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Bloomington ,  I N 4740 5 
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Abstrac t 

Physical constraints on growth produce continuous 
variation s i n th e shap e o f  biologica l  object s tha t 
correspon d t o thei r  sizes .  W e investigate d 
whethe r  tw o suc h propertie s o f  tre e for m ca n b e 
visuall y discriminate d an d use d t o evaluat e th e 
heigh t  o f  trees .  Observer s judge d simulate d tre e 
silhouette s o f  constan t  imag e size .  Compariso n 
was mad e t o judgment s o f  rea l  tree s i n natura l 
viewdn g conditions .  Tre e for m wa s show n t o confe r 
an absolut e metri c o n groun d textur e gradients . 
Eyeheigh t  informatio n wa s als o show n t o b e 

ineffectiv e a s a n alternativ e sourc e o f  absolut e 
scale . 

Introductio n 

The problem of size perception arises because the 
siz e o f  th e imag e projecte d fro m a n objec t  varie s 
wit h th e distanc e o f  th e objec t  fro m th e observer . 
Imag e size ,  b y itself ,  provide s n o informatio n 
about  objec t  size .  Th e traditiona l  solution s t o thi s 
proble m ar e size-distanc e invarianc e theor y ein d 
familia r  size . 

I n size-distanc e invarianc e theory ,  th e 
invers e relatio n betwee n imag e siz e an d objec t 
distanc e i s use d t o deriv e perceive d objec t  size , 
assumin g tha t  informatio n abou t  distanc e i s 
availabl e (Gogel ,  1977 ;  Holwa y &  Boring ,  1941 ; 
Kilpatric k &  Ittelson ,  1953) .  Thi s confound s th e 
problem s o f  siz e an d distanc e perception .  Becaus e 
distanc e perceptio n i s itsel f  a  difficul t  problem , 
an independen t  approac h t o siz e perceptio n 
woul d b e advcintageous .  Familia r  siz e doe s no t 
presum e informatio n abou t  distance .  Fo r  thi s 
reason ,  familia r  siz e i s usuall y include d amon g 
hypothetica l  source s o f  informatio n abou t 

distanc e (Epstein ,  1%1 ;  Gogel ,  1977 ;  Gibson ,  1950 ; 

Hartme n &  Marker ,  1957;) . 

The familia r  siz e solutio n i s simpl y tha t 
th e observe r  know s th e siz e o f  certai n 
identifiabl e object s tha t  hav e highl y stabl e an d 
definit e sizes .  Familia r  siz e reduce s siz e 
perceptio n t o for m perceptio n becaus e objec t 
recognitio n i s achieve d b y identifyin g 
characteristi c forms .  Familia r  siz e i s usuall y 
considere d wit h respec t  t o ma n mad e objects ,  lik e 
playin g cards ,  matchbooks ,  an d watches ,  becaus e 
th e relevan t  form s ar e distinc t  cm d th e size s ar e 
wel l  restricted .  Applicatio n t o biologica l  object s 
i s mor e difficul t  becaus e th e size s fo r  a  give n typ e 

of  objec t  ar e les s restricte d an d th e relevan t  form s 
ar e mor e comple x an d subjec t  t o continuou s 
variations .  Ca n observer s us e continuou s 
variation s i n for m t o perceiv e variation s i n size ? 
I f  so ,  th e generalizatio n woul d mak e th e 
familia r  siz e solutio n ver y powerful .  However , 
generalizatio n depends ,  i n part ,  o n 

discriminativ e abilitie s i n for m perception . 
A secon d consideratio n i s associate d wit h 

a requiremen t  tha t  size s b e restricte d an d highl y 
stable .  Suc h regularit y an d predictabilit y  i s 
produce d b y constraint s impingin g o n th e 
formatio n o f  th e object s i n question .  Th e size s an d 
form s o f  biologica l  object s ar e constraine d b y 
physica l  an d biologica l  laws .  Th e stud y o f  suc h 
law s comprise s th e subjec t  matte r  o f  fimctiona l 
morpholog y an d allometry '  (Calder ,  1984 ; 
Hildebrand ,  Bramble ,  Lie m &  Wake ,  1985 ; 
McMahon,  1984 ;  McMaho n &  Bonner ,  1983 ;  Peters , 
1983;  Thompson ,  1961) .  D'Arc y Thompso n (1%1 ) 
has describe d organi c for m a s a  "diagra m o f 
forces "  and ,  followin g observation s o f  Galileo , 

