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Automatic semantic feedback
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Four experiments were conducted to determine whether semantic feedback spreads to orthographic and/or
phonological representations during visual word recognition and whether such feedback occurs automatically.
Three types of prime—target word pairs were used within the mediated-priming paradigm: (1) homophonically
mediated (e.g., frog—[toad]-towed), (2) orthographically mediated (e.g., frog—[toad]-told), and (3) associatively
related (e.g., frog—toad). Using both brief (53 msec; Experiment 1) and long (413 msec; Experiment 3) prime
exposure durations, significant facilitatory-priming effects were found in the response time data with ortho-
graphically, but not homophonically, mediated prime—target word pairs. When the prime exposure duration was
shortened to 33 msec in Experiment 4, however, facilitatory priming was absent with both orthographically
and homophonically mediated word pairs. In addition, with a brief (53-msec) prime exposure duration, direct-
priming effects were found with associatively (e.g., frog—toad), orthographically (e.g., toad—told), and homo-
phonically (e.g., toad—towed) related word pairs in Experiment 2. Taken together, these results indicate that
following the initial activation of semantic representations, activation automatically feeds back to orthographic,
but not phonological, representations during the early stages of word processing. These findings were discussed

in the context of current accounts of visual word recognition.

There is little disagreement among psychologists that
the central function of the cognitive reading system is to
extract meaning from visual symbols (i.e., written words).
There is, however, considerable disagreement concerning
the precise way in which meaning is accessed during read-
ing. For example, the role of phonology and orthography
in semantic access continues to be the focus of a great
deal of controversy within the reading literature (see, e.g.,
Frost, 1998). Some theories hold that semantic access is
mediated by phonology (e.g., Frost, 1995, 1998; Lukatela
& Turvey, 1994a, 1994b; Van Orden, Pennington, & Stone,
1990), whereas other theories hold that phonological com-
putation is unnecessary and that semantic information can
be recovered directly from orthography (e.g., Coltheart,
Rastle, Perry, Langdon, & Ziegler, 2001; Forster, 1976).
A related issue that has received considerably less atten-
tion is whether accessed semantic information influences
orthographic or phonological processing. Thus, the pres-
ent study has a twofold purpose: (1) to examine whether
activated semantic information primarily influences pho-
nological or orthographic processing via feedback acti-
vation, and (2) to determine whether semantic feedback

occurs automatically during the initial stages of lexical
processing.

Whether semantic processing is able to affect phono-
logical or orthographic processing depends largely on the
interactivity of representations that are stored in distinct
groups or levels of representations within the visual word
recognition system. Models of visual word recognition
(both distributed and nondistributed) typically contain at
least three distinct groups or levels of representation: or-
thographic, phonological, and semantic. Given that the
integration of distinct information is an essential compo-
nent of skilled reading, many prominent models of visual
word recognition (e.g., Coltheart et al., 2001; Plaut, Mc-
Clelland, Seidenberg, & Patterson, 1996; Seidenberg &
McClelland, 1989; Stone, Vanhoy, & Van Orden, 1997;
Van Orden & Goldinger, 1994) incorporate the general
interactive-activation framework (McClelland & Rumel-
hart, 1981; Rumelhart & McClelland, 1982). Because
models that adopt the general interactive-activation frame-
work (see Figure 1) contain feedforward and feedback
connections, word recognition is viewed as a highly inter-
active process whereby the bidirectional flow of activation
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Figure 1. A partial model of visual word recognition based on
the general interactive-activation framework. From “Develop-
mental Changes in the Allocation of Semantic Feedback During
Visual Word Recognition,” by J. F. Reimer, 2006, Journal of Re-
search in Reading, 29, p. 195. Copyright 2006 by Blackwell Pub-
lishing for the United Kingdom Literacy Association. Adapted
with permission.

helps ensure the selection of the most appropriate repre-
sentation at each level. For example, activation not only
is allowed to spread from orthographic and phonological
representations to semantic representations, but also can
spread from semantic representations back to phonologi-
cal and orthographic representations.

Feedback activation during lexical processing has been
used to account for multiple aspects of adult visual word
recognition performance. For example, semantic feedback
to orthographic representations has been used to account
for the context X stimulus quality interaction at both long
and short stimulus onset asynchronies (SOAs; Besner &
Smith, 1992; Borowsky & Besner, 1993; Stolz & Neely,
1995) and has served as a central component in Besner and
Smith’s (1992; Borowsky & Besner, 1993; see also Stolz
& Neely, 1995) multistage activation account of the joint
effects of context, stimulus quality, and word frequency.
In addition, accounts based on the modulation of semantic
feedback to orthographic representations have been used
to explain the effect of relatedness proportion (RP; Stolz
& Neely, 1995) and awareness (Brown & Besner, 2002) on
the context X stimulus quality interaction, as well as to ex-
plain the absence of semantic priming during a choice task
procedure (Smith & Besner, 2001). Finally, within the par-
allel distributed processing framework, feedback activation
from semantics to both orthography and phonology during
word processing has been used to explain ambiguity effects
(Hino & Lupker, 1996; Hino, Lupker, & Pexman, 2002;
Pexman & Lupker, 1999), synonymy effects (Hino et al.,
2002; Pecher, 2001), and effects based on the richness of se-
mantic representations (Pexman, Lupker, & Hino, 2002).

Although semantic feedback has frequently been invoked
as an explanatory mechanism in the word recognition lit-
erature, fundamental issues regarding semantic feedback
remain unresolved. In particular, it is currently unknown
whether semantic feedback spreads to orthographic or pho-
nological representations (or both) during word processing
and whether semantic feedback is engaged automatically
during the initial stages of the visual word recognition pro-
cess. Given the significant role that semantic feedback has

played in the visual word recognition literature, such issues
concerning the precise nature of semantic feedback need
to be addressed. Unfortunately, studies that have been de-
signed to directly examine the nature of semantic feedback
have yielded ambiguous results.

Studies designed to examine semantic feedback during
lexical processing have frequently utilized the mediated-
priming paradigm (e.g., Farrar, Van Orden, & Hamouz,
2001; O’Seaghdha & Marin, 1997; Reimer, 2006; Reimer,
Brown, & Lorsbach, 2001). Rather than possessing a direct
relationship (e.g., doctor—nurse), primes and targets in the
mediated-priming paradigm are related via a third medi-
ating word. Take, for example, the mediated prime—target
word pair doctor—[nurse]-purse.! In this case the prime,
doctor, is associatively related to the mediating word,
nurse, which in turn is orthographically and phonologically
related to the target, purse. Because primes and targets
within the mediated-priming paradigm (e.g., doctor—purse)
are not directly related, this paradigm is useful for testing
semantic feedback during word recognition. Specifically,
the only way that prime processing may affect target pro-
cessing in the mediated-priming paradigm is if activation
spreads from the mediating word’s semantic representation
back to its corresponding phonological and/or orthographic
representation. Thus, the presence of semantically mediated
priming effects (either facilitatory or inhibitory in nature)
provides evidence of semantic feedback.

O’Seaghdha and Marin (1997) used the mediated-
priming paradigm to examine semantic feedback in a se-
ries of six experiments in which a naming task was utilized
within the mediated-priming paradigm. In their mediated
condition (e.g., pen—[ink]—-inch), target words (e.g., inch)
were both orthographically and phonologically related to a
mediating word (e.g., ink), which, in turn, was a semantic
associate of the prime word (e.g., pen). Although they were
statistically reliable in only one experiment, O’Seaghdha
and Marin found small facilitatory mediated-priming ef-
fects with this condition in four of their six experiments.
Specifically, targets (e.g., inch) were named more quickly
in related (e.g., pen—inch) than in unrelated (e.g., star—
inch) word pairs. According to O’Seaghdha and Marin,
these results indicate that semantic feedback is a general
property of the visual word recognition process. Unfortu-
nately, however, because mediating (e.g., ink) and target
(e.g., inch) words shared both orthography and phonology,
itis unclear whether O’Seaghdha and Marin’s mediated ef-
fects were the result of semantic feedback to orthographic
representations, phonological representations, or both.

In other studies, the mediated-priming paradigm has
been used to examine semantic feedback during lexical
processing as well. For example, Reimer et al. (2001; see
also Reimer, 2006) and Farrar et al. (2001) examined the
presence of semantic feedback through the use of multiple
conditions within the mediated-priming paradigm. In one
condition common to both studies, mediating and target
words shared spelling bodies but not pronunciation rimes
(e.g., sofa—[couch]—touch). Both investigations showed
an inhibitory mediated-priming effect in this condition.
Specifically, target words (e.g., touch) were named more
slowly and/or less accurately when preceded by mediated
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primes (e.g., sofa) than when preceded by unrelated ones
(e.g., enemies). Farrar et al. (see also Reimer, 2006) pro-
posed that this inhibitory mediated-priming effect was the
result of feedback activation from semantic to phonologi-
cal representations during prime processing. According to
their account, related semantic nodes (e.g., couch) became
activated during prime (e.g., sofa) processing, which, in
turn, via feedback activation, biased the word recognition
system toward pronunciations of those semantic nodes
(e.g., couch’s pronunciation). Thus, upon target presen-
tation, competing pronunciations were activated: touch’s
incorrect pronunciation (i.e., one that rhymes with couch),
which became activated during prime processing, and
touch’s correct pronunciation, which became activated
during target processing. Competition between the two
activated pronunciations resulted in slower and less ac-
curate target word naming.

Critically, Farrar et al. (2001) tested their account by
using a second mediated condition, in which mediating
and target words shared pronunciation rimes and spelling
bodies (e.g., sofa—[couch]-pouch). Farrar et al. reasoned
that if their inhibitory mediated-priming effect was in fact
caused by semantic feedback to phonological, as opposed
to orthographic, representations during prime processing,
“the naming of targets sharing the same phonology as
the mediating word (e.g., couch—pouch) should be facili-
tated” (p. 535). As was predicted, a facilitatory mediated-
priming effect was found in this condition and was offered
as support for the interpretation that phonological repre-
sentations of words associatively related to the prime were
activated via semantic feedback during prime processing.
However, as in O’Seaghdha and Marin’s (1997) study, me-
diating and target words shared both phonology and or-
thography. Therefore, it is also possible that the facilitatory
mediated-priming effect found in this condition resulted
from semantic feedback to orthographic, as opposed to
phonological, representations. Specifically, if semantic
feedback spread to the orthographic representations of
mediating words (e.g., couch), the naming of targets (e.g.,
pouch) sharing similar orthography with the mediating
words (e.g., couch) would have been facilitated.

Similarly, semantic feedback to orthography, as op-
posed to phonology, also could have caused the inhibi-
tory effect found in Farrar et al.’s (2001) first mediated-
priming condition (e.g., sofa—[couch]-touch). Recall that
in Farrar et al.’s account, their inhibitory effect was due
to the activation of the phonological representations of
mediating words (e.g., couch) via semantic feedback di-
rectly to phonology. However, it is also possible that the
phonological representations of the mediating word were
activated after semantic feedback first had spread to or-
thography. Such an initial spread of semantic feedback to
orthography not only would result in the activation of the
mediating word’s (e.g., couch) orthographic representa-
tion, but also, via feedforward activation, would activate
the mediating word’s phonological representation (e.g.,
couch’s pronunciation) as well. Because the pronuncia-
tions of the mediating (e.g., couch) and target (e.g., touch)
words are inconsistent, competition would arise during
target processing and, as in Farrar et al.’s account, would

result in slower and less accurate target naming. Thus, as
with O’Seaghdha and Marin’s (1997) mediated-priming
effects, it is not clear whether Farrar et al.’s effects (see
also Reimer et al., 2001) were caused by semantic feed-
back to orthographic or phonological representations.

In addition to whether semantic feedback spreads to ei-
ther orthographic or phonological representations, a sec-
ond important issue that remains unresolved is whether
semantic feedback operates automatically during visual
word recognition. Some theorists have proposed that se-
mantic feedback (specifically, feedback to orthographic
representations) may not be automatic or mandatory (e.g.,
Borowsky & Besner, 1993; Smith & Besner, 2001; Stolz &
Neely, 1995; see also Buchanan & Besner, 1993). For ex-
ample, Stolz and Neely posited that semantic feedback can
be disengaged in order to conserve activation within the
visual word recognition system. Specifically, on the basis
of the assumption that semantic feedback to orthography
aids in the processing of to-be-presented words, Stolz and
Neely proposed that semantic feedback occurs only when
an experiment contains a high proportion of associatively
related prime—target word pairs (i.e., when RP is high).
More recently, Brown and Besner (2002) argued that dis-
engagement is the “default set” of semantic feedback and
is engaged only when RP is high and participants are aware
that many of the prime—target word pairs are related.

