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ABSTRACT

WHEN DOUGH IS A FEMALE DEER: THE ROLE O F HOMOPHONY IN
LEXICAL PRIMING

by

Kevin K. Fleming 
University of New H am pshire, D ecem ber, 1990

S ev era l m odels of printed word recognition claim  that phonology 

m ediates lexical access . Four experim ents employing lexical decision tasks 

an d  naming ta sk s  were conducted  to a s s e s s  this claim. Homonyms such as  

"mint" w ere u se d  in Experim ent 1 to verify that both m eanings of an  am biguous 

word a re  activated  autom atically upon presentation. In a  priming paradigm  with 

a  250 m illisecond SOA, th e  homonym "mint" w as found to facilitate th e  

recognition of w ords re la ted  to  both interpretations su ch  a s  "candy" an d  "coin." 

In the rem aining three experim ents, hom ophones such  a s  "dough" a n d  "doe" 

w ere u sed  to  a s s e s s  the  role of phonology in lexical priming. Experim ent 2 

exam ined th e  priming effects of visually p resen ted  hom ophone prim es 

(e.g., "dough") upon re sp o n se s  to a  ta rge t word that w as  either sem antically 

related to th e  prime (e.g., "bread") or m ediated  by th e  phonological co d e  for 

the  prime (e .g ., "deer"). Priming effects w ere  found for ta rg e ts  that w ere  

sem antically related to th e  prim e, but not for targets tha t w ere m ediated  by a  

phonological code . In Experim ent 3, th e  hom ophone (e .g ., "dough") served  a s  

the  target a n d  th e  prime w a s  either sem antically related (e.g., "bread”) or 

m ediated by a  phonological code  (e.g., "deer")- In the  lexical decision task , 

priming effects w ere ob serv ed  when the  prime w as sem antically re la ted , but not 

w hen the prim e w as m ediated  by a  phonological code. However, in th e  naming

x.



task , priming effects w ere  observed  w hen th e  prim e w as m ed ia ted  by a  

phonological code. In th e  last experim ent, th e  hom ophone (e .g ., "dough") 

again  se rv ed  a s  a  prim e, but it w a s  m ade am biguous by auditory presen tation . 

Priming effects w ere  evident for both  in terpretations of the  am biguous w ord in 

both lexical decision an d  nam ing. T h e se  resu lts indicate th a t phonology p lays 

a  role in lexical a c c e s s  w hen th e  hom ophone is p re sen ted  auditorily, an d  w hen 

the  hom ophone m ust b e  pronounced ; but phonology d o e s  not a p p ea r to play a  

role in lexical a c c e s s  w hen  th e  hom ophone is p re sen te d  visually, or w hen th e  

re sp o n se  d o e s  not involve pronunciation. T h ese  resu lts su g g e s t a  limitation on 

the  role of phonology in m odels of printed word recognition.

xi.
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INTRODUCTION

Overview

B efore learning to read a t a round  five y e a rs  of a g e , children h av e  already 

accum ula ted  a  vocabulary  of s ev e ra l th o u san d  w ords. B ec a u se  m ost of a  

child 's early  ex p o su re  to language com es from  spoken com m unication, it is 

evident th a t reading skills are built upon the  foundation of listening an d  

speak ing  skills. Accordingly, children are often taught to sou n d  out w ords w hen 

they  a re  learning to read . With p ractice , children becom e fluent eno u g h  to read  

without actually talking to them selves, but th is do esn 't m ean  that they  no longer 

sound  ou t th e  w ords covertly. E ven  a s  adults w e seem  to  read  silently to 

ourse lves. S om etim es it is even  possib le  to h e a r  the w ords in our m ind 's e a r  a s  

if they  w ere  being re a d  to us in o u r  own voice o r  in the voice of the p e rso n  who 

w rote th e  text.

O bservations su ch  a s  th e se  have c a u s e d  reading re sea rc h e rs  to  ask  

w hether th e  covert conversion of written text to sound  p a tte rn s  or ev en  su b ­

vocal sp e e c h  p a tte rn s  is a  prerequisite  for lexical a cc e ss , o r w hether it is simply 

a  vestigial feature of reading skill acquisition. It is the p u rp o se  of the  p resen t 

investigation to a d d re s s  such q u estio n s  a s  th e s e  within th e  limited realm  of 

word recognition an d  lexical prim ing effects.

In particular, it will be a sk ed  w hether a  hom ophone su ch  a s  "dough" will 

facilitate o r  "prime" th e  recognition of a  word su c h  a s  "deer." It is c lea r th a t "doe" 

will prim e th e  recognition of "deer," but it is not c lea r w h e th er "dough" will have the  

sam e  effect. H om ophones such a s  th e se  s h a re  the  sam e  phonological code, but 

do not s h a re  the s a m e  orthographic code. If it is found th a t "dough" prim es the 

word "deer," then th e  priming effect m ust be m ediated  by a  phonological code, a  

p ro cess  th a t will be  referred  to a s  phonologically m ediated priming.
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In th e  rem aining sec tions of this introduction, I will d isc u ss  severa l 

m odels of w ord recognition, so m e  of which predict phonologically m ed ia ted  

priming a n d  so m e of which do not. I will th en  p resen t severa l lines of 

investigation tha t h av e  sought to  dem onstra te  th e  effects of phonology in word 

recognition; effects su ch  a s  hom ophone substitution an d  rhym e priming. In the 

final sec tion , I will outline sev era l types of priming including multiple sem antic  

priming a n d  phonologically m ed ia ted  priming. I will then  conclude by 

presen ting  the logic behind the  design  of the  se rie s  of s tud ies  to  follow.

T heories  of Lexical A ccess

T he prevailing model of th e  lexicon is th a t of a  sem an tic  network 

(Quillian, 1966; Collins & Quillian, 1969; Collins & Loftus.1975). Each word 

o ccup ies  a  node in th is  network an d  is co n n ec ted  to o ther n o d es  via associative  

links which a re  primarily sem antic  in nature. W hen a  word is s e e n  o r heard , its 

node b eco m es  active an d  this activation sp re a d s  to o ther n o d es  along the 

existing links in the  network. This "spreading activation" m odel provides a  

fruitful description of sem an tic  priming effects in which a  w ord such  a s  "bread" is 

recognized  m ore quickly w hen it is p receded  by a  sem antically  re la ted  word 

such  a s  "dough" th an  w hen it is p reced ed  by a  sem antically  unre la ted  w ord 

such  a s  "pearl."

T he  relationship betw een "dough" an d  "bread" is sem an tic  in na tu re , but 

sem an tic  links a re  not th e  only associative  links that a re  possib le  in a  spread ing  

activation model. O rthographic an d  phonological links a re  a lso  possib le . An 

exam ple of an orthographic link would be th e  link be tw een  th e  w ords "break" 

and  "bread." T h ese  tw o w ords sh a re  m any letters in com m on but relatively few 

ph o n em es. An exam ple of a  phonological link would be the  link be tw een  the  

w ords "eight" and  "late." T h ese  tw o w ords sh a re  m any p h o n em es in com m on
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but relatively few letters. As th e se  tw o exam ples illustrate, n o d e s  in the lexicon 

may b e  co n n ec ted  by links o ther th an  sem antic  links.

T h e  preceding d iscussion  h a s  cen tered  a round  the lexicon itself a n d  how 

activation m ay sp read  within it. But th e  problem  rem ains a s  to  how  spoken a n d  

printed w ords c a u se  lexical nodes to  becom e active in the  first place. This is the  

problem  of lexical a c c e s s  and  over th e  past th ree  d e c a d e s  sev e ra l solutions have 

b een  p ro p o sed . In th is section, I will d iscu ss  th e s e  m odels of lexical a c c e s s  an d  

p resen t th e ir predictions concerning phonologically m ediated  priming. In o rder, the 

m odels of printed word recognition th a t I will d isc u ss  include a  d irect orthographic 

route m odel, an  indirect phonological route m odel, a  dual-route model, a n d  an  

interactive-activation m odel.

D espite  the  s tead y  accum ulation of em pirical research  o v e r the p ast 

severa l d e c a d e s , no c o n se n su s  h a s  b een  reach ed  concerning which m odel of 

lexical a c c e s s , if any, m ost accurately  rep resen ts  th e  facts (H um phreys & Evett, 

1985; F o ss , 1988; S e idenberg  & M cClelland, 1989; Pollatsek & Rayner, 1989).

This failure to  reach a  c o n se n su s  is d u e  primarily to  th e  com plexity of the p ro c e sse s  

underlying w ord recognition, the  su b tle  differences in the  m odels, and  the  lack of 

em pirical m ethods th a t a re  sensitive  enough to reveal th e se  differences.

Direct O rthographic R oute

Any m odel of printed word recognition m ust begin with a n  account of how 

the  visual sy stem  tra n sd u ce s  the  e lectrom agnetic  radiation reflected by a  few 

s la sh e s  of ink on p ap er into a  pattern  of neural activity within th e  brain.

Although th e  low-level activities of th e  cells along th e  visual pathw ay  are  not 

trivial, I will jum p a h e a d  to  the  so-called  "simple” a n d  "complex" cells of the 

visual co rtex  identified by Hubei an d  W iesel (1959). Simple cells  in layer IV of 

the  striate  cortex  of the  c a t respond selectively to lines and  b a rs  of specific 

orientations. Com plex cells receive input from sim ple cells an d  respond to
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higher level properties of lines and  b a rs  su ch  a s  length, width, an d  directional 

m ovem ent. Clearly cells in th e  cortex of the  c a t respond  to highly specific 

p roperties of stimuli. A com plete  description of word recognition, how ever, 

canno t b e  found in our curren t understanding  of the  nervous system . It is 

therefore  n e c e ssa ry  to construct theo ries  ab o u t the  rep resen ta tio n s  an d  

p ro c e sse s  th a t m ust exist in any  system  cap ab le  of word recognition.

T he diagram  in Figure 1 p resen ts  a  m odel of lexical a c c e s s  involving a  

d irect orthographic route. A printed word su ch  a s  "dough" is en co d ed  by the  

visual sy stem  in te rm s of its orthography. For th e  word "dough," the  orthography 

can  be rep re sen ted  a s  "d-o-u-g-h." This orthographic co d e  th en  directly 

activates th e  concep t of "dough" in the  lexicon. T he p ro cess  by which th e  

orthographic a c c e s s  co d e  ac tiva tes  the con cep t node m ay involve tem pla te  

m atching or featu re  analysis. But for any of th e se  p ro c e sse s  to  be  successfu l, 

th e  concep t node in the  lexicon m ust contain a  m atching orthographic 

represen tation  tha t is definitive and  yet not so  specific that variations in typeface 

o r handwriting canno t activate  the  concept. O nce a  "match" to  th e  co n cep t node 

"dough" is ach ieved , activation will sp read  to  sem antically  a sso c ia te d  concep t 

n od es  such  a s  "bread," "yeast," and  "flour."

T he orthographic route to the  lexicon is described  a s  "direct" b e ca u se  

lexical a c c e s s  requ ires orthographic rep resen ta tio n s  only. T he  physical 

stim ulus is en co d ed  visually in the  form of an  orthographic c o d e  an d  the  

concep t n o d e  within the lexicon contains an  orthographic co d e  th a t then  

"m atches" th e  visual input. Activation of th e  co ncep t node in th e  lexicon will 

therefore  be  ach ieved  on th e  basis  of orthographic information a lone.

If lexical a c c e s s  relies solely upon orthographic inform ation, th en  w hat is 

th e  role of phonology in read ing?  As p resen ted , th e  m odel d o e s  not allow 

phonology to  play any role in reading. This, how ever, d o e s  not m ean  tha t



LEXICON

BREAD

FLOUR

DOUGH

O r t h o g r a p h ic  Code D -O -U -G -H

t
P r i n t  DOUGH

Figure 1. A model of lexical access  involving a  direct orthographic route.
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phonology is com pletely a b se n t from lexical p rocessing . Obviously, phonology 

m ust be  involved in both the  recognition of spoken  w ords an d  th e  pronunciation 

of printed w ords. T he p re sen t m odel simply provides no role for phonology 

during th e  recognition of printed w ords. Furtherm ore, b e c a u s e  phonology plays 

no role in lexical a c c e ss , the  direct orthographic route m odel d o e s  not predict 

phonologically m ediated  priming. If the  printed word "dough" only ac tiv a tes  the  

lexical item "dough," then  priming will not occur for the  lexical item "deer."

T h e se  a re  strong claim s, but the  notion that lexical a c c e s s  involves an 

o rthographic  co d e  h a s  never b een  seriously  questioned  by re sea rc h e rs  

in terested  in visual word recognition (Morton, 1969; Bower, 1970; Forster, 1978; 

M cClelland & Rum elhart, 1981). It is quite c lear tha t the  visual system  is 

involved in th e  early s ta g e s  of word identification, and it is a lso  true th a t m ost 

m odels of th e  later s ta g e s  of word identification propose  a  variety of 

o rthographic  c o d e s  including tem p la tes , fea tu res, g ra p h e m es , and  logogens. 

However, th e  conclusion tha t printed word recognition involves only 

orthographic c o d es  m ay ob scu re  the  role of phonological co d es . W hat a re  we 

to  m ake of th e  fact th a t th e  English language em ploys a  phonetic  a lp h ab e t?

How are  w e ab le  to pronounce w ords tha t w e have nev er s e e n  before su ch  a s  

"rowel," or e v en  non-w ords su ch  a s  "blark?" How do w e learn  to read  new  

w ords in th e  first p lace?

A m odel of word recognition that relies only upon orthographic c o d es  

a p p e a rs  to b e  unable to account for our ability to pronounce unfamiliar w ords 

an d /o r non-w ords b e c a u se  no rules are  supplied for converting the  

orthographic co d e  into a  phonological code . T here  is no problem  for th e  model 

w hen it c o m e s  to  pronouncing familiar w ords b e ca u se  w e can  a ssu m e  th a t the  

ru les for their pronunciation a re  to  b e  found in the  lexical entry. But, w hen  it 

co m es  to  w ords that a re  not in th e  lexicon, no sep a ra te  ru les for pronunciation
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a re  available. T his c re a te s  a  problem w hen  w e a re  faced  with a  n ew  word th a t 

w e h av e  never s e e n  before, such a s  "rowel." We c a n  encode th e  w ord "rowel" 

a s  th e  orthographic code, "r-o-w-e-l," a n d  we can  e n c o d e  the m ean ing  of 

"rowel" a s  "the spiked w heel a t the  b a se  of a  spur," b u t unless th e re  a re  so m e 

ru les for generating  a  p lausib le phonological code  w e  will not b e  a b le  to say  

/row el/. This would indeed  b e  a  peculiar problem w h en  reading a loud , but it is 

intriguing to  no te  tha t certa in  dyslexics identified a s  "phonological alexics" 

can n o t pronounce non-w ords (Morton & P atterson , 1980). A pparently, th e se  

dyslex ics have  lost the ru les  tha t would allow them  to  pronounce unfamiliar 

le tter strings. This indicates that som e m ean s  for generating  phonological 

c o d e s  for printed w ords m ust exist and  therefore m ay  play som e ro le  in lexical 

a c c e s s .  Before describing severa l m odels  of lexical a c c e s s  th a t d o  involve 

phonology, how ever, I would like to d esc rib e  a  modification of th e  d irect 

o rthographic  route  model th a t provides a n  account for phonologically m ediated  

prim ing.

With so m e  m odifications at the level of the lexicon, the d irect 

o rthograph ic  route  model c a n  accom m odate  phonologically m ed ia ted  priming 

e ffec ts  and  yet retain direct orthographic lexical a c c e s s . If the activation of a  

c o n cep t node is allowed to sp read  to o th e r  concept n o d e s  sharing th e  sam e 

phonological c o d e , then activation from th e  concept n o d e  "dough" m ay 

sp re a d  to the  co n cep t node "doe" via th e  phonological code  /do/. F igure 2 

sh o w s how th e  sp re ad  of activation following the  p resen ta tion  of th e  printed 

w ord "dough" will result in th e  activation of the c o n ce p ts  for both "bread" and 

"deer." In this w ay, a  model having direct orthographic lexical a c c e s s  can 

provide an  acco u n t for phonologically m ediated  prim ing effects. T h e  priming in 

this m odel, how ever, is refe rred  to a s  "post-lexical" b e c a u se  the phonological 

co d e  for the w ord is only activated  once  its lexical en try  has been  activated.
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Figure 2. A m odel of lexical a c c e s s  involving a  direct orthographic route 
and  post-lexical activation of phonological represen tations.
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Unfortunately, like its p a ren t m odel, th e  modified m odel d o e s  not explain how 

unfamiliar w ords a re  activated  in the  first place, o r how  non-w ords can  be 

p ronounced  without any ru les for pronunciation ou tside  of the  lexicon.

Indirect Phonolooical R oute

If th e  letters of the a lp habet specify (to so m e  extent) p h o n em es  which 

allow for th e  rapid conversion  of print into sp ee c h , th en  it s e e m s  plausible to 

p ro p o se  th a t phonological c o d e s  also  play a  role in lexical a c c e ss . O m  model 

th a t allows phonology to play a  role in lexical a c c e s s  involves an  indirect 

phonological route to  the  lexicon. According to the  strong form of th is model 

p re sen te d  in Figure 3, the  lexicon con tains only the  phonological co d e  for each  

lexical item. This m e an s  th a t visually p resen ted  w ords m ust be  converted  into a  

phonological co d e  prior to  lexical a cc e ss .

Lexical a c c e s s  involving th e  phonological route is referred to  a s  "indirect" 

an d  "pre-lexical" b e c a u se  an  additional s ta g e  of p rocessing  is required  prior to 

lexical a c c e ss . T he indirect phonological route ta k e s  ad v an tag e  of th e  phonetic 

fea tu res  of the  a lp habet in o rd er to  g en e ra te  a  p lausible phonological code for 

any string of letters. The ru les for generating  the phonological co d e  a re  referred 

to a s  "g raphem e-phonem e co rrespondence" rules, o r G PC  rules. Having G PC 

rules allows for th e  pronunciation of unfamiliar w ords a s  well a s  non-w ords for 

which no lexical entry exists.

Exam ination of the  m odel in Figure 3  reveals th a t phonological recoding 

via G PC  rules prior to lexical a c c e s s  predicts the  activation of all w ords having 

th e  sa m e  phonological code. Phonologically m ediated  priming would therefore 

b e  predicted by th is  m odel b e c a u se  the  phonological co d e  for "dough" is the 

sa m e  a s  th a t for "doe." Visual presen tation  of the word "dough" will th u s  

activate  both of th e se  hom ophones in the  lexicon along with their sem an tic  

a sso c ia te s  "bread" an d  "deer." In fact, discrimination betw een  "doe" and
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P r i n t  DOUGH

Figure 3. A m odel of lexical access  involving an indirect phonological route.
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"dough" is not possib le a t th e  lexical level, a n d  equal levels of activation would 

b e  predicted  for each  hom ophone (barring any  d ifferences in o ther variab les 

su ch  a s  w ord frequency). This would resu lt in hom ophone substitution errors in 

which the p resen ta tion  of th e  word "dough" leads to an  e rro n eo u s interpretation 

su ch  a s  "a fem ale  deer."

It m ay a p p e a r  that indirect a c c e s s  is le ss  parsim onious than  direct a c c e ss  

b e c a u se  it involves an ex tra  s tag e  of p rocessing . H ow ever, the  parsim ony that 

is lost at th e  pre-lexical recoding s tag e  is regained  a t th e  lexical level b e c a u se  

only the  phonological c o d es  for words n e e d  to be s to red  in the lexicon. O nce 

th e  phonological code  for a  word has b e e n  g en era ted , th e  p ro c e sse s  involved 

in printed w ord recognition could then "piggyback" on th e  existing p ro c e sse s  

involved in sp o k en  word recognition. In ex trem e form, reading  would quite 

literally involve speaking  silently to oneself.

Issu e s  of parsim ony a re  often m isleading, how ever, b e c a u se  th e  

parsim ony th a t is gained  by having only phonological c o d e s  in the  lexicon will 

la ter be  lost w hen  it co m es  tim e to write. Additional ru les would have  to  exist 

ou tside of th e  lexicon for converting the  phonological c o d e  into a  pattern  of 

letters. To th e  extent th a t English phonology d o e s  not m ap  perfectly onto  its 

orthography, th e  spelling of even  the b e s t re a d e r would b e  poor u n le ss  som e 

information ab o u t the  orthography of e ach  w ord w as retained.

The s a m e  criticism holds true for th e  G PC  rules involved in lexical a c c e ss  

a n d  pronunciation: To the  ex ten t that orthography d o e s  not m ap precisely  onto 

phonology, irregular English w ords such  a s  "pint" which do  not follow the  

regu lar ru les of pronunciation (i.e., "lint," "mint," and "print") will be  pronounced 

incorrectly. Furtherm ore, th e  recognition of irregular w ords will a lso  fail if lexical 

a c c e s s  is m ed ia ted  solely by G PC  rules b e c a u s e  there  is no entry in th e  lexicon 

which "m atches" the  phonological code for "pint" w hen it is recoded  like "mint."
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T he English lan g u ag e  m ay em ploy a  phonetic a lphabet, but th is d o es  not 

m ean th a t English phonology m ap s precisely onto orthography. A ran g e  of 

possible so u n d s  will co rresp o n d  to any  given string of letters in th e  English 

language, a n d  th e se  so u n d s  m ay or m ay not co rresp o n d  to actual w ords. Ju s t 

a s  it s e e m s  e rro n eo u s to  claim th a t lexical a c c e s s  c an  be  accom plished  only via 

an orthographic  code, so  it a lso  s e e m s  erro n eo u s to  claim  that lexical a c c e ss  

can  be accom plished  only via a  phonological code. If both co d es  a re  available, 

and  if n e ither code  a lone  is sufficient, then  both c o d es  ought to be  utilized.

D ual-R oute Model

T h e  dual-route m odel of lexical a c c e s s  is p e rh a p s  the  m ost com m only 

accep ted  m odel (Morton, 1981; M cCusker, Hillinger, & Bias, 1981; H um phreys 

& Evett, 1985). Figure 4  p re sen ts  a  d iagram  of the  dual-route m odel. O ne route 

to  th e  lexicon is through a  d irect orthographic route. T his route allow s for the 

direct activation of lexical item s through orthography so  tha t irregular w ords like 

"pint” can  b e  a c c e sse d  an d  p ronounced  correctly. A nother route to  th e  lexicon 

is through a n  indirect phonological route. This s e c o n d  route allow s for the 

generation  of a  plausible phonological co d e  for non-w ords such  a s  ”bint," the 

pronunciation of which will probably be  sim ilar to th e  regu lar word "mint." It also  

allows for th e  recognition of printed w ords that have b een  heard  befo re  but 

never actually  seen , a s  in th e  c a s e  of children who a lready  know w hat many 

w ords so u n d  like, but have n ever s e e n  them .

T he dual-route m odel is a lso  supported  by neurological ev id en ce  

(Morton & P atte rson , 1980; P a tte rson  & Morton, 1985). Selective im pairm ent of 

the  direct orthographic route lead s  to  a  form of dyslexia called "surface 

dyslexia." P a tien ts  suffering from su rface  dyslexia c an  easily  p ronounce  regular 

w ords an d  non-w ords, but they  tend  to regularize th e  pronunciation of irregular 

w ords like "island," pronouncing it a s  /iz-land/. This ind icates that th e  indirect
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Figure 4. A dual-route model of lexical access.
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phonological route  ap p ea rs  to  b e  intact in th e s e  patien ts, but tha t the  direct 

orthographic route  h a s  been  selectively d am ag ed . It is im portant to note that 

prior to  their lesions, th e se  p a tien ts  had no difficulty pronouncing irregular 

w ords. A nother form of dyslexia, "phonological alexia," a p p e a rs  to  selectively 

im pair the indirect phonological route. T h e se  patien ts c an  p ronounce both 

regu lar and  irregular words, but they  can n o t pronounce non-w ords. This 

s u g g e s ts  tha t th e  lexical phonology for w ords rem ains intact in th e s e  patients, 

but th a t the G PC  rules for converting print into sound a re  impaired.

Exam ination of Figure 4 reveals th a t th e  dual-route m odel predicts 

phonologically m ed ia ted  priming. Following th e  visual p resen ta tion  of the  word 

"dough," the indirect phonological route will activate both "doe" an d  "dough."

T he direct orthographic route, however, will activate only "dough." If both of 

th e s e  routes to  th e  lexicon o p e ra te  in parallel, a t the  s a m e  sp e e d  a n d  strength, 

th en  the  lexical entry  "dough" will receive activation from both rou tes an d  the  

lexical entry "doe" will receive activation from  only the  indirect phonological 

route. Given th is disparity, priming for both "bread" and  "deer" would be 

pred icted , but th e  effects would be s tronger for the  word "bread," all o ther things 

being  equal.

Interactive-Activation Model

O ne final m odel that h a s  recently b e e n  ad vanced  to  describe  lexical 

a c c e s s  is an interactive-activation or "connectionist" m odel. Early versions of 

th e  m odel involved only orthographic c o d es  (McClelland & Rum elhart, 1981), 

but m ore recen t m odels have incorporated  phonological c o d es  a s  well 

(S eidenberg  & M cClelland, 1989). A d iagram  depicting an  interactive- 

activation model a p p ea rs  in Figure 5. The first thing th a t is ap p aren t in this 

m odel is that th e re  is no lexicon that s e p a ra te s  the  co ncep t n o d es  from the 

orthographic an d  phonological units that activate  them . In fact, all of th e  units
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Figure 5. An interactive-activation m odel of lexical a c c e s s .
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a re  part of a  v a s t network; e ach  unit interacting with every  other unit to  a  g rea ter 

of le sse r  d e g re e .

