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Implicit memory for phonological processes
in visual stem completion
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Four experiments were conducted investigating the role of phonology in repetition priming. Ex-
periment 1 used a cross-modal priming paradigm in which participants made semantic judgments
about spoken words and then performed a visual stem completion task. In Experiments 2—4, both the
primes and the test stems were presented visually. The results of the first three experiments revealed
that priming transfers across interpretations of a homophone. That is, seeing or hearing week primes
both week and weak. The results of Experiment 4 showed that homophone priming cannot be at-
tributed to the orthographic similarity of homophonic words. Together, these results indicate that
repetition priming on a visual word completion task includes a phonological component.

Although the identification of a written word may ap-
pear to be a relatively simple act, it is in fact a rather re-
markable accomplishment. Indeed, research by several gen-
erations of psychologists has revealed that visual word
identification reflects the interplay of a variety of psy-
chological processes (see review by Henderson, 1982). For
example, a variety of findings (reviewed below) indicate that
phonological processes play an early and influential role
in the identification process. Similarly, a substantial body
of evidence shows that word identification is influenced
(often in rather subtle ways) by the memory of recent pro-
cessing episodes.

The question we address here involves the relationship
between these two aspects of the word identification pro-
cess. Are the phonological processes that support visual
word identification facilitated by repetition priming ma-
nipulations, or do repetition priming effects occur only at
some other level of processing? Put another way, the is-
sue we address is whether the effect of implicit memory
on visual word identification includes a phonological
component.

To preview what follows, the results of the experi-
ments reported below show that repetition priming facil-
itates the phonological processes involved in reading.
These results demonstrate that priming transfers across
interpretations of a homophone. That is, seeing or hear-
ing week primes both week and weak in a visual stem
completion task. Because homophones are pronounced
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identically but differ in both spelling and meaning, the
transfer of priming between homophones strongly sug-
gests that visual repetition priming includes a phonolog-
ical component.

Phonological Effects in Visual Word Identification

The role of phonological processes in visual word iden-
tification has been the topic of much debate (see Carr
& Pollatsek, 1985, Humphreys & Evett, 1985, and Van
Orden, Pennington, & Stone, 1990, for reviews). Although
it was once widely held that phonological processes con-
tribute relatively little to the identification of written
words in most circumstances (Doctor & Coltheart, 1980;
Humphreys & Evett, 1985; McCusker, Hillenger, & Bias,
1981), a variety of recent findings have led many theorists
to conclude that phonological processes play a much more
important role in word identification than was once
thought (e.g., Carello, Turvey, & Lukatela, 1992; R. Frost,
1998; Perfetti & Bell, 1991; Van Orden et al., 1990).

One such set of findings involves the effects of short-
term priming (see, e.g., Grainger & Ferrand, 1994; Hum-
phreys, Evett, & Taylor, 1982; Lukatela & Turvey, 1994b;
Perfetti & Bell, 1991). In the short-term priming para-
digm, a target word is preceded by a prime at a relatively
brief stimulus onset asynchrony (SOA), and the relation-
ship between the prime and the target is manipulated. A
variety of studies have found that the processing of a tar-
get word is facilitated by the presentation of a phonolog-
ically related prime. For example, masked target words
are more accurately identified when preceded by a ho-
mophone prime (e.g., maid—made) than when preceded
by orthographic control (e.g., mark-made; Humphreys
et al., 1982). Pseudohomophonic primes (e.g., mayd—
made) also facilitate the identification of masked target
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words more than do orthographically matched non-
pseudohomophones (e.g., mard-made; Perfetti & Bell,
1991). Moreover, homophone and pseudohomophone
priming have also been observed in the lexical decision
task (Grainger & Ferrand, 1994) and the naming task
(Lukatela & Turvey, 1994b). The key point here is that,
given that the SOAs in these studies are typically on the
order of 30-60 msec, homophone and pseudohomo-
phone priming effects indicate that readers gain rapid ac-
cess to a word’s phonology.

Moreover, the computation to a phonological code is
not only fast, but it is also results in the activation of in-
formation about the meaning(s) associated with that
code. Thus, Lukatela and Turvey (1994a) found that a
target word (e.g., frog) is primed not only by an associ-
ated word (e.g., toad), but also by a homophone (e.g.,
towed ) or pseudohomophone (e.g., tode) of that associ-
ate. Similarly, Van Orden (1987) and others (e.g., Jared
& Seidenberg, 1991; Peter & Turvey, 1994) have found
that when participants make speeded judgments con-
cerning whether a target word (e.g., rose) is a member of
a prespecified category (e.g., flower), homophone foils
(e.g., rows) and pseudohomophone foils (e.g., roze) give
rise to more false—positive errors than do orthographically
matched control foils (e.g., robs). Importantly, given that
the costs associated with homophony would be eliminated
if readers chose not to engage phonological processes,
the fact that homophony does interfere with performance
in these tasks strongly suggests that phonological pro-
cesses are carried out automatically.

Results such as these provide strong support for the
view that phonological processes play an important role
in visual word identification. Effects associated with
phonological processes are found in a variety of experi-
mental paradigms, at extremely short time scales, and
even when availability of a phonological code is associ-
ated with a decrement in performance. This being said,
it should also be noted that in certain respects the jury is
still out with regard to the role of phonology in reading.
In particular, contemporary accounts of visual word
identification differ in their assumptions concerning the
time course of phonological and nonphonological pro-
cesses and their relative importance in lexical access (cf.
Coltheart, Curtis, Atkins, & Haller, 1993; Lukatela &
Turvey, 1994a, 1994b; Plaut, McClelland, Seidenberg,
& Patterson, 1996; Seidenberg, 1992; Van Orden et al.,
1990). Nonetheless, regardless of whether visual word
identification necessarily results from phonological
computations or whether it results from the cooperation
of phonological and nonphonological processes, over-
whelming evidence indicates that phonological processes
play an early and important role in visual word identifi-
cation. What interests us here is whether this under-
standing of the word identification process has any bear-
ing on theoretical accounts of repetition priming.