The results of multiple mediated-priming studies, how-
ever, suggest that semantic feedback may spread under
low-RP conditions. For example, both Farrar et al. (2001)
and O’Seaghdha and Marin (1997) found mediated-
priming effects in the absence of any directly associated
prime—target word pairs, whereas Reimer (2006) found
mediated-priming effects under moderately low-RP (.33)
conditions. The results of such studies provide support
for the position that semantic feedback is not affected by
factors that require the operation of a strategy-based ex-
pectancy mechanism but may, instead, operate automati-
cally during visual word recognition (see also Hino et al.,
2002). This conclusion is further supported by the fact
that, in many cases, mediated-priming studies have incor-
porated relatively short SOAs. For example, Farrar et al.
found evidence of semantic feedback through the use of
a 250-msec SOA, whereas Reimer found evidence of se-
mantic feedback using a 200-msec SOA. Furthermore,
although their results were not statistically significant,
O’Seaghdha and Marin found small mediated-priming ef-
fects using a 57-msec SOA. Given that use of a short SOA
(e.g., =250 msec) generally has been found to preclude
the operation of a slow-acting expectancy mechanism (den
Heyer, Briand, & Dannenbring, 1983; Neely & Keefe,
1989; see also Neely, 1991), these findings support the
view that semantic feedback may occur automatically.

The Present Study

One purpose of the present study was to determine
whether activated semantic information primarily influ-
ences phonological or orthographic processing (or both)
via feedback activation during visual word recognition.
This issue was examined by separating the effects of or-
thography and phonology on target word naming within
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the mediated-priming paradigm. In order to do so, two
mediated-priming conditions were used: (1) ahomophone-
mediated condition in which mediating and target words
were homophonically related (e.g., frog—[toad]-towed ) and
(2) an orthographic-mediated condition in which mediat-
ing and target words were quasihomographically related
(e.g., frog—[toad]—told). Because homophones possess a
high degree of feedback inconsistency (i.e., the pronuncia-
tions of homophones map on to more than one spelling;
see Pexman, Lupker, & Reggin, 2002; Stone et al., 1997),
use of the homophone-mediated condition made it pos-
sible to test semantic feedback under conditions in which
the amount of phonological similarity between mediat-
ing (e.g., foad) and target (e.g., towed) words was maxi-
mized, while, at the same time, minimizing the amount
of orthographic overlap. If semantic feedback spreads to
phonological representations during lexical processing,
target naming should be faster and/or more accurate in the
homophone condition (e.g., frog—towed) than in a control
condition (e.g., kite—towed). Such facilitation would be
expected due to the shared phonology of mediating and
target words (see Farrar et al., 2001).

Unfortunately, because it is not possible to completely
separate phonology from orthography within the English
language, mediating (e.g., toad) and target (e.g., towed)
words in the homophone condition possessed some de-
gree of orthographic overlap as well. Thus, if a facilitatory
mediated-priming effect is found in the homophone con-
dition, the possibility will remain that the effect was due,
at least in part, to semantic feedback to orthography. The
additional use of an orthographic-mediated condition
(e.g., frog—[toad]—-told), however, allows one to disen-
tangle the effects of semantic feedback to phonology and
orthography in the mediated-priming paradigm. Mediat-
ing (e.g., foad) and target (e.g., told) words in the ortho-
graphic condition possess a high degree of orthographic
similarity but are only moderately phonologically similar.
Given the high degree of orthographic overlap between
mediating and target words in the orthographic condition,
if a facilitatory mediated-priming effect is found in the
homophone, but not in the orthographic, condition, one
can rule out the possibility that the mediated-priming ef-
fect found in the homophone condition is due to semantic
feedback to orthographic representations.

Note that the same general logic as that used in the pres-
ent study to examine whether feedback activation spreads
directly from semantics to orthography or phonology has
been used in other studies to examine whether feedforward
activation spreads directly from orthography or phonology
to semantics. For example, Lukatela and Turvey (1994a;
see also Lesch & Pollatsek, 1993) used a naming task in
which target words (e.g., frog) were preceded either by
primes that were homophonous (e.g., fowed ) with associ-
ates (e.g., toad) of the target words or by primes that were
orthographically related (e.g., told) to associates (e.g.,
toad) of the target words. Using a brief SOA, Lukatela
and Turvey (1994a) found a facilitatory-priming effect in
their homophonically related condition (e.g., towed—fiog),
but not in their orthographically related condition (e.g.,
told—frog). Because only homophonous primes facilitated

the naming of targets, Lukatela and Turvey (1994a) ar-
gued that semantic access is mediated by phonology, not
orthography (for more recent tests of this claim, see Frost,
Ahissar, Gotesman, & Tayeb, 2003; Lukatela, Frost, &
Turvey, 1998). Given that the mediated-priming condi-
tions in the present study used prime—target word pairs
(e.g., frog—towed, frog—told) that were the reverse of those
used by Lukatela and Turvey (1994a; e.g., fowed—frog;
told—frog), finding a mediated-priming effect with homo-
phonically, but not orthographically, mediated word pairs
would provide evidence that semantic feedback spreads to
phonology, and not to orthography.

Importantly, the same logic would apply to the opposite
pattern of results. That is, finding a facilitatory mediated-
priming effect in the orthographic-mediated condition,
but not in the homophone condition, would indicate that
feedback activation spread from semantic to orthographic,
as opposed to phonological, representations. Because me-
diating (e.g., toad) and target (e.g., told) words in the or-
thographic condition were highly related orthographically,
semantic feedback to orthographic representations would
facilitate target naming in the orthographic condition (e.g.,
frog—told), relative to a control condition (e.g., kite—told).
Furthermore, the absence of a mediated-priming effect in
the homophone condition would rule out the possibility
that the mediated-priming effect found in the orthographic
condition was due to semantic feedback to phonological,
as opposed to orthographic, representations. Specifi-
cally, if the mediated-priming effect in the orthographic
condition was due to the phonological overlap between
the mediating (e.g., foad) and target (e.g., told) words,
a mediated-priming effect would also be expected to
be found in the homophone condition, which contained
greater phonological overlap between mediating (e.g.,
toad) and target (e.g., towed ) words.

The second purpose of the present study was to examine
whether feedback activation spreads automatically during
the initial stages of lexical processing. In order to do so,
the present study utilized a three-field masking procedure
(Forster & Davis, 1984) within the mediated-priming para-
digm. In this procedure, a pattern mask (e.g., #####H##) is
presented immediately before each prime, which, in turn,
is immediately followed by the target. Because prime
words are both forward and backward masked, they are
unidentifiable by participants when presented briefly in
this procedure (e.g., Davis, Castles, & lakovidis, 1998;
Forster & Davis, 1984; Humphreys, Evett, & Taylor, 1982;
Lukatela et al., 1998). As a result, the three-field masking
procedure can be used to eliminate the effects of overt or-
thographic and phonological strategies (Frost et al., 2003),
as well as other conscious processes, on word-naming per-
formance (see Forster, 1998).

EXPERIMENT 1

The presence of feedback activation from semantics to
phonology or orthography during lexical processing was
examined using three types of prime—target word pairs:
(1) homophonically mediated word pairs in which medi-
ating and target words were homophonically related (e.g.,
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frog—[toad]-towed), (2) orthographically mediated word
pairs in which mediating and target words were ortho-
graphically related (e.g., frog—[toad]-told), and (3) asso-
ciatively related word pairs in which primes and targets
possessed a direct associative relationship (e.g., frog—
toad). As was indicated above, the two types of mediated
prime—target word pairs were used in order to determine
whether feedback activation spreads to phonological or
orthographic representations during lexical processing.
The associatively related prime—target word pairs were
included in order to ensure that the semantic representa-
tions of mediating words (e.g., foad) in the two types of
mediated prime—target word pairs were activated during
processing of the prime (e.g., frog). If semantic feedback
spreads only to phonological representations, facilitatory-
priming effects should be found with the associatively
related and homophonically mediated prime—target word
pairs, but not with the orthographically mediated word
pairs. However, if semantic feedback spreads only to or-
thographic representations, facilitatory-priming effects
should be found with the associatively related and ortho-
graphically mediated prime—target word pairs, but not
with the homophonically mediated word pairs. Finally,
if semantic feedback spreads to both orthographic and
phonological representations, facilitatory-priming effects
should be found with all three types of prime—target word
pairs.

In addition, a brief (53-msec) prime exposure duration
was used in Experiment 1. The use of a brief prime ex-
posure duration within the three-field priming procedure
permits one to examine semantic feedback under condi-
tions in which strategic or conscious processing are greatly
reduced, because participants are not likely to be subjec-
tively aware of the primes (see Forster, Davis, Schoknecht,
& Carter, 1987; Merikle, Joordens, & Stolz, 1995). In ad-
dition to a brief SOA, a low RP (.10) was used. Thus, the
presence of a mediated-priming effect in Experiment 1
would provide evidence that semantic feedback is en-
gaged automatically during the initial stages of the visual
word recognition process and that such feedback is not
dependent on conscious awareness of the prime or a high
RP (cf. Brown & Besner, 2002; Stolz & Neely, 1995).

Method

Participants. The participants were 52 college students enrolled
at California State University, San Bernardino, who received partial
course credit for their participation. All the participants were native
English speakers and possessed normal or corrected-to-normal vision.

Design. A 3 (type of prime—target relationship: associatively re-
lated vs. homophonically mediated vs. orthographically mediated) X
2 (condition: experimental vs. control) within-subjects design was
used. The levels of each variable were presented randomly through-
out each test list. Response time (RT) and accuracy served as depen-
dent variables and were measured on each trial.

Stimuli. The test stimuli used in the present experiment were gen-
erated from 36 word quadruplets (see Appendix A). Each quadruplet
was constructed by first selecting an English homophone word pair
(e.g., toad—towed ). Using established word association norms (Nel-
son, McEvoy, & Schreiber, 1998), a third word was selected (e.g.,
frog) that possessed a strong associative relationship with the first
word in each homophone pair (e.g., foad). In most cases (83%), the
first word in each homophone word pair (e.g., foad) was the most
probable word generated in response to its respective context word
(e.g., frog). The mean strength of association for these two words
(e.g., frog—toad) was .43 (SD = .19). In addition to an associatively
related word (e.g., fiog), a word (e.g., told) that possessed a strong
orthographic relationship with the first word (e.g., foad) of each ho-
mophone pair was also selected. The average percentage of letters
in these two words (e.g., foad—told) that matched and were in the
same serial position was 75% (SD = 4%). From the resulting 36 word
quadruplets (e.g., frog-toad—towed—told), each of the three types of
prime—target word pairs (associatively related, homophonically me-
diated, and orthographically mediated) was generated. For the asso-
ciatively related word pairs, the first and second words of each qua-
druplet were used, with the first word (e.g., frog) serving as the prime
and the second word (e.g., toad) serving as the target. For the homo-
phonically mediated word pairs, the first and third words of each qua-
druplet were used, with the first word (e.g., frog) serving as the prime
and the third word (e.g., towed ) serving as the target. And finally, for
the orthographically mediated word pairs, the first and fourth words
of each quadruplet were used, with the first word (e.g., frog) serving
as the prime and the fourth word (e.g., fold) serving as the target. The
median frequencies of the target words in the associatively related,
homophonically mediated, and orthographically mediated word pairs
were 66 (SD = 153), 14 (SD = 201), and 29 (SD = 178) words per
million, respectively (Kucera & Francis, 1967). Orthographic and
phonological neighborhood characteristics were also calculated for
targets in each type of prime—target word pair (see Table 1), using the
Hoosier Mental Lexicon (Nusbaum, Pisoni, & Davis, 1984). As can
be seen, homophonically and orthographically mediated targets are
quite comparable with each of the four neighborhood characteristics.
The one exception resides with phonological neighborhood density,
where homophonically mediated targets (M = 5.8) have fewer pho-
nological neighbors than do orthographically mediated targets (M =
13.3). However, on the basis of the available literature, it is unclear
whether this characteristic alone exerts a systematic influence on vi-
sual word recognition performance (see Grainger, Muneaux, Farioli,
& Ziegler, 2005; Yates, 2005).

