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Performance on implicit memory tests is functionally
distinct from performance on explicit tests. For example,
changes in modality between study and test, such as
those from auditory to visual, greatly reduce priming in
implicit tests, such as stem completion, fragment com-
pletion, and perceptual identification (for reviews, see
Kirsner, Dunn, & Standen, 1989; Roediger & McDer-
mott, 1993; Schacter, Chiu, & Ochsner, 1993). In con-
trast, modality often does not affect explicit tests, such as
recall and recognition. The sensitivity of the implicit
memory tests to changes in perceptual format has been
taken as showing that these tests rely on data-driven pro-
cesses or perceptual memory systems (Jacoby, 1983; Roe-
diger & Blaxton, 1987; Schacter, 1992; Tulving, 1985).
However, significant priming effects are observed even
when the study and the test stimuli are presented in dif-
ferent modalities, and these results suggest that implicit
memory tasks rely, in part, on modality-independent pro-
cesses. For example, transfer across modality has been
taken as evidence that perceptual implicit memory relies
on phonological/lexical processes (e.g., Curran, Schacter,
& Galluccio, 1999; Kirsner et al., 1989; Rueckl & Mathew,
1999) or semantic processes (e.g., Bassili, Smith, & Mac-
Leod, 1989).

However, Jacoby, Yonelinas, and Jennings (1997) ar-
gued that transfer across modality in tasks like word-
fragment completion was due to the fact that perfor-
mance on the implicit memory tasks was contaminated
by the use of explicit memory retrieval strategies. They
found that in standard word-fragment completion condi-

tions, there was significant transfer across modality, but
when the use of explicit memory was decreased by di-
viding attention at encoding, the effect was greatly re-
duced. Moreover, subjects were questioned after the test
was completed, and it was found that subjects who were
aware that they could use items from the study list to
complete the test fragments exhibited transfer across
modality but subjects who were not aware of this rela-
tionship did not. Those authors also used the process dis-
sociation procedure to estimate the conscious and auto-
matic influences of memory and found that transfer
across modality in the fragment completion task could
be attributed completely to the conscious use of memory.

The aim of the present study was to determine whether
priming was observed across modality in a variety of per-
ceptual implicit memory tests, when the effects of ex-
plicit memory contamination were minimized. Although
transfer across modality in the fragment completion test
appears to be due to explicit contamination, the transfer
seen in other implicit tasks may not be due entirely to
contamination. For example, in a visual word-stem com-
pletion test, subjects may pronounce the word stem when
they are attempting to solve it, and this phonological in-
formation may match that encoded earlier when the word
was heard in the study list (see Kirsner et al., 1989). This
phonological match may support priming across modal-
ity even when subjects are not using explicit memory (see
Hirshman, Passanante, & Arndt, 1999). Similarly, in an
auditory word-stem completion task, subjects may exhibit
transfer from visually studied words if they engaged in
phonological processing of the word when it was studied.

Determining whether priming across modality is due
to explicit contamination is essential in order to fully char-
acterize the processes underlying implicit memory and,
ultimately, in order to identify the cortical regions that un-
derlie these processes (Moscovitch, 1994; Schacter et al.,
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We examined whether words studied in one modality (visual or auditory) would prime performance
in the opposite modality in five different perceptual implicit memory tests: auditory perceptual identi-
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strated transfer across modalities in the stem completion tests and the perceptual identification tests,
but not in the fragment completion test. The results indicate that implicit visual word-fragment com-
pletion is unique, in the sense that it relies exclusively on perceptual memory processes, whereas the
other tasks rely, in part, on nonperceptual memory processes.



148 BLUM AND YONELINAS

1993; Tulving & Schacter, 1990). If transfer across modal-
ity is due to explicit contamination, this would suggest
that this form of implicit memory is based on purely per-
ceptual processes. In contrast, if these effects are not due
to contamination, this would suggest that more abstract
processes, such as phonological or semantic processes,
must be involved.

