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A
bstract

W
hen

draw
ing,patients

w
ith

rightparietallesions
typically

om
itdetails

on
the

left
side

of
figures.

W
e

presentem
piricalevidence

for
the

sensitivity
of

such
draw

ing
to

objectorientation
and

structure,and
provide

a
com

putationalaccountin
term

s
of

the
interaction

am
ong

m
ultiple

reference
fram

es
and

hierarchicalobjectrepresentations.
N

eglectis
successfully

m
odeled

as
a

m
onotonic

drop-off
in

attention
from

rightto
leftthataffects

perform
ance

in
both

view
er-centered

and
(hierarchically

defined)
object-centered

reference
fram

es.

2

B
ackground

Patients
w

ith
hem

ispatialneglect,an
attentionaldeficittypically

caused
by

brain
dam

age
to

the
rightparietallobe,ignore

inform
ation

on
the

leftside,despite
intact

intellectual,m
otor

and
sensory

function.
T

he
deficitm

anifests
in

a
variety

of
tasks,

including
draw

ing
or

copying
an

objector
scene,in

w
hich

parts
on

the
leftside

are
often

om
itted.

3

W
ith

respect
to

w
hat

fram
e

of
reference

is
“left”

defined?

W
e

focus
on

tw
o

possibilities:

1.
V

iew
er-centered

or
egocentric:

Fram
e

defined
relative

to
the

retina,head
or

body
trunk

of
the

view
er.

2.
O

bject-centered
or

allocentric:
Fram

e
defined

relative
to

the
canonicalupright

of
an

objector
environm

ent.

U
nder

standard
view

ing
conditions

these
fram

es
are

aligned
and

so
their

relative
effects

are
confounded.

T
hey

have
been

decoupled
experim

entally
prim

arily
in

tw
o

w
ays:

R
otating

the
object

or
view

er
W

hen
neglectpatients

view
rotated

objects,or
are

placed
on

their
side

and
view

uprightobjects,both
view

er-centered
and

object-centered
fram

es
sim

ultaneously
influence

perform
ance

in
perceptualtasks.T

hatis,objectfeatures
are

less
likely

to
be

detected
w

hen
the

fallto
the

leftof
the

m
idline

of
either

the
view

er
or

the
object

(B
ehrm

ann
&

M
oscovitch,1994;D

river
&

H
alligan,1991;

Y
oung,H

ellaw
ell,&

W
elch,1991)
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U
sing

hierarchically
structured

objects
D

uring
draw

ing
tasks,an

object-centered
fram

e
is

assigned
sequentially

to
each

objectin
a

scene,and
to

the
subparts

of
a

single
com

plex
object.

Such
fram

es
are

not
typically

aligned
w

ith
the

view
er-centered

m
idline,allow

ing
object-

and
view

er-centered
effects

to
be

decoupled.
In

particular,neglectpatients
m

ay
succeed

atcopying
the

rightsides
of

objects
positioned

to
the

leftof
other

objects
w

hose
left

sides
are

om
itted

(G
ainotti,M

esserli,&
T

issot,1972;M
arshall&

H
alligan,1993)

or
they

m
ay

failto
copy

an
entire

parton
the

leftof
an

object(e.g.,the
leftw

heelof
a

bicycle)
butm

ay
failto

copy
only

the
leftside

of
the

sam
e

partpresented
as

an
isolated

object(e.g.,the
leftspokes

of
a

w
heel;D

river
&

H
alligan,1991).

In
the

currentw
ork,w

e
em

ploy
both

of
these

m
anipulations

w
ith

neglectpatients
perform

ing
a

copying
task,and

develop
a

com
putationalaccountof

how
the

relative
contributions

of
view

er-centered
and

object-centered
fram

es
interactw

ith
object

structure
to

give
rise

to
the

observed
neglectbehavior.

