generatio n an d imag e maintenenc e d o 
not  depen d entirel y o n th e sam e se t  o f  processin g 
components .  Therefore ,  i f  component s involve d i n 
imager y diffe r  i n thei r  sensitivit y t o effect s o f  aging ,  the n 
imag e generatio n an d imag e maintenanc e processe s nee d 
not  b e similarl y affected .  I f  ag e difference s i n imager y aris e 
fro m a  generalize d defici t  tha t  doe s no t  respec t  boundarie s 
betwee n componen t  processes ,  however ,  imag e generatio n 
and imag e maintenanc e processe s shoul d b e similarl y 
affected . 

Isolating Coinponents 

Eightee n olde r  adult s (age s 6 3 -  81 )  an d 1 8 
younge r  adult s (age s 1 8 -  30) ,  o f  comparabl e educationa l 
and intellectua l  status ,  wer e teste d o n thre e task s ~  Imag e 
Generation ,  Perceptua l  Control ,  an d Imag e Maintenance . 
Task s eac h consiste d o f  4 8 experimenta l  trial s precede d 
by 1 2 practic e trial s an d wer e administere d i n a n orde r 
counterbalance d withi n eac h ag e group . 
Imag e Generatio n Task .  Subject s studie d a  black , 
two-dimensiona l  bloc k patter n withi n a  4  x 5  cel l  gri d 
displaye d agains t  a  whit e field  o n a  standar d Macintos h 
S E 20 C R T (Figure s depictin g simila r  display s ca n b e 
foun d i n Kosslyn ,  1988 ;  P o d g o m y &  Shepard ,  1978) . 
W h en th e figure  wa s committe d t o memory ,  subject s 
depresse d th e spac e bar .  One-hundre d ms .  later ,  a 
homogenou s blac k mas k appeare d fo r  50 0 ms. ;  followe d 
immediatel y b y a  blan k 4 x 5 cel l  gri d wit h a n "X "  prob e 
i n on e o f  th e cells .  Subject s wer e require d t o decide ,  a s 
quickl y an d accuratel y a s possible ,  whethe r  th e prob e 
woul d hav e falle n o n o r  of f  th e bloc k pattern ,  wer e i t 
stil l  presen t  i n th e grid .  Reactio n time s (RT )  wer e 
measure d fro m onse t  o f  th e prob e unti l  subject s 
responde d b y depressin g eithe r  th e "yes "  o r  "no "  key . 

Accordin g t o Kossly n e t  al's .  (1990b ) 
neurologically-plausibl e mode l  o f  visua l  menta l  imagery , 
imag e generatio n require s tw o subset s o f  processes :  on e 
t o acces s store d visua l  informatio n fro m memory ,  an d a 
secon d t o activat e a  patter n base d o n thi s retrieve d 
informatio n withi n a  temporally-limite d visua l  buffer . 

I n a n elegan t  serie s o f  experiment s employin g 
task s simila r  t o thos e presend y discussed ,  Kosslyn ,  e t  al . 
(1988 )  demonstrate d tha t  image s ar e generate d 
sequentiall y  -  -  on e segmen t  a t  a  tim e (se e als o Kosslyn , 
1988) .  Concomitantly ,  stimulu s complexity  ca n b e 
manipulate d t o affec t  varyin g degree s o f  processin g loa d 
precisel y o n thos e componen t  processe s involve d i n 
generatin g images ,  an d effect s o f  thes e demand s ca n b e 
observe d t o determin e th e efficienc y o f  thes e processes . 
T o thi s end ,  a n equa l  numbe r  o f  trial s consistin g o f 
eithe r  one ,  tw o o r  thre e segmen t  stimul i  wer e presented . 