Finally, for each experimental prime—target word pair (e.g., frog—
toad, frog—towed, frog—told), a control prime—target word pair was
generated (e.g., kite—toad, kite—towed, kite—told). Control prime—
target word pairs (e.g., kite—toad) were constructed by assigning
each target in the experimental word pairs (e.g., frog—toad) to a new,

Table 1
Mean Orthographic and Phonological Neighborhood Characteristics
for Target Words in Each Type of Prime—Target Word Pair

Neighborhood Characteristic

Orthographic Phonological
Average Average
Type of Target Word Density  Frequency  Density  Frequency
Associatively related 8.2 111 12.2 167
Homophonically mediated 6.5 110 5.8 87
Orthographically mediated 7.9 118 13.3 83
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unrelated prime (e.g., kite). In each case, the control prime word (e.g.,
kite) possessed the same word length and frequency as the experi-
mental prime (e.g., frog). Thus, the stimuli used in the present experi-
ment consisted of 36 associatively related (e.g., frog—toad), 36 ho-
mophonically mediated (e.g., fiog—towed), and 36 orthographically
mediated (e.g., frog—told) experimental prime-target word pairs,
as well as 36 corresponding associatively related (e.g. kite—toad),
36 homophonically mediated (e.g., kite—towed), and 36 orthographi-
cally mediated (e.g., kite—told) control prime—target word pairs.

From the complete list of 216 experimental and control prime—
target word pairs, six test lists were constructed. Six test lists were
required in order to (1) avoid presenting the same word twice, either
as a prime or as a target, in a given test list and (2) ensure that each
target word appeared equally often in the experimental and control
conditions within a given type of prime—target word pair. The six
test lists were used about equally often across participants. Each
of the six test lists consisted of 36 critical prime—target word pairs:
six experimental word pairs from each of the three types of prime—
target word pairs (associatively related, homophonically mediated,
and orthographically mediated) and six control prime—target word
pairs from each of the three types of prime—target word pairs. In ad-
dition, each of the six test lists contained 24 unrelated filler prime—
target word pairs, resulting in a total of 60 prime—target word pairs.
Filler word pairs were included so that RP = .10 in each test list. Ten
unrelated practice prime—target word pairs were also constructed.
None of the words contained in the practice prime—target word pairs
appeared in the test lists. In addition, practice and filler word pairs
were excluded from all statistical analyses.

Apparatus. The presentation of the stimuli and the recording of
both RT and accuracy data were accomplished using a Dell OptiPlex
GX115 computer controlled by E-Prime 1.1 software (Schneider,
Eschman, & Zuccolotto, 2002). The RTs of each participant were ob-
tained by interfacing a microphone with the computer via a response
box (Model 200A; Psychology Software Tools, Inc.). RTs were com-
puted by measuring the amount of time that elapsed between the pre-
sentation of the target word and the onset of the participant’s vocal
response. The serial response box was used by the experimenter to
record the accuracy of each response. The stimuli were displayed on
a 15-in. CRT color monitor (Dell M570; refresh rate = 75 Hz) using
white letters in Courier New font on a black background.

Procedure. The participants were tested individually in a quiet
room. Each participant was seated approximately 50 cm from the
computer monitor and was instructed to hold a microphone ap-
proximately 2 cm from his or her mouth. At this distance, stimuli,
on average, subtended a visual angle of approximately 1.5°. At the
beginning of the experimental session, instructions were verbally
presented to the participant. The instructions were followed by
the presentation of 10 practice trials and 60 test trials. Each trial
began with the presentation of a forward mask, which consisted of
a series of eight hashmarks (i.e., ###H#####). After 710 msec, the
mask disappeared and was immediately replaced by the prime word.
Each prime was presented in lowercase letters for 53 msec and was
immediately followed by the target word. Targets were presented
in uppercase letters and remained visible on the computer moni-

tor either for 500 msec or until the participant made his or her ver-
bal response, depending on which came first. After the participant
had responded, the experimenter coded the response for accuracy,
using the response box. The participants were told that, on each trial,
they would be presented with a row of hash marks (i.e., the forward
mask), followed by two words, and were instructed to focus on the
hash marks and name aloud the second word (target) as quickly as
possible, without sacrificing accuracy. Once the participants had
completed the 60 test trials, they were debriefed and excused. Each
experimental session lasted approximately 20 min.

Results and Discussion

Trials on which the voice key was triggered by noise
before the participant responded and trials on which there
was a failure of the voice key to register the participant’s
response were excluded from the analyses (1.9%). In ad-
dition, correct RTs that were outside the range of two stan-
dard deviations above and below each participant’s mean
were excluded (4.7%). As in previous studies that have
utilized the mediated-priming paradigm (e.g., Farrar et al.,
2001; Reimer, 2006; Reimer et al., 2001), planned com-
parisons were used to test for direct- and mediated-priming
effects within each type of prime—target word pair. Given
that the items used in the present study were not randomly
selected, tests using items as the random variable were not
conducted in the present study (Wike & Church, 1976; see
also Pexman, Lupker, & Reggin, 2002).

Mean RTs and error rates were computed for each par-
ticipant and submitted to a 3 (type of prime—target relation-
ship: associatively related vs. homophonically mediated
vs. orthographically mediated) X 2 (condition: experimen-
tal vs. control) within-subjects ANOVA (see Table 2 for
means). An alpha level of .05 was used for all the statistical
tests reported in this and each subsequent experiment.

RTs. Only correct responses were included in the analy-
sis of RT data. The two-way interaction between type of
prime—target relationship and condition was not significant
[F(2,102) = 0.911, MS, = 1,218.703]. However, the main
effect of type of prime—target relationship [F(2,102) =
17.297, MS, = 1,581.909] was significant. Post hoc com-
parisons revealed that associatively related targets (M =
534 msec) were named significantly more quickly than or-
thographically mediated targets (M = 551 msec), which,
in turn, were named significantly more quickly than ho-
mophonically mediated targets (M = 566 msec). As was
previously indicated, the median word frequencies of the
targets in associatively related, orthographically mediated,
and homophonically mediated prime—target word pairs

Table 2
Mean Correct Response Times (RTs, in Milliseconds),
Error Rates (%E), and Context Effects by Type of Prime—Target
Relationship and Condition in Experiment 1 (With Standard Deviations)

Condition
Unrelated Related
Type of o o
Prime-Target RT %E RT %E Context Effect
Relationship M SD M SD M SD M SD RT %E
Associative 541 88.9 4.6 9.0 526 85.0 1.3 5.6 +15* +33
Homophonic 568 939 72 11.1 564 1125 79 139 +4 —0.7
Orthographic 558 1034 6.5 10.5 543 90.7 5.7 95 415" +0.8

Note—Context effect = unrelated — related.

*p < .05,
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were 66, 29, and 14 words per million, respectively. Given
that previous studies have demonstrated that naming laten-
cies decrease as word frequency increases (e.g., Forster
& Chambers, 1973; Plaut & Booth, 2000; Scarborough,
Cortese, & Scarborough, 1977), this effect was not at all
surprising. The main effect of condition was also signifi-
cant [F(1,51) = 6.151, MS, = 1,671.356], with targets in
the experimental condition (M = 544 msec) yielding sig-
nificantly shorter RTs than did targets in the control condi-
tion (M = 556 msec). More important, planned compari-
sons revealed that RTs in the experimental condition were
significantly shorter than those in the control condition,
with both associatively related [F(1,102) = 5.160, MS, =
1,218.703] and orthographically mediated [F(1,102) =
4.771, MS, = 1,218.703] prime—target word pairs, but not
with homophonically mediated word pairs (F < 1). No
other significant effects were found in the RT data.

Error rates. With the error rate data, the two-way in-
teraction between type of prime—target relationship and
condition was not significant (/' < 1). However, the main
effect of type of prime—target relationship was significant
[F(2,102) = 5.964, MS, = 0.009]. Post hoc tests revealed
that associatively related targets (M = 3.0%) yielded sig-
nificantly fewer naming errors than did orthographically
mediated targets (M = 6.2%), which, in turn, yielded sig-
nificantly fewer errors than did homophonically mediated
targets (M = 7.5%). As with the RT data, this effect was
expected, given the median differences in frequency be-
tween targets in each type of prime—target relationship.
Planned comparisons did not reveal significant differences
in error rates between the experimental and the control
conditions within each type of prime—target relationship
(all F's < 1). No other significant effects were found in
the error rate data.

In Experiment 1, significant facilitatory-priming effects
were shown in the RT data with associatively related (e.g.,
frog—toad) and orthographically mediated prime—target
word pairs (e.g., frog—told), but not with homophonically
mediated prime—target word pairs (e.g., frog—towed ). Taken
together, the results of the present experiment suggest that
semantic feedback spreads to orthographic representations,
but not to phonological representations, during lexical pro-
cessing. Specifically, because primes and targets were not
directly related in orthographically mediated prime—target
word pairs (e.g., frog—told), the only way that prime pro-
cessing could have affected target processing was if feed-
back activation spread from the mediating words’ (e.g.,
toad) semantic representations to their corresponding or-
thographic representations. Evidence that activation spread
to the semantic representations of mediating words during
prime (e.g., firog) processing was provided by the fact that a
priming effect was found with associatively related prime—
target word pairs (e.g., frog—toad). Evidence that feedback
activation spread from the semantic representations of me-
diating words to their corresponding orthographic repre-
sentations was provided by a priming effect that was found
with target words (e.g., told) sharing orthography (but not
semantics) with the mediating words (e.g., toad).

Given that mediating (e.g., foad) and target (e.g., told)
words in the orthographically mediated prime—target word

pairs (e.g., frog—told) also possessed some phonological
overlap, it is possible that the mediated priming found
with orthographically mediated word pairs was due to
semantic feedback to phonology, as opposed to orthog-
raphy. However, this possibility can be ruled out, because
mediated priming was not found with homophonically
mediated prime—target word pairs (e.g., frog—towed). If
the mediated-priming effect found with orthographically
mediated prime—target word pairs was due to semantic
feedback’s spreading to phonological representations, a
mediated-priming effect also should have been found with
homophonically mediated word pairs in which mediating
(e.g., toad) and target (e.g., fowed) words shared consid-
erably more phonology. Furthermore, it is important to
note that the absence of mediated priming with homopho-
nically mediated word pairs could not have been due to a
lack of phonological activation during target processing,
given that the naming task explicitly requires the activa-
tion of phonological information (e.g., Frost et al., 2003;
Pexman, Lupker, & Reggin, 2002).

As was previously indicated, in addition to possess-
ing complete phonological overlap, mediating and target
words in the homophonically mediated condition (e.g.,
frog—towed) possessed some degree of orthographic over-
lap as well. In fact, on average, 53% of the letters in the
mediating (e.g., foad ) and target (e.g., towed ) words within
this condition matched and were in the same serial posi-
tion. As a result, if semantic feedback spreads to orthog-
raphy during lexical processing, one might expect to find
evidence of such feedback with homophonically mediated
word pairs, as well as with orthographically mediated word
pairs. It is possible, however, that in order for the effect of
semantic feedback to orthography to be found, substantial
orthographic overlap must exist between mediating and
target words. This proposal is consistent with the results
of O’Seaghdha and Marin’s (1997) study, in which small
but reliable mediated-priming effects were found in their
mediated condition (e.g., pen—inch) only after statistical
power was increased by pooling data from six experiments.
In that study, the average amount of orthographic overlap
between mediating (e.g., ink) and target (e.g., inch) words
(57%) was comparable to that of the homophonically me-
diated word pairs used in the present experiment (53%),
but somewhat less than the amount of orthographic over-
lap between mediating (e.g., toad) and target (e.g., told)
words in orthographically mediated prime—target word
pairs (75%). Thus, with enough statistical power, it is pos-
sible that a small mediated-priming effect could be found
in homophonically mediated word pairs.

In addition to demonstrating that semantic feedback
spreads only to orthographic representations, the results
of Experiment 1 also indicate that semantic feedback is
both fast and automatic. Specifically, given that the primes
were presented for only 53 msec, it appears that feedback
activation spreads from semantic to orthographic repre-
sentations very quickly during the initial stages of the
visual word recognition process. Moreover, because the
primes were largely unidentifiable by the participants,
the present results also indicate that, rather than being
dependent on participants’ awareness of the relationship
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between primes and targets (cf. Brown & Besner, 2002),
semantic feedback occurs automatically. Such feedback
appears to occur even when RP is low (.10).

