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Phonology and Orthography in Visual Word Recognition: Effects of
Masked Homophone Primes

JONATHAN GRAINGER AND LuDOVIC FERRAND

Laboratoire de Psychologie Expérimentale, C.N.R.S. and René Descartes University, Paris, France

Three lexical decision experiments and one perceptual identification experiment investi-
gated the effects of briefly presented forward-masked homophone primes on target recog-
nition. When primes are the more frequent homophcene of target words (e.g., real-REEL)
then facilitation is observed relative to unrelated controls. This contrasts sharply with the
inhibitory effects of more frequent orthographic primes (e.g., ride-RITE) observed in the
same experimental conditions. However, the facilitation obtained with homophone primes
turns to inhibition in the presence of pseudohomophone foils in the lexical decision task.

Some tentative interpretations of these results are discussed.

The role of phonological information in
the processing of written words has been an
important point of debate among psycholin-
guists since the earliest psychological stud-
ies of reading. Although it is clear that read-
ing written words aloud necessarily in-
volves the use of phonological information,
silent reading could be performed without
phonological mediation. The debate is fur-
ther complicated by the fact that phonolog-
ical information may be available to the vi-
sual word recognition' process during silent
reading but simply does not affect perfor-
mance in laboratory tasks such as lexical
decision. Nevertheless, evidence is accu-
mulating in favor of the general hypothesis
that phonological information is generated
automatically and extremely rapidly during
the processing of written words (Ferrand &
Grainger, 1992, 1993, 1994; Humphreys,
Evett, & Taylor, 1982; Lukatela & Turvey,
1990a, 1990b; Perfetti & Bell, 1991; Per-
fetti, Bell, & Delaney, 1988; Van Orden,
1987; Van Orden, Johnston, & Hale, 1988).
The present experiments represent a fur-

! Here we use the term visual word recognition to
refer to the process of word form identification as op-
posed to meaning retrieval. In doing so we assume that
words are represented as whole-word orthographic
and phonological forms in memory and that these for-
mal representations mediate access to semantic infor-
mation.

Accepted by Dr. Shoben.

© 1994 Academic Press, Inc.

ther test of this general hypothesis while
also examining how such rapidly generated
phonological information could influence
the visual word recognition process as re-
flected in the lexical decision and percep-
tual identification tasks.

There are two ways phonological infor-
mation could be generated from the printed
word. Either the word can be recognized as
a particular orthographic pattern and then
its pronunciation retrieved from memory
(addressed phonology) or phonological in-
formation concerning the word can be gen-
erated during the recognition process be-
fore identification is complete (assembled
phonology; see Patterson & Coltheart
(1987) for a more detailed discussion of this
distinction). Models of word naming must
describe which of these sources provide in-
put to the generation of an articulatory re-
sponse, and if both are used, then how they
are combined.

In visual word recognition, on the other
hand, the major question concerns how as-
sembled phonology could combine with or-
thographic information in the process of
isolating a particular orthographic repre-
sentation of a word in memory from among
the thousands of other possibilities. This
assembled phonology could be generated
by two possible mechanisms: (1) prelexi-
cally, via spelling-to-sound correspon-
dences that are by definition sublexical; (2)
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lexically, by whole-word orthographic units
that are activated by the stimulus sending
on activation to corresponding whole-word
phonological units. Prelexically generated
phonology could combine with sublexical
orthographic information as input to word
units thus influencing the word recognition
process by an excitatory feed-forward
mechanism (see Ferrand & Grainger, 1992),
This prelexical generation of phonology is
typically described in terms of a grapheme-
phoneme conversion process (Coltheart,
1978) or via larger spelling-to-sound corre-
spondences (Kay, 1987). On the other
hand, lexically generated phonology could
provide positive feedback from activated
whole-word phonological units to whole-
word orthographic units. This mechanism
represents an extension of analogy models
of word naming (Glushko, 1979; Kay &
Marcel, 1981) to the problem of word rec-
ognition.

Masked Phonological Priming

Perhaps the clearest evidence that pho-
nology is rapidly generated from printed
strings of letters and does influence the
word recognition process comes from prim-
ing studies using very briefly presented pat-
tern-masked primes. The fact that subjects
are typically unable to correctly identify
primes in such presentation conditions al-
lows one to reject interpretations of any
priming effects observed in terms of the
strategic use of prime-target relations to
predict target stimuli after identifying the
prime. In such extreme priming conditions
Humphreys et al. (1982) found that percent-
age correct identification of target words
was significantly higher when preceded by
a homophonic prime (e.g., maid-MADE)
than when preceded by an orthographic
control (e.g., mark-MADE). However,
they failed to observe a facilitative effect
compared to orthographic controls when
the primes were pseudohomophones (e.g.,
bloo-BLUE). This latter result suggests
that the automatic generation of phonolog-
ical information in visual word recognition
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proceeds via whole-word representations
rather than a sublexical spelling-to-sound
conversion.

However, contradictory evidence has
been provided more recently by Perfetti
and colleagues (Perfetti & Bell, 1991; Per-
fetti et al., 1988) and Ferrand and Grainger
(1992). Using a primed perceptual identifi-
cation task Perfetti et al. (1988) and Perfetti
and Bell (1991) observed that correct iden-
tification of targets primed by pseudohomo-
phone primes (e.g., mayd-MADE) was sig-
nificantly higher than that obtained with or-
thographic controls (e.g., mard-MADE)
with slightly longer prime exposures than
those used by Humphreys et al. (1982).
This effect is explained in terms of a rapid
activation of phonetic units by the corre-
sponding graphemic units, these phonetic
units in turn increasing the activation level
of any word units that contain them. Fer-
rand and Grainger (1992) have observed the
same pattern of effects using RT as the de-
pendent measure in a primed lexical deci-
sion task, and Lukatela and his colleagues
have reported phonological priming effects
in Serbo-Croatian in similar conditions with
both the perceptual identification and lexi-
cal decision tasks (Lukatela, Carello, and
Turvey, 1990; Lukatela & Turvey, 1990a,
1990b). These results therefore strongly
suggest that phonological information is
rapidly generated during the processing of
pronounceable strings of letters and that
this information can be used to facilitate
performance in visual word recognition
tasks. It also appears likely that this rapid
generation of phonological information oc-
curs sublexically.