' Similar considerations are found in the 

stud y o f  scal e model s i n engineerin g wher e objec t 
for m an d material s mus t  b e distorte d o r  altere d i n 
smal l  scal e model s t o preserv e structura l 
integrit y an d functio n fo r  purpose s o f  testin g 
(Baker ,  Westin e &  Dodge ,  1973) . 
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has note d tha t  organi c form s alte r  i n th e fac e o f 
scal e change s t o preserv e th e integrit y o f 
structur e an d function .  Th e form s mus t  chang e 
becaus e variou s linea r  o r  geometri c dimension s i n 

an objec t  scal e differentl y t o relevan t  forces . 

For  instance ,  a s discusse d b y Galileo ,  th e 
strengt h o f  a  bon e require d t o suppor t  it s  weigh t  i s 

proportiona l  t o th e squar e o f  it s diamete r  whil e 

th e weigh t  t o b e supporte d i s proportiona l  t o th e 
cub e o f  it s length .  A s th e bon e increase s i n size , 

th e diamete r  mus t  increas e faste r  tha n th e lengt h 

fo r  th e strengt h b e adequat e t o suppor t  th e 

weight .  Bigge r  bone s mus t  b e relativel y thicker . 
Such change s i n for m ar e especiall y prominen t  i n 
biologica l  object s becaus e thei r  material s remai n 
invarian t  ove r  scal e change s wrough t  b y growth . 
Thi s i s tru e i n particula r  o f  th e form s assiune d b y 
vegetation . 

Observer s ca n certainl y distinguis h a 

stal k o f  gras s fro m a  tree .  Th e form s ar e fairl y 

distinct .  I s th e sam e tru e o f  smal l  versu s larg e 
trees ? I n thi s instance ,  th e siz e ca n var y 
continuousl y fro m a  coupl e o f  fee t  t o a  coupl e o f 
hundre d feet .  D o specifi c  continuou s variation s i n 

tre e for m accompan y suc h variation s i n size ? I f 
so,  ca n observer s distinguis h suc h continuou s 

variation s i n for m an d us e suc h informatio n t o 
evaluat e size ? 

For  a  numbe r  o f  reasons ,  perceivin g th e 
siz e o f  tree s provide s a  goo d tes t  cas e fo r  a 
reductio n o f  siz e perceptio n t o for m perceptio n b y 

virtu e o f  physica l  constraint s o n form .  First ,  tree s 
ar e extremel y commo n i n th e visua l  environmen t 

and the y spa n th e greate r  par t  o f  th e rang e o f 
size s direcd y relevan t  t o huma n activity .  Thei r 
presenc e coul d b e use d t o determin e th e siz e o f 
neighborin g object s includin g huma n artifact s 
(e.g .  buildings )  an d terrai n feature s (e.g .  roc k 
outcrops) .  Second ,  thei r  frequenc y o f  appearanc e 

i n th e surroun d mean s tha t  observer s wil l  b e 
feimilia r  wit h them .  Third ,  tre e morpholog y ha s 

been studie d extensively .  Th e sccilin g law s tha t 
determin e change s i n for m accompanyin g change s 

i n siz e wit h growt h hav e bee n describe d 
(Borcher t  &  Honda ,  1984 ;  Fishe r  &  Honda , 
1979a ,  b ;  Honda ,  Tomlinso n &  Fisher ,  1981 ; 
McMahon &  Bonner ,  1983 ;  McMaho n &  Kronauer , 

1976 ;  Turrell ,  1961) .  Fourth ,  th e sam e scalin g 
law s appl y t o mos t  othe r  form s o f  terrestria l 
vegetatio n an d som e appl y a s wel l  t o aspect s o f 
th e for m an d structur e o f  vertebrate s (McMahon , 
1984 ;  McMaho n &  Bonner ,  1983) .  Fifth ,  th e 

relevan t  form s ar e comple x an d th e variation s i n 
for m ar e sufficientl y subtl e t o provid e a  goo d tes t 

of  th e abilit y  o f  th e visua l  syste m t o detec t  subtl e 
variatio n i n comple x form s an d emplo y i t  a s 

informatio n abou t  size . 
TWo scalin g law s ar e know n t o determin e 

characteristi c propertie s o f  tre e for m tha t  var y 

wit h tre e height .  First ,  successfu l  mechanica l 
suppor t  i s achieve d i n tree s b y preservin g elasti c 

similarit y (McMahon ,  1975 ;  M c M a h o n & 

Kronauer ,  1976) .  Th e diamete r  o f  a  branc h o r  tre e 
trunk ,  scale s wit h th e remainin g lengt h alon g th e 

branc h o r  trun k t o it s  ti p a s follows : 

Diamete r  =  (Height)̂ -5 . 

