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Abstrac t 

Some theories of analogical mapping predict that finding 
mapping s base d o n relation s betwee n object s require s 
greate r  working-memor y capacit y tha n finding  mapping s 
base d o n attribute s o f  individua l  objects .  I t  follow s tha t 
th e abilit y  t o mak e relationa l  mapping s wil l  b e impaire d b y 
any manipulatio n tha t  constrict s availabl e workin g 
memoiy capacity .  Thi s predictio n wa s teste d i n tw o 
experiment s usin g a  mappin g tas k tha t  require d findin g 
correspondence s betwee n pair s o f  picture s i n whic h a 
critica l  objec t  wa s "cross-mapped "  (attribut e similarit y 
supportin g on e mapping ,  relationa l  similarit y  another) . 
Workin g memor y wa s constricte d i n Experimen t  1  b y 
requirin g participant s t o maintai n a  digi t  loa d whil e 
performin g th e mapping ,  an d i n Experimen t  2  b y inducin g 
anxiet y usin g a  speede d subtractio n tas k administere d 
prio r  t o th e analog y task .  Bot h manipulation s cause d 
participant s t o produc e fewe r  relationa l  response s an d 
more attribut e responses .  Th e findings  suppor t  th e 
postulate d link s amon g workin g memoiy ,  anxiety ,  an d th e 
abilit y  t o perfor m comple x analogica l  mapping . 

Introduction 

A basi c characteristi c o f  menta l  representation s i s tha t  the y 
hav e a  hierarchica l  form ,  i n whic h simple r  element s at e 
systematicall y integrate d t o creat e mor e comple x structures . 
Hierarchica l  representation s appea r  t o b e use d i n objec t  an d 
scen e perception ,  i n languag e productio n an d 
comprehension ,  an d i n tex t  comprehensio n an d memory . 
Ther e i s  evidenc e tha t  similarit y judgment s depen d o n 
hierarchica l  representation s base d o n relation s betwee n 
element s (Medin ,  Goldston e &  Centner ,  1993) .  Formally , 
relationa l  representation s hav e a  predicate-argumen t 
structure ,  i n whic h on e o r  mor e element s ar e boun d t o 
distinc t  roles .  Centne r  (1983 )  propose d a  taxonom y c f 

representationa l  complexit y rangin g fro m attribute s (one -
plac e predicates ,  suc h a s tal l  (Abe)) ;  t o first-order  relation s 
(multi-plac e predicate s tha t  tak e object s a s rol e fillers,  suc h 
as taller-tha n (Abe ,  Bill)) ;  t o higher-orde r  relation s (multi -
plac e predicate s i n whic h a t  leas t  on e rol e filler  i s  itsel f  a 
proposition ,  suc h a s caus e (taller-tha n (Abe ,  Bill) ,  jealous-o f 
(Bill ,  Abe))) .  Fo r  th e purpose s o f  th e presen t  pape r  i t  wil l 
suffic e t o distinguis h representation s base d o n attribute s c f 
individua l  object s fro m representation s base d o n relation s 
(eithe r  first-order  o r  higher-order )  amon g multipl e objects . 

Bot h attribute s an d relation s ca n provid e a  basi s la -
finding  analogica l  correspondences ,  o r  mappings ,  betwee n 
situations .  I n som e cases ,  correspondence s base d o n 
informatio n a t  differen t  level s o f  complexit y ma y conflict , 
creatin g ambiguou s cros s mapping s betwee n element s o f  th e 
tw o analog s (e.g. .  Centne r  &  Toupin ,  1986 ;  Ross ,  1987) . 
For  example ,  Markma n an d Centne r  (1993 )  showe d colleg e 
student s pair s o f  pictures ,  suc h a s a  ma n bringin g grocerie s 
fro m a  truc k an d givin g the m t o a  woman ,  wh o i s thankin g 
him ,  an d a  differen t  woma n takin g foo d from  a  bow l  an d 
givin g i t  t o a  squirrel .  Participant s wer e aske d t o indicat e 
whic h objec t  i n th e secon d pictur e corresponde d t o th e 
woman i n th e first  picture .  Base d o n attribut e mapping ,  th e 
woman i n th e first  pictur e woul d ma p t o th e woma n i n th e 
secon d picture ;  bu t  base d o n relations ,  th e woma n i n th e 
first  pictur e woul d ma p t o th e squirre l  i n th e secon d pictur e 
becaus e eac h i s a  recipien t  o f  th e food . 