Phonological Facilitation and
Orthographic Inhibition in the
Masked Priming Paradigm

In the first experiment reported here we
use the lexical decision task combined with
the masked priming paradigm as a tool to
investigate the hypothesized early genera-
tion of phonological information in visual
word recognition. This particular experi-
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mental paradigm has already proved useful
in the investigation of orthographic prim-
ing. Clear facilitative effects of repetition
priming are observed for both low and high
frequency words (Forster & Davis, 1984;
Segui & Grainger, 1990). When primes are
orthographically related to the target there
is some evidence that facilitation effects
can be obtained, particularly with long words
(Forster, Davis, Schoknecht, & Carter, 1987;
Sereno, 1991). On the other hand, with
short words, orthographically related primes
have been shown to inhibit target recogni-
tion when primes are more frequent than
targets (Segui & Grainger, 1990).

In experimental conditions (64 ms prime
exposures) identical to those used in the
study of Segui and Grainger (1990), Ferrand
and Grainger (1992) observed facilitative ef-
fects of phonologically related nonword
primes compared to orthographic controls
but no effect of orthography compared to
unrelated controls. The fact that ortho-
graphically related nonword primes did not
affect lexical decision performance relative
to unrelated controls suggests that the in-
hibitory effects of higher frequency ortho-
graphically related word primes (Segui &
Grainger, 1990) are within-level effects (be-
tween lexical representations competing for
identification) to be clearly distinguished
from between-level excitatory effects (i.e.,
from the sublexical to the lexical level).
This distinction is explicitly made in the in-
teractive activation model of word recogni-
tion (McClelland & Rumelhart, 1981). In
this model the representational nodes of
words that share letters with the stimulus
receive excitatory input from the letter
level and these simultaneously activated
word units mutually inhibit each other. In
simulation work using a semistochastic ver-
sion of the interactive activation model, Ja-
cobs and Grainger (1992) have recently
shown that the model successfully stimu-
lates the inhibitory effects of orthographi-
cally related primes that are more frequent
than the target, plus the absence of an ef-
fect when primes are less frequent than the
target (Segui & Grainger, 1990).

GRAINGER AND FERRAND

Thus the present experiments were mo-
tivated by the combination of three differ-
ent types of masked priming effect ob-
served with 64-ms prime exposures: the
inhibitory effect of more frequent ortho-
graphically related primes (Segui &
Grainger, 1990), the facilitative effect of
pseudohomophone primes, and the absence
of an effect of orthographically related non-
word primes (Ferrand & Grainger, 1992).

EXPERIMENT 1

In Experiment 1 related primes were ei-
ther more frequent or less frequent homo-
phones of French target words and could be
orthographic neighbors (e.g., fois—FOIE) or
not (e.g., sans—CENT). The results of Segui
and Grainger (1990) suggest that on purely
orthographic grounds the first case (fois—
FOIE) should provide inhibitory effects
compared to unrelated controls. If phono-
logical overlap provides facilitative effects
then one should predict reduced interfer-
ence for ‘‘fois~FOIE™ and facilitative ef-
fects for ‘‘sans—CENT.”’

Method

Stimuli and design. Two categories of
French homophone pairs were selected
from a computerized list of four- and five-
letter French words and their printed fre-
quencies (Trésor de la langue francaise,
1971). The first category contained homo-
phone pairs that are also orthographic
neighbors (i.e., that differed only by one
letter in the same position, as defined by
Coltheart, Davelaar, Jonasson, and Besner
(1977); e.g., fois—=FOIE). The second cate-
gory contained orthographically distinct
homophone pairs sharing none, one, or
maximally two letters in the same position
(e.g., sans—-CENT). All pairs had contrast-
ing frequencies, for example, FOIS occurs
much more frequently than FOIE). Aver-
age printed frequency of the stimuli was
1432 occurrences per million for the high
frequency group and 36 occurrences per
million for the low frequency group.
Twenty such pairs were selected for each
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category (all were four to five letters long,
average length = 4.4). Relative prime-
target frequency was manipulated such that
in one condition (high-low) the prime was
the high frequency member of the pair and
the target the low frequency member, and
in another condition (low-high) the oppo-
site was true. For each of the 80 prime~
target pairs a control prime word was cho-
sen that shared no letters in the same posi-
tion with the corresponding target word and
that was approximately the same frequency
as the experimental prime word. The two
categories of stimuli represent the factor
Type of Relation. This factor was crossed
with the Relatedness factor and Relative
prime—target frequency ina 2 X 2 X 2 fac-
torial design. Relatedness and Type of Re-
lation factors were within-subjects factors
and Relative prime—-target frequency a be-
tween-subjects factor. Within each of the
Relative prime-target frequency conditions
two groups of subjects were used such that
no subject saw any single prime or test
word more than once but each subject re-
ceived all experimental conditions. None of
the prime-target pairs were semantically
related in any obvious way. Eighty pairs of
four- to five-letter word-nonword pairs
were constructed for the purposes of the
lexical decision task. Nonwords were or-
thographically legal, pronounceable, mean-
ingless letter strings and were not homo-
phonic with any French word. Twenty
pairs were composed of nonwords that
were orthographically related to the prime
word (e.g., faim~CAIM), and 20 other pairs
were nonwords that shared some letters
with the prime word (e.g., taire-SARE).
This manipulation led to two sets of non-
words that differed in terms of their ortho-
graphic similarity with real words. Forty
other orthographically unrelated word-
nonword pairs were also included.
Procedure. Stimuli were presented in iso-
lation on the center of the display screen (60
Hz) of an Olivetti M24 personal computer.
The items appeared on the screen as green
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characters on dark background. Each char-
acter (in uppercase) covered approximately
0.38° of visual angle from the viewing dis-
tance of 60 cm, so the largest words (five
letters) subtended about 1.9° of visual an-
gle. The masked priming procedure with
the lexical decision task used in the exper-
iments of Forster et al. (1987) and Segui and
Grainger (1990) was adopted here. Each
trial consisted of the following sequence of
three stimuli presented on the same screen
location. First a forward mask consisting of
a row of four or five hash marks (#) was
presented for 500 ms, this was immediately
followed by presentation of the prime word
for 64 ms, and this was in turn immediately
followed by presentation of the target item,
which remained on the screen until the sub-
Jects responded. Primes were always pre-
sented in lowercase and targets in upper-
case. Subjects were instructed to indicate
as rapidly and as accurately as possible if
the letter string in uppercase that remained
on the screen was a French word or not.
The presence of a prime word was not men-
tioned. Subjects responded ‘‘yes’’ by
pressing one of two response buttons with
the forefinger of their preferred hand and
‘‘no’’ by pressing the other response button
with the forefinger of the nonpreferred
hand. The next sequence followed after a
1-s delay. Stimulus presentation was ran-
domized, with a different order for each
subject. Reaction times, measured from
target onset until the subject’s response,
were accurate to the nearest millisecond.
Subjects were presented with 20 practice
trials before doing the experiment proper.
These consisted of 10 word~word and 10
word-nonword pairs none of which ap-
peared in the experimental trials, all four to
five letters long and selected from the same
frequency range as the experimental stimuli.
Subjects. Forty psychology students at
René Descartes University, Paris, partici-
pated in the experiment for course credit.
All were native speakers of French, with
normal or corrected-to-normal vision.
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Results