5

E
xperim

ent
1:

C
opying

m
isoriented

objects

A
s

show
n

above,w
hen

copying
a

daisy,neglectpatients
typically

om
itthe

leftm
ost

petals
(and

often
the

leaf).
H

ow
is

the
pattern

of
perform

ance
influenced

w
hen

the
daisy

is
m

isoriented?
(N

ote
thata

daisy
has

a
clear,canonicalupright.)

P
atients

�

JM
:52

year-old
right-handed

m
ale,suffered

rightparietalC
V

A
(Jun

1992)
w

ith
som

e
anterior

extension
in

frontalregion.
M

oderate
leftneglect(39/40

on
Sunnybrook

B
edside

N
eglectbattery)

w
ith

resolved
hem

ianopia.

�

G
S:64

year-old
right-handed

m
ale,suffered

rightparietalC
V

A
(Jan

96)
w

ith
som

e
edem

a.M
oderate

leftneglect(41/100
on

battery)
w

ith
no

hem
ianopia.

M
ethod

�

Picture
of

an
individualdaisy

presented
for

copying
centered

on
the

page
tw

ice
in

each
of

four
orientations:

up,left,dow
n,right.

6

E
xperim

ent
1:

R
esults

(P
atientJM

)
O

riginal
C

opy

Standard
neglectpattern:

om
ission

of
leftm

ostpetals.

7

O
riginal

C
opy

C
om

bination
of

object-centered
effects:

Petals
both

to
the

object-centered
left

(dow
nw

ard
on

the
page)

and
view

er-centered
left(leftof

the
page)

are
om

itted.(n.b.
Petalto

the
upper

righton
the

page
w

as
draw

n
and

then
erased.)

8



O
riginal

C
opy

V
ery

little
neglect;perhaps

m
ild

object-centered
effect:

Petals
on

the
rightof

the
page

(leftof
the

daisy)
are

sm
aller.

9

O
riginal

C
opy

C
ircle

w
as

draw
n

first,then
petals.

V
iew

er-centered
effects

predom
inate

initially
(petals

om
itted

to
the

leftof
the

circle)
because

the
circle

lacks
a

clear
object-centered

orientation
w

ith
respectto

the
daisy.

10

E
xperim

ent
1:

R
esults

(P
atientG

S)
O

riginal
C

opy

Strong
neglect,including

contrapositioning
of

rightbranch
and

leaf
(see

also
H

alligan,M
arshall,&

W
ade,1992).

11

O
riginal

C
opy

A
gain,strong

object-centered
neglectw

ith
contrapositioning.

N
ote

thatneglectis
sufficiently

strong
to

override
grouping

of
segm

ents
form

ing
the

base.

12



O
riginal

C
opy

C
opy

of
inverted

daisy
show

s
strong

view
er-centered

neglect:
Petals

to
the

leftof
the

page
are

om
itted.

13

O
riginal

C
opy

Sim
ilar

to
JM

in
thatcircle

w
as

draw
n

initially
and

the
petals

to
the

view
er-centered

leftof
itw

ere
om

itted.

14

E
xperim

ent
1:

C
onclusions

�

N
eglectpatients

show
clear

evidence
of

the
sim

ultaneous
com

bination
of

view
er-centered

and
object-centered

effects
w

hen
copying

uprightand
m

isoriented
daisies.

�

O
ne

patient(JM
)

show
ed

a
fairly

consistentpattern
of

perform
ance

reflecting
a

particular
balance

of
object-

and
view

er-centered
effects.

�

T
he

other
patient(G

S)
exhibited

far
m

ore
variable

perform
ance,show

ing
strong

object-centered
effects

in
som

e
conditions

and
strong

view
er-centered

effects
in

others.

15

G
eneralaccount

�

O
bjectrepresentations

are
organized

hierarchically,such
thateach

part(“child”)
of

an
object(“parent”)

can
also

be
considered

an
objectin

its
ow

n
right(w

ith
its

ow
n

object-centered
fram

e;M
arr,1982).

T
he

object-centered
fram

e
of

a
child—

it’s
position

and
orientation—

is
defined

relative
to

thatof
its

parent.

... ...

