
T o w a r d s A  Compara t i v e Psycholog y o f  Cognitiv e 

Content :  Explorin g Tre e Preferenc e A s y m m e t r i e s 

I n H u m a n s ,  Pigeons ,  an d M o n k e y s 

Michael R. Dawson, Dwight S. Mazmanian, 

an d Will ia m A .  Robert s 

D e p a r t m e n t  o f  Psycholog y 

Universit y o f  Wes te r n Ontari o 

L o n d o n ,  Ontario ,  C a n a d a 

A b s t r a c t 

Conceptua l  structur e i n humans ,  pigeons ,  an d monkey s wa s investigate d 

usin g a  multidimensiona l  scalin g procedure .  Pigeon s an d monkey s wer e 

initiall y  traine d t o discriminat e betwee n stimultaneousl y presente d tre e 

and nontre e pictoria l  stimuli .  Preferenc e dat a wa s collecte d b y insertin g 

prob e trial s I n whic h th e animal s wer e force d t o choos e betwee n tw o tre e 

stimuli .  Analogou s dat a fo r  huma n subject s wa s collecte d b y havin g 

subject s rat e thei r  preference s fo r  th e sam e stimuli .  Tre e preferenc e 

relationship s i n th e differen t  dataset s wer e obtaine d usin g th e D E D I C O M 

procedure .  Thes e analyse s reveale d strikin g interspecie s difference s i n 

conceptua l  structure .  Th e analysi s o f  huma n tre e preference s reveale d a 

'whol e vs .  part '  patter n i n whic h stimulu s preferenc e wa s a  functio n o f 

stimulu s completeness .  Pigeo n tre e preference s wer e qualitativel y differen t 

fro m huma n tre e preferences ,  an d als o appeare d t o b e les s elaborate .  I n 

general ,  'branchy '  stimul i  wer e preferre d ove r  'leafy '  stimuli ,  an d a  'whol e 

vs .  part '  patter n di d no t  emerge .  Th e dat a fo r  monkey s als o illustrate d a 

preferenc e fo r  'branchy '  structure s ove r  'leafy '  structures .  Individua l 

difference s betwee n monke y preference s wer e als o revealed ,  an d wer e foun d 

t o b e relate d t o performanc e o n th e initia l  discriminatio n task .  Monkey s 

tha t  ha d a  well-define d tre e preferenc e patter n learne d thi s tas k faste r 

tha n di d monkey s wit h a  les s define d structure .  Th e result s o f  al l  o f  th e 

analyse s demonstrate d interspecie s difference s i n tre e concepts ,  an d 
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suggested the possibility that these may be related to different functional 

experience s o r  requirements . 

A ke y hypothesi s I n cognitiv e scienc e I s tha t  Intelligenc e i s th e produc t  o f  symboli c 

processing .  Unde r  thi s hypothesis ,  Intelligen t  behaviou r  m a y bes t  b e explaine d b y 

providin g a n accoun t  o f  th e representationa l  syste m tha t  mediate s th e behaviou r  (e.g. , 

Pylyshyn ,  1984) .  Thi s "Cognltlvlst "  hypothesi s I s als o beginnin g t o b e applie d i n th e 

stud y o f  anima l  behaviou r  (e.g. .  Griffin ,  1978 ;  Roitblat ,  1982) .  Indeed ,  man y anima l 

behaviou r  researcher s no w assum e tha t  nonhuma n specie s us e som e for m o f  menta l 

representation ,  an d man y recen t  experiment s hav e bee n concerne d wit h determinin g th e 

functiona l  characteristic s o f  anima l  representationa l  system s (e.g. ,  Mazmanla n & 

Roberts ,  1982 ;  Premack ,  1983 ;  Roberts ,  Mazmanlan ,  &  Kraemer ,  1986 ;  Roitblat ,  Bever , 

& Terrace ,  1984 ;  Sands ,  Lincoln ,  &  Wright ,  1982) . 