All reaction times exceeding 1 s (1.5% of
the data) were excluded from the analysis
of the correct responses to word stimuli.
Means of the lexical decision latencies for
correct responses and percentages of errors
to word targets in each stimulus category
are given in Table 1.

The reaction time data were submitted to
an analysis of variance, with Relatedness
(prime related or unrelated to the target),
Type of Relation (orthographically related
and homophonic versus orthographically
distinct and homophonic), and Relative
Frequency as principal factors. F values
are reported by subject (F1) and by item
(F2).

There is a significant two-way interaction
between Frequency and Relatedness
(F1(1,36) = 5.38, p < .05; F2(1,38) = 5.75,
p < .05). When primes are more frequent
than targets there is a 24-ms facilitative
priming effect, whereas when primes are
less frequent than targets there is a 14-ms
inhibitory effect. It is clear from Table 1,
however, that the facilitative effects of
more frequent homophone primes are much

TABLE 1
MEAN LEXICAL DECISION LATENCIES

(MILLISECONDS) FOR CORRECT RESPONSES AND
PERCENTAGE ERRORS (IN PARENTHESES) TO Low

FREQUENCY TARGETS PRECEDED BY HIGH

FREQUENCY PRIMES (HiGH-Low) orR HigH

FREQUENCY TARGETS PRECEDED BY Low

FREQUENCY PRIMES (Low-HIGH) IN EXPERIMENT |

Related Unrelated Effect

High-low
Orthographically similar 626 663 +37
homophone prime 7.5 (6.5)
Orthographically dissimilar 639 649 +10
homophone prime (6.0} (7.0}
Low-high
Orthographically similar 631 618 -13
homophone prime 9.5) 4.0)
Orthographically dissimilar 625 611 -14
homophone prime (3.5 5.0

Note. Primes were related (orthographically similar
homophone or orthographically dissimilar homo-
phone) or unrelated to targets.

GRAINGER AND FERRAND

stronger when primes and targets are ortho-
graphically similar (F(1,18) = 5.32, p < .05;
F2(1,18) = 5.53, p < .05) than when they
are orthographically dissimilar (both Fs <
1). More frequent targets were responded
to more rapidly than less frequent targets
(F1(1,36) = 15.13, p < .001; F2(1,38) =
34.0, p < .001). None of the other main or
interaction effects are significant (all Fs <
1). In an analysis of the error data only the
main effect of Frequency reaches signifi-
cance (F(1,36) = 8.36, p < .01).

Response times to nonword targets were
not affected by prime relatedness (797 ms in
the rzlated condition compared to 798 ms in
the unrelated condition, £ < 1). On the
other hand, nonwords that were ortho-
graphically more similar to real words were
responded to more slowly (819 ms) than or-
thographically dissimilar nonwords (777
ms, (1,36) = 7.79, p < .01). None of the
other effects in the nonword RT analysis
reach statistical significance, nor do any of
the effects in the nonword error data (all Fs
< 1.

Discussion

Perhaps the most striking result of Ex-
periment 1 is that exactly the opposite in-
teraction between relative prime—target fre-
quency and priming effects was observed
compared to Segui and Grainger’s (1990)
results. Adding homophony to an ortho-
graphic relation apparently produces a
marked qualitative change in the pattern of
effects. When primes are more frequent
than targets, rather than producing inhibi-
tory effects of relatedness, the present ex-
periments show facilitative effects. More-
over, the fact that high frequency targets
were slightly inhibited by less frequent or-
thographically related homophone primes
suggests that subjects are not just giving
fast positive responses as soon as they de-
tect a phonological match between prime
and target.

The resuits of Experiment 1 therefore
suggest that masked homophone priming
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does not reflect the simple combination of
phonological facilitation and orthographic
inhibition. The strong facilitative effect of
homophonic orthographically similar
primes observed in Experiment 1 cannot be
uniquely attributed to assembled phonol-
ogy increasing the activation level of word
units (within the framework presented by
Ferrand & Grainger, 1992), since this
would lead us to predict even greater facil-
itation with orthographically dissimilar
homophone primes, whereas exactly the
opposite is observed. In other words, or-
thographically unrelated homophones
primes should be providing facilitative pho-
nological input to word units in the absence
of orthographic inhibition, thus leading to
stronger facilitation.

It is possible, however, to explain this
facilitative effect of orthographically simi-
lar homophone primes in terms of the infor-
mation used by subjects to give their re-
sponse in the lexical decision task. It is hy-
pothesized that subjects can make a
positive lexical decision response before the
target word has been recognized (reached a
critical activation level). This could occur if
it is the prime representation rather than
the target representation that reaches a cri-
terion level of activation necessary for trig-
gering a positive response in the lexical
decision task. The probability of this occur-
ring will increase with increasing prime-
target similarity. With maximum prime-
target overlap (which occurs with ortho-
graphically similar homophones, excluding
the case of identity) maximum levels of ac-
tivation will be reached by prime word rep-
resentations during target processing. This
therefore increases the probability that a
prime word representation will reach
threshold and trigger a fast lexical decision
response.