The interactive-activation model a s  p re sen ted  by Seidenberg  an d  

M cClelland (1989) p redicts phonologically m ediated  priming. Exam ination of 

th e  diagram  in Figure 5 rev ea ls  that th e  p resen tation  of the  word "dough" will 

activate  all of th e  orthographic and phonological units th a t co m p o se  th e  printed 

word. T h e se  units in turn activate (interactively) co n cep t units sharing  th ese  

orthographic a n d  phonological features. The co ncep t "dough" will receive the  

m ost activation b ecau se  it s h a re s  m ost of the  featu res. But the co n cep t "doe" 

will also receive  activation b e c a u se  it s h a re s  all of th e  phonological fea tu res 

a n d  a  few of th e  orthographic features. T h ese  concep t units will th en  activate 

sem antically  a sso c ia ted  co n cep t units. T hus the  printed word "dough" will 

prim e "bread" quite  strongly and  "deer" le ss  strongly, all o ther th ings being 

equal. In fact, th e  interactive-activation m odel predicts the  sam e  phonologically 

m ed ia ted  prim ing effects a s  the  dual-route model.

The dual-route  m odel an d  the  interactive-activation model bo th  predict 

s trong  sem an tic  priming effects  from "dough" to "bread," and  relatively w eak 

phonologically m ediated  priming effects from "dough" to  "deer." But w hat d oes 

it m ean  to find a  "relatively w eak" effect? The usual E-ratio statistics m ay be 

la rg er o r sm aller depending  upon the s ize  of the  effect, but w hen th ey  a re  u sed  

to  simply a c c e p t or reject a  null hypothesis, the  relative s ize  of the  effect is no 

longer of in terest.

O ne w ay to  obtain information abou t the  relative s ize  of an effect is to 

ca lcu la te  an  "effect size." R osen thal (1984) p re sen ts  severa l w ays in which the 

effect size c an  b e  calculated, but he favors th e  u se  of th e  statistic,.!;, which 

re p re se n ts  th e  sq u a re  root of the  variance accoun ted  for by the  indep en d en t 

variable of in te rest. The i  s tatistic  is a lso  be tte r known a s  P earso n ’s  product-
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m om ent correlation coefficient an d  it c an  vary b e tw een  -1  a n d  + 1. This statistic  

is especially  suited to  th e  evaluation of priming effects  b e ca u se  positive v a lues 

of i  can  rep resen t facilitation and  negative  va lues c an  rep resen t inhibition. 

Furtherm ore, the i  statistic  can provide information about the  relative streng ths 

of th e se  effects. If w e  predict a  relatively w eak effect from a  certa in  

m anipulation, it is th u s  possible to  look for a  sm all effect size.

T h e  results of th e  present investigation will b e  analyzed using  effect s iz e s  

a s  well a s  significance te s ts  in o rd e r to  provide a  m ore com plete description of 

the  p h e n o m en a  u n d e r investigation. W hen w e a s k  w hether prim ing is m ed ia ted  

by a  phonological c o d e , we are not asking an all-or-none question ; rather w e 

a re  ask ing  how m uch of an  effect phonology ex e rts  during prim ing relative to  

orthography. Given th e  suitability of t  a s  a  m easu re  of the m agnitude and 

direction of a  priming effect, it is surprising that it h a s  not b eco m e com m on 

practice in the  priming literature to report the effect size . As w e shall see  in th e  

com ing section , the  failure to report effect sizes h a s  also  m ade it difficult to d raw  

conclusions from th e  array  of stud ies  th a t have so u g h t to d em o n stra te  effects of 

phonology on word recognition.

Lines of Em pirical Investigation

Having d isc u sse d  several cu rren t m odels of lexical a c c e s s  a n d  their 

predictions regarding phonologically m ediated  prim ing, we a re  now  in a  

position to  evaluate  th e  empirical ev id en ce  concern ing  the role of phonology in 

word recognition. All of the  m odels p re sen ted  e x cep t the direct orthographic 

route m odel in Figure 1 posit a  definite role for phonology in w ord recognition. 

The cen tra l issu e  how ever is not w h e th er phonology plays a  p art in reading 

after th e  m eaning of a  word has b een  activated: T h e  issue is w h e th er 

phonology is involved in the a c c e ss  of word m ean ings. Each s tu d y  m ust be
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ev a lu a ted  in light of w h e th er it p rov ides convincing ev idence  th a t phonology is 

involved in th e  a c c e s s  of word m ean ings. S e id en b erg  and  M cClelland (1989) 

have m a d e  this point succinctly:

"Many s tu d ie s  have provided ev idence  th a t su b jec ts  u se  

phonological information in reading , b u t ... th is fact d o e s  not 

itseif necessarily  indicate th a t a c c e s s  of m eaning  w as  

phonologically m ediated. In general, it h a s  proven difficult to 

empirically discrim inate b e tw een  activation of phonological 

information an d  phonologically m ediated  a c c e s s  of m eaning."

H om ophone Substitution Effects 

A sen ten ce  ch o sen  at random  from a  popular novel re a d s  "Their w ay 

wound a long  the floor of th e  hollow, an d  round th e  g reen  feet of a  s te e p  hill..." 

(Tolkien, 1965, p ag e  189). A re a d e r would probably find nothing unusual about 

this s e n te n c e  b e ca u se  th e re  is actually nothing w rong with it. W hat is 

rem arkab le, however, is th a t an  ordinary sen ten ce  su ch  a s  th is is laden with 

problem s for any system  designed  to  extract pronunciation an d  m eaning from 

printed w ords. The first two w ords a re  hom ophones an d  the  third word is  a  

hom ograph. If you autom atically convert print to so u n d , why d o e s  the  w ord 

"way" con ju re  up the  co n cep t "path" a n d  not the  co n cep t "weigh?" M oreover, 

if you h a d  to  read  th is sen te n c e  aloud, why would you p ronounce  the  word 

"wound" a s  /wownd/ an d  not /woond/?  T hese  a re  ju s t so m e  th e  potential 

problem s you face w hen reading text, an d  it is rem arkable  th a t difficulties of this 

sort do no t a rise  m ore frequently th an  they  do.

S e v e ra l stud ies h av e  investigated  the  role of phonology in reading by 

substituting inappropriate hom ophones into s e n te n c e s  an d  ask ing  su b jec ts  to 

indicate w h e th er anything is wrong. Baron (1973) c re a te d  se n te n c e s  of th e
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form "Tie th e  not." H e found th a t su b jec ts  requ ired  no m ore tim e to reject 

s e n te n c e s  with hom ophone substitu tions than  th ey  did to re jec t se n te n c e s  of the 

form "Tie th e  know." Baron pred icted  that it w ould take longer for sub jects to  

reject hom ophone substitu tions b e c a u s e  the com puted  phonology  for "not" 

would ac tiva te  the co rrec t hom ophone "knot" an d , in order for sub jec ts  to 

respond  correctly to  th e s e  se n te n c e s , they w ould have to run a n  additional 

spelling c h ec k  that w ould increase  th e  am ount o f time required  to  respond  "no." 

On the  b a s is  of this result, Baron concluded th a t phonology d id  not play a  role in 

reading. A c loser look a t Baron's (1973) resu lts su g g ests , how ever, tha t people 

a re  influenced by phonology w hen th ey  read.

First, the reaction  time d a ta  is in the appropria te  d irection even though  

the d ifference is not significant. P e rh a p s  if the  pow er of the  s tu d y  w as in c reased  

with m ore sub jec ts  a n d /o r more stimuli, the effect would be significant. B aron 's 

study illustrates a  problem  that m u st be  considered  in any a ttem p t to 

d em o n stra te  that phonology d o e s  no t play a  role in lexical a c c e s s ;  namely, tha t 

accep ting  th e  null hypothesis can n o t constitute conclusive ev id en ce  for the  

a b se n c e  of an  effect. A s a  co n seq u en ce , the  null hypothesis th a t  phonology 

plays no role in lexical a c c e ss  can  n ev er be p roven ; it can only b e  shown th a t 

the  size  o f th e  effect is minimal.

A sec o n d  problem  with B aro n 's  conclusion is that su b jec ts  m ade a lm ost 

twice a s  m any  errors fo r hom ophone substitutions; an effect th a t  upon 

re trospective  analysis proved significant. This resu lt is actually ev idence in 

support of th e  role of phonology in lexical a cc e ss . I will refer to  th is  result a s  the  

hom ophone substitution effect.

L a te r studies sim ilar in d esig n  to  Baron (1973) have rep licated  the  

hom ophone substitution effect for ad u lts  as  well a s  children. D octor and 

C oltheart (1980) p re se n te d  children a g e s  6 to 10 sen ten ces  like "She blue up



20

th e  balloon." T hey  found th a t 6 y ear old children failed to reject th e se  

s e n te n c e s  over 70  percen t of th e  time, an d  tha t the  m agnitude of th is effect 

declined  am ong o ld e r children to  about 20 percen t. T he decline in the  effect 

w as  probably d u e  to  in c reased  Knowledge of spelling am ong th e  o lder children, 

but it is im portant to  note th a t th e  children in all a g e  groups w ere ab le  to 

d iscrim inate b e tw een  hom ophones like "blue" and  "blew."

More recently , Coltheart, Laxon, Rickard, an d  Elton (1988) dem o n stra ted  

the  hom ophone substitution effect am ong adults. They p resen ted  s e n te n c e s  

like "The girl th rough the  ball" an d  found th a t su b jec ts  failed to re ject such  

s e n te n c e s  16 p e rcen t of the  tim e a s  com p ared  to only 6 percen t of the  time for 

control s e n te n c e s  (e.g., "The girl thought th e  ball.").

In an o th er s e r ie s  of s tud ies, hom ophone substitution effects w ere 

o b se rv ed  in a  ca teg o ry  verification ta sk  (V anO rden,1987; V anO rden, Jo h n sto n  

& H ale ,1988). S u b jec ts  w ere p resen ted  a  category  su ch  a s  "a type  of deer" 

followed by a  ta rg e t word. T hey w ere instructed to say  "yes" a s  quickly a s  

possib le  if the ta rg e t word w as  a  m em ber of the  category  (e.g., "doe") and  "no" if 

the  ta rg e t word w a s  not a  m em ber of the  category  (e .g ., "doubt"). O ccasionally 

hom ophones (e .g ., "dough") a n d  pseud o h o m o p h o n es (e.g., "doh") w ere 

substitu ted  for legitim ate category  m em bers. V anO rden found th a t sub jec ts 

incorrectly identified hom ophone substitu tions a s  category  m em bers over 20 

p e rcen t of the  tim e a s  com pared  to only 3 pe rcen t of th e  tim e w hen  th e  target 

word w a s  not a  category  m em ber. He a lso  found the  sam e  pattern  for 

p seu d o h o m o p h o n e s .

V anO rden h a s  draw n two conclusions from th e  hom ophone substitution 

effects  tha t he h a s  found. First, phonology in terferes with the  p ro c e sse s  

involved in the  ca teg o ry  verification task , a n d  therefo re  phonology plays so m e  

role in reading printed w ords, albeit in this c a s e  a  largely counterproductive
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role. S eco n d , and m ost importantly, the  role of phonology in reading printed 

text occu rs  prior to lexical a c c e ss . In his own w ords, "reading p roceeds from 

spelling to  so und  to m eaning." This m ean s  th a t a c c e s s  to w ord m eaning is 

m ediated  by a  phonological code. If a  word is a  hom ophone, th en  both 

co n cep ts  sharing  that s a m e  phonological co d e  will becom e activated; h e n ce  

th e  confusion found in th e  hom ophone substitution effect. Furtherm ore, if th e  

word is a  p seu d o h o m o p h o n e  (e.g., an y  non-word that sh a re s  th e  phonology of 

a  real w ord w hen recoded), then th e  concept a sso c ia te d  with th e  phonology of 

the  p seu d o h o m o p h o n e  will beco m e activated a n d  hence  confusion  will ag ain  

arise .

It is pertinent to point out, how ever, that ev en  though th e  hom ophone 

substitution effect occu rs  about 20 p e rcen t of th e  tim e, the  effect d o e s  not occu r 

alm ost 80 percen t of th e  time. This m ean s  that a n  indirect phonological rou te  is 

not the  only route to th e  lexicon. If an y  model is supported  by th e se  resu lts it is 

a  model th a t allows both phonology a n d  orthography to play a  role in lexical 

a cc e ss .

P seudohom ophone  Effects

O n e  of the  first effects having implications for the role of phonology in 

lexical a c c e s s  w as o b serv ed  by R ubenstein , Lewis, and  R ubenste in  (1971). 

They p re sen te d  letter strings to su b jec ts  and a sk e d  them  to m ake a  lexical 

decision concerning w h e th er the le tte r string w a s  a  word or a  non-word. In o n e  

experim ent they  included non-w ords of th ree  ty p e s : unpronounceab le  and  

orthographically illegal non-w ords (e .g ., "grunw"), p ronounceab le  and  ortho- 

graphically illegal non-w ords (e.g., "crept"), an d  p ronounceab le  an d  ortho­

graphically legal non-w ords (e.g., "pronk"). T he reaction tim es of subjects w ere  

fa s te s t w hen  th e  non-w ords w ere un p ro n o u n ceab le  and orthographically 

illegal, an d  slow est w hen  th e  non-w ords w ere p ronounceab le  an d



22

orthographically  legal. R ubenste in  e t al. concluded  th a t pronounceability 

m a k es  a  non-w ord harder to  re ject in a  lexical decision ta sk  b e ca u se  th e  

availability of a  phonological co d e  forces a  s ea rc h  of th e  lexicon w h e re a s  

unp ro n o u n ceab le  non-w ords c an  be re jected  without a  sea rc h  of th e  lexicon.

To fu rther te s t this assum ption  that p ronounceab le  non-w ords prom pt a  

s e a rc h  of the  lexicon and  require m ore tim e to  reject, R ubenstein  e t al. 

d e s ig n e d  a  s e c o n d  experim ent containing p ro n o u n ceab le  an d  orthographically 

legal non-w ords (e.g ., "prank") an d  p ronounceab le  an d  orthographically  legal 

p seu d o h o m o p h o n es  (e.g., "brane"). As m ay be predicted , sub jec ts required 

m ore  time to re jec t p seu d o hom ophones th an  n o n -p seudohom ophones. This 

resu lt w as tak en  to  support th e  view that, by virtue of their phonology, 

p seu d o h o m o p h o n es  activate a  lexical entry for th e  hom ophonous w ord, and  

th u s  th e  sub jec t m ust e n g ag e  in a  spelling ch eck  before deciding th a t th e  

p seu d o h o m o p h o n e  is not a  word. The slow er rejection of p seu d o h o m o p h o n es 

in a  lexical decision  task  will b e  referred to  a s  th e  p seu dohom ophone  effect.

In a  third experim ent, hom ophones an d  non-hom ophones w ere  u sed  

a n d  th e  time required  to accep t them  a s  w ords w as m easu red . R ubenste in  et 

al. found that it to o k  longer for sub jec ts  to acc e p t h om ophones a s  w ords than  it 

to o k  for them  to  accep t non-hom ophones. To interpret th is result, R ubenste in  et 

al. su g g es te d  th a t subjects initially g en era te  th e  phonological code  for th e  word, 

th e n  they se a rc h  th e  lexicon seek ing  a  phonological m atch. If the w ord is not a  

hom ophone, th e n  the  sea rch  will term inate w hen a  lexical entry is found. If the 

w ord  is a  hom ophone, how ever, the  sea rch  will occasionally  term inate o n  the 

w rong hom ophone and  a  spelling check  will b e  carried  out before resum ing the 

sea rc h . If the  se a rc h  of the  lexicon is o rdered  by frequency, then incorrect 

m a tc h es  will o ccu r more often w hen the  hom ophone is lower in frequency. This
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is in fact the  p a tte rn  observed  by R ubenstein e t al: Lower frequency 

hom ophones to o k  longer to  a cc e p t than  h igher frequency  hom ophones.

Several p roblem s with th e  R ubenstein e t al. d a ta  have  arisen  over the 

y e a rs . Clark (1973) re-analyzed  the  d a ta  treating  item s a s  well a s  su b jec ts  a s  

random  effects a n d  found th a t th e  pseudohom ophone effect and  the  

hom ophone effect w ere no longer significant. The min P  statistic  u se d  by Clark, 

how ever, is a  very  stringent te s t  of significance, and  th e  R ubenstein  e t al. 

experim en ts w ere  not specifically designed  for the  min F  statistic  b e c a u se  

relatively few stimuli w ere u sed . Clark acknow ledged  th a t the  R ubenste in  e t al. 

d a ta  would probably  have re a c h e d  significance if m ore stimuli had  b e e n  u sed  

but th e  purpose of his criticism w as  not to  nullify the p seudoh o m o p h o n e  effect, 

ra th e r it w as to  point out tha t s tu d ies  of th is so rt should b e  desig n ed  with u se  of 

th e  min F' s tatistic  in mind a n d  th a t more c a re  should be  tak en  w hen choosing 

stimuli.

A replication of the R ubenstein  et al. s tudy  w as conducted  with th e se  

statistical considera tions in m ind (Coltheart, D avelaar, J o n a s so n , & B esner, 

1977). They dev e lo p ed  stimuli similar to th e  R ubenstein  e t al. study a n d  found 

th e  sa m e  pattern  of results for p seu d o h o m o p h o n es (i.e., "b rane  took longer to 

re ject than  "brone"), but they did not find th e  sa m e  pattern  for hom ophones 

(i.e., "hare" took  no  longer to  a cc e p t than  "harp") w hen th e  control w ords w ere 

m a tch ed  for frequency  and orthography.

Regularity Effects

In an  effort to  d em onstra te  the role of ru le-based  phonological recoding 

in w ord  recognition, m any s tu d ies  have co n tra s ted  la tencies  for regu lar an d  

irregular w ords in lexical decision  ta sk s  an d  nam ing ta sk s . R egular w ords are  

w ords that follow certain  rules for pronunciation (e.g., "pink"), an d  irregular 

w ords a re  idiosyncratic in their pronunciation (e.g ., "pint"). In early
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investigations of the  effect of regularity on w ord recognition, longer latencies 

w ere  found in both lexical decision ta sk s  and  nam ing ta sk s  for irregular w ords 

w hen  co n tra s ted  with regu lar w ords (Baron an d  S traw son , 1976; Stanovich an d  

B auer, 1978). This facilitation for regular w ords h a s  beco m e know n a s  the  

regularity effect.

A su b se q u e n t s e r ie s  of investigations by G lushko (1979) replicated the  

regularity effect in a  nam ing task , but severa l qualifications w ere required. 

G lushko d istinguished  betw een  tw o ty pes of regular w ords; regu lar consisten t 

w ords that a re  alw ays pronounced  th e  sam e  (e.g ., "pink"), and  regular 

inconsisten t w ords that a lso  follow th e  rules of pronunciation (e .g ., "mint"), but 

for which th e re  a re  cohort w ords th a t have irregular pronunciations (e.g., "pint"). 

R egular w ords of both ty p es  w ere m ore quickly p ronounced  th an  m atched 

irregular w ords; how ever, G lushko found longer nam ing la tencies  for regular 

inconsisten t w ords w hen co n trasted  with regular con sis ten t w ords. Even 

though "mint" follows the  rules for pronunciation just a s  "pink," th e  fact that o ther 

pronunciations of the  "-int" ending a re  possib le m ak es pronunciation of "mint" 

m ore difficult. G lushko took  this a s  ev idence  ag ainst a  ru le -based  phonological 

recoding p ro c e ss  an d  for a n  orthographically b a se d  lexical analogy  p rocess  in 

w hich w ords a re  p ronounced  by analogy  to similarly spelled  w ords in the 

lexicon.

As fu rther ev idence  for the  analogy  model, G lushko co m p ared  latencies 

for regular con sis ten t pseudow ords (e .g ., "bink") and  regular inconsistent 

pseudow ords (e .g ., "bint") a n d  found longer la tencies for regular inconsistent 

p seudow ords th an  regular con sis ten t pseudow ords. G lushko 's resu lts  qualify 

th e  regularity effect to the  ex ten t th a t consistency  and  orthography a lso  play a  

role in pronunciation.
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The regularity effect h a s  a lso  b e en  qualified by word frequency and  

sub jec t variab les. S e id en b erg  an d  co lleag u es  (S eidenberg , W aters , B arnes, & 

T a n en h au s , 1984; S e idenberg , 1985; S e id en b erg  & M cClelland, 1989) divided 

regu lar an d  irregular w ords into th o se  th a t w ere high in frequency  an d  th o se  

th a t w ere low in frequency. A regularity effect w as found for low frequency 

w ords but no regularity effect w as found for high frequency w ords. In addition, 

w hen su b jec ts  w ere  blocked for reading sp eed , th e  regularity effect dim inished 

for su b jec ts  having fa s te r reading sp ee d s .

S e idenberg  in terpreted th e s e  resu lts  a s  favoring a  dual-route  model in 

which th e  pronunciation of a  word is g e n e ra te d  by rules a s  well a s  by direct 

lexical retrieval. If the  irregular word is high in frequency, th en  direct lexical 

retrieval is quick a n d  the  pronunciation is g en e ra ted  without reco u rse  to G PC  

rules. However, if th e  irregular word is low in frequency, then  d irect lexical 

retrieval is slow er and  th e re  is tim e for th e  G PC  rules to  g en e ra te  the  

inappropriate  an d  regularized pronunciation for the  word. The generation  of the  

regu lar an d  irregular pronunciations c re a te s  a  conflict an d  slow s the  

pronunciation of th e  irregular word. For regular w ords, w hether they  a re  high or 

low in frequency, th e  dual-route model will g en e ra te  th e  sa m e  pronunciation for 

th e  w ord an d  no inhibition will be  suffered a s  a  result. S e id en b erg  (1985) 

points out tha t an  interactive-activation m odel a lso  m ak es  th e se  predictions.

H eterophonic Inhibition Effects

A nother line of ev idence  that h a s  b een  u sed  to  d em o n stra te  th e  role of 

phonology in w ord recognition h a s  b een  p ioneered  by M eyer, S chvaneveld t, 

a n d  Ruddy (1974). In a  lexical decision ta sk , M eyer e t al. p re sen te d  word pairs 

th a t w ere e ither phonologically sim ilar (e.g., "pitch-ditch" and  "load-toad") or 

phonologically dissim ilar (e.g., "lem on-dem on" an d  "blow-plow"). N ote tha t both 

pairs  of w ords a re  orthographically similar. M eyer e t al. re a so n ed  th a t if word
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recognition is m ed ia ted  by a  phonological co d e , then  la tencies  to 

phonologically dissim ilar w ord pairs should  be longer th a n  la tencies to 

phonologically sim ilar pairs. This prediction is b a se d  upon  the  assum ption  that 

the  m echanism  by which visually p re sen ted  w ords a re  recoded  into 

phonological c o d e s  can  be  b ia se d  by recently  recoded  w ords. T hus, if you 

have just recoded  the  word "lemon," then  th e  recoding m echanism  will be 

b ia se d  tow ard recoding "dem on" in the s a m e  way a s  "lemon," and  recognition 

will fail a s  a  result.

M eyer e t al. found tha t re sp o n se  la tencies  for phonologically sim ilar word 

pairs w ere  faster th an  appropriately m atched  control pa irs  (e.g.. "load-ditch" and 

"pitch-toad"). T his effect will b e  referred to  a s  "rhyme priming" and  I will d iscuss 

this phenom enon  shortly. But th e  primary finding in the  M eyer e t al. study w as 

tha t re sp o n se  la ten c ies  for phonologically dissim ilar w ord pairs w ere  slow er 

than  appropriately  m atched  control pairs (e .g ., "lemon-plow" and  "blow- 

dem on"). This effect will be  referred to a s  "heterophonic inhibition." Several 

s tu d ie s  have rep licated  and qualified this effect.

Shulm an, H ornak, an d  S a n d e rs  (1978) replicated th e  heterophonic  

inhibition effect w hen  the non-w ords w ere p ro n ounceab le  p seu d o w o rd s 

(e.g., "nize") but failed to replicate  the  effect w hen the  non-w ords w ere 

unpronounceab le  le tter strings (e.g., "znie"). They actually found th a t 

"lemon" facilitated recognition of "demon" w hen  the  non-w ords w ere 

unpronounceab le . Shulm an e t al. co n sid ered  this reversa l of the  heterophonic 

inhibition effect a s  ev idence for the  primary role of orthography in word 

recognition. W hen non-w ords a re  orthographically illegal, then  w ords can  be 

a cc e p ted  solely on th e  basis  of orthographic legality a n d  sub jec ts  c a n  skip the 

phonological recoding  s tag e  a ltogether. N ote, however, th a t this conclusion
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only app lies  w hen  the  non-w ords a re  unpronounceab le . Phonology continues 

to  play a  role, albeit a  largely negative role, w hen th e  non-w ords a re  

p ro n o u n ceab le .

In a n o th e r  study pertinent to th e  heterophonic inhibition effect, H anson 

a n d  Fowler (1987) dem o n stra ted  that phonology p lays a  role in w ord 

recognition e v e n  am ong th e  deaf. T hey replicated th e  heterophonic  inhibition 

effects found by both M eyer e t al. and Shulm an et al. in sub jec ts w ho w ere 

norm al in hearing  and  in sub jec ts  who w ere  congenitally deaf. This surprising 

result is ev id en ce  that th e  phonological co d e  responsib le  for the  heterophonic 

inhibition effect cannot be acoustic  in n a tu re  but ra th e r m ust be  articulatory, a s  

m ust certainly b e  the c a s e  am ong the  congenitally d eaf. This resu lt ra ise s  the 

question  of w h e th er the locus of the heterophonic  inhibition effect is prior to 

lexical a c c e s s  o r after lexical access . It is even  possib le  th a t the  effect is due to 

sub tle  o rthographic  properties of th e se  heterophonic w ord pairs. D espite  the  

replicability of th e  effect, th e  heterophonic inhibition effect may not provide 

conclusive ev id en ce  that phonological recoding o ccu rs  during lexical a cc e ss .