D
aisy

Flow
erhead

Stem
Pot

C
enter

L
ip

B
ase

L
 B

ranch
R

 B
ranch

L
 L

eaf
R

 L
eaf

Petal
Petal

�

D
raw

ing
an

objectfrom
m

em
ory,or

copying
a

figure
using

objectknow
ledge,

involves
traversing

this
hierarchicalrepresentation.

�

D
uring

the
traversal,the

likelihood
of

draw
ing

a
partin

neglectdepends
sim

ultaneously
on

its
view

er-centered
position

(assum
ed

to
rem

ain
fixed)

and
on

its
object-centered

position
(defined

relative
to

its
parent)

(see
H

um
phreys

&
R

iddoch,1995,for
a

sim
ilar

perspective)

16



C
om

putationalalgorithm
�

Parts
in

the
hierarchy

for
an

objectare
traversed

in
“depth-first”

order:
A

llthe
subparts

of
one

partare
considered

before
m

oving
on

to
the

nextpartatthat
level(“sibling”)

(see
H

o,B
ehrm

ann,&
Plaut,1995,for

som
e

em
piricalsupport

for
this

claim
)

�

T
he

probability
of

draw
ing

a
partis

a
w

eighted
average

of
the

probabilities
of

draw
ing

itin
the

view
er-centered

fram
e

(defined
by

the
page

and
fixed)

and
in

the
object-centered

fram
e

(defined
by

its
parent),each

of
w

hich
is

a
m

onotonic
function

of
its

horizontalposition
w

ithin
the

fram
e:

-1.0
-0.8

-0.6
-0.4

-0.2
0.0

0.2
0.4

0.6
0.8

1.0
H

orizontal Position

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

Probability of Drawing Part

�

T
he

resulting
probability

for
a

child
is

m
ultiplied

by
the

probability
of

its
parent

(if
a

parentis
notdraw

n,none
of

its
children

are
draw

n).

17

Sim
ulation

1:
C

opying
m

isoriented
daisies

Probabilities
of

draw
ing

each
partof

a
left-facing

daisy
w

hen
subjectto

neglectthat
is

either
entirely

view
er-centered

or
object-centered.

100%
V

iew
er-C

entered
N

eglect

.97
.96

.92

.88

.81

.88

.82

.75
.38 .46

.57
.62

.63
.58

.45

100%
O

bject-C
entered

N
eglect

.95
.86

.95

.94

.94

.24

.06

.95
.88 .95

.95
.94

.24
.24

.24

18

Sim
ulation

1:
R

esults
(M

odeling
JM

)

�

N
eglectis

60%
view

er-centered,40%
object-centered

�

Probability
threshold

of
0.57

for
draw

ing
parts

P
atient’s

C
opy

M
odel

M
odelover-neglects

leftbranch
butotherw

ise
m

atches
w

ell.

19

P
atient’s

C
opy

M
odel

E
xceptfor

om
itting

leftleaf,m
odelprovides

a
nice

m
atch

to
the

m
ixture

of
object-

and
view

er-centered
effects

show
n

by
JM

.

20



P
atient’s

C
opy

M
odel

M
odelprovides

a
clear

accountof
the

lack
of

neglectin
copying

an
inverted

daisy:
V

iew
er-

and
object-centered

effects
are

in
opposition

(parts
thatare

relatively
neglected

in
one

are
relatively

preserved
in

the
other);N

either
alone

is
sufficientto

m
anifestovertly.

21

P
atient’s

C
opy

M
odel

C
ircle

in
the

m
odelw

as
assigned

a
canonicalupright(aligned

w
ith

thatof
the

daisy)
and

so
the

m
odelin

its
currentform

does
notaccountfor

the
(tem

porary)
assignm

ent
of

a
view

er-centered
fram

e
to

objects
w

ith
no

intrinsic
orientation.

22

Sim
ulation

1:
C

onclusions

�

T
he

m
odelprovides

a
reasonable

accountof
the

m
ixture

of
view

er-
and

object-centered
effects

in
the

copying
perform

ance
of

patientJM
.