This hypothesis explains the facilitative
effect of orthographically related homo-
phone primes as a result of the prime word
representation reaching a high level of ac-
tivation during target processing. This is

223

consistent with the fact that the effects of
phonological priming tend to become inhib-
itory when primes are less frequent than
targets. In this situation the prime word
representation does not reach a sufficiently
high enough activation level to trigger a re-
sponse before target identification.

EXPERIMENT 2

It has been previously reported that in-
troducing pseudohomophones as distrac-
tors in a lexical decision task causes a rise
in overall RT (Davelaar, Coltheart, Besner,
& Jonasson, 1978). One means of accom-
modating this result is in terms of subjects
applying a spelling check before responding
in the lexical decision task. Once a lexical
representation has reached threshold,
stored information about spelling can be
checked against availabie letter-level infor-
mation. This minimizes errors to pseudo-
homophone targets since the spelling check
will allow them to be identified as non-
words. This explanation of pseudohomo-
phone influences on lexical decision perfor-
mance predicts that if prime stimuli were
indeed provoking fast positive responses to
homophonic targets in Experiment | then
these should be eliminated in the presence
of pseudohomophones, since subjects will
detect a mismatch between prime and tar-
get orthography when applying a spelling
check.

While manipulating the presence or ab-
sence of pseudohomophones, Experiment 2
was also designed to demonstrate inhibi-
tory effects of higher frequency nonhomo-
phonic orthographically related primes
(e.g., blue-BLUR) in conditions where fa-
cilitative effects of higher frequency ortho-
graphically similar homophonic primes
(e.g., real-REEL) are observed.

Method

Stimuli and design. From a computerized
list of four-letter and five-letter French
words with their printed frequencies
(Trésor de la langue frangaise, 1971), two
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categories of French word pairs were se-
lected. The first category contained homo-
phone pairs that are orthographically simi-
lar (e.g., fois—FOIE) and with contrasting
frequencies. The second category con-
tained nonhomophone pairs that differed
only by one letter in the same position (e.g.,
chat-CHAR) also with contrasting frequen-
cies. The high frequency member of each
pair served as the prime word and the low
frequency member as the target word. Av-
erage prime frequency was 737 occurrences
per million and average target frequency
was 17 occurrences per million. Twenty
pairs were selected for each category (all
were four to five letters long) and for each
pair a control prime word was chosen that
shared no letters in the same position with
the corresponding test word and that was
approximately of the same frequency as the
experimental prime word. These two cate-
gories of stimuli represent the factor Type
of Relation. Two independent groups of
subjects were used such that no subject saw
any single prime or test word more than
once but each subject received all experi-
mental conditions. Thus each subject saw
all the experimental stimuli once only in ei-
ther the related or unrelated conditions.
The presence or absence of pseudohomo-
phone distractors was manipulated be-
tween subjects. For both groups of subjects
the word—word pairs remained identical. In
the pseudohomophone condition there
were 20 pseudohomophone targets and 20
nonhomophonic nonwords. Half of the
pseudohomophones were preceded by the
homophonically related prime word of high
frequency (e.g., joie-JOIS) and half pre-
ceded by an unrelated control prime word
of approximately the same frequency as the
experimental prime word (e.g., vrai-JOIS).
Half of the nonhomophonic nonword tar-
gets were preceded by high frequency or-
thographically related prime words (e.g.,
bien~-NIEN) and half by unrelated word
primes (e.g., huit-NIEN). In the no-
pseudohomophone condition subjects re-
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ceived 40 nonhomophonic nonwords half
preceded by orthographically related high
frequency prime words (e.g., deux-
DEUL), and the other half by unrelated
control prime words of approximately the
same frequency as the experimental prime
(e.g., coin-DEUL). Thus, in the pseudo-
homophone group half of the nonword
targets were pseudohomophones and in
the no-pseudohomophone group no
pseudohomophones were present. These
characteristics of the nonword targets were
respected in the practice trials for each
group.

Procedure. This was identical to the pre-
vious experiment.

Subjects. Thirty-two psychology stu-
dents at René Descartes University, Paris,
served as subjects for course credit. All had
normal or corrected-to-normal vision.
None of these subjects had participated in
the previous experiments.

Results

All reaction times exceeding 1 s (2.8% of
the data) were excluded from the analysis
of the correct responses to word stimuli.
Means of the latencies and percentage of
errors to target words are given in Table 2.
The reaction time data were submitted to
an analysis of variance, with Relatedness,
Type of Relation, and Type of Nonword as
principal factors.

There is a significant Relatedness X Type
of Relation x Type of Nonword interaction
(F1(1,30) = 4.99, p < .05; F2(1,38) = 4.74,
p < .05). This triple interaction reflects
the fact that the Type of Relation x Relat-
edness interaction (of main interest here)
is only significant in the absence of
pseudohomophones (F1(1,15) = 17.19,p <
.01; F2(1,38) = 4.13, p < .05). This pattern
of interaction effects is evident in Table 2
where we can see clear facilitative effects
of homophonic primes in the absence of
pseudohomophones which become inhibi-
tory effects when pseudohomophones are
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TABLE 2
MEAN LExicAL DECISION LATENCIES
(MILLISECONDS) FOR CORRECT RESPONSES AND
PERCENTAGE ERRORS (IN PARENTHESES) TO WORD
TARGETS PRECEDED BY RELATED (HOMOPHONIC
AND ORTHOGRAPHIC OR UNIQUELY ORTHOGRAPHIC)
AND UNRELATED PRIMES IN EXPERIMENT 2

Related Unrelated Effect
Without
pseudohomophones
Homophonic prime 624 651 +27
12.3) (10.1)
Orthographic prime 671 640 -31
(11.3) 6.9)
With pseudohomophones
Homophonic prime 746 718 -28
(8.4) 8.4
Orthographic prime 748 717 -31
(10.6) (6.3)

Note. The same set of target words were tested with and
without pseudohomophones in the experimental lists.

present. On the other hand, the inhibitory
effect of nonhomophonic orthographically
related primes are unaffected by the pres-
ence of pseudohomophones. There is also a
main effect of Type of Nonword (F1(1,30)
= 15.32, p < .001; F2(1,38) = 117.85,p <
.001) since the presence of pseudohomo-
phones as distractors caused an 86-ms rise
in average RT. In the error analysis word
targets preceded by related primes system-
atically gave rise to more errors (F(1,30) =
7.18, p < .05). Also homophone targets
gave rise to more errors than nonhomo-
phones (F(1,30) = 10.61, p < .01). The
main effect of Type of Nonword is not sig-
nificant, neither are any of the interaction
effects.