Roitblat (1982) makes a distinction between the domain and the content of a 

representation .  Th e domai n i s th e clas s o f  situation s i n th e worl d t o whic h th e 

representatio n applies .  Th e conten t  i s th e se t  o f  feature s abou t  th e represente d worl d 

tha t  ca n b e derive d fro m th e representation .  I t  i s  quit e likel y tha t  differen t  specie s us e 

differen t  content s i n representin g identica l  domains .  Fo r  example ,  on e specie s o f  anima l 

m ay encod e a  tre e a s a  plac e o f  shelter ,  whil e anothe r  ma y encod e th e sam e tre e a s a 

sourc e o f  food .  Thus ,  a  majo r  issu e i n a  comparativ e psycholog y o f  conceptua l  structur e 

I s whethe r  th e content s o f  representation s o f  variou s specie s ar e different ,  an d i f  so ,  i n 

what  way . 

Some recent studies have shown that multidimensional scaling (MDS) procedures 

m ay b e ver y usefu l  i n examinin g th e content s o f  anima l  concept s (Blough ,  1985 ;  Sands , 

Lincoln ,  &  Wright ,  1982) .  Th e result s w e repor t  com e fro m a n experimen t  tha t  extend s 

thi s previou s methodolog y i n tw o ways .  First ,  a  paradig m wa s use d i n whic h th e 

preferenc e o f  on e stimulu s ove r  anothe r  i n term s o f  it s  bein g "tree-like "  wa s measured . 
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using a set of photographs of trees In natural settings. This preference data was 

obtaine d fo r  human ,  pigeon ,  an d monke y subjects .  Thu s w e wer e abl e t o compar e tree -

preferenc e relationship s amon g thre e differen t  animal  specie s fo r  th e sam e se t  o f  stimuli . 

Second ,  preferenc e dat a I s Intrinsicall y asymmetri c (wha n A  I s preferre d ove r  B ,  B  I s no t 

preferre d ove r  A ) ,  an d therefor e traditiona l  M D S analysi s procedure s ar e no t 

appropriate .  Instead ,  w e use d th e D E D I C O M M D S procedure ,  whic h represent s th e 

asymmetri c structur e o f  a  matri x I n term s o f  directiona l  geometri c pattern s tha t  ca n 

easil y b e Interprete d (e.g. ,  Harshman ,  Green ,  Win d &  Lundy ,  1982) .  W h e n use d t o 

analys e preferenc e data ,  D E D I C O M Indicate s whic h stimul i  wer e preferre d ove r  others , 

as wel l  a s th e exten t  o f  thi s preference .  I n Interpretin g suc h a  pattern ,  a n examinatio n 

of  stimulu s characteristic s I s undertake n I n a n attemp t  t o understan d wh y particula r 

preferenc e relationship s hold .  Ou r  ai m wa s t o examin e th e pattern s o f  tre e preference s 

obtaine d fro m th e thre e specie s I n orde r  t o se e I f  ther e wer e an y systemati c difference s I n 

th e conten t  o f  th e concep t  "tree" . 

D a t a C o l l e c t i o n 

sixtee n photographi c slide s o f  tree s I n natura l  setting s wer e use d I n a n Initia l  stud y 

I n whic h huma n tre e preference s wer e measured .  Thes e photograph s wer e o f  a  wid e 

variet y o f  trees ,  rangin g fro m tre e part s t o full ,  leaf y trees .  A  variet y o f  setting s wer e 

als o depicte d I n th e stimuli .  Tre e preferenc e rating s fo r  al l  possibl e permutation s o f 

pair s o f  thes e stimul i  wer e obtaine d fro m fou r  huma n subject s b y havin g the m Indicat e 

whic h member  o f  eac h pai r  wa s th e bette r  tree .  Subject s als o Indicate d th e exten t  o f 

thei r  preferenc e o n a  seve n poin t  scale ,  a s wel l  a s th e perceive d similarit y betwee n 

members o f  eac h stimulu s pair . 