�

A
particularly

interesting
finding

is
thatthe

relative
contributions

of
view

er-
and

object-centered
fram

es
m

ay
balance

w
hen

copying
an

inverted
object,giving

rise
to

little
if

any
overtneglect.

�

T
he

perform
ance

of
patientG

S
w

as
notm

odeled
explicitly

butm
ightcorrespond

to
a

condition
in

w
hich,atany

given
tim

e,copying
is

governed
by

either
a

view
er-

or
object-centered

fram
e

(rather
than

a
m

ixture).
C

ontrapositioning
m

ightbe
incorporated

by
including

an
assum

ption
that,atleastin

sym
m

etric
objects,the

representation
of

horizontalposition
is

notcode
handedness

very
robustly.

23

E
xperim

ent
2:

H
ierarchically

com
plex

objects

V
iew

er-
and

object-centered
effects

can
be

decoupled
w

ithin
com

plex
objects

w
ith

m
any

levels
of

object-centered
fram

es.
A

single
isolated

daisy
has

a
fairly

sim
ple

hierarchy;M
arshalland

H
alligan

(1993)
investigated

neglectcopying
of

a
m

ore
hierarchicalversion—

a
tw

o-headed
daisy—

com
pared

w
ith

copying
the

sam
e

tw
o

com
ponentdaisies

as
separate

objects.

24



P
atient

P
1

(V
iew

er-C
entered)

P
atient

P
2

(O
bject-C

entered)

25

E
xperim

ent
2:

R
esults

(P
atientG

S)

M
odel

C
opy

D
epiction—

actualdraw
ing

unavailable

26

M
odel

C
opy

27

E
xperim

ent
2:

C
onclusions

�

N
eglectpatients

vary
considerably

in
the

degree
to

w
hich

they
show

view
er-centered

vs.object-centered
effects

in
copying

com
plex,hierarchically

structured
objects.

�

PatientG
S

show
s

predom
inantly

object-centered
effects.

28



Sim
ulation

2:
C

opying
tw

o-headed
daisy

�

O
bjecthierarchy

for
tw

o-headed
daisy

is
sim

ple
com

bination
of

tw
o

single
daisy

hierarchies.

�

C
om

putationalalgorithm
for

neglectdraw
ing

applied
exactly

as
in

Sim
ulation

1.

29

Sim
ulation

2:
M

arshall&
H

alligan
(1993)

patients

100%
V

iew
er-centered

neglect
PatientP1

M
odel

30

75%
O

bject-centered
neglect;

25%
V

iew
er-centered

neglect
PatientP2

M
odel

31

Sim
ulation

2:
R

esults
(G

S)

100%
O

bject-centered
neglect

G
S

M
odel

D
epiction—

A
ctualdraw

ing
unavailable
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G
S

M
odel

33

Sim
ulation

2:
C

onclusions

�

T
he

m
odelprovides

a
good

m
atch

to
very

differentpatterns
of

neglect
perform

ance
in

copying
the

tw
o-headed

daisy
and

the
tw

o
single

daisies,
ranging

from
exclusively

view
er-centered

effects
(PatientP1)

through
a

m
ixture

of
view

er-
and

object-centered
effects

(PatientP2)
to

exclusively
object-centered

effects
(PatientG

S).

�

In
each

case
(and

in
the

m
odel),there

are
interesting

interactions
betw

een
view

er-
and/or

object-centered
referenced

fram
es

and
the

hierarchicalstructure
of

objects.

34

Sum
m

ary

�

Patients
w

ith
hem

ispatialneglectdue
to

rightparietaldam
age

ignore
inform

ation
on

the
leftside

of
space

in
a

variety
of

tasks,including
draw

ing
or

copying
an

objector
scene,in

w
hich

parts
on

the
leftside

are
often

om
itted

(e.g.,the
leftm

ostpetals
of

a
daisy).

�

T
he

attentionalim
pairm

entin
neglectm

anifests
in

both
view

er-centered
and

object-centered
reference

fram
es.