Phonological Effects in Repetition Priming

It is conceivable that the processes that underlie repe-
tition priming are only indirectly related to the phono-

logical processes that subserve visual word identification.
For example, Morton (1979) proposed that repetition
priming is brought about by a change in the threshold of
the logogen (i.e., representation of visual/orthographic
form) that serves as a word’s “access unit” in the identi-
fication process. Similarly, Schacter (1992) has argued
that visual repetition priming reflects the operation of a
presemantic visual word form system. Thus, both ac-
counts assume that the primary locus of visual repetition
priming involves modality-specific (and hence non-
phonological) representations. Moreover, although this
assumption does not necessarily preclude the possibility
of a secondary phonological locus for priming effects, it
is fair to say that neither account suggests that a phono-
logical locus is to be expected.

In contrast, several other accounts of repetition prim-
ing do generate such an expectation. For example, transfer-
appropriate processing accounts (Roediger, 1990; Roed-
iger & Blaxton, 1987; Weldon, 1991) hold that priming
occurs to the degree that the processing of the prime and
the processing of the target involve the same processes.
Thus, these accounts imply that to the extent that phono-
logical processes play an important role in the identifi-
cation of a written word, repetition priming will include
a phonological component. Connectionist models of rep-
etition priming lead to a similar prediction. From a con-
nectionist perspective, repetition priming reflects the in-
fluence of the learning process that modifies the strengths
of the connections within the processing network re-
sponsible for word identification (McClelland & Rumel-
hart, 1985; Rueckl, 1990; Rueckl & Olds, 1993). Cou-
pled with the assumption that the architecture of this
network places phonological processes in a pivotal role
in the identification process, this account predicts that
the weight changes that underlie repetition priming will
include a distinctly phonological component.

Thus, just as evidence concerning the role of phonol-
ogy in reading places constraints on theories of word
identification, so too can it inform accounts of implicit
memory. Yet, perhaps surprisingly, relatively little research
has focused on the role of phonology in repetition prim-
ing. It is worth noting, however, that the experimental
findings that are relevant to this issue suggest that im-
plicit memory effects on visual word identification tasks
include a phonological component.

Consider, for example, the results of a series of ex-
periments investigating the effects of rhyme priming on
visual stem completion. During the study phase of these
experiments, participants read either a list of words (Man-
dler, Graf, & Kraft, 1986; Mandler, Hamson, & Dorf-
man, 1990) or a poem (Overson & Mandler, 1987) that
contained words that rhymed with a target word, but not
the target word itself. Relative to an unprimed baseline
condition, rhyme priming both increased the likelihood
that target words were generated during a subsequent
stem completion task (Mandler et al., 1986; Mandler
etal., 1990; Overson & Mandler, 1987) and reduced the
time needed to generate these completions (Mandler
et al., 1990). Although the effect of rhyme priming ap-



pears to be fairly short-lived relative to direct repetition
priming (Mandler et al., 1986), the fact that it occurs at
all suggests that implicit memory on visual test tasks in-
cludes a phonological component.

Masson and Freedman (1990, Experiment 6) also re-
ported experimental evidence consistent with a phono-
logical effect in visual implicit memory. During the
study phase of their experiment, participants read aloud
a series of words and pseudohomophones (e.g., krooze,
rale). In a subsequent speeded naming task, words that
had been presented during the study phase were named
faster than words that were not on the study list. More
importantly, naming latencies for the real-word counter-
parts of the pseudohomophones (e.g., cruise, rail) were
also facilitated. One interpretation of the pseudohomo-
phone priming effect is that it reflects the activation of
the phonological code shared by a word and its pseudo-
homophone. However, an alternative explanation (fa-
vored by Masson & Freedman) is that the processing of
a pseudohomophone results in the activation of the mean-
ing of its lexical counterpart, and that the locus of (long-
term) pseudohomophone priming is at the semantic
level. Thus, although the pseudohomophone priming ef-
fect is consistent with a phonological account, it is also
open to other interpretations.

A similar sort of ambiguity arises in the literature on
cross-modal priming. In the cross-modal paradigm, par-
ticipants hear a series of auditorally presented words and
then perform a visual task such as lexical decision or
stem completion. Most studies of cross-modal priming
have shown that changes in modality between study and
test reduce, but do not eliminate, repetition priming (see
Kirsner, Dunn, & Standen, 1989, and Roediger & Mc-
Dermott, 1993, for reviews). Cross-modal priming could
have a phonological basis (Kirsner et al., 1989). That is,
if the phonological code that is activated when a word is
heard is also accessed during a visual task involving that
word, this could result in facilitation of the visual task.
However, phonological processes are not the only possi-
ble source of cross-modal priming effects. For example,
a number of authors have argued that cross-modal prim-
ing occurs because the spoken and written forms of a
word activate the same semantic code (e.g., Bassili,
Smith, & MacLeod, 1989; Keane, Gabrieli, Fennema,
Growden, & Corkin, 1991; Masson & Freedman, 1990).
Alternatively, if hearing a word results in the activation
of its orthographic code (S. J. Frost, Fowler, & Rueckl,
1998; Jakimik, Cole, & Rudnicky, 1985; Seidenberg &
Tanenhaus, 1979), the locus for both within- and between-
modality priming may involve orthographic representa-
tions. Note that these accounts are not mutually exclusive:
Repetition priming (whether within or across modali-
ties) could involve any combination of orthographic, se-
mantic, and phonological factors. Thus, because the ac-
tivation of a word’s phonological representation is
usually correlated with the activation of its orthographic
and semantic codes, demonstrating that phonological
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processes contribute to visual repetition priming repre-
sents something of an experimental challenge.