Markman an d Cente r  foun d tha t  differen t  participant s gav e 
differen t  response s t o suc h cross-mappe d objects ,  som e 
givin g th e attribute-base d respons e an d som e givin g th e 
relation-base d response .  Manipulation s tha t  encourage d 
participant s t o buil d a n integrate d representatio n o f  th e 
relation s amon g th e object s an d o f  higher-orde r  relation s 
betwee n relation s increase d th e proportio n o f  relationa l 
responses .  I n particular ,  i f  participant s wer e aske d t o matc h 
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not  jus t  on e objec t  i n th e firs t  pictur e (th e w o m a n ) ,  bu t  thre e 
(th e w o m a n ,  m a n ,  an d groceries )  t o object s i n th e secon d 
picture ,  the y wer e mor e likel y t o m a p th e w o m a n t o th e 
squirre l  o n th e basi s o f  thei r  simila r  relationa l  role s tha n 
wer e participant s w h o mappe d th e w o m a n alone .  Activ e 
mappin g o f  multipl e object s seem s t o encourag e peopl e t o 
proces s relations ,  whic h i n tur n change s th e apparen t 
correspondence s betwee n individua l  objects . 

Althoug h peopl e ar e clearl y capabl e o f  findin g mapping s 
base d o n multipl e level s o f  representationa l  complexity , 
ther e i s reaso n t o expec t  tha t  relationa l  mapping s impos e 
greate r  demand s o n workin g memor y tha n d o attribut e 
mapping s (Halford ,  1993 ;  Halford ,  Wilso n &  Phillips , 
1998 ;  se e Baddeley ,  1986 ,  1992 ,  fo r  a  discussio n o f  th e 
component s o f  huma n workin g memory) .  Fo r  example , 
mappin g th e w o m a n i n th e first  pictur e t o th e w o m a n i n th e 
secon d pictur e ca n b e don e b y focusin g o n onl y on e objec t 
i n eac h picture ;  wherea s mappin g th e w o m a n t o th e squirre l 
require s representin g multipl e object s an d relation s i n eac h 
pictur e i n orde r  t o recogniz e th e correspondence s betwee n 
th e object s fillin g matchin g role s i n a  syste m o f  relations . 
Some computationa l  model s o f  analogica l  mapping ,  suc h a s 
th e S T A R mode !  o f  Halfoix l  e t  al .  (1994 )  an d th e LIS A 
model  o f  H u m m el  an d Holyoa k (1997) ,  postulat e inheren t 
limitation s o n th e complexit y o f  possibl e mapping s du e t o 
working-memor y limits .  Suc h model s lea d t o th e genera l 
predictio n tha t  an y manipulatio n tha t  reduce s availabl e 
working-memor y capacit y wil l  mak e i t  mor e difficul t  fo r 
reasoner s t o comput e relationa l  mappings ,  an d henc e 
increas e th e proportio n o f  less-comple x attribut e mapping s 
i n situation s i n whic h th e mappin g i s ambiguous . 

The result s o f  a  numbe r  o f  behaviora l  studie s sugges t 
ther e i s a  clos e relationshi p betwee n th e abilit y  t o proces s 
multipl e relation s an d th e functionin g o f  workin g memory . 
Many o f  thes e studie s hav e involve d th e performanc e c f 
reasonin g task s concurren t  wit h th e executio n o f  secondar y 
task s designe d t o plac e demand s upo n working-memor y 
systems .  I n a  stud y usin g a  dual-tas k paradig m t o 
investigat e th e informatio n processin g demand s o f  relationa l 
reasoning ,  Maybery ,  Bain ,  an d Halfor d (1986 )  require d 
subject s t o respon d t o a  prob e a t  differen t  stage s i n th e 
solutio n o f  three-ter m serie s (transitiv e inference )  problems . 
Mayber y e t  al .  foun d tha t  reactio n time s t o th e prob e wer e 
longes t  durin g th e phase s o f  th e problem s i n whic h premis e 
integratio n too k place :  durin g th e presentatio n o f  th e secon d 
premis e an d durin g th e presentatio n o f  th e propositio n t o b e 
verified .  Thei r  result s wer e interprete d a s indicatin g tha t  th e 
proces s o f  relationa l  premis e integratio n involve d greate r 
information-processin g requirement s tha n th e sequentia l 
processin g o f  individua l  relations ,  i n tha t  premis e 
integratio n require s multipl e relation s t o b e simultaneousl y 
activ e i n workin g memory . 