We examined transfer across modality in five experi-
ments. In each experiment, the subjects studied one list
of words visually and another list auditorially. During the
study phase, the subjects were engaged in a continuous
distractor task (counting backward out loud). The dis-
tractor task served to reduce the subjects’ ability to later
explicitly recollect the study words. Moreover, it served
to prevent the subjects from overtly articulating each
word during encoding. If they overtly pronounced a vi-
sually presented word during study, the item would be
studied both visually and auditorially, and thus it could
not be used to measure transfer across modality.

After the study phase, the subjects were given a dis-
tractor task, followed by one of five different implicit
memory tests. In Experiment 1, the subjects were tested
with an auditory perceptual identification task in which
words were presented in a background of noise and the
subject was required to identify each word. In Experi-
ment 2, the subjects received an auditory stem comple-
tion test in which the initial few phonemes of each word
were presented and they were required to complete the
stems with the first word that came to mind. In Experi-
ment 3, a visual perceptual identification task was used,
in which words were presented briefly on a computer
screen and the subjects were required to identify each
word. In Experiment 4, the subjects were tested with a
visual stem completion task in which the initial few let-
ters of each word were presented and the subjects were
required to complete the stems with the first word that
came to mind. Because the results of Experiments 1–4
were inconsistent with the visual fragment completion
results reported by Jacoby et al. (1997), a final experi-
ment was conducted using a fragment completion test to
ensure that the effects we observed were not related to
the specific words that we had selected.

In addition to using a divided attention manipulation
at the time of encoding to reduce the influence on ex-
plicit memory, the subjects in all the experiments were
asked whether they had become aware that the test items
could be completed with studied words and whether they
had used explicit retrieval strategies during the test. In
this way, we could remove those subjects who reported
using explicit retrieval strategies. Such subjective re-
ports should be interpreted cautiously, because it is pos-
sible that some subjects may fail to report when they are
using such retrieval strategies. However, numerous stud-
ies of implicit memory have shown that separating the
subjects on the basis of these reports is important, be-
cause performance can differ dramatically between the

subjects who do and those who do not report using ex-
plicit retrieval strategies (see, e.g., Bowers & Schacter,
1990; McKone & Slee, 1997; Richardson-Klavehn, Lee,
Joubran, & Bjork, 1994).

Because the methods and analyses were similar for all
five experiments, all of the experiments will be described
together.

EXPERIMENTS 1–5

Method
Subjects. One hundred and twenty-two students (24 in each of

Experiments 1– 4, and 26 in Experiment 5) from the University of
California at Davis participated for extra credit in an introductory
psychology course.

Materials . Sixty-nine words, six to eight letters in length, were
divided into three lists. Each item formed a unique word stem and
word fragment (see the Appendix). Each list was either presented
visually or auditorially or served as a new item list. Word lists were
counterbalanced so that each list served equally often in each con-
dition. The test lists contained a random mixture of all the studied
items and the new items. Eighty-four additional words that were
similar in length were used as practice items in the titration phase
of the perceptual identification tasks.

Design and Procedure. During the study phase, the subjects
were presented with a visual list of 23 words on a computer moni-
tor and an auditory list of another 23 words on a tape recorder. Half
the subjects received the visual and auditory lists in the reverse
order. The words were presented one at a time, and the subjects
were required to make a computer keyboard response indicating
whether or not each presented word represented an object that could
be held in one hand. This encoding task was selected because it did
not lead the subjects to overtly articulate the study words, as ap-
peared to be the case with several other encoding tasks that we pi-
loted. The subjects were told that their responses were being
recorded, but in fact they were not. During the presentation of the
study lists, the subjects were required to count backward aloud,
from 10 to 1 repeatedly, while making responses to the presented
words. The subjects were asked to pay equal attention to both tasks
and were told that each time they made a mistake or paused, it
would be recorded as an error.