EXPERIMENT 2

A facilitatory-priming effect was found with ortho-
graphically, but not homophonically, mediated prime—
target word pairs in Experiment 1. This pattern of results
suggests that semantic feedback spreads to orthography,
but not to phonology, during visual word recognition.
However, the results of a recent study of homophone inter-
ference effects by Edwards, Pexman, and Hudson (2004)
suggest an alternate explanation. Using a single-word
naming paradigm, Edwards et al. observed that homo-
phones were named more slowly than their nonhomophone
controls (but see Pexman, Lupker, & Reggin, 2002). Ed-
wards et al. attributed the slower naming of homophones
to competition among orthographic representations caused
by feedback activation from phonology (see also Pexman
& Lupker, 1999; Pexman, Lupker, & Jared, 2001; Pexman,
Lupker, & Reggin, 2002). Due to the fact that homophones
(e.g., toad) are feedback inconsistent (i.e., the phonology
of homophones maps onto more than one spelling), feed-
back from phonology results in the activation of multiple
orthographies (e.g., foad and fowed ). Assuming that rapid
word naming depends on the formation of a stable ortho-
graphic representation, such orthographic competition
presumably slows the naming of homophones.

When Edwards et al.’s (2004) homophone interference ef-
fects are considered in the context of the mediated-priming
paradigm, it is possible that semantic feedback spread to
phonology in homophonically mediated word pairs (e.g.,
frog—[toad]-towed) but that the facilitatory effect of such
feedback was eliminated during the processing of homo-
phonically mediated targets (e.g., fowed).2 Specifically,
upon presentation of the prime ( frog), the mediating word’s
(toad) semantic representation is activated. Given that the
word toad is feedback inconsistent, subsequent feedback
from phonology to orthography would result in the activa-
tion of two spellings (foad and fowed). Such orthographic
competition could have eliminated any facilitatory effect
that semantic feedback may have had on the phonological
processing of the target (towed ). Furthermore, previous re-
search (Pexman et al., 2001; see also Jared, Levy, & Rayner,
1999) has shown that the homophone interference effect
is strongest for homophones that possess a low printed
frequency and have a high-frequency homophone mate.
Presumably, this is the case because the orthographic rep-
resentations of the high-frequency homophone are stronger
competitors than the representations of their corresponding
low-frequency homophone mates. Thus, it is important to
note that although not all targets within the homophonically
mediated word pairs in Experiment 1 were low-frequency
homophones, many (64%) of these targets (e.g., towed)
possessed a relatively lower word frequency than did their
corresponding mediating words (e.g., foad).

The primary purpose of Experiment 2 was to test the
alternate explanation (i.e., orthographic competition) of
the null priming effect that was found with homophoni-

cally mediated word pairs in Experiment 1. According to
the orthographic competition account, the activation of
the mediating words’ phonology resulted in orthographic
competition that eliminated the facilitatory effect of se-
mantic feedback to phonology on target naming. Because
of automatic feedback from phonology to orthography,
orthographic competition should be present during target
(e.g., towed) naming regardless of whether the mediating
word’s (e.g., foad ) phonology was originally activated via
semantic feedback (i.e., top-down activation) or via direct
visual presentation of the mediating word (i.e., bottom-up
activation). Thus, according to the orthographic competi-
tion explanation, a null (or possibly inhibitory) priming
effect also should be present when the mediating word
(e.g., toad) is presented directly as a masked prime to
the homophonically mediated target (e.g., fowed). Un-
fortunately, however, rather than finding null or inhibi-
tory effects, studies in which direct homophone priming
(e.g., toad—-towed ) has been examined have shown facili-
tation effects (e.g., Lukatela & Turvey, 1994b; Rastle &
Coltheart, 1999). In fact, facilitatory homophone-priming
effects appear to be quite robust, having been found across
multiple (e.g., 30-, 60-, 250-, and 900-msec) SOAs (Lu-
katela & Turvey, 1994b; Rastle & Coltheart, 1999) and,
more important, do not appear to depend on word fre-
quency (Lukatela & Turvey, 1994Db).

Experiment 2A tested the orthographic competition ac-
count by examining direct homophone priming, using the
stimuli from Experiment 1. Specifically, homophonically
related prime—target word pairs (e.g., toad—towed) were
constructed from the homophonically mediated word pairs
(e.g., frog—[toad]—towed). If the orthographic competition
explanation of the null effect found with homophonically
mediated word pairs in Experiment 1 is correct, a null or
inhibitory effect also should be found with homophoni-
cally related prime—target word pairs (e.g., toad—towed) in
Experiment 2A. On the other hand, finding a facilitatory
effect not only would replicate the results of other studies,
but also would provide evidence that activating the pho-
nology of the mediating word (e.g., toad) facilitates the
naming of a homophonically related word (e.g., towed),
regardless of the various stimulus characteristics (e.g.,
word frequency) these words might possess.

In Experiment 2B, the same direct priming was exam-
ined within orthographically mediated word pairs. In order
to do so, orthographically related prime—target word pairs
(e.g., toad—told) were constructed from the orthographi-
cally mediated word pairs (e.g., frog—[toad]—told) that
were used in Experiment 1. Given that an orthographically
mediated priming effect was found in Experiment 1 and
that direct orthographic priming has been found in other
studies (e.g., Forster et al., 1987; Forster & Veres, 1998),
it was expected that a facilitatory-priming effect would be
found with orthographically related word pairs in Experi-
ment 2B. That is, if the activation of the mediating word’s
(e.g., toad) orthography via semantic feedback facilitated
target (e.g., fold) processing in the orthographically medi-
ated word pairs, it was expected that the activation of the
mediating word’s orthography via direct visual presenta-
tion would facilitate target processing as well.
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Method

Participants. The participants in Experiment 2A were 33 col-
lege students enrolled at the University of Nebraska at Omaha or
California State University, San Bernardino. The participants in Ex-
periment 2B were 27 college students enrolled at California State
University, San Bernardino. All the participants received partial
course credit for their participation, were native English speakers,
and possessed normal or corrected-to-normal vision.

Design. In Experiment 2A, a 2 (type of prime—target relation-
ship: associatively related vs. homophonically related) X 2 (con-
dition: experimental vs. control) within-subjects design was used.
Similarly, in Experiment 2B, a 2 (type of prime—target relationship:
associatively related vs. orthographically related) X 2 (condition:
experimental vs. control) within-subjects design was used. In both
experiments, the levels of each variable were presented randomly
throughout each test list. Accuracy and RT served as dependent vari-
ables and were measured on each trial.

Stimuli and Apparatus. Three types of prime—target word pairs
(associatively related, homophonically related, and orthographically
related) were generated from the 36 word quadruplets (e.g., frog—
toad-towed—told) used in Experiment 1. The associatively related
word pairs in Experiment 1, both experimental (e.g., frog—toad) and
control (e.g., kite—toad), were again used as associatively related
word pairs in Experiments 2A and 2B. The second and third words
of each quadruplet were used as homophonically related word pairs
in Experiment 2A, with the second word (e.g., toad) serving as the
prime and the third word (e.g., fowed) serving as the target. For
orthographically related word pairs in Experiment 2B, the second
word (e.g., toad) in each quadruplet served as the prime, and the
fourth word (e.g., told) served as the target (see Appendix B).

For homophonically (e.g., toad—towed) and orthographically
(e.g., toad—told) related word pairs, controls were generated for each
of the experimental prime—target word pairs by assigning the target
in each experimental word pair to a new, unrelated prime. As in Ex-
periment 1, each control prime word (e.g., wick) possessed the same
word length and frequency as its corresponding experimental prime
(e.g., toad). Thus, the stimuli consisted of 36 associatively related
(e.g., frog—toad), 36 homophonically related (e.g., foad—towed), and
36 orthographically related (e.g., toad—told) experimental prime—
target word pairs, as well as 36 corresponding associatively related
(e.g. kite—toad), 36 homophonically related (e.g., wick—towed ), and
36 orthographically related (e.g., wick—told) controls, for a total of
216 prime—target word pairs.

Using the list of 216 experimental and control prime—target word
pairs, three test lists were generated for Experiment 2A, and three
for Experiment 2B. Three test lists were necessary in order to avoid
presenting the same word twice, either as a prime or as a target,
and to ensure that each target word appeared equally often in the
experimental and control conditions within a given type of prime—
target word pair. The three test lists were used equally often across
participants. Three tests lists were constructed for Experiments 2A

and 2B by randomly selecting, without replacement, 72 prime—
target word pairs from the list of 216 word pairs. Each of the three
72-item lists in Experiment 2A contained 24 experimental prime—
target word pairs (12 associatively related and 12 homophonically
related) and 24 prime—target controls (12 associative controls and
12 homophonic controls). The remaining 24 items in a list consisted
of unrelated filler prime—target word pairs. For each test list, RP =
.17. This same procedure was used to construct the three test lists
in Experiment 2B. In this case, each of the three 72-item test lists
was constructed by selecting 12 experimental word pairs from each
of two types of prime—target word pairs (associatively related and
orthographically related) and 12 word pairs for both the associa-
tively related and orthographically related controls. The 24 remain-
ing items were unrelated filler prime—target word pairs.

The 10 practice trials used in Experiment 1 were again used in Ex-
periments 2A and 2B. Practice and filler word pairs were excluded
from all statistical analyses. The same apparatus as that in Experi-
ment 1 was used in Experiment 2.

Procedure. The procedure was the same as that used in Experi-
ment 1, except that 72, as opposed to 60, test trials were presented.

Experiment 2A: Results and Discussion

Trials on which the voice key was triggered by noise
before the participant responded and trials on which there
was a failure of the voice key to register the participant’s
response were excluded from the analyses (2.0%). In addi-
tion, correct RTs that were outside the range of two stan-
dard deviations above and below each participant’s mean
were excluded (5.2%). As in Experiment 1, planned com-
parisons were used to test for priming effects within each
type of prime—target word pair. Mean RTs and error rates
were computed for each participant and submitted to a 2
(type of prime—target relationship: associatively related vs.
homophonically related) X 2 (condition: experimental vs.
control) within-subjects ANOVA (see Table 3 for means).

RTs. Only correct responses were included in the anal-
ysis of RT data. The two-way interaction between type of
prime—target relationship and condition was not signifi-
cant (F < 1). The main effect of type of prime—target rela-
tionship also was not significant [F(1,32) = 2.189, MS, =
817.645]; however, a significant main effect of condition
was found [F(1,32) = 11.504, MS, = 447.133]. Post hoc
comparisons revealed that experimental targets (M =
515 msec) were named more quickly than control targets
(M = 527 msec). Most important, planned comparisons
confirmed that RTs in the experimental condition were
significantly shorter than those in the control condition

Table 3
Mean Correct Response Times (RTs, in Milliseconds), Error Rates (%E),
and Context Effects by Condition and Type of Prime—Target Relationship
in Experiments 2A and 2B (With Standard Deviations)

Condition
Unrelated Related
Type of
Prime-Target RT %E RT %E Context Effect
Relationship M SD M SD M SD M SD RT %E
Experiment 2A
Homophonic 531 714 88 11.1 519 777 52 58 +12° +3.6
Associative 523 652 48 69 511 625 27 46 +128 421
Experiment 2B
Orthographic 531 779 6.3 75 516 761 6.0 82 +15° 403
Associative 529  80.1 3.6 50 517 593 1.6 35 +12° 420

Note—Context effect = unrelated — related.

p < .05,
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with both associatively related [F(1,32) = 4.985, MS, =
518.437] and homophonically related [F(1,32) = 4.937,
MS, = 518.437] prime—target word pairs. No other sig-
nificant effects were found in the RT data.

Error rates. The interaction between type of prime—
target relationship and condition was not significant
(F < 1). However, a significant main effect of type of
prime—target relationship was found [F(1,32) = 6.672,
MS, = 0.005]. Post hoc comparisons revealed that fewer
naming errors were made with associatively related (M =
3.7%) than with homophonically related (M = 7.0%)
targets. Given the differences in median word frequency
across targets within each type of prime—target word pair
(see Experiment 1), this effect was not at all surprising. In
addition, a significant main effect of condition was found
[F(1,32) = 4.545, MS, = 0.006], with experimental tar-
gets (M = 3.9%) yielding fewer naming errors than con-
trol targets (M = 7.0%). No other significant effects were
found in the error rate data.