I t  follow s tha t  th e abilit y  t o mak e relationa l  mapping s 
wil l  b e impaire d b y an y manipulatio n tha t  constrict s 
availabl e workin g memor y capacity .  Thi s predictio n wa s 
teste d i n tw o experiment s usin g a  mappin g tas k base d o n 
th e Markma n an d Centne r  (1993 )  materials .  Colleg e 
student s wer e aske d t o find  correspondence s betwee n pair s o f 

picture s i n whic h a  critica l  objec t  wa s cross-mapped . 
Workin g memor y wa s constricte d i n Experimen t  1  b y 
requirin g participant s t o maintai n a  digi t  loa d whil e 
perfonnin g th e mapping ,  an d i n Experimen t  2  b y inducin g 
anxiet y usin g a  speede d subtractio n tas k administere d prio r 
t o th e analog y task .  Th e anxiet y manipulatio n wa s base d o n 
Eysenck' s (1979 ,  1985 ;  Eysenc k &  Calvo .  1992 ) 
working-memor y restrictio n theory ,  accordin g t o whic h th e 
cognitiv e componen t  o f  anxiet y involve s self-preoccupatio n 
and concer n ove r  performance ,  whic h preemp t  par t  o f  th e 
processin g an d storag e resource s o f  th e working-memor y 
system .  Processe s tha t  requir e working-memor y resource s 
wil l  b e impaire d whe n anxiet y cause s th e availabl e syste m 
capacit y t o b e exceeded ,  wherea s lower-leve l  processe s wil l 
be relativel y unaffecte d b y anxiety .  (Se e Eysenc k &  Calvo , 
1992 ,  fo r  a  revie w o f  studie s tha t  suppor t  th e working -
memory restrictio n theor y o f  anxiet y ove r  alternativ e 
accounts. ) 

Experiment 1 

Colleg e student s performe d a n analogica l  mappin g tas k 
wit h possibl e cross-mapping s whil e simultaneousl y 
performin g a  secondar y tas k tha t  woul d ta x workin g 
memory.  Th e centra l  predictio n wa s tha t  imposin g a  loa d 
on workin g memor y woul d selectivel y impai r  th e generatio n 
of  correspondence s base d o n relations ,  s o tha t  relationa l 
mapping s woul d b e mad e les s frequentl y wherea s attribut e 
mapping s woul d b e mad e mor e frequently . 

Method 

Participants .  Forty-fiv e undergraduat e student s fro m th e 
Universit y o f  California ,  Lo s Angele s ( U C L A )  serve d i n th e 
experiment . 

Material s an d apparatus .  Macintos h microcomputer s 
runnin g th e SuperLa b softwar e packag e wer e use d t o presen t 
th e stimuli .  Th e stimul i  consiste d o f  th e eigh t  pair s o f 
picture s use d b y Markma n an d Centne r  (1993) ,  a s wel l  a s 
eigh t  differen t  7-digi t  numbe r  strings .  Eac h o f  th e picture s 
showe d a  visua l  scen e wit h thre e o r  mor e objects .  O n e c f 
thes e object s coul d b e cross-mapped ;  tha t  is ,  i t  coul d b e 
judge d a s correspondin g t o on e objec t  o n th e basi s c f 
physica l  attributes ,  bu t  t o a  differen t  objec t  o n th e basi s c f 
th e rol e i t  play s i n a  syste m o f  relations . 

Desig n an d procedure .  A  2  x  2  between-subject s desig n 
was used ,  wit h eac h participan t  randoml y assigne d t o on e c f 
fou r  conditions .  Th e variable s manipulate d wer e th e 
number  o f  object s i n eac h pictur e fo r  whic h participant s wer e 
prompte d t o identif y correspondence s (on e o r  three )  an d th e 
presenc e o r  absenc e o f  a  phonologica l  workin g m e m o r y 
load .  Hal f  o f  th e participant s wer e assigne d t o th e 1-ma p 
conditio n an d hal f  wer e assigne d t o th e 3-ma p condition . 
Orthogonally ,  hal f  o f  th e participant s i n eac h grou p wer e 
require d t o hol d digi t  string s i n workin g m e m o r y concurren t 
wit h performanc e o f  th e mappin g task ,  an d hal f  wer e not . 