After the presentation of the study lists, the subjects were asked
whether they had heard themselves pronounce the words while
counting backward. The subjects’  performance on the later mem-
ory tests was not related to their responses to this question and thus
will not be discussed further. The subjects then worked on a logic
puzzle as a distractor task for 5 min before beginning the test phase.

In Experiment 1, just prior to the test, the subjects were presented
with the titration phase of the auditory perceptual identif ication
task, to determine the noise level at which each subject could iden-
tify approximately 50% of the presented words. The subjects were
presented with sets of eight recorded words, one word at a time, and
were instructed to try to identify each word, guessing if they were
not sure. A constant level of static noise from an AM radio was pre-
sented in order to make the word identification task difficult. The
radio and the speaker used for the presentation of the auditory word
lists were in front of the subject. After each block of eight words,
the noise level was increased slightly, and the procedure was re-
peated with a new set of eight words. The process was repeated until
each subject could correctly identify no more than four out of the
eight words in a block. The subjects were then presented with the
auditory perceptual identification task, using the noise level deter-
mined in the titration phase. The subjects were presented with a
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mixture of studied and nonstudied items in a background of static
noise and were instructed to identify each word. As in the titration
phase, they were instructed to guess if they were unsure about an
item. The subjects were given 5 sec to respond verbally to each
item.

During the test phase in Experiment 2, the subjects were pre-
sented with a set of multiple completion auditory word stems and
were told to complete the stems with the first word that came to
mind. The word stems were recordings of the same person who had
spoken the words in the study list pronouncing the first few pho-
nemes of each word (see the Appendix). Note that the stems were
pronounced in a manner that was similar to that in which the entire
word had been spoken. However, the exact auditory stimuli may
have differed slightly between study and test. In the test phase, one
stem was presented every 5 sec. The subjects responded verbally,
and the experimenter recorded each response.

In Experiment 3, just prior to the test phase, the subjects were pre-
sented with the titration phase for the visual perceptual identification
task. For each trial, a string of eight ampersands (&&&&&&&&)
were presented on the screen for 500 msec, followed by a word for
112 msec, followed by a mask of eight ampersands for 2,000 msec.
The subjects were presented with sets of 10 words, 1 word at a time,
and were instructed to say each identified word aloud, guessing if
they were not sure. After each block of 10 words, the presentation
duration of the target words was decreased by 17 msec, and the pro-
cedure was repeated with a new set of 10 words. The process was
repeated until each subject correctly identified no more than 5 out
of the 10 words in a block. The subjects were then presented with
the visual perceptual identif ication task, using the presentation rate
from the titration phase. The subjects were presented with a mixture
of studied and nonstudied items and were instructed to identify each
word, guessing if they were not sure. The subjects were given 5 sec
to respond to each item.

During the test phase of Experiment 4, multiple completion word
stems (i.e., the f irst few letters of a word) were presented visually
on a computer monitor (see the Appendix), and the subjects were
instructed to complete each stem with the first word that came to
mind. The subjects were given 5 sec to respond verbally to each
item.

During the test phase of Experiment 5, single completion word
fragments were presented visually on a computer monitor, and the
subjects were instructed to complete each fragment with the first
word that came to mind. As in Jacoby et al. (1997), the word frag-
ments did not include complete syllables; thus, they were not easily
pronounceable (see the Appendix). The subjects were given 5 sec
to respond verbally to each item. Note that 26 subjects completed
the fragment completion test, rather than the 24 that were required
to fill the counterbalanced order. Rather than discard the data from
the last 2 subjects, their data were included. Subsequent analysis
showed that the counterbalancing factors did not significantly in-
fluence performance.