In Experiment 2A, facilitatory-priming effects were found
in the RT data with both associatively (e.g., frog—toad) and
homophonically (e.g., foad—towed) related prime—target
word pairs. In addition to replicating the results of previous
studies (e.g., Lukatela & Turvey, 1994b; Rastle & Coltheart,
1999), finding a facilitatory-priming effect in homophoni-
cally related word pairs is important because it suggests that
the null effect found with homophonically mediated word
pairs (e.g., frog—[toad]-fowed) in Experiment 1 was not due
to orthographic competition. Rather, the presence of direct
homophone priming in the present experiment provides sup-
port for the claim that the absence of a homophonically me-
diated priming effect in Experiment 1 resulted from a lack
of semantic feedback to phonology. The failure of semantic
feedback to activate the phonology of mediating (e.g., foad )
words can be the only reason for the absence of a priming
effect with homophonically mediated word pairs (e.g., frog—
towed) in Experiment 1.

Experiment 2B: Results and Discussion

As in Experiment 2A, trials on which the voice key
was triggered by noise before the participant responded
and trials on which there was a failure of the voice key
to register the participant’s response were excluded from
the analyses (2.5%). Correct RTs that were outside the
range of 2 standard deviations above and below each par-
ticipant’s mean were excluded (5.4%). As in the previous
experiments, planned comparisons were used to test for
direct- and mediated-priming effects within each type of
prime—target word pair. Mean RTs and error rates were
computed for each participant and submitted to a 2 (type
of prime—target relationship: associatively related vs. or-
thographically related) X 2 (condition: experimental vs.
control) within-subjects ANOVA (see Table 3 for means).

RTs. Only correct responses were included in the analy-
sis of RT data. The two-way interaction between type of
prime—target relationship and condition was not significant
(F < 1). The main effect of type of prime—target relation-
ship also was not significant (F < 1). However, a signifi-
cant main effect of condition was again found [F(1,26) =
7.349, MS, = 688.061]. Post hoc comparisons revealed that

experimental targets (M = 517 msec) were named more
quickly than control targets (M = 530 msec). Also, planned
comparisons revealed that RTs in the experimental condi-
tion were significantly shorter than those in the control
condition with both associatively related [F(1,26) = 4.696,
MS, = 447.851] and orthographically related [F(1,26) =
6.682, MS, = 447.851] prime—target word pairs. No other
significant effects were found in the RT data.

Error rates. The interaction between type of prime—
target relationship and condition was not significant
(F < 1). However, a significant main effect of type of
prime—target relationship was found [F(1,26) = 10.820,
MS, = 0.003]. Post hoc comparisons revealed that fewer
naming errors were made with associatively related (M =
2.6%) than with orthographically related (M = 6.1%) tar-
gets. Again, this effect was expected, given that the me-
dian word frequency of targets within associatively related
word pairs was higher than that of targets within ortho-
graphically related word pairs. No other significant effects
were found in the error rate data.

Facilitatory-priming effects were found in the RT data
with both associatively (e.g., firog—toad) and orthographi-
cally (e.g., toad—told) related prime—target word pairs
in Experiment 2B. Importantly, the size of the direct
orthographic-priming effect (+15 msec) was identical
to the size of the mediated orthographic-priming effect
(+15 msec) found in Experiment 1. That is to say, under
masked prime conditions, target (e.g., fold) naming was
facilitated equally regardless of whether it was preceded by
an orthographically related prime (e.g., foad) or a seman-
tic associate of the orthographically related prime (e.g.,

frog). Collectively, the results of Experiments 1 and 2 pro-

vide support for the claim that semantic feedback spreads
to orthography, but not to phonology, during visual word
recognition.

EXPERIMENT 3

The results of Experiment 1 indicate that automatic
semantic feedback spreads to orthographic, but not pho-
nological, representations during lexical processing. How-
ever, it is possible that semantic feedback spreads to pho-
nological representations as well but that such feedback
(1) follows a different time course (i.e., requires more time
to engage) and/or (2) is engaged only when overt phono-
logical strategies or conscious expectancy processes are
operating. In order to test this possibility, Experiment 3
utilized the same stimuli and procedure as those in Experi-
ment 1, with the exception that a longer (413-msec) prime
exposure duration was used. A 413-msec prime duration
was chosen because it would provide sufficient time for
slower-acting semantic feedback to occur and for strategy-
based conscious processes to become operational (Neely,
1991). If semantic feedback spreads to phonological rep-
resentations under such conditions, facilitatory-priming
effects should be found with phonologically mediated
prime—target word pairs (e.g., frog—towed). With respect
to semantic feedback to orthography, it is possible that the
effect of such feedback remains stable or changes with a
longer prime duration.
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Finally, as was indicated above, Stolz and Neely (1995)
proposed that RP affects whether or not semantic feedback
occurs during word processing. Specifically, they posited
that semantic feedback is blocked when RP is low. Despite
the fact that evidence of semantic feedback was found
under low-RP conditions in Experiment 1, it is possible
that the prime exposure duration was too brief (53 msec)
for RP to prevent semantic feedback from occurring. If
semantic feedback is blocked under low-RP conditions, a
longer prime duration should provide enough time for this
to occur. Thus, a low RP (.10), in conjunction with a longer
(413-msec) prime duration, was used in Experiment 3.

Method

Participants. The participants were 40 college students enrolled
at California State University, San Bernardino, who received partial
course credit for their participation. All the participants were na-
tive English speakers and possessed normal or corrected-to-normal
vision.

Design. A 3 (type of prime—target relationship: associatively re-
lated vs. homophonically mediated vs. orthographically mediated) X
2 (condition: experimental vs. control) within-subjects design was
used. The levels of each variable were presented randomly through-
out each test list. Accuracy and RT served as dependent variables
and were measured on each trial.

Stimuli and Apparatus. The stimuli and apparatus were the
same as those in Experiment 1.

Procedure. The procedure was the same as that used in Experi-
ment 1, with two exceptions. First a 413-msec prime exposure dura-
tion was used. Second, because the primes were clearly visible using
this long exposure duration, the participants were asked to read the
prime silently.

Results and Discussion

Trials on which the voice-key was triggered by noise
before the participant responded and trials on which there
was a failure of the voice key to register the participant’s
response were excluded from the analyses (2.2%). In ad-
dition, correct RTs that were outside the range of two
standard deviations above and below each participant’s
mean were excluded (5.1%). As in Experiment 1, planned
comparisons were used to test for direct- and mediated-
priming effects within each type of prime—target word
pair. Mean RTs and error rates were computed for each
participant and submitted to a 3 (type of prime—target
relationship: associatively related vs. homophonically
mediated vs. orthographically mediated) X 2 (condition:
experimental vs. control) within-subjects ANOVA (see
Table 4 for means).

RTs. Only correct responses were included in the analy-
sis of RT data. The two-way interaction between type of
prime—target relationship and condition was not significant
[F(2,78) = 1.579,MS, = 1,105.127]. However, the main ef-
fect of type of prime—target relationship [F(2,78) = 10.490,
MS, = 1,039.854] was significant. As in Experiment 1, post
hoc comparisons revealed that associatively related targets
(M = 473 msec) were named significantly more quickly
than orthographically mediated targets (M = 484 msec),
which, in turn, were named significantly more quickly than
homophonically mediated targets (M = 496 msec). Again,
given the differences in median word frequency across each
type of prime—target word pair, this effect was not at all sur-
prising. The main effect of condition also was significant
[F(1,39) = 10.215, MS, = 580.125], with targets in the
experimental condition (M = 479 msec) yielding signifi-
cantly shorter RTs than did targets in the control condition
(M = 489 msec). Most important, planned comparisons re-
vealed that RTs in the experimental condition were signifi-
cantly shorter than those in the control condition with both
associatively related [F(1,78) = 4.178, MS, = 1,105.127]
and orthographically mediated [F(1,78) = 4.312, MS, =
1,105.127] prime—target word pairs, but not with homopho-
nically mediated word pairs (F < 1). No other significant
effects were found in the RT data.

Error rates. The interaction between type of prime—
target relationship and condition was not significant
(F < 1), nor were the main effects of type of prime—target
relationship [F(2,78) = 2.644, MS, = 0.010] and condi-
tion [F(1,39) = 1.075, MS, = 0.010]. As in Experiment 1,
planned comparisons did not reveal significant differences
in error rates between the experimental and the control
conditions with associatively related (F < 1), homopho-
nically mediated [F(1,78) = 1.251, MS, = 0.013], and
orthographically mediated (F < 1) word pairs. No other
significant effects were found in the error rate data.

The pattern of results in Experiment 3 was identical
to that found in Experiment 1. Specifically, significant
facilitatory-priming effects were found in the RT data
with both associatively related (e.g., frog—foad) and ortho-
graphically mediated (e.g., frog—told) prime—target word
pairs, but not with homophonically mediated prime—target
word pairs (e.g., frog—towed). Given that the primes were
presented for 413 msec, the failure to find an effect with
homophonically mediated word pairs could not have been
the result of slower-acting semantic feedback or the ab-
sence of conscious expectancy processes. Therefore, the

Table 4
Mean Correct Response Times (RTs, in Milliseconds),
Error Rates (%E), and Context Effects by Type of Prime—Target
Relationship and Condition in Experiment 3 (With Standard Deviations)

Condition
Unrelated Related
Type of
Prime—Target RT %E RT %E Context Effect
Relationship M SD M SD M SD SD RT %E
Associative 481 71.1 4.1 7.7 465 725 3.1 6.8 +16* +1.0
Homophonic 496 826 56 123 497 798 85 140 -1 —-29
Orthographic 491 825 53 102 476 814 75 94  +15° 22

Note—Context effect = unrelated — related.

p < .05,



652 REIMER, LORSBACH, AND BLEAKNEY

results of the present experiment provide further evidence
that semantic feedback spreads only to orthographic rep-
resentations during visual word recognition. Moreover,
given that the size of the priming effect (+ 15 msec) found
with orthographically mediated word pairs was the same
in Experiments 1 and 3, the present results also indicate
that the effect of semantic feedback to orthography does
not dissipate quickly. However, within time frames longer
than those used in the present study (e.g., 800 msec), or
when primes are not masked, it is unclear whether this is
the case (see Reimer, 2006; Reimer et al., 2001). Finally,
the results of the present experiment indicated that when
a longer prime duration was used, evidence of semantic
feedback was again found under low-RP conditions (cf.
Stolz & Neely, 1995).

EXPERIMENT 4

The results of the previous experiments demonstrated
that two steps are involved in mediated priming. Accord-
ing to this two-step account of mediated priming, activa-
tion first spreads from the prime’s semantic representation
(e.g., frog) to the mediating word’s (e.g., foad) semantic
representation, followed by a second step in which acti-
vation spreads from the mediating word’s semantic rep-
resentation to its corresponding orthographic represen-
tation. Given that these two steps occur over time, there
should exist a point during word processing at which ac-
tivation has spread among semantic representations but
has not yet spread to orthographic representations. Thus,
through the use of a very brief prime exposure duration
(i.e., <53 msec), it may be possible to find a facilitatory-
priming effect with associatively related (e.g., frog—toad),
but not with orthographically mediated (e.g., frog—told),
word pairs within the mediated-priming paradigm.

Precisely how brief the prime exposure duration must
be in order for this pattern of results to emerge is not en-
tirely clear. However, the results of Brown and Besner’s
(2002) study suggest that a prime duration of approxi-
mately 34 msec should be used. In their second experi-
ment, Brown and Besner found that a 34-msec prime du-
ration led to reliable effects of both semantic context and
stimulus quality, but not to a context X stimulus quality
interaction. Given that the context X stimulus quality in-
teraction is presumed to be driven by semantic feedback to
orthographic representations (e.g., Besner & Smith, 1992;
Borowsky & Besner, 1993; Stolz & Neely, 1995), Brown
and Besner proposed that context and stimulus quality
failed to interact in their experiment because semantic
feedback was not operational. As was previously indi-
cated, Brown and Besner argued that semantic feedback
is not engaged unless participants are subjectively aware
of the primes. Unfortunately, Brown and Besner’s account
is not consistent with the results of Experiment 1 of the
present study, where clear evidence of semantic feedback
was found, despite the fact that the participants were not
likely to be subjectively aware of the primes (see Mer-
ikle et al., 1995). It is possible, however, that the absence
of a context X stimulus quality interaction in Brown and
Besner’s experiment was due to the time-sensitive nature

of the two-step process described above. That is to say,
by the time the primes were replaced by the backward
mask (i.e., 34 msec into prime processing), activation had
spread among semantically related representations, but
a sufficient amount of feedback activation had not yet
reached the corresponding orthographic representations.

