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Implicit memory is often thought to reflect an influence of past experience on
perceptual processes, yet priming effects are found when the perceptual format of
stimuli changes between study and test episodes. Such cross-modal priming effects
have been hypothesized to depend upon stimulus recoding processes whereby a
stimulus presented in one modality is converted to other perceptual formats. The
present research examined recoding accounts of cross-modal priming by testing
patients with verbal production deficits that presumably impair the conversion of
visual words into auditory/phonological forms. The patients showed normal priming
in a visual stem completion task following visual study (Experiment 1), but showed
impairments following auditory study in both implicit (Experiment 2) and explicit
(Experiment 3) stem completion. The results are consistent with the hypothesis that
verbal production processes contribute to the recoding of visual stimuli and support
cross-modal priming. The results also indicate that shared processes contribute to
both explicit memory and cross-modal implicit memory.  1999 Academic Press

Implicit memory occurs when behavior is affected by previous experience
without intentional, conscious recollection of that experience (Roediger &
McDermott, 1993; Schacter, 1987). Perceptual or data-driven implicit mem-
ory tasks are those in which memory is cued by a stimulus that is physically
related to the target stimulus. For example, in word-stem completion, partici-
pants might study the word TRUCK then their memory would be cued indi-
rectly by asking them to complete three-letter stems including TRU . Per-
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ceptual implicit memory is influenced by the physical overlap between the
study and test stimuli. For example, priming elicited by visual test cues is
greater when target words were studied in the visual rather than auditory
modality (Graf, Shimamura & Squire, 1985; Jacoby & Dallas, 1981; Ra-
jaram & Roediger, 1993; Roediger & Blaxton, 1987; Schacter & Graf, 1989).
Conversely, words studied in the auditory modality produce greater priming
when the test cue is also auditory (Bassili, Smith & MacLeod, 1989; Jack-
son & Morton, 1984). Explicit memory is typically less affected by manipu-
lations of study-test modality.

Though modality changes typically affect implicit memory more than ex-
plicit memory, the opposite appears to be true for semantic encoding, which
affects explicit memory more than perceptual priming (e.g., Challis & Brod-
beck, 1992; Jacoby & Dallas, 1981; Roediger, Weldon, Stadler & Riegler,
1992; Schacter & Church, 1992). These and related findings have inspired
the idea that priming of visual words reflects presemantic processes associ-
ated with visual word perception (Bower, 1996; Curran & Schacter, 1996;
Keane, Gabrieli, Fennema, Growdon & Corkin, 1991; Ratcliff & McKoon,
1996; Roediger, 1990; Schacter, 1990, 1994; Schacter & Buckner, 1998;
Squire, 1994; Tulving & Schacter, 1990). The basic hypothesis is that prior
study of a visual word facilitates (or biases, Ratcliff & McKoon, 1996) later
perception of the cue (e.g., TRU), so that the previously studied word
(TRUCK) is more likely to come to mind.

Though the finding that a change in study-test modality reduces priming
is consistent with perceptual accounts, purely modality specific perceptual
hypotheses have difficulty explaining the fact that significant priming is typi-
cally observed in cross-modality conditions. For example, studying and audi-
tory word should not prime mechanisms of visual word perception, so prim-
ing may depend on nonperceptual processes. Because semantic features are
shared by visual and auditory words, cross-modal implicit memory could
reflect semantic priming (e.g., Bassili et al., 1989). Although the semantic
hypothesis seems inconsistent with previously discussed observations that
implicit memory is affected little by semantic variables, the idea remains
viable because small LOP effects on implicit memory are sometimes ob-
served (Brown & Mitchell, 1994; Challis & Brodbeck, 1992; Thapar &
Greene, 1994).