I n additio n t o imagery ,  respons e latencie s o n thi s 
Imag e Generatio n tas k reflec t  non-imager y processe s use d 
t o encod e th e prob e an d execut e a  moto r  response . 
Becaus e demand s o n thes e non-imager y processe s d o no t 
var y wit h complexity  o f  th e stimulus ,  however , 
compariso n o f  performanc e betwee n trial s wit h one ,  two , 
and thre e segmen t  stimul i  shoul d revea l  onl y rate s o f 
imager y processe s (Kosslyn ,  e t  al. ,  1990a) . 
Perceptua l  Contro l  Task .  Difference s i n R T fo r 
stimul i  o f  differen t  complexity ,  however ,  reflec t  no t  onl y 
tim e t o generat e th e image ,  bu t  als o tim e t o searc h th e 
imag e fo r  prob e locatio n (Kosslyn ,  1988 ;  Kossly n e t  al. , 
1988 ;  Kossly n e t  al. ,  1990a) ,  an d i t  i s possibl e tha t  rate s 
of  imag e searc h m a y covar y wit h stimulu s complexity . 
A Perceptua l  Contro l  tas k wa s therefor e include d t o 
contro l  fo r  rat e o f  imag e search .  Thi s tas k wa s identica l 
t o th e Imag e Generatio n task ,  excep t  tha t  bot h th e prob e 
and th e stimulu s patter n wer e visibl e simultaneousl y s o 
as t o obviat e th e nee d t o generat e a n image :  Th e subjec t 
merel y ha d t o determin e whethe r  th e prob e wa s o n o r  of f 
th e patter n a s quickl y an d accuratel y a s possibl e whil e 
bot h wer e full y visible . 

Give n th e precedin g logic ,  effect s o f  stimulu s 
complexit y o n Imag e Generatio n an d Perceptua l  Contro l 
task s ca n the n b e compared ,  an d an y difference s shoul d 
reflec t  contribution s o f  processe s specifi c  t o imag e 
generation ,  apar t  fro m contribution s o f  thos e involve d i n 
eithe r  non-imager y o r  imag e searc h processes .  Likewise , 
age difference s i n efficienc y o f  imag e generatio n 
component s ca n b e examine d b y comparin g difference s i n 
effect s o f  stimulu s complexit y o n Imag e Generatio n an d 
Perceptua l  Contro l  task s betwee n younge r  an d olde r 
adults . 

Imag e Maintenanc e Task .  Finally ,  a n Imag e 
Maintenanc e tas k wa s use d t o evaluat e ag e difference s i n 
th e abilit y  t o activel y maintai n visua l  menta l  image s fo r 
varyin g amount s o f  time .  Procedurall y speaking ,  th e 
Imag e Maintenenc e tas k wa s identica l  t o th e Imag e 
Generatio n tas k excep t  tha t  (a )  n o mas k wa s use d t o 
disrup t  subjects '  maintenanc e o f  stimulu s pattern s ove r 
th e delay ,  o r  interstimulu s interva l  (ISI )  interval ;  and ,  (b ) 
probe s o n hal f  o n th e trial s wer e presente d 50 0 ms .  afte r 
th e stimulu s fram e (th e sam e IS I  use d i n th e Imag e 
Generatio n task) ,  whil e th e IS I  o n remaining  trial s wa s 
lengthene d t o 300 0 ms . 

Accordin g t o Kossly n e t  al .  (1990b) ,  imag e 
maintenenc e require s a  subse t  o f  processe s use d t o 
generat e visua l  image s fro m memor y ~  thos e tha t 
activat e (o r  re-activate )  pattern s withi n a  temporally -
limite d visua l  buffer .  Sinc e n o mas k wa s use d durin g 
th e ISI ,  i t  wa s reasone d tha t  a n imag e o f  th e stimulu s 
patter n woul d b e activel y maintaine d and ,  consequendy , 
component s use d t o acces s store d visua l  informatio n 
woul d no t  b e required .  Manipulatio n o f  stimulu s 

complexit y an d IS I  should ,  therefore ,  plac e additiona l 

processin g demand s precisel y o n imag e maintenanc e 

component s (Kossly n e t  al. ,  1990a) . 
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Result s a n d Discussio n 