At the completion of the test phase in each experiment, the sub-
jects were asked whether they were aware that some of the items in
the test phase could be completed by items in the study phase (e.g.,
While doing the stem completion test, did you notice whether you

completed some of the stems with words studied earlier in the ex-
periment?) and whether they had explicitly attempted to use mem-
ory for those items during the test phase (e.g., Did you try to use
words from earlier in the experiment to complete the stems?). Ap-
proximately half of the subjects reported that they did not inten-
tionally use explicit memory, and a subsequent analysis examined
priming across modality in this noncontaminated group. Note that
because there were only a small number of subjects (as few as 2 in
an experiment) who were aware and who did not use explicit mem-
ory, a separate analysis based on test awareness was not conducted.

Results
Table 1 presents the average proportion of items cor-

rectly completed in the stem and fragment completion
tasks and the proportion of correctly identified items in
the perceptual identification tasks for Experiments 1–5.
Priming was measured by comparing the probability of
completing or identifying a studied item with the proba-
bility of completing or identifying a new item.

Experiment 1: Auditory perceptual identification.
For the auditory perceptual identification test, there was
a significant priming effect for the words that had been
seen earlier [t (23) = 6.499, p < .001], showing that there
was transfer across modalities. There was also a signifi-
cant priming effect observed for the words that had been
heard earlier [t (23) = 9.505, p < .001], and this effect was
greater than that for the seen words [t (23) = 5.061, p <
.001]. This latter effect indicates that there was a prim-
ing advantage when the study and the test modalities
matched.

However, 15 of the 24 subjects reported that they had
intentionally used explicit memory during the test phase.
In order to assess priming effects that were not contam-
inated by the use of explicit memory strategies, priming
was examined in the nonintentional subjects (see Figure 1).
The nonintentional subjects exhibited a significant prim-
ing effect for the seen words [t (8) = 3.464, p < .001], in-
dicating that there was significant transfer across modal-
ity in the auditory perceptual identification task even for
those subjects who indicated that they did not use ex-
plicit memory retrieval strategies. There was also a sig-
nificant priming effect of the words that had been heard
at study [t (8) = 4.007, p < .001]. This effect was mar-
ginally greater than the priming effect of words that had
been seen earlier [t (8) = 1.721, p < .062].

Experiment 2: Auditory stem completion. For the
auditory stem completion task, there was a significant
priming effect for the seen words [t (23) = 5.953, p <
.001], indicating transfer across modality. There was

Table 1
Overall Perceptual Implicit Memory Performance

Encoding Condition

Experiment Test Auditory Visual New

1 Auditory perceptual identification .63 .48 .32
2 Auditory stem completion .26 .21 .11
3 Visual perceptual identification .52 .67 .39
4 Visual stem completion .34 .44 .21
5 Visual fragment completion .25 .39 .18



150 BLUM AND YONELINAS

also a significant priming effect for the heard words
[t (23) = 6.711, p < .001], and this priming effect was
larger than that for the seen words [t (23) = 1.913, p <
.05]. However, 11 of the 24 subjects reported that they
had intentionally used explicit memory during the test

phase. The nonintentional subjects (see Figure 1) exhib-
ited significant priming effects for the seen words [t (12)
= 3.838, p < .001], indicating that transfer across modal-
ity in the auditory stem completion task was observed
even in the subjects who did not report intentionally

Figure 1. Implicit memory performance as a function of encoding condition
for subjects who did not report using intentional memory retrieval strategies.
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using explicit memory. There was also a significant prim-
ing effect for the words that had been heard at study
[t (12) = 4.635, p < .001]. This effect was not significantly
greater then that observed for the seen words [t (12) =
0.987, p < .172], suggesting that the modality match be-
tween study and test did not influence priming in the
auditory stem completion test. The latter finding will be
discussed after the presentation of the results from the
following experiments.