Alternative accounts of cross-modal priming have stemmed from the idea
that perceptual processing of a stimulus may not be limited to the nominal
presentation modality used by the experimenter. The general hypothesis is
that a stimulus presented in one modality can be recoded in terms of other
modalities (e.g., Downes et al., 1996; Kirsner, Dunn & Standen, 1989;
McClelland & Pring, 1991). For example, if TRUCK is studied visually, a
person could experience its auditory form through (possibly covert) naming
processes. Similarly, the stem TRU could be encoded in terms of its pro-
nunciation. Support for this hypothesis is provided by McClelland and Pring
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(1991), who tested priming in an auditory stem completion task that was
preceded by the study of visual words in one of three different encoding
conditions. Cross-modal priming was greatest when participants named the
visual words during study, weaker when they read the words silently, and
weakest when they were engaged with an articulatory suppression task (re-
peating aloud, ‘‘one, two, three . . .’’). These results suggest that priming
increases with the potential for auditory recoding of the visual words. Simi-
larly, Downes et al. (1996) cite an unpublished study from their laboratory
in which articulatory suppression during the test phase of visual stem com-
pletion eliminated cross-modal priming.

The present study was designed to examine the recoding account of cross-
modal priming by testing four brain-injured patients with verbal production
deficits. The patients were selected to have normal perception and language
comprehension, together with verbal production deficits that are not attribut-
able to peripheral articulation impairments. Their most prominent problem
is an inability to produce the phonological form of a word. Theories of lexical
processing often distinguish between input phonology and output phonology
(Caplan, 1992; Ellis & Young, 1988; Hillis & Caramazza, 1995). Because
the patients in our study show speech production deficits that are independent
of the input modality (pictures, written words, spoken words), a deficit in
output phonology is implicated.

In summary, it has been hypothesized that cross-modal priming effects
depend on stimulus recoding. If recoding of visual stimuli into an auditory/
phonological format depends upon output phonology, a recoding hypothesis
of cross-modal priming predicts that patients with verbal production deficits
should show impaired cross-modal priming. The recoding hypothesis was
examined in two experiments using a visual word-stem completion task.
Words were studied visually in Experiment 1 and auditorily in Experiment
2. In Experiment 1 we examine whether patients with verbal production
deficits show normal priming in within-modal conditions. In Experiment 2
we test the hypothesis that verbal production deficits impair cross-modal
priming. Experiment 3 is similar to Experiment 2—auditory study followed
by visual stem completion—but participants were explicitly instructed to
complete the stems with previously studied words.

EXPERIMENT 1

Method

Participants. Participants were four brain-injured patients with verbal pro-
duction deficits. The patients were recruited through Massachusetts General
Hospital and paid $7 per hour for participation. R.C. is a 60-year-old male
(at time of testing) with 6 years of formal education who participated in
Experiment 1 3 months after a CVA. He has an extensive left-hemisphere
lesion including frontal, parietal, and temporal cortex along with subcortical
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TABLE 1
Proportion Correct on the Psycholinguistic Assessment of Language (PAL)

Controls Patients

Mean SD R.C. L.L. T.R. G.Z.

Verbal production tasks
Reading 1.00 .01 .56** .44** .41** .56**
Repetition .97 .04 .57** .23** .50** .00**
Picture naming .98 .04 .13** .50** .44**

Other tasks
Auditory word–picture matching .97 .04 .97 1.00 .94 1.00
Auditory lexical decision .94 .03 .86 .86 .84* .94
Visual lexical decision 1.00 .01 .88* .98 .88* .90*
Phoneme discrimination .94 .02 .68** .93 .72** .40**

* Greater than 2 standard deviations below control subjects’ mean.
** Greater than 3 standard deviations below control subjects’ mean.

damage to the caudate nucleus, putamen, thalamus, and white matter of the
internal capsule (MRI). L.L. is a 56-year-old female with 12 years of educa-
tion who participated 7 years after a CVA. She has a left frontotemporal
cortical lesion along with damage to the thalamus, putamen, and extensive
white-matter damage (MRI). T.R. is a 67-year-old male with 8 years of edu-
cation who participated 2 years after a CVA. G.Z. is a 69-year-old female
with 12 years of education who participated 20 years after an aneurysm. The
sites of brain injury were not confirmed for T.R. and G.Z. because me-
tallic implants disqualified them from undergoing an MRI. However, left-
hemisphere damage can be inferred from right hemiplegia in both cases.

