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A large body of evidence shows that rimes function as
units in speech perception, speech production, and verbal
working memory (see Treiman, 1989). Similarly, rimes
seem to play an important role in learning to read, possi-
bly because of the availability of the rime as a phonolog-
ical structure early in childhood (e.g., Bowey & Hansen,
1994; Treiman, Goswami, & Bruck, 1990; Treiman, Mul-
lennix, Bijeljac-Babic, & Richmond-Welty, 1995). Given
these findings, one might expect that the orthographic
equivalentof the rime, the body, may also functionas a unit
in visual word recognition in adults. In fact, a number of
studies on skilled reading have supported this prediction
(e.g., Bowey, 1990, 1993, 1996; Brown, 1987; Brown &
Watson, 1994; Forster & Taft, 1994; Rosson, 1985; Taft,
1992; Ziegler & Perry, 1998). Most important, it has been
shown that words or nonwords constructed from relatively
common bodies were read faster and more accurately than
those constructed from less common bodies (e.g., Brown
& Watson, 1994; Rosson, 1985; Treiman et al., 1990).

Such positive demonstrations of a facilitatory role of
the body stand in sharp contrast to the absence of facili-
tatory body effects in primed naming. For example, Luka-
tela and Turvey (1996) showed that naming was not fa-
cilitated but inhibitedwhen a target word was preceded by
a body prime (e.g., nose–HOSE). Similarly, Lupker and
Colombo (1994) found virtually no evidence of facilita-
tion for body priming, except when the target was a low-
frequency irregular word (e.g., wash–SQUASH). Finally,

Pexman, Christi, and Lupker (1999) showed that whereas
enemy primes (e.g., word–CORD) generally inhibitednam-
ing,1 friend primes (e.g., need–WEED) never facilitatednam-
ing, unless the primes were named aloud.

The absence of facilitatory body effects in primed nam-
ing is puzzling for a number of reasons. First, it seems in-
compatible with the f inding that words with common
bodies are read faster and more accurately than words with
less common bodies (e.g., Brown & Watson, 1994; Ros-
son, 1985; Treiman et al., 1990). If bodies facilitate nam-
ing in an unprimed situation, why can they not facilitate
naming in a priming situation? Second, if bodies are im-
portant psycholinguistic units in children, they should re-
main important in adults, especially given that body
usage seems positively correlated with reading profi-
ciency (Bowey & Underwood, 1996). Third, given Trei-
man et al.’s (1995) demonstrations that the body, as a sta-
tistical unit, can help to disambiguate the inconsistent
vowel pronunciation in English, there is no reason to ex-
pect anything else but facilitation to come from the body.

In the present article, we investigatewhy body effects,
although present in various unprimed situations, seem to
be hard to obtain in primed naming. In fact, a closer look
at the only studies that found body effects in primed nam-
ing (Bowey, 1990, 1993) points to an interesting meth-
odological detail. Bowey (1990, 1993) obtained facilita-
tory body priming, but her primes consisted of the body
only (e.g., ait–BAIT). In contrast, other body-priming stud-
ies typicallyprimed with a whole word, including the on-
set (e.g., hose–NOSE). Is it possible that this seemingly ir-
relevant methodological detail could be responsible for
the presence or absence of body effects in naming?

A first answer to this question comes from a study by
Grainger and Ferrand (1996). These authors were con-
fronted with explaininga similar null effect—namely, why
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pseudohomophones like brane were no better primes for
naming BRAIN than were nonpseudohomophones like
brate. Their hypothesiswas that facilitation from shared
onsets was so strong that having more than the onset in
common did not facilitate over and above having just the
onset in common. To prove their hypothesis, they showed
that primes that shared just the onset (broll–BRAIN) were
as efficient as primes that shared more than the onset
(brane–BRAIN). Similarly, they showed that when the on-
set was replaced with a percent sign, pseudohomophones
like brane (%ane–BRAIN) became better primes than
nonpseudohomophones like brate (%ate–BRAIN).

A second answer to this question comes from experi-
ments by Forster and Davis (1991). Whereas Grainger
and Ferrand (1996) showed that shared onsets can facil-
itate primed naming, Forster and Davis showed that dif-
ferent onsets can inhibit primed naming. This so-called
onset effect is a Stroop-like inhibitory effect that shows
up when primes and targets begin with different onsets.
Because words that rhyme (e.g., hose–NOSE) have, by de-
finition, different onsets, it is conceivable that a facilita-
tory body effect could be cancelled out by a strong inhib-
itory onset effect. Thus, taking the results of these two
studies together, one could predict that facilitatory body
effects should reemerge for stimuli that previously pro-
duced no evidence of facilitationwhen the inhibitory on-
set of a prime was removed or replaced by a percent sign.

