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Abstrac t 

Two experiments are reported that investigated the influence 
of  linea r  spatia l  organizatio n o n transitiv e inferenc e 
performance .  RewardAio-rewar d relation s betwee n 
overlappin g pair s o f  element s wer e presente d i n a  contex t  o f 
linea r  spatia l  orde r  o r  rando m spatia l  order .  Participant s i n 
th e linea r  arrangemen t  conditio n showe d evidenc e fo r  visua l 
reasoning :  The y systematicall y mappe d spatia l  relation s t o 
conceptua l  relatio n an d use d th e spatia l  relation s t o mak e 
inference s o n a  reasonin g tas k i n a  ne w spatia l  context .  W e 
sugges t  tha t  linea r  orderin g ma y b e a  "goo d figure",  b y 
constitutin g a  parsinuxiiou s representatio n fo r  th e integratio n 
of  premises ,  a s wel l  a s fo r  th e inferencin g process .  T^ e lat e 
emergenc e o f  transitiv e inferenc e i n childre n ma y b e th e 
resul t  o f  limite d cognitiv e capacity ,  whic h - -  unles s a n 
extema l  spatia l  arra y i s  availabl e ~  constrain s th e 
constructio n o f  a n interna l  spatia l  array . 

Introduction 

Transitiv e inferenc e describe s on e o f  th e mos t  fiindamenta l 
processe s i n reasoning .  A  subjec t  first  learn s a  relationshi p 
betwee n tw o stimul i  a  an d b ,  oRb ,  the n a  relationshi p 
betwee n stimul i  b  an d c ,  b'Rc .  T h e combinatio n o f  thes e tw o 
premise s i n orde r  t o infe r  th e relationshi p betwee n a  an d c , 
oRc,  i s  calle d 'Transitiv e Inference "  (TI) .  Experimenta l 
investigation s o f  T I  ofte n us e verba l  three-ter m serie s 
problem s suc h a s "Bo b i s  talle r  tha n Mary " ,  "Mar y i s 
talle r  tha n Susan" ,  wit h th e conclusio n "Bo b i s talle r  tha n 
Susan" ,  OT  nonverba l  problem s suc h a s comparin g th e 
relativ e valu e o f  physica l  objects ,  fo r  instance ,  "Re d objec t 
i s  bigge r  tha n blu e object" ,  "Blu e object s i s bigge r  tha n 
yello w object" ,  an d th e conclusio n "Re d objec t  i s  bigge r 
tha n yello w object" .  Becaus e th e relatio n betwee n a  an d c 
has no t  bee n state d o r  observed ,  arrivin g a t  th e correc t 
answer  require s a  deductiv e proces s o f  som e sort . 

T wo popula r  explanation s o f  transitiv e inferenc e 
postulat e tha t  T I  i s  base d o n th e applicatio n o f  inferencin g 
infOTmatio n -  eithe r  linguisti c rule s cx '  menta l  models .  I n 
general ,  linguisti c theorie s o f  T I  (e.g. ,  Clark ,  1969 ) 
emphasiz e th e forma l  logica l  properties .  Fo r  instance , 
prqxxient s o f  menta l  logi c (e.g. ,  Braine ,  1978 )  clai m tha t 
deductiv e schemat a whic h ar e base d o n Ui e logica l  for m o f 
th e premise s accoun t  fo r  deductiv e processes .  I n thi s view . 

th e representation s underlyin g deductiai s ar e rule s whic h 
ar e specifi c  f w eac h logica l  connective .  Accurat e T I 
performanc e i s  take n a s evidenc e {o r  possessio n o f  th e 
principl e o f  transitivity ,  i.e .  tha t  i f  A > B an d B > C ,  the n 
A > C.  O n e proble m fo r  suc h rul e theorie s i s tha t  peopl e d o 
not  alway s follo w logica l  rule s cx '  alway s m a k e errors :  th e 
same incUvidua l  m a y sho w T I  i n on e circumstanc e an d no t 
another . 

Menta l  mode l  theorie s (e.g. ,  Johnson-Lair d &  Byrne , 
1993 )  addres s suc h variabilit y  i n reasonin g performanc e b y 
arguin g tha t  peopl e reaso n b y constructin g a  se t  o f  semanti c 
menta l  model s base d o n give n proble m information . 
Conclusion s ar e draw n b y askin g whether ,  give n thi s 
proble m information ,  a  certai n mode l  i s  possibl e o r  not . 
Becaus e thes e model s captur e essentia l  prc^rtie s o f  th e 
situation ,  the y ca n explai n th e variabl e performanc e tha t 
rul e theorie s d o not .  Critic s o f  menta l  mode l  theorie s 
conten d tha t  semanti c informatic m alon e i s inadequat e fo r 
specifyin g th e mode l  constructio n process ,  an d syntacti c o r 
structura l  informatio n mus t  als o b e considere d (Braine , 
1993) . 