Isolating the Phonological Component

If the identification of a written word results in the
parallel activation of orthographic, phonological, and se-
mantic codes, how can the contribution of any particular
code be isolated from the backdrop of the others? One
possibility is to manipulate a variable that influences one
level of processing while leaving the others relatively un-
affected. For example, by manipulating the context in
which a word appeared (thus changing its meaning but
not its spelling or pronunciation), Masson and Freedman
(1990) obtained results suggesting that repetition prim-
ing includes a semantic component. In particular, they
found that repetition effects in the lexical decision task
decreased when the context word that accompanied a re-
peated target was changed so that a different meaning
was implied.

Because some words are phonologically ambiguous
(e.g., heterophonic homographs such as read and lead),
one might attempt to investigate the role of phonology in
priming using a similar approach. Pragmatically, how-
ever, the small number of heterophonic homographs (at
least in English) precludes the possibility of sufficiently
powerful experimental designs. More importantly, because
the alternative interpretations of a heterophonic homo-
graph differ in both pronunciation and meaning, manip-
ulations that change the interpretation of a homograph
between study and test will not selectively influence pho-
nological processes.

In the experiments reported below, we took a different
tack. Rather than attempting to manipulate the phono-
logical level while holding all other factors constant, we
chose to hold phonology constant while changing every-
thing else. One way this can be accomplished is by mak-
ing use of heterographic homophones (e.g., week-weak).
Because such homophones are both phonologically iden-
tical and different in spelling and meaning, they provide
an excellent opportunity to investigate the role of phonol-
ogy in visual repetition priming. More specifically, if hear-
ing or seeing a word primes its homophone (e.g., if see-
ing week primes weak), the locus of this effect most likely
involves phonological processes because this is the only
code common to both words. Thus, a homophone prim-
ing effect would provide strong evidence that visual rep-
etition priming includes a phonological component.

EXPERIMENT 1

On the assumption that the reduction in priming
brought about by a change in modality is primarily re-
lated to visual/orthographic processes, the relative in-
fluence of the phonological component is likely to be
greater in the cross-modal condition. Thus, in our initial
experiments we chose to investigate the effects of homo-
phone priming within the cross-modal paradigm. Note,
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however, that the decision to present the primes auditor-
ally leads to a major experimental obstacle. Namely, our
experimental logic demands that we control how each
homophonic prime is interpreted, and although the inter-
pretations of a homophone differ in spelling, they sound
exactly alike.

Our solution was to use contextual information to dis-
ambiguate each homophone (a procedure somewhat akin
to that of Masson & Freedman, 1990). During the prim-
ing phase of Experiment 1, each critical homophone was
presented in a context that biased its interpretation to-
ward one or the other of its meanings. For example, the
word /wik/ (i.e., the pronunciation of week and weak) was
presented in one of two contexts: “Which state of health
is most unlike the others: weak, strong, healthy, robust?”
or “Which period of time is most unlike the others: dec-
ade, century, week, millennium?”

One member of each homophone pair was designated
the target interpretation (e.g., for the weak—week pair,
weak was the target), and the three-letter stem of each
target (e.g., wea____) was presented during a stem com-
pletion task that followed the semantic judgment task.
The relationship between the study and test items was
manipulated. In the repeated condition, a homophone
was presented in the context favoring the target inter-
pretation (e.g., /wik/ was presented in the context biased
toward weak). In the homophone condition, the context
was biased toward the other interpretation (e.g., week).
Finally, in the baseline condition the homophone was not
presented during the study task.

Given this design, homophone priming would be re-
vealed by a higher target completion rate in the homo-
phone condition than in the baseline condition. Because
the alternative interpretations of a homophone are
phonologically identical and differ in both spelling and
meaning, a significant homophone priming effect would
provide compelling evidence that repetition priming on
a visual task includes a phonological component.

Method

Participants. Thirty-six Harvard University undergraduate stu-
dents were paid $3 to $4 for their participation. All participants
were native speakers of English.

Design and Materials. The critical stimuli included a list of ho-
mophonic word pairs (e.g., weak-week). One member of each pair
was designated the target word. The targets were chosen to satisfy
several constraints. First, the three-letter stem of each target (e.g.,
wea__) was required to differ from that of its homophone (e.g.,
wee__). Thus, homophonic pairs such as threw—through were not
used. Second, only words with stems that could be completed with
at least three other words (e.g., wear, weave, weak, etc.) were in-
cluded as targets. Third, the results of several pilot studies were
used to select target words with baseline completion rates ranging
from 0.04 to 0.50.

The construction of the stimulus set was also constrained by the
characteristics of the study task. Because the stimuli were pre-
sented auditorally during this task, it was essential that each ho-
mophone was presented in a context that steered the listeners to-
ward the intended interpretation. Thus, during the study task the
participants performed a semantic judgment task in which they
were asked to identify which of four related concepts was least like

the others. For example, for the homophonic pair weak—week, the
participants were asked either, “Which state of health is most un-
like the others: weak, strong, healthy, robust?” or “Which period
of time is most unlike the others: decade, century, week, millen-
nium?” These questions were constructed so that the “correct” an-
swer was the target or its homophone. The resuits of a pilot study
indicated that listeners consistently chose the homophone and that

* they interpreted the homophone as intended (i.¢., they did not hear

weak as week or vice versa).

In addition to these restrictions, a final restriction on the con-
struction of the stimuli was that none of the alternatives presented
during the semantic judgment task was a legal completion for any
of the critical stems (with the exception, of course, of the target
words). Together, the constraints related to the stem completion
and semantic judgment tasks eliminated many possible homo-
phonic word pairs. As a result, the critical stimuli for this experi-
ment included 18 such pairs—a relatively small number for an ex-
periment of this type. (The targets and homophone primes are
listed in Appendix A.)

The main independent variable in this experiment was the rela-
tionship between a target word and the stimuli presented during
the semantic judgment task. In the repeated condition, the target
word was presented during the study task; that is, the participants
heard the question requiring them to interpret the critical word as
the target. In the homophone condition, the participants heard the
question favoring the other interpretation. Finally, in the unprimed
condition, neither the target nor its homophone was presented dur-
ing the study task.