Thi s i s consisten t  wit h a n empiricall y derive d 
relatio n whic h als o predict s max imu m height s 
fo r  give n climat e zone s (Kira ,  1980) .  Bot h 
relation s predic t  tha t  th e rati o o f  th e diamete r 
of  th e trun k t o th e heigh t  o f  a  tre e i s specifi c  t o 
th e actua l  heigh t  o f  th e tree .  (Thi s rati o als o 
applie s t o an y poin t  alon g a  branc h usin g th e 
diamete r  a t  tha t  poin t  an d th e remainin g lengt h 

t o th e tip. )  Becaus e th e H / D rati o i s wel l 
preserve d i n tre e images ,  th e relatio n determine s 
optica l  informatio n fo r  tre e height .  Usin g th e 

Kir a relatio n fo r  temperat e zon e trees : 

Actua l  Height=131.2 3 -3.28(H/D) . 
Second ,  th e numbe r  o f  termina l  branche s 

i n a  tre e scale s wit h th e siz e o f  th e tre e (Borcher t 
& Honda ,  1984 ;  Turrell ,  1961) .  T o a n 
approximation ,  a  tre e cover s th e surfac e o f  it s 
branchin g volum e wit h leave s o f  constan t  siz e t o 
collec t  light .  Branche s ar e require d i n constan t 
proportio n t o th e leaves .  A n exponentia l 

branchin g proces s i s constraine d b y th e 
hydrodynamic s o f  th e neutrien t  distributio n 
producin g conformit y t o a  surfac e la w (Borcher t  & 
Honda,  1984 ;  Honda ,  Tomlinso n &  Fisher ,  1981) . 

Thi s ha s bee n confirme d (Kira ,  1980 ;  Turrell , 
1961)  an d predicts : 

Number  o f  branches= a (Height )  . 

Thus ,  th e numbe r  o f  branches ,  a  propert y wel l 

preserve d i n images ,  als o provide s informatio n 
abou t  tre e height . 

Judgin g isolate d silhouette s 

an d rea l  tree s 

Can observers use forms generated by such scaling 

relation s t o judg e tre e size ? Usin g th e tw o 
scalin g relations ,  w e produce d tre e silhouette s o f 

constan t  imag e heigh t  i n 7  differen t  architecture s 

(Halle ,  Oldema n &  Tomlinson ,  1978 ;  Honda , 
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1971;  Tomlinson ,  1983)2 .  2 4 observer s first  judge d 

th e heigh t  o f  1 6 rea l  tree s observe d o n th e l U 

campus a t  distance s preservin g constan t  imag e 

height s equivalen t  t o ou r  simulate d images . 

Actua l  height s range d fro m 1 0 ft-9 0 ft .  C s nex t 

judge d height s o f  simulate d tree s viewe d a s 
silhouette s (paralle l  projection )  wit h n o 

backgroun d structure . 

O' s judgin g rea l  tree s wer e instructe d t o 
judg e heigh t  i n fee t  b y glandn g rapidl y a t  th e 
specifie d tre e an d writin g a  quick ,  "of f  tfie  cuff " 
assessmen t  o f  th e height .  Eac h judgmen t  wa s 

made i n a  perio d o f  abou t  2- 3 seconds .  Befor e 
makin g thes e judgments ,  {participant s wer e show n 
a shor t  (2 6 ft )  an d a  tal l  (6 4 ft )  lightin g pol e an d 
wer e tol d th e heights .  A  regressio n showin g mea m 
judgment s (wit h standar d erro r  bars )  agains t 

actua l  height s appear s i n Figur e 1 .  Th e rathe r 
surprisin g accurac y give n th e rapidit y o f 
judgment s  i s reflecte d b y a  mea n slop e o f  . 9 an d 

intercep t  nea r  0 .  r ^  fo r  th e individua l  judgment s 

was .81 . 
Real  Tree s 

r  90 -  .  Figur e 1 . 