Experiment 3: Visual perceptual identification. In
the visual perceptual identification task, there was sig-
nificant priming for the heard words [t (23) = 3.832, p <
.001], suggesting that there was transfer across modality.
There was also a significant priming effect for the seen
words [t(23) = 7.598, p < .001], and this effect was greater
than that observed for the heard words [t (23) = 3.835,
p < .001]. However, 17 of the subjects reported that they
used explicit memory retrieval strategies during the test
phase. The nonintentional subjects (see Figure 1) exhib-
ited a significant priming effect for the heard words
[t (6) = 2.931, p < .05], showing that there was signifi-
cant transfer across modality for subjects who did not re-
port using explicit memory retrieval strategies. There
was also significant priming for the seen words [t (6) =
3.576, p < .05], and the priming effect was marginally
greater for the seen than for the heard words [t (5) =
1.815, p < .065].

Experiment 4: Visual stem completion. In the visual
stem completion task, there was significant priming for
the heard words [t (23) = 5.297, p < .001] and for the seen
words [t (23) = 9.559, p < .001]. Furthermore, the prim-
ing effects were greater for the seen than for the heard
words [t (23) = 3.318, p < .01]. However, 6 of the subjects
reported that they used explicit memory retrieval strate-
gies during the test phase. The nonintentional subjects
(see Figure 1) exhibited a significant priming effect for
the heard words [t (17) = 4.069, p < .001], indicating that
there was significant transfer across modality in the vi-
sual stem completion task for the subjects who did not
report using explicit memory retrieval strategies. There
was also significant priming for seen words [t (17) =
7.558, p < .001], and the priming effects were greater for
the seen than for the heard words [t (17) = 2.602, p < .01].

The results of Experiments 1–4 showed that there was
significant transfer across modality for the auditory and vi-
sual stem completion tests, as well as for the auditory and
visual perceptual identification tests, even when only the
performance of the nonintentional subjects was examined.
These results are in disagreement with those reported by
Jacoby et al. (1997), who found that there was no transfer
across modality in word-fragment completion tests when
the use of explicit retrieval was eliminated. In order to de-
termine whether this discrepancy was due to differences in
the materials used in the two studies, in Experiment 5, we
examined visual fragment completion, using the same
word lists as those used in Experiments 1–4.

Experiment 5: Visual fragment completion. In the
visual fragment completion task, there was significant
priming for the heard words [t (25) = 3.413, p < .002],
indicating transfer across modality. There was also sig-
nificant priming for the seen words [t (25) = 10.143, p <
.0001], and this priming effect was greater than that ob-
served for the heard words [t (25) = 5.14, p < .001]. How-
ever, 16 of the 26 subjects reported that they used ex-
plicit memory retrieval strategies during the test phase.
Unlike the previous four experiments, the nonintentional
subjects (see Figure 1) did not show a significant prim-
ing effect for the heard words [t (9) = 0.190, p > .1]. In
fact, an examination of Figure 1 shows that the subjects
were as likely to produce a new word as they were to pro-
duce a heard word. Thus, the present results replicate
those of Jacoby et al. (1997) in showing that transfer
across modality in the fragment completion test was due
to the subjects who reported using intentional retrieval
strategies. For the nonintentional subjects, there was a
significant priming effect for the seen words [t (9) =
5.658, p < .0001], and this priming effect was greater
than that for the heard words [t (9) = 2.82, p < .01].

Discussion
Is transfer across modality in perceptual implicit mem-

ory tests due to the influence of intentional retrieval strate-
gies? The present results indicate that the answer to this
question depends on the specific memory task. Transfer
across modality was consistently observed in stem com-
pletion and perceptual identification tasks, but it was
only observed in the fragment completion task for those
subjects who reported using intentional retrieval strategies.
When overall priming scores were examined, significant
transfer across modality was observed in the auditory
and visual stem completion tasks and in the auditory and
visual perceptual identification tasks. Importantly, the
conclusions did not change when the subjects who used
intentional retrieval strategies were removed from the
analyses. Transfer across modality has been observed in
numerous previous studies (see Roediger & McDermott,
1993). However, these earlier studies often did not use
such manipulations as dividing attention during study as
a way of reducing explicit memory, and they generally did
not assess whether subjects used intentional memory re-
trieval strategies, so it was difficult to determine whether
the observed transfer across modality was due to the use
of explicit memory. The present results show that trans-
fer across modality persisted in these tests even when the
contribution of explicit retrieval was minimized.