Imag e Generation .  A s intended ,  ther e wa s a 
significan t  two-wa y interactio n betwee n tas k (Imag e 
Generatio n vs .  Perceptua l  Control )  an d stimulu s 
complexity(onc ,  two ,  o r  thre e segments )  fo r  bot h R T 
[F(2,64 )  =  21 .  p  =  .0001 ]  an d accurac y [F(2,64 )  =  4.8 .  p 
= .01 ]  perfwmance .  Thi s finding  reflect s th e fac t  tha t  a s 
stimulu s complexit y increase d performanc e o n th e Imag e 
Generatio n tas k decreased ,  whil e perfonnanc e o n th e 
Perceptua l  Contro l  tas k wa s unaffecte d (se e Figur e One) . 
Manipulatio n o f  stimulu s complexit y was,therefore . 
successfu l  i n affectin g additiona l  processin g demand s 
precisel y o n thos e component s involve d i n imag e 
generatio n ̂ ar t  from  eithe r  perceptual-moto r  o r  imag e 
searc h processes . 

Ther e wa s als o evidenc e fo r  substantia l  ag e 
difference s i n performance :  Olde r  adult s wer e slowe r  tha n 
younge r  adult s o n bot h th e Perceptua l  Contro l  an d I m ^ e 
Generatio n tasks ,  F(l,32 )  =  40.81 .  p<.0001) .  Olde r 
adult s als o committe d significantl y mor e error s tha n 
younge r  adult s [(F(l ,  32 )  =  9.52 .  p  =  .004] ,  indicatin g 
tha t  th e mai n effec t  o f  ag e o n R T wa s no t  attributabl e t o 
speed/accurac y tradeof f  (se e Figur e One) . 

Consonan t  wit h th e observatio n tha t  ag e 
difference s ten d t o b e mor e pronounce d o n task s o f 
greate r  difficult y (e.g. ,  Cerella ,  Poon ,  &  Williams , 
1980) .  ag e difference s wer e o f  greate r  magnitud e ch i  th e 
Imag e Generatio n tha n th e Perceptua l  Contro l  tas k 
[F(1.32 )  =  7.46 ,  p  =  .01] .  Likewise ,  olde r  adult s wer e 
les s accurat e o n th e Imag e Generatio n tha n th e Perceptua l 
Contro l  tas k [(F(l,32 )  =  6.3l, p =  .017)] ,  agai n 
providin g assuranc e tha t  ag e difference s i n R T wer e no t 
attributabl e t o speed/accurac y tradeof f  (se e Figur e One) . 

Contrar y t o wha t  i s expecte d i f  component s 
involve d i n imag e generatio n ar e particularl y sensitiv e t o 
effect s o f  aging ,  variation s i n stimulu s complexit y faile d 
t o exacerbat e ag e difference s i n R T performance .  F(2,64 ) 
= 2.0 ,  p  =  .  14 .  A g e difference s i n accurac y did , 
however ,  sho w a  tendenc y t o increas e wit h stimulu s 
complexity .  F(2.64 )  =  3.18 .  p  =  .0 5 (se e Figur e One) . 
Thi s raises  th e possibilit y  tha t  olde r  adult s m a y hav e 
sacrifice d accurac y fo r  speed .  Sinc e erro r  rales  wer e quit e 
lo w ( < 6 % i n al l  cells) ,  i t  seem s unlikel y tha t  speed -
accurac y tradeof f  alon e wa s responsible  fo r  thi s finding. 
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Figure One depicts effects of stimulus complexity 
on R T an d accurac y performanc e o f  younge r  an d 
olde r  adult s o n th e Perceptua l  Control ,  Imag e 
Generation ,  an d Imag e Maintenanc e Tasks . 

Image Maintenance. As expected, older subjects 
wer e als o significantl y slowe r  [F(132 )  =  29.02 ,  p  = 
.0001) ]  an d les s accurat e [F(l,32 )  =  8.69 .  p  =  .006) 1 tha n 
younge r  adult s o n th e Imag e Maintenanc e task .  I n 
contras t  t o imag e generation ,  however ,  ther e wa s 
evidenc e tha t  component s involve d i n imag e maintenanc e 
ar e particularl y age-sensitive .  M o r e precisely ,  ag e 
difference s i n R T [F(2,64 )  =  3.2 ,  p  =  .047 ]  an d accurac y 
[F(2,64 )  =  5.48 .  p  =  .006 ]  performanc e increase d a s a 
functio n o f  stimulu s complexit y (se e Figur e One) .  A g e 
difference s i n R T o r  accurac y wer e not ,  however ,  affecte d 
b y a  six-fol d increas e i n th e interva l  ove r  whic h image s 
wer e maintaine d fo r  R T o r  accurac y performanc e [ F <  1 
i n bot h cases] . 

