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M
otivation

If w
e cou

ld
 d

esign
 th

e p
erfect textu

re p
attern

 to ap
p

ly to an
y sm

ooth
su

rface in
 ord

er to en
able observers to m

ore accu
rately p

erceive th
e

su
rface’s sh

ap
e, w

h
at w

ou
ld

 th
e ch

aracteristics of th
at textu

re p
attern

 be?
H

ow
 m

u
ch

 better can
 w

e d
o, u

sin
g a w

ell-d
esign

ed
 textu

re p
attern

, th
an

sim
p

ly sm
ooth

 sh
ad

in
g (th

e m
ost p

op
u

lar d
efau

lt op
tion

)?  T
h

e an
sw

ers
to th

is qu
estion

 h
ave im

p
ortan

t p
oten

tial im
p

act in
 a w

id
e variety of

visu
alization

 ap
p

lication
s, from

 m
olecu

lar m
od

elin
g to m

ed
ical im

agin
g,

in
 w

h
ich

 scien
tists n

eed
 to efficien

tly attain
 an

 accu
rate,  in

tu
itive

u
n

d
erstan

d
in

g of th
e sh

ap
es of com

p
licated

, sm
ooth

ly cu
rvin

g su
rfaces

in
 th

eir d
ata.

O
ver th

e p
ast several years, w

e h
ave carried

 ou
t a series of exp

erim
en

ts
in

ten
d

ed
 to in

vestigate th
e im

p
act on

 sh
ap

e p
ercep

tion
 of variou

s
ch

aracteristics of su
rface textu

re p
attern

s.  In
 th

is p
oster, w

e su
m

m
arize

th
e cu

m
u

lative resu
lts of th

ese stu
d

ies.
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xp
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en

t 1: H
ow

 d
oes texture orientation affect shape perception?



• Sh
ap

e p
ercep

tion
 accu

racy varies sign
ifican

tly w
ith

 textu
re typ

e

• A
ccu

racy is p
oorer in

 th
e cases of an

isotrop
ic textu

res th
at are

ou
t of align

m
en

t w
ith

 th
e p

rin
cip

al d
irection

s

• A
ccu

racy is equ
ivalen

t w
ith

 an
 isotrop

ic textu
re an

d
 w

ith
 an

an
isotrop

ic textu
re th
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s th

e first p
rin

cip
al d

irection

• R
esu

lts are sim
ilar for d

isp
lacem

en
t an

d
 lu

m
in

an
ce textu

res
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E
xp

erim
en

t 2: D
o non-principal d

irection textures m
ask surface shape?
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n

W
e

a
ve

S
tra

w

• 4
 altern

ative forced
 ch

oice task:
• in

 w
h

ich
 qu

ad
ran

t are th
e

su
rface sh

ap
es d

ifferen
t?

• 6
72

 trials p
er su

bject:
• 3 orien

tation
s:  p

d
ir, sd

ir, u
d

ir
• 2 p

attern
s:  w

eave, straw
• 4

 typ
es of sh

ap
e ch

an
ges

• 7 levels of ch
an

ge / qu
ad

ran
t

• 2 view
in

g con
d

ition
s:  flat, tilted

• 2 rep
eated

 m
easu

res



• A
ccu

racy in
creases w

ith
 sh

ap
e d

ifferen
ce, u

n
d

er all orien
tation

 con
d

ition
s

• T
h

e rate of accu
racy in

crease d
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 orien

tation
 con

d
ition

s

• A
ccu

racy is best in
 th

e p
rin

cip
al d

irection
 con

d
ition

• T
h

e resu
lts ap

p
ear to su

p
p

ort th
e h

yp
oth

esis th
at th

e p
rin

cip
al d

irection
p

attern
 carries m

ore in
form

ation
 abou

t sh
ap

e, or, th
at th

e n
on

-p
rin

cip
al

d
irection

 orien
ted

 p
attern

s ten
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 to m
ask su

rface sh
ap

e

• W
e d

id
 n

ot see sign
ifican

t d
ifferen

ces for th
e w

eave vs. straw
 p

attern
s



• T
rain

in
g:

• en
su

res th
at all

su
bjects can

 p
erform

at or above an
equ

ivalen
t, m

in
im

u
m

level of com
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ce

E
xp

erim
en

t 3: W
hat other texture characteristics affect shape perception?

• Su
rface p

robe m
an

ip
u

lation
 task:

• su
bjects orien

t a p
robe so th

at it
ap

p
ears to lie in

 th
e su

rface, w
ith

 its
p

erp
en

d
icu

lar exten
sion

 p
oin

tin
g in

th
e su

rface n
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al d
irection

• 2
0

0
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er su
bject:
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ir, 1-d
ir, lic, p

lain
• 5 u

n
iqu
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 p
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ir



• O
verall p

erform
an

ce:

2-d
ir <

 lic <
 1-d

ir <
 p

lain

• A
n

ova an
alysis:

· W
e fou

n
d

 sign
ifican

t m
ain

 effects of:

- textu
re typ

e (p
 =

 0
.0

0
0

28
43), an

d

- p
robe location

 (p
 =

 0
.0

0
0

0
264),

· W
e also fou

n
d

 a sign
ifican

t tw
o-w

ay
in

teraction
 betw

een
 textu
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d
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 (p
 =
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.0

0
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0
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• T
u

key’s H
SD

 an
alysis:

· W
e fou

n
d

 th
e follow

in
g d
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t (at p
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- 2-d
ir <

 1-d
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- lic <
 1-d

ir
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ir <

 p
lain
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- lic <

 p
lain

- 1-d
ir <

 p
lain

A
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 p
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cip
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res sh
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ap
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 w

h
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irection
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 textu
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h
en
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s in
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al variation
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g th

e first p
rin

cip
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d
irection

.  Sh
ap
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ercep

tion
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 w
ith

 th
e orth

ogon
al grid

 p
attern

.
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