In order to counterbalance the stimuli across the priming condi-
tions, the list of 18 critical word pairs was partitioned into three sub-
lists of six pairs each. For each participant, one of the sublists was
assigned to the repeated condition, a second sublist was assigned
to the homophone condition, and the remaining sublist was assigned
to the unprimed condition. With three such counterbalancing as-
signments, each sublist was assigned to each condition equally often
across participants.

The questions for the semantic judgment task were spoken by an
adult male and recorded on cassette tape. Three such tapes were
recorded—one for each of the counterbalancing conditions. Each
tape began with two filler questions, which were then followed by
12 critical questions (6 for the repeated condition and 6 for the ho-
mophone condition). These questions were presented in a random
order and were followed by two more filler questions. The ques-
tions were read at a slow pace, with about a 1-sec pause between
each of the alternative responses. In addition, to ensure that the
participants understood each question, the list of alternative re-
sponses was repeated after each question. There was a pause of
about 4 sec between questions.

The stimuli for the stem completion task included the stems for
the 18 target words and an additional 12 fillers. The stems were
typed in 12-point New York font, and immediately to the right of
each stem was an underlined space in which the participants wrote
their responses. The stems were arranged in a random order in
three columns on a single sheet of paper, with the restriction that
the first four stems in the first column were fillers. Three different
random orders were used.

Procedure. Participants were run individually in experimental
sessions that lasted approximately 20 min. Each session began
with the semantic judgment task. The participants were told that
the purpose of this task was to investigate “how people represent
knowledge about categories™ and that they should respond to each
question by saying their answer aloud. The recording of the list of
questions was played on a desktop cassette deck at a comfortable
volume, and the participants’ responses were recorded using a sec-
ond cassette deck. :

Following the semantic judgment task, a distractor task was ad-
ministered. Each participant was given a list of fragmented famous



names (e.g,G__ g W_h for George Washington) and
asked to complete as many of the fragments as possible. After
3 min, work on the famous names task was halted and the instruc-
tions for the stem completion task were given. These instructions
noted that “sometimes you may notice that you complete a stem
with a word from the earlier part of the experiment,” but empha-
sized that the participant’s task was to respond with “the very first
word that comes to mind.” The participants were told to work
quickly, but were allowed to set their own pace.

Results and Discussion

Table | presents the proportion of target completions
in each priming condition. As expected, the target com-
pletion rate was highest in the repeated condition and
lowest in the unprimed condition. An analysis of vari-
ance revealed that the effect of priming condition was
significant by participants [F,(2,70) = 3.58, MS, = .122,
p <.05] and by items [F(2,34) = 6.47, MS, = .070, p <
.005]. A series of one-tailed ¢ tests revealed evidence of
the predicted effects of repetition and homophone prim-
ing. More target completions were generated in the re-
peated condition than in the unprimed condition [¢,(35) =
2.44, p < .01, ,(17) = 3.65, p < .001]. Similarly, more
target completions were generated in the homophone
condition than in the unprimed condition. This difference
was significant by items [#,(17) =2.26, p <.02] and mar-
ginally significant by participants [#,(35) = 1.65, p <
.06].! Finally, the target completion rate was numerically
larger in the repeated condition than in the homophone
condition; however, this difference was only marginally
significant in both analyses [£,(35) = 1.25, p < .11,
1,(17)=1.55, p <.08].

Thus, the major finding of Experiment 1 is that prim-
ing transferred across interpretations of a homophone.
Given that homophonic words are phonologically identi-
cal but differ in spelling and meaning, homophonic prim-
ing unambiguously reveals the role of phonological pro-
cesses in visual repetition priming. Further, priming was
numerically greater in the repeated condition than in the
homophone condition. Although this difference only ap-
proached statistical significance, it is consistent with the
possibility that semantic and/or orthographic processes
also contribute to cross-modal priming.

EXPERIMENT 2

The results of Experiment 1 provide evidence that vi-
sual repetition priming includes a phonological compo-
nent. However, certain aspects of the methodology of

Table 1
The Proportion of Target Completions in Experiments 1-4
as a Function of Priming Condition

Priming Condition

Experiment Repeated Homophone Orthographic  Unprimed
1 296 231 - 171
2 268 202 - 146
3 303 179 - 126
4 29§ - 114 117
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that experiment raise questions about the generality and
implications of this finding. In particular, because both
speech perception and speech production necessarily in-
volve phonological processes, the priming task used in
Experiment 1 (in which participants both heard the primes
and spoke them aloud) may have been especially favor-
able for the occurrence of a phonologically based prim-
ing effect. Whether homophone priming would occur if
the study task did not explicitly require the computation
of phonological codes remains undetermined. In addi-
tion, it is possible (although perhaps unlikely) that hear-
ing a homophone activates visual/orthographic represen-
tations of each of its interpretations. If so, the homophone
priming effect observed in Experiment 1 would not be
the signature of a phonological component of visual rep-
etition priming.

The next experiment was designed to address both of
these issues. This experiment again investigated the ef-
fects of homophone priming on visual stem completion.
As in Experiment 1, the homophone primes were pre-
sented in the context of a semantic judgment task. How-
ever, the primes in Experiment 2 were presented visually,
and participants indicated their responses manually (by
circling the correct response). Thus, because the words
presented during the priming task were neither heard nor
spoken by the participants, the computation of a phono-
logical code was not explicitly required in this version of
the priming task. Moreover, given that the primes were
presented visually, it seems unlikely that the visual/or-
thographic representations of other words (including any
homophones of the prime) were activated to the degree
required to produce long-term priming.

Method

Participants. Thirty-three University of Connecticut under-
graduate students participated in exchange for course credit. All
participants were native speakers of English.