Rhvming Priming

A final line of ev idence  for phonological co d es  in lexical a c c e s s  tha t w as 

alluded to in th e  previous sec tion  is rhym e priming. Facilitation from the  word 

"pitch" to "ditch" w as dem onstra ted  by M eyer et al. in a  lexical decision ta sk  and  

it could be a rg u e d  that this priming effect w a s  due to  th e  phonological similarity 

betw een  th e s e  words. However, in the  c a s e  of "pitch" an d  "ditch," phonological 

similarity is confounded  with orthographic similarity. In an  effort to  rem ove the 

confounding orthography, Hillinger (1980) p re sen ted  th e  prim e "pitch" auditorily 

in a  cro ss-m odal priming paradigm  an d  found that th e  auditory prim e facilitated 

th e  resp o n se  to  the  visually p resen ted  ta rg e t word "ditch" in a  lexical decision
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ta sk . Hillinger a rg u ed  th a t b e ca u se  th e  prime stim ulus w as auditory, it could not 

h av e  exerted  its priming effect through its orthography.

In a  s e c o n d  experim ent using visually p re sen te d  word pa irs , Hillinger 

found facilitation for orthographically sim ilar rhym e pairs  (e.g., "late-m ate") a n d  

facilitation for orthographically d issim ilar rhyme pairs  (e.g., "eight-m ate”) w hen 

co m p ared  to non-rhym e pairs (e.g., "veil-mate"). A gain, rhym e priming w as 

found w hen sim ilar orthography w as not confounded. T hese  re su lts  would 

ordinarily constitu te  firm ev idence for som e role of phonology in w ord 

recognition; how ever, th e se  results w ere  not rep licated  in a  la ter s e r ie s  of five 

s tu d ies  by Martin an d  J e n se n  (1988).

In th is sec tion , I have p re sen ted  several lines of ev idence th a t  purport to  

d em o n stra te  th e  role of phonology in lexical a c c e ss . B ecause  m ost of th e se  

lines of ev idence  d em onstra te  effects on perform ance tha t involve either h igher 

e rro r ra tes  o r slow er re sp o n se  la tencies, the  role of phonology in lexical a c c e s s  

a p p e a rs  to b e  primarily negative.

T he hom ophone substitution effect d em o n stra tes  that w hen  people a re  

a sk e d  to judge w hether a  sen ten ce  is correct they  m ake many m o re  errors 

w hen  s e n te n c e s  contain  hom ophone substitutions th an  w hen s e n te n c e s  

contain  orthographically similar but phonologically different substitu tions. The 

p seu d o h o m o p h o n e  effect d em o n stra tes  that people  ta k e  longer to  reject non­

w ords th a t can  be  p ronounced  like real w ords th an  th ey  tak e  to re ject non­

w ords th a t can n o t be  pronounced  like real words. T h e  regularity effect 

d e m o n s tra te s  th a t w ords having irregular spelling-to-sound c o rre sp o n d en ces  

tak e  longer to  accep t a s  w ords than  w ords having regu lar spelling-to-sound 

co rre sp o n d en ces . And, th e  heterophonic  inhibition effect d em o n stra tes  that 

w ords p reced ed  by a  prim e having a  different phonology take longer to accep t 

a s  w ords than  w ords p reced ed  by a  prim e having a  sim ilar phonology.
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T h e  only line of ev idence th a t purports to  show  a  positive effect of 

phonology on lexical a c c e s s  is rhym e priming. R hym e priming d em o n stra tes  

that a  w ord p reced ed  by a  rhyming word will be  recognized  fa s te r  than  a  word 

p re c ed e d  by a  non-rhym ing word. If this result w as  replicable, then  som e 

positive ev idence  for phonology would be available. Unfortunately, rhym e 

priming h a s  not b e en  replicated u n d er conditions w here orthography is not 

confounded .

If any  conclusions can  b e  draw n from th e se  lines of ev idence, it is tha t 

phonology only se rv e s  to  m ake perform ance slow er and  m ore prone to errors. 

But th e s e  lines of ev idence  have  heretofore b een  p resen ted  u n d er the  

a ssum ption  that th e  locus of th e se  negative effects is during lexical a c c e ss . It is 

entirely possib le th a t th e se  effects a re  post-lexical and  that their locus is in 

short-term  m em ory. A s S eidenberg  and  M cClelland (1989) a rg u e , "Many 

s tud ies  have  provided ev idence th a t sub jec ts  u se  phonological information in 

reading, b u t ... this fact d o e s  not itself necessarily  indicate th a t a c c e s s  of 

m eaning w as  phonologically m ediated." In the  next section, I will d iscu ss  w hat 

it would m ean  for a c c e s s  of m eaning  to b e  phonologically m ediated . I will begin 

by d iscu ssin g  severa l com ponen t p ro c e sse s  involved in lexical priming, an d  I 

will finish by presenting  severa l different types of priming effects; including 

multiple sem an tic  priming, sem antically  m ediated  priming, a n d  phonologically 

m ed ia ted  priming.

V arieties of Lexical Priming

Priming effects have  b een  u se d  extensively to identify th e  com ponen t 

p ro c e sse s  involved in word recognition. T he m ost com m only o b serv ed  effect is 

a  sem an tic  priming effect in which a  word is recognized  m ore quickly w hen it is 

p reced ed  by a  sem antically  re la ted  word than  w hen it is p reced ed  by a  

sem antically  unrelated  word (M eyer & S chvaneveld t, 1971). M any types of
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sem an tic  re la tionships h ave  b een  found to p roduce  priming effects; including 

an tonym s (e .g ., "light-dark"), synonym s (e.g., "bug-insect"), w ords within th e  

sa m e  catego ry  (e.g., "tiger-lion"), an d  severa l o th e r ty pes of contiguous 

relationships (W arren, 1977).

T h e se  priming effects have b e en  o b serv ed  in both lexical decision ta sk s  

a n d  nam ing ta sk s . The re sp o n se  la tencies to  ta rg e t w ords in th e s e  ta sk s  h av e  

b een  found to  b e  anyw here from 10 to  50 m illiseconds (ms) fa s te r  w hen the  

prim e is a  sem antically  re la ted  word than  w hen th e  prim e is an  unrelated  word. 

T h e  am ount of facilitation d e p en d s  upon the  duration of the  prim e stim ulus and  

th e  interval of tim e betw een  the  offset of the  prim e an d  the  o n se t of the ta rg e t 

(otherw ise known a s  th e  inter-stim ulus interval, or ISI). The am ount of tim e 

allotted for p rocessing  th e  prime is called  the  stim ulus-onset asynchrony, o r 

SOA, an d  it is com puted  by adding th e  ISI to  th e  duration of th e  prime. In 

g en era l, priming can  o ccu r a t an  SOA a s  short a s  16 m s (S im pson & B urgess, 

1985), and  c an  be  m aintained for m ore than 40 se c o n d s  (W arren, 1972). T h e  

am oun t of facilitation typically p eak s  a t SO A s anyw here  be tw een  150 an d  35 0  

m s, with facilitation a tten u a ted  at the  ex trem es.

Of particular in terest in this literature is th e  distinction be tw een  

"autom atic" a n d  "controlled" p ro c e sse s  (Shiffrin & Schneider, 1977). It a p p e a rs  

th a t th e  priming effects o b serv ed  at SO A s le ss  th an  300 m s a re  d u e  to 

au tom atic  p ro c e sse s , a n d  tha t the priming effects observed  a t SO A s g rea te r 

th an  300 m s a re  due  to controlled p ro c e sse s  (Neely, 1977). Autom atic 

p ro c e sse s  a re  claim ed to  b e  obligatory to the ex ten t tha t the  su b jec t has little 

control over th e ir operation. The sp read ing  activation model of th e  lexicon 

po sits  tha t during the  initial s ta g e s  of w ord recognition activation of nodes in th e  

lexicon sp re a d s  autom atically along every availab le  link to o th e r nodes. 

Controlled p ro c e sse s , on th e  other hand , are  c laim ed  to  be  driven by attentional
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m echan ism s th a t se lec t and  m aintain information in short-term  m emory. T he 

priming effects o b serv ed  sev era l s e c o n d s  a fter the  p resen ta tion  of the  prim e a re  

probably due  to  th e  m ain tenance  of the  prim e in short-term  m em ory. If the  

su b jec t h a s  not b e e n  instructed to  re h e a rse  the  prim e, then  facilitation will drop 

to  zero  after o n e  seco n d  or so  (Till, M ross, & Kintsch, 1988).

In an effort to  empirically distinguish betw een  autom atic an d  controlled 

p ro c e s s e s  in w ord recognition, Neely (1977) em ployed a  lexical decision ta sk  

an d  told sub jec ts  to  think of a  building part (e.g., "door") every tim e they saw  a  

prim e represen ting  a  body part (e.g., "arm"). U nder th e se  conditions, Neely 

found facilitation a t a  300 m s SO A  for ta rge t w ords th a t w ere  sem antically 

re la ted  to the prim e (e.g., "leg”), but found no facilitation for th e se  ta rg e ts  a t a  

600 m s  SOA, a n d  even  inhibition a t a  2000 m s SOA. Although th e  sub jec ts 

w ere  told to think of a  building part w henever they  saw  a  body part, facilitation 

from "arm" to "leg" w as o b serv ed  a t short SOAs. This facilitation a t short SO A s 

w as attributed to  autom atic s p re a d  of activation in th e  lexicon. T he sp read  of 

activation w as obligatory b e c a u se  desp ite  being told to think of a  building part, 

su b jec ts  could not help but activate  sem antically re la ted  lexical item s. At longer 

SO A s th e re  w as no facilitation an d  even  inhibition for the  sem antically  re la ted  

w ords. Neely attributed th is inhibition of the  sem antically  re la ted  item s to 

controlled p ro c e sse s  that actually su p p re ssed  the  level of activation for th e se  

w ords.

More ev id en ce  for controlled p ro c e sse s  c am e  from trials w here a  

body p art (e.g., "arm") w as followed by a  building part (e..g., "door") a s  the  

su b jec t w as told to  expect. U nder th e se  conditions, facilitation w as ob serv ed  at 

SO A s above 600  m s, but not a t th e  300 m s SOA. Neely attributed th is result to 

controlled p ro c e sse s  that require tim e to shift attention to lexical item s for 

building parts th a t would not ordinarily beco m e activated  by au tom atic  sp re a d  of
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activation from lexical item s for body parts. R esu lts  such a s  th e s e  have b e en  

taken  a s  convincing ev idence  th a t priming effects a t short SO A s reflect 

au tom atic  sp read  of activation in th e  lexicon a n d  th a t priming effects at long 

SOAs reflect controlled p ro c e sse s  involving a  shift of attention from one c la s s  of 

sem antically  related w ords to ano ther.

T h e  distinction betw een  au tom atic  and  controlled p ro c e ss e s  is crucial for 

the  further distinction betw een  pre-lexical phonological recoding and post- 

lexical activation of phonology. If th e  locus of the  effect of phonology is pre- 

lexical, th e n  phonology m ed ia tes  lexical a c c e s s  a n d  G PC ru les autom atically 

convert th e  printed w ord into a  phonological co d e  prior to lexical a cc e ss . If the 

locus of th e  effect of phonology is post-lexical, th en  the  activation of the 

phonological code for th a t word will d e p en d  upon a  shift of atten tion  to th a t code  

if the  ta sk  requires th e  u se  of that c o d e  (i.e., if the  ta sk  requires saying the  word 

aloud). I will argue th a t it is possib le  to  distinguish betw een p re- and  post- 

lexical p ro c e ss e s  by m anipulating th e  SOA in a  priming study. If the effects of 

phonology a re  pre-lexical, then  phonologically m ediated  prim ing effects shou ld  

be o b serv ed  at short SO A s. If, on th e  o ther hand, th e  effects of phonology a re  

post-lexical, then  phonologically m ed ia ted  priming effects shou ld  be o b serv ed  

only a t longer SOAs. I will now turn  my attention to  several additional ty p es  of 

priming effects that a re  relevant to th e  issue  of phonologically m ediated  priming.

Multiple S em antic  Priming

A prom inent topic  in the study of the  lexicon is how w ords with m ore th an  

one  m ean ing  (e.g., "mint') are co d ed  an d  a c c e sse d . Are th e re  sep a ra te  lexical 

en tries for am biguous w ords or only a  single en try?  Are both m ean ings of an  

am biguous word activated  w henever it is see n  or h eard  or is only the  dom inant 

m eaning activated?  If only one m eaning  of an am biguous w ord fits the  con tex t 

of the  se n te n c e  in which it occurs, how  is this m eaning  se le c ted ?  Is the o th e r
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m eaning su p p re ssed  o r d o e s  its activation simply su b s id e ?  T h ese  a re  just a  

few of th e  questions surrounding the  is su e  of multiple sem an tic  priming and, in 

this sec tion , I will d iscu ss  several s tu d ie s  that have so u g h t to d iscover how 

am biguity is resolved in th e  lexicon.

In a  cross-m odal priming parad igm , Swinney (1979) p re sen te d  auditory 

p a s s a g e s  containing hom onym s su ch  a s  "bug” an d  a sk e d  su b jec ts  to  m ake 

lexical d ec is io n s  to a  visually p resen ted  ta rge t word th a t w as e ither unrelated  to 

the prime (e.g ., "sew") o r  related to e a c h  interpretation of the  prime (e .g ., "spy" 

and  "ant”). T he auditory p a ssa g e s  w ere  e ither neutral with regard to th e  

interpretation of the am biguous word, o r  b iased  tow ard o n e  interpretation or the 

other. In addition, the  ta rg e t words w ere  p resen ted  e ith e r im m ediately after the 

presen tation  of the am biguous prime, o r th ree  syllables a fter the  p resen ta tion  of 

the  prim e.

Sw inney found th a t when the ta rg e t w as p re se n te d  im m ediately after the 

am biguous prim e, re sp o n se  latencies to  th e  target w ere  fa s te r for w ords related 

to both in terpretations of th e  prime th an  for words un re la ted  to the  prim e. This 

priming effect w as o b se rv ed  w hether th e  auditory p a s s a g e  w as neutral o r 

biased. T h e s e  results su g g e s t that bo th  m eanings of a n  am biguous w ord 

becom e activated  autom atically, and th a t context p lays no role in determ ining 

which m ean ing  will be  activated .

Sw inney also found  tha t when th e  ta rge t w as p re se n te d  th ree  syllables 

after the  am biguous prim e, response la ten c ie s  to the  ta rg e t w ere fa s te r  only for 

the  in terpretation that w a s  consistent with th e  auditory p a s sa g e . Prim ing effects 

w ere not o b se rv ed  for th e  interpretation inconsistent with the  context a s  well a s  

the  un re la ted  word. T h e s e  results su g g e s t tha t th e  m ean ing  of the  am biguous 

word th a t is consisten t with the context rem ains active (possibly b e c a u s e  it has 

been  re ta in ed  in short-term  memory for on-going s e n te n c e  com prehension),
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while th e  m eaning th a t is not consisten t with the con tex t loses activation 

(possibly b e c a u se  its activation h as  e ith e r subsided  o r  b een  su p p re ssed ) .

Sw inney 's parad igm  h a s  provided an sw ers  to  sev e ra l key q u estio n s  

concern ing  how am biguous w ords a re  c o d e d  and  a c c e s s e d  in th e  lexicon. An 

am biguous word su ch  a s  "mint" a p p e a rs  to  have m ultiple rep resen ta tio n s  in the 

lexicon. Both rep resen ta tio n s  are autom atically ac tiv a ted  by the  auditory  (or 

visual) p resen ta tion  of a n  am biguous w ord  regard less  of the con tex tual bias. 

And, th e  contextual b ias later exerts its effect by selec ting  the represen tation  

th a t is consisten t with th e  context, and  allowing the  inconsisten t represen tation  

to  su bside . The effects observed  by Sw inney in a  c ross-m odal prim ing 

paradigm  with sen ten tia l con tex ts have b e e n  replicated in both lexical decision 

ta sk s  (Till, M ross, & Kintsch, 1988) an d  nam ing ta sk s  (T anenhaus, Leim an, & 

S e id enberg , 1979). O nifer an d  Swinney (1981) a lso  rep licated  th e s e  findings 

w hen d ifferences in frequency  for each  interpretation w e re  controlled for.

S evera l additional s tu d ies  have dem o n stra ted  multiple sem a n tic  priming 

effects in a  single word priming paradigm . In a  thorough investigation by 

S im pson an d  B urgess (1985), the  time c o u rse  of sem an tic  activation for 

am biguous w ords w as  determ ined  by m anipulating th e  SOA. Like O nifer and 

Sw inney (1981), they  w ere  a lso  in terested  in d ifferences in the frequency  of 

e ach  interpretation: T a rg e ts  w ere ch o se n  th a t were e ith e r  sem antically  related 

to  th e  m ost frequent (or dom inant) interpretation, or sem antically  re la ted  to the 

le ss  frequen t (or subord inate) interpretation.

Visually p re sen ted  am biguous p rim es were found  to  activate multiple 

m ean in g s  during a  p e ak  interval around 3 0 0  m illiseconds after ex p o su re . 

Activation for the  le ss  frequen t (or subord inate) m eaning  ro se  to asy m p to te  

slowly, p eak ed  briefly, a n d  then  declined to  baseline, w hile activation for the 

m ore frequen t (or dom inant) m eaning ro se  quickly to asym pto te  a n d  rem ained
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s tea d y  for m ore th a n  750 m illiseconds. S im pson  and B u rg ess  concluded th a t 

activation of multiple m eanings involves a  tw o-stage  p ro c e ss : An initial 

au tom atic  p ro c e ss  th a t ac tiva tes  multiple m ean in g s  within 3 0 0  m illiseconds and 

a  controlled p ro c e ss  that selectively m aintains the  activation level of only th e  

dom inan t m eaning  (see  a lso  N eely, 1977).

In conclusion , w ords having dual m ean in g s  (hom onym s) have b e e n  

show n to activate  both interpretations within a  few hundred m illiseconds in both 

sen ten tia l co n tex ts  and  in single-w ord priming contexts. T he  dem onstration  of 

multiple sem an tic  priming is significant for th e  discussion of phonologically 

m ed ia ted  priming b e c a u se  it sh o w s  that m ore than  one m eaning  of an 

am biguous word will be  activated  when the  SO A  is relatively brief. However, if 

w e a re  in te rested  in phonologically m ediated priming, th en  hom onym s (e.g ., 

"bug" an d  "mint") a re  not very helpful in determ ining which c o d e , orthographic 

o r phonological, is responsib le for the  o b se rv ed  multiple sem an tic  priming 

effec ts  b e ca u se  hom onym s sh a re  the  sam e  so u n d  and  spelling. H om ophones 

(e .g ., "dough" a n d  "doe") would be  a  better cho ice  if we a re  in terested  in 

phonologically m ed ia ted  priming b ecau se  th ey  sound th e  s a m e  but a re  spelled  

differently. If multiple sem antic  priming can  b e  dem o n stra ted  with hom ophones, 

th en  w e might b e  in a  position to  determ ine w hether the priming effect w as  d u e  

to th e  phonological co d e  or the  orthographic code. I will return  to the  is su e  of 

phonologically m ed ia ted  priming after I d isc u ss  sem antically m ediated  priming.

Sem antically  M ediated  Priming 

A central assum ption  of th e  spreading-activation m odel of the  lexicon is 

th a t w hen  a  lexical node is activated , the  activation sp re a d s  along all availab le 

links to  o ther a sso c ia te d  nodes which, in turn, becom e ac tiv a ted  and sp re a d  the  

activation further. B ecau se  th e re  m ust be so m e  constrain ts upon  the  sp re a d  of 

activation, Collins a n d  Loftus (1975) posit a  g rad u a l reduction in the s treng th  of
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activation a s  it sp re ad s  from node to  node. O ne implication of this m odel is that 

priming effects  may be predicted  for sem antically unre la ted  w ords (e .g ., "lion" 

a n d  "stripes") th a t sh a re  a  related word in com m on (e.g ., "tiger"). This type of 

priming will b e  referred to  a s  sem antically  m ed ia ted  priming.

S ev era l experim en ts have so u g h t to dem o n stra te  sem antically  m ediated  

priming. B alota and  Lorch (1986) u sed  both a  lexical decision ta sk  a n d  a  

nam ing ta sk  to  determ ine if a  prime su ch  a s  "lion" would facilitate re sp o n se  

la tencies to  a  sem antically  m ediated ta rg e t such  a s  "stripes.” In th is c a s e , 

priming is m ediated  by th e  concep t "tiger." Balota a n d  Lorch found m ediated  

priming effects for the  nam ing task , but not for the  lexical decision task . As 

predicted  by th e  spreading-activation m odel, th e se  effects w ere not a s  strong a s  

d irect sem an tic  priming effects (e.g., "tiger" to  "stripes"). S u b seq u en t 

experim en ts  by M cN am ara an d  Altarriba (1988) d em o n stra ted  sem antically  

m ediated  priming effects in a  lexical decision ta sk  using the  sa m e  stimuli a s  

B alota and  Lorch. It is possib le  tha t B alota and  Lorch did not find significant 

priming effect in the  lexical decision ta sk  b ecau se  th e  pow er of their study  w as 

not g rea t en o u g h  to reveal w hat a p p e a rs  to be a  sm all but reliable effect.

Phonologically M ediated Priming

The question  tha t lies a t the  h eart of the  p re sen t investigation is w hether 

phonology p lays a  prom inent role in w ord recognition. I have p re sen te d  several 

m odels of w ord recognition that provide a  role for phonology in lexical a c c e ss . I 

h av e  also  p re sen ted  em pirical ev idence th a t purports to  dem o n stra te  th e  role of 

phonology in lexical a c c e s s ,  along with several ty p es  of priming effects 

including multiple sem an tic  priming a n d  sem antically  m ediated  priming. It is 

now  n e ce ssa ry  to evaluate  w hat it m ean s  for phonology to m ediate  lexical 

a c c e s s  in a  priming paradigm .
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I will begin  with a  d iscussion  of cross-m odal priming, w here  the  prim e is 

p re sen te d  auditorily. In the  c a s e  w here th e  prime is p re sen ted  auditorily, 

phonology clearly plays a  role in lexical a c c e ss . It is th e  phonological code  for 

the  prim e tha t ac tiv a te s  sem antically  re la ted  co n cep ts  in the  lexicon, and  

therefo re  priming c an  be sa id  to  be m ediated  by a  phonological code.

S w inney 's (1979) cross-m odal priming effects  using auditory prim es em b ed d ed  

in a  sen ten tia l con tex t provide convincing ev idence  th a t multiple sem an tic  

priming effects o ccu r w hen hom onym s se rv e  a s  prim es. The auditory m ode of 

prim e p resen ta tion  clearly im plies tha t th is  multiple sem an tic  priming effect is 

phonologically m edia ted . B ase d  upon th e s e  resu lts, it follows th a t hom ophones 

(e.g ., "dough" a n d  "doe") shou ld  a lso  p roduce  multiple sem an tic  priming effects 

w hen they  a re  m a d e  am biguous through auditory p resen ta tion . In o ther w ords, 

w e shou ld  find th a t auditory p resen ta tion  of the  prim e /do / will activa te  multiple 

lexical rep resen ta tio n s  including "bread" a n d  "deer."

Multiple sem an tic  priming in the  c a s e  of auditorily p re sen te d  hom onym s 

a n d  h o m o p h o n es is clearly m ed ia ted  by a  phonological code. But w hat can  w e 

predict for visually p resen ted  ho m o p h o n es?  If lexical a c c e s s  in printed word 

recognition is m ediated  solely by an orthographic co d e , then  only the  lexical 

rep resen ta tio n s  th a t match th e  orthographic code should  be activated . W e 

should  therefore  ob serv e  priming effects for the  prim e-target pa irs  "dough- 

b read" an d  "doe-deer." If lexical a c c e ss  in printed w ord recognition is m ediated  

by a  phonological code , how ever, then lexical rep resen ta tio n s  th a t m atch the 

phonological c o d e  should b e  activated. W e should th en  ob serv e  priming 

e ffects  for phonologically m ed ia ted  prim e-target pairs su ch  a s  "dough-deer" and  

"doe-bread." This is what I believe it m e an s  for phonology to  m ed ia te  lexical 

a c c e s s  in a  priming paradigm .
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Any m odel of printed word recognition th a t provides a  role for phonology 

in lexical a c c e s s  would predict phonologically m ediated  priming from "dough” to 

"deer." W e a re  now in a  position to  evaluate  two different w ays th a t th e s e  

m odels c an  accoun t for phonologically m ediated  priming effects: pre-lexical 

phonological recoding a n d  post-lexical activation of phonological c o d es . The 

direct phonological route  m odel, th e  dual-route m odel, a n d  th e  interactive- 

activation m odel e ac h  identify a  pre-lexical phonological recoding p ro c e ss e s  a s  

the  m e an s  by which phonologically m ediated  priming ex erts  its effects. T he 

modified direct orthographic route model a lso  provides an  accoun t for 

phonologically m ed ia ted  priming effects, but in stead  of pre-lexical p ro c e sse s , 

this m odel identifies post-lexical activation of phonological c o d es  a s  th e  m eans 

by which priming can  be  phonologically m ediated . I would like to tak e  a  

m om ent to  desc rib e  how th e se  m odels differ with re sp ec t to  their predictions 

regarding th e  sp e e d  an d  strength  of phonologically m ed ia ted  priming.