M
oreover,the

object-centered
effects

depend
on

the
hierarchicalstructure

of
objects.

In
uprightobjects,how

ever,the
relative

effects
of

view
er-centered

and
object-centered

fram
es

are
confounded.

�

In
the

currentw
ork

w
e

deconfounded
these

fram
es

in
a

copying
task

either
by

rotating
the

objectto
be

copied
or

by
using

a
hierarchically

com
plex

object(a
tw

o-headed
daisy;M

arshall&
H

alligan,1993).

�

N
eglectcopying

perform
ance

revealed
interesting

interactions
of

spatial
reference

fram
e

and
hierarchicalobjectstructure,w

ith
considerable

differences
across

patients.

�

W
e

also
provide

a
com

putationalaccountof
how

the
relative

contributions
of

view
er-centered

and
object-centered

fram
es

interactw
ith

objectstructure
to

give
rise

to
the

observed
neglectbehavior.

35

R
eferences

B
ehrm

ann,
M

.,
&

M
oscovitch,

M
.

(1994).
O

bject-centered
neglect

in
patients

w
ith

unilateral
neglect:

E
ffects

of
left-right

coordinates
of

objects.
Journal

of
C

ognitive
N

euroscience,
6,

1–16.
D

river,
J.,

&
H

alligan,
P.

W
.

(1991).
C

an
visual

neglect
operate

in
object-centered

coordinates:
A

n
affirm

ative
study.

C
ognitive

N
europsychology,8,475–496.

G
ainotti,G

.,M
esserli,P.,&

T
issot,R

.(1972).
Q

ualitative
analysis

of
unilateralspatialneglectin

relation
to

laterality
of

cerebral
lesions.

Journal
of

N
eurology,

N
eurosurgery,and

P
sychiatry,

35,545–550.
H

alligan,
P.

W
.,

M
arshall,

J.
C

.,
&

W
ade,

D
.

T.
(1992).

C
ontrapositioning

in
a

case
of

visual
neglect.

N
europsychologicalR

ehabilitation,2,125–135.
H

o,J.B
.-H

.,B
ehrm

ann,M
.,&

P
laut,D

.C
.(1995).T

he
interaction

ofspatialreference
fram

es
and

hierarchical
object

representations:
A

com
putational

investigation
of

draw
ing

in
hem

ispatial
neglect.

In
P

roceedings
of

the
17th

A
nnual

C
onference

of
the

C
ognitive

Science
Society

(pp.
148–153).H

illsdale,N
J:E

rlbaum
.

H
um

phreys,
G

.
W

.,
&

R
iddoch,

M
.

J.
(1995).

S
eparate

coding
of

space
w

ithin
and

betw
een

perceptual
objects:

E
vidence

from
unilateral

visual
neglect.

C
ognitive

N
europsychology,

12,
283–311.

M
arr,D

.(1982).
Vision.

San
Francisco,C

A
:W

.H
.Freem

an.
M

arshall,
J.

C
.,

&
H

alligan,
P.

W
.

(1993).
V

isuo-spatial
neglect:

A
new

copying
test

to
assess

perceptualparsing.
JournalofN

eurology,240,37–40.
Y

oung,A
.W

.,H
ellaw

ell,
D

.J.,&
W

elch,J.(1991).
N

eglect
and

visual
recognition.

B
rain,115,

51–71.

35-1


	Title page
	Abstract
	Background
	Experiment 1: Copying misoriented objects
	Experiment 1: Results (Patient JM)
	Experiment 1: Results (Patient GS)
	Experiment 1: Conclusions
	General account
	Computational algorithm
	Simulation 1: Copying misoriented daisies
	Simulation 1: Results (Modeling JM)
	Simulation 1: Conclusions
	Experiment 2: Hierarchically complex objects
	Experiment 2: Results (Patient GS)
	Experiment 2: Conclusions
	Simulation 2: Copying two-headed daisy
	Simulation 2: Marshall & Halligan (1993)
patients
	Simulation 2: Results (GS)
	Simulation 2: Conclusions
	Summary