'Z 70' 
= 60 . 
S 50 ' 

5 20-

0 1 0 2 0 3 0 4 0 5 0 6 0 7 0 8 0 9 0 10 0 
Actua l  Heigh t  (ft ) 

O' s als o judge d heigh t  i n fee t  fo r  th e 
simulate d tre e silhouettes .  O' s wer e give n 
packet s i n whic h eac h pag e containe d a  singl e 
tre e image .  5 6 tree s varyin g i n heigh t  an d 
architectur e wer e arrange d i n 2  rando m orders . 
O' s flippe d throug h th e packet s writin g thei r 
judgment s i n orde r  an d the n wer e allowe d t o g o 
bac k t o adjus t  thei r  judgment s afte r  havin g 
studie d th e whol e se t  o f  tre e images .  Th e mea n 
heigh t  judgment s wit h standar d erro r  bar s 
appea r  i n Figur e 2  compare d t o actua l  modele d 
height s fo r  eac h o f  th e 7  architectures . 

*  Rol f  Borcher t  provide d u s wit h th e progra m 
describe d i n Borcher t  &  H o n d a (1984 )  whic h 
simulate d branchin g a s determine d b y th e 
hydrodjmamics .  M .  Stassen ,  E .  Gutjahr ,  an d I 
incorporate d routine s t o comput e tre e diameter s 
and t o dra w trees ,  groun d texture ,  an d cylinder s i n 

perspective . 

On average ,  judgment s wer e 
monotonicall y increasin g wit h increasin g actua l 
height .  Rai\ k ordering s o f  mea n heigh t  judgment s 

wer e compute d simultaneousl y acros s al l  5 6 tree s 
as wer e ordering s accordin g t o actua l  modele d 
height ,  numbe r  o f  branches ,  an d th e D / H ratio . 
The ordina l  relation s fo r  tree s acros s al l  7 
architecture s wer e accuratel y reproduce d i n 
judgment s wit h th e exceptio n o f  on e o f  th e 
architectures .  O' s wer e als o aske d t o rat e th e 
naturalnes s o f  th e tre e images .  O' s rate d th e 
architectur e wit h poo r  ordina l  result s a s th e 
leas t  natura l  o r  realistic .  Overall ,  however ,  th e 

image s wer e rate d a s realistic . 

simulate d Trac K Paralle l  Projectio n an d N o Backgroun d 
100 

90 
80 
.70 

f . 

Figur e 2 . 

20 3 0 4 0 
T k *  Numbe r 

Th e scalin g relatio n betwee n actue d 
heigh t  an d th e H / D rati o pn-edicte d b y th e Kir a 
relatio n w a s linear .  Th e relatio n fo r  modele d an d 
judge d height s w a s linea r  i n bot h cases .  W h e n 
H / D an d numbe r  o f  branche s wer e regresse d 
simultaneousl y o n modele d heights ,  bot h H / D 
an d numbe r  o f  branche s wer e significant ,  p<.001 , 
wit h almos t  equa l  bet a weight s o f  opposit e sign . 

(Overal l  r̂ =.902. )  I n th e sam e regressio n 
performe d o n heigh t  judgments ,  onl y H / D w a s 
significan t  wit h a  bet a weigh t  tha t  dwarfe d 

tha t  fo r  numbe r  o f  branches .  (Overal l  r^=.914. ) 
Thus ,  judgment s seeme d t o hav e depende d 
primaril y o n th e H / D ratio .  O f  course ,  becaus e 
th e H / D rati o an d th e numbe r  o f  branche s covar y 
t o a  larg e extent ,  th e nvmibe r  o f  branche s canno t  b e 
irrelevan t  t o eithe r  heigh t  o r  siz e judgments .  I n 
pilo t  studie s usin g simulation s tha t  onl y varie d 
th e H / D ratio ,  no t  branc h number ,  som e O' s 
refuse d t o perfor m th e tas k becaus e th e 
informatio n wa s contradictory . 