An Initial MDS analysis of the (symmetric) similarity ratings data was used to 

selec t  a  nonredundan t  subse t  o f  twelv e stimul i  t o us e fo r  anima l  testing .  Fou r  ?  pigeon s 

and fou r  squirre l  monkey s wer e ru n I n th e experiment .  Th e animal s wer e Initiall y 

traine d usin g a  force d choic e discriminatio n procedur e t o choos e a  tre e fro m a  nontre e 

by pressin g th e scree n o n whic h th e tre e pictur e wa s projected .  Animal s remaine d i n 

thi s phas e o f  th e experimen t  unti l  8 5 % accurac y wa s achieve d ove r  a  bloc k o f  five 
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sessions. In the next phase, novel tree-nontree pairs were Inserted among the training 

slides ,  an d bot h pigeon s an d monkey s wer e highl y accurat e a t  choosin g th e nove l  tre e 

pictur e I n thes e pairs .  I n th e fina l  phas e o f  th e experiment ,  si x prob e trial s wer e 

Inserte d amon g th e trainin g trial s o n eac h session .  Thes e prob e trial s consiste d o f  pair s 

of  tre e stimul i  selecte d fro m th e twelv e stimul i  w e wishe d t o examine .  Thus ,  th e anima l 

was force d t o mak e a  tree-preferenc e choic e betwee n member s o f  pair s o f  thes e critica l 

stimuli .  Thi s procedur e continue d unti l  al l  possibl e permutation s o f  pair s o f  stimul i  ha d 

bee n presente d twice . 

A n a l y s i s o f  t h e H u m a n D a t a 

T h e h u m a n tre e preferenc e dat a wa s average d acros s th e fou r  subjects ,  an d 

D E D I C OM wa s applie d t o thi s averag e matrix .  T w o preferenc e pattern s tha t  accounte d 

fo r  6 9 % o f  th e varianc e I n th e dat a wer e recovered ,  an d ar e presente d I n Figur e 1 .  I n 

thi s figure ,  th e ope n circl e represent s th e origi n o f  th e preferenc e pattern ,  an d stimulu s 

object s fallin g nea r  thi s origi n ar e no t  strongl y involve d i n th e pattern .  Th e arrow s 

indicat e th e directio n o f  preferenc e i n th e pattern ;  a  stimulu s objec t  a t  th e tai l  o f  a n 

arro w i s preferre d ove r  stimul i  pointe d t o b y th e hea d o f  th e arrow . 

The first human tree preference pattern indicated that leafy tree wholes were seen 

as mor e tree-lik e tha n leaf y tre e parts .  Th e mos t  preferre d stimul i  I n th e patter n wer e 

tw o full ,  leaf y trees ,  whil e th e leas t  preferre d stimul i  wer e leafles s tre e parts .  Th e whol e 

vs .  par t  patter n I s apparen t  i f  on e follow s th e axi s o f  th e patter n (soli d line )  i n th e 

directio n o f  preference :  th e ful l  leaf y tree s ar e encountere d first ,  followe d b y flowerin g 

tree s an d a  coloure d fal l  tree ,  followe d b y picture s o f  tre e part s I n whic h som e leave s ar e 

present .  Th e secon d patter n indicate d a  simila r  structur e i n whic h th e presenc e o f 

leave s wa s no t  a s important .  I n thi s secon d pattern ,  ful l  tre e structure s wit h leaves , 

flower s o r  needle s wer e preferre d ove r  les s typica l  tre e structure s ( a lon e leafles s tre e an d 

a stunte d evergreen) ,  whic h i n tur n wer e preferre d ove r  th e stum p an d root . 
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Analysis of the Pigeon Data 

A D E D I C O M analysi s o f  th e average d pigeo n dat a reveale d tw o strikin g 

difference s fro m th e result s obtaine d I n analysin g th e huma n data .  First ,  onl y on e 

preferenc e patter n wa s recovered .  Thi s pattern ,  whic h accounte d fo r  ? ? % o f  th e dat a 

variance ,  I s presente d I n Figur e 2 .  Th e secon d differenc e I s note d I n th e Interpretatio n 

of  thi s pattern ,  a s I t  wa s qualitativel y differen t  fro m eithe r  patter n i n Figur e 1 .  Fo r 