Each participan t  sa t  individuall y a t  a  compute r  wit h a n 
experimenter .  Writte n instruction s wer e displaye d o n th e 
compute r  screen ,  explainin g th e procedur e an d th e task s t o 
be performed .  Fo r  eac h pai r  o f  pictures ,  th e experimente r 
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woul d poin t  t o a  se t  o f  object s i n th e firs t  picture .  Th e 
participant' s tas k wa s t o identif y th e object s i n th e secon d 
pictur e tha t  corresponde d t o eac h o f  thos e indicate d b y th e 
experimenter .  I n th e 1-ma p condition ,  participant s wer e 
prompte d t o identif y th e objec t  i n th e botto m pictur e 
correspondin g t o on e objec t  (th e cross-mapped  one )  i n th e 
to p picture .  I n th e 3-ma p condition ,  participant s wer e 
simultaneousl y aske d t o identif y th e object s i n th e botto m 
pictur e correspondin g t o thre e object s i n th e to p picture . 
Th e firs t  objec t  t o b e mappe d i n th e 3-ma p conditio n wa s 
th e sam e cross-mappe d objec t  tha t  wa s tha t  wa s th e singl e 
objec t  t o b e mappe d i n th e 1-ma p condition . 

Th e phonologica l  working-memor y loa d require d 
participant s t o hol d a  rando m 7-digi t  numbe r  strin g i n 
m e m o ry whil e performin g th e mappin g task .  Afte r  pointin g 
t o thei r  answer(s )  t o th e mappin g task ,  participant s i n thi s 
conditio n wer e aske d t o recal l  th e 7-digi t  number .  Th e 
experimente r  recorde d th e participants '  response s t o th e 
mappin g questions ,  a s wel l  a s thei r  digi t  recall .  Al l 
participant s viewe d eac h o f  th e eigh t  picture-pair s once ,  an d 
al l  participant s viewe d th e pair s i n th e sam e order . 

Result s a n d Discussio n 

The dependen t  variabl e wa s th e proportio n o f 
correspondence s identifie d b y th e participant s o n th e basi s rf 
relationa l  similarity .  Th e result s ar e depicte d i n Figur e 1 . 
Th e effect s o f  numbe r  o f  mappin g question s (1-ma p versu s 
3-map )  an d presenc e o r  absenc e o f  a  working-memor y o n th e 
percentag e o f  relationa l  mapping s wer e analyze d usin g a  2  X 
2 between-subject s analysi s o f  variance .  Th e analysi s 
reveale d a  mai n effec t  o f  mappin g instruction ,  suc h tha t  th e 
mean percentag e o f  relationa l  response s wa s significantl y 
highe r  i n th e 3-ma p conditio n tha n i n th e 1-ma p conditio n 
( M =  6 0 % versu s 3 9 % ) ,  F  (1 ,  41 )  =  6.64 ,  M S E =  .0778 ,  p 
< .05 .  A  mai n effec t  o f  working-memor y loa d wa s als o 
observed ,  suc h tha t  th e mea n percentag e o f  relationa l 
response s wa s significantl y lowe r  whe n a  digi t  strin g ha d t o 
be maintaine d tha n whe n ther e wa s n o memor y load ,  { M = 
3 5 % versu s 6 4 % ) ,  F  (1 ,  41 )  =  12.48 ,  M S E =  .0778 ,  p  < 
.01 .  Ther e wa s n o significan t  interactio n betwee n numbe r  c f 
mappin g question s an d memor y load ,  F  (1 ,  41 )  <  1 . 

100 

N o Distractio n 
m ^ ' 

Distractio n 

S 8 0 

a> 2 0 

m 

Multipl e Singl e 

M a p p i n g Instructio n 

Figur e 1 .  Percen t  relationa l  response s give n b y subject s a s a  functio n o f  workinn g memor y loa d an d mappin g 
instruction . 
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E x p e r i m e n t  2 

W h en Eysenck' s (1979 )  working-memor y restrictio n 
theor y o f  anxiet y i s couple d wit h theorie s o f  analog y tha t 
specif y link s betwee n working-memor y capacit y an d th e 
complexit y o f  analogica l  mapping s (Halfor d e t  al. ,  1994 ; 
H u m m el  &  Holyoak ,  1997) ,  i t  follow s tha t  whe n object s ar e 
cross-mapped ,  a n increas e i n stat e anxiet y wil l  yiel d a 
decreas e i n relationa l  mapping s an d a  concomitan t  increas e 
i n attribut e mappings .  Experimen t  2  wa s designe d t o tes t 
thi s prediction . 