W e have s e e n  th a t priming effects a re  sensitive to the  duration of the  

prim e p resen ta tion  by varying th e  SOA and observing th e  tim e co u rse  of 

sem an tic  activation. W e have a lso  see n  that priming effects a re  sensitive to  the 

streng th  of activation by varying th e  deg ree  to  which prim e-target pairs a re  

asso c ia ted . The tim e cou rse  of activation an d  th e  streng th  of activation a re  

therefo re  tw o characteristics of lexical priming th a t can  potentially discrim inate 

betw een  th e  severa l different m odels tha t provide acco u n ts  for phonologically 

m ediated  priming effects. I will now  illustrate how  this is possib le  for e a c h  

m odel.

In th e  indirect phonological route m odel, the  orthographic code for a  

printed w ord is autom atically reco d ed  into a  phonological co d e  prior to  lexical 

a c c e ss . Priming effects in this m odel a re  alw ays m ediated  by a  phonological 

co d e , therefo re  w e should  find tha t the  time co u rse  and  streng th  of activation for
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h o m o phones should b e  identical to th a t found for hom onym s by S im pson and 

B urgess (1985). Activation for the  dom inant m eaning  of the  hom ophone should 

rapidly rise  in strength  an d  rem ain s trong  for over 750  ms. Activation for the 

su b o rd in a te  m eaning, how ever, shou ld  gradually rise in strength  th en  subside. 

If the  SO A  is se t at a ro u n d  300 m s, th e  strength of activation for both the  

dom inant and  subord inate  m eanings should b e  ab o u t equal. T h e se  a re  the 

p redictions m ade by a n y  model of w ord recognition that involves only an 

indirect phonological rou te  to the lexicon.

In th e  dual-route m odel, both th e  direct orthographic route an d  the 

indirect phonological route activate lexical item s in parallel. Priming effects in 

this m odel may be m ed ia ted  by an  orthographic c o d e , a  phonological code, or 

both d epend ing  upon th e  rate at which th e se  c o d e s  a re  g en era ted . B ecause  

th e se  ra te s  are  flexible, it is very difficult to m ake firm predictions concerning the  

strength  a n d  time c o u rse  of priming effects for this model. If w e c an  a ssu m e  that 

the ra te s  a re  the sa m e , then  we would b e  able to predict equally rapid activation 

for both m eanings of a  printed hom ophone, how ever, the  streng th  of activation 

would b e  g rea te r for th e  m eaning th a t co rresp o n d s to  the orthography of the 

printed hom ophone, all o ther things being equal. If the  rate of activation for the 

orthographic code is fa s te r  than the  ra te  of activation for the phonological code, 

then  phonologically m ed ia ted  priming effects should  be less s trong  a t shorter 

SOAs (N ote, how ever, th a t phonological co d es  do  not require m ore th an  400 

m s to ac tiv a te  b e c a u se  pronunciation latencies a re  in this range an d  therefore 

the two ro u tes to th e  lexicon should not differ too greatly  in sp e e d  of activation). 

T h ese  a re  som e of th e  predictions th a t a re  m ade by the  dual-route m odel, albeit 

so m ew h a t unconstra ined .

T h e  interactive-activation m a k es  predictions th a t a re  very sim ilar to  the 

dual-route model an d  it would be difficult to discrim inate betw een  th e  two



40

m odels by m easuring th e  th e  strength a n d  tim e co u rse  of lexical priming. It is 

really only a  smal! s tep  from  a  parallel dual-route model of lexical a c c e s s  to  a  

parallel in teractive-activation model, therefo re , the  predictions m ade by o n e  are  

going to  b e  sim ilar to th e  predictions m ad e  by the  other. In addition, the  fact that 

both m odels a re  very flexible m akes them  hard  to evaluate . They see m  to  be  

able to a cc o u n t for alm ost any result retrospectively an d  th is  m akes them  

som ew hat difficult to refute. Many th eo ris ts  find this fea tu re  attractive, but th e  

lack of falsif(’ability m ak es th e se  m odels difficult to evalua te  scientifically.

A final model of w ord recognition th a t relies upon post-lexical p ro c e ss e s  

to accoun t for phonologically m ediated priming effects is th e  modified d irect 

orthographic route model. Priming effects in this model a re  m ediated  by an  

orthographic co d e  during lexical a c c e ss , but o nce  a  lexical item is activated , the  

activation sp re a d s  to all o th e r item s sharing  the  sam e  phonological co d e . To the 

extent th a t th is  model m a k es  the  sam e  predictions a s  the  o th e r pre-lexical 

m odels of lexical a cc e ss , it beco m es very difficult to de term ine  w hether 

phonologically m ediated priming effects provide conclusive ev idence  for th e  

role of phonology in lexical a cc e ss . If any  priming effect c a n  potentially b e  

attributed to  post-lexical p ro c e sse s , th en  no conclusive ev id en ce  can be  sa id  to 

exist for pre-lexical p ro c e sse s . This difficulty u n d ersco res  m ost of the  p rob lem s 

that re se a rc h e rs  have had  o v e r the y ea rs  a s  they  have strugg led  to provide 

clear ev id en ce  for the role of phonology in lexical a cc e ss .

T h e  difficulties en co u n te red  in a ttem p ts  to verify an d /o r falsify the  sev era l 

models of w ord recognition a tte st to  th e  longevity of th e se  m odels and  the  

abiding stru g g le  to find p o in ts  of d ivergence  tha t will allow for empirical 

differentiation betw een th e  m odels. In th e  a ttem pt to reso lve w hether 

phonology m ed ia tes  lexical a c c e ss , w e a re  likely to d isco v er a  range of fac ts  

concerning th e  strength a n d  tim e co u rse  of th e  activation of phonological c o d e s
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in w ord recognition a n d  reading. A s facts accum ulate , so m e  m odels will lose 

prom inence and o th e r m odels m ore  capab le  of accounting for the facts will 

su p p lan t them , but phonologically m ediated priming effects a re  in d ep en d en t of 

the  m odels that do  o r  do  not predict them .

Logic of th e  P resen t Investigation

T he  p resen t investigation is divided into four experim ents. The first 

experim en t is a  replication of the  multiple sem an tic  priming effects found by 

S im pson and  B u rg ess  (1985). T he stimuli c o n s is t o fte n  hom onym s tak en  from 

stu d ies  by Onifer a n d  Swinney (1981) and  Till, M ross, and Kintsch (1988). The 

intent of Experim ent 1 is to ex tend  Sw inney's (1979) multiple sem an tic  priming 

effects to  a  visually b a se d  single w ord priming paradigm . Multiple sem an tic  

priming effects a re  p redicted  in both  a  lexical decision ta sk  a n d  a  nam ing ta sk  

w hen visually p re sen te d  hom onym s serve a s  prim es.

T h e  second  experim ent is a  direct te s t of phonologically m ediated 

priming. T he stimuli consist of ten  hom ophone pairs (e.g., "dough-doe") th a t 

w ere c h o se n  for th e ir relative lack of orthographic similarity a n d  the  fact tha t 

both m em b ers  of e a c h  hom ophone pair should b e  very fam iliar to college 

freshm en . If a  visually p resen ted  hom ophone (e .g ., "dough") is autom atically 

co n v erted  into a  phonological co d e  prior to lexical a cc e ss , a s  m ost m odels of 

word recognition a s s e r t ,  then priming would b e  predicted for w ords re la ted  to 

both m em bers of th e  hom ophone p a ir (e.g., "bread" and "deer"). If phonology 

d o e s  not play any role in lexical priming, a s  th e  direct orthographic route m odel 

a s se r ts , th en  priming would be p redicted  only for words re la ted  to  the 

orthographically unam biguous hom ophone (i.e., priming from "dough" to 

"bread"). Experim ent 2  is therefore a  direct te s t  of the role of phonology in 

lexical priming.



In Experim ent 3, th e  prim es a n d  ta rg e ts  em ployed in Experim ent 2 a re  

reversed . In this c a se , th e  prime is an  unam biguous word (e .g ., "deer") a n d  the  

ta rge t is o n e  m em ber of th e  hom ophone pair (i.e., e ither "doe" o r "dough"). 

Unlike Experim ent 2, Experim ent 3 re p re sen ts  an  indirect te s t of th e  role of 

phonology in lexical priming. If priming effects in th e  lexicon a re  m ediated by a  

phonological co d e , th en  th e  visually p re sen ted  prim e "deer" w ould be  p redicted  

to  prim e recognition of th e  hom ophone "dough." T his priming effect would be  

indirect b e c a u s e  it would b e  m ediated  by the  lexically activated  phonological 

code  /d5/. If m ediated  priming of th is so rt d o es  not occur in th e  lexicon, th en  

"deer" will not prime th e  recognition of "dough."

Experim ent 4 em ploys a  cross-m odal priming paradigm  with auditorily 

p re sen ted  hom ophones a s  prim es. B ec a u se  hom ophones a re  am biguous 

w hen p re se n te d  auditorily, multiple sem an tic  priming effects sim ilar to th o se  in 

Experim ent 1 would be  predicted. This experim ent rep resen ts  a n  attem pt to 

verify tha t w hen  a  phonological code  is u sed  to a c c e s s  lexical en tries, a s  m ust 

be  the  c a s e  with auditory word recognition, we would expect to  find priming for 

w ords re la ted  to  both m ean ings of th e  hom ophone.

E ach  of th e se  experim en ts will be  conducted  with a  250 m s  SOA.

The duration of the prim e will be 200 m s and  the ISI will be 50  m s. This 

relatively brief SOA w a s  ch o se n  b e c a u s e  I am  primarily in te re sted  in w hether 

phonologically m ediated  priming is d u e  to  au tom atic p ro c e sse s  involved in 

lexical a c c e s s  and  sp read in g  activation. It is entirely possible th a t a  longer SOA 

will reveal phonologically m ediated priming effects, but such e ffec ts  would 

probably b e  d u e  to controlled  p ro c e ss e s  involved in the  selec tion  and  

m ain tenance  of phonological codes in short-term  m em ory. T h e se  effects a re  not 

likely to b e  relevant to  th e  question of th e  role of phonological c o d e s  in lexical
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a c c e s s  a n d  spread ing  activation. I will now turn  to a  m ore  detailed  p resentation  

of the  m ethods a n d  resu lts of th e s e  four experim ents.
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EXPERIMENT 1 

P rev iew

In th e  p re sen t study, the au tom atic  activation of dual sem an tic  

in terpreta tions for hom onym s w as investigated  using a  lexical decision  ta sk  and  

a  nam ing task . B ecau se  hom onym s a re  spelled  the  sam e  and  so u n d  the  sam e , 

it is unclear w hether the  activation of multiple m ean ings is d u e  to  their 

orthographic properties o r their phonological properties. Even though  this 

experim ent is not d esig n ed  to a d d re ss  th e  issu e  of phonologically m ediated  

priming, it is im portant to independently  estab lish  tha t an  am biguous word can  

autom atically activate  multiple sem an tic  in terpretations under controlled 

experim ental conditions.

Lexical Decision T ask  

M ethod

Subjects

The su b jec ts  w ere 35  u n d erg rad u a tes  enrolled in an  Introductory 

Psychology co u rse  at th e  University of New H am pshire. Each s tu d en t received 

o n e  laboratory credit a s  part of a  co u rse  requirem ent for participation.

Stimuli

Ten hom onym s w ere  adop ted  from previous s tud ies by O nifer and  

Sw inney (1980) an d  Till, M ross, and  Kintsch (1988). The hom onym s served  a s  

p rim es in th e  lexical decision task  an d  e a c h  hom onym  (e.g., "mint") had  two 

distinct in terpretations. Twenty ta rget w ords w ere then  se lec ted  by choosing 

o n e  sem antically  related w ord for e ac h  interpretation of each  hom onym  

(e.g ., "candy" a n d  "coin"). The hom onym s an d  their respective ta rg e t w ords 

w ere  paired  to  c rea te  a  "sem antically re la ted  hom onym " condition th a t
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co n sis ted  of prim e-target pairs su ch  a s  "mint-candy" an d  "mint-coin." The 

stimuli for th is experim ent a p p e a r  in Appendix A.

B aseline conditions w ere  c rea ted  next by choosing  a  non-hom onym  tha t 

w a s  sem antically re la ted  to  e a c h  of the  target w ords (e.g., "cookie" an d  "nickel").

A non-hom onym  is any  word th a t h a s  only o n e  interpretation. (Actually, m ost 

w ords have m any sh a d e s  of m eaning and  th e  distinction b e tw een  "homonyms" 

a n d  "non-hom onym s" is a  relative one. A g lan ce  a t the  non-hom onym s u sed  in 

th is study will reveal som e w ords with several s h a d e s  of m eaning , an d  even  a  

few  hom ophones.) T he non-hom onym s and  th e  sem antically re la ted  target 

w ords w ere paired  to c rea te  a  "sem antically re lated  baseline" condition that 

co n sis ted  of prim e-target pairs su ch  a s  "cookie-candy" an d  "nickel-coin." A 

"sem antically  u n re la ted  baseline" condition w as th en  c re a te d  by pairing each  

non-hom onym  with an  unrelated  ta rge t word (e .g ., "nickel-candy" a n d  "cookie- 

coin"). And finally, a  neutral base line  condition w a s  c rea ted  by sim ply using th e  

w ord "blank" a s  a  prime (e.g., "blank-candy").

The non-w ord target stimuli consisted  of tw enty orthographically legal an d  

pronounceab le  non-w ords a d ap te d  from R ubenste in  et al. (1971). T he prim es for 

th e  non-word ta rg e ts  w ere m atched  to the  proportions of the  p rim es for the  word 

ta rg e ts ; there  w ere  five hom onym  prim es, ten  non-hom onym  prim es, and  five 

neu tra l primes. This w as to en su re  tha t sub jec ts  could not predict w hether a  trial 

w as a  "word" trial o r a  "non-word" trial on the b a s is  of d iscrepan t probabilities 

am o n g  the prim e ty p es. The non-w ord trials a re  p re sen ted  in Appendix E.

A ltogether th e re  w ere tw enty "non-word" ta rg e ts  an d  tw enty "word" 

ta rg e ts , making a  total of forty ta rg e ts . Four s e ts  of forty prim e-target pairs w ere 

c re a te d  such th a t e ac h  ta rge t a p p ea re d  only once. In addition, no prim es 

a p p e a re d  m ore th an  once. T he tw enty "word" trials w ere co u n terbalanced  so  

th a t five trials co n sis ted  of hom onym  prim es, five trials co n sis ted  of sem antically
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re la ted  non-hom onym  prim es, five trials c o n sis te d  of sem antically  unre la ted  

non-hom onym  prim es, and  five trials co nsisted  of neutral p rim es. The tw enty 

"non-word" trials w ere  the  sam e  in each  se t. After th e se  four s e ts  of forty trials 

w ere  c rea ted , e a c h  s e t  w as further divided into tw o su b se ts  of twenty trials s o  

th a t su b jec ts  would receive a  b reak  in the  m iddle. Prior to p resen ta tion , e a c h  

su b se t of tw enty trials w as random ized.

A se t  of tw enty practice trials consisting of ten  "word" trials  and ten  "non­

word" trials w as a lso  c rea ted . T he  practice s e t  a lso  con tained  th e  sam e 

proportion of neutral trials a s  th e  experim ental s e ts , but it did no t contain an y  

hom onym s. The practice se t is p resen ted  in Appendix G. In addition, th e re  

w ere  th ree  filler trials th a t a p p ea re d  before every  set, p ractice  an d  experim ental, 

so  th a t early erro rs  o r difficulties would not adverse ly  affect a n y  experim ental 

trials. T h ese  filler trials a lso  a p p ea re d  in all su b se q u e n t experim en ts  an d  th e y  

w ere, in order; "winter-dog," "dream-loap(f)," a n d  "blank-candle."

Two final considera tions w hen choosing prim es and  ta rg e ts  for the  

experim ental trials w ere word length and  w ord frequency (K ucera  and F rancis,

1967). T h ese  variab les  w ere m atched  a s  evenly  a s  possib le for the hom onym  

a n d  non-hom onym  prim es: For word length th e  m ean s w ere 4 .0  and 5.2 le tte rs  

respectively  an d  for word frequency  the  m e an s  w ere  24.0 a n d  25.2  w ords p e r  

million (wpm). The ta rge t w ords had  a  m ean w ord length of 5 .0  letters an d  a  

m ean  w ord frequency  of 50.5  wpm . Note th a t only the prim es defined the 

in d ep en d en t variable, and  tha t th e  ta rg e ts  w ere  th e  sam e  for all conditions. 

A p p ara tu s

An Apple M acintosh com puter w as u se d  to  run this a n d  all su b seq u en t 

experim ents. R outines for controlling stim ulus presentation  a n d  reaction tim e 

collection w ere  written by Jo h n  Limber in M icrosoft Basic. M illisecond timing 

rou tines w ere written by th e  Drexel Software D evelopm ent G ro u p  in m achine
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co d e  (W estall, Perkey, a n d  C hute, 1986; 1989). B ec a u se  the clock u se d  for 

timing ev en ts  in th e  M acintosh is linked to  the  sc reen  refresh  rate ( 6 0  Hz), 

sc ree n  ev en ts  su ch  a s  prim e and  ta rge t duration a re  accu ra te  to  a b o u t 8  m s on 

an y  given trial.

Procedure

Each trial began  with a  fixation c ro ss  in the  c e n te r  of the  sc ree n . The 

duration of th e  fixation c ro s s  w as 750 m s an d  it w as followed by a  blank sc reen  

which lasted  2 50  ms. The prim e then ap p ea re d  in th e  c en te r  of th e  sc reen  for a  

duration of 20 0  m s. A 50 m s blank sc ree n  followed th e  prim e before  th e  target 

word ap p ea red . This m ade th e  SOA 250  m s. The ta rg e t then  a p p e a re d  in the 

cen te r  of th e  sc ree n  for 250 m s. The sub jec t w as instructed  to resp o n d  to the 

ta rg e t by p ressin g  either a  key labeled "Y" with the  right index finger if th e  ta rget 

w a s  a  word o r a  key labeled "N" with th e  left index finger if the  ta rg e t w as a  non- 

word. A m illisecond tim er w as  started  upon the p resen ta tion  of th e  ta rg e t and  

w a s  s to p p ed  upon  the su b jec t's  response . If the  su b jec t's  re sp o n se  w as 

incorrect, an  "ERROR" m e ssa g e  ap p ea red  on the  sc re e n  followed by th ree  

b e e p s . If the  su b jec t's  re sp o n se  w as correct, a  num ber representing  the  

reaction tim e in m illiseconds ap p ea red  on th e  screen . Errors an d  reaction tim es 

w ere  recorded  in a  d a ta  file containing all relevant stim ulus and  sub jec t 

information. A fter a  brief p a u se , the fixation cross  a p p e a re d  and  th e  next trial 

co m m enced .

S u b jec ts  w ere run individually an d  e a c h  se ss io n  lasted  le ss  th an  one 

half hour. The sub jec ts  w ere  sea te d  a  com fortable d is tan ce  from th e  sc reen  

a n d  the  b righ tness of the  sc re e n  w as ad ju sted  to the  su b jec t's  satisfaction. 

Peripheral s c re e n  flicker w a s  reduced  using a  piece of cardboard  with a  two by 

th re e  inch hole cu t in the  cen te r. Subjects w ere told th a t th e  experim ent w as 

co n cern ed  with th e  sp ee d  an d  accuracy  with which th ey  could discrim inate
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w ords from non-w ords. They w ere  also  told tha t th ree  s e ts  of 23 trials would be 

p re sen te d  and  th a t th e  first th ree  trials would be the s a m e  in each  s e t. The 

practice s e t  w as th en  p resen ted , followed by the two experim ental s e ts  with 

brief b reak s  in be tw een  while e ac h  new se t  w as random ized. W hen th e  last se t 

w as com pleted , th e  sub jec ts  w ere  show n th e ir d a ta  a n d  a  debriefing s ta tem en t 

w as provided.

D ata A nalysis

T he d a ta  from this an d  all su b se q u e n t experim ents w ere an a ly zed  in the  

following m anner. R eaction tim es g rea te r th a n  2000 m s a n d  less  th a n  100 m s 

w ere excluded from th e  analy sis .1 Error ra te s  w ere com puted  for e a c h  of the 

p rim e-target conditions. S ub jec ts  w ere om itted from fu rther an a ly se s  if their 

error ra te s  w ere g re a te r  than  25% . Any sub jec t omitted by this rule w a s  

rep laced  with an o th e r w henever possible. Subject e ffects  (Ei) w ere  analyzed  

by com puting a  m ean  reaction tim e for e a c h  subject a c ro s s  each  condition, 

treating item s a s  a  fixed effect. Item effects (E2 ) w ere a lso  analyzed by 

com puting a  m ean  reaction tim e for each  item  acro ss  e a c h  condition, treating 

su b jec ts  a s  a  fixed effect.

Significance te s ts  w ere run for item effects and  su b jec t effects using a  

re p e a te d  m e a su re s  analysis  of variance m odel. Using th e  sem antically  

un re la ted  prim e condition a s  the  base line , sep a ra te  E -te s ts  w ere run com paring 

each  experim ental condition to th e  base line . T he effect s iz e  (1) w as th e n  

com puted  for e ach  com parison  (R osenthal, 1984).2 A positive effect s iz e  

reflected priming effects  involving facilitation an d  a  negative  effect s iz e  reflected

1 T he d a ta  w ere  analyzed  using o th e r le ss  conservative  d a ta  trimming
p ro ced u res  without any  substan tive  c h a n g e s  in the  p a tte rn  of results. In 
addition, inverse  a n d  logarithmic transform ations w ere em ployed, a g a in  without 
any  substan tive  c h a n g e s  in the  pattern  of results.
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inhibition. Finally, the min F ' statistic for effects a c ro ss  su b jec ts  (Ei) an d  item s 

(E2 ) w as ca lcu la ted  (Clark, 1973).3 T he a lpha level for all significance te s ts  w as 

s e t at c  < .05.

R esults an d  D iscussion

T he b ase lin e  conditions in th is experim ent provide an ch o r points again st 

which the  priming effects of hom onym s can  be m easu red . If multiple sem an tic  

priming o ccu rs  within 250 m s, then  th e  priming effect for hom onym  prim es 

should  be  equivalent to  th e  priming effect for th e  sem antically  re la ted  non­

hom onym  prim es. T he sem antically  unrelated  prim es an d  th e  neutral prim es 

rep resen t b a se lin es  w here, by definition, no priming exists. T here  should be  no 

difference be tw een  the  sem antically  unrelated  base line  an d  th e  neutral 

baseline . Both are  u se d  b e ca u se  sev era l investigators have claim ed that 

neutral p rim es such  a s  "blank" constitu te  the  appropria te  base line  (deG root, 

T h o m assen , & H udson, 1982; Lorch, Balota & Stam m , 1986).

Error R ates

The p e rcen tag e  of erro rs w as  h ighest in the  sem antically  unrelated  

base lin e  condition, 11.9% , and  low est in the  sem antically  re la ted  base line  

condition, 4 .7% . The neutral base line  condition an d  th e  hom onym  condition 

p roduced  e rro r ra tes  of 5 .5%  and  8 .7%  respectively.

S ubject Effects
The sem antically  unrelated  b ase lin e  condition yielded a  m ean  reaction 

tim e of 616 m s ( £ £  = 1 0 4  ms), and  th e  neutral base line  condition yielded a

2 T he  formula for th e  1 statistic is given by R osenthal (1984):

r2 = F(1, X) /  [F(1, X) +  dferror]

3 T he form ula for the  min F* statistic is given by Clark (1973):

m inF(i,j) = F iF 2 / ( F 1 + F2 )
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m ean reaction time of 6 25  m s (£Q  = 1 1 4  ms). T he  difference be tw een  th e se  

b ase lin es  w a s  not significant; E (1 ,34) = 0.37, an d  th e  effect s ize  (i) w as -.104.

T h e  sem antically  related b ase lin e  condition yielded a  m ean  reaction tim e 

of 580 m s ( £ 0  = 101 m s). The difference betw een  th is base line  an d  the  

unrelated  baseline w a s  significant; E O ,34) = 10 .36 , £ = +.483, indicating 

m oderately  strong facilitation for sem antically  re la ted  prim es. T he  hom onym  

condition yielded a  m ean  reaction tim e of 572 m s (3 Q  = 90 m s). The difference 

betw een  th is  experim ental condition and  the  un re la ted  b ase lin e  w as a lso  

significant; E(1,34) = 14.30, r  = + .544, indicating m oderately strong facilitation 

for hom onym  prim es. In addition, th e  difference be tw een  the  hom onym  

condition a n d  the  sem antically  re la ted  condition w a s  not significant;

E(1,34) = 0.47. T h ese  last three resu lts  indicate th a t hom onym s produce  a s  

much sem an tic  priming a s  non-hom onym s. T able 1 p re sen ts  th e s e  resu lts  for 

the  su b jec t effects.

Item Effects

T he item effects w ere  found to  b e  similar to  th e  subject effects an d  they  

a re  p re sen te d  in T able 1 a s  well. T h e  m ean reaction tim es for th e  unre la ted  

and  neutral baseline conditions w ere  622 ms (£Q  = 103 ms) a n d  618 m s 

(£E> = 79 m s) respectively. This difference w as not significant; E (1 ,19) = 0.02,

I  = +.032.

T h e  m ean reaction  time for th e  related b ase lin e  condition w as 577  m s 

(&Q = 58  m s). The difference be tw een  the re la ted  a n d  unrela ted  base line  

conditions w as  significant; £ (1 ,19) = 7.51, r  = +.532. The m ean  reaction tim e for 

th e  hom onym  condition w a s  576 m s (££> = 64 m s). T he difference betw een  the  

hom onym  condition a n d  the  unre la ted  baseline condition w as a lso  significant; 

E (1 ,19) = 6 .85 , i  = + .515. And finally, th e  difference betw een th e  hom onym s 

an d  the  sem antically  re la ted  baseline  w as not significant; E (1 ,19) = 0.00. Again,



5 1

Table 1.