A thir d possibilit y  i s  tha t  transitiv e inferenc e i s base d o n 
spatia l  model s ~  th e interna l  o r  extema l  constructio n o f 
ordere d spatia l  representatiai s whic h ar e structura l  analog s 
fo r  th e give n conceptua l  relation s (i.e. ,  DeSoto ,  Londo n & 
Handel ,  1965) .  T h e advantag e o f  spatia l  model s i s tha t  the y 
incorporat e semanti c an d structura l  information ,  an d 
specif y h o w model s ar e constructe d fo r  reasoning.  DeSot o 
et  al .  (1965 )  suggeste d tha t  peopl e m a p non-spatia l 
relation s betwee n object s ont o linea r  spatia l  representaticMi s 
by mean s o f  wha t  the y cal l  a  "spatia l  paralogic. "  Base d o n 
principle s o f  Gestal t  psychology ,  linea r  orderin g ca n b e 
viewe d a s constitutin g a  "goo d figure."  "Th e prototypi c 

exampl e o f  goo d arrangemen t  i s orde r  i n it s narro w sens e 
of  linea r  arrangemen t  (DeSot o e t  al. ,  1965 ,  p .  520 ,  italic s 
added). "  Similarly ,  Huttenloche r  (1968 )  propose s tha t 
when solvin g relationa l  problems ,  adult s manipulat e spatia l 
image s i n th e sam e w a y a s the y woul d manipulat e rea l 
objects .  Indeed ,  whe n participant s wer e face d wit h proble m 
situation s wher e arrangin g physica l  object s woul d hav e 
bee n difficult ,  arrangin g imagine d object s wa s difficult ,  too . 

T h e benefi t  o f  spatia l  mode l  theorie s i s tha t  inferencin g 
abou t  implici t  conceptua l  relation s i s  base d o n 
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correspondin g explici t  spatia l  relations ,  a  proces s know n a s 
visua l  reasonin g (Gatti s &  Holyoak ,  1996 ,  Gattis ,  1997) . 
For  instance ,  a  spatia l  mode l  containin g a  linea r  orde r  i n 
whic h A  i s t o th e lef t  o f  B  an d B  i s t o th e lef t  o f  C  als o 
explicitl y  represent s tha t  A  i s t o th e lef t  o f  C .  Thi s benefi t 
of  visua l  reasonin g is ,  however ,  dependen t  o n systemati c 
rule s fo r  mappin g concept s t o space ;  withou t  systemati c 
rule s fo r  mapping ,  visua l  reasonin g woul d involv e a  tim e 
an d resourc e consumin g proces s o f  searchin g fo r  th e 
apprc^riat e structura l  analog .  Researc h indicate s tha t 
despit e thei r  lac k o f  experienc e wit h graph s e x simila r 
rq)resentations ,  youn g childre n aske d t o reaso n abou t  rat e 
relation s wit h graph-lik e diagram s exhibi t  ver y simila r 
judgmen t  pattern s t o adults ,  an d furthermor e tha t  thes e 
judgmen t  pattern s ar e base d o n structura l  similaritie s 
betwee n conceptua l  an d spatia l  schemas ,  indicatin g tha t 
systemati c rule s fo r  mappin g conceptua l  an d spatia l 
schema s d o indee d constrai n visua l  reasonin g (Gatti s & 
Holyoak .  1996 ;  Gattis ,  1997) . 

T h e experiment s presente d her e investigate d whethe r 
simila r  constraint s o n mappin g conceptua l  relation s t o 
spatia l  relation s als o gover n reasonin g abou t  relation s 
betwee n element s ~  th e basi s o f  transitiv e inference .  W e 
hypothesize d tha t  becaus e a  linea r  spatia l  orde r  i s a 
structura l  analo g fc v a  se t  o f  ordere d relations ,  tha t  learnin g 
ordere d concqjtua l  relation s from a  spatia l  linea r 
organizatio n woul d lea d t o bette r  learnin g an d highe r  level s 
of  TI .  Whil e mos t  investigation s o f  spatia l  mappin g i n 
transitiv e inferenc e wit h human s hav e use d verba l  problem s 
suc h a s th e thre e ter m serie s proble m (Clark ,  1969 ;  DeSot o 
et  al. ,  1965 ;  Sternberg ,  1980 )  o r  hav e involve d learnin g 
verba l  label s fi x  value s o n physica l  dimension s (Bryan t  & 
Trabasso ,  1971) ,  w e employe d a n alt^nat e strategy ,  a 
mostl y non-vo-ba l  tas k inspire d b y studie s o f  swia l  orderin g 
an d transitiv e inferenc e i n non-huma n animals .  Ou r  reaso n 
fo r  choosin g a  mostl y non-verba l  tas k wa s t o avoi d 
introducin g linguisti c representation s o f  relation s containe d 
i n th e task ,  an d thu s t o tes t  th e usefulnes s o f  spatia l  model s 
i n a  T I  tas k wit h littl e o r  n o linguisti c structure .  W e di d thi s 
t o addres s Clark' s (1969 )  clai m tha t  linguisti c structure s 
alon e m a y explai n T I  perfcMmance .  Bot h experiment s 
introduce d a  reward/no-rewar d relatio n betwee n 
overlappin g pair s o f  element s t o youn g children .  Th e pair s 
wer e preseais d eithe r  i n a  contex t  tha t  include d spatia l 
structur e (linea r  wder )  o r  di d no t  ( a rando m order) ,  t o tes t 
whethe r  providin g childre n wit h a  linea r  spatia l 
rqn-esentatio n o f  ordCTe d conceptua l  relation s facilitate d 
pofcrmanc e o n a  subsequen t  tes t  o f  transitiv e inference . 