Design and Procedure. The design of Experiment 2 was identi-
cal to that of Experiment 1 except that the stimuli in the study task
were presented visually rather than auditorally. The stimulus ma-
terials were identical, and each participant performed the same se-
ries of tasks (i.e., semantic judgments, famous names, and then
stem completion).

Several aspects of the procedure were modified to accommo-
date the change in the modality of the study task. The questions for
the semantic judgment task were typed on two sheets of paper in
the same order that they had been asked in Experiment 1 (and in
the same font used for the stem completion task). The participants
were instructed to read through the list of questions at their own
pace and to indicate their response by circling the correct alterna-
tive. They were also told not to look back at their earlier responses
and to turn over each page as soon as it was completed.

Experimental sessions were run with groups of 310 partici-
pants. When all of the participants in a group had completed the
semantic judgment task, the experimenter administered, in turn,
the famous names and stem completion tasks. The procedure for
these tasks was identical to that of Experiment 1.

Results and Discussion
The results of Experiment 2 are presented in Table 1.
As the table indicates, these results closely resemble those
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of Experiment 1. The target completion rate again varied
as a function of priming condition [F,(2,64) = 4.61, MS, =
120, p < .05; F,(2,34) = 6.71, MS, = .066, p < .005].
More target completions were generated in the repeated
condition [¢(32) = 2.85, p <.005; 1,(17) = 3.60, p <.005]
and in the homophone condition [#,(32) = 1.85, p < .05;
t,(17) = 1.94, p < .05] than in the unprimed condition.
Thus, performance in the stem completion task was in-
fluenced by both repetition and homophone priming. In
addition, a target was more likely to be generated if it had
been primed by itself rather than by its homophone. This
difference was significant by items [£,(17) = 1.79, p <
.05] and marginally significant by participants [¢,(32) =
1.42, p <.09].

Thus, the results of this experiment replicate and ex-
tend those of Experiment 1. As in the first experiment, the
probability that a target word was generated during the
stem completion task increased if a homophone of that
word had been encountered during the priming task.
However, in the present case the primes were read rather
than heard. Because it is unlikely that upon seeing a given
prime our participants chose to activate an orthographic
representation of that prime’s homophone, it is reason-
able to conclude that homophonic priming reflects the
contributton of phonological representations that were
activated during both the study and test tasks.

Finally, it is worth noting that a comparison of the re-
sults of Experiments 1 and 2 yields one somewhat sur-
prising result. It has typically been found that a change
in modality between study and test reduces the magni-
tude of identity priming by about half (Kirsner et al.,
1989; Roediger & McDermott, 1993). In contrast, in the
present experiments cross-modal priming (Experiment 1)
and within-modality priming (Experiment 2) yielded ef-
fects of approximately equal size. It is possible that this
atypical pattern reflects the fact that responses during the
semantic judgment task in Experiment 1 were spoken,
whereas in Experiment 2 participants responded by sim-
ply circling the correct response. Alternatively, this pat-
tern may reflect differences in how the study items were
presented during each experiment. In Experiment 1, the
pace of presentation was controlled by the experimenters,
whereas in Experiment 2 participants responded at their
own pace. Our impression is that the participants com-
pleted the study task more quickly (and probably with
less effort) during the latter experiment.

EXPERIMENT 3

In Experiments 1 and 2, the primes were presented in
the context of a semantic judgment task. One disadvan-
tage of this task is that it was often difficult to develop
acceptable semantic judgment questions for both mem-
bers of a homophone pair. Thus, a number of potential
stimuli were eliminated from the already small set of En-
glish heterographic homophones—a problem confounded
by the constraints of the stem completion task (e.g., word

pairs like threw and through could not be used because
they share the same three-letter stem). As a result, the
critical stimuli for Experiments 1 and 2 included a rela-
tively small set of 18 homophone pairs.

In Experiment 3, the characteristics of the study task
were changed so that a larger number of homophone
pairs could be included as stimuli. The use of the se-
mantic judgment task was motivated by the need to pro-
vide contextual information to ensure that each spoken
homophone was interpreted as we intended. However,
disambiguating information need not be provided when
homophone primes are presented visually. Thus, during
the study phase of Experiment 3, we asked participants
to rate the familiarity of individually presented written
words. By eliminating the constraints on stimulus selec-
tion arising from the semantic judgment task, we were
able to increase the number of homophone pairs used as
stimuli from 18 to 33.

Method )

Participants. Thirty-nine University of Connecticut undergrad-
uate students participated in exchange for course credit. All par-
ticipants were native speakers of English.

Design and Procedure. The design was similar to that of Ex-
periment 2. The most important difference was the change in the
study task. During the study phase of the present experiment, par-
ticipants rated the frequency of individually presented words. Be-
cause the frequency rating task places fewer constraints on stimu-
lus selection than does the semantic judgment task, we were able
to include more homophone pairs in the stimulus materials. Thus,
the critical stimuli were 33 homophone pairs, including 17 of the
18 pairs used in the previous experiments. (The 18th pair was
dropped because its target word was never generated during the
stem completion tasks of Experiments 1 and 2). These items were
partitioned into three sublists of 11 pairs each, and across partici-
pants the sublists were rotated through the priming conditions (i.e.,
repeated, homophone, unprimed) in the same manner as in the pre-
vious experiments.

Experimental sessions were conducted in a small classroom
with groups of 3-10 participants per session. Each session began
with the frequency rating task. During this task, a Macintosh com-
puter and DataView projection system were used to display the
stimuli on a projection screen at the front of the room. Each word
was presented for 5 sec with a 1-sec interval between words. As
each word was presented, the participants rated its frequency on a
1-5 scale (1 = very infrequent, 5 = very frequent) and wrote their
ratings on the appropriate line of a response sheet. In addition to
the 22 critical items (11 each from the repeated and homophone
conditions), 28 filler words were also presented. The critical items
and fillers were interspersed and randomly ordered, with the con-
straint that the first and last five items were fillers.