The obviou s proble m wit h th e simulatio n 
result s wa s that ,  whil e th e judgment s wer e wel l 
ordered ,  th e slope s wer e shallow .  Th e overal l 
slop e fo r  actua l  height s regresse d o n judge d 
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height s wa s .37 .  Mea n judgment s di d no t  excee d 

45 f t  whil e modele d height s reache d 9 0 ft .  W h y 

shoul d thi s hav e bee n so ? On e p>ossibilit y  i s  tha t 
th e simulatio n viewin g condition s ma y hav e bee n 

so reduce d a s t o distor t  th e form s an d suppres s 

judgments .  Th e tre e image s wer e al l  produce d 

usin g paralle l  projectio n fo r  al l  size s an d 
distances .  A s a  result ,  th e image s wer e al l 

extremel y fla t  and ,  fo r  neare r  trees ,  distorted . 

Also ,  i f  w e wishe d t o compar e simulatio n result s 

t o th e judgment s o f  rea l  tree s i n mor e natura l 
viewin g conditions ,  the n th e lac k o f  a  groun d 

textur e gradien t  ma y hav e bee n significant .  O' s 
m ay hav e ha d som e difficult y i n resolvin g 
successiv e increment s i n eithe r  th e H / D rati o o r 

th e numbe r  o f  branches .  Judgment s o f  individua l 

O' s tende d t o exhibi t  rando m loca l  reversal s o r 
flattenin g o f  th e judgmen t  curves .  Locatio n i n a 

groun d textur e gradien t  m a y enabl e O' s t o 
overcom e thi s difficulty . 

Conferrin g a n absolut e metri c 

o n th e fiel d 

For the next study, we sought to make simulations 
more comp>arabl e t o natura l  viewin g conditions . 
We use d pola r  projectio n an d place d th e tree s i n 

th e contex t  o f  a  groun d textur e gradient .  A 
sampl e imag e appear s i n Figur e 3 . 

Use o f  a  groun d textur e gradien t 
introduce d anothe r  interestin g question .  Lik e 
motio n parallax ,  textur e gradient s provid e 

informatio n abou t  relativ e distances ,  bu t  no t 

abou t  absolut e distances .  Migh t  th e tree s confe r 

an absolut e scal e o n th e ordina l  (o r  interval ) 

fiel d se t  u p b y th e gradient ? W e investigate d 
whethe r  th e tree s ca n b e used ,  i n th e contex t  o f  a 

groun d textur e gradient ,  t o scal e th e absolut e siz e 
of  othe r  object s wit h Platoni c forms .  W e place d 6 

cylinder s a t  variou s location s withi n th e 
gradient .  Cylinde r  siz e wa s varie d t o preserv e 

imag e size . 
Thi s manipulatio n als o allowe d u s t o 

contro l  fo r  anothe r  hypothesize d effec t  o f  groun d 
textur e information .  Us e o f  informatio n 
associate d wit h eyeheigh t  ha s bee n 
hypothesize d t o confe r  a n absolut e metri c o n bot h 
paralla x an d textur e gradient s (Lee ,  1980 ;  Mark , 
1987 ;  Warre n &  Wang ,  1987) .  O n a  fla t  groun d 

plane ,  th e imag e o f  th e horizo n ha s bee n show n 
t o cu t  acros s th e image s o f  al l  object s i n th e fiel d 

of  vie w a t  a  heigh t  correspondin g t o th e heigh t 

of  th e jx)in t  o f  observation .  I f  thi s i s  th e sourc e o f 

any observe d improvement s i n th e accurac y o f 
judgment s mad e o f  simulation s wit h groun d 
textur e gradients ,  the n simila r  result s shoul d b e 
obtainabl e fo r  cylinder s viewe d withou t  trees . 
We investigate d thi s possiblit y b y askin g a 
separat e grou p o f  observer s t o judg e th e siz e o f 
cylinder s withou t  viewin g o r  judgin g trees . 

Finally ,  w e als o manipulate d th e 
viewin g o f  rea l  tree s t o meik e i t  bette r  comp>arabl e 

t o th e origina l  simulations .  Groun d textur e 
informatio n wa s reduce d b y havin g O' s vie w tree s 

throug h a  tub e wit h a n apertur e o f  visua l  angl e 

slightl y large r  tha n tha t  o f  th e trees .  Althoug h 

th e groun d extendin g fro m th e O  t o th e tre e wa s 
occluded ,  som e groun d textur e remaine d visabl e 
immediatel y aroun d a  give n tree .  Th e result s fo r 
10 O' s appea r  i n Figur e 4 .  Restricte d viewin g 