Response times to nonword targets were
significantly longer in the pseudohomo-
phone condition (854 ms) compared to
when no pseudohomophones were present
(712 ms, F(1,14) = 7.34, p < .05). In the
absence of pseudohomophones there is a
nonsignificant 15-ms inhibitory effect of
Relatedness (F1(1,14) = 2.41), whereas in
the pseudohomophone present condition
there is a significant 58-ms inhibitory effect
of Relatedness (F(1,14) = 6.19, p < .05). In
the latter condition, pseudohomophone tar-
gets were responded to more slowly than
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nonpseudohomophone targets (F(1,14) =
8.53, p < .05) but this factor does not inter-
act with the effects of Relatedness (F < 1).
None of the other main or interaction ef-
fects are significant. An analysis of the er-
rors to nonword stimuli showed that
pseudohomophone targets provoked more
errors than nonpseudohomophones
(F(1,14) = 6.46, p < .05). All the other ef-
fects fail to reach statistical significance (all
Fs < 1).

Discussion

The results of Experiment 2 confirm that
more frequent homophonic, orthographi-
cally similar primes (e.g., fois—-FOIE) do fa-
cilitate target processing in the lexical deci-
sion task when no pseudohomophones are
present as targets in the experiment. More-
over, in the same experiment higher fre-
quency orthographically similar primes
(e.g., avec—AVEU) inhibited target pro-
cessing, thus confirming the observations
of Segui and Grainger (1990). This ortho-
graphic inhibition remained unaffected by
the presence of pseudohomophone distrac-
tors in the lexical decision task whereas the
homophone facilitation effect was trans-
formed into an inhibitory effect.

The effect of pseudohomophone distrac-
tors caused a global increase in RT to both
the word and nonword targets. According
to the explanation proposed above, the
overall increase in RT with the presence of
pseudohomophones is explained by sub-
jects applying a spelling check before re-
sponding in the lexical decision task. The
spelling check will enable subjects to detect
mismatches between a lexical representa-
tion that has been accessed and available
letter-level information. Thus, prime words
that were triggering fast positive responses
in Experiment 1 are now detected as not
corresponding to the target. Subjects there-
fore respond only after the target represen-
tation itself has reached threshold. This
therefore explains why the facilitative ef-
fects of orthographically related homo-
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phone primes become inhibitory in the
presence of pseudohomophone distractors.
Within the interactive activation frame-
work (McClelland & Rumelhart, 1981) this
inhibition results from the mutually inhibi-
tory connections between word units. The
high level of activation attained by a related
prime inhibits the rise in activation of the
target word thus slowing recognition (Ja-
cobs & Grainger, 1992). This high activa-
tion level provoked by related prime stimuli
can also explain the inhibitory effects of re-
lated primes on nonword responses ob-
served in Experiment 2. Within the frame-
work of a deadline model of nonword deci-
sion making (Coltheart et al., 1977; Jacobs
& Grainger, 1992), nonword response times
are a function of overall lexical activity. A
high level of overall lexical activity simply
encourages subjects to set a longer time
limit before responding ‘‘no.”’ This will be
exaggerated when pseudohomophones are
present in the experimental lists since sub-
jects will tend to set longer deadlines in or-
der to reduce the false alarm rate to such
stimuli.

This same deadline mechanism explains
the negative effects of nonword wordlike-
ness on negative decision latencies, since
the more wordlike a nonword is the more
lexical activity it will generate. Moreover,
this decision mechanism can also explain
the small (nonsignificant) trend to an in-
crease in error rate accompanying the facil-
itative effects on RT of homophone primes
in Experiments 1 and 2. In this situation it is
argued that if a fast positive response is not
triggered (by prime stimuli reaching thresh-
old) then the inhibition on the target word is
strong enough to prevent it reaching a crit-
ical activation level before the deadline has
been reached, thus resulting in a false neg-
ative response. This interpretation of the
speed-accuracy tradeoff observed in this
particular condition correctly predicts that
false negative reaction times are (93 ms)
longer in the related than those in the unre-
lated condition (for homophone primes in
the absence of pseudohomophone foils).
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EXPERIMENT 3

Because of the theoretical importance of
these results, Experiment 3 was designed
as a replication of the finding in Experiment
2 that more frequent homophonic primes
facilitate target processing whereas more
frequent orthographic primes inhibit target
processing in the absence of pseudohomo-
phones. Experiment 3 was run in English in
order to provide a replication with different
stimuli. A set of English words were se-
lected all of which were homophones such
that the effects of orthographically similar
homophone primes (e.g., real-REEL)
could be compared against the orthographic
priming of homophone targets (e.g., ride-
RITE). This tests the possibility that some
of the differences observed between the
homophone and nonhomophone priming
conditions in Experiment 2 are not just due
to targets being homophones in one condi-
tion.

Method

Design and stimuli. Twenty English ho-
mophones with low printed frequencies
(average seven per million, Kucera & Fran-
cis, 1967) were selected whose homophone
partners were orthographically similar (dif-
fering by only one letter) and had higher
printed frequencies. Twenty other homo-
phones were selected that were matched
for length and frequency to the first set. The
homophone stimuli were of length three to
six letters (average 4.3). Forty nonhomo-
phone words were added as filler items,
half of which were preceded by orthograph-
ically related primes. Eighty orthographi-
cally legal, pronounceable nonword targets
(three to six letters long) were created for
the purposes of the lexical decision task.
These were preceded by English word
primes, half of which were orthographically
related to the target.