Following the frequency rating task, each participant completed
the famous names (distractor) and stem completion tasks. The in-
clusion of more homophone pairs in the stimulus materials for the
present experiment necessitated a slight change in the materials for
the stem completion task. In particular, the stimuli for this task in-
cluded the 33 critical stems and 42 fillers. These stems were
arranged in a random order in three columns on each of two sheets
of paper, with the restriction that the first four stems in the first
column of the first page were fillers. Three different random or-
ders were used. In all other respects, the famous names and stem
completion tasks were administered in the same manner as in the
previous experiments.



Results

The results of Experiment 3 were consistent with
those of the previous experiments (see Table 1). As ex-
pected, the proportion of target completions varied as a
function of priming condition [F(2,76) = 26.81, MS, =
327, p <.001; Fy(2,64) =23.14, MS, = .272, p < .001].
Both repetition priming and homophone priming influ-
enced the performance of the stem completion task.
More target completions were generated in the repeated
condition than in the unprimed condition {#,(38) = 7.81,
p <.001; 1,(32) = 6.01, p < .001]. Similarly, the target
completion rate was higher in the homophone condition
than in the unprimed condition [#,(38) = 2.33, p < .025;
1,(32) = 2.43, p < .025]. Finally, the difference between
the repeated and homophone conditions was also signif-
icant [¢;(38) = 4.34, p < .001; 1,(32) = 4.39, p < .001].

The results of Experiment 3 thus provide additional
support for the hypothesis that visual repetition priming
includes a phonological component. In the present case,
the homophone priming effect was found using a larger
stimulus set and a different study task from those em-
ployed in Experiments 1 and 2.

EXPERIMENT 4

We have argued that homophone priming reflects the
contribution of phonological processes to visual implicit
memory. That is, because heterographic homophones are
phonologically identical but differ in spelling and mean-
ing, the transfer of priming across homophones must
have a phonological locus. Note, however, that this line
of reasoning ignores the fact that in alphabetic languages
there is a strong correlation between orthography and
phonology: Generally, words that look alike also sound
alike. Thus, although heterographic homophones such as
week and weak differ in spelling, they are orthographi-
cally similar. Moreover, in at least some circumstances
the identification of a target can be facilitated by an ortho-
graphically related prime (Feustal, Shiffrin, & Salasoo,
1983; Rueckl, 1990; Rueckl & Olds, 1993; Whittlesea,
1987). Thus, it is at least conceivable that the homophone
priming effect observed in Experiments 1-3 reflects the
contribution of orthographic, rather than phonological,
processes.

Experiment 4 was designed to determine whether or-
thographic similarity underlies homophone priming. To-
ward this end, each of the homophone primes from Ex-
periment 3 was replaced by an orthographic control word
so that the orthographic and homophone primes were
matched in their orthographic overlap with the target.
(For example, for the target words weak and beat, the or-
thographic controls were teak and belt.) Note that be-
cause of the correlation between orthography and phonol-
ogy, the orthographic primes of Experiment 4 bear some
phonological similarity to their targets. Thus, the two ex-
periments differed in degree of similarity along these di-
mensions. Compared with the homophone primes of Ex-
periment 3, the orthographic primes were less similar to
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their targets phonologically, but were at least as similar
orthographically.

Method

Participants. Thirty University of Connecticut undergraduate
students participated in exchange for course credit. None of these
students had participated in any of the previous experiments.

Design and Procedure. The design of the present experi-
ment was similar to that of Experiment 3, with the exception that
the homophone priming condition of the previous experiment was
replaced with an orthographic control condition. The orthographic
primes were selected so that, whenever possible, the orthographic
and homophone primes differed from their targets in the same let-
ter position(s). However, because it was not always possible to sat-
isfy this criterion, the orthographic similarity of each prime-target
pair was computed using a procedure first developed by Napps
(1989; see also Rueckl, Mikolinski, Raveh, Miner, & Mars, 1997),
and the control words were chosen so that they were, on average,
at least as similar to the targets as were the homophone primes.
(Using the Napps procedure, the average orthographic overlap was
.65 in the homophone condition and .71 in the orthographic con-
trol condition, where 1.0 represents complete overlap and 0.0 rep-
resents no letters in common.)

The selection of the control words was also constrained so that
the homophone and orthographic control primes shared the same
number of letters with their target word’s three-letter stem, and so
that, if possible, the orthographic control word did not thyme with
its target. (See Appendix B for a complete list of stimuli.) In all
other respects, the design and materials of Experiment 4 were iden-
tical to those of Experiment 3. Similarly, the procedure of the pre-
sent experiment was nearly identical to that of the previous one.
The only difference was that in the present experiment the study
items were presented on a computer screen (rather than via an
overhead projection system), and thus participants were run in
groups of no more than 3.

Results and Discussion

The results of Experiment 4 are presented in Table 1.
As in the previous experiments, the proportion of target
completions varied as a function of priming condition
[F1(2,58)=24.85, MS, = 321, p <.001; F,(2,64) = 24.40,
MS, = 358, p<.001], and more target completions were
generated in the repeated condition than in the unprimed
condition {t,(29) = 5.54, p < .001; £,(32) = 5.10, p <
.001]. Importantly, inspection of Table 1 shows that both
the baseline completion rate and the magnitude of repe-
tition priming were nearly identical in Experiments 3 and
4. Thus, differences in the composition of the stimulus
materials (i.e., the inclusion of homophone primes or
their orthographic controls) appear to have had little ef-
fect on these aspects of the results.

The purpose of Experiment 4 was to determine whether
the homophone priming effect observed in Experiments
1-3 might be attributable to the orthographic similarity
of homophonic words. As can be seen in Table 1, there
was no hint of a priming effect based solely on ortho-
graphic similarity—the completion rates in the baseline
and orthographic control conditions were far from signif-
icantly different [#,(29) = —.20, n.s.; ,(32) = —.15,n.s.].
Moreover, in a cross-experiment comparison, the comple-
tion rate in the homophone priming condition of Exper-
iment 3 was significantly higher than the completion rate
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in the orthographic priming condition of Experiment 4
{1,(67) = 2.40, p < .05; £,(32) = 2.49, p < .05]. This pat-
tern of results suggests that homophone priming reflects
the phonological, and not the orthographic, similarity of
homophonic words.