Thi s paradig m wa s base d o n previou s comparativ e 
studie s whic h indicat e tha t  non-huma n animal s ar e abl e t o 
us e know n relation s betwee n element s t o choos e betwee n 
tw o element s f w whic h th e relatio n i s no t  know n (Davis , 
1992 ;  Gillan .  1981 ;  McGonigl e &  Chalmers ,  1977 ;  Robert s 
& Phelps ,  1994) .  I n on e se t  o f  studies ,  Robert s an d Phelp s 
(1994 )  traine d rat s t o lear n th e sequenc e o f 
A > B > C > D > E >F b y associatin g relativ e value s t o olfactor y 
cues .  Stimul i  wer e presente d i n eithe r  a  linea r  o r  rando m 
spatia l  OTganization.  Eac h ra t  wa s presente d wit h tw o 
distinctl y scente d container s a t  a  time ,  onl y on e o f  whic h 
was rewarded .  Fo r  example ,  bo x A  wa s rewarde d (A+) ,  B 

was nonrewarde d (B-) .  i n th e nex t  tria l  B  wa s rewarde d 
(B+) ,  an d nonrewarde d (C-) ,  an d s o on .  Thi s wa s don e fo r 
al l  adjacen t  pair s o f  stimul i  A  throug h F .  I n on e condition , 
boxe s wer e presente d i n a  linea r  arrangement ,  tha t  is ,  tw o 
boxe s i n adjacen t  location s wer e presente d a t  a  tim e wit h 
eac h bo x bein g associate d wit h a  certai n positio n o n th e 
trainin g board .  I n th e othe r  condition ,  th e spatia l 
arrangemen t  wa s random ,  n o stimulu s coul d b e associate d 
wit h a  specifi c  location .  Robert s an d Phelp s (1994 )  foun d 
tha t  rat s tha t  learne d relation s from a  linea r  arrangemen t 
chos e B  mor e ofte n i n a  subsequen t  B D test ,  whil e rat s tha t 
learne d from a  rando m spatia l  arrangemen t  chos e B  an d D 
equall y ofte n o n a  B D test . 

Thes e an d othe r  result s indicatin g tha t  non-huma n 
animal s ca n perfor m T I  provid e a  shar p contras t  t o debate s 
i n developmenta l  psycholog y abou t  whethe r  youn g childre n 
ar e capabl e o f  TI .  Considerabl e researc h effor t  ha s 
addresse d th e questio n t o wha t  extent ,  an d a t  wha t  ag e 
childre n ar e abl e t o succee d o n T I  tasks .  Althoug h Piage t 
an d other s (e .  g. ,  Inheldra ^  &  Piaget ,  1958 )  assume d tha t 
onl y childre n aroun d 7- 8 year s an d olde r  perfo m correctl y 
on T I  tasks ,  younge r  childre n (Bryan t  &  Trabasso ,  1971; 
Rile y an d Trabasso ,  1974 )  hav e bee n reporte d t o sho w T I  i f 
give n extensiv e trainin g o n premis e pair s ovc t  multipl e 
days .  Bryan t  an d Trabass o (1971 )  demonstrate d tha t  wit h 
extensiv e trainin g o f  th e premises ,  an d testin g fo r  memor y 
of  th e premise s t o eliminat e th e possibilit y  o f  memory -
mediate d failures ,  childre n a s youn g a s 4. 5 year s 
performe d abov e chanc e o n a  subsequen t  T I  test .  Bryan t 
an d Trabass o conclude d tha t  failur e i n T I  task s ca n b e du e 
t o limitation s i n workin g memor y rathe r  tha n t o cognitiv e 
deficits . 

Give n thes e comparativ e an d developmenta l  results ,  w e 
reasone d tha t  th e lat e emergenc e o f  transitiv e inferenc e i n 
childre n m a y wel l  b e du e t o limite d processin g capacity , 
constrainin g no t  CMil y th e retentio n o f  learne d element s an d 
relations ,  bu t  als o constrainin g constructio n o f  a  spatia l 
representatio n base d o n mappin g learne d conceptua l 
relation s t o advantageousl y explici t  spatia l  relations . 

Experiment 1 

Experimen t  1  wa s simila r  t o Robert s an d Phelp s (1994 )  bu t 
differe d i n severa l  respects .  Instea d o f  olfecto y stimuli , 
container s i n differen t  color s wer e used ,  base d o n th e 
assumptio n tha t  f w humans ,  colo r  provide s a  bette r  identit y 
cu e tha n scent ,  an d sticker s rathe r  tha n foo d pellet s wer e 
use d a s rewards .  Becaus e pilo t  trainin g usin g si x stimul i 
showe d tha t  i t  wa s extremel y difficul t  f w th e childre n t o 
lear n al l  five  premise s t o a n acceptabl e criterion ,  onl y five 
stimul i  (A ,  B ,  C ,  D ,  E )  wer e used ,  an d thu s childre n wer e 
expose d t o fou r  reward/no-rewar d premis e pair s durin g 
learnin g (eac h adjacen t  pair) .  Lik e Robert s an d Phelps ,  w e 
use d a  compariso n o f  B  an d D  a s th e T I  tes t  pai r  followin g 
learning . 

Reinforcemen t  durin g testin g trial s als o differe d from 
Robert s an d Phelp s (1994) .  W h e n participant s mad e a 
mistake ,  the y wer e allowe d t o chec k i f  th e rewar d wa s i n 
th e othe r  container ,  bu t  the y wer e no t  give n th e reward .  W e 
use d thi s procedur e t o maintai n children' s motivatio n t o 
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lea m whic h elemen t  o f  a  pai r  containe d th e reward . 