Procedure. This was identical to the pre-
vious experiments except that prime expo-
sure duration was slightly less (57 ms) due
to the use of a 70 Hz screen.
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Subjects. Eighteen students at the Uni-
versity of Birmingham were paid for their
participation in the experiment. All had
normal or corrected-to-normal vision and
were native speakers of English.

Results and Discussion

All reaction times exceeding 1 s (1.8% of
the data) were excluded from the analysis
of the correct responses to word stimuli.
Means of the latencies and percentage of
errors to target words are given in Table 3.
The reaction time data were submitted to
an analysis of variance with Relatedness
and Type of Relation as main factors.

There is a significant interaction between
Relatedness and Type of Prime (F1(1,17) =
5.44, p < .05; F2(1,19) = 6.78, p < .09).
Orthographically related homophone primes
facilitated target recognition by 32 ms
whereas orthographically related nonhomo-
phone primes inhibited target recognition
by 23 ms. None of the main effects are sig-
nificant in the RT analysis (all Fs < 1) and
no significant effects are obtained in an
analysis of the error data nor in an analysis
of the nonword latencies and errors (all Fs
< 1).

Experiment 3 provides a perfect replica-
tion of the results obtained in the absence of
pseudohomophones in Experiment 2 while
controlling for the homophone status of tar-
get words. Using a different set of stimuli
from a different language (English as op-

TABLE 3
MEAN LEXICAL DECISION LATENCIES
(MILLISECONDS) FOR CORRECT RESPONSES AND
PERCENTAGE ERRORS (IN PARENTHESES) TO
HoMoPHONE WORD TARGETS PRECEDED BY
RELATED (HOMOPHONIC AND ORTHOGRAPHIC OR
UNIQUELY ORTHOGRAPHIC) AND UNRELATED
PRIMES IN EXPERIMENT 3 IN THE ABSENCE OF
PSEUDOHOMOPHONE DISTRACTORS

Related Unrelated  Effect
Homophonic prime 617 649 +32
(13.9) (12.2)
Orthographic prime 670 647 -23
(12.8) (8.3)
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posed to French) the mean RTs and error
rates in each condition are remarkably sim-
ilar across experiments. It is therefore clear
that this interaction between the effects of
orthographic priming and whether primes
are homophones of the target or not is a
particularly robust phenomenon which re-
quires an adequate explanation.

From facilitation to inhibition: Two pos-
sible explanations. The explanation for this
surprising contrast in effects that has been
proposed up to now is in terms of the strat-
egies subjects adopt to optimize perfor-
mance in the lexical decision task. More
specifically it is hypothesized that subjects
can respond positively in this task before
the target word has been identified. This
arises in the masked priming paradigm
when maximum prime-target overlap
causes prime representations to reach ex-
cessively high activation levels thus leading
to primes reaching an activation threshold
before targets. This explanation is couched
in terms of a single-lexicon interactive ac-
tivation type model of visual word recogni-
tion (McClelland & Rumelhart, 1981; Fer-
rand & Grainger, 1992; Jacobs & Grainger,
1992). According to this type of model a
positive lexical decision response is made
to visual stimuli when a unit corresponding
to the orthographic description of a word
reaches a critical activation level.

An alternative interpretation of this pat-
tern of results can, however, be formulated
within the general hypothesis that a visual
lexical decision can be made on the basis of
either orthographic or phonological whole-
word units. This could be introduced into
the interactive activation framework by
simply adding a new set of word units that
are directly connected to sublexical phono-
logical units (see Fig. 1). This corresponds
to the distinction, popular among neuropsy-
chologists (Allport, 1983; Ellis & Young,
1988; Morton & Patterson, 1980), between
a visual input lexicon and an auditory input
lexicon. Within each of these lexicons con-
nections are inhibitory whereas between
lexicons the connections are primarily ex-
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ORTHOGRAPHIC PHONOLOGICAL

sublexical
orthographic
units

sublexical
phonological
units

VISUAL AUDITORY
INPUT INPUT

FiG. 1. A dual-lexicon interactive activation model
in which the sublexical orthographic units activated by
a visual input and the sublexical phonological units
activated by an auditory input mutually facilitate each
other and send activation on to their respective ortho-
graphic and phonological lexicons. These lexicons
contain mutually inhibitory within-lexicon connec-
tions and excitatory between-lexicon connections.

citatory (inhibitory between-level connec-
tions have been left out for simplification).
This is basically an interactive activation
version of a dual-route theory of print-to-
sound translation in reading. Addressed
phonology is obtained by mapping sublexi-
cal orthographic units onto whole-word
phonological units via the orthographic lex-
icon, whereas assembled phonology is ob-
tained by mapping sublexical orthographic
units directly onto sublexical phonological
units [see Dijkstra, Frauenfelder, &
Schreuder (1993) for evidence in favor of
bidirectional excitatory connections at this
level].

Within this framework it is hypothesized
that a positive lexical decision response can
be triggered when any lexical representa-
tion (orthographic or phonological) reaches
a critical activation level. Generally speak-
ing, when the stimulus is a written word it is
the orthographic representation that
reaches threshold first. This is simply be-
cause arrival of information at the phono-
logical lexicon lags behind the arrival of in-
formation at the orthographic lexicon due
to the extra processing involved (see Fig.
1). However, when the orthographic repre-

GRAINGER AND FERRAND

sentation is suffering strong within-level in-
hibition (as is hypothesized in the case of
masked priming with a higher frequency or-
thographic neighbor) and the corresponding
phonological representation is not (as is the
case when the prime and target are homo-
phonic and therefore share the same pho-
nological representation, e.g., rain—-REIN)
then it is the phonological representation
that reaches threshold first, giving rise to
facilitation.