Thus, a 33-msec prime exposure duration was used in
Experiment 4 in order to test the present two-step account
of mediated priming. If a facilitatory-priming effect were to
be found with associatively related (e.g., frog—toad), but not
with orthographically (or homophonically) mediated (e.g.,
frog—told), prime—target word pairs, it would provide sup-
port for the two-step account. Specifically, such a pattern
of results would indicate that although the first step of the
semantic feedback process had occurred in a condition in
which a very brief prime exposure duration was used, sub-
sequent feedback activation required additional time to fully
activate orthographic representations. In addition, together
with the results of Experiment 1, this pattern of results
would indicate that Brown and Besner’s (2002) failure to
find a context X stimulus quality interaction was not due to
a failure of semantic feedback to engage, but rather to the
fact that feedback had insufficient time to adequately spread
to orthography because the prime duration was too brief.

Method

Participants. The participants were 47 college students enrolled
at California State University, San Bernardino, or the University
of Nebraska at Omaha, who received partial course credit for their
participation. All the participants were native English speakers and
possessed normal or corrected-to-normal vision.

Stimuli. The stimuli were the same as those used in Experiments 1
and 3, except that each test list contained 24 associatively related, as
opposed to 24 unrelated, filler prime—target word pairs. As a result,
each test list contained an RP of .50. Recall that Stolz and Neely
(1995) proposed that semantic feedback spreads only under high-
RP conditions, regardless of the SOA. Thus, a high RP was used
in Experiment 4 in order to ensure that the appropriate conditions
(as specified by Brown & Besner, 2002, and Stolz & Neely, 1995)
existed for semantic feedback.

Apparatus. The apparatus was the same as that in the previous
experiments, with the exception that the computer monitor’s refresh
rate was changed from 75 to 60 Hz.

Procedure. With the exception that a 33-msec prime exposure
duration was used, the procedure was the same as that in Experi-
ments 1 and 3.

Results and Discussion

Trials on which the voice key was triggered by noise
before the participant responded and trials on which there
was a failure of the voice key to register the participant’s
response were excluded from the analyses (2.0%). In addi-
tion, correct RTs that were outside the range of two standard
deviations above and below each participant’s mean were
excluded (4.6%). Data from 1 participant who committed
an excessive amount of naming errors were discarded. Mean
RTs and error rates were computed for each participant and
submitted to a 3 (type of prime—target relationship: associa-
tively related vs. homophonically mediated vs. orthographi-
cally mediated) X 2 (condition: experimental vs. control)
within-subjects ANOVA (see Table 5 for means). Planned
comparisons were used to test for direct- and mediated-
priming effects within each type of prime—target word pair.
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RTs. Only correct responses were included in the anal-
ysis of RT data. The two-way interaction between type of
prime—target relationship and condition [F(2,92) = 1.258,
MS, = 550.560] was not significant, nor was the main
effect of condition [F(1,46) = 1.137, MS, = 1,020.140].
However, a significant main effect of type of prime—
target relationship was found [F(2,92) = 8.429, MS, =
957.073]. Post hoc comparisons showed that both asso-
ciatively related (M = 501 msec) and orthographically
mediated (M = 507 msec) targets were named signifi-
cantly more quickly than homophonically mediated (M =
519 msec) targets. More important, planned comparisons
revealed that RTs in the experimental condition were sig-
nificantly shorter than those in the control condition with
associatively related word pairs [F(1,92) = 4.613, MS, =
550.560], but not with homophonically mediated (F < 1)
or orthographically mediated (7 < 1) word pairs. No other
significant effects were found in the RT data.

Error rates. The interaction between type of prime—
target relationship and condition was not significant
[F(2,92) = 2.365, MS, = 0.008], nor was the main effect
of condition (F < 1). However, the main effect of type
of prime-target relationship was significant [F(2,102) =
5.964, MS, = 0.009]. Post hoc tests showed that homopho-
nically mediated targets (M = 8.5%) yielded significantly
more naming errors than did associatively related (M =
4.6%) and orthographically mediated (M = 5.2%) targets.
Planned comparisons revealed that significantly more nam-
ing errors were produced in the control condition (M =
6.5%) than in the experimental condition (M = 2.6%) with
associatively related word pairs [F(1,92) = 4.409, MS, =
0.008], but not with orthographically (¥ < 1) or homopho-
nically (F < 1) mediated word pairs. No other significant
effects were found in the error rate data.

As in Experiments 1 and 3, significant facilitatory-
priming effects were found with associatively related
(e.g., frog—toad) prime—target word pairs, but not with
homophonically mediated word pairs (e.g., frog—towed).
However, unlike in those two previous experiments, a
mediated-priming effect was not found with orthographi-
cally mediated prime—target word pairs (e.g., frog—told).
The presence of semantic priming, along with the absence
of orthographically mediated priming effects, is consistent
with a two-step process of mediated priming. Specifically,
although a 33-msec prime duration provided sufficient time
for semantic associates to be automatically activated (see
also Brown & Besner, 2002, for evidence of associative

priming under similar conditions), an insufficient amount
of semantic feedback had spread to orthography. Thus,
the present results suggest that the absence of a context X
stimulus quality interaction under a very brief prime dura-
tion is not due to a failure of semantic feedback to engage
(cf. Brown & Besner, 2002). Rather, a brief prime duration
does not allow enough time for a sufficient amount of se-
mantic feedback to spread to orthographic representations.
According to the present account, given that a mediated-
priming effect was found with orthographically mediated
prime—target word pairs when a 53-msec prime duration
was used in Experiment 1, context and stimulus quality
should interact when the prime duration is 53 msec. Unfor-
tunately, to the best of our knowledge, this specific prime
duration has not been used in any previous tests of the con-
text X stimulus quality interaction.

GENERAL DISCUSSION

In the present study, the direct- and mediated-priming
paradigms were used in a series of four experiments to
determine whether semantic feedback spreads to ortho-
graphic and/or phonological representations and whether
such feedback occurs automatically during the initial
stages of lexical processing. The use of a 53-msec prime
exposure duration in Experiment 1 produced associatively
related (e.g., frog—toad) and orthographically mediated
(e.g., frog—told) priming effects, but not a homophonically
mediated (e.g., frog—towed) priming effect. These results
demonstrate that there is an automatic spread of activation
to orthographic, but not phonological, representations dur-
ing the initial stages of the word recognition process. The
results of Experiment 1 are consistent with models of vi-
sual word recognition that include fully interactive connec-
tions between semantic and orthographic representations
(e.g., Coltheart et al., 2001; Seidenberg & McClelland,
1989; Stone et al., 1997; Van Orden & Goldinger, 1994)
and provide support for accounts that invoke semantic-to-
orthographic feedback in order to explain aspects of vi-
sual word recognition performance (e.g., Besner & Smith,
1992; Borowsky & Besner, 1993; Brown & Besner, 2002;
Stolz & Neely, 1995). However, the results are inconsis-
tent with accounts of visual word recognition performance
that also include semantic feedback to phonological repre-
sentations (e.g., Farrar et al., 2001; Hino & Lupker, 1996;
Hino et al., 2002; Pecher, 2001; Pexman & Lupker, 1999;
Pexman, Lupker, & Hino, 2002).

Table 5
Mean Correct Response Times (RTs, in Milliseconds),
Error Rates (%E), and Context Effects by Type of Prime—Target
Relationship and Condition in Experiment 4 (With Standard Deviations)

Condition
Unrelated Related
Type of 5 5
Prime-Target RT %E RT %E Context Effect
Relationship M SD M SD M SD M SD RT %E
Associative 506 843 6.5 103 496 802 26 62  +10° +3.97
Homophonic 519 948 75 127 518 914 93 11.6 +1 —1.8
Orthographic 507 95.1 57 124 506 86.8 4.8 10.7 +1 +0.9

Note—Context effect = unrelated — related.

*p < .05,
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Using the mediating words and their respective targets
from Experiment 1, direct homophone- and orthographic-
priming effects were found in Experiment 2. These direct-
priming effects demonstrated that the mediating words (e.g.,
toad) used in Experiment 1 were able to prime both homo-
phonically (e.g., fowed) and orthographically (e.g., told)
related targets. The direct-priming effects found in Experi-
ment 2 indicate that the null priming effect found with ho-
mophonically mediated word pairs in Experiment 1 was not
due to orthographic interference caused by semantic feed-
back to phonology. Rather, these results indicate that seman-
tic feedback failed to spread to phonology in Experiment 1.

With a relatively long prime exposure (413 msec), Exper-
iment 3 replicated the results of Experiment 1 by showing
significant facilitatory-priming effects with associatively
related and orthographically, but not homophonically, medi-
ated prime-target word pairs. Given that a 413-msec prime
duration was used, these results demonstrate that even when
a relatively long prime duration is used, semantic feedback
does not spread to phonology. In addition, the results of Ex-
periment 3 indicate that the effects of semantic feedback
extend beyond the initial stages of visual word recognition
and remain present after slower-acting conscious expec-
tancy processes become operational. The extended effect of
semantic feedback on word processing suggests either that
semantic feedback continues to spread as word processing
progresses or that semantic feedback has a relatively long-
lasting effect despite its quick emergence during the early
stages of word recognition.

Finally, Experiment 4 tested a two-step account of
the mediated-priming results obtained in Experiments 1
and 3. By this account, activation first spreads from the
prime’s semantic representation to the mediating word’s
semantic representation, which is followed by a second
step in which activation quickly spreads from the mediat-
ing word’s semantic representation to its corresponding
orthographic representation. In the fourth experiment, a
very brief (33-msec) prime exposure duration was used
in an attempt to capture semantic activation before it had
an opportunity to sufficiently spread to the orthographic
representation of the mediating word. By showing facili-
tatory priming with associatively related, but not ortho-
graphically mediated, words, Experiment 4 successfully
isolated the first step of mediated priming.

Semantic Feedback and the Facilitation
of Orthographic Processing

The nature of semantic feedback is best described within
the sequence of events that occurs when a word is read. As
was noted previously in this article, skilled reading perfor-
mance depends on the ability to rapidly integrate distinct
groups or levels of information (e.g., semantic, ortho-
graphic, and phonological). This rapid integration of infor-
mation is made possible by a word recognition system that
allows the bidirectional flow of activation between levels of
representation (see, e.g., Coltheart et al., 2001; Plaut et al.,
1996; Seidenberg & McClelland, 1989; Stone et al., 1997;
Van Orden & Goldinger, 1994). Assuming that process-
ing within the visual word recognition system is cascaded
(see Coltheart et al., 2001; McClelland, 1979), the visual

presentation of a word initiates orthographic processing,
which, in turn, quickly activates corresponding semantic
information, either directly or via phonology (depending
on whether one adheres to the dual-route or the strong pho-
nological theory). In addition, related semantic representa-
tions receive activation through automatic spreading acti-
vation (Collins & Loftus, 1975; Neely, 1976, 1977; Posner
& Snyder, 1975). Along with the results of other priming
studies (e.g., Brown & Besner, 2002), those of the present
investigation (Experiment 4) indicate that the activation of
such semantic information can occur very rapidly during
visual recognition (e.g., 33 msec after a word is presented).
More important, the results of the present study (Experi-
ment 1) indicate that when activation reaches the semantic
representations of both the current word and its associates,
activation also feeds back automatically to the respective
orthographic representations of those words. The present
results indicate that semantic feedback spreads to orthog-
raphy within the first 53 msec of lexical processing.

According to the present account, therefore, the primary
role of semantic feedback is to facilitate ongoing ortho-
graphic processing (see also Hino & Lupker, 1996; Hino
et al., 2002; Pecher, 2001; Pexman & Lupker, 1999; Pex-
man, Lupker, & Reggin, 2002). As soon as semantic infor-
mation is activated, semantic feedback immediately begins
to provide top-down support for orthographic processing.
The combination of both top-down and bottom-up activation
during word processing helps ensure that the most appropri-
ate orthographic representation is activated. This account of
semantic feedback is similar to other theories of visual word
recognition in which feedforward and feedback have been
proposed to codetermine the final output of a process (see,
e.g., McClelland & Rumelhart, 1981; Stone et al., 1997).
Note that semantic feedback could aid in orthographic pro-
cessing through the activation of whole-word orthographic
representations or through the activation of orthographic
subunits, such as letters or feature representations.