Method 

Participants .  Th e participant s wer e 2 2 U C L A 
undergraduates . 

Materials .  Th e stimul i  wer e identica l  t o thos e use d i n 
Experimen t  1 ,  wit h th e additio n o f  tw o extr a pair s o f 
picture s tha t  wer e create d b y th e thir d autho r  usin g a 
compute r  graphic s program . 

Desig n an d procedure .  Participant s wer e teste d 
individually .  The y wer e assigne d randoml y i n equa l 
number s t o on e o f  tw o conditions ,  th e Anxiou s an d Non -
anxiou s groups .  Fo r  participant s i n th e Anxiou s condition , 
anxiet y wa s induce d b y th e introductio n o f  a  stressfu l  tas k a t 
th e beginnin g o f  th e experimenta l  session .  Specifically ,  thei r 
firs t  tas k wa s t o perfor m a  seria l  subtractio n tas k aloud .  Th e 
participan t  wa s instructe d t o coun t  alou d backwards , 
beginnin g a t  100 0 i n increment s o f  13 .  On e experimente r 
correcte d an y mistakes ,  whil e a  secon d experimente r 
indicate d t o th e participan t  a t  a  pre-determine d tim e tha t 
thei r  countin g spee d wa s to o slow .  Th e participan t  wa s 
instructe d t o sto p whe n 4 5 second s ha d elapsed .  Th e 
experimente r  the n informe d th e participan t  tha t  the y woul d 
be aske d t o repea t  th e countin g tas k a t  th e en d o f  th e 
experiment .  Thi s seria l  subtractio n tas k ha s bee n use d 
successfull y t o induc e anxiet y i n previou s studie s (Sgoutas -
Emch e t  al. ,  1994 ;  Whit e &  Yee ,  1997) . 

I n th e Non-anxiou s condition ,  th e participan t  wa s aske d 
t o coun t  alou d (forward )  beginnin g a t  1  fo r  4 5 seconds . 
Participant s wer e tol d tha t  the y wer e no t  bein g evaluate d i n 
any wa y an d t o coun t  a t  a  pac e tha t  fel t  relaxe d fo r  them . 

For  th e remainde r  o f  th e experiment ,  th e procedur e wa s 
identica l  fo r  bot h groups ,  an d wa s equivalen t  t o th e 1-ma p 
conditio n use d i n Experimen t  1  an d i n Markma n an d 
Genuie r  (1983) .  Eac h pai r  o f  picture s appeare d fo r  a  fixe d 
duratio n befor e th e participan t  wa s querie d fo r  thei r  response . 
Specifically ,  th e picture-pai r  wa s programme d t o appea r  fo r 
15 seconds ,  afte r  whic h th e scree n flashed ,  a t  whic h poin t 
th e experimente r  pointe d t o th e pre-determine d cross -
mapped objec t  i n th e to p picture .  Thi s procedur e wa s use d 
t o avoi d participant s givin g prematur e response s whil e 
allowin g ampl e tim e t o proces s th e picture s relationally .  ff 
more tha n approximatel y 4  second s elapse d befor e th e 
participan t  responded ,  th e experimente r  prompte d th e 
participan t  fo r  a n immediat e answer .  Afte r  th e participan t 
indicate d th e objec t  o f  thei r  choice ,  th e experimente r 
recorde d th e respons e o n a n answe r  sheet .  Th e abov e 
procedur e wa s repeate d fo r  eac h o f  th e te n pictur e analogies . 

Tabl e 1 :  Mea n S T A I  Score s an d Percentag e o f  Relationa l 
Mapping s i n Experimen t  2 

. a 
Conditio n 

Anxiou s 

Non-anxiou s 

S T AI 

43. 0 

(8.1 ) 

32. 7 

(8.1 ) 

Percen t  Relationa l 
Mapping s 

45 . 4 
(23.4 ) 

68 . 2 
(20.9 ) 

Note .  Value s enclose d i n parenthese s represen t  standar d 

deviations .  Stat e scor e o f  th e Spielberge r  Stat e Trai t 

Anxiet y Inventor y (Spielberge r  e t  al. ,  1970) . 