Table 1 presents the patients scores on subtests of Caplan’s (1992) Psycho-
linguistic Assessment of Language (PAL) which is a psycholinguistically
oriented aphasia battery. Control data were obtained from a sample of 25
normal subjects between the ages of 61 and 70 years (provided by D.
Caplan). Tasks requiring verbal production are presented in the first three
rows of Table 1: Oral Reading (of written words and pseudowords), Oral
Repetition (of spoken words and pseudowords), and Picture Naming. It is
clear that each of the four patients exhibits a drastic impairment on tasks
requiring verbal production of words. Patients performed better on tasks that
did not require verbal production. All patients were able to match auditory
words with their corresponding pictures. Patients experienced some difficul-
ties with the auditory and visual lexical decision tasks, but any impairment
was minor compared to their verbal production problems. Finally, three of
four patients showed substantial impairments on the phoneme discrimination
task. The latter impairment may be attributable to hearing deficits. However,
more accurate performance on auditory word–picture matching and auditory
lexical decision suggest that their ability to hear words was intact, which is
most critical for the present experiment in which all stimuli were words.
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Two controls were matched to each patient, on the basis of sex, age, and
years of education. We were unable to precisely match years of education
for R.C. and T.R. who only had 6 and 8 years, respectively. Both of R.C.’s
controls had 12 years of education. One of T.R.’s controls had 8 years, but
the other had 12 years of education. Controls were recruited through Massa-
chusetts General Hospital and Harvard University and they were paid $7 to
$10 per hour for participation.

Design, materials, and apparatus. The independent variables were group
(patients vs controls) and the within-subject variable of study condition (lik-
ing ratings, ascender/descender counting, and nonstudied). Participants com-
pleted one study-test block. The study list consisted of 24 experimental
words surrounded by 8-word primacy and recency buffers. Participants rated
the pleasantness of half the words and counted ascending and descending
letters for the others. Words in each study condition were randomly inter-
mixed within a single list. The test list contained 48 three-letter word stems
(e.g., TRU ). Half of the stems could be completed with a studied word,
and the other half could not be completed with a studied word.

The experimental stimuli were 96 common English words that each began
with a different three-letter combination. For counterbalancing purposes, the
words were subdivided into eight 12-word subsets (A1, A2, A3, A4, B1,
B2, B3, B4). Each subset was roughly balanced according to word frequency
(MN 5 12.25, SD 5 8.74, Range 5 2 to 40, Kucera & Francis, 1967),
word length (MN 5 6.23, SD 5 .81, Range 5 5 to 9), possible number of
completions with Kucera and Francis frequency greater than zero (MN 5
15.46, SD 5 11.41, Range 5 3 to 59), and the rank frequency of the word
among all alternative completions with frequency greater than zero (MN 5
6.02, SD 5 3.65, Range 5 1 to 19). An additional 16 words with similar
characteristics were used as buffer items. The design did not ensure that each
item appeared equally often in each condition, but more importantly, patients
and matched controls received the same items in the same conditions, so
group differences are unlikely to be attributable to item effects.1

Stimuli were presented on a Macintosh Powerbook in lowercase, 36-point
Geneva font. Responses were either written or spoken aloud depending on
the subject’s capability.

Procedure. During the study list, the participants either rated how much
they liked each word on a scale from 1 to 7 (1 for extremely disliked words
and 7 for extremely liked words) or they counted the number of letters in
the word which are ascenders and descenders. Ascenders are letters which
extend above the main body of the word (e.g., t, i, f ) and descenders are
letters which extend below (e.g., y, p, g). Each trial started with the presenta-
tion of the encoding task (‘‘Ascender/Descenders’’ or ‘‘Liking’’) on the bot-

1 Though items were selected from a pool of 96 words, each participant was presented with
only 48 words in this experiment.
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TABLE 2
Mean Proportion of Stems Completed with Target Words for Experiments 1, 2, and 3.