In the fragment completion test, on the other hand, there
was transfer across modality when overall priming scores
were examined, but the effect was due to the subjects who
reported using explicit memory retrieval strategies; there
was no evidence of transfer across modalities for the
nonintentional implicit subjects. These results are consis-
tent with those of Jacoby et al. (1997), who found that
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transfer across modality in the fragment completion test
was due to subjects who reported using explicit memory.

There are several procedural differences between the
five implicit memory tests examined in the present study
that may have influenced performance, but they do not
account for the fact that transfer across modality was
only absent in the fragment completion test. First, base-
line levels of performance (i.e., performance on the new
items) varied across the experiments, and this may have
influenced the magnitude of the observed priming ef-
fects. However, the baseline in the fragment completion
test was not the highest or the lowest of the five tests, and
it was close to that obtained in the visual stem comple-
tion test (see Table 1). Second, if the overall priming ef-
fects in the fragment completion test were lower than
those in all of the other tests, floor effects might account
for the lack of transfer effects in the fragment test. How-
ever, the overall priming effects were actually lower in
the auditory stem completion test (.12) than in the frag-
ment completion test (.14), and significant transfer ef-
fects were observed in that stem completion test. Third,
unlike the fragment completion experiment, the subjects
received practice in the titration phases of the visual and
auditory perceptual identification tasks, and this may
have influenced performance. However, the subjects did
not receive practice in the auditory or visual stem com-
pletion tests, showing that practice in itself was not a crit-
ical factor in predicting transfer across modality.

Was the failure to find significant transfer across modal-
ity in the fragment completion test related to insufficient
statistical power? In that experiment, only 10 of the sub-
jects claimed to complete the implicit test without using
intentional retrieval strategies; thus, it is quite possible
that with more subjects, evidence for transfer across modal-
ity might be detected. However, significant priming ef-
fects across modality were observed in Experiments 1
and 3, which had even fewer nonintentional subjects.
Moreover, as will be discussed below, the present find-
ings are supported by several other studies.

Removing the intentional subjects from the analysis,
as was done in the present experiments, means that the
full counterbalancing was disrupted, and this may have
had an impact on the results.1 Subsequent analyses, how-
ever, suggested that the results were not critically influ-
enced by the counterbalancing factors. In order to deter-
mine whether there were differences in the magnitude of
the priming effects in the three different counterbalanc-
ing orders of words that we used, we conducted item analy-
ses and found that the priming effects did not differ as a
function of the stimulus sets in the fragment completion,
visual stem completion, auditory stem completion, or vi-
sual perceptual identification experiments. Only in the
auditory perceptual identification experiment was there
a significant effect of item [F(2,21) 5 5.392, p < .05],
reflecting the fact that the priming effects were larger in
one of the three stimulus orders. However, this difference
did not influence the priming effects of the noninten-
tional group, because as it turned out, there were equal

numbers of nonintentional subjects in each of the item
counterbalances in that experiment. Additional analyses
examined whether the order of the visual and auditory
study lists influenced performance and showed that the
priming effects were not influenced by the specific study
order in any of the experiments.

It is possible that classifying the subjects on the basis
of subjective reports does not completely rule out the ef-
fects of explicit retrieval. Thus, the results of studies using
subjective reports, such as the present experiments, must
be interpreted cautiously, and it is important to look for
convergent results from other studies, as well as looking
to results from studies that use alternative research meth-
ods. Support for the present results come from a number
of such convergent findings. For example, in agreement
with the present results, Jacoby et al. (1997) used sub-
jective reports, as well as the process dissociation proce-
dure, and found that transfer across modality in a word-
fragment completion task was due to subjects who used
explicit memory. Moreover, amnesic patients exhibit nor-
mal within-modality priming effects on fragment com-
pletion tests but do not exhibit transfer across modality in
this task (Kohler et al., 1997; Vaidya, Gabrieli, Keane, &
Monti, 1995). Because these patients have severe impair-
ments in explicit memory, their performance should pro-
vide a relatively pure measure of implicit memory, and their
results suggest that transfer across modality in the frag-
ment completion test is only observed when explicit mem-
ory contributes to performance.