Method 

Participants. The participants were 62 first graders (mean 
age:  6.9 ;  range :  6- 8 years )  recruite d fro m grad e school s i n 
Munich ,  Germany .  Hal f  o f  th e childre n wer e randoml y 
assigne d t o th e linea r  conditio n an d hal f  t o th e rando m 
condition .  I n th e linea r  condition ,  tw o childre n di d no t 
reac h criterion ,  i n th e rando m condition ,  1 3 childre n di d 
not  reac h criterion .  Afte r  excludin g th e dat a o f  childre n 
who di d no t  reac h criterion ,  th e dat a o f  4 7 childre n wer e 
analyzed . 

Apparatus, Procedure and Design. The experimenter 
brough t  eac h chil d individuall y t o th e experimenta l  roo m 
(Figur e 1) .  Fo r  th e trainin g procedure ,  a  1. 5 m lon g whit e 
boar d wit h five  blac k cardboar d "cups "  o n i t  wa s pu t  o n th e 
floOT.  T w o re d x' s o n th e floo r  o n tw o opposit e side s o f  th e 
boar d marke d th e point s from  whic h th e chil d wa s aske d t o 
star t  searching . 

Fiv e corrugate d cardboar d container s eac h 1 8 c m i n 
diamete r  i n red ,  yellow ,  blue ,  green ,  purpl e wit h lid s 
(diamete r  2 1 c m )  i n th e sam e coIck s wer e used .  Eac h li d 
had a  blac k plasti c handl e o n i t  an d coul d comfortabl y b e 
place d o n an d remove d from  th e container .  Fo r  eac h trial , 
tw o container s wer e place d ont o adjacen t  location s o n th e 
trainin g board ,  an d on e o f  thes e tw o containe d a  reward ,  a 
smal l  sticker .  Thus ,  tw o container s a t  a  tim e forme d th e 
followin g premises :  A + B- ,  B + C- ,  C + D- ,  D + E -  ("+ " 
means tha t  tha t  th e choic e wa s rewarde d wit h a  sticker ,  "- " 
means tha t  th e containe r  wa s empty) .  Th e chil d wa s 
instructe d tha t  a  sticke r  wa s insid e o f  on e o f  th e tw o 
containers ,  an d tha t  th e purpos e o f  th e gam e wa s t o loo k 
fo r  th e sticker .  I f  th e sticke r  wa s i n th e firs t  containe r 
opened ,  th e chil d coul d kee p it .  I f  i t  wa s not ,  th e chil d 
shoul d loo k i n th e othe r  containe r  t o find  th e sticker ,  bu t 
coul d no t  kee p it .  Liftin g u p th e lid s o f  bot h container s 
ensure d tha t  th e chil d sa w th e actua l  locatio n o f  th e sticke r 
on ever y trial . 

At  th e beginnin g o f  eac h trial ,  th e chil d wa s aske d t o 
stan d a t  on e en d o f  th e board ,  marke d wit h a  re d x .  Onc e 
th e chil d stoo d o n th e x ,  th e experimente r  signale d th e 
chil d t o begi n searching .  Th e sid e o f  th e boar d from  whic h 
searc h bega n wa s alternate d from  tria l  t o trial ,  t o encourag e 
an exocentri c spatia l  representatio n o f  th e experimenta l  set -
up an d t o preven t  childre n i n th e linea r  conditio n from 
usin g a  simpl e rul e suc h a s "Choos e th e objec t  o n th e lef t 
side. " 

The entir e procedur e consiste d o f  thre e phases :  initia l 
trainin g fo r  eac h o f  th e fou r  adjacen t  pair s (3 6 trials) ,  a 
criterio n phas e (betwee n 8  an d 2 4 trials) ,  an d finally  a  B D 
test .  Childre n i n bot h condition s first  learne d pai r  A+B- , 
the n B+C- ,  an d s o on ,  i n tha t  order .  Th e trainin g 
procedur e wa s adapte d from  th e metho d use d b y Gilla n 
(1981) .  I n th e first  trainin g bloc k th e chil d wa s expose d t o 
th e stimulu s pai r  A + B -  fou r  time s i n a  row .  I n th e secon d 
block ,  B + C -  wa s presente d fou r  times .  Th e thir d bloc k 
consiste d o f  presentin g bot h A + B -  an d B + C -  i n 

irregula r  OTder,  fou r  time s each ,  fo r  a  tota l  o f  8  trials .  Th e 
remainin g stimul i  pair s wer e introduce d i n th e sam e 
manner  b y first  presentin g a n individua l  pai r  fou r  time s 
eac h an d the n combinin g tha t  pai r  wit h previousl y 
presente d pair s i n a  rando m order .  A f t ^  3 6 trial s al l 
premise s ha d bee n introduce d an d th e criterio n phas e 
followed .  Th e criterio n wa s se t  t o b e thre e c(»Tec t  choice s 
out  o f  fou r  (rando m combinatio n o f  al l  th e fou r  premises ) 
twic e i n a  row ,  from  a  m i n i m u m o f  8  trial s an d a  m a x i m u m 
of  2 4 trials .  Altogeth a th e learnin g phas e (initia l  pai r 
trainin g plu s criterio n phase )  thu s consiste d o f  a  m i n i m u m 
of  4 4 trial s an d a  m a x i m u m o f  8 0 trials . 