As an aside, we note that although the results of Ex-
periment 4 clearly resolve one issue, they raise another. In
particular, given that several studies have demonstrated
priming effects attributable to orthographic similarity,
one might ask why we failed to observe even a hint of an
orthographic effect in Experiment 4. We can only spec-
ulate on this point, but we think it is fair to say that sim-
ilarity priming is a relatively weak effect that typically
fails to reach significance (see, ¢.g., the reviews by Roedi-
ger & McDermott, 1993, and Stolz & Feldman, 1995),
and thus is difficult to observe unless the experimental
conditions are especially favorable. Given this, it is worth
noting that the present experiment contrasts with those
that have demonstrated similarity priming (e.g., Feustal
etal., 1983; Rueckl, 1990; Rueckl & Olds, 1993; Whit-
tlesea, 1987) in several potentially important ways. First,
in the present experiment each prime was presented ex-
actly once, but a substantial similarity priming effect may
require multiple presentations of an orthographically
similar prime (or primes). Second, similarity priming
might be most easily observed with test tasks that limit
the quality of the perceptual input (e.g., tachistoscopic
identification, Rueckl, 1990, or identification-in-noise,
Feustal et al., 1983). In contrast, although the stimuli in
the stem completion task are “degraded” in the sense that
only the first three letters are presented, each test stem is
itself easily identifiable. Thus, relative to identification
tasks, the stem completion task may deemphasize those
visual/orthographic processes that are most sensitive to
similarity priming.

In any event, our speculations about why an ortho-
graphic priming effect was not found should not detract
from the more important implication of Experiment 4—
namely, that the locus of homophone priming is the
phonological code shared by both members of a homo-
phone pair.

GENERAL DISCUSSION

The goal of this study was to determine whether rep-
etition priming on visual word identification tasks in-
cludes a phonological component. The results of the ex-
periments reported here demonstrate that this is the case.
In Experiment 1, a target word was more likely to be gen-
erated in a visual stem completion task if its homophone
had been heard during an earlier study task. Similarly, in
Experiments 2 and 3, target words were primed if their
homophones had been seen recently. Because homo-
phonic words are phonologically identical but differ in
spelling and meaning, the most plausible account of ho-
mophone priming is that it reflects the influence of a
phonological code that is shared by both members of a
homophone pair.

As noted in the introduction, a growing body of em-
pirical evidence suggests that phonological processes play
an early and essential role in visual word identification.
The present results add to this evidence. In particular, for
homophone priming to occur, the appropriate phonolog-
ical code must be activated during the study task. On vir-
tually any account, phonological activation would be ex-
pected during the study phase of Experiment 1, in which
the primes were both heard and spoken by the partici-
pants. However, nothing in the study tasks of Experi-
ments 2 and 3 necessitated the computation of phonolog-
ical codes—the participants saw the primes and responded
manually (by either circling a word or writing a digit).
That phonological codes were activated under these cir-
cumstances speaks to the fundamental role of phonolog-
ical processes in reading. It appears that such processes
are routinely conducted in the course of visual word iden-
tification (Lukatela & Turvey, 1994a, 1994b; Van Orden
et al., 1990).

Given the emphasis on phonology in this study, it is
important to note that our results do not rule out the pos-
sibility that repetition priming also involves nonphonolog-
ical components. Indeed, given that in each of Experi-
ments 1--3 identity priming was stronger than homophone
priming (albeit not always significantly), it seems likely
that several factors contributed to the priming effects ob-
served in this study. Previous research suggests several
possibilities. First, there is widespread agreement that the
effect of priming on the identification of a written word
is subserved, at least in part, by a representation of the
visual and/or orthographic properties of that word. A va-
riety of evidence can be marshaled in support of this view,
including, for example, the cross-modal priming results
discussed in the introduction (see, e.g., reviews by Schac-
ter, 1992, and Roediger & McDermott, 1993).

Another potential source of repetition priming is at the
level of word meaning. For example, it has sometimes
been argued that the priming effects observed in cross-
modal paradigms reflect the contribution of semantic pro-
cesses in priming (e.g., Bassili et al., 1989; Keane et al.,
1991; Masson & Freedman, 1990). However, others have
questioned this interpretation (e.g., Kirsner et al., 1989;
Toth & Reingold, 1996), and, as pointed out in the in-
troduction, in most cross-modal studies the relative con-
tributions of semantics and phonology cannot be teased
apart. Stronger evidence in favor of a semantic compo-
nent in repetition priming comes from studies in which
priming was found to weaken when the meaning of a
word changed between study and test (e.g., Masson &
Freedman, 1990; Simpson & Kang, 1994; Weldon, 1991).
Additional support for a semantic component comes
from a study by Becker, Moscovitch, Behrmann, and Jo-
ordens (1997), who found that, under certain circum-
stances, priming between semantically related words (e.g.,
whale—shark) occurs over a lag of 20 or more intervening
items.