Although the purpose of semantic feedback to orthog-
raphy may be to facilitate the word recognition process,
the question of why semantic feedback spreads to orthog-
raphy and not to phonology should be addressed. Given
that the main purpose of the visual word recognition sys-
tem is to access meaning from visual symbols, initially
such access necessarily depends on some orthographic
processing. This is true even if semantic access primar-
ily depends on prelexical phonological computation, as
is the case in the strong phonological framework (Frost,
1995, 1998; Frost et al., 2003; Van Orden et al., 1990).
In fact, Frost et al. have pointed out that “phonological
computation is contingent on the accurate registration of
orthographic information from the visual array” (p. 357).
Therefore, regardless of how semantic access is ultimately
accomplished (e.g., via orthography or phonology), by
preactivating orthographic representations, semantic
feedback will help constrain (either directly or indirectly)
those critical processes on which semantic access depends.
Consequently, the results of the present study are not nec-
essarily inconsistent with either the strong phonological or
the dual-route (Coltheart et al., 2001; Zorzi, Houghton, &
Butterworth, 1998) framework.
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Semantic Feedback to Orthography and the
Effects of Ambiguity and Synonymy

Recent accounts of visual word recognition perfor-
mance (Hino & Lupker, 1996; Hino et al., 2002; Pecher,
2001; Pexman & Lupker, 1999; Pexman, Lupker, & Hino,
2002) have invoked semantic feedback to orthography
and phonology in order to account for the effects of both
ambiguity and synonymy on visual word recognition per-
formance. For example, according to Hino et al. (2002;
see also Hino & Lupker, 1996), the ambiguity effect (i.e.,
the processing advantage found for words having mul-
tiple meanings over words having few meanings) is due
to the fact that ambiguous words possess multiple se-
mantic representations that map onto one orthographic
and phonological representation. The ambiguity effect is
attributed to semantic feedback’s providing greater ac-
tivation of orthographic and phonological information
in ambiguous words, relative to unambiguous words. In
contrast, according to Hino et al. (2002; see also Pecher,
2001), the synonymy effect (i.e., the processing disadvan-
tage found in words with a synonym, relative to words
without a synonym) is due to the fact that synonyms pos-
sess one semantic representation that maps onto multiple
orthographic and phonological representations. Thus, the
synonymy effect is due to semantic feedback’s producing
competition during orthographic and phonological pro-
cessing in words with a synonym, but not in words with-
out a synonym. Hino et al.’s (2002) proposal that semantic
feedback spreads to both orthography and phonology is
based on the fact that ambiguity (e.g., Gottlob, Goldinger,
Stone, & Van Orden, 1999; Hino & Lupker, 1996; Hino,
Lupker, Sears, & Ogawa, 1998; Rubenstein, Garfield, &
Millikan, 1970) and synonymy (e.g., Hino et al., 2002;
Pecher, 2001) effects have been found with both lexical
decision tasks and naming tasks.

The results of the present study suggest that Hino et al.’s
(2002) account of ambiguity and synonymy effects may
require some modification. In the present study, perfor-
mance in the naming task was found to be influenced by
semantic feedback to only orthography. This finding raises
the possibility that semantic feedback to orthography not
only may influence responses in tasks that have been as-
sumed to be based on orthographic processing (i.e., lexi-
cal decision tasks), but also can affect responses in tasks
that have been assumed to be based primarily on phono-
logical processing (i.e., naming tasks). Despite the fact
that responses in the naming task are dependent on the use
of phonological codes, as was previously indicated, during
printed word processing the construction of such codes
necessarily relies on some initial orthographic processing.
Thus, if semantic feedback to orthography increases the
amount of activation of only one orthographic representa-
tion, as with ambiguous words, such activation should fa-
cilitate a response (at least to some degree), regardless of
whether the response is ultimately based on orthography
(e.g., in lexical decision tasks) or phonology (e.g., in nam-
ing tasks). Similarly, if semantic feedback to orthography
increases the activation of multiple orthographic repre-
sentations, as in the case of words with synonyms, such
activation should hinder a response, regardless of whether

a response is ultimately based on orthography or phonol-
ogy. Therefore, it is possible that feedback to orthography
alone can be used account for ambiguity and synonymy
effects found in both lexical decision and naming tasks.

In addition, it is important to note that although seman-
tic variables (e.g., synonymy and imageability) have been
shown to influence processing in both lexical decision and
naming tasks, the effect of such variables occasionally has
been found to be stronger in the lexical decision task than
in the naming task (e.g., de Groot, 1989; Pecher, 2001).
The present account of semantic feedback is also consis-
tent with this finding. Specifically, if semantic feedback
spreads only to orthography, one would expect that seman-
tic variables should have a larger effect in tasks that are
based primarily on orthographic processing (e.g., lexical
decision tasks) than in tasks that involve both orthographic
and phonological processing (e.g., naming tasks).

Semantic Feedback and RP

Finally, as was previously indicated, the presence of se-
mantic feedback to orthography was found under low-RP
conditions in Experiments 1 and 3 (see also Farrar et al.,
2001; O’Seaghdha & Marin, 1997). This finding is incon-
sistent with Stolz and Neely’s (1995) data, in which evi-
dence of semantic feedback was found under high- (.50),
but not low- (.25), RP conditions.? Given that previous
studies (Keefe & Neely, 1990; see also Neely, 1991) have
demonstrated that the effect of RP is weaker in the naming
task than in the lexical decision task, the use of a naming
task in the present study may be one reason why semantic
feedback was found under low-RP conditions. Thus, it is
possible that RP does modulate semantic feedback but
that RP exerted only a weak effect in the present study. It is
important to note, however, that even if this was the case,
the results of Experiments 1 and 3 indicate that the de-
fault set is for semantic feedback to spread (cf. Brown &
Besner, 2002). The only question that remains is whether
or not a low RP is able to disengage semantic feedback.

Conclusions

The central findings of the present investigation were
(1) that semantic feedback spreads to orthography, but not
to phonology, and (2) that such feedback occurs automati-
cally during the initial stages of visual word processing.
Although further research is required to examine semantic
feedback under other conditions, the results provide im-
portant constraints for models of visual word recognition,
particularly regarding the nature of interactivity among
components of the visual word recognition system.

AUTHOR NOTE

A portion of these data was presented at the 47th Annual Meeting
of the Psychonomic Society in Houston, TX, and the Western Psycho-
logical Association’s 86th Annual Convention, Palm Springs, CA. This
research was supported, in part, by a seed grant awarded to J.ER. by
California State University, San Bernardino. We thank Lindsay Oftelie
for her assistance with data collection and three anonymous reviewers
for their helpful comments on a previous draft. Correspondence con-
cerning the article should be addressed to J. F. Reimer, Department of
Psychology, California State University, 5500 University Parkway, San
Bernardino, CA 92407 (e-mail: jreimer@csusb.edu).



656 REIMER, LORSBACH, AND BLEAKNEY

REFERENCES

BESNER, D., & SMITH, M. C. (1992). Models of visual word recognition:
When obscuring the stimulus yields a clearer view. Journal of Experi-
mental Psychology: Learning, Memory, & Cognition, 18, 468-482.

BoRrOWSKY, R., & BESNER, D. (1993). Visual word recognition: A multi-
stage activation model. Journal of Experimental Psychology: Learn-
ing, Memory, & Cognition, 19, 813-840.

BrowN, M., & BESNER, D. (2002). Semantic priming: On the role of
awareness in visual word recognition in the absence of an expectancy.
Consciousness & Cognition, 11, 402-422.

BucHANAN, L., & BESNER, D. (1993). Reading aloud: Evidence for the
use of a whole word nonsemantic pathway. Canadian Journal of Ex-
perimental Psychology, 47, 133-152.

CoLLINS, A. M., & Lortus, E. F. (1975). A spreading-activation theory
of semantic processing. Psychological Review, 82, 407-428.

COLTHEART, M., RASTLE, K., PERRY, C., LANGDON, R., & ZIEGLER, J.
(2001). DRC: A dual route cascaded model of visual word recognition
and reading aloud. Psychological Review, 108, 204-256.

Davis, C., CASTLES, A., & Iakovipis, E. (1998). Masked homophone
and pseudohomophone priming in adults and children. Language &
Cognitive Processes, 13, 625-651.

DE GROOT, A. M. B. (1989). Representational aspects of word imageabil-
ity and word frequency as assessed through word association. .Journal
of Experimental Psychology: Learning, Memory, & Cognition, 15,
824-845.

DEN HEYER, K., BRIAND, K., & DANNENBRING, G. L. (1983). Strategic
factors in a lexical-decision task: Evidence for automatic and attention-
driven processes. Memory & Cognition, 11, 374-381.

EDpWARDS, J. D., PEXMAN, P. M., & HUuDpsoN, C. E. (2004). Exploring the
dynamics of the visual word recognition system: Homophone effects
in LDT and naming. Language & Cognitive Processes, 19, 503-532.

FARRAR, W. T., IV, VAN ORDEN, G. C., & Hamouz, V. (2001). When
SOFA primes TOUCH: Interdependence of spelling, sound, and
meaning in “semantically mediated” phonological priming. Memory
& Cognition, 29, 530-539.

FORSTER, K. I. (1976). Accessing the mental lexicon. In R. J. Wales &
E. C. T. Walker (Eds.), New approaches to language mechanisms
(pp. 257-287). Amsterdam: North-Holland.

FORSTER, K. I. (1998). The pros and cons of masked priming. Journal of

Psycholinguistic Research, 27, 203-233.

FORSTER, K. I., & CHAMBERS, S. M. (1973). Lexical access and naming
time. Journal of Verbal Learning & Verbal Behavior, 12, 627-635.
FORSTER, K. I., & Davis, C. (1984). Repetition priming and frequency
attenuation in lexical access. Journal of Experimental Psychology:

Learning, Memory, & Cognition, 10, 680-698.

FORSTER, K. I, Davis, C., SCHOKNECHT, C., & CARTER, R. (1987). Masked
priming with graphemically related forms: Repetition or partial activa-
tion? Quarterly Journal of Experimental Psychology, 39A, 211-251.

FORSTER, K. I., & VERES, C. (1998). The prime lexicality effect: Form-
priming as a function of prime awareness, lexical status, and discrimi-
nation difficulty. Journal of Experimental Psychology: Learning,
Memory, & Cognition, 24, 498-514.

FrosT, R. (1995). Phonological computation and missing vowels: Map-
ping lexical involvement in reading. Journal of Experimental Psychol-
ogy: Learning, Memory, & Cognition, 21, 398-408.

Frost, R. (1998). Toward a strong phonological theory of visual word
recognition: True issues and false trails. Psychological Bulletin, 123,
71-99.

FRrosT, R., AHISSAR, M., GOTESMAN, R., & TAYEB, S. (2003). Are phono-
logical effects fragile? The effect of luminance and exposure duration
on form priming and phonological priming. Journal of Memory &
Language, 48, 346-378.

GOTTLOB, L. R., GOLDINGER, S. D., STONE, G. O., & VAN ORDEN, G. C.
(1999). Reading homographs: Orthographic, phonologic, and seman-
tic dynamics. Journal of Experimental Psychology: Human Percep-
tion & Performance, 25, 561-574.

GRAINGER, J., MUNEAUX, M., FARrIOLL, F., & ZIEGLER, J. C. (2005).
Effects of phonological and orthographic neighbourhood density in-
teract in visual word recognition. Quarterly Journal of Experimental
Psychology, 58A, 981-998.

Hino, Y., & LUPKER, S. J. (1996). Effects of polysemy in lexical deci-
sion and naming: An alternative to lexical access accounts. Journal

of Experimental Psychology: Human Perception & Performance, 22,
1331-1356.

HiNo, Y., LUPKER, S.J., & PEXMAN, P. M. (2002). Ambiguity and synon-
ymy effects in lexical decision, naming, and semantic categorization
tasks: Interactions between orthography, phonology, and semantics.
Journal of Experimental Psychology: Learning, Memory, & Cogni-
tion, 28, 686-713.

HiNo, Y., LUPKER, S. J., SEARS, C. R., & Ocawa, T. (1998). The effects
of polysemy for Japanese katakana words. Reading & Writing, 10,
395-424.

HUMPHREYS, G. W., EVETT, L. J., & TAYLOR, D. E. (1982). Automatic
phonological priming in visual word recognition. Memory & Cogni-
tion, 10, 576-590.

JARED, D., LEvY, B. A., & RAYNER, K. (1999). The role of phonology
in the activation of word meanings during reading: Evidence from
proofreading and eye movements. Journal of Experimental Psychol-
ogy: General, 128, 219-264.

KEEFE, D. E., & NEELY, J. H. (1990). Semantic priming in the pronun-
ciation task: The role of prospective prime-generated expectancies.
Memory & Cognition, 18, 289-298.

KucCEra, H., & FrRaNcis, W.N. (1967). Computational analysis of present-
day American English. Providence, RI: Brown University Press.