I n th e linea r  arrangemen t  group ,  durin g th e trainin g 
phas e th e container s wer e place d i n a  linea r  spatia l 
sequence ,  fo r  example ,  A  wa s alway s place d o n positio n 1 
of  th e boar d (se e Figur e 1) ,  B  wa s alway s o n positio n 2 ,  etc . 
For  th e rando m arrangemen t  group ,  th e position s o f  th e 
container s change d randoml y betwee n trials ,  fo r  example , 
i n on e tria l  A  wa s o n positio n 4 ,  an d B  o n positio n 5 .  I n a 
differen t  trial ,  A  wa s o n positio n 3 ,  an d B  wa s o n 2 ,  etc . 
Thus ,  fO T th e rando m arrangemen t  group ,  n o positio n no r 
relativ e positio n coul d b e associate d wit h a  certai n color , 
nor  wit h rewar d ot  n o reward .  Fo r  th e BD-test ,  th e lon g 
boar d wa s remove d an d a  shm t  boar d (0.6 0 m )  wit h tw o 
blac k cup s wa s used .  Re d tap e wa s place d o n on e sid e o f  th e 
trainin g boar d t o indicat e th e poin t  from  w h ^ e th e chil d 
woul d star t  searchin g o n th e BD-tes t  (se e Figur e 2) . 

Th e B + D -  pai r  wa s the n place d o n th e tes t  board .  Th e 
positio n o f  B  an d D  wa s manipulated,  s o tha t  fo r  hal f  o f  th e 
childre n B  wa s o n th e doo r  side ,  wherea s fo r  th e othe r  hal f 
of  th e childre n B  wa s o n th e windo w sid e o f  th e boar d (se e 
Figur e 2) .  Thi s mean t  tha t  fo r  childre n i n th e linea r 
condition ,  th e alignmen t  o f  B D wa s eithe r  consisten t  wit h 
trainin g o r  reverse d from  training .  Thi s manipulatio n 
allowe d u s t o tes t  wheth w childre n use d spatia l  alignmen t 
as a n inferenc e cue .  The n th e chil d wa s aske d t o star t 
searchin g b y uncoverin g th e containers .  Th e BD-tes t  wa s 
administere d onc e pe r  child . 

Door  Sid e 

^ 
A B  C  D  E 

Windo w Sid e 

1 

© • @ © 0 X 

J 

Figur e 1 :  Experimenta l  set-u p fo r  trainin g period . 

^ 

B D 

X 

Figur e 2 :  Experimenta l  set-u p fo r  BD-tes t 
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Result s a n d Discussio n 

Tabl e 1  display s th e participants '  correc t  choice s o f  B  o n 
th e BD-test .  Althoug h bod i  group s performe d equall y wel l 
i n term s o f  th e tota l  percen t  o f  B  choice s ( 5 0 % fo r  th e 
linea r  arrangemen t  group ,  5 2 % fo r  th e rando m 

arrangemen t  group) ,  it' s  importan t  t o not e tha t 
performanc e o n th e B D tes t  strongl y interacte d wit h B D 
alignment .  B D alignmen t  wa s a  aucia l  facto r  i n tes t 
performance ,  bu t  onl y fo r  th e linea r  condition :  whe n th e 
orde r  o f  presentatio n o n th e tes t  wa s consisten t  wit h th e 
orde r  o f  presentatio n durin g th e trainin g period , 
participant s chos e B  9 2 % o f  th e time ,  compare d t o 8 % 
when di e orde r  o f  presentatio n wa s reversed ,  x  (1 .  A ^  =  24 ) 

= 13.50 ,  p  <.001 .  Withi n th e linea r  group ,  binomia l 
probabilitie s showe d tha t  performanc e i n th e consisten t 
grou p wa s significand y abov e chanc e ( p =  .003) ,  wherea s 
fo r  th e reverse d order ,  i t  wa s significand y belo w chanc e ( p 
= .999) . 

A separat e x *  wa s calculate d comparin g di e tw o tes t 
position s o f  B  fo r  th e rando m arrangemen t  group ,  and ,  a s 
expected ,  n o differenc e wa s found ,  x  (1 ,  A ^  =  23 )  =  1.07 ,  p 
> .2 .  Obviously ,  fo r  thi s group ,  varyin g th e alignmen t  o f  th e 
tes t  pai r  wa s no t  a  meaningfu l  factor . 

Table 1: Number of CMrect choices on the BD-test. 

B D alignmen t  o n tes t 
compare d t o alignmen t 
on trainin g 

Arrangemen t  conditio n 

Consisten t 

Reverse d 

tota l 

Linea r 

11* 

1* 

12 

R a n d o m 

8' 

4" 

12 

Note :  •  numbe r  o f  correc t  choice s ou t  o f  1 2 trials . 
"  numbe r  o f  correc t  choice s ou t  o f  1 1 trials . 