Lexical Decision Error R ates , Subject Effects, Item Effects, 
a n d  min F' S tatistics a c ro ss  C onditions in Experim ent 1.

Subject Effects Item Effects

P rim e-T arget ER(% ) RT SD F{1,34) r RT SD F (1 ,19 ) r min P

b u g -an t 8.7 5 7 2  90 1 4 .3 0 *  + .5 4 4  5 7 6  64 6.85* + .5 1 5  4 .65*

In sa c t-an t 4.7 5 8 0  101 1 0 .3 6 *  + .4 8 3  5 7 7  58 7.51* + .5 3 2  4 .35*

s e c re t-a n t  1 1 .9  6 1 6  104  — — 6 2 2  1 0 3  — — —

blank-an t 5.5 6 2 5  11 4  0.37 - .1 0 4  6 1 8  79 0.02 + .0 3 2  0 .0 2
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th e se  re su lts  indicate th a t hom onym s produce  a s  m uch sem antic  priming a s  

non-hom onym s.

The min F  Statistic

T h e  min F  statistic  is a  m easu re  of how well th e  effects of a  m anipulation 

can  be  pred ic ted  to g en era lize  to new  sam p les  of su b jec ts  and item s (Clark, 1973). 

The min F  statistic w as calcu lated  only if both Ei a n d  E 2  w ere significant.

Com paring th e  related base lin e  with th e  unrelated  base lin e , the  min F* statistic w as 

significant; E (1 ,44) = 4 .35 . In addition, th e  min F  for th e  difference betw een the  

hom onym  condition an d  th e  unrelated base line  w as significant; E (1 ,37) = 4.65. 

C onsidering the  fact th a t th e  min F' s ta tistic  is an extrem ely stringent test, th e se  

results provide strong ev id en ce  for multiple sem an tic  priming w hen  hom onym s a re  

u sed  a s  p rim es in a  lexical decision ta sk . Figure 6 p re sen ts  a  g rap h  plotting th e  

effect s iz e s  for each  prim e-target condition against th e  unrelated b ase lin e  

condition.

Nam ing Task 

M ethod

S u b jec ts

T he  sub jec ts  w ere  8 8  studen ts enrolled  in an  Introductory Psychology 

course  a t th e  University of New H am pshire. Each s tu d en t received o n e  

laboratory cred it toward a  cou rse  requirem ent for participation.

Stimuli

T h e  stimuli w ere th e  sam e  a s  in th e  lexical decision  task , ex ce p t for the 

fact that th e  naming ta sk  d o e s  not requ ire  non-words. T he non-word ta rge ts  

w ere th e re fo re  replaced with filler w ords. T hese  e x ch a n g e s  a re  n o te d  in 

Appendix E. The prim es a s  well a s  th e  practice trials a n d  filler trials a lso  

rem ained th e  sam e a s  th o s e  in the lexical decision ta sk .
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A p p aratu s

The routines tha t controlled th e  stim ulus p resen ta tion  for this experim ent 

w ere  written in HyperTaik an d  th e  scripts a p p e a r  in Appendix H. Upon 

p resen ta tion  of e a c h  ta rge t word, an  inaudible to n e  w as s e n t to  a  T echn ics tape 

d eck  an d  recorded . The su b jec t's  re sp o n se s  for each  trial w ere  a lso  recorded  

on th e  ta p e  using a  m icrophone. The ta p e s  w ere  later digitized using a  

M acR ecorder™  a n d  analyzed  using  SoundE dit.™  The nam ing la tencies  w ere 

o b ta ined  by m easuring  the  interval betw een th e  o n se t of th e  to n e  an d  th e  onset 

of th e  sub jec t's  voice on the  tap e . This a p p a ra tu s  w as u se d  for all su b seq u en t 

nam ing ta sk  experim ents.

P ro ced u re

E ach  trial b eg an  with a  fixation cross lasting 750 m s followed by a  blank 

sc re e n  for 250 m s. The prim e w a s  then  p re sen te d  for 200 m s followed by a  50 

m s ISI. As in the  lexical decision task , the SOA w as 250 m s. The ta rg e t 

a p p e a re d  next an d  lasted  250 m s. S ubjects w ere  instructed to  respond  to  the 

ta rg e t by pronouncing th e  word a loud into th e  m icrophone a s  quickly a n d  yet a s  

clearly  a s  they could. Errors an d  reaction tim es w ere  later transcribed  from the 

ta p e s  an d  reco rded  in a  d a ta  file containing all relevant stim ulus an d  sub jec t 

information. After a  2 seco n d  p a u se , the  fixation c ro ss  a p p e a re d  and th e  next 

trial com m enced .

S ub jec ts  w ere  run individually and  each  se ss io n  la sted  le ss  th an  o n e  

half hour. They w ere  told that th e  experim ent w a s  co n cern ed  with th e  s p e e d  

a n d  accu racy  with which they  could pronounce w ords. T hey w ere a lso  told that 

th re e  s e ts  of 23 trials would be  p re sen te d  an d  th a t the  first th re e  trials would be 

th e  sa m e  in e ac h  se t. The practice s e t  w as th en  p resen ted , followed by th e  two 

experim ental s e ts  with brief b reak s  in betw een. W hen th e  last s e t w as
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com pleted , th e  sub jec ts  w ere show n their d a ta  an d  a  debriefing s ta tem en t w as 

provided.

R esu lts  and D iscussion

Subject Effects

T he sem antically  unrelated  base line  condition yielded a  m ean  reaction 

tim e of 433  m s (SD = 75  ms), an d  th e  neutral base line  condition yielded a  m ean 

reaction tim e of 437 m s (SD = 78 m s). The difference betw een  th e se  b ase lines 

w a s  not significant; E (1 ,87) = 0.54, an d  the effect size (r) w as  -.079.

T he sem antically  related base line  condition yielded a  m ean  reaction time 

of 427 m s (SD = 72 m s). The difference betw een  this base line  and  the  

unrelated  base line  w as  not significant; E (1,87) = 1.55, £ = +.132. The hom onym  

condition yielded a  m ean  reaction tim e of 431 m s (SD = 70 m s). The difference 

betw een  th is  experim ental condition and  the  unre la ted  b ase lin e  w as a lso  not 

significant; E (1 ,87) = 0 .25 , £ = + .054. In addition, the  difference betw een  the  

hom onym  condition a n d  the  sem antically  re la ted  condition w as  not significant; 

E (1 ,87) = 0.58. T h ese  results indicate that sem an tic  priming effects for both 

hom onym s an d  non-hom onym s a re  extrem ely w eak  in the  nam ing task .

T able 2 p re sen ts  th e se  results for th e  subject effects.

Item Effects

The item effects w ere a lso  found to be w eak  for both hom onym s an d  

non-hom onym s. They a re  p re sen ted  in Table 2 a s  well. T h e  m ean  reaction 

tim es for th e  unrelated  an d  neutral baseline conditions w ere  432 m s 

(SD = 35  m s) and  436 m s (SD = 42  ms) respectively. This difference w as 

not significant; E (1 ,19) = 0.17, £=  -.094.

The m ean  reaction time for th e  related base line  condition w as 

4 2 5  m s (SD = 44 ms). T he difference betw een th e  related  a n d  unrela ted  

base line  conditions w a s  not significant; £(1,19) = 1.25, i  = +.248. The
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Table 2.

Naming T ask  Subject Effects, Item Effects, an d  min P  
S ta tistics a c ro ss  Conditions in Experim ent 1.

Subjoct Effects Item Effects

P rim *-T arget RT SD F (1 ,87) r RT SD F (1 ,10) r min F

b u g -an t 431 70 0.25 + .0 5 4 430 37 0.09 + .0 6 9 0.07

In ssc t-an t 427 72 1.55 + .132 425 44 1.25 + .2 4 8 0.69

aa c r* t-a n t 433 75 — _ 432 35 ~ — —

blank-an t 437 78 0.54 - .0 7 9 436 42 0.17 - .0 9 4 0.13

* p < .05
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m ean reaction tim e for the hom onym  condition w as 430 m s (SD = 37 m s;.

T he difference betw een  th e  hom onym  condition and  th e  u n re la ted  base line  

condition w a s  a lso  not significant; £ (1 ,19) = 0 .09 , £ = +.069. And finally, 

th e  difference betw een  the  hom onym s an d  th e  sem antically  re lated  base line  

w as  not significant; E (1 ,19) = 0.37. Again, th e s e  results indicate a  failure to 

d em o n stra te  sem an tic  priming effects for hom onym s and  non-hom onym s in a  

nam ing task .

T he  min F  S tatistic

B ecau se  none of the  individual E -tes ts  proved significant, min F  statistics 

w ere  not com puted . Figure 7 p re sen ts  a  g raph  plotting the  effect s izes  for each  

prim e-target condition against th e  unrelated  base line  condition. Note th a t all 

effects s izes  a p p e a r  to be in th e  right direction, but they  a re  extrem ely w eak.

The failure to d em onstra te  even  sem an tic  priming in th is nam ing ta sk  

calls  into question  the  u sefu ln ess  of this d a ta  for understand ing  multiple 

sem an tic  priming. T hese  resu lts  a re  atypical b e c a u se  m any stu d ies  (including 

th e  rem aining s tu d ies  in the  p re sen t investigation) have d em o n stra ted  sem antic  

priming with a  nam ing task. Although, it is theoretically im proper to d iscard  d a ta  

just b e c a u se  th ey  do not support cherished  assum ptions, it is n e ce ssa ry  to 

d ec la re  th e se  resu lts  irrelevant to  th e  issue  of multiple sem an tic  priming d u e  to 

th e  a b se n c e  of a  sem antic  priming effect.
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EXPERIMENT 2 

Preview

Experim ent 2  rep resen ts  a n  attem pt to  d em o n stra te  phonologically 

m ed ia ted  priming effects  in a  lexical decision ta sk  and  in a  nam ing task . T he 

SO A  in these  ta sk s  will be 250 m s to  a ssu re  th a t if phonologically m ediated  

prim ing is observed  it is driven by autom atic p ro c e ss e s  an d  no t controlled 

p ro c e sse s . The h om ophones u s e d  in this experim ent w ere se lec ted  from 

H o b b s ' H om ophones and H om ographs: An A m erican Dictionary (1987). 

B e c a u se  hom ophones share  th e  sa m e  phonology, but not th e  sam e 

orthography, they  provide ideal stimuli for sep a ra tin g  the e ffec ts  of phonology 

from th e  effects of orthography in w ord recognition.

Lexical Decision T a sk  

Method

S u b je c ts

T he su b jec ts  w ere 61 u n d e rg rad u a tes  enro lled  in an  Introductory 

P sychology co u rse  a t the  University of New H am pshire. S u b jec ts  received one 

laboratory  credit tow ard  a  cou rse  requirem ent for their participation.

Stim uli

T en  hom ophone pairs w ere  se lec ted  from a  corpus of o v er 1800 

hom ophone  pairs availab le in th e  English lan g u ag e . They w ere  se lec ted  with 

two criteria  in mind: Both m em bers of each hom ophone pair had  to be familiar 

to co lleg e  freshm en, an d  their spellings had to  b e  a s  dissim ilar a s  possib le to  

control for orthographic variables. T he hom ophones served  a s  prim es for a  s e t  

of tw en ty  target w ords which w ere  sem antically  related . By pairing each  

hom ophone  with its corresponding  ta rg e t word (e .g ., "dough-bread" and  "doe-
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deer"), a  "sem antically re la ted  hom ophone" condition w as  c rea ted . Also, by 

pairing each  hom ophone with th e  ta rge t w ord a sso c ia ted  with its counterpart 

(e .g ., "dough-deer" an d  "doe-bread"), a  "phonologically m ed ia ted  hom ophone" 

condition w as c rea ted . N ote tha t th e se  two conditions w ere c rea ted  with the  

s a m e  prim es a n d  ta rg e ts  s o  th a t any d ifferences which em erg e  a s  a  result m ust 

b e  d u e  primarily to  the  d ifferences be tw een  th e  h om ophones (i.e., d ifferences 

in orthography a n d  m eaning). The stimuli for this experim ent a p p e a r  in 

A ppendix B.

The b ase lin e  conditions w ere c re a te d  next by selecting  tw enty 

w ords that w ere  sem antically related to each  of the  ta rg e ts  (e.g., "fawn" and  

"yeast"). A "sem antically related" base line  w as c rea ted  by pairing the  related 

w ords with th e  corresponding  ta rg e ts  (e .g ., "fawn-deer" an d  "yeast-bread"). A 

"sem antically unrelated" base line  w as th en  c re a te d  by reversing th e  re la ted  

prim e-target pairs (e.g., "fawn-bread" an d  "yeast-deer"). The w ord "blank" w as 

u s e d  to c rea te  a  "neutral" condition to round out th e  base lin e  conditions.

The hom ophone prim es and  the  base line  prim es w ere  m atched  a s  

c losely  a s  possib le  for both w ord length an d  word frequency. T he respective  

m e a n s  for w ord length w ere 4 .5  and  4.6 letters, an d  th e  respective  m e an s  for 

w ord frequency w ere  26.6 a n d  23.8  wpm. For the  ta rg e t w ords, the  m ean  word 

length  w as 5.1 letters and  th e  m ean word frequency w as 35 .7  wpm.

The non-w ord ta rg e ts  u sed  in this experim ent w ere th e  s a m e  a s  th ose  

u s e d  in the  lexical decision ta sk  of Experim ent 1. T he only difference w as that 

th e  prim es for th e  non-w ords consis ted  of hom ophones ra ther th an  hom onym s. 

T h e  non-w ords along with their prim es a p p e a r  in A ppendix F.

As in Experim ent 1, th e re  w ere forty ta rg e ts  altogether; tw enty "word" 

ta rg e ts  and tw enty "non-word" targets. Five s e ts  of forty prim e-target pairs w ere 

c re a te d  such  th a t no prim es o r ta rg e ts  a p p e a re d  m ore than  once . T he prim es
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for th e  twenty "word" targe ts  in each  s e t  w ere  system atically  coun terbalanced  so  

th a t th e re  w ere four prim es from each  of th e  five prim e types. The prim es for the 

tw en ty  "non-word” trials w ere th e  sam e  in each  set. E ach  s e t  of forty trials w as 

th en  divided into tw o su b se ts  of twenty trials and  e ac h  su b se t w as  random ized 

prior to  presen tation . S ub jec ts  w ere random ly a ss ig n ed  to  each  s e t  an d  the 

o rd e r of the s u b s e ts  w as co u n terb alan ced  a c ro ss  sub jec ts. All filler trials and  

p rac tice  trials w ere  th e  sam e  a s  in the lexical decision ta sk  of Experim ent 1. 

P ro ce d u re

The Apple M acintosh com puter an d  th e  routines for controlling the 

p resen ta tion  of stimuli w ere identical to  th o se  u sed  for th e  lexical decision  task  

in Experim ent 1.

The p ro cedu re  w as a lso  identical to  tha t u sed  previously. T he  SOA w as 

250 m s, and the  su b jec ts  w ere  run individually. At th e  conclusion of th e  

experim ent, the  su b jec ts  w ere shown their d a ta  and  debriefed.

R esu lts  an d  D iscussion

Error R ates

The h ighest e rro r ra te s  w ere  found in the  sem antically  u n re la ted  baseline 

condition and th e  phonologically m ediated hom ophone condition (9.9%  and  

8 .2%  respectively), an d  the  low est error ra te s  w ere found in th e  sem antically  

re la ted  baseline condition an d  the  sem antically  re lated  hom ophone condition 

(5 .4%  an d  6.2%  respectively). T he error ra te  for th e  neutral base line  condition 

w as  a lso  6.2%.

S u b jec t Effects

The sem antically  unre la ted  base line  condition yielded a  m ean  reaction 

tim e o f 570 m s (£ Q  = 81 m s), a n d  the neutral base line  condition yielded a  m ean 

reaction  time of 59 0  m s (£12 = 90  ms). T he difference betw een  th e s e  base lines 

w as no t significant; E (1 ,60) = 2 .53 , and the  effect size (r) w as -.201.
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Table 3.

Lexical Decision Error R ates, Subject Effects, Item Effects, 
an d  min F' S ta tistics a c ro ss  Conditions in Experim ent 2.

P rim e-T arget ER(%)

Subject Effects Item Effects

min FRT SD F(1,60) r RT SD F (1 ,19 ) r

d o a -d a a r 6.2 549 7 0 4.89* + .2 7 5 5 5 2 43 2.35 + .3 3 2 1.59

d o u g h -d a a r 8.2 575 8 0 0.29 - .0 6 9 5 7 8 51 0.09 - .0 6 9 0.07

faw n -d ea r 5.4 5 47 7 5 5.92* + .300 5 4 8 41 2.83 + .3 6 0 1.92

y e a s t-d e a r 8.0 570 81 — - - 5 7 3 58 — — —

b ta n k -d a a r 6.2 590 9 0 2.53 - .201 5 9 3 51 3.13 - .3 7 6 1.40

* p < .05
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T he sem antically  re la ted  b ase lin e  condition yielded a  m ean  reaction tim e 

of 54 7  m s (SD. = 75 ms). T he difference betw een  th is base line  a n d  the  

un re la ted  b ase lin e  w as significant; £ (1 ,60) = 5 .92, i  = +.300, indicating 

m oderately  strong  facilitation for sem antically  re la ted  prim es. T he sem antically  

re la ted  hom ophone condition yielded a  m ean  reaction tim e of 549 m s 

(SQ  = 70 ms). T he difference betw een  this hom ophone condition an d  the  

unre la ted  base lin e  w as a lso  significant; E (1 ,60) = 4.89, £ = +.275, indicating 

m oderately  s trong  facilitation for sem antically  re la ted  hom ophone prim es. 

Finally, the  phono logically m ediated  hom ophone condition yielded a  m ean 

reaction tim e of 575  m s IS P  = 80 m s). The difference betw een th is hom ophone 

condition and  th e  un re la ted  base line , how ever, w as not significant;

E (1 ,60) = 0.29, £ = -.069. T aken  together, th e se  last th ree  results indicate tha t 

sem antically  re la ted  hom ophones p roduce  a s  m uch sem an tic  priming a s  

sem antically  re la ted  non-hom ophones, but th a t phonologically m ed ia ted  

hom op h o n es do  not p roduce any  m ore priming th an  unre la ted  non­

hom ophones; resu lts  tha t a rg u e  strongly ag a in st phonologically m ed ia ted  

priming. The su b jec t effects for this lexical decision  ta sk  a p p e a r  in T able 3.

Item Effects

The item effects show ed the  sa m e  pattern  of results a s  the  sub jec t 

e ffects, an d  they  a lso  a p p ea r in Table 3. Although the  effect s iz e s  for the  item s 

w ere  actually g re a te r  than  the  effect s izes  for th e  sub jec ts, they  w ere  not 

significant d u e  to  th e  fact th a t th e re  w ere  m ore sub jec ts  than  item s by a  ratio of 

th ree  to  one.

T he m ean  reaction tim es for the  unrela ted  an d  neutral b ase lin e  

conditions w ere 5 73  m s (SQ  = 58  m s) an d  593 m s (£Q  = 51 m s) respectively. 

This difference, how ever, w as  not significant; E (1 .1 9 )«  3 .13, £ = -.376, indicating 

m oderately  strong inhibition for the  neutral prim es. This w as actually the
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s trongest inhibition o b serv ed  for th e  neutral b ase lin e  in all of th e  experim ents. 

Overall, th e  neutral base lin e  p roduced  inhibition, but it w as generally  very w eak  

(i.e., effect s iz e s  for the  neutral b ase lin e  av erag ed  -.040 with a  s tan d a rd  

deviation of .137).

T he m e an  reaction tim e for th e  sem antically related  base lin e  condition 

w as 548 m s (£ Q  = 41 m s), and  the  difference b e tw een  this b ase lin e  and  the  

unre la ted  b a se lin e  w as non-significant; £(1 ,19) = 2 .83 , but th e  effect size  (i) w as 

+ .360, indicating m oderately strong facilitation for th e  sem antically  related 

base line  p rim es. The m ean  reaction tim e for th e  sem antically  re la ted  

hom ophone condition w as 552 m s fSD = 43 m s), an d  the d ifference betw een 

th is  hom ophone  condition and  th e  unre la ted  b ase lin e  w as a lso  non-significant; 

£ (1 ,19) = 2 .35 , and  the  effect size (£) w as +.332, ag ain  indicating m oderately 

strong facilitation for the  sem antically  related hom onym  prim es. And finally, the  

m ean  reaction  tim e for th e  phonologically m ed ia ted  hom ophone condition w as 

578  m s (£12 = 51 ms). T he difference betw een th is  hom ophone condition an d  

th e  unrelated  base line  w as  a lso  not significant; £ (1 ,19) = 0.09, i  = -.069. T h ese  

last th ree  resu lts , taken  together, indicate m oderately strong priming effects for 

sem antically  re la ted  hom ophones a n d  non-hom ophones, but extrem ely  w eak  

priming e ffec ts  for phonologically m ediated  hom ophones; a  resu lt th a t again  

sp e a k s  unfavorably for phonologically m ediated priming.

The min P  S tatistic

The min F  statistics for e ach  of th e  com parisons a re  p re sen te d  in 

Table 3, but n o n e  are  significant. T he reason  for th is  lies in th e  fact tha t 

th e  min P  sta tistic  can n ev er be significant if e ither £ 1  or £ 2  is non-significant. 

B ecau se  th e  item  effects lack the  pow er of the su b jec t effects in th is and  all of 

th e  o ther experim en ts to  b e  reported, th e  min P  statistic  is probably not an  

appropriate te s t. B ecau se  it is such  a  stringent te st, th e  pow er of both £ 1  and  £ 2
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should  be  equal if the  min F  is to  be meaningful. This calls  into question  the  u se  

of the  min P  statistic  in th e se  experim ents w here the  pow er of £ 1  is not equal to 

th e  pow er of E2 -

T he min P  statistics for e ach  com parison  will continue to  b e  com puted  

hereafter, how ever, m ore em p h asis  will b e  p laced  upon the  effect s izes . The 

effect s ize  is not usually influenced by lack of pow er (R osenthal, 1984); and  

furtherm ore, th e  effect s ize  provides a  m ore realistic m easu re  of facilitation an d  

inhibition in a  priming paradigm  b e c a u se  it provides an  estim ate  of how m uch of 

an  effect a  prim e ex erts  upon th e  re sp o n se  to  a  target; ra ther th an  merely 

indicating th a t the  effect is significant for so m e  arbitrary a lp h a  level. The effect 

s ize s  for th e  sub jec t an d  item effects in th is study a re  p re sen ted  in Figure 8. 

Facilitation an d  inhibition a re  clearly rep resen ted  by th e s e  effect s iz e s  for each  

of the  prim e-target conditions in th e  lexical decision task .

Naming T ask  

M ethod

S u b je c ts

T he su b jec ts  w ere  60 u n d e rg rad u a tes  enrolled in an  Introductory 

Psychology c o u rse  a t the  University of New H am pshire. T he s tu d en ts  each  

received  o n e  laboratory credit tow ard a  c o u rse  requirem ent for their 

participation.

Stimuli

T he nam ing ta sk  d o e s  not require non-w ords, therefore , th e  non-word 

ta rg e ts  w ere  rep laced  with filler w ords. O therw ise, the  stimuli w ere identical to 

th o se  u se d  in the  above  lexical decision task .

A ppara tu s

T he Apple M acintosh com pu ter and  th e  routines for controlling the  

p resen ta tion  of stimuli an d  the  collection of reaction tim e d a ta  w ere  the  sa m e  a s
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th o se  u se d  for naming ta s k  in Experim ent 1.

P ro ced u re

T h e  procedure w a s  also identical to that u se d  in Experim ent 1. T h e  SOA 

w as 250 m s, and the su b jec ts  w ere run individually. All re sp o n se s  w ere  

recorded  on to  tape a n d  la te r digitized for analysis At the conclusion of th e  

experim ent, the  su b jec ts  w ere show n their d a ta  a n d  debriefed.

Results and Discussion

Subject E ffects

T he  sem antically unrelated  b ase lin e  condition yielded a  m ean reaction 

time of 43 2  m s (£12 = 6 8  ms), and  th e  neutral b ase lin e  condition yielded a  m ean 

reaction tim e of 432 m s (£ Q  = 70 m s). The difference be tw een  th e se  b ase lin es  

w as not significant; E(1,59) = 0.00, a n d  the  effect s ize  (r) w as  .000.

T he sem antically related  b ase lin e  condition yielded a  m ean  reaction time 

of 412 m s fSD = 65 m s). The difference betw een th is b ase lin e  and  the  

unrelated  base line  w as significant; E(1,59) = 18.03, i  = + .484, indicating strong 

facilitation fo r sem antically related prim es. T he sem antically  related  

hom ophone condition y ielded  a  m ean  reaction tim e of 417 m s (£J2 = 66 ms). 

The d ifference betw een th is  hom ophone condition and  the  unrelated  b ase lin e  

w as a lso  significant; E (1 .59) = 1 1 .0 3 ,1 = +.397, indicating strong  facilitation for 

sem antically  related hom ophone prim es. Finally, th e  phonologically m ed ia ted  

hom ophone condition y ie lded  a  m ean  reaction tim e of 430 m s (£Q  = 74 ms).

The d ifference betw een th is  hom ophone condition and  the  unre la ted  base line , 

how ever, w a s  not significant; E(1,59) = 0.14, r  = +.049, indicating extrem ely 

w eak  facilitation for phonologically m ed ia ted  hom ophone prim es. T aken 

together, th e s e  last th re e  results indicate that sem antically  re la ted  hom ophones 

produce a s  m uch sem an tic  priming a s  sem antically  related  non-hom ophones,
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but th a t phonologically m ed ia ted  hom ophones do  not p roduce  any  m ore 

priming than  unre la ted  non-hom ophones; resu lts  th a t again  a rg u e  strongly 

ag a in s t phonologically m ed ia ted  priming. T he  sub jec t effects for th is nam ing 

ta sk  a p p ea r in T able 4.

