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C
ore

P
rinciples

�

O
rthography,phonologyand

sem
anticsare

interconnected.

�

S
em

anticand
phonologicalrepresentationsare

distributed
featuresw

hich
are

com
puted(asopposedto

accessingstoredrepresentations).

�

A
ctivation

is
spreadbetw

eenrepresentationsin
a

sm
oothand

gradualm
anner.

�

Inform
ation

is
sum

m
ed

from
differentsources(asopposedto

gating,ora
race

m
odel).

�

T
he

sam
ecom

putationalprinciplesapply
to

allm
echanism

softhe
m

odel(as

opposedto
rule

applicationversuslexicallookup).

�

H
ence,differencesin

the
strengthofdifferentpathwaysis

a
function

ofexperience

and
item

characteristics,nota
prioriarchitecturaldecisions.



C
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esearch
Q

uestions
�

W
hatis

the
division

oflabor(D
O

L)
betw

eendirect(orth

�

sem
)and

phonologicallym
ediated(orth

�

phonology�

sem
)activation

of

m
eaning?

�

W
hatis

the
influenceofw

ord
frequency,regularity,hom

ophony,

and
network

skilllevelon
this

D
O

L?

�

H
ow

can
w

e
accountfor

studiessuggestingphonologicalm
ediation

dom
inatesthe

D
O

L?

�

W
hathappensw

hen
feedbackon

phonologyis
dram

atically

reduced?



S
im

ulation
O

verview

S
em

antics

O
rthography

P
honology

�

Im
plem

entationof
F

ram
ew

ork
from

S
eidenbergand

M
cC

lelland
(1989).

�

6,300M
onosyllabicw

ords.

�
C

ontinuous-tim
eLearning.

�

D
istributed

S
em

antics,phonology.
�

P
hon–S

em
pretrainedprior

to
read-

ing.
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�

Initially,
D

O
L

is
driven

by
phonological

m
edia-

tion:
orth

�

phonology
is

m
uch

m
ore

regular
than

orth

�

sem
antics.

�

orth

�

phonologyis
lim

ited;it

is
slow

er,
and

hom
ophones

are
am

biguous.

�
O

ver
tim

e,
directorth

�

sem

grow
s

in
im

portance
due

to

speedpressure,errorfrom
ho-

m
ophones.
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orth

�
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�
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sem
.

�
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m
uch

m
ore

equalD
O

L.
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�
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show
m
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O
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Late
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M
easuredsize

of
im

ageabilityeffect
and

regularity
effect,for

early
point

in
training

(50K
presentations)and

late
(1500K

presentations).

–
R

egressed
out

effect
of

fre-

quency.

–
C

om
putedzscoresof

m
odella-

tencieson
residuals.

–
P

lotted
difference

in
zscore

for
high

and
low

im
ageableitem

s,

and
regularand

exceptionitem
s.

�

O
ver

tim
e,

relative
effect

of
im

age-

ability
increases.R

elative
effect

of

regularity
decreases.
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ffectofH
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ophony
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ber
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ophony (T
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H
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into

high
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m
em

ber(e.g.,
use)

and
low

frequency
m

em
ber

(e.g.,

ew
es).

�

H
igh

frequency
m

em
bers

are
typically

recognizableby

phonology�

sem
.

�

H
ence,low

frequency
m

em
-

bersof
hom

ophonepairm
ust

be
readby

orth

�

sem
.



S
um

m
ary:Influenceson

D
O

L
�

H
F

item
srely

on
orth

�

sem
m

ore
than

low
.

�

E
xceptionsrely

on
orth

�

sem
m

ore
than

regulars.

�

H
om

ophonesrely
on

orth
�

sem
m

ore
than

norm
alw

ords.

�

R
elianceon

orth

�

sem
increasesw

ith
skilllevel.

�

B
utboth

paths
contribute

to
varying

degrees
for

allitem
s!



A
C

ounterV
iew

:
P

honologyis
F

irst!
�

B
riefly

presentedstim
ulihave

show
n

strongphonologicaleffects.