Controls Patients

Old– Old–
Experiment Presentation Instructions Condition Means New Means New

1 Visual Implicit Liking .21 .05 .22 .12
Letters .26 .10 .29 .19
New .16 .10

2 Auditory Implicit Liking .27 .13 .15 .04
Clarity .27 .13 .14 .03
New .14 .11

3 Auditory Explicit Liking .50 .46 .25 .07
Clarity .37 .33 .31 .13
New .04 .18

tom of the screen. The experimenter would then initiate presentation of the
word in the center of the screen, and the word would remain on the screen
until the participant gave a response. The study list was followed by the
distractor task of generating names of U.S. Presidents for 5 min.

At test, the participant was visually presented with 48 three-letter word
stems. Half could be completed with studied words and half could not. Stud-
ied and nonstudied stems were randomly intermixed within the test list. Par-
ticipants were asked to write down the first word that came to mind, avoiding
proper nouns and avoiding words of four letters or less. Participants were
not told that some of the stems could be completed with words from the
previous task. The duration of each test trial was self-paced.

Results

The results of Experiment 1 suggest that both groups showed similar
amounts of priming. Table 2 shows the proportion of stem completed with
target words and priming scores (old–new) in each condition. T tests con-
firmed that each group showed significant priming when target completion
rates for old (studied) items (collapsed across encoding conditions) were
compared with target completion rates for new (not studied) items: controls,
t (3) 5 3.02, SE 5 .02; patients, t(3) 5 2.96, SE 5 .03 (both p , .05, one-
tailed).2

Priming scores (old–new, see Table 2) also were entered into a group by
encoding task ANOVA, but no effects approached significance. Although
the small sample sizes in this experiment limits the power to detect small
effects, the trends in the results are reassuring in two respects. First, the

2 Prior to all analyses data from each pair of matched controls were averaged together to
equate the degrees of freedom between patients and controls.
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patients tended to show larger priming effects than did the controls, so an
inability to detect an impairment in this sample of patients is probably not
attributable to low statistical power. Second, priming scores tended to be
larger after the letters task compared to the liking task. Because this is the
opposite of the levels-of-processing effect normally observed on explicit
memory tasks, it is unlikely that explicit memory had much impact on the
present results (cf. Bowers & Schacter, 1990).

In summary, the present experiment found no differences in visual implicit
memory when brain-injured patients with verbal production deficits were
compared with a control group. We discuss these results further after Experi-
ment 2, in which we examine cross-modal priming in the same patients on
the stem completion task used in Experiment 1.

EXPERIMENT 2

Method

Participants. The same four patients described in Experiment 1 partici-
pated in Experiment 2. Matched controls (two per patient) were selected
according to the same criteria as in Experiment 1. Three of the eight controls
previously participated in Experiment 1. From 1 to 7 months intervened be-
tween Experiments 1 and 2 for subjects who participated in both.

Design, materials, and apparatus. The design was similar to Experiment
1 except that words were heard rather than seen during the study list, and
the perceptual encoding task was modified accordingly. Subjects completed
one study-test block. The study list consisted of 40 experimental words sur-
rounded by 5-word primacy and recency buffers. Subjects rated the pleasant-
ness of half the words and rated the clarity of pronunciation for the other half.
Words in each study condition were randomly intermixed within a single list.
Test lists contained 80 three-letter word stems (e.g., TRU ). Half of the
stems could be completed with a studied word, and the other half could not
be completed with a studied word.