After the analogical reasoning task, participants completed 
th e stat e for m o f  th e State-Trai t  Anxiet y Inventor y (STAI ; 
Spielberger ,  Gorsuc h &  Lushene ,  1970) ,  an d the n wer e 
debriefed . 

Results and Discussion 

M e an S T A I  an d mappin g score s (percentag e o f  relationa l 
mappings )  fo r  th e Anxiou s an d Non-anxiou s condition s c f 
Experimen t  1  ar e reporte d i n Tabl e 1 .  Th e anxiet y 
manipulatio n wa s successful ,  a s th e mea n S T A I 
state-anxiet y ratin g fo r  th e Anxiou s grou p wa s significantl y 
highe r  tha n tha t  fo r  th e Non-anxiou s group ,  F(l,20 )  =  8.90 , 
M SE =  65.21 ,  p  =  .00 8 (mean s o f  43. 0 an d 32.7 , 
respectively ;  m a x i m u m =  80) .  A s predicte d b y th e 
hypothesi s tha t  anxiet y wil l  restric t  workin g memory , 
whic h i s require d fo r  relationa l  mappings ,  participant s i n th e 
Anxiou s conditio n produce d a  significantl y lowe r  percentag e 
of  relationa l  mapping s tha n di d thos e i n th e Anxiou s 
condition ,  F(l,20 )  =  5.78 ,  M S E =  4.92 ,  p  =  .02 6 (mean s c f 
4 5 % an d 6 8 % ,  respectively) .  I n bot h conditions ,  th e 
remainin g response s wer e primaril y attribut e mapping s 
( 5 1 % an d 2 4 % ,  respectively ,  fo r  th e Anxiou s an d Non -
anxiou s conditions) ;  onl y abou t  8 % o f  response s i n eac h 
conditio n wer e neithe r  th e relationa l  no r  th e attribut e 
mapping .  Thu s th e impac t  o f  anxiet y wa s no t  t o produc e 
rando m errors ,  bu t  rathe r  t o systematicall y shif t  th e 
dominan t  basi s fo r  mappin g fro m th e mor e comple x 
relationa l  leve l  t o th e simple r  attribut e level . 

General Discussion 

We foun d tha t  peopl e w h o wer e aske d t o determin e 
correspondence s betwee n visua l  scenes ,  whil e eithe r 
concurrentl y holdin g informatio n i n phonologica l  workin g 
memory o r  unde r  th e burde n o f  hig h anxiet y cause d b y a 
precedin g difficul t  task ,  identifie d fewe r  correspondence s o n 
th e basi s o f  relationa l  similarit y tha n thos e w h o wer e no t 
hindere d b y working-memor y loads .  Importantly ,  peopl e 
w ho mappe d unde r  working-memor y load s di d no t  simpl y 
make unsystemati c errors ;  rather ,  th e basi s fo r  thei r  mappin g 
response s shifte d fi-om  relation s t o attributes .  Ou r  result s 
indicat e tha t  th e proces s o f  structura l  alignmen t  place s 
greate r  demand s upo n workin g m e m o r y tha n doe s th e 

227 



proces s o f  matchin g attributes . 
The findin g tha t  th e proces s o f  structura l  alignmen t 

involve s increase d workin g memor y demand s i s consisten t 
wit h neuropsychologica l  evidenc e tha t  th e capacit y t o 
integrat e relation s i s los t  a s a  consequenc e o f  damag e t o 
prefiponta l  corte x tha t  reduce s working-memor y capacit y 
(Walt z e t  al. ,  1999) .  W e hypothesiz e tha t  th e representatio n 
of  a  syste m o f  relations ,  whic h specifie s relation s betwee n 
relations ,  place s demand s upo n workin g memor y becaus e i t 
require s th e explici t  representatio n an d bindin g o f  multipl e 
relation s (Robi n &  Holyoak ,  1995) .  Ou r  findings  sugges t 
tha t  on e o f  th e primar y consequence s o f  factor s tha t  reduc e 
availabl e working-memor y resource s i n learnin g 
environment s i s a n impairmen t  i n th e identificatio n an d 
learnin g o f  relations . 
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