General Summary 
Suppor t  wa s garnere d fo r  th e hypothesi s tha t 

agin g ha s differentia l  effect s o n specifi c  component s 
involve d i n visua l  menta l  imagery :  M o r e precisely . 
processe s require d t o activat e store d visua l  informatio n 
durin g imag e generatio n ar e no t  particularl y sensitiv e t o 
effect s o f  aging ,  whil e thos e neede d t o activel y maintai n 
pauems o f  visua l  informatio n ar e uniquel y affected . 

Th e finding  tha t  imager y component s ar e 
differentiall y  age-sensitiv e i s difficul t  t o reconcil e wit h 
th e contemporar y wisdo m tha t  attribute s ag e difference s 

t o a  singl e mechanis m o f  globa l  effec t  (e.g. ,  Birren , 

1974 ;  Myerso n e t  al. ,  1990 ;  Salthouse .  1985) . 
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Thes e result s instea d sugges t  tha t  ag e difference s i n 
information-processin g may ,  i n part ,  b e attributabl e t o 
highl y selectiv e mechanisms .  Failur e o f  previou s 
attempt s t o identif y suc h mechanism s ma y b e du e t o 
employmen t  o f  methodologie s limite d t o examinin g 
cognitiv e performanc e a t  th e relativel y gros s leve l  o f 
processin g stages ,  rathe r  tha n a t  th e leve l  o f  specifi c 
processin g component s o f  whic h suc h stage s consis t  (fo r 
a comprehensiv e revie w o f  thi s issu e se e Johnso n & 
Rybash ,  1991) . 

The fac t  tha t  ag e difference s obtai n fo r  imag e 
maintenanc e bu t  no t  imag e generatio n als o provide s 
additiona l  suppor t  fo r  th e hypothesi s tha t  imag e 
generatio n an d imag e maintenanc e d o no t  recrui t  entirel y 
th e sam e se t  o f  processin g components .  Tha t  imag e 
maintenanc e processe s ar e particularl y age-sensitive , 
whil e imag e generatio n processe s ar e no t  is ,  however ,  a 
somewhat  curiou s finding.  Accordin g t o Kossly n e t  al's . 
(1990b )  mode l  imag e generatio n require s on e subse t  o f 
processe s t o acces s visua l  informatio n fro m memor y an d 
anothe r  t o activat e pattern s base d o f  thi s informatio n i n a 
temporally-limite d visua l  buffer .  I n contrast ,  imag e 
maintenanc e require s onl y th e latte r  subse t  O n on e 
hand ,  processe s tha t  activat e visua l  memorie s durin g 
imag e generatio n ma y someho w offse t  ag e difference s i n 
processe s tha t  activat e pattern s i n th e visua l  buffer , 
thereb y minimizin g ag e difference s i n performanc e o n th e 
Imag e Generatio n task .  O n th e othe r  hand .  Imag e 
Generatio n an d Imag e Maintenanc e ma y requir e entirel y 
orthogona l  set s o f  processin g components ,  wit h onl y th e 
latte r  se t  bein g particularl y sensitiv e t o effect s o f  aging . 
Furthe r  experimentatio n wil l  b e require d t o discriminat e 
betwee n thes e alternatives . 

To conclude ,  th e presen t  findings  sugges t  tha t  a 
componentia l  approac h ma y provid e a  bette r 
understandin g o f  mechanism s responsibl e fo r  ag e 
difference s i n behavior ,  an d a  potentiall y fertil e avenu e 
fo r  explorin g th e functiona l  architectur e o f  cognition . 
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