Item Effects

The item effects show ed  the  sa m e  pattern  of resu lts a s  th e  subject 

effects, an d  they  a lso  a p p e a r  in Table 4. T he m ean  reaction tim es for the  

unre la ted  a n d  neutral base line  conditions w ere  432 m s fSD = 35  ms) and  

432  m s (3Q  = 3 7  ms) respectively. This difference w as not significant;

£ (1 ,19) = 0 .0 0 ,1 =  -000.

T he m ean  reaction tim e for the  sem antically  re la ted  b ase lin e  condition 

w as  412 m s (£ Q  -  30 m s), an d  th e  difference betw een  th is b ase lin e  and  the  

unre la ted  base line  w as significant; E (1 ,19) = 9.67, an d  the  effect s ize  (r) w as 

+ .581, indicating strong facilitation for the  sem antically  re la ted  base lin e  prim es. 

T he m ean  reaction time for th e  sem antically  related hom ophone condition w as 

41 8  m s (£Q  = 30  ms), but th e  difference betw een  this hom ophone condition 

a n d  th e  un re la ted  baseline w as not significant; £ (1 ,19) = 3 .27, a n d  the  effect 

s ize  (f) w as +.383, again indicating m oderately  strong facilitation for the 

sem antically  re la ted  hom ophone prim es. And finally, the  m ean  reaction tim e for 

th e  phonologically m ediated  hom ophone condition w as 431 m s fSD = 40 ms). 

T he  difference betw een  th is hom ophone condition an d  th e  u n re la ted  base line  

w as  a lso  not significant; £ (1 ,19) = 0.05, i  = +.051. T h ese  last th re e  results, 

tak en  together, indicate strong priming effects for sem antically  re la ted  

hom ophones a n d  non-hom ophones, but extrem ely w eak  priming effects for 

phonologically m ediated  hom ophones; a  result tha t once  again  d o e s  not 

provide support for phonologically m ediated  priming.



6 9

T able 4.

Naming T ask  Subject Effects, Item Effects, and  min F’ 
S tatistics a c ro ss  Conditions in Experim ent 2.

P rim e-T arget

Subject Effects Item Effects

min FRT SD F (1 ,S9) r RT SD F (1 ,19) r

d o e -d e a r 417 66 1 1 .0 3 * + .3 8 7 418 30 3.27 + .3 8 3 2 .5 2

d o u g h -d e a r 430 74 0.14 + .0 4 9 431 40 0.05 + .0 5 1 0 .0 4

faw n-dear 412 65 18 .0 3 * + .4 8 4 412 30 9.67* + .581 6.29*

y e a s t-d e a r 432 68 — — 432 35 — — —

b la n k -d e a r 432 70 0.00 +.000 432 37 0.00 + .0 0 0 0.00

* p < .05
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Figure 9. Effect size (r) plotted for e a c h  prim e-target condition:
Experim ent 2, nam ing task.



The min F  Statistic

T h e  min F  sta tistics  for all com parisons a p p e a r  in Table 4. The only 

effect th a t yielded significance w as  for the sem antically  related  base line  

condition when co m p ared  to the  unrela ted  b ase lin e ; £(1,41) = 6 .29 .

Figure 9  p resen ts  th e  effect sizes p lotted for su b jec t effects a n d  item  effects 

a c ro ss  prim e-target conditions. Facilitation an d  inhibition are  o n c e  again 

clearly rep resen ted  by  the  effect s iz e s  for each  of th e  prim e-target conditions in 

the  nam ing task.
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EXPERIMENT 3 

P rev iew

The hom ophones u se d  in th is experim ent w ere th e  sa m e  a s  th o se  u sed  

in Experim ent 2, but the  prim es and  th e  ta rg e ts  w ere reversed . This p rocedure  

c re a te d  conditions in which th e  hom ophones se rv ed  a s  ta rg e ts  in stead  of 

prim es (i.e., th e  word "deer" b ecam e  the  prim e an d  th e  hom ophone "dough" 

b ecam e  the  target). B ecau se  the  hom ophones w ere  the  ta rg e ts  in th is 

experim ent, strictly speaking , this experim ent d o e s  not a d d re s s  the  is su e  of 

phonologically m ediated  priming. The motivation for this reversal w as  provided 

by evidence for th e  hom ophone substitution effect. V anO rden (1988) p resen ted  

ca teg o ries  su ch  a s  "a type of d eer” followed by a  ta rge t w ord th a t w as  e ither a  

catego ry  m em ber such  a s  "doe" or a  non-m em ber hom ophone such  a s  "dough." 

In th e se  experim ents, V anO rden found h igher error ra te s  for hom ophone 

substitu tions an d  concluded tha t recognition of the  target w ord w as m ediated  by 

a  phonological code. By using hom ophones a s  ta rg e ts , th e  p re sen t experim ent 

w as  desig n ed  to  sim ulate th e  conditions of V anO rden 's experim ents.

Lexical Decision T ask  

M ethod

S u b je c ts

The su b jec ts  w ere 61 s tu d en ts  enrolled in an  Introductory Psychology 

co u rse  a t the  University of N ew  Ham pshire. T he s tu d en ts  e a c h  received  one 

laboratory credit tow ard a  c o u rse  requirem ent for their participation.

Stim uli

The stimuli w ere the  sa m e  a s  th ose  u se d  in Experim ent 2; only th e  

prim es and  ta rg e ts  w ere reversed . By pairing e ac h  hom ophone target
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with a  sem antically  related prim e (e.g ., "bread-dough" a n d  "deer-doe"), a  

"sem antically re la ted  hom ophone" condition w a s  c rea ted . In addition, by 

pairing each  hom ophone target w ith a  prim e a sso c ia te d  with its hom ophone 

cou n terp art (e.g., "deer-dough" a n d  "bread-doe"), a  "phonologically m ediated  

hom ophone" condition w as c re a te d . The stimuli a p p ea r in Appendix C.

A "sem antically  related" b ase lin e  w as c re a te d  next by pairing the  

sem antically  re la ted  baseline p rim es with th e  corresponding  hom ophone ta rg e ts  

(e .g ., "fawn-doe" a n d  "yeast-dough"). A "sem antically unrela ted" base line  w as a lso  

c re a te d  by random ly assigning un re la ted  b ase lin e  p rim es with e a c h  hom ophone 

ta rg e t (e.g ., "shield-dough" and  "brush-doe"). T he word "blank" w as u sed  to c rea te  

a  "neutral” condition to  round out th e  baseline conditions.

T he non-w ord targets u se d  in this experim ent w ere  th e  sa m e  a s  those  

u sed  in th e  lexical decision task  of Experim ent 2. The rem aining p ro ced u res  for 

random izing an d  counterbalancing  th e  se ts  of stimuli w ere  a lso  identical to 

th o se  in Experim ent 2.

Procedure

T h e  Apple M acintosh co m p u te r and th e  routines for controlling the 

p resen ta tio n  of stimuli were identical to th o se  u se d  for previous lexical decision 

ta sk s . T he SOA w a s  se t at 250 m s, and  the  su b jec ts  w ere run individually. At 

the conclusion of th e  experim ent, th e  subjects w ere show n their d a ta  and  

d eb rie fed .

R esu lts  and  D iscussion

Error R a te s

T h e  error ra te s  found in th e  neutral b ase lin e  condition, the  sem antically  

u n re la ted  base line  condition an d  th e  phonologically m ed ia ted  hom ophone 

condition w ere 17.8% , 13.6%, an d  12.5%  respectively. T h e  error ra te s  found in
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th e  sem antically  re la ted  base line  condition an d  the  sem antically  re lated  

hom ophone  condition w ere  10.3%  an d  8.6%  respectively.

S ub jec t Effects

T he sem antically  un re la ted  base lin e  condition yielded a  m ean  reaction 

tim e of 602 m s (£D = 86 m s), an d  th e  neutral base line  condition yielded a  m ean 

reaction tim e of 608 m s (SD = 1 0 2  ms). T he difference be tw een  th e se  

b a se lin e s  w as not significant; E (1 ,60) = 0.17, r  = -.053.

T he  sem antically  re la ted  b ase lin e  condition yielded a  m ean reaction 

tim e of 588  m s ( SD = 94 ms). T he difference betw een  th is base line  a n d  the 

unre la ted  base line  w as  not significant; E (1 ,60) = 1.80, £ = +.171. The 

sem antically  re la ted  hom ophone condition yielded a  m ean  reaction tim e of 

566 m s (SD = 77 m s). The difference betw een  th is hom ophone condition and  

the  unre la ted  b ase lin e  w as significant; E (1 ,60) = 8.51, i  = +.352. Finally, the  

phonologically m ed ia ted  hom ophone condition yielded a  m ean  reaction time of 

606 m s (SD = 1 0 2  m s). The difference betw een  this hom ophone condition and 

the  un re la ted  base line , how ever, w as not significant; E (1 ,60) = 0.08, i  = -.036. 

T aken  together, th e se  last th ree  resu lts indicate th a t th e  "sem antically related  

hom ophone" condition produced  m ore sem an tic  priming th a n  th e  "sem antically 

re la ted  baseline" condition, but th a t th e  "phonologically m ed ia ted  hom ophone" 

condition did not p roduce  any m ore priming th an  the  unre la ted  base line . It is 

not c le a r  why the  sem antically  re la ted  base line  show ed  su ch  w eak prim ing, but 

overall, th e se  resu lts  d o  not provide any  support for phonologically m ed ia ted  

priming. The sub ject effects for this lexical decision ta sk  a p p e a r  in T ab le  5.

Item Effects

T he  item effects show ed the  sam e  pattern  of resu lts a s  th e  sub jec t effects, 

an d  th ey  a lso  a p p ea r in Table 5. T he m ean  reaction tim es for the unre la ted  and
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Table 5.

Lexical Decision Error R ates, Subject Effects, Item Effects, 
an d  min F' S tatistics a c ro ss  Conditions in Experim ent 3.

P rim e-T argat ER(%)

Subject Effects Item Effects

min FRT SD F (1 ,60 ) r RT SD F (1 ,19 ) r

d e e r -d o e 8.6 5 6 6 77 8.51* + .3 5 2 572 72 1 0 .6 8 * + .6 0 0 4.74*

b re a d -d o e 1 2 .5 6 0 6 102 0.08 - .0 3 6 622 106 0.25 - .1 1 4 0 .0 6

faw n-doa 1 0 .3 5 8 8 84 1.80 + .171 5 93 82 1.86 + .3 0 0 0 .9 2

b ru s h -d o e 1 3 .6 6 0 2 86 — — 613 85 _ — --

b lan k -d o e 1 7 .8 6 08 102 0.17 - .0 5 3 6 3 4 1 1 8 1.31 - .2 5 4 0 .1 5

* p < .05



76

neutral b ase lin e  conditions w ere 613 m s (&Q = 85  ms) an d  634 m s

(£Q  = 1 1 8  m s) respectively. This d ifference w as not significant; E (1 ,19) = 1.31,

I  = -.254.

T h e  m ean  reaction  tim e for th e  sem antically  re la ted  baseline condition 

w as 593 m s (£Q  = 82 m s), and  the d ifference betw een  th is  base line  an d  the 

unrela ted  base line  w as  not significant; E (1 ,19) = 1.86, bu t th e  effect s ize  (c) w as 

+.300, indicating m oderately  strong facilitation for the  sem antically  re la ted  

b ase line  prim es. T he m ean  reaction tim e for the  sem antically  related 

hom ophone condition w a s  572 ms (SD = 72 ms). T he difference betw een  

th is hom ophone condition and  the u n re la ted  baseline w a s  significant;

E(1,19) = 10.68, and the  effect size (i) w a s  +.600, indicating strong facilitation for 

the  sem antically  re lated  hom ophone p rim es. And finally, th e  m ean  reaction 

tim e for th e  phonologically m ediated hom ophone condition w as 622 m s 

(£Q  = 1 0 6  ms). The difference betw een  th is  hom ophone condition a n d  the 

unrelated  base line  w as a lso  not significant; E(1,19) = 0 .25 , i =  -.114. T h ese  last 

th ree  resu lts , taken toge ther, indicate m oderately  strong priming effects for 

sem antically  related p rim es, but w eak, o r  non-existent, priming effects for 

phonologically m ediated  prim es; a  resu lt th a t once ag a in  sp e a k s  unfavorably 

for phonologically m ed ia ted  priming.

T he min P  Statistic

T he  difference be tw een  the "sem antically re la ted  hom ophone" condition 

an d  the  "unrelated  base line" condition w a s  the  only effect th a t proved significant 

for the min F* statistic; £ (1 ,64 ) = 4.74. T h e  effect s izes  for th e  subject an d  item 

effects in th is  study a re  p resen ted  in F igure  10. Facilitation is clearly revealed  

by th e se  effect s izes  for e a c h  of the sem antically  re la ted  prim e-target conditions, 

but no prim ing effects a re  apparen t for th e  phonologically m ediated  prim e 

condition.
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Nam ing T ask  

MfilhQd
S u b je c ts

T he su b jec ts  w ere  59 u n d e rg rad u a tes  enrolled in an  Introductory 

Psychology co u rse  a t the  University of New H am pshire. T he  s tu d en ts  received 

o n e  laboratory  credit tow ard  a  c o u rse  requirem ent for their participation.

Stimuli

B ecau se  th e  nam ing ta sk  d o e s  not require non-w ords, the  non-word 

ta rg e ts  w ere  rep laced  with filler w ords. O therw ise, the  stimuli w ere  identical to 

th o se  u se d  in the  lexical decision task .

A pparatus

T h e  Apple M acintosh co m pu ter and the  routines for controlling the  

p resen ta tion  of stimuli w ere identical to  th o se  u se d  for prev ious nam ing ta sk  

experim en ts.

P ro ced u re

T h e  procedure  w as a lso  identical to tha t u se d  in previous nam ing ta sk s . 

The SO A  w as 250 m s, and  the  su b jec ts  w ere run individually. All re sp o n se s  

w ere reco rd ed  onto ta p e  and  later digitized for analysis. At th e  conclusion of 

the experim ent, the  su b jec ts  w ere show n their d a ta  and  debriefed.

R esults a n d  D iscussion

Subject Effects

T h e  sem antically  unrela ted  base lin e  condition yielded a  m ean reaction 

time of 4 2 0  m s (SD = 79 ms), an d  th e  neutral base lin e  condition yielded a  m ean  

reaction tim e of 420 m s (SD  ® 86 m s). T he difference b e tw een  th e se  b ase lin es  

w as not significant; E (1 .58) = 0.00, i  = .000.

T h e  sem antically  related  base lin e  condition yielded a  m ean  reaction tim e 

of 401 m s (SD  = 51 m s). The difference betw een  this base line  an d  the
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unrela ted  base line  w as significant; E (1 ,58) = 6.95, £ = +.327, indicating 

m oderately strong facilitation for sem antically  re la ted  prim es. The 

sem antically  related hom ophone condition yielded a  m ean  reaction tim e of 

402 m s (SD  = 59 ms). T he  difference betw een th is  hom ophone condition and  

the  unre la ted  baseline w a s  also significant; £ (1 ,58) = 7.92, r  -  +.347, indicating 

m oderately strong facilitation for sem antically  re la ted  hom ophone prim es. 

Finally, th e  phonologically m ediated hom ophone condition yielded a  m ean  

reaction tim e of 407 m s (£D  = 80 m s). T he difference betw een  this hom ophone 

condition a n d  the un re la ted  baseline w a s  not significant; £ (1 ,58) = 3.12,

I  = +.226, but indicated m oderate facilitation for phonologically m ediated  

hom ophone prim es. T aken  together, th e s e  last th re e  resu lts  indicate tha t 

sem antically  related hom ophones p ro d u ce  a s  m uch sem antic  priming a s  

sem antically  related non-hom ophones, an d  there  is a lso  so m e  ev idence  for 

phonologically m ediated  priming w hen th e  hom ophone se rv es  a s  the  target. 

The su b jec t effects for th is  naming ta s k  ap p ea r in T able  6.

Item Effects

T he item effects show ed the  s a m e  pattern of resu lts a s  th e  subject 

effects, including a  m oderately strong effect for phonologically m ediated  

primes. T h e  item effects also  ap p ea r in Table 6. T h e  m ean reaction tim es for 

the  un re la ted  and  neutral baseline conditions w ere 418  m s (SD = 50 m s) and  

421 m s (SD = 44 ms) respectively. T h is  difference w as not significant;

£(1,19) = 0 .0 6 , i  = -.056.

T he  m ean  reaction time for th e  sem antically  re lated  b ase lin e  condition 

w as 402 m s (£Q  = 41 m s), but the d ifference be tw een  this b ase lin e  an d  the  

unrelated base line  w as  not significant; £ ( 1 ,19) = 2 .87 , and  th e  effect size  (i) w as 

+.362, indicating m oderately  strong facilitation for th e  sem antically  re la ted



80

T able  6.

Nam ing T ask  Subject Effects, Item Effects, and  min F' 
S tatistics ac ro ss  Conditions in Experim ent 3.

Subject Effects Item Effects

P rim e-T arget RT SD F(1,58) r RT SD F (1 ,19 ) r min F'

d e s r -d o e 402 50 7.92* + .3 4 7 403 47 1.26 + .2 5 0 1.09

b re a d -d o e 407 80 3.12 + .2 2 6 402 48 1.88 + .3 0 0 1.17

faw n-doa 401 51 6.95* + .3 2 7 402 41 2.87 + .3 6 2 2.03

b ru s h -d o s 420 79 — — 418 50 — _ —

b la n k -d o s 420 86 0.00 + .0 0 0 421 44 0.06 - .0 5 6 0.00

p < .05
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baseline  prim es. T he m ean  reaction tim e for the sem antically  related 

hom ophone condition w as 40 3  ms (SD = 47  m s), and  th e  difference b e tw een  

th is  hom ophone condition an d  the u n re la ted  base line  w a s  a lso  not significant; 

E (1 ,19) = 1.26, and  the  effect size (i) w a s  + .250, indicating m oderate facilitation 

for the sem antically  related  hom onym  prim es. And finally, th e  m ean reaction 

tim e for th e  phonologically m ediated  hom ophone condition w as 402 m s 

(SD = 48 m s). The difference betw een th is  hom ophone condition and the  

unrelated  b ase lin e  w as a lso  not significant; E(1,19) = 1-88, r  = +.300, again  

indicating m oderately  strong facilitation for phonologically m ediated  

hom ophone prim es.

T he min P  Statistic

The min F  statistics for all co m parisons ap p ea r in T ab le  6, but none  of 

th e  co m parisons reached  significance. F igure 11 p re sen ts  th e  effects s iz e s  

plotted for sub jec t effects a n d  item effects a c ro ss  prim e-target conditions. N ote 

th a t th e se  resu lts  provide so m e  tentative ev idence  for phonologically m ed ia ted  

priming w hen  th e  hom ophone is u sed  a s  th e  ta rge t in a  nam ing task . This 

m ean s  tha t th e  prime "deer" som ehow  facilitates the  su b jec t’s  verbal re sp o n se  

for the  target "dough."
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EXPERIMENT 4 

P rev iew

In th is  final study, th e  autom atic activation of d u a l sem antic  

in terpreta tions for hom ophones w as investigated  u sing  auditorily p re sen ted  

primes. A s in all p revious studies, a  lexical decision ta sk  and a  nam ing  task  

were u sed . B ecause  h o m o phones so u n d  the sam e , they  are am b iguous w hen 

presen ted  auditorily. T h is should resu lt in multiple sem an tic  prim ing for 

concepts re la ted  to both m em bers of th e  hom ophone pair. Given th e  failure to 

find phonologically m ed ia ted  priming e ffec ts  in Experim ent 2 using visually 

p resen ted  hom ophones, it is important to  establish th a t auditorily p resen ted  

hom ophones can  autom atically activate  multiple sem an tic  in terpreta tions in a  

cross-m odal priming parad igm .

Lexical D ecision Task 

Method

Subjects
T he su b jec ts  w ere  60  studen ts enrolled in an  Introductory Psychology 

course a t th e  University o f New H am pshire. The s tu d e n ts  each  rece iv ed  one 

laboratory c red it as  part o f a  course requirem ent for th e ir  participation.

Stimuli

The stimuli were th e  sam e a s  th o s e  used in Experim ent 2. F o r this 

experim ent, th e  hom ophone primes w e re  recorded a n d  digitized for auditory 

presentation  . This p ro c e s s  m ade th e  sem antically re la ted  hom op h o n es and 

the phonologically m ed ia ted  h om ophones indistinguishable. T h e se  two 

conditions w e re  therefore collapsed into a  single condition consisting  of 

sem antically related hom ophones. T he  rem aining b a se lin e  cond itions were
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u n ch an g ed  by th e  auditory m ode of p resen ta tion . Appendix 0  con tains th e  

stimuli for th is experim ent. The non-w ord stimuli and  the  random ization 

p ro ced u res  w ere identical to th o se  u sed  in Experim ent 2.

A ppara tus

R outines for controlling stim ulus p resen ta tion  and  reaction tim e collection 

w ere  th e  sa m e  a s  in p receding  lexical decision ta sk s . Auditory p resen ta tion  of 

the  prim es w as accom plished  by digitizing th e  recorded  p rim es with a  

M acR ecorder™  an d  storing them  a s  sound  files. T h ese  sou n d  files w ere 

a c c e s s e d  by a  subrou tine  called SPA R T which is part of a  library of sim ilar 

routines called  PsychLib developed  a t Rice University (Lane & Ashby, 1987). 

The so u n d  files w ere  th en  sen t through the h ead p h o n e  jack of the  M acintosh 

SE to  a  T echnics s te reo  receiver for playback through a  pair of sp eak ers . 

P ro ced u re

E ach  trial b eg an  with a  fixation c ro ss  in th e  cen te r of th e  sc reen . The 

duration of th e  fixation c ro ss  w as 750 m s and  it w as followed by a  blank sc reen  

which la s ted  250 m s. T h e  prime w a s  then  p re sen ted  through th e  sp eak e rs .

The d e lay  betw een  th e  o n set of th e  auditory prim e and  th e  o n s e t of the  ta rg e t 

w as 1000 m s. With th e  auditory m ode of prime p resen ta tion , m easu rem en t of 

the  SO A  is a  problem  b e c a u se  th e  duration of th e  auditory stim ulus v a ries  and  

the  onset/o ffset of th e  stim ulus is not d iscrete  a s  it is in the  c a s e  of a  visual 

stim ulus. B ecau se  th e  duration of th e  av erag e  auditory prim e w as a round  

650 m s (SO = 90 m s a n d  a  range from 494 m s to  794 ms), th e  av erag e  ISI w as 

around  35 0  ms.

After the  p resen tation  of the  prim e, the ta rg e t w as p re sen te d  for 

250 ms. A millisecond tim er w as s ta r ted  upon th e  p resen ta tion  of the  ta rg e t and 

w as s to p p ed  upon th e  sub jec t's  re sp o n se . E rrors an d  reaction tim es w ere 

recorded  in a  d a ta  file containing all relevant stim ulus and  su b jec t information.
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After a  brief p a u se , th e  fixation c ross ap p ea re d  an d  th e  next trial com m enced . 

All o ther a s p e c ts  of the  procedure w ere  th e  sam e  a s  in previous lexical decision 

ta sk s

S u b jec ts  w ere run individually a n d  each  se s s io n  lasted  le s s  than  on e  

half hour. S u b jec ts  w ere  told that the  experim ent w a s  co n cern ed  with the  

s p e e d  a n d  accu racy  with which they co u ld  discrim inate w ords from non-w ords. 

T he practice s e t  w as th en  p resen ted , followed by th e  two experim ental s e ts  with 

brief b reak s  in betw een while each new  se t w as random ized . W hen  th e  last s e t 

w a s  com pleted , the  su b jec ts  were show n  their d a ta  a n d  a  debriefing sta tem en t 

w a s  provided.

Results a n d  D iscussion

The base line  conditions in th is experim ent provide an ch o r points ag ain st 

which the  priming effects of the auditorily p resen ted  hom ophones c an  be 

m easu red . If multiple sem an tic  priming occurs within 250 ms, th en  th e  priming 

effect for the  hom ophone prim es should  b e  equivalent to  the priming effect for 

th e  sem antically  related non-hom ophone primes. T h e  sem antically  unrelated  

p rim es an d  th e  neutral p rim es rep resen t base lines w here , by definition, no 

priming ex ists. T here shou ld  be no d ifference b e tw een  th e  sem antically  

u nre la ted  b ase lin e  and  th e  neutral b ase lin e .

Error R ates

T he p ercen tag e  of erro rs w as h ig h est in the  sem antically  unre la ted  

base lin e  condition, 16.8% , an d  lowest in th e  sem antically  related base line  

condition, 4.2% . The neu tra l baseline condition an d  th e  hom onym  condition 

p roduced  e rro r ra tes  of 4 .6 %  and 6.1%  respectively.

S ubject Effects

T he sem antically  unre la ted  b a se lin e  condition yielded a  m ean  

reaction tim e of 572 m s (S D  = 88 ms), a n d  the neutral baseline condition
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yielded a  m ean  reaction tim e of 565 m s (SD  = 77 m s). The difference betw een 

th e se  b ase lin es  w as not significant; £ (1 ,59) = 0.34, an d  the  effect 

s ize  (e) w as +.076.