Instance ,  th e fal l  deciduou s tree ,  on e o f  th e mor e preferre d stimul i  fo r  humans ,  wa s th e 

leas t  preferre d stimulu s fo r  pigeons .  Similarly ,  th e stum p tha t  wa s on e o f  th e leas t 

preferre d stimul i  fo r  human s wa s on e o f  th e mor e preferre d stimul i  fo r  pigeons .  I n 

general ,  th e entir e preferenc e patter n fo r  pigeon s suggeste d tha t  stimul i  tha t  ha d a  ver y 

well-define d "branchy "  structur e (I.e. ,  lon g narro w projection s no t  obstructe d b y dens e 

masses o f  leaves ,  an d distinc t  fro m th e background )  wer e selecte d b y th e pigeon s a s 

bein g mor e tree-lik e tha n stimul i  tha t  ha d a  poorl y define d branch y structure . 

A n a l y s i s o f  t h e M o n k e y D a t a 

The D E D I C O M analyse s o f  th e monke y dat a wer e performe d o n th e individua l 

subjects *  datasets ,  a s preliminar y Investigation s Indicate d a  variet y o f  Individua l 

differences .  On e o f  th e animal s demonstrate d a  singl e preferenc e patter n quit e simila r  t o 

th e structur e observe d i n th e pigeo n data .  T w o o f  th e monkey s demonstrate d tw o 

preferenc e pattern s apiece .  On e o f  thes e pattern s indicate d a  preferenc e o f  well-define d 

"branchy "  structure s ove r  poorly-define d "branchy "  structures .  Th e othe r  o f  thes e 

pattern s indicate d a  preferenc e o f  stimul i  representin g solitar y branche s ove r  stimul i  I n 

whic h severa l  branche s wer e evident .  Th e final  monke y demonstrate d thre e separat e 

preferenc e patterns ,  accountin g fo r  ? ? % o f  th e dat a variance ,  whic h ar e illustrate d i n 

Figur e 3 .  Th e first  o f  thes e pattern s reveale d th e preferenc e fo r  well-define d "branchy " 

structure s observe d i n th e othe r  animals .  Not e th e outlyin g positio n o f  th e evergree n I n 

thi s pattern ,  suggestin g tha t  th e anima l  wa s awar e o f  som e differenc e betwee n thi s 

stimulu s an d th e othe r  stimul i  tha t  wer e used ,  whic h wer e predominatel y deciduou s 

trees .  Th e secon d patter n Involve d preference s amon g th e subse t  o f  stimul i  tha t  wer e 

primaril y  leafiess ,  indicatin g tha t  th e anima l  wa s sensitiv e t o th e presenc e o r  absenc e o f 
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leaves in the photographs. In this pattern, full solitary branching structures were 

preferre d ove r  mor e complicate d branchin g structures .  Th e fina l  patter n reveale d 

preferenc e relation s amon g (roughly )  th e subse t  o f  stimul i  tha t  possesse d leaves .  I n thi s 

pattern ,  stimul i  tha t  ha d mor e leave s wer e preferre d ove r  stimul i  tha t  ha d fe w leaves . 

In performing a DEDICOM analysis, use is made of a fit-to-dimenslonality curve 

tha t  plot s th e goodnes s o f  fi t  o f  a  solutio n a s a  functio n o f  th e numbe r  o f  directiona l 

pattern s i n th e solution .  Thi s curv e i s use d t o choos e th e mos t  appropriat e solutio n fo r 

a dataset .  Thi s curv e ca n b e interprete d a s providin g a n inde x o f  ho w wel l  define d a 

directiona l  structur e i s (c.f. ,  Cattell ,  1978) .  I n general ,  i f  thi s curv e i s ver y stee p an d 

the n flatten s sharply ,  th e structur e i s wel l  define d (i.e. ,  fre e o f  noise) ,  whil e i f  th e curv e 

tend s t o hav e a  mor e gentl e Initia l  slope ,  an d doe s no t  sharpl y flatten ,  th e structur e i s 

not  wel l  defined .  Figur e 4  illusrate s th e fit-to-dimensionalit y curv e obtaine d fo r  eac h 

monkey alon g wit h a  curv e inidicatin g th e performanc e o f  th e anima l  whe n learnin g th e 

Initia l  tree/nontre e discriminatio n task .  I t  i s  eviden t  fro m thi s figur e tha t  th e mor e 

well-define d th e preferenc e structur e was ,  th e faste r  di d th e anima l  lear n th e initia l  task . 