The finding of significant transfer across modality ob-
served in the visual stem completion test also converges
with results from other experimental methods. For exam-
ple, Jacoby, Toth, and Yonelinas (1993) examined visual
stem completion, using the process dissociation proce-
dure, and found that words that were heard during study
led to a priming effect in the unconscious memory com-
ponent even when the effects of conscious recollection
were removed.2 Moreover, Graf, Shimamura, and Squire
(1985) found that in a visual stem completion test, am-
nesic patients exhibited normal priming effects for words
that were heard and seen during study, suggesting that
transfer across modality in the stem completion task does
not rely on explicit memory.

The difference between performances on the fragment
completion and the other visual implicit tests suggests
that these tests rely on different memory processes. The
visual stem completion and visual perceptual identifica-
tion tests appear to rely on both visual and nonvisual mem-
ory processes. Both tasks led to greater priming when
the study items were visually processed, as compared
with the cases in which they were heard, indicating that
visual processing played an important role in the prim-
ing that was observed in these tasks. However, these
tasks also exhibited significant transfer across modality,
indicating the contribution of nonvisual processes. These
nonvisual processes may be phonological in nature (see,
e.g., Kirsner et al., 1989; Rueckl & Mathew, 1999). That
is, a visual word stem or rapidly presented word in a vi-
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sual perceptual identification test may be sufficient to
support phonological processing of the item (e.g., the
overt or covert pronunciation of part of the word), and
that phonological cue may match the phonological pro-
cessing of the word when it was heard in the study list.
Note that it is also possible that the transfer across modal-
ity reflected semantic, rather than phonological, mem-
ory processes (see, e.g., Bassili et al., 1989; Masson &
Freedman, 1990). For example, processing the meaning
of a heard word may have led to priming on the visual
stem completion test. However, if this were true, it is not
clear why transfer across modality was not observed in
the fragment completion test. Moreover, the fact that
these tasks are relatively insensitive to semantic manip-
ulations (see, e.g., Roediger & McDermott, 1993; Schac-
ter & Church, 1992) suggests that semantic processes do
not play a major role in these tests.

In contrast, the visual fragment completion test ap-
peared to rely exclusively on visual memory processes.
Significant word-fragment priming in the nonintentional
subjects was observed when the words were visually pre-
sented during study, but not when they were heard, indi-
cating that visual processing at study was essential for
priming in this task. Thus, the fragment completion test
was the only perceptual implicit memory test that we ex-
amined that relied entirely on perceptual implicit mem-
ory processes.

The reason that the fragment completion test relied ex-
clusively on visual perceptual processes may be that it pro-
vided exclusively visual retrieval cues. That is, the word
fragments did not include complete syllables, and thus
the test stimuli were not easily pronounceable. In this
way, the test stimuli provided only visual retrieval cues.
In contrast, the word stems formed the first syllable of
each word, and thus they could be pronounced. In this
way, the subjects could use either the visual cue or the
phonological cue as a basis for memory retrieval. Simi-
larly, in the perceptual identification task, the subjects
may have perceived a portion of a test word that could be
pronounced, and thus the test stimuli could have pro-
vided the subjects with visual as well as phonological re-
trieval cues.