The experimental stimuli were 80 common English words that each began
with a different three-letter combination. For counterbalancing purposes, the
words were subdivided into four 20-word subsets. Each subset was roughly
balanced according to word frequency (MN 5 53.34, SD 5 48.06, Range
5 1 to 282, Kucera & Francis, 1967), word length (MN 5 7.64, SD 5 2.07,
Range 5 5 to 13), possible number of completions with Kucera and Francis
frequency greater than zero (MN 5 18.58, SD 5 16.69, Range 5 1 to 72),
and the rank frequency of the word among all alternative completions with
frequency greater than zero (MN 5 4.97, SD 5 6.83, Range 5 1 to 43).
An additional 10 words with similar characteristics were used as buffer
items. Sublists were incompletely rotated through the three conditions (New,
Clarity, Liking) across participants, but matched controls received the same
lists.
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Study words were recorded by a single female voice and presented on a
Macintosh Powerbook. Responses were either written or spoken aloud de-
pending on the subject’s capability.

Procedure. During the study list, participants either rated the clarity of
the word on a scale from 1 to 5 (1 being the least clear and 5 being the most
clear) or they rated how much they like the meaning of the word. Liking
ratings used the same scale, with 1 indicate strong disliking and 5 indicating
strong liking of the word. As in Experiment 1, the encoding task was shown
on the computer screen prior to presentation of each study word. The study
list was followed by 5-min distractor task of generating names of cities or
states from three-letter stems.

At test, participants were presented with 80 three-letter visual word stems
derived from the beginnings of half studied and half nonstudied words. Par-
ticipants were asked to write down the first word that came to mind, avoiding
proper nouns and avoiding words of four letters or less. The stem presenta-
tions in the test phase were self-paced.

Results

The results of Experiment 2 (see Table 2) indicate less priming by patients
than controls. T tests comparing target completion rates for studied versus
nonstudied words showed that overall priming was significant for controls,
t (3) 5 4.48, SE 5 .03, p , .01 (one-tailed), but not for patients, t (3) 5
1.42, SE 5 .03. Although our ability to detect priming effects is limited by
the small sample size, a significant effect was detected for the control sub-
jects but not for the patients despite the fact that the degrees of freedom and
standard errors were the same.

A group by encoding task ANOVA showed a marginally significant prim-
ing difference between groups, F(1, 6) 5 5.25, p 5 .06. Again, although
this analysis is compromised by low statistical power, it should be noted that
mean priming effect for controls (.14) was numerically more than three times
the size of those for patients (.04). As in Experiment 1, there is little indica-
tion of a levels-of-processing effect, so these results are unlikely to be influ-
enced appreciably by explicit memory.

EXPERIMENT 3

Experiments 1 and 2 suggest that verbal production deficits impair cross-
modal priming, but spare within-modal visual priming. These results are con-
sistent with the hypothesis that cross-modal priming depends on recoding
processes that require normal verbal production abilities. Alternatively, it
has been suggested cross-modal priming may be attributable to the influence
of explicit memory processes (e.g., Jacoby, Toth & Yonelinas, 1993; Köhler
et al., 1997). If cross-modal explicit memory is impaired in the patient group
compared to the control group, such impairment could play a role in the
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reduced cross-modal priming observed in Experiment 2. Accordingly, ex-
plicit memory was examined in Experiment 3.

Method

Participants. The same four patients described in Experiment 1 partici-
pated in Experiment 3. Matched controls (two per patient) were selected
according to the same criteria used in Experiment 1. Two of the eight controls
previously participated in Experiments 1 and 2. T.R.’s education-matched
control (8 years) was unavailable for Experiment 3, so an age-matched con-
trol with 12 years of education was substituted. Participants completed Ex-
periment 3 approximately 2 years after Experiment 2.

Design, procedure, and materials. Participants heard 36 words on the
study list surrounded by four-word primacy and recency buffers. Participants
rated the pleasantness of half the words, and rated the clarity of pronunciation
for the other half. The test list contained 72, three-letter word stems (e.g.,
TRU ). Half of the stems could be completed with a studied word, and the
other half could not be completed with a studied word. Participants were
instructed to complete stems only with words from the previous study list,
and they were told to leave items blank if they could not remember an appro-
priate studied word. All other aspects of the design and procedure were iden-
tical to Experiment 2.