–
H

om
ophoneand

pseudohom
ophoneconfusionsin

sem
antic

categorization(V
an

O
rden,1987;?).

–
H

om
ophonefoils

prim
e

nam
ingofsem

anticallyrelateditem
s

(e.g.,T
O

W
E

D
prim

esF
R

O
G

;Lesch&
P

ollatsek,1993;

Lukatela&
T

urvey,1994).

�

B
ecausetheseeffectsariseearly

in
processing,w

ith
little

orthographiceffect,it
hasbeenarguedthatphonologicalaccessof

m
eaningpreceeds

directorth

�

sem
antics.
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V
an

O
rden

(1987)found
false

posi-
tives

on
sem

antictask
(“is

it
an

ani-

m
al?”D

O
U

G
H

).

�

A
t

long
presentation,m

ore
errors

on
visually

sim
ilar

distractors

(B
E

A
C

H
/B

E
E

C
H

)
than

dissim
ilar

(N
O

S
E

/K
N

OW
S

).

�

A
t

shortpresentation,no
effectofvi-

sualsim
ilarity.

�

T
herefore,it

w
as

argued
phonologi-

calactivation
ofm

eaningpreceedsdi-

rectvisualdisam
biguation.
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M

odelA
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V
an

O
rden

87?

D
uration of S
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uli

Mean Semantic Activation
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S

hort
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D
ifferent

S
im

ilar

�

Y
es.

�

P
resented

the
m

odel
w

ith

item
sfrom

V
an

O
rden(1987)

(m
inuspolysyllabicitem

s),at

shortand
long

presentation.

�

M
easuredsem

anticactivation

for
hom

ophonousitem
(e.g.,

M
E

E
T

->
“foodstuff”).

�

Foundsam
epatternofresults.



W
h

y?
�

P
honologyis

m
ore

resilientto
orthographicdisruptionthan

sem
antics.

–
O

rth

�

phon
m

ore
resonant,intercorrelated.

–
P

honologym
ore

internally
redundant,dense.

–
S

em
anticsvery

sparse,lessintercorrelations.

�

H
ence,phonologyis

betterable
to

perform
patterncom

pletion...

�

...and
betterable

to
retain

activation.
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�

N
etw

ork
presented

w
ith

B
O

M
B

under
norm

al
and

m
asked

condi-
tions.

S
em

anticfeature
for

B
O

M
B

(“w
eapon”)

and
hom

ophonouspair

B
A

LM
(“substance”)m

easured.

�

U
ndernorm

alconditions,no
spurious

activation
of“substance”.

�

W
hen

m
asked,“substance”receives

spuriousactivation.

�
M

asking
the

inputyields
hom

ophone

interference
not

presentin
norm

al

processing.
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�

S
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–phonologyconnectionssevered

to
exam

ineeachrepresentationin
iso-

lation.

�

A
ll

6,000
training

item
s

presentedto

the
m

odel,
in

norm
aland

m
asked

conditions.

�

S
um

squared
error

m
easuredover

tim
e

for
phonologyand

sem
antics.

�
A

verage
error

in
sem

antics
rises

sharplyw
hen

stim
ulim

asked.
�

P
honologym

uch
m

ore
resilientto

ef-

fectofm
askingthe

input.
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�

Jaredand
S

eidenberg(1991)dem
on-

strated
phonologicaleffects

on
se-

m
antic

categorization,
sim

ilar
to

V
an

O
rden(1987).

�

H
ow

ever,sucheffectsw
ere

generally
restrictedto

item
sw

hereboth
the

ho-

m
ophoneand

exem
plarw

ere
low

in
frequency.

�
Far

few
er

false
positives

w
hen

ei-

therexem
plarorfoil

w
ashigh

in
fre-

quency.
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T
he

M
odelR

eplicate
Jared

and
S

eidenberg
(1991)?

Mean Semantic Difference Score
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xem
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�

B
roadly,yes.

�

W
e

used
item

s
from

Jared

and
S

eidenberg
(1991)

(m
i-

nus
polysyllabic

item
s)

and

m
easuredspurious

sem
antic

activation
for

featuresappro-

priate
to

the
exem

plars.