The auditory implicit tests appear to rely on phono-
logical, and possibly acoustic, processes. Significant
transfer across modality was observed in the auditory
stem and auditory perceptual identification tests. Thus,
an auditory word stem or a spoken word masked in noise
can serve as a cue for words that had been seen earlier.
This could occur if visually presented study words led to
phonological processing of the items at the time of study.
There is, in fact, evidence that phonological processes
are automatically engaged when words are identified
(e.g., Perfetti & Bell, 1991). There is also evidence in the
present study that more perceptual processes, possibly
acoustic in nature, may contribute to performance in at
least some auditory implicit tests. That is, there was
slightly greater priming for the heard than for the seen

items in the auditory perceptual identification task, indi-
cating the importance of a perceptual match in this task. In
the auditory stem completion test, there was very little
evidence of such a modality match effect; however, this
lack of a modality effect could be due to the fact that the
pronunciation of the word stems may have been slightly
different from the pronunciation of the original auditory
study words. Thus, any conclusions regarding the acous-
tic contribution to auditory implicit tests must await fur-
ther investigation.

In conclusion, the results showed that some, but not all,
perceptual implicit memory tests support transfer across
modality. This suggests that not all perceptual implicit
tests are alike in terms of the memory processes that they
rely on. For the nonintentional subjects, the visual frag-
ment completion task was unique, in the sense that it re-
lied exclusively on perceptual implicit processes, whereas
the stem completion and the perceptual identification
tasks relied, in part, on more abstract processes.
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NOTES

1. We thank Barbara Church for alerting us to this possibility.
2. This effect was observed in two experiments; however, it only

reached the level of significance in one of these experiments.

APPENDIX
Word and Word Fragment Stimuli

(Manuscript received June 1, 1999;
revision accepted for publication December 10, 1999.)

LIST A

Words Stems Fragments

leopard leo l_op_r_
cyanide cya _ya_i_e
filtrate filt _i_t_at_
purple pur _u__le
flannel fla f_a_n_l
negative neg n_g_t_v_
kerosene kero _e_os_n_
cinnamon cinn c_nn___n
bucket buck b_c__t
sapphire sapph s__p_ir_
universe uni u_i__r_e
student stu s_ud__t
canyon can _a_y_n
spatula spa sp__u_a
midwife mid m__w_fe
bandanna ban __nda_n_
afghani af _fg_a_i
election elec _le_t_o_
commerce comm c__m_rc_
almanac alm a_m_na_
checkers che ch__k_r_
coconut coco c_c_n_t
vinegar vin v_ne__r

LIST B

Words Stems Fragments

rotunda rotu r_t__da
bracelet brace _r_ce__t
swahili swa sw__i_i
exponent expo e__on__t
bayonet bay b_y_n_t
verandah ver _e_an__h
parsley pars _ar_l_y
crevice cre c__v_ce
mystery mys my__er_
nocturne noc n_c__rn_
ideology ide i_e_l_g_
inmate in _nm_t_
quotient quo q__t__nt
petunia petu p_t_n_a
jamboree jam j_m__r_e
yogurt yo y_g__t
lanolin lan la_o__n
raisin rai r_i_i_
knapsack knap _n_p_a_k
cabaret cab c_b_re_
tractor trac t__ct_r
apricot ap _pr_c_t
chapter chap _h_pt_r

LIST C

Words Stems Fragments

lineage lin li__a_e
carbon car c__b_n
rutabaga rut r__aba__
agnostic agno _gn_s__c
aardvark aard a_r_v_rk
bourbon bour _ou_b_n
private pri p__v_te
attitude atti _tt__u_e
pendulum pen p_n_u_u_
lexicon lexi l_x_c_n
receptor rece _ec_p__r
triangle tri t_i_ng__
leprosy lep l_p_o_y
captain cap c_pt_i_
chutney chut c_u_n_y
pumpkin pump p_m_k_n
lettuce lett _e_t_ce
mobilize mobi __b_l_ze
democrat demo _e_oc_a_
cupcake cup c_pc_k_
cobbler cobb c_b__l_r
ellipse elli _cl_p_e
migraine mig m__ra_n_
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