This hypothesis was tested using the stimuli of the
most comprehensivestudy on body effects in primed nam-
ing that failed to find facilitatory effects for body primes
(i.e., Pexman et al., 1999). These authors used a primed
naming procedure with three stimulus onset asynchronies
(SOAs) (129, 314, and 814 msec). The primes were ei-
ther high or low in frequency, and they were either regular
or irregular. Regular primes contained the same ortho-
graphic and phonologicalbody as the target; they were so-
called friends (e.g., need–WEED). Irregular primes con-
tained the same orthographic body as the target, but their
pronunciationdiffered; they were so-called enemies (e.g.,
word–CORD).

In order to test our hypothesis, we replaced the onset
of the prime by a percent sign for one group of subjects.
For the other group of subjects, the onset of the prime
was present. If the onset hypothesiswas correct, we should
obtain facilitation for Pexman et al.’s (1999) stimuli when
the onset of the primes was taken off. Conversely, the same
stimuli should produce either no effect or an inhibitory
effect when the prime onset was intact. With respect to
prime regularity, in the with-onset condition, it was pre-
dicted that irregular primes (word–CORD) should produce
more inhibition than regular primes (need–WEED). In the
without-onset condition, no effect of prime regularity
was expected, because irregular bodies without onsets
(e.g., ord) are likely to become regularized.

Finally, because we were interested in investigating at
what point facilitation or inhibition emerged and how it
developed over time, we used four SOAs (50, 66, 83, and

100 msec), starting with a short SOA at which primes
should not be visible (e.g., Forster, Davis, Schoknecht,&
Carter, 1987). The same subjects were used across all
SOAs in order to have a within-subjects baseline against
which the effects of facilitationand inhibitioncould be as-
sessed2 (e.g., Grainger & Jacobs, 1999; Jacobs, Grain-
ger, & Ferrand, 1995; Ziegler, Ferrand, Jacobs, Rey, &
Grainger, 2000).

METHOD

Subjects
Sixteen undergraduate students at Carnegie Mellon University

participated in the study. Eight of them were tested in the with-onset
condition, and 8 were tested in the without-onset condition. The
subjects received course credit for their participation. All the sub-
jects were native English speakers and had normal or corrected-to-
normal vision.

Stimuli
The stimuli were taken from Pexman et al. (1999, Experiments 1

and 2). They consisted of 128 monosyllabic prime–target word
pairs, of which 64 were related and 64 unrelated pairs. In the related
condition, 32 primes were regular, and 32 were irregular. Regular
primes contained a body that was orthographically and phonologi-
cally identical to the body of the target—the prime and the target
were friends (e.g., need–WEED). Irregular primes had the same or-
thographic body as the target but a different pronunciation— the
prime and the target were enemies (e.g., word–CORD). In both the
regular and the irregular priming conditions, half of the primes (16)
were low-frequency words, and half were high-frequency words (be-
low or above 55–60 occurrences per million, respectively; KuÏcera
& Francis, 1967). All the targets were low-frequency regular words.
In the unrelated priming condition, the same 64 targets as those de-
scribed for the related condition were used, but paired with
orthographically and phonologically dissimilar primes (e.g., what–
CORD). In the without-onset condition, the stimuli were identical to
the ones described above, except that the onset of each prime (in all
the conditions) was replaced by a percent sign (e.g., %eed–WEED,
%ord–CORD).

Procedure
The stimuli were presented on the screen of a 540C Macintosh

PowerBook computer controlled by PsyScope (Cohen, MacWhinney,
Flatt, & Provost, 1993). The stimuli were displayed in an 18-point
Courier font, in lowercase letters for the primes and in uppercase
letters for the targets. A voice key interfaced with PsyScope was used
to measure vocal reaction times (RTs).