Experiment 1 showed diat providing children with a 
linea r  organizatio n o f  reward/no-rewar d relation s indee d 
facilitate d performanc e o n a  subsequen t  tes t  o f  a  non -
traine d pai r  -  a s loi g a s th e spatia l  relaticMi s presen t  durin g 
trainin g wer e maintaine d durin g test .  Children  w h o ha d 
bee n presente d reward/no-rewar d pair s i n a  linea r 
organizatio n clearl y use d tha t  organizatio n a s di e basi s o f 
thei r  choic e o n th e B D test .  W h e n B D alignmen t  wa s 
consisten t  wit h training ,  childre n i n th e linea r  conditio n 

chos e B ,  an d whe n B D alignmen t  wa s reverse d from 
training ,  childre n i n th e linea r  conditio n chos e D ,  Uiu s 
demonso^tin g thei r  capabilit y  t o abstrac t  an d utiliz e a 
spatia l  cu e a s th e basi s o f  transitiv e choice ,  eve n from  a n 
extremel y shor t  trainin g paiod .  I n contrast ,  di e B D 
choice s o f  childre n w h o ha d bee n presente d reward/no -
rewar d pair s i n a  rando m organizatio n wer e no t  affecte d b y 
spatia l  positicM i  a t  test . 

Whil e verifyin g th e utilit y  o f  spatia l  organizatio n fo r 
transitiv e choice ,  thes e result s als o demonsQ-at e dia t  th e 
spatia l  cu e influence d children' s choice s mor e strcMigl y 

tha n an y odie r  cue ,  includin g th e identit y cu e o f  colcH* .  I n 

dii s  experiment ,  children' s overridin g us e o f  di e spatia l  cu e 
was resourceful :  fo r  childre n i n th e linea r  condition ,  spatia l 
organizatio n wa s a  1 0 0 % predicto r  o f  rewar d durin g 
trainin g -  th e rewarde d ite m wa s alway s di e ite m close r  t o 
th e doo r  (se e Figur e 1 )  -  wherea s colo r  wa s a  5 0 % 
predictor .  Mos t  o f  di e time,  successfu l  T I  performanc e 
require s di e utilizatio n o f  bod i  a n identit y cu e (i n dii s  cas e 
colcx- )  an d relationa l  cue s (i n dii s  cas e linea r  o-ganizatio n 
as wel l  reward/no-reward) .  W e wondere d whethe r  childre n 
i n di e linea r  conditio n wer e als o learnin g identit y 
information ,  bu t  reveale d onl y knowledg e o f  th e spatia l 
relationa l  cu e becaus e tha t  cu e wa s stil l  presen t  a t  test . 

For  dii s  reason ,  a  secon d experimen t  wa s conducte d t o 
dissociat e di e spatia l  organizatio n o f  learnin g from  di e 
spatia l  organizatio n o f  testing .  I n Experimen t  2  i t  becam e 
crucia l  fo r  participant s t o recal l  an d integrat e di e premise s 
from  di e learnin g set ,  sinc e mappin g o n a n externa l  spatia l 

arra y wa s no t  possible . 

Experiment 2 

Althoug h Experimen t  1  demonstrate d tha t  childre n wh o 
learne d relation s i n a  linea r  organizatio n di d us e th e spatia l 
cu e o f  relativ e positio n t o mak e a  choic e abou t  a  non -
expose d pair ,  i t  di d no t  demonstrat e dia t  dios e childre n ha d 
successfull y learne d th e identitie s o f  di e individua l 
element s (coIot )  o r  coul d us e dia t  knowledg e o n di e B D -
test .  I n Experimen t  2 ,  w e trie d t o maximiz e di e us e o f  th e 
colo r  cu e i n th e tes t  phas e b y eliminatin g di e spatia l  cu e 
provide d i n di e trainin g trials .  A  ne w T I  tes t  wa s create d 
by usin g 8  ver y smal l  envelope s i n th e color s o f  th e B D 
pair ,  fou r  o f  eac h color .  Durin g di e B D test ,  th e envel(̂ )e s 
wer e shake n i n a  clea r  plasti c bowl ,  s o i t  wa s obviou s t o th e 
chil d tha t  th e locatio n o f  di e stimul i  wa s completel y 
arbitrary . 

As i n th e first  experiment ,  w e hypothesize d tha t  childre n 
w ho ha d learne d reward/no-rewar d pair s i n a  linea r 
arrangemen t  conditicx i  shoul d b e mor e successfu l  a t 
learnin g pair s an d mor e successfu l  o n th e B D tes t  dia n 
childre n w h o learne d reward/no-rewar d pair s i n a  rando m 
arrangement . 

Method 

Participants. 81 first graders (mean age: 7.10, range: 6-9 
years )  recruite d from  grad e school s i n Munich ,  Germany , 
serve d a s participants .  Hal f  o f  th e childre n wer e randoml y 
assigne d t o th e linea r  conditio n an d hal f  t o th e rando m 
condition .  I n di e linea r  condition ,  9  childre n di d no t  reac h 

criterion ,  i n th e rando m condition ,  2 8 childre n di d no t 
reac h criterion . 

Apparatus, Procedure and Design. The apparatus for die 
trainin g procedur e i n dii s  experimen t  wa s identica l  t o th e 
on e use d fo r  Experimen t  1 .  Th e procedur e o f  Experimen t  2 
was nearl y identica l  t o tha t  o f  Experimen t  1  wit h thre e 
exceptions .  A n equa l  numbe r  o f  criterio n trials ,  onl y 8 , 
wer e give n t o al l  childre n followin g th e initia l  3 6 trial s i n 
whic h relation s betwee n adjacen t  pair s o f  A - E wer e 
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introduced .  Learnin g thu s consiste d o f  4 4 trial s (1 1 trial s 
fo r  eac h relation )  fcx -  al l  childre n i n bot h conditions .  I n 
addition ,  al l  childre n wer e give n th e B D tes t  regardles s o f 
perfcxmanc e o n th e 8  criterio n trials .  Finally ,  th e B D tes t 
was change d t o a  tes t  i n whic h n o spatia l  cue s wer e 
availabl e durin g testing . 