Thi s suggest s tha t  performanc e o n th e Initia l  learnin g tas k wa s relate d t o th e animal' s 

abilit y  t o us e a  well-define d representationa l  structur e whe n makin g th e discrimination . 

D i s c u s s i o n 

Th e majo r  resul t  o f  thi s stud y wa s tha t  ther e wer e noticeabl e difference s betwee n 

specie s I n term s o f  th e preferenc e pattern s observe d fo r  th e se t  o f  tre e stimul i  tha t  wer e 

examined .  Whil e huma n subject s appeare d t o bas e thei r  judgemen t  o n ho w complet e 

stimul i  appeare d t o be ,  bot h monkey s an d pigeon s wer e mor e sensitiv e t o th e 

"branchlness "  o f  th e stimuli .  Individua l  difference s betwee n monke y tre e preferenc e 

pattern s wer e als o noted ,  suggestin g tha t  differen t  animal s use d representation s tha t 

wer e sensitiv e t o differen t  stimulu s attributes .  Th e monke y dat a als o indicate d tha t 

ho w wel l  define d a  preferenc e patter n wa s (a s indicate d b y fit-to-dlmenslonallty  curves ) 

was relate d t o performanc e o n th e discriminatio n task . 

Although clear differences between species were noted, the reason why these 
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differences were found Is not as evident. It could be that In the tree/nontree 

discriminatio n task ,  th e mos t  reliabl e o r  salien t  featur e o f  a  tre e i s th e presenc e o f  som e 

branchin g structure .  Thus ,  whe n confronte d wit h tw o differen t  tre e photographs ,  th e 

anima l  select s th e stimulu s tha t  ha s th e mos t  branches .  However ,  thi s i s apparentl y no t 

th e onl y proces s Involved .  Fo r  example ,  th e pattern s Illustrate d I n Figur e 3  sho w tha t 

one monke y wa s als o sensitiv e t o th e presenc e an d absenc e o f  leaves ,  a s wel l  a s th e 

number  o f  branchin g structure s I n a  stimulus . 

A more speculative account of the observed differences is in terms of the functional 

natur e o f  differen t  cognitiv e contents .  I t  i s  possibl e tha t  th e preferenc e fo r 

"branchiness "  I n th e stimul i  I s relate d t o th e fac t  tha t  pigeon s vie w tree s primaril y a s 

place s t o perch ,  an d tha t  monkey s vie w tree s I n term s o f  place s t o climb .  Structure s 

wit h well-define d branche s ar e presumabl y structure s tha t  ca n b e perche d upo n o r 

climbe d upo n quit e readily ,  an d ma y therefor e b e encode d a s "good "  trees . 

Unfortunately ,  th e complexit y o f  th e stimul i  tha t  w e use d prevent s fir m conclusion s o f 

thi s typ e t o b e drawn .  However ,  w e fee l  tha t  thes e result s Indicat e a  fruitfu l  approac h 

t o studyin g th e conceptua l  structur e I n animals .  Th e curren t  result s sho w tha t  a 

particula r  variabl e (I.e. ,  "branchiness" )  I s ver y Importan t  I n tree-preferenc e pattern s I n 

bot h pigeon s an d monkeys .  A  simila r  stud y usin g a  mor e controlle d se t  o f  stimuli ,  I n 

whic h "branchiness "  wa s systematicall y varied ,  migh t  begi n t o provid e a  mor e precis e 

characterizatio n o f  th e encodin g o f  th e concep t  "tree "  i n thes e animals . 
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Figur e 1 

D E D I C OM solution s fo r  huma n tre e preferenc e data . 
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Figur e 2 

Th e singl e blmenslo n remove d fro m th e pigeo n tre e preferenc e data . 
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Figur e 3 

Thre e bimenslon s recovere d fro m a  singl e monkey' s tre e preferenc e data . 
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Figur e 4 

T h e ni-to-dlmenslonallt y curve s an d th e learnin g curve s fo r  th e Individua l  monkeys . 
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