On each trial, the subject was presented with a sequence of four
stimuli: a premask for 500 msec, the prime for 17, 33, 50, or 67 msec,
a postmask for 33 msec, and the target for an unlimited duration.
The masks consisted of a string of six hash marks (#). The four
stimuli followed each other with an interstimulus interval of 0 msec.
Accordingly, the SOA was 50, 66, 83, or 100 msec, depending on
the duration of the prime. The subjects were asked to read the tar-
get aloud as rapidly and as accurately as possible. Each trial was
triggered by the experimenter. Naming was considered erroneous
when the target word was mispronounced or when the subject’s pro-
nunciation was hesitant. Responses that did not trigger the voice
key were not considered as errors and were removed from the data.
The 128 prime–target pairs were presented four times to each sub-
ject, once for each prime duration. The stimuli were blocked per prime
duration. For each subject and each block, the order of the stimuli
was randomized. The order of the blocks was balanced across sub-
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jects and was identical in the with-onset and the without-onset con-
ditions. There was a short break between two consecutive blocks.

RESULTS

The overall results averaged across prime durations
are presented in Table 1. Because the error rates were fairly
low and evenly distributed across conditions (1.23% and
1.24% for with-onset and without-onset, respectively),
they are not further considered for statistical analysis.
RTs that were three standard deviations beyond the indi-
vidual grand mean were excluded. This trimming proce-
dure excluded 32 scores (0.3% of the data). Furthermore,
119 scores were excluded because of voice key errors
(1.45% of the data). In the subject analysis (F1), the RT
data were submitted to a five-way factorial analysis of
variance (ANOVA), with onset type (with vs. without)
as a between-subjects factor and relatedness (related vs.
unrelated), SOA (50, 67, 83, and 100 msec), prime reg-
ularity (regular vs. irregular), and prime frequency (high
vs. low) as within-subjects factors. In the item analysis
(F2), onset type, relatedness, and SOA were treated as
within-items factors, and regularity and frequency were
between-items factors.

As can be seen in Table 1, the overall priming pattern
in terms of facilitationand inhibitiondiffered for the same
targets as a function of whether or not the prime’s onset
was present. In the first case (with onset), no reliable facil-
itation was obtained in any of the prime conditions. Inhi-
bition was obtained for high-frequency irregular primes.
In the second case (without onset), both regular and ir-
regular primes produced reliable facilitation (for statis-
tical analyses, see below).

The ANOVAs showed that the main effect of related-
ness was significantby subjectsand items [F1(1,14) 5 9.5,
p < .005; F2(1,60) 5 14.9, p < .001]. The main effects of
onset type and SOA were significant only by items [on-
set type, F1(1,14) 5 0.28, p > .50, and F2(1,60) 5 78.5,
p < .001; SOA, F1(3,42) 5 1.5, p > .10, and F2(3,180) 5
39.6, p < .001]. More important, there was a significant
interaction between the effects of relatedness and onset
type [F1(1,14) 5 16.1, p < .005; F2(1,60) 5 30.5, p <
.0001], confirming that the overall priming pattern dif-

fered depending on whether the onset was present or re-
placed by a percent sign.

This dissociation was further specified by a triple
interaction between the effects of relatedness, onset type,
and SOA [F1(3,42) 5 2.5, p < .08; F2(3,180) 5 4.1, p <
.01]. This triple interaction is illustrated in Figure 1. This
figure clearly shows that, when the onset is present, no
priming is obtained for the first three SOAs. A signifi-
cant priming effect was obtained only for the longest
SOA [F1(1,21) 5 6.1, p < .05; F2(1,180) 5 7.2, p <
.005]. However, this priming effect was inhibitory in na-
ture, with related primes producing longer latencies than
did unrelated primes (547 vs. 537 msec). When the onset
of the prime was replaced by a percent sign, significant
facilitatory priming effects were obtained at all SOAs
(all Fs > 4.3, ps < .05). None of the other interactions in-
volving the effects of onset type, relatedness, or SOA ap-
proached significance.

As concerns the effects of prime regularity and prime
frequency, none of the main effects reached significance
(all ps > .10). Similarly, except for one, none of the inter-
actions involving prime regularity and prime frequency
was significant.Only the second-order interactionbetween
prime frequency and prime regularity was significant by
subjects, but not by items [F1(1,14) 5 10.8, p < .01;
F2(1,60) 5 1.7, p < .20]. This interactionmust reflect ab-
solute RT differences between the four groups of items.
Because these differences occurred regardless of whether
the primes were related or unrelated (i.e., the critical triple
interaction with relatedness was not significant; all ps >
.30), the present second-order interaction is theoretically
not very interesting.