Now, it has been proposed above that in
the presence of pseudohomophone targets,
subjects use a spelling check procedure in
order to avoid too many false positive re-
sponses to these stimuli. However, a spell-
ing check can operate on information de-
rived from an orthographic representation
but not from a phonological representation.
Subjects must therefore wait for the ortho-
graphic representation to reach threshold
when pseudohomophones are included in
the experiment. This explains why inhibi-
tory effects of homophone primes, of a size
comparable to the effects of orthographic
primes, are observed in the presence of
pseudohomophone distractors.

This alternative explanation differs from
the initial hypothesis in that it appeals to
mechanisms that are not specific to the lex-
ical decision task. Thus according to this
explanation one should observe similar ef-
fects in other word recognition tasks such
as perceptual identification. On the other
hand, according to the initial hypothesis,
the observed effects of homophone primes
are particular to the lexical decision task
and arise when subjects respond when the
prime rather than the target representation
has reached a critical activation level. The
probability of subjects making such unde-
tected ‘‘errors’’ increases with prime-target
similarity, maximum likelihood occurring
with orthographically similar homophonic
prime—target pairs. In particular, the unde-
tected errors that are hypothetically pro-
ducing this facilitation in the lexical deci-
sion task should produce detectable errors
in the perceptual identification task. Exper-
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iment 4 tests this prediction using the same
prime—target word pairs of Experiment 2 in
a primed perceptual identification task.

EXPERIMENT 4
Method

Design and stimuli. Exactly the same
prime-target word pairs of Experiment 2
were used here. Apart from the absence of
nonword stimuli, the design was identical
to Experiment 2.

Procedure. Stimuli were presented on
the display screen of an AT286 personal
computer. The four-field masking tech-
nique of Evett and Humphreys (1981) was
adapted for the purposes of the present ex-
periment. Field duration was held constant
at 43 ms (three frame durations of a 70 Hz
screen) for the prime and target stimuli.
The forward and backward masks (a row of
nine hash marks) were presented for 500
ms. Pilot work indicated that response ac-
curacy was on average about 60% in these
conditions. On each trial subjects saw a
central fixation point followed by the for-
ward mask, the prime word in lowercase,
the target word in uppercase, and finally
the backward mask, all centered on the fix-
ation point and presented on the same
screen location. Subjects were instructed to
report the word in uppercase letters by typ-
ing in their response with the computer
keyboard. After checking their answer sub-
jects initiated the next trial with the enter
key. Subjects were given a set of 10 prac-
tice trials before doing the experiment
proper.

Subjects. Twenty-four psychology stu-
dents at René Descartes University, Paris,
volunteered as subjects. All had normal or
corrected-to-normal vision. None of these
subjects had participated in the previous
experiments.

Results and Discussion

Means of the percentage correct whole-
word report are given in Table 4. The data
were submitted to an analysis of variance,
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TABLE 4
PERCENTAGE CORRECT IDENTIFICATIONS OF WORD
TARGETS PRECEDED BY RELATED (HOMOPHONIC
AND ORTHOGRAPHIC OR UNIQUELY ORTHOGRAPHIC)
AND UNRELATED PRIMES IN THE PERCEPTUAL
IDENTIFICATION TASK OF EXPERIMENT 4

Related Unrelated  Effect
Homophonic prime 80.5 59.5 +21
Orthographic prime 60.5 72.5 -12

with Relatedness and Type of Relation as
principal factors.

The main effect of Relatedness is signifi-
cant in the subject analysis (F1(1,22) =
5.38, p < .05; F2 < 1) and significantly in-
teracts with Type of Relation (F1(1,22) =
23.78, p < .001; F2(1,18) = 8.98, p < .01).
This interaction reflects the fact that the
homophone primes facilitated target recog-
nition (F1(1,22) = 35.81, p < .001; F2(1,9)
= 12.31, p < .01) whereas the orthographic
primes produced an inhibitory effect that
failed to reach significance in the item anal-
ysis (F1(1,22) = 7.87, p < .05; F2(1,9) =
1.87).

The results of Experiment 4 therefore
contradict the hypothesis according to
which homophone facilitation observed in
the lexical decision task is the result of sub-
jects responding on the basis of prime rep-
resentations reaching threshold. According
to this hypothesis, homophone primes
should have inhibited target identification
in the perceptual identification task since
the prime words would be incorrectly re-
ported instead of target words. This hy-
pothesis also predicts that homophone
primes will be given as errors on a greater
percentage of trials than orthographic
primes in the related priming condition. An
analysis of the type of errors made by sub-
jects in Experiment 4 showed, on the con-
trary, that 58.3% of the errors in the ho-
mophone condition corresponded to the
prime word compared to 59.3% in the or-
thographic condition.

The dual-lexicon hypothesis, on the
other hand, correctly predicted a pattern of
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effects similar to that obtained in the lexical
decision task. According to this hypothesis,
in the homophone priming condition sub-
jects recognize a word on the basis of its
phonological representation and as such the
recognition process benefits from identity
priming (e.g., FOIS-FOIE becomes /fwa/—
/fwa/). Subjects then use available letter-
level information to report the correct or-
thographic form (i.e., FOIE and not FOIS).
One could of course argue, with respect to
the original hypothesis, that such letter-
level information would be used to correct
responses when the prime representation
reaches threshold before the target. How-
ever, when an orthographic representation
reaches threshold, then all letters are fully
specified and subjects need not consult let-
ter-level information to complete their re-
sponse. Such information is necessary, on
the other hand, when an orthographically
ambiguous phonological representation
reaches threshold. Nevertheless, one
means of saving the original account of
these results would be to devise some
method of combining stored information
derived from the prime representation after
reaching threshold with letter-level infor-
mation derived from the target.

GENERAL DiscussioN

The main results of the present experi-
ments can be summarized as follows. Con-
trasting effects of more frequent ortho-
graphically related primes are obtained in
the masked priming paradigm as a function
of the homophonic or nonhomophonic rela-
tion between prime and target (see Fig. 2).
When primes are not homophones of the
target (e.g., ride-RITE) there are consis-
tent inhibitory effects, thus replicating the
results of Segui and Grainger (1990). When
primes are homophones of the target (e.g.,
real-REEL) then facilitative effects are ob-
tained in the absence of pseudohomophone
distractors in the lexical decision task,
whereas inhibitory effects are obtained
when pseudohomophones are present. The
interaction between type of effect and
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F1G. 2. Interaction of priming effects (RT in milli-
seconds) obtained with more frequent orthographical-
ly related primes compared to unrelated controls as a
function of the homophonic relation between prime
and target, averaging reaction times for the appropri-
ate conditions across Experiments 1, 2, and 3.

prime—target homophony was also ob-
served in a primed perceptual identification
task.