The B D tes t  di d no t  involv e th e boar d no r  th e container s 
used i n th e trainin g phase .  Instead ,  th e experimente r  pu t  8 
smal l  seale d envelope s i n th e color s o f  th e B D pai r  int o a 
clea r  plasti c bow l  an d move d the m around .  Th e chil d wa s 
tol d tha t  som e o f  th e envelope s containe d stickers ,  an d wa s 
aske d t o choos e fou r  o f  th e envelopes . 

Results and Discussion 

Learning .  Childre n i n th e linea r  conditio n wer e 
significantl y mor e likel y t o maste r  criteriw i  (thre e correc t 
choice s ou t  o f  fou r  trials ,  twic e i n a  row) ,  x ^  (1 ,  N  =  81 ) 
=26.87 ,  p  <  .001 .  I n th e linea r  arrangemen t  group ,  80.43 % 
reache d criterion ,  compare d t o 20.00 % i n th e rando m 
arrangemen t  group . 
B D Test .  Tabl e 2  show s th e frequencie s o f  response s o n th e 
BD-tes t  fo r  al l  children ,  regardles s o f  criterion .  Bot h group s 
sho w abou t  th e sam e proportio n o f  chanc e response s (.6 1 fo r 
th e linea r  anangemen t  group ,  ,6 0 f w th e rando m 
anangemen t  group) ,  an d therefore ,  th e res t  o f  ou r  analyse s 
concentrat e o n difference s i n unequa l  B  an d D  responses . 
Based o n binomia l  probabilities ,  th e linea r  arrangemen t 
grou p show s a  significantl y highe r  proportio n o f  thre e o r 
more B  response s ( p =  .004) ,  compare d t o a  non-significan t 
propffltio n fo r  th e rando m arrangemen t  grou p ( p =  .090) . 
Furthermore ,  th e tw o group s differe d significantl y i n th e 
prqwrtion s o f  peopl e w h o ha d thre e o r  mor e B  choices , 
dependin g o n whethe r  trainin g performanc e wa s abov e o r 
belo w criterion ,  z ( N =  25 )  =  2.96 ,  p  =  .00 3 (se e Tabl e 3) . 

Table 2: Number of responses on BD-test 

Arrangement condition 

Tabl e 3 :  Numbe r  o f  participant s wit h thre e ot  m w e correc t 
choice s 

Linea r R a n d o m 

M o r e B 

Equal  B/ D 

M o r e D 

tota l 

15 

28 

3 

46 

10 

21 

4 

35 

Training ? leve l Arrangemen t  conditio n 

Linear Random 

Abov e criterio n 

Belo w criterio n 

tota l 

12 

3 

15 

2 

8 

10 

T h e result s sugges t  tha t  th e tw o differen t  way s o f  presentin g 
th e premises ,  linea r  vs .  rando m arrangement ,  lea d t o 
differen t  performanc e i n learnin g th e premise s a s wel l  a s i n 
succeedin g o n th e T I  test .  Withou t  separatin g ou t 
participant s i n term s o f  reache d criterion ,  participant s i n th e 
linea r  arrangemen t  conditio n chos e consistentl y mor e ofte n 
th e corec t  stimulus .  Althoug h participant s i n th e rando m 
arrangemen t  conditio n als o chos e somewha t  mor e ofte n B 
ove r  D ,  whe n factorin g i n learnin g o f  th e premise s t o 
criterion ,  th e result s ar e eve n mor e clearl y i n fav w o f  ou r 
hypothesis .  Ou t  o f  al l  subject s i n th e rando m arrangemen t 
grou p w h o performe d abov e chanc e o n th e BD-test ,  onl y a 
fe w (20.0 0 % )  ha d mastere d th e criterio n i n th e trainin g 
trials .  Th e opposit e wa s th e cas e fo r  th e linea r  arrangemen t 
group :  Mos t  o f  th e childre n (80.0 0 % )  w h o ha d performe d 
up t o criterio n als o perfwme d abov e chanc e o n th e T I  test .  I n 
othe r  words ,  arrangemen t  o f  premise s durin g trainin g 
mediate d learning ,  a s wel l  a s retrieva l  o f  th e premises . 

As wit h Experimen t  1 ,  th e result s o f  Experimen t  2 
demonstrat e tha t  learnin g pairwis e relation s from a  linea r 
organizatio n indee d facilitate d performanc e o n a 
subsequen t  tes t  o f  a  non-traine d pair .  Furthermore ,  wherea s 
tes t  performanc e i n Experimen t  1  depende d o n maintainin g 
durin g tes t  th e spatia l  relation s presen t  durin g training ,  i n 
Experimen t  2 ,  th e benefi t  o f  learnin g pair s wit h a  spatia l 
organizatio n wa s demonstrate d i n a  ne w spatia l  context . 
Th e mor e frequent B  choice s mad e b y childre n i n th e linea r 
conditio n indicat e tha t  whe n give n th e B D test ,  childre n 
recalle d th e linea r  arra y acquire d durin g trainin g an d use d 
th e relationshi p o f  B D i n tha t  memoria l  arra y a s th e basi s 
of  thei r  choic e o n th e B D test . 