The net priming effects given in Table 1 were further as-
sessed in separateANOVAs for each onset condition(with-
onset and without-onset). In the with-onset condition, the
analyses showed that only irregular high-frequencyprimes
produced an inhibitorypriming effect that was significant
by items, but not by subjects [F1(1,7) 5 1.4, p > .25;
F2(1,15) 5 16.1, p < .001]. All other prime types showed
no significant priming effects (all Fs < 1). In the without-
onset condition, significant facilitation was obtained for
all the prime types [high frequency regular,F1(1,7) 5 16.3,
p < .01, and F2(1,15) 5 15.46, p < .005; high-frequency

Table 1
Mean Latencies (RTs, in Milliseconds), Percentage of Errors (PEs), and Net Priming Effects

(Unrelated Minus Related) for All Priming Conditions Averaged Across
the Four Stimulus Onset Asynchronies

With Onset Without Onset

Related Unrelated Related Unrelated

Prime Type RT PE RT PE Net Priming RT PE RT PE Net Priming

High frequency
Regular 540 1.0 537 0.5 23 513 1.9 526 1.7 +13†
Irregular 530 1.6 521 1.5 29* 511 1.5 519 1.1 +8†

Low frequency
Regular 528 1.0 529 1.2 +1 505 0.2 519 0.4 +14†
Irregular 533 1.7 534 1.2 +1 512 1.5 525 1.7 +13†

*p < .05 by items. †p < .05 by subjects and items.
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irregular, F1(1,7) 5 10.3, p < .05, and F2(1,15) 5 5.02,
p < .05; low-frequency regular, F1(1,7) 5 21.1, p < .01,
and F2(1,15) 5 15.29, p < .005; low-frequency irregular,
F1(1,7) 5 15.6, p < .01, and F2(1, 15) 5 7.53, p < .05].

DISCUSSION

The present study addressed the question of whether
body priming in naming can be facilitatory. This would
be expected if the body played an important role in skilled
reading (e.g., Treiman et al., 1995). Previous research
seemed to find little or no evidence for a facilitatorybody-
priming effect in naming (e.g., Lukatela & Turvey, 1996;
Lupker & Colombo, 1994; Peter, Lukatela, & Turvey,
1990; Pexman et al., 1999). Given that the only studies
that found facilitatory effects used primes without on-
sets (Bowey, 1990, 1993), it was hypothesized that facil-
itatory body-priming effects may be masked by strong
inhibitory onset effects (Forster & Davis, 1991).

The results clearly confirmed this prediction. When
the onset of primes was present, no facilitation was ob-
tained. Instead, inhibition occurred for high-frequency
irregular primes (word–CORD). This pattern perfectly rep-
licates Pexman et al.’s (1999) results, which showed that

body primes produced no facilitation but did produce in-
hibitionfor high-frequencyirregular primes at short SOAs.
However, when a prime’s onset was removed, robust fa-
cilitatory body priming was obtained at all SOAs, repli-
cating the results of Bowey (1990, 1993). It thus seems that
conflictingonsets (nose–HOSE) produce such massive in-
hibition in naming that facilitatory body priming can be
detected only when this source of inhibition is eliminated.

Although this explanation seems appealing at f irst
glance, a more detailed explanation is needed to explain
how different onsets can mask potential body effects, es-
pecially because both related and unrelated primes dif-
fered from targets in terms of onset. Thus, if there were
onset inhibition, it should have been equivalent in the re-
lated and the unrelated conditions, allowing any effects
of body priming to show up. However, if we take into ac-
count that articulation proceeds from left to right, one
can easily see how mismatching onsets can erase body ef-
fects. Assume that the presentation of the prime activates
a specific onset and body in a phonologicaloutput buffer.
When it comes time to generate the pronunciation of the
target, the information already in the buffer can be used
in the case of a match between a prime and a target (i.e.,
there would be savings in the conversion from a phono-

Figure 1. Body-priming effects as a function of stimulus onset asynchrony (SOA)
for the with-onset group (hose–NOSE) and the without-onset group (%ose–NOSE).
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logical code to an articulatory code). In the case of a mis-
match, however, everything in the buffer would have to
be discarded. Now, given that articulation is strictly from
left to right, even if the rime of the target has been calcu-
lated in advance, this information would have to be dis-
carded if different onsets were involved. In favor of this
interpretation, Meyer (1990) showed, in an implicit-
priming paradigm, that knowing the first syllable when
producing a two-syllable word facilitated naming. How-
ever, knowing the second syllable if the first syllable was
unknown did not facilitate naming. This was also the case
for onsets and rimes: Knowing the rime of a word to be
named in advance was of no help if the subject did not
know what the onset was (Meyer, 1991). Thus, as far as
articulation is concerned, the onset is of primary impor-
tance. These data offer a plausible explanation for how
onset mismatch can preclude body facilitation, without
having to rely on the idea that the system is simply
swamped by strong onset inhibition3 (see Kinoshita, 2000,
for more data on the effect of onset priming in the plan-
ning of articulation).