LEscH, M. F., & POLLATSEK, A. (1993). Automatic access of semantic
information by phonological codes in visual word recognition. Jour-
nal of Experimental Psychology: Learning, Memory, & Cognition,
19, 285-294.

LUKATELA, G., Frost, S. J., & TurvEYy, M. T. (1998). Phonological
priming by masked nonword primes in the lexical decision task. Jour-
nal of Memory & Language, 39, 666-683.

LUKATELA, G., & TURVEY, M. T. (1994a). Visual lexical access is ini-
tially phonological: 1. Evidence from associative priming by words,
homophones, and pseudohomophones. Journal of Experimental Psy-
chology: General, 123, 107-128.

LUKATELA, G., & TURVEY, M. T. (1994b). Visual lexical access is ini-
tially phonological: 2. Evidence from phonological priming by homo-
phones and pseudohomophones. Journal of Experimental Psychol-
ogy: General, 123, 331-353.

MCcCLELLAND, J. L. (1979). On the time relations of mental processes:
An examination of systems of processes in cascade. Psychological
Review, 86, 287-330.

MCcCLELLAND, J. L., & RUMELHART, D. E. (1981). An interactive acti-
vation model of context effects in letter perception: I. An account of
basic findings. Psychological Review, 88, 375-407.

MERIKLE, P. M., JOORDENS, S., & StoLZ, J. A. (1995). Measuring the
relative magnitude of unconscious influences. Consciousness & Cog-
nition, 4, 422-439.

NEELY, J. H. (1976). Semantic priming and retrieval from lexical mem-
ory: Evidence for facilitatory and inhibitory processes. Memory &
Cognition, 4, 648-654.

NEELY, J. H. (1977). Semantic priming and retrieval from lexical
memory: Role of inhibitionless spreading activation and limited-
capacity attention. Journal of Experimental Psychology: General,
106, 226-254.

NEELY, J. H. (1991). Semantic priming effects in visual word recogni-
tion: A selective review of current findings and theories. In D. Besner
& G. W. Humphreys (Eds.), Basic processing in reading: Visual word
recognition (pp. 264-336). Hillsdale, NJ: Erlbaum.

NEELY, J. H., & KEEFE, D. E. (1989). Semantic context effects on vi-
sual word processing: A hybrid prospective/retrospective processing
theory. In G. H. Bower (Ed.), The psychology of learning and motiva-
tion: Advances in research and theory (Vol. 24, pp. 207-248). New
York: Academic Press.

NELsoN, D. L., McEvoy, C. L., & SCHREIBER, T. A. (1998). The Uni-
versity of South Florida word association, thyme, and word fragment
norms. Available at w3.usf.edu/FreeAssociation/.

NusBaum, H. C., Pison, D. B., & Davis, C. K. (1984). Sizing up the
Hoosier Mental Lexicon: Measuring the familiarity of 20,000 words.
In Research on speech perception (Progress Rep. No. 10, pp. 357-376).
Bloomington: Indiana University, Speech Research Laboratory.

O’SEAGHDHA, P. G., & MARIN, J. W. (1997). Mediated semantic-
phonological priming: Calling distant relatives. Journal of Memory
& Language, 36,226-252.

PECHER, D. (2001). Perception is a two-way junction: Feedback se-



AUTOMATIC SEMANTIC FEEDBACK 657

mantics in word recognition. Psychonomic Bulletin & Review, 8,
545-551.

PEXMAN, P. M., & LUPKER, S. J. (1999). Ambiguity and visual word
recognition: Can feedback explain both homophone and polysemy ef-
fects? Canadian Journal of Experimental Psychology, 53, 323-334.

PEXMAN, P. M., LUPKER, S. J., & HiNo, Y. (2002). The impact of feed-
back semantics in visual word recognition: Number-of-features ef-
fects in lexical decision and naming tasks. Psychonomic Bulletin &
Review, 9, 542-549.

PEXMAN, P. M., LUPKER, S. J., & JARED, D. (2001). Homophone effects
in lexical decision. Journal of Experimental Psychology: Learning,
Memory, & Cognition, 27, 139-156.

PEXMAN, P. M., LUPKER, S. J., & REGGIN, L. (2002). Phonological ef-
fects in visual word recognition: Investigating the impact of feedback
activation. Journal of Experimental Psychology: Learning, Memory,
& Cognition, 28, 572-584.

PLauT, D. C., & BooTH, J. R. (2000). Individual and developmental dif-
ferences in semantic priming: Empirical and computational support
for a single-mechanism account of lexical processing. Psychological
Review, 107, 786-823.

Praur, D. C., McCLELLAND, J. L., SEIDENBERG, M. S., & PATTERSON, K.
(1996). Understanding normal and impaired word reading: Computa-
tional principles in quasi-regular domains. Psychological Review, 103,
56-115.

POSNER, M. L., & SNYDER, C. R. R. (1975). Attention and cognitive con-
trol. In R. L. Solso (Ed.), Information processing and cognition: The
Loyola symposium (pp. 55-85). Hillsdale, NJ: Erlbaum.

RASTLE, K., & COLTHEART, M. (1999). Lexical and nonlexical phono-
logical priming. Journal of Experimental Psychology: Human Percep-
tion & Performance, 25, 461-481.

REIMER, J. F. (2006). Developmental changes in the allocation of seman-
tic feedback during visual word recognition. Journal of Research in
Reading, 29, 194-212.

REIMER, J. F,, BROWN, J. S., & LorsBACH, T. C. (2001). Orthographically
mediated inhibition effects: Evidence of activational feedback during
visual word recognition. Psychonomic Bulletin & Review, 8, 102-110.

RUBENSTEIN, H., GARFIELD, L., & MILLIKAN, J. A. (1970). Homo-
graphic entries in the internal lexicon. Journal of Verbal Learning &
Verbal Behavior, 9, 487-494.

RUMELHART, D. E., & McCLELLAND, J. L. (1982). An interactive activa-
tion model of context effects in letter perception: II. The contextual
enhancement effect and some tests and extensions of the model. Psy-
chological Review, 89, 60-94.

SCARBOROUGH, D. L., CORTESE, C., & SCARBOROUGH, H. S. (1977).

Frequency and repetition effects in lexical memory. Journal of Experi-
mental Psychology: Human Perception & Performance, 3, 1-17.

SCHNEIDER, W., ESCHMAN, A., & ZuccoLoTTo, A. (2002). E-Prime
user s guide. Pittsburgh: Psychology Software Tools.

SEIDENBERG, M. S., & McCLELLAND, J. L. (1989). A distributed, de-
velopmental model of word recognition and naming. Psychological
Review, 96, 523-568.

SmitH, M. C., & BESNER, D. (2001). Modulating semantic feedback in
visual word recognition. Psychonomic Bulletin & Review, 8, 111-117.

Storz,J. A., & NEELY, J. H. (1995). When target degradation does and does
not enhance semantic context effects in word recognition. Journal of Ex-
perimental Psychology: Learning, Memory, & Cognition, 21, 596-611.

STONE, G. O., VANHOY, M., & VAN ORDEN, G. C. (1997). Perception is
a two-way street: Feedforward and feedback phonology in visual word
recognition. Journal of Memory & Language, 36, 337-359.

VAN ORDEN, G. C., & GOLDINGER, S. D. (1994). The interdependence of
form and function in cognitive systems explains perception of printed
words. Journal of Experimental Psychology: Human Perception &
Performance, 20, 1269-1291.

VAN ORDEN, G. C., PENNINGTON, B. F,, & STONE, G. O. (1990). Word
identification in reading and the promise of subsymbolic psycholin-
guistics. Psychological Review, 97, 488-522.

WIKE, E. L., & CHURCH, J. D. (1976). Comments on Clark’s “The
language-as-fixed-effect fallacy.” Journal of Verbal Learning & Ver-
bal Behavior, 15, 249-255.

YATES, M. (2005). Phonological neighbors speed visual word process-
ing: Evidence from multiple tasks. Journal of Experimental Psychol-
ogy: Learning, Memory, & Cognition, 31, 1385-1397.

Zorz1, M., HOUGHTON, G., & BUTTERWORTH, B. (1998). Two routes or
one in reading aloud? A connectionist dual-process model. Journal
of Experimental Psychology: Human Perception & Performance, 24,
1131-1161.

NOTES

1. Note that in examples of mediated prime—target word pairs pro-
vided throughout this article, mediating words are placed in brackets.
These mediating words are not presented to participants within the
mediated-priming paradigm.

2. We thank an anonymous reviewer for suggesting this alternate
account.

3. However, it should be noted that the way in which RP modulates
semantic feedback is not clear (see Stolz & Neely, 1995, pp. 608—609,
for a discussion).

APPENDIX A
Thirty-Six Word Quadruplets and Corresponding Unrelated Primes

. socks (tiger)—feet—feat—feed

. airport (mustard)—plane—plain—plate
. shopping (reporter)—mall-maul-mill
. diamond (coconut)-ring—wring—rung
. zero (jump)—-none—nun—note

. gun (eye)—shoot—chute—shook

. book (fire)-read-reed-rear

. highway (display)-road—rode—roam
. saddle (jersey)-horse—hoarse—house
10. comb (sofa)-hair—hare—hail

11. sour (clam)-sweet—suite—sweat

12. frog (kite)-toad—towed—told

13. deer (cake)-doe—dough—dog

14. dig (hip)-hole—whole—hope

15. sand (dawn)—beach—beech—bench
16. buy (fit)—sell-cell-seal

17. tulip (pizza)—flower—flour—flowed
18. strong (modern)-weak—week—wear

O 001NN —

19. bucket (turtle)—pail—pale—pair

20. live (east)—die—dye—dim

21. female (driver)-male—mail-make
22. butcher (garbage)-meat-meet—melt
23. sky (leg)-blue—blew—blur

24. fix (gum)—break—brake—bleak

25. shine (groom)—sun—son—sum

26. wag (zip)—tail-tale—tall

27. coffee (secret)-tea—tee—ten

28. fishing (courage)—pole—poll—poke
29. bargain (royalty)—sale—sail-salt
30. ocean (smell)-sea—see—set

31. listen (stream)—hear—here—heap
32. umbrella (curtains)-rain—rein—rail
33. print (angel)-write—right-wrote
34. vision (review )—sight—site—sighs
35. step (army)—stair—stare—stain

36. method (square)-way—weigh—wax

Note—Each word quadruplet lists, in order, the related prime, the unrelated prime (in
parentheses), the associatively related target, the homophonically mediated target, and the

orthographically mediated target.
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APPENDIX B
Homophonically (Experiment 2A) and Orthographically (Experiment 2B)
Related Prime—Target Word Pairs Used in Experiment 2

Experiment 2A Experiment 2B
Related Unrelated Related Unrelated
Prime Prime Target Prime Prime Target
1. feet past feat 1. feet past feed
2. plane staff plain 2. plane staff plate
3. mall germ maul 3. mall germ mill
4. ring cook wring 4. ring cook rung
5. none deep nun 5. none deep note
6. shoot fiber chute 6. shoot fiber shook
7. read data reed 7. read data rear
8. road idea rode 8. road idea roam
9. horse march hoarse 9. horse march house
10. hair sent hare 10. hair sent hail
11. sweet drawn suite 11. sweet drawn sweat
12. toad wick towed 12. toad wick told
13. doe zip dough 13. doe zip dog
14. hole busy whole 14. hole busy hope
15. beach metal beech 15. beach metal bench
16. sell vice cell 16. sell vice seal
17. flower genius flour 17. flower genius flowed
18. weak coal week 18. weak coal wear
19. pail brim pale 19. pail brim pair
20. die box dye 20. die box dim
21. male core mail 21. male core make
22. meat load meet 22. meat load melt
23. blue hour blew 23. blue hour blur
24, break cover brake 24. break cover bleak
25. sun hit son 25. sun hit sum
26. tail bend tale 26. tail bend tall
27. tea cow tee 27. tea cow ten
28. pole wing poll 28. pole wing poke
29. sale path sail 29. sale path salt
30. sea arm see 30. sea arm set
31. hear food here 31. hear food heap
32. rain song rein 32. rain song rail
33. write scene right 33. write scene wrote
34. sight build site 34. sight build sighs
35. stair chunk stare 35. stair chunk stain
36. way how weigh 36. way how wax

Note—Associatively related word pairs used in Experiments 2A and 2B were the
same as those used in Experiment 1.

(Manuscript received November 29, 2006;
revision accepted for publication September 17, 2007.)
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