Phonology and Orthography in Visual
Word Recognition

The general hypothesis that phonological
information is automatically and extremely
rapidly encoded during the processing of
written words receives further support
from the present experiments. The fact that
higher frequency homophonic, orthograph-
ically related primes (e.g., real-REEL) fa-
cilitated target recognition in conditions
where orthographically related nonhomo-
phonic primes (e.g., ride-RITE) inhibited
target recognition clearly indicates that
phonological prime-target overlap is influ-
encing the processing of target words. This
therefore corroborates the studies showing
phonological influences on visual word rec-
ognition from masked nonword primes
(Ferrand and Grainger, 1992, 1993, 1994;
Perfetti et al., 1988; Perfetti and Bell, 1991).
In these experiments masked primes that
are pseudohomophones of the target (e.g.,
mayd--MADE) facilitated target recognition
compared to orthographic controls.

The effects of briefly presented, masked
primes are readily accommodated within
the framework of the interactive activation
model (McClelland & Rumelhart, 1981). In
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this framework within-level effects are in-
hibitory and between-level effects primarily
excitatory. Thus, if the prime stimulus ac-
tivates sublexical information (either ortho-
graphic or phonological) shared by the tar-
get word then target processing will be fa-
cilitated. At the same time, prime stimuli
that share sublexical information with the
target will also activate lexical representa-
tions similar to the target thus leading to
within level inhibition during target pro-
cessing. Within-level inhibition will tend to
dominate when primes are words, whereas
between-level facilitation will tend to dom-
inate when primes are nonwords. Accord-
ing to this theoretical position facilitative
effects should develop with shorter prime
presentation durations, whereas inhibitory
effects will tend to develop as prime pre-
sentation duration increases.

This general conception of the form prim-
ing process therefore allows us to explain
why orthographically related word primes
tend to produce inhibition (Grainger, Colé,
& Segui, 1991; Segui & Grainger, 1990) and
that this inhibition develops as prime dura-
tion is increased (Grainger, 1992), whereas
orthographically related nonword primes
tend to produce facilitative effects (Ferrand
& Grainger, 1992, 1993, 1994; Forster et
al., 1987; Grainger & Jacobs, 1993) which
appear to be reinforced with shorter prime
presentation durations (Evett & Hum-
phreys, 1981; Ferrand & Grainger, 1992,
1993, 1994; Humphreys et al., 1982; Hum-
phreys, Evett, Quinlan, & Besner, 1987;
Perfetti et al., 1988; Perfetti & Bell, 1991).
Nevertheless, this general conception of
form priming effects cannot explain why
larger facilitation effects were obtained
with orthographically similar homophone
primes (e.g., FOIS-FOIE) than with ortho-
graphically dissimilar homophone primes
(e.g., QUAND-CAMP) in Experiment 1.
Indeed, exactly the opposite prediction was
made.

A Tentative Attempt at an Interpretation

In our initial attempt at interpreting the
present results within the interactive acti-
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vation framework, it was hypothesized that
fast positive responses can be generated in
primed lexical decisions when subjects re-
spond on the basis of the prime rather than
the target representation. Within this
framework it is the high level of activation
of the prime representation during target
processing that inhibits the rise in activa-
tion level of the target representation, thus
provoking slower identification latencies.
If, however, the prime representation actu-
ally reaches threshold before the target rep-
resentation then a response will be trig-
gered earlier than in the neutral condition
and facilitation will result. However, ac-
cording to this hypothesis the facilitative ef-
fects of homophone primes observed in
lexical decision should have given rise to
inhibitory effects in the perceptual identifi-
cation task of Experiment 4. If the effects in
lexical decision were being produced by
prime words reaching threshold then these
same prime words should have been incor-
rectly reported in the perceptual identifica-
tion task giving rise to inhibitory effects of
homophone primes.

An alternative explanation was proposed
that incorporates the hypothesis that a vi-
sual lexical decision response can be made
when either a whole-word orthographic or
phonological representation reaches a crit-
ical activation level. The facilitative effects
of homophone primes are interpreted
within this framework as an identity prim-
ing effect when subjects respond on the ba-
sis of a phonological representation. In this
situation response times will reflect the
equivalent of a true identity priming facili-
tation minus the hypothetical delay be-
tween input to the orthographic lexicon and
the phonological lexicon from a visual stim-
ulus. Orthographically dissimilar homo-
phone primes provide less facilitation as a
result of incompatibility at the level of sub-
lexical orthographic units.

The neuropsychological literature is rich
with cases where the dual input lexicon hy-
pothesis provides the only viable interpre-
tation (Allport, 1983; Ellis & Young, 1988).
Perhaps the most striking examples are pro-
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vided in Funnell and Allport (1987) where
two dysphasic patients are described.
These patients had intact intramodal lan-
guage abilities (e.g., repeating heard words,
writing written words) but made many er-
rors when asked to transcode from one mo-
dality to the other (e.g., reading aloud, writ-
ing to dictation). The authors conclude, af-
ter extensive testing of these patients, that
they have intact phonological and ortho-
graphic input lexicons, but that direct me-
diation between the two is eliminated and
can only be performed via amodal concep-
tual/semantic units.

The present experiments provide data
from normal subjects that support this dis-
tinction between an orthographic and a
phonological input lexicon and suggest that
information from both input lexicons is
available for making a visual lexical deci-
sion response. The use made of whole-
word phonological codes would appear,
however, to be under strategic control. Ei-
ther subjects could verify the validity of
such codes by applying a spelling check be-
fore responding, or information available
from the phonological input lexicon could
be voluntarily suppressed in the presence
of pseudohomophone foils. Only a full im-
plementation of the model outlined in Fig. 1
will allow a precise analysis of the appro-
priate form(s) that such strategic control
should take.
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