droppe d th e slop e fro m . 9 t o .8 .  A  multipl e 
regressio n performe d o n th e combine d dat a fro m 
restricte d an d unrestricte d viewin g wit h vector s 
fo r  actua l  height ,  viewin g condition ,  an d th e 

interactio n w a s significant ,  p<.001 , 

F(3,372)=504.6 ,  r2=.80 .  Actua l  heigh t  wa s 
significant ,  p<.001 ,  partia l  F=1186.4 .  Viewin g 

was no t  significant ,  bu t  th e interactio n wa s 
significant ,  p<.05 ,  partia l  F=4.06 .  Thus , 

restricte d viewin g resulte d i n a  chang e i n slope , 
but  n o chang e i n intercept .  Mea n judgment s di d 

not  excee d 6 0 ft . 

Usin g th e sam e procedur e a s before ,  1 7 O' s 

judge d simulate d tree s i n th e contex t  o f  a  groun d 

textur e gradient .  Onl y 6  architecture s wer e use d 
excludin g tha t  poorl y rate d i n th e previou s study . 
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Th e m e a n heigh t  judgment s wit h standar d erro r 

bar s appea r  i n Figur e 5  c o m p a r e d t o actua l 

modele d height s fo r  eac h o f  th e 6  architectures . 
Overal l  m e a n slop e w a s .48 ,  greate r  tha n fo r 

Real  Tree :  Reduce d Viewin g 
100 
90 

Figure 4. 

Cylinde n Judge d withou t  Tree s 

.79 X +  Z 7 

50 6 0 7 0 8 0 
Actua l  Heigli t  (ft ) 

100 

isolate d silhouettes ,  bu t  stil l  les s tha t  fo r 
reduce d viewin g o f  rea l  trees .  However ,  a s s h o w n 
i n Figur e 5 ,  th e resul t  o f  a  linea r  fi t  i s  misleading . 

M e an judgment s wer e linea r  an d clos e t o actua l 
value s fo r  height s u p t o abou t  40-5 0 f t  a t  wh ic h 
poin t  judgmen t  curve s appea r  t o hi t  a  ceiling .  Th e 
sourc e o f  thi s effec t  remain s t o b e determined . 
Th e goo d fi t  betwee n m e a n judgment s an d actua l 
modele d height s fo r  tree s belo w 4 0 f t  reveal s a n 
absenc e o f  a  'contractio n effect' .  T h e ceilin g 
reache d afte r  4 0 f t  m a y reflec t  difficult y i n 
resolvin g subsequen t  increase s i n diamete r  o r 

branc h number . 
Simulate d Trees :  Pola r  Projectio n 
and Cnnin d Textur e Gradien t 

/ 

Tre e Numbe r 

Figur e 5 . 

W h en aske d t o judg e th e heigh t  o f  th e cylinders , 
O' s w h o ha d no t  see n th e tree s produce d 
judgment s tha t  wer e ordinall y correc t  bu t  highl y 
variabl e i n absolut e valu e a s show n i n Figur e 6 . 
M e an slop e wa s .88 .  M e a n judgment s wer e high . 
R a n d o m variabilit y w a s large .  I n contrast ,  O' s 
w ho ha d firs t  see n th e tree s appearin g i n th e 
contex t  o f  th e cylinder s produce d judgment s tha t 
wer e systemati c an d m u c h mor e accurat e a s showT i 

I 

Figur e 6 . 

1 2 3 4 5 6 7 8 9 1 0 n 
Actua l  Heigh t  (ft ) 

in Figure 7. Mean slope was .57, dose to the slope 
fo r  th e tre e judgments .  R a n d o m variabilit y w a s 

lo w i n comparison . 

Cylinder s Judge d wit h Tree s 

ri6 Figure?. 

TJ 10 
& 8 H 

6-
4-
2-
0 

0 1 2 3 4 5 6 7 8 9 1 0 1 1 
Actua l  Heigh t  (ft ) 

Conclusion s 

We hav e a  ne w solutio n t o th e ol d proble m o f  siz e 
perception .  Th e abilit y  t o discriminat e subtl e 
variation s o f  thi s comple x bioligica l  for m wa s 
sufficien t  t o enabl e peopl e t o us e th e informatio n 
t o judg e scale .  Th e informatio n conferre d a n 
absolut e metri c o n a  groim d textur e gradient .  I n 
contrast ,  eyeheigh t  informatio n wa s ineffective . 
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