T he sem antically  re la ted  base line  condition yielded a  m ean  reaction tim e 

of 531 m s (SD = 65 ms). T he difference betw een th is base line  an d  the  

un re la ted  b ase lin e  w as significant; E (1 ,59) = 11.90, £ = + .410, indicating strong 

facilitation for th e  sem antically  related  prim es. T he hom ophone condition 

yielded a  m ean  reaction tim e of 544 m s (SD -  65  m s). The difference betw een 

th is  experim ental condition a n d  the  unrelated  b ase lin e  w as a lso  significant;

E (1 ,59) = 6.71, £ = +.320, indicating strong facilitation for sem antically related 

hom ophone prim es. In addition, the difference b e tw een  the hom ophone 

condition an d  th e  sem antically  related condition w as  not significant;

E (1 ,59) = 2.83. T h e se  last th ree  results indicate th a t hom ophones p resen ted  

auditorily p roduce  a s  m uch sem an tic  priming a s  non-hom ophones.

T able 7 p re sen ts  th e se  resu lts for the sub jec t effects.

Item Effects

The item effects w ere found to be  similar to  th e  sub ject effects a n d  they 

a re  p re sen ted  in T ab le  7 a s  well. The m ean  reaction tim es for th e  unrelated  

a n d  neutral b ase lin e  conditions w ere 583  m s (2D  = 69 ms) and  568  m s 

(SD = 51 ms) respectively. This difference w as not significant; F (1 ,19) = 1.37, 

an d  th e  effect s ize  (£)was +.260.

T he m ean  reaction tim e for the  re la ted  base line  condition w as 

535  m s (SD = 4 3  m s). The difference betw een  th e  re la ted  and  unre la ted  

b ase lin e  conditions w as significant; E (1 .19) = 17.29, £ = +.690, indicating 

extrem ely  strong facilitation for the  sem antically re la ted  prim es. The m ean  

reaction  tim e for th e  hom ophone condition w as 545 m s (SD = 43  ms). The 

d ifference b e tw een  th e  hom ophone condition and th e  unrela ted  base line
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Table 7.

Lexical Decision Error R ates, Subject Effects, Item Effects, 
an d  min P  S tatistics ac ro ss  Conditions in Experim ent 4.

Subject Effects Item Effects

P rim e-T arget ER(% ) RT SD F (1 ,59) r RT SD F(1,19) r min F'

/d 3 /-d e e r 6.1 5 4 4 65 6.71* + .3 2 0 545 43 8.42* + .5 5 4 3 .7 3

/faw n /-d ee r 4.2 531 65 1 1 .9 0 * + .4 1 0 535 43 17 .29* + .6 9 0 7.05*

/y e a s t / -d a e r 16.8 5 72 88 — — 583 69 — --

/b la n k /-d e e r 4.6 565 77 0.34 + .0 7 6 568 51 1.37 + .2 6 0 0 .2 7

* p < .05



88

S
co

0.800- 

0.700- 

0.600- 

0.500- 

0.400- 

0.300i 

0.200 

0.100 H 

0.000 

• 0.100

1  S u b je c t Effect 
□  Item  Effect

/d 8 / - d e e r  / f a w n /- d e e r  /y e a a t /- d e e r  /b la n k /-d a e r

Prime-Target Condition

Figure 12. Effect s ize  (r) plotted for e a c h  prim e-target condition: 
Experim ent 4, lexical decision ta sk .



8 9

condition w a s  also  significant; E(1,19) =  8 .42 , i  = + .554, indicating very strong 

facilitation for sem antically  related hom ophones. And finally, th e  difference 

betw een  th e  hom ophones an d  the sem antically  re la ted  base line  w a s  not 

significant; F (1 ,19) = 2 .00 . Again, th e s e  results indicate that hom ophones 

produce a s  m uch sem an tic  priming a s  non-hom ophones.

T he min F  Statistic

C om paring th e  sem antically  re la ted  baseline with the  u n re la ted  baseline , 

th e  min F  statistic  w as significant; F (1 ,68) = 7.05. In addition, the  min F' for the  

difference b e tw een  the  hom ophone condition and  th e  unrela ted  b ase lin e  w as 

nearly significant; F{1,64) =  3.73. C onsidering the fact tha t the min F  statistic is 

an  extrem ely stringent te s t , th e se  resu lts  provide s trong  ev idence for multiple 

sem an tic  prim ing w hen hom ophones a re  u sed  a s  auditory  prim es in a  lexical 

decision ta sk . Figure 12 p re sen ts  a  g rap h  plotting th e  effect s ize s  for each  

prim e-target condition.

N am ing Task 

M ethod

S u b je c ts

T he su b jec ts  w ere 5 9  studen ts enro lled  in an  Introductory Psychology 

course  a t th e  University of New H am pshire. Each s tu d en t received one  

laboratory c red it tow ard a  co u rse  requ irem ent for th e ir participation.

Stimuli

E xcep t for the fact th a t  the nam ing ta sk  d oes not require non-w ords, the  

stimuli w ere  th e  sam e a s  in the  lexical decision  task . T he auditorily p resen ted  

prim es a s  well a s  the  p rac tice  trials a n d  filler trials a lso  rem ained th e  sam e  a s  

th o se  in th e  lexical decision  task.
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Apparatus

T he rou tines that controlled the  stim ulus p resen ta tion  and  d a ta  collection 

for th is experim ent w ere written in HyperTalk. The auditory prim es w ere  

digitized and  s to re d  a s  "snd" reso u rces  in th e  H yperCard stack. T he program  

a c c e s s e d  th e se  "snd" re so u rce s  when called  by the  PLAY "snd" s ta tem en t. The 

so u n d s  w ere s e n t  through th e  M acintosh SE  h ead p h o n e  jack  to a  s te re o  

receiver for p layback  through a  pair of sp e a k e rs . Upon th e  p resen ta tion  of each  

ta rg e t word, a n  inaudible b e e p  w as sen t to  a  Technics ta p e  deck  a n d  recorded. 

T h e  sub jec t's  re sp o n se s  for e a c h  trial w ere  a lso  recorded  on  the ta p e  using a  

m icrophone. T h e  ta p e s  w ere  later digitized a s  in prev ious nam ing ta sk s  and  the 

nam ing la tencies  w ere ob ta ined  by m easuring  the  interval betw een th e  on set of 

th e  "beep" an d  th e  o n se t of th e  subject's  vo ice  on the  ta p e .

Procedure

The p rocedu re  w as th e  sam e  a s  th a t u se d  in the  lexical decision  task. 

S u b jec ts  w ere  run individually an d  each  s e s s io n  lasted  le ss  than  o n e  half hour. 

T hey  w ere told th a t the  experim ent w as co n ce rn ed  with th e  sp eed  a n d  accuracy  

with which they  could p ronounce words. T h e  practice s e t  w as  then  p resen ted , 

followed by th e  two experim ental se ts  with brief b reaks in betw een. W hen  the 

la st s e t w as com pleted , the  su b jec ts  w ere show n their d a ta  and  a  debriefing 

s ta tem en t w as provided.

R esu lts  and  D iscussion

S u b jec t Effects

The sem antically  un re la ted  base line  condition y ie lded  a  m ean  reaction 

tim e of 379 m s ( £ £  = 61 m s), an d  the neutral base line  condition yielded a  m ean 

reaction  time of 381 m s (£Q  = 57  ms). T he difference b e tw een  th e se  base lin es  

w a s  not significant; E(1,58) = 0 .18 , and the  effect size (i) w a s  -.056.
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T he sem antically  re la ted  base lin e  condition yielded a  m e a n  reaction tim e 

of 35 8  m s (SD  = 61 m s). T h e  difference betw een th is  base line  a n d  the 

unre la ted  b ase lin e  w as significant; E(1 >58) = 14.53, r  = +.448, indicating s trong  

facilitation for th e  sem antically  related prim es. T he hom ophone condition 

y ielded  a  m e an  reaction tim e of 368 m s (SD = 55 m s). The difference betw een  

th is experim ental condition and  the  unre la ted  b ase lin e  w as a lso  significant;

E (1 ,58) = 7.61, i  = +.341, indicating m oderately strong facilitation for 

hom ophone prim es. In addition, the  d ifference b e tw een  the hom ophone 

condition a n d  th e  sem antically  related condition w a s  significant; E (1 .58) = 4 .74 . 

T h e s e  resu lts  indicate th a t strong sem an tic  priming effects a re  p re sen t for both 

h o m o phones a n d  non-hom ophones. T ab le  8 p re se n ts  th e se  re su lts  for the  

su b jec t effects.

Item Effects

The item  effects w ere  also found to  be quite strong  for both  hom ophones 

a n d  non-hom ophones. T hey  are  p re sen te d  in Table 8  a s  well. T h e  mean 

reaction  tim es for the  u n re la ted  and  neu tra l base line  conditions w e re  379 m s 

(SD = 42 m s) a n d  382 m s (SD = 40 m s) respectively. This d ifference was not 

significant; E (1 .19) = 0.09, a n d  the effect size <r) w as -.069.

The m ean  reaction tim e for the  re la ted  b ase lin e  condition w a s  358 m s 

(SD = 49 ms). T he difference betw een th e  related a n d  unrelated  baseline 

conditions, how ever, w as not significant; E (1 ,19) = 4 .22 , t  = +.426. The m ean 

reaction time for th e  hom ophone condition w as 368 m s (SD = 38  m s). The 

d ifference be tw een  the  hom ophone condition and  th e  unrela ted  baseline 

condition w as a lso  not significant; E (1 .19) = 0.96, i  = +.219. And finally, the 

difference b e tw een  the  hom ophones a n d  the  sem antically  re la ted  baseline w a s  

not significant; E(1,19) = 0 .94 . Again, th e s e  results indicate m o d era te  sem antic
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T able 8.

Naming T ask  Subject Effects, Item Effects, and min F  
S tatistics a c ro ss  Conditions in Experim ent 4.

Subject Effects Hem Effects

P rim e-T arget RT SO F(1 ,58) r RT SD F{1,19) r min F

/d o /-d e e r 368 55 7.61* + .341 368 38 0.96 + .2 1 9 0.85

/faw n /-d eer 358 61 14 .5 3 * + .4 4 8 358 49 4.22 + .4 2 6 3.27

/y e a s t /-d e e r 379 61 — — 379 42 — —

/b la n k /-d e e r 381 57 0.18 - .0 5 6 382 40 0.09 - .0 6 9 0.06

p < .05
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priming effects for hom ophones a n d  non-hom ophones in a  nam ing ta sk  with 

auditory  prim es.

T he min P  S tatistic

B ecau se  n o n e  of the item effects proved significant, min P  statistics w ere 

not com puted. F igure 13 p re sen ts  a  graph plotting the effect s iz e s  for e ach  

prim e-target condition. Facilitation is clearly p re se n t for both m eanings of th e  

auditorily p re sen te d  h o m o phones in this nam ing task .
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GENERAL DISCUSSION 

O verview

T he purpose  of th e  p resen t study w a s  to investigate th e  role of phonology 

in w ord recognition. S evera l m odels of w ord recognition posit tha t prin ted 

w ords a re  converted  into a  phonological co d e  prior to  lexical a c c e ss , while 

o ther m odels  posit th a t phonological c o d e s  a re  activated  following lexical 

a c c e s s  via an  orthographic code. In th e  form er m odels, th e  locus of th e  effect of 

the  phonological co d e  is pre-lexical, while in the  latter m odels, the  locus of the 

effect of th e  phonological code  is post-lexical. B ecau se  pre-lexical m o d e ls  and 

post-lexical m odels both predict phonologically m ediated  priming e ffec ts , the 

failure to  find phonologically m ediated  priming effects in th e  p resen t 

investigation indicates th a t w e m ust reconsider the role of phonology in m odels 

of printed w ord recognition.

Sum m ary of R esults

F our experim ents w ere  conducted  to  determ ine th e  extent to w hich 

lexical priming effects a re  m ediated by a  phonological co d e . Each prim ing 

experim ent w as run using a  lexical decision  ta sk  and  a  nam ing task. E ach  

experim ent a lso  em ployed a  250 m s SO A  betw een the  prim e and  th e  target.

This SOA w as  ch o sen  b e c a u se  autom atic priming effects d u e  to sp read in g  

activation a re  found to  be  s trongest within 250  m s after th e  p resen ta tion  of the 

prime. In addition, multiple sem antic  priming effects a re  a lso  strongest a t  the 

250 m s SO A  (Sim pson & B urgess, 1985). T he results of Experim ents 1 an d  4 

will be exam ined  first b e c a u se  both of th e s e  stud ies perta in  to  the is su e  of 

multiple sem an tic  priming.

H om onym s su ch  a s  "mint" w ere u se d  in Experim ent 1 to verify th a t both 

m eanings of an  am biguous word are  ac tiv a ted  autom atically upon presen tation .



96

T he multiple sem an tic  priming e ffec ts  observ ed  in th e  lexical decision ta sk  w ere  

co m p arab le  to th o s e  found by S im pson  and  B u rg ess  (1985). In a  priming 

parad igm  with a  25 0  millisecond SO A , the  hom onym  "mint" w a s  found to facilitate 

th e  recognition of w ords related to  both in terpretations su ch  a s  "candy" an d  "coin." 

This effect w as s trong  in the  lexical decision task , but it w as  w eak  in the nam ing 

task . T he  failure to  dem onstrate  multiple sem an tic  priming with th e  naming ta sk  is 

difficult to  interpret b e c a u se  the ex p ec ted  sem antic  priming effects  in the  nam ing 

ta sk  w ere  also  w eak.

In Experim ent 4, hom ophones such a s  "dough" an d  "doe" serv ed  a s  

p rim es in a  c ro ss-m odal priming parad igm  sim ilar to  Sw inney (1979). W hen th e  

h o m o p h o n es w ere  m ad e  am biguous through auditory p resen ta tion , the 

hom ophone "dough" w as  found to  facilitate the  recognition of w ords related to 

both in terpretations su ch  a s  "deer" a n d  "bread .” T h e se  multiple sem an tic  

priming effects w ere  evident in both th e  lexical decision  ta sk  a n d  th e  nam ing 

task . T h e se  resu lts  again  support th e  view that co n cep ts  re la ted  to  multiple 

m ean in g s  a re  ac tiv a ted  autom atically upon the  p resen ta tion  of an  am biguous 

word. Furtherm ore, th e se  results c a n  be  taken  a s  ev idence  for phonologically 

m ed ia ted  priming b e c a u se  the h om ophones in th is experim ent w ere  p re sen ted  

auditorily. As convincing a s  th is ev id en ce  may b e  for th e  role of phonology in 

auditory word recognition and  prim ing, it d o e s  not reveal w h e th er phonology 

m e d ia te s  lexical a c c e s s  during v isual word recognition. E xperim ents 2 and  3 

deal with the  role of phonology in v isual word recognition b e c a u s e  they 

ex am ine  phonologically m ediated priming effects th a t result from the  visual 

p resen ta tio n  of a  hom ophone prim e.

In Experim ent 2, a  hom ophone prime su ch  a s  "dough" w a s  followed by 

the  p resen ta tion  of a  ta rg e t word th a t w as either sem antically  re la ted  to the 

prim e (e .g ., "bread") o r  m ediated by th e  phonological co d e  for th e  prime
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(e.g., "deer"). Priming effects w ere  found for ta rget w ords th a t w ere sem antically 

related  to  th e  prim e, but not for ta rg e t w ords th a t w ere m ed ia ted  by th e  

phonological code. T he  failure to  find phonologically m ed ia ted  prim ing effects 

w as co rrobora ted  in both the  lexical decision ta sk  and  th e  naming ta sk .

T h e  results of Experim ent 2, taken  together, provide no ev id en ce  for 

phonologically m ed ia ted  priming an d  therefo re  they call into question  th e  role of 

phonology in printed w ord recognition. B ec a u se  "dough” an d  "doe" a re  

orthographically distinctive, lexical a c c e s s  a n d  priming o ccu r only for concep ts 

re la ted  to  the  word specified by th e  orthography. This m e a n s  that it is primarily 

orthography that d e te rm in es  which co n cep ts  a re  activated  in the  lexicon and, 

therefo re , which c o n ce p ts  a re  sem antically  prim ed. E ven though hom ophones 

sh a re  th e  sam e  phonological co d e , phonology a p p ea rs  to  b e  quite limited in its 

effects o n  visual w ord recognition an d  priming w hen hom ophones a re  u sed  a s  

prim es.

Experim ent 2 is  critical for th e  a rgum ent that phonology plays a  very 

limited role in lexical a c c e ss , a n d  an  im portant com ponen t of this argum en t is 

the u se  of the  r  s ta tistic  a s  a  m easu re  of th e  s ize  of the  phonologically m ediated 

priming effect. By calculating th e  effect size , it w as possib le  to d e term ine  that 

the  phonologically m ed ia ted  priming effect w a s  extrem ely w eak relative to the 

sem an tic  priming effects  found in th e  b ase lin e  conditions. Note that a  w eak 

effect s ize  d o e s  not p rove that phonology d o e s  not play a n y  role in lexical 

a cc e ss . However, th e  u se  of th e  effect size  d o e s  admit th e  conclusion th a t the 

im pact of phonology upon  lexical a c c e s s  is sm all relative to  the  effects of 

o rthography .

In Experim ent 3, the  prim es an d  ta rg e ts  u sed  in Experim ent 2 w e re  reversed. 

Thus, th e  hom ophone "dough" se rv e d  a s  th e  ta rg e t an d  th e  visually p re sen ted  

prime w a s  either sem antically  re la ted  (e.g., "bread") o r m ed ia ted  by a  phonological
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co d e  (e.g., "deer"). This reversal w as m otivated by the suggestive  findings of 

V anO rden (1 9 8 7 ,1 9 8 8 ) in which hom ophone ta rg e ts  (e.g., "dough") w ere  

m isclassified (i.e., a s  in s tan ces  of the  category, "a fem ale d e e r”) in a  category  

verification ta sk . V anO rden a rg u ed  persuasively  th a t this m isclassification w as due 

to  the  pre-lexical generation  of a  phonological c o d e  for the  hom ophone ta rge t (e.g., 

"dough”) which w as then  confused  with th e  correct instance of th e  category  (e.g., 

"doe"). It shou ld  be noted, how ever, tha t sub jec ts responded  correctly over 75%  of 

th e  tim e, indicating th a t they  a re  sensitive  to the  orthographic d ifferences betw een 

"dough" a n d  "doe," an d  th a t they can  th en  u se  th is information to  respond  correctly. 

In addition, V anO rden found longer re sp o n se  la tencies  for th e  hom ophone 

substitu tions, indicating th a t the  categorical prim e, "a fem ale deer,"  actually 

inhibited th e  re sp o n se  to  th e  hom ophone target, "dough." C ontrary to  V anO rden 's 

conclusions, th e se  resu lts  can  actually be  u sed  a s  ev idence ag a in s t th e  pre-lexical 

generation  of a  phonological code.

In th e  lexical decision  task  of Experim ent 3, strong priming effects w ere 

o b serv ed  w hen  the  prim e (e.g ., "bread”) w as sem antically  re la ted  to  th e  

hom ophone ta rge t (e.g ., "dough"). In addition, w hen  the  prim e (e .g ., "deer") w as 

m ed ia ted  by th e  phonological code  for th e  target (e.g . "dough"), no priming 

effects w ere  observed . T h e se  resu lts for the  lexical decision ta sk  a re  in accord  

with the  resu lts  of Experim ent 2, and  they  provide further ev idence  for the  claim 

th a t lexical a c c e s s  is not m ediated  by a  phonological code.

Turning to  the  nam ing task  of Experim ent 3, strong priming effects w ere 

ag a in  o b serv ed  for the  sem antically re la ted  prim es, indicating th a t the  prim e 

"bread" facilitates the pronunciation of "dough." T h e  results of th e  nam ing task , 

how ever, d iverge from previous resu lts w hen w e co n sid er th e  effect of 

phonologically m ediated  priming. If th e  sub ject is required  to  p ronounce the  

hom ophone "dough," th e ir resp o n se  is actually facilitated by th e  p resen ta tion  of
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th e  prim e "deer." This result is quite surprising given the  fact tha t no o ther 

experim en ts h av e  dem o n stra ted  ev idence for priming effects m ed ia ted  by a  

phonological co d e .

Taken toge ther, th e  results of Experim ent 3  indicate th a t w hen the  ta sk  

involves a  lexical decision, th e  word "deer" d o e s  not facilitate the  re sp o n se  to 

th e  phonologically m ediated ta rge t "dough.” But, w hen th e  re sp o n se  involves 

pronunciation (i.e., explicit generation  of phonological/articulatory co d es), the 

word "deer” d o e s  facilitate th e  pronunciation of th e  phonologically m ediated  

ta rg e t "dough." This priming effect in the  nam ing task , how ever, m ay not be  due 

to th e  pre-lexical generation  of a  phonological code . W e m ust, therefo re , take  a  

c lo se r look a t th e  phonological code  tha t s e e m s  to be  responsib le  for this effect 

in o rd e r to determ ine w hether th e  code  is g e n e ra te d  before o r a fter lexical 

a c c e s s  (i.e. during th e  recognition s tag e  v e rsu s  during th e  pronunciation stage).

T he fact th a t th e  phonologically m ed ia ted  priming effect only occu rs  in 

the  nam ing ta sk  of Experim ent 3  s e e m s  to indicate tha t th e re  is som ething  

spec ia l happening  w hen th e  sub jec t m ust p ronounce  the  w ord "dough.” It is 

a lso  im portant to  rem em ber th a t the  hom ophone is not th e  prim e in th is 

experim ent, an d  therefore , the  priming effect is being g e n e ra te d  by th e  word 

"deer." B ecau se  th e  word "deer" activates sem antically  re la ted  co n cep ts  such  

a s  "fawn" an d  "doe," the  facilitation observed  for the  pronunciation of "dough" is 

probably due  to  th e  activation of the  concep t n o d e  "doe," which just so  h ap p en s  

to  have  th e  sa m e  phonological/articulatory c o d e  a s  "dough.” W hen th e  concep t 

node "doe" is activated , the  phonological/articulatory co d e  for "doe" b eco m es 

available to  a s s is t  in the  pronunciation of th e  ta rg e t word "dough." T hus, th e  

phonological co d e  th a t a s s is ts  in the  pronunciation of th e  hom ophone ta rg e t 

(e .g ., "dough") is g en e ra ted  by the  activation of a  concep t node in the  lexicon 

(e.g. "doe").
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This a rg u m en t is quite com plex, but th e  priming effect for th e  nam ing ta sk  

is ra th e r  surprising a n d  it is difficult to  un d ers tan d  why it shou ld  a rise  only w hen 

the  hom ophone is  th e  target w ord and  the  ta sk  involves pronunciation. This 

com bination of fac to rs  m akes it difficult to su p p o se  that a  pre-lexically g en e ra ted  

phonological co d e  w a s  responsib le  for this prim ing effect. T he fact th a t no 

facilitation effects w ere  found in th e  lexical decis ion  ta sk  a lso  ind ica tes th a t 

w h a tev e r the co d e  is that p ro d u ces  the phonologically m ed ia ted  priming effect 

in th e  nam ing ta sk , it is not g e n e ra te d  prior to lexical a c c e ss .

T he argum ent tha t the priming effects in Experim ent 3  a re  d u e  to  post- 

lexical facilitation during the pronunciation s ta g e  receives further support from a  

study by Balota, B oland, and  S h ie ld s  (1989) in which they d em o n stra ted  tha t 

priming effects c an  occur during th e  pronunciation p h a se  of a  nam ing task . 

B alota e t al. p re sen te d  words (e .g ., "dog") to su b jec ts  and  told them  to say  the  

w ords a s  quickly a s  possible a s  so o n  a s  a  cu e  w a s  p resen ted . T he cu e  for 

pronunciation of th e  word "dog" w a s  either a  s e q u e n c e  of Xs (e.g ., "xxx"), a  

sem antically  u n re la ted  word (e .g ., "cup"), or a  sem antically  re la ted  w ord (e.g., 

"cat”). Subjects w ere  found to  pronounce the  w ord "dog" fa s te r if the  cu e  w as 

sem antically  related. Balota e t al. argued  that th is  effect could not b e  th e  result 

of facilitation during th e  p rocess of pattern recognition for the  word "dog" 

b e c a u s e  the su b jec ts  had been  viewing the  w ord for m ore than  o n e  seco n d  

prior to  th e  onset of th e  cue. In s tead , this effect could only b e  d u e  to  facilitation 

during th e  pronunciation p h ase  b e c a u se  the  sem antically  re la ted  c u e  provided 

further activation for th e  concept "dog" which a s s is te d  in the  pronunciation of the  

word "dog." T hese  resu lts  can b e  applied to th e  resu lts  of th e  nam ing ta sk  in 

Experim ent 3 by a ssu m in g  that su b jec ts  w ere qu icker to p ronounce the  word 

"dough" b e ca u se  th e  word "deer" had  som ehow  prim ed the  phonological code  

for "doe" (e.g., /do/).
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Returning to  the  inhibitory effects o b se rv ed  by V anO rden in the ca tego ry  

verification ta sk , it m ay be  plausibly argued  tha t th e se  effects w ere the result of 

a  post-lexically g en e ra ted  phonological co d e  which interfered with the  d ec ision  

p ro c e s s e s  involved in catego ry  verification. Although the  ca teg o ry  verification 

ta sk  clearly involves lexical a c c e ss , the decision  s tag e  of th is ta sk  is quite 

com plicated  a n d  tim e-consum ing -  re sp o n se  la tencies  o b se rv ed  by V anO rden 

w ere  around  950 m s a s  com p ared  to around 550 m s in th e  lexical decision 

ta sk s  an d  430 m s in the  nam ing ta sk s  in the  p re sen t study. T he fact that th e  

ca tego ry  verification ta sk  requ ires alm ost tw ice a s  much tim e to  com plete a s  th e  

lexical decision  a n d  nam ing ta sk s  implies th a t plenty of tim e is available for 

post-lexically g e n e ra te d  phonological c o d es  to  produce the ir inhibitory effects  

on  th e  re sp o n se  latency m easu re . Furtherm ore, if phonological co d es  a re  

g e n e ra te d  pre-lexically, th en  facilitation should  b e  predicted in s tead  of 

inhibition (i.e., th e  word "deer" should  facilitate th e  re sp o n se  to  "dough"). B a se d  

upon th e se  a rg u m en ts, the  effects observed  by V anO rden in th e  category 

verification ta sk , a re  probably d u e  to post-lexically g en e ra ted  phonological 

c o d es .