With this in mind, it should be noted that the results of
the Lukatela and Turvey (1994a) study reviewed in the



introduction suggest an alternative account for our homo-
phone priming results. Recall that in that study a visually
presented word (e.g., fowed) was found to prime an as-
sociate of its homophone (e.g., frog), indicating that see-
ing a word activates not only its own meaning, but also
that of its homophone. Thus, if semantic processes con-
tribute to repetition priming, it is possible that the locus
of the homophone priming effect observed in Experi-
ments 1-3 involves semantic, rather than phonological,
processes.2 Although we cannot completely rule out this
possibility, we have good reason to think that it is unlikely.
First, homophonic associative priming is a short-lived ef-
fect—the activation of the meaning of a target word’s ho-
mophone is apparently suppressed within 500 msec (Flem-
ing, 1993; Lesch & Pollatsek, 1993; Lukatela & Turvey,
1994a; cf. Seidenberg, Tanenhaus, Lieman, & Bien-
kowsi, 1982; Swinney, 1979). Second, in at least some cir-
cumstances, the suppression of an inappropriate meaning
has an inhibitory effect that lasts for at least several min-
utes (Simpson & Kang, 1994). Given the short-lived na-
ture of inappropriate semantic activation and the possi-
bility that its suppression has inhibitory consequences, it
seems rather unlikely that long-term homophone prim-
ing has a semantic basis. The more plausible interpreta-
tion is that homophone priming reflects the role of phono-
logical processes in reading.

To summarize, then, our findings provide strong evi-
dence that visual repetition priming includes a phono-
logical component. Moreover, although we cannot con-
clusively determine whether priming also occurred at the
level of word form and/or word meaning, our results,
when coupled with other findings, are consistent with
the view that the learning process that underlies repeti-
tion priming is not unique to any one level of represen-
tation. Instead, priming effects appear to be “smeared”
throughout the processing system. That is, the outcome
of a processing event reflects the contribution of many
operations, each of which leaves a memory trace that
will, under the appropriate conditions, influence subse-
quent behavior. In the case of visual word identification,
these processes include the construction of orthographic,
phonological, and semantic codes.

Put in these terms, it is clear that our interpretation of
homophone priming is consistent with processing ap-
proaches to implicit memory (e.g., Roediger, 1990; Roed-
iger & Blaxton, 1987; Weldon, 1991). As Roediger (1990,
p. 1049) stated, the central tenet of such theories is that
“performance on memory tests benefits to the extent that
the cognitive operations at test recapitulate (or overlap)
those engaged during initial learning.” It should be
noted, however, that the general framework provided by
the transfer-appropriate processing approach is neutral
with regard to the role of phonological processes in rep-
etition priming. Specific expectations concerning the
role of phonology in priming can be derived only when
the general principles supplied by this framework are
coupled with specific assumptions derived from theo-
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retical accounts of the word identification process. Thus,
the componential view of repetition priming described
above represents a union of processing theories of mem-
ory with models that hold that word identification in-
volves the parallel construction of orthographic, phonologi-
cal, and semantic codes (see, e.g., Coltheart et al., 1993;
Katz & Feldman, 1983; Plaut et al., 1996; Seidenberg,
1992). We have argued elsewhere (Rueckl, 1990; Rueckl
et al., 1997) that the connectionist framework provides a
formalism with which this union can be developed.

Finally, it should be noted that although we have linked
the componential view of repetition priming to process-
ing theories of memory, it can also be seen as the joining
of word identification models with the main alternative
to processing theories—namely, the multiple memory sys-
tems approach (Schacter, 1992; Tulving & Schacter,
1990). A key tenet of the systems approach is that learn-
ing and memory reflect the operation of a number of
functionally and anatomically distinct memory subsys-
tems. For example, in Schacter’s (1992) formulation of
the systems account, separate subsystems are responsi-
ble for the representation of visual word form, auditory
word form (including, in part, phonological structure),
and word meaning. It is noteworthy, then, that evidence
that orthographic, phonological, and semantic processes
are localized in different brain areas has played an im-
portant role in the development of models of word iden-
tification.

Thus, at a global level there are obvious parallels be-
tween the systems theory and multiple-code models of
word identification. What is less obvious is the degree to
which these approaches are congruent at finer levels of
analysis. In particular, the componential nature of repe-
tition priming effects suggests a high degree of inter-
action between processes at each level of representation.
Such interactionism is also a feature of most multiple-
code models of word identification. In contrast, although
the systems approach does not explicitly rule out the
possibility of interactive processes between subsystems,
this possibility has received relatively little consideration
in the development of systems accounts. Thus, what im-
plications the incorporation of interactive processes
would have for the systems framework remain unclear.
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NOTES

1. Given the small number of items, it may seem surprising that the
items analysis was more sensitive than the participants analysis. How-
ever, this outcome is sensible when one considers the manner in which
the items were counterbalanced across conditions. In particular, the
items were partitioned into three sublists that were rotated across the
repeated, homophone, and baseline conditions across participants.
Given this small numnber of items, the baseline values for the three
sublists varied somewhat, and this variability adds noise to the partic-
ipants analysis that is not present in the items analysis.

2. We thank Neil Mulligan for pointing this out.
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APPENDIX A
The Stimuli Used in Experiments 1 and 2

The first member of each triplet is the target word; the sec-
ond word is the homophone prime.

bear, bare; bury, berry; cellar, seller; cereal, serial; deer,
dear; feat, feet; hole, whole; leek, leak; loan, lone; maid, made;
meat, meet; pane, pain; rain, reign; seem, seam; suite, sweet;
vein, vain; weak, week; weight, wait.

APPENDIX B
The Stimuli Used in Experiments 3 and 4

The first member of each triplet is the target word; the sec-
ond word is the homophone prime (Experiment 3); the third
word is the orthographic control prime (Experiment 4).

beat, beet, belt; bore, boar, bone; break, brake, freak; bury,
berry, busy; cellar, seller, collar; cent, sent, went; cereal, serial,
herbal; chute, shoot, acute; deer, dear, doer; fare, fair, fade; feat,
feet, felt; hair, hare, harp; heal, heel, hell; here, hear, were; hole,
whole, hose; leek, leak, meek; loan, lone, long; maid, made,
said; mall, maul, mill; meat, meet, melt; pane, pain, pawn;
peace, piece, place; rain, reign, ruin; real, reel, deal; right,
write, rivet; sale, sail, sole; seem, seam, stem; soar, sore, star;
suite, sweet, skate; vein, vain, venom; weak, week, teak; weight,
wait, west; which, witch, watch.
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