Altogether ,  b y eliminatin g spatia l  cue s durin g th e T I  tes t 
trials .  Experimen t  2  suppwt s th e hypothesi s tha t  whe n 
usin g explici t  spatia l  codin g strategie s i n orde r  t o integrat e 
premis e information ,  th e resultin g spatia l  representatic m 
als o facilitate s inference s i n a  non-spatia l  context . 

General Discussion 

Th e result s o f  th e tw o experiment s presente d i n thi s pape r 
strongl y suppor t  th e hypothesi s tha t  providin g childre n 
wit h linea r  spatia l  structur e facilitate s th e proces s o f 
mappin g conceptua l  relation s ont o spatia l  relations ,  an d 
thus ,  facilitate s visua l  reasoning . 

Childre n utilize d spac e t o represen t  relationa l 
information ,  a s wel l  a s identit y informatio n o f  give n 
elements .  I n ou r  example ,  th e spatia l  arrangemen t  helpe d 
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encodin g th e linea r  wganization ,  a s wel l  a s th e colo r  cu e o f 
th e premises .  However ,  th e tw o component s o f  th e spatia l 
representatio n wer e no t  equall y powerful :  A s show n i n th e 
first  experiment ,  whe n presen t  i n bot h learnin g an d 
recallin g o f  th e premises ,  th e spatia l  cu e o f  th e linea r 
organizatio n dominate d ove r  othe r  aspects ,  suc h a s color , 
of  th e premises . 

DeSot o e t  al .  (1965 )  ha d suggeste d tha t  a  linea r  orde r  i s a 
"goo d figure",  an d ou r  result s corrobwat e thi s view .  Th e 
linea r  arrangemen t  i s th e mos t  parsimoniou s representatio n 
fo r  overlappin g ordere d relation s i n tw o respects :  First , 
when integratin g premises ,  th e shortes t  possibl e lin e 
connectin g tw o ( x mor e element s i s alway s a  straigh t  line . 
Second ,  whe n makin g inference s abou t  th e premises ,  n o 
additi(Mia l  model s hav e t o b e created :  Th e conclusio n ca n 
simpl y b e "rea d off "  on e spatia l  mode l  whic h contain s al l 
necessar y information ,  simila r  t o th e mode l  theor y 
prqxKse d b y Glenber g an d Langsto n (1992) .  Thu s i t  seem s 
ver y likel y tha t  on e o f  th e systemati c rule s o f  mappin g 

concept s ont o spac e i s tha t  a  linea r  arra y i s bein g preferre d 
over  othe r  arrangemen t  o f  elements .  I n addition ,  linea r 
arrangemen t  ma y provid e th e mos t  essentia l  informatio n 
when makin g inferences ,  a s foun d i n th e first  experiment . 

I f  readin g of f  th e conclusio n f w a  T I  proble m b y mean s 
of  a  spatia l  structur e i s suc h a n effortles s proces s a s w e 
sugges t  here ,  wh y d o youn g childre n ofte n no t  succee d i n 
doin g so ,  wherea s eve n animal s see m t o b e abl e t o mak e 
transitiv e inferences ? Th e proble m seem s no t  t o li e withi n 
th e inferenc e process ,  bu t  i n constructin g a  linea r 
rq}resentatio n i n th e first  place .  Youn g children' s limite d 
cognitiv e capacit y ma y constrai n recal l  o f  th e relation s 
among premises ,  a s wel l  a s th e constructio n o f  spatia l 
models ,  an d th e tw o ma y wel l  b e causall y related :  perhap s 
childre n canno t  remembe r  multipl e premise s becaus e the y 
ar e no t  ye t  abl e t o construc t  a  linea r  spatia l  representation . 
Providin g childre n wit h a n externa l  spatia l  organizatio n 
shoul d therefcr e circumven t  th e difficultie s i n constructin g 
an interna l  model ,  an d tha t  i s precisel y wha t  w e foun d i n 
tw o experiments .  Remarkably ,  onc e a n interna l  spatia l 
representatio n ha s bee n constructed ,  i t  need s no t  b e presen t 
durin g th e T I  tes t  phase ,  sinc e th e childre n i n ou r  secon d 
experimen t  wer e successfu l  o n a  T I  tas k i n a  ne w spatia l 
cmtext .  Ou r  explanatio n fa -  th e lat e emergenc e o f 
transitiv e info-enc e i s als o consisten t  wit h computationa l 
model s o f  reasonin g whic h sugges t  tha t  a n importan t 
constrain t  o n reasonin g i s computationa l  capacity ,  no t 
simpl y f w rememberin g relations ,  bu t  mor e importantl y fo r 
combinin g relatiwi s (Hummel  &  Holyoak ,  1997) .  Th e sam e 
explanatio i  f( x successfu l  T I  performanc e ma y hol d fo r 
RdjCTt s an d Phelp s (1994 )  an d othe r  comparativ e studies : 
Presentin g a n externa l  spatia l  representatio n facilitate s th e 
constructio n an d utilizatio n o f  a n interna l  spatia l  model . 
Give a ou r  results ,  a  common codin g strateg y fo r  bot h 
humans an d animal s i s indee d ver y conceivable ,  an d mos t 
likely ,  thi s strateg y i s base d o n spatia l  models . 
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