As is illustrated in Figure 1, there is an additional hint
in the present data in support of the claim that different
onsets indeed produce strong interference in naming. In
the with-onset condition,overall latencies increased quite
dramatically with increasing prime duration, suggesting
that target processing became progressively inhibited
with increasing prime availability (see also note 2). If an
onset mismatch was responsible for this global inhibi-
tion, we would expect that both the related and the unre-
lated primes would produce almost identical inhibitory
patterns, because both have different onsets relative to the
target word. This was the case. In contrast to the system-
atically increasing inhibition obtained in the with-onset
condition, in the without-onset conditionoverall latencies
increased much less with increasing prime availability,
presumably because neither the related nor the unrelated
primes had conflicting onsets with respect to the targets.

Our data show not only that different onsets can pro-
duce inhibition, but also that body priming can be inhib-
itory. As in Pexman et al.’s (1999) study, high-frequency
irregular primes (enemies) in the with-onset condition
were found to inhibit naming of the regular targets (e.g.,
word–CORD). As a matter of fact, if we were to plot our
data (which ended at an SOA of 100 msec) next to Pex-
man et al.’s data (which started at an SOA of 128 msec),
one would see a perfect continuity in the pattern of inhi-
bition across the two studies. An apparent discrepancy
between the results of the two studies concerns our find-
ing that enemies did not inhibit naming in the without-
onset condition. This is not really surprising, however.
Take the example of the enemy prime word–CORD. When
the onset is removed (e.g., ord–CORD), the originally ir-
regular pronunciation of the body in word is likely to be-
come regularized. Thus, ord will become a friend for
CORD. It is still worth pointing out that the facilitatory ef-
fect in this high-frequency irregular conditionwas smaller
than that in all the other conditions(i.e., 8 vs. 13/14 msec).

This may reflect the possibility that bodies of high-
frequency irregular words will occasionally keep the ir-
regular pronunciation even if the onset is removed (i.e.,
ord may be pronounced to rhyme with WORD). Such an
interpretation is supported by data from Bowey (1996),
which showed that orthographic rimes that are typically
irregular in monosyllabic words (e.g., alk, alm) do in-
deed seem to be given an irregular pronunciation.

Inhibitory body priming is also obtained in the with-
onset condition at the longest SOA (100 msec), even
when primes and targets are friends (hose–NOSE). A sim-
ilar result has been previously reported by Lukatela and
Turvey (1996) with SOAs of less than 250 msec. Ac-
cording to Lukatela and Turvey, this early inhibitory ef-
fect of the body is due to a process involving competing
phonological codes between the prime and the target.
Hypothetically, the presentation of the prime activates a
phonologicalrepresentation.With the subsequent presen-
tation of the target, body overlap is thought to reinforce
the activationof this previously activated representation,
which has not yet fully stabilized. Therefore, the process
of resolving the target’s phonologicalrepresentation takes
place against the background of a strongly competing
phonological representation activated by the prime. This
competition is thought to slow down the establishment of
the target’s phonological code.

In conclusion, the present results reconcile seemingly
conflictingpatterns concerning facilitatory versus inhib-
itory body priming in naming. It was shown that an in-
hibitory onset effect typicallymasks the facilitatory body-
priming effect. When the onset of the prime is removed,
robust facilitatory body-primingeffects are obtained.To-
gether, these results are consistentwith the idea that, even
in adult readers, the body is an important psycholinguistic
unit in reading.
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NOTES

1. Inhibition was obtained at all SOAs except for low-frequency en-
emies at the shortest SOA.

2. The logic of using a within-condition baseline is straightforward.
If overall latencies increase with increasing prime duration, the prime
has inhibited target processing. If shorter latencies are obtained in the
related conditionagainst an inhibitory unrelated condition, this positive
priming effect is due to release from inhibition. If overall latencies de-
crease with increasing prime duration, the prime has facilitated target
processing.

3. We are grateful to Ken Forster for suggesting this interpretation.
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