The resu lts of the  p re sen t se ries  of experim en ts indicate th a t phonology 

p lays a  role in lexical a c c e s s  w hen  the  hom ophone is p re sen te d  auditorily, a n d  

th a t post-lexically g en e ra ted  phonological c o d es  play a  role w hen  the 

hom ophone m ust b e  p ronounced; but the p re sen t experim ents a lso  reveal th a t 

phonology d o e s  not play a  role in lexical a c c e s s  w hen the  hom ophone is 

p re sen te d  visually, o r w hen th e  re sp o n se  d o e s  not involve pronunciation.

T h e se  resu lts su g g es t tha t th e re  is a  strict limitation on the role of phonology in 

prin ted  w ord recognition. In th e  next section, I would like to ev a lu a te  the effect 

of th is  limitation on the  severa l m odels of word recognition th a t posit 

phonologically m ed ia ted  ro u tes to  th e  lexicon.
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R econsidering the  R ole of Phonology 
in Lexical A ccess

T he failure to  d em o n stra te  phonologically m ed ia ted  priming in 

th e  p re sen t experim en ts  is disconcerting w hen  we c o n sid e r the  am oun t of 

effort ex p en d ed  during the  p a s t two d e c a d e s  to  develop m odels th a t posit the  

g en era tio n  of a  phonological co d e  prior to  lexical a c c e ss . T he idea th a t 

phonology plays a  role in reading  has b een  a ssu m ed  e v e r  since re se a rc h e rs  

b eg an  thinking ab o u t reading skills (Huey, 1908). A lthough few a ttem p ts  prior 

to  R ubenstein  e t al. (1971) w ere  m ade to  explicitly d e term ine  w hether 

phonology w as involved in lexical a c c e ss , th is assum ption  h a s  sh ap ed  th e  

m odels of reading an d  th e  em pirical q u estio n s  that re se a rc h e rs  have a sk e d  

over th e  last two d e ca d e s .

it is c lea r th a t any m odel of word recognition th a t p o stu la tes  th e  p re- 

lexical generation  of a  phonological code  is  called into question  w hen w e 

c o n sid e r the  failure to  d em o n stra te  phonologically m ed ia ted  priming in th e  

p re sen t investigation. In the  next few p arag rap h s, I would like to ev alu a te  anew  

th e  m odels of w ord recognition th a t posit pre-lexical e ffec ts  of phonological 

c o d e s  (e.g., th e  indirect phonological route m odel, the  dual-rou te  m odel, an d  

th e  interactive-activation model). I will then  p resen t the  only model of lexical 

a c c e s s  th a t provides a  plausible account for th e  p resen t d a ta  by postulating that 

orthography is th e  primary route to  the  lexicon.

O ne  m odel of word recognition that is not supported  by the p re sen t 

resu lts  is the  indirect phonological route m odel (see  Figure 3). This m odel 

p red icts phonologically m ediated  priming e ffec ts  that a re  a s  strong a s  sem an tic  

priming effects. In o ther w ords, th is  model predicts th e  equ ivalen t of multiple 

sem an tic  priming for visually p re sen ted  hom ophones. T h is model is clearly  not 

su p p o rted  by th e  p re sen t results.
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A se c o n d  model th a t is not fully supported  by the p re se n t results is the  

dual-route m odel (se e  Figure 4). According to  th is  model, phonological c o d e s  

a s  well a s  orthographic c o d e s  are  involved in lexical a cc e ss . If we a s su m e  that 

phonological c o d es  a re  g en e ra ted  rapidly en o u g h  to  co m p ete  with orthographic 

c o d e s  for th e  activation of lexical en tries , then th is  model p red ic ts  

phonologically m ed ia ted  priming effects. As po in ted  out previously, th e s e  

effects shou ld  not be  qu ite  a s  strong a s  those pred icted  for sem an tic  prim ing 

effects. H ow ever, the  failure to find ev en  w eak effects  for phonologically 

m ed ia ted  priming s u g g e s ts  either a) th a t lexical a c c e s s  d o e s  not involve a  

phonological route, or b) th a t the phonological rou te  to the lexicon is too  slow  to 

ex ert any priming effects w hen the  SO A  is se t a t 250  ms. T h e  dual-route m odel 

c a n  be sa lv ag ed  if the  la tte r possibility is true. O n e  way to a s s e s s  the possibility 

th a t the  phonological rou te  is considerably  slow er than the  orthographic rou te  is 

to  u se  a  longer SOA, 50 0  m s for exam ple. L onger SOAs w e re  planned in th e  

p re sen t investigation, but d u e  to limited resou rces, th e se  S O A s w ere not 

em ployed. Longer SO A s would certainly provide am ple tim e for the generation  

of th e  phonological c o d e , but it is h a rd  to im agine w hat p u rp o se  would be  

se rv e d  by a  phonological co d e  tha t is  g en era ted  long after lexical a c c e s s  h a s  

b e e n  ach ieved  by the  orthographic c o d e . Furtherm ore, phonological c o d e s  can 

b e  g e n e ra te d  very rapidly under m ost ordinary read ing  conditions a s  ev id en ced  

by th e  re sp o n se  la tencies  in the nam ing task. T h e  dual-route model c an  b e  

sa lv ag ed  by positing th a t th e  phonological route is simply s low  and  prone to  

e rro rs , but th is  would be  accom plished  a t the e x p e n s e  of an y  m eaningful role 

for phonology in lexical a c c e s s  b e c a u s e  the g enera tion  of th e  phonological 

c o d e  would b e  too slow  a n d  unreliable to  exert a n y  reaso n ab le  effects upon 

lexical a c c e ss .
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A third m odel tha t receives minimal support from th e  p resen t resu lts  is the  

interactive-activation model (se e  Figure 5). This model m akes very sim ilar 

predictions to th e  dual-route m odel (i.e., m oderately sm all effects for 

phonologically m ed ia ted  priming a re  predicted). Again, how ever, th e  failure 

to find ev en  w eak  effects for phonologically m ediated  priming s u g g e s ts  either 

a) th a t phonological units do not contribute to  the  activation of lexical en tries 

during lexical a c c e s s , o r b) tha t, a s  in the  dual-route m odel, th e se  units a re  slow 

to ex ert their influence on lexical a cce ss . T h e  interactive-activation m odel can 

easily b e  m ade to  conform to th e  p resen t resu lts  either by eliminating the  

phonological units from the  lexical a c c e ss  p ro cess , o r by slowing th e ir rate of 

activation. M odels such  a s  th e  dual-route m odel and  th e  interactive-activation 

m odel a re  difficult to  refute b e c a u s e  they a re  flexible en o u g h  to accom m odate  

even  blatantly disconfirm atory resu lts  by altering one of sev era l p a ram ete rs  that 

a re  free  to  vary widely. If th e se  m odels a re  reasonably  constra ined , how ever, 

they can n o t accom m odate  the  p re sen t resu lts.

B ased  upon th e  da ta  a t hand , it is tem pting to a rg u e  that the  only model 

of lexical a c c e ss  th a t can  acco u n t for the  failure to  find phonologically m ediated 

priming in the  p re sen t investigation is the d irect orthographic route m odel. It is 

certainly ironic th a t th e  direct orthographic route model rem ains by default the 

only v iab le  model of word recognition b e c a u s e  it d oes n o l  postu late  th a t 

phonological c o d es  will influence lexical a c c e s s . In re trospect, it d o e s  not 

seem  like much p ro g ress  h a s  b e e n  m ade by postulating th a t phonological 

co d es  a s s is t  in lexical a c c e ss  for printed w ords. To u n d ers tan d  how this 

hypo thesis  has m a n ag e d  to g e n e ra te  support am ong read ing  re sea rc h e rs  in 

the fa c e  of such profound difficulties in finding empirical support, it is n ecessa ry  

to return  to  the beginning and  try to  un d ers tan d  how read ing  skills a re  acquired 

in the first place.
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Future D irections an d  C onsidera tions

T he q u estion  of w hether phonology plays a  role in lexical a c c e s s  began  

by considering  how  children acquire  reading skills. If children canno t som ehow  

convert print to  sound , th en  it s e e m s  th a t they  would h av e  difficulty learning to  

read , given th e  fact that their know ledge of language is derived  entirely from 

sp o k en  com m unication. How do  w e reconcile this ap p a ren t n eed  for phonology 

in reading  skill acquisition with th e  convincing ev idence  th a t co llege freshm en 

do  not m ake u s e  of phonology in lexical a c c e s s ?

O ne w ay to  determ ine w hether children em ploy phonological co d es  in 

lexical a c c e s s  would be to replicate the  p re sen t priming experim en ts with 

children. P e rh a p s  children will show  phonologically m ed ia ted  priming effects 

w here  college freshm en  do  not. If children convert the  w ord "dough" into its 

phonological c o d e  /do/ prior to  figuring ou t its m eaning, th en  priming effects 

should  be  o b serv ed  for ta rget w ords like "deer" and  "fawn.” Furtherm ore, if the  

u se  of phonological co d es  in lexical a c c e s s  declines a s  children m ature, then  a  

decline  in th e  effects  of phonologically m ed ia ted  priming would be  predicted 

sim ilar to  th e  decline in the  hom ophone substitution e rro rs found by Doctor an d  

C oltheart (1980) in children a g e s  6 to  10.

A nother w ay to determ ine w hether phonological c o d e s  play a  cen tral role 

in learning to read  would be to  u se  unfam iliar hom ophones. If college 

freshm en a re  not familiar with th e  orthography of a  particular w ord, then  they 

will probably be  forced to g e n e ra te  a  phonological co d e  to a ss is t in lexical 

a c c e s s  just a s  children m ust do  w hen they  en co u n te r an  unfam iliar word.

U nder such  c ircu m stan ces  it might a lso  be  possib le  to  o b serv e  phonologically 

m ed ia ted  priming effects b e c a u se  the  lack of familiar orthography will not 

constrain  lexical a c c e s s  a s  thoroughly a s  it d o e s  w hen the  hom ophone is 

familiar. Note a lso  tha t the  hom ophones ch o sen  for u s e  in th e  p re sen t
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investigation w ere  ch o sen  specifically b e c a u se  they  w ere  familiar to  college 

freshm en.

Familiarity for w ords is directly re la ted  to th e  probability tha t the  

orthographic c o d e  for a  w ord is firmly estab lish ed  in th e  lexicon. O nce a  word 

b eco m es  fam iliar, it can  be  plausibly a rg u ed  tha t th e  orthography for tha t word 

will play a  la rg e r role in lexical a ccess . Eventually, th e  word m ay becom e so  

fam iliar tha t lexical a c c e s s  c an  be ach ieved  by the  orthographic co d e  alone. 

Furtherm ore, it is likely th a t very little ex p o su re  to an  unfamiliar word is 

n e ce ssa ry  b e fo re  its orthographic code b eco m es  firmly estab lish ed  in the  

lexicon. T hus, phonologically m ediated priming effects m ay be observed  only 

w hen  the w ord is very unfam iliar and th e re fo re  w hen no orthographic code  is 

p re sen t in th e  lexicon a t all. In this c a se , lexical a c c e s s  is m ediated  by a  

phonological c o d e  only b e c a u s e  no orthographic co d e  yet exists.

The p reced ing  a rg u m en ts  are  in tended  to su g g e s t th a t phonological 

c o d e s  can b e  g en e ra ted  for w ords and  non-w ords th a t have  n ev er b een  se e n  

before , and  th a t th e se  phonological c o d e s  can  be u se d  to  a c c e s s  m eaning. 

A fter relatively brief expo su re  to  the orthography for a  word, how ever, an 

orthographic c o d e  will be  estab lished  in th e  lexicon for future u se  in lexical 

a c c e ss . In th is  way, lexical a c c e s s  will typically involve th e  u se  of the  

orthographic co d e , especially  w hen the  orthography is  highly familiar, but 

occasionally  lexical a c c e s s  will be ach iev ed  by generating  a  plausible 

phonological c o d e  for an  orthographically unfamiliar word. The p resen t 

investigation h a s  shown clearly  that lexical a c c e ss  for familiar w ords is primarily 

determ ined  by orthographic c o d e s  and  th a t th e  role of phonology is quite 

minimal. It rem a in s  for future investigations to  determ ine how unfamiliar the  

orthography of a  word m ust b e  before lexical a c c e s s  requ ires  th e  generation  of 

a  phonological code.
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APPENDIX A

Homonym Stimuli Used in Experiment 1.

Prime

Semantically Semantically Semantically
Related Related Unrelated

Target Homonym Control Control Neutral

ant bug insect secret blank
spy bug secret insect blank

candy mint cookie nickel blank
coin mint nickel cookie blank

thum b palm finger beach blank
coconut palm beach finger blank

tobacco pipe leaf sludge blank
sew er pipe sludge leaf blank

eye pupa nose teacher blank
student pupa teacher nose blank

clothes iron shirt chrome blank
steel iron chrome shirt blank

river bank stream cash blank
money bank cash stream blahk

piano organ concert lung blank
kidney organ lung concert blank

acorn nut oak wrench blank
bolt nut wrench oak blank

peach P* plum dig blank
hole P* dig plum blank
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APPENDIX B

Homophone Stimuli Used in Experiment 2.

Prime

Target

Semantically
Related

Homophone

Phonologically
Mediated

Homophone

Semantically
Related
Control

Semantically
Unrelated
Control Neutral

deer doe dough fawn yeast blank
bread dough doe yeast fawn blank

ocean whale was crab shout blank
scream wal whale shout crab blank

baker flour flower oven rose blank
tuiip flower flour rose oven blank

rabbit hare hair carrot brush blank
comb hair hare brush carrot blank

armor knight night shield noon blank
morning night knight noon shield blank

dam mussel musde oyster skin blank
bone muscle mussel skin oyster blank

paddle oar ore canoe steel blank
iron ore oar steel canoe blank

queen reign rain prince thunder blank
cloud rain reign thunder prince blank

hotel suite sweet inn syrup blank
sugar sweet suite syrup inn blank

hips waist waste legs junk blank
gaibage wade waist junk legs blank



APPENDIX C

Homophone Stimuli Used in Experiment 3.

Prime

T arget

Semantically
Belated

H om ophone

Phonologically
Mediated
Hom ophone

Semantically
Related
Control

Semantically
Unrelated
Control Neutral

d o e deer bread fawn brush blank
dough bread deer yeast shield blank

whale ocean scream crab fawn blank
wal scream ocean shout noon blank

flour baker tulip oven oyster blank
flower tulip baker rose junk blank

hair comb rabbit brush yeast blank
hare rabbit comb carrot thunder blank

night morning armor noon oven blank
knight armor morning shield crab blank

mussel dam bone oyster carrot blank
muscle bone dam skin syrup blank

ore iron paddle steel shout blank
oar paddle iron canoe rose blank

rain cloud queen thunder canoe blank
reign queen cloud prince inn blank

sw eet sugar hotel syrup legs blank
suite hotel sugar inn skin blank

waste garbage hips junk prince blank
waist hips garbage legs steel blank



APPENDIX D

Homophone Stimuli Used in Experiment 4.

Target

Prime

Semantically
Related

Homophone

Semantically
Related
Control

Semantically
Unrelated
Control Neutral

d e e r doe/dough fawn yeast blank
bread dough/doe yeast fawn blank

ocean whale/wail crab shout blank
scream wail/whale shout crab blank

baker flour/flower oven rose blank
tulip flower/flour rose oven blank

rabbit hare/hair carrot brush blank
com b hair/hare brush carrot blank

armor knight/night shield noon blank
morning night/knight noon shield blank

dam mussel/muscle oyster skin blank
b o n e muscle/mussel skin oyster blank

paddle oar/ore canoe steel blank
iron ore/oar steel canoe blank

q u e e n reign/rain prince thunder blank
cloud rain/reign thunder prince blank

hotel suite/sweet inn syrup blank
sugar sweet/suite syrup inn blank

hips waist/waste legs junk blank
garbage waste/waist junk legs blank
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APPENDIX E

Non-Word and Filler Stimuli for Experiment 1.

Lexical D ecision T ask

Homonyms Non-Homonyms Neutral

Prime Target Prime Target Prime Target

plane touch bicycle jalt blank plame
mold pagel castle farris blank marple
toast crafe gown heney blank shart
bear plass stars brust blank lipe
pool grent pike scaul blank aden

store tern
pear lart
machine vaufd
copper calin
flag bew

Nam ing T ask

Homonyms Non-Homonyms Neutral

Prime Target Prime Target Prime Target

plane couch bicycle jam blank plant
mold bagel castle farm blank maple
toast crate gown honey blank shark
bear grass star cloak blank pencil
pool grain pike thief blank bag

store trout
pear lark
machine trumpet
copper fence
flag mist



APPENDIX F

Non-Word and Filler Stimuli for Experiments 2 through 4.

Lexical D ecision T ask

Homophones Neutral Non-Homophones

Prime Target Prime Target Prime Target

plain fouch blank shart store tern
bough crafe blank marple peach tart
urn grent blank lipe copper calin
b e e ch rolt blank heney bicycle jalt
bear plame machine vauld
steak jum e castle farris
yolk b resh gown pagel
maid plass star bew

N am ing Task

Homophones Neutral Non-Homophones

Prime Target Prime Target Prime Target

bear pencil blank shark store trout
steak mist blank maple peach lark
yolk b e d blank bag copper fence
maid grass blank honey bicycle jam
plain couch machine trumpet
bough thief castle farm
urn grain gown egg
b e e c h cloak star planet



APPENDIX G

Lexical Decision Task.

Naming Task.

Practice Sets used for All Experiments.

Bine Target

tiger hill
harp sand
blank fish
blank spring
brick toaster
dragon stune
ink greel
rock plact
blank leask
blank courp
duck plow
picture heart
lake chair
fiddle marsh
blank carpet
ring lorup
pill fald
witch choat
passage horbel
blank rast

RlTT9 Tamet

tiger hill
harp sand
blank fish
blank spring
brick toaster
dragon stone
ink green
rock plate
blank leaf
blank court
duck plow
picture heart
lake chair
fiddle marsh
blank carpet
ring cow
pill goose
witch coat
passage hand
blank mast
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APPENDIX H

HyperCard Screen Used for Naming Task Program.

V.VV* V- •I*. '/ •  W v ,'.* .*  *’*. *.*. *’ •. • /. ■*/. .•*, ***. *‘ \  •**, •.% .'• .•‘w

\VVAVV;*V;‘

y/yiy.;y.:y.:
ysy;ysy-y-

^ V V ^ ;
A^vvVV

/ A W '.w ^ r .v w . vavv- . ^ - . v.-W .i

Begin Trial [ S to r e  Data\V ‘*V-*V %V -V'
y   —  - 4 fc
:1 C opy Sounds
' i v M O T O i V H i l l M M W

•*■• •/•1E rase Sounds
J.'.'WOT

HyperTalk Script for the "Initiation" Routine.

on mouseUp 
play "Crystal" 
hide menubar 
hide cd  fid "stimuli" 
hide cd  fid "random" 
hide cd  fid "data" 
hide cd  fid "cross" 
hide cd  fid "prime" 
hide cd  fid "target" 
hide cd  fid "RT" 
hide cd  fid "initials" 
hide cd fid "experiment" 
hide cd  fid "set" 
hide cd fid "sounds" 
put empty into cd fid "stimuli’ 
put empty into cd fid "random" 
put empty into cd fid "cross"



put empty into cd fid "prime" 
put empty into cd fid "target" 
put empty into cd fid "RT" 
put empty into cd fid "initials" 
put empty into cd fid "experiment" 
put empty into cd fid "set" 
put empty into cd fid "sounds" 
put 0 into buff 
repeat until buff - 1  
ask "What are your initials?" 
put it into card field "initials" 
show cdfld "initials"
ask "What set number do you wish? (1,2,or 0)"
put it into cd fid "experiment"
show cd fid ’experiment"
ask "What stimulus set do you wish? (A thru E)"
put it into cd fid "set"
show cd fid "set"
answer "Is everything OK?" with "Redo" or "OK" 
if it is "OK" then 
hide cd fid "initials" 
hide cd fid "experiment" 
hide cd fid "set" 
put 1 into buff 

end if
end repeat
put "I'm randomizing the stimuli." into cd fid "cross" 
show cd fid "cross" 
wait 30
hide cd fid "cross" 
if cd fid "experiment" > 1 then 

if cd fid "set" -  "A" then 
open file "2A1" 
read from file "2A1" until"." 
put it into card field "stimuli” 
close file"2A1" 

end if
if cd fid "set" = "B" then 
open file "2B1” 
read from file "2B1" untit 
put it into cd fid "stimuli" 
close file "2B1" 

end if
if od fid "set" = "C" then 
open f ile "2C1" 
read from file "2C1" until 
put it into card field "stimuli” 
close file "2C1" 

end if
if cdfld "set" «"D" then 
open file "2D1" 
read from file "2D1" until"." 
put it into card field "stimuli" 
close file "201" 

end if
if cdfld "set" -  "E“ then 
open file"2E1" 
read from file "2E1" until



put it into card field "stimuli" 
d o se  file "2E1" 

end if 
end if
if cd fid "experiment” « 2 then 

if cdfld "set"-"A " then 
open file "2A2" 
read from file "2A2" until"." 
put it into card field "stimuli" 
d o se  file "2A2" 

end if
if cd  fid "set" -"B " then 
open file "2B2" 
read from file "2B2" until 
put it into cd fid "stimuli" 
d o se  file "2B2" 

end if
if cd fid "set" -  "C" then 
open file "2C2" 
read from file "2C2" until 
put it into card field "stimuli” 
close file "2C2" 

end if
if cdfld "set" = "D" then 
open file "2D2" 
read from file “2D2" until 
put it into card field "stimuli” 
close file "2D2" 

end if
if cdfld "set"-"E " then 

open file "2E2" 
read from file "2E2" until"." 
put it into card field "stimuli" 
close file "2E2” 

end if 
end if
if cd fid "experiment” * 0 then 
If cd  fid "set" -  "P" then 

open file "2PP" 
read from file "2PP" until"." 
put it into card field "stimuli" 
close file "2PP" 

end if 
end if
repeat until the number of lines in cd fid "random" -  the number 
of tines in cd fid "stimuli"
get the random of the number of lines in cd fid "stimuli" 
put it into trick 
put 1 into counter 
repeat forever

if line trick of cd fid "stimuli" -  line counter-i 
of cd fid "random" then 
set the cursor to Sad 
exit repeat 

end if
if line trick of cd fid "stimuli'" <> line counter-! 
of cd fid "random" then 

put counter +1 into counter



set the cursor to Happy 
end if
if line counter of cd fid "random” = empty then 
put line trick of cd fid "stimuli” & return after cd fid 
"random"
set the cursor to Happy 
exit repeat 

endtf
end repeat 

end repeat 
set the cursor to hand 
put "OK, I'm ready!" into cd fid "cross" 
show cd fid "cross" 
wait 100 
play "Crystal"
put "Click on Begin Trial to start." into cd fid "cross" 
wait 200
hide cd fid "cross" 

end mouseUp

HyperTalk Script for the "Begin Trial" Routine.

on mouseUp 
hide menubar 
hide cd f Id "cross" 
hide cd fid "stimuli" 
hide ca fid "random" 
hide cd button "Initiation" 
hide cd button "Begin Trial" 
hide cd button "Quit" 
hide cd button "Erase Sounds" 
hide cd button "Copy Sounds” 
hide cd button "Store Data" 
set cursor to none 
pu t"+" into cd fid "cross" 
put "winter into cd fid "prime" 
put "dog" into cd fid "target" 
show cd fid "cross" 
wait 60
hide cd fid "cross" 
show cd fid "prime” 
wait 15
hide cd fid "prime" 
wait 15
show cd fid "target" 
piay "tone"
Wdit 15
hide cd fid "target" 
wait 100
put "dream" into cd fid "prime" 
put "loaf" into cd fid "target" 
show cd fkf "cross" 
wait 60
hide cd fid "cross" 
show od fid "prime" 
wait 15



hide cd fid "prime" 
wait 15
show cd fid "target" 
play "tone"
Wait 15
hide cd fid "target" 
wait 100
put "blank" into cd fid "prime" 
put "candle" into cd fid "target" 
show cd fid "cross" 
wait 60
hide cd fid "cross” 
show cd fid "prime” 
wait 15
hide cd fid "prime" 
wait 15
show cd fid "target" 
play "tone" 
wait 15
hide cd fid "target” 
wait 100 
put 0 into ace
repeat until ace » number of lines in cd fid "random" 
put ace +1  into ace 
p u t"+" into cd ffd "cross"
put word 4 of line ace of cd fid "random" into cd fid "prime" 
put word 5 of line ace of cd fid "random” into cd fid "target” 
show cd fid "cross" 
wait 60
hide cd fid "cross" 
show cd fid "prime" 
wait 15
hide cd fid "prime" 
wait 15
if word 3  of line ace of cd fid "random” < 6 then 
show cd fid "target" 
play "tone" 
waft 15
hide cd fid "target"
put cdfld "initials" && line ace of cd fid "random"
& return after card field "data" 

else
show cd fid “target" 
play "tone" 
waft 15
hide cd f id “target" 

end if 
wait 100 

end repeat 
set cursor to hand 
show cd button "Initiation" 
show cd button "Begin Trial" 
show cd button "Quit" 
show cd button "Erase Sounds" 
show cd button "Copy Sounds" 
show cd button "Store Data" 
play "Crystal"
put "Thank You!" into cd fid "cross"



show cd fid "cross" 
wait 200
hide cdfld "cross" 

end mouseUp
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