�
Low

frequency
foils

of
low

frequency
exem

plarsshow
ed

greatestfalsepositive
rate.



W
h

y?
�

T
he

effectoffoil
frequency

is
straightforward:H

F
foils

are
quickly

recognizedby
orth

�

sem
antics.

�

B
ut,the

subjectsneverseethe
exem

plars!S
o

w
hy

shouldtheir

frequency
m

atter?

�

A
nsw

er:if
the

exem
plaris

H
F,it

stronglyactivates

orth

�

phon�

sem
.S

o
during

learning,the
foil’s

orth

�

sem
m

ust

becom
every

strongto
counterit!

A
strongorth

�

sem
w

ill
kill

the

falsepositives.

�

H
ow

ever,if
the

exem
plaris

LF,then
orth

�
phon�

sem
is

w
eak.

Partialactivation
for

the
foil

oforth

�

sem
is

enoughto
counterit.

B
utpartialactivation

is
m

ore
lik

ely
to

yield
falsepositives.



S
um

m
ary:It’s

N
otA

ll
P

honology!
�

E
videncefrom

briefexposurepatternm
askingstudiesis

questionable:

–
C

ritically
assum

esthatm
askhaltsprocessingofboth

pathways

equally.

–
S

im
ulationsdem

onstratethatthis
assum

ptionm
ay

notbe

w
arranted.

–
If

m
askaffectssem

anticsm
ore

than
phonology,then

m
asking

w
ill

give
an

illusion
ofphonologicaldom

inance.

�

S
im

ulationaccountsfor
m

asked
presentationeffectsin

V
an

O
rden

(1987).



W
hatif

F
eedbackon

P
honologyis

W
ithheld

D
uring

T
raining?

�

It
hasbeenarguedby

educationalpolicy
theoreticians(e.g.,S

m
ith,

1971)thatphonologicalfeedbackcan
be

debilitating
for

developm
ent.

–
H

om
ophonesbecom

eam
biguous.

–
Tw

o
stageconversionto

m
eaning.

–
T

hereare
m

any
w

ordsw
ith

irregularorth

�

phon!

�

C
onstructedm

odelto
investigate

influenceof“w
hole

language”

readinginstructionon
D

O
L.
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S
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regim

e
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norm

al
m

odel,
except

phonological
error

only

producedon
1%

ofthe
trials.

�

M
odeldoesnotexhibit

huge

initialrelianceon
phonology.

�
M

uch
slow

er
acquisition

of

item
s.
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�

W
hole

languagem
odelshow

s

im
paired

exception
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non-

w
ord

reading.

�

O
rth

�

sem
is

m
uch

m
ore

difficult
to

m
aster

than

orth

�

phon;takesm
any

m
ore

iterationsto
reach
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petent

reading.
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ffectin
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Im
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ffect
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hole
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Lik
e

the
norm
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odel,im

-

ageability
effect

increasesin

w
hole

languagem
odel.

�

P
roportionalsize

of
effect

is

greaterthan
in

norm
alm

odel,

indicating
increasedreliance

on
sem

anticreading.



W
hole

LanguageS
im

ulation:
S

um
m

ary
�

In
norm

alm
odel,pronunciationis

an
im

portantearly
sourceof

inform
ation

thatdriveslearning.

�

W
hen

this
inform

ation
is

w
ithheld,the

m
odelacquiresitem

sm
ore

slow
ly

and
generalizesm

ore
poorly.

�

S
ucha

training
regim

e
leadsto

an
increasedrelianceon

sem
antic

reading.



C
onclusions

�

T
he

D
ivision

ofLaboris
com

plicated,w
ith

m
any

factors

influencingthe
relative

contribution
ofthe

tw
o

differentpaths.

�

E
arly

claim
sthatphonologyis

the
sole

initial,obligatory
sourceof

sem
anticactivation

in
w

ord
readingare

too
strong.

�

C
ounterclaim

sthatphonologyhasno
usefulrole

in
reading

instructionsare
also

too
strong.
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