The experimental stimuli were 72 common English words that each began
with a different three-letter combination. The words had the following
characteristics: word frequency (MN 5 31.94, SD 5 5.96, Range 5 1 to
107, Kucera & Francis, 1967) and word length (MN 5 5.96, SD 5 0.93,
Range 5 5 to 8). An additional 8 words with similar characteristics were
used as buffer items. Items were counterbalanced as in Experiment 2.

Results

Participants in the control group showed higher levels of explicit memory
than did the patients, and the patients failed to show the typical levels-of-
processing advantage when the liking and clarity tasks are compared (Table
2). The dependent variable of primary interest is the completion rate differ-
ence between old and new items. An ANOVA on these difference scores
yielded a main effect of group, F(1, 6) 5 15.31, MSE 5 .02, p , .01, and
a marginally significant group by study task interaction, F(1, 6) 5 3.96,
MSE 5 .01, p , .10. Furthermore, target complete rates in the new condition
were higher for patients than for controls, t (6) 5 2.87, SE 5 .05, p , .05.

GENERAL DISCUSSION

The present experiments investigated modality effects on visual stem com-
pletion in a group of brain-injured patients with verbal production deficits.
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When words were studied visually (Experiment 1), similar levels of priming
were observed in the patients and the control group. When words were stud-
ied auditorily (Experiment 2), only the control group showed significant lev-
els of priming. When explicit stem completion was tested after auditory study
(Experiment 3), memory was more accurate for controls than for patients.

The results of Experiments 1 and 2 are consistent with the idea that cross-
modal priming depends on recoding the perceptual format of stimuli (e.g.,
Downes et al., 1996; Kirsner et al., 1989; McClelland & Pring, 1991), be-
cause our patients are impaired in their ability to produce the phonological
form of visually presented stimuli. More specifically, cross-modal priming
in Experiment 2 may have depended upon phonological recoding of the
visual stem during the test. This recoding would allow for an auditory/
phonological match between the auditorally presented words and the visually
presented stem.

Although our results are generally consistent with the idea that cross-
modal priming depends on verbal recoding of visual stems, some aspects of
our results are inconsistent with particular versions of this hypothesis.
Kirsner et al. (1989) suggested that overall priming effects can be decom-
posed into two components. A perceptually specific component (Ps) depends
on a match between the modality of the study and test items. The nonspecific
component (Pns) depends on verbal production or ‘‘preproduction’’ (meaning
nonovert) processes. According to Kirsner et al., both of these components
will additively contribute to within-modal priming (Ps 1 Pns), but only the
nonspecific (Pns) component will contribute to cross-modal priming. Ac-
cording to this model, the present patients would have a smaller nonspecific
component than the control subjects (Pns(control) . Pns(patient)). Because
the nonspecific component (Pns) also contributes to within-modal priming
(Ps 1 Pns), this model would predict greater within-modal priming in the
controls subjects: If Pns(control) . Pns(patient) and Ps(control) 5 Ps(patient),
then Pns(control) 1 Ps(control) . Pns(patient) 1 Ps(patient). Therefore, the
present results are inconsistent with the additivity of Pns and Ps in within-
modal conditions. Downes et al. (1996) similarly suggest that phonological
processes contribute to within- and cross-modal priming. The present results
would be more consistent with a model in which verbal production response
only contribute to cross-modal priming.

The aforementioned theories explain the finding of greater within- than
cross-modal priming by positing that a perceptually specific contribution to
priming is only available for within-modal priming. With this in mind, it is
important to note that no modality effect was shown by the control group
in the present experiments. Controls showed similar levels of priming when
study was visual (Experiment 1) and auditory (Experiment 2). One likely
explanation for the lack of a between-experiment modality effect is the use
of different items in the two experiments. However, items were held constant
between patients and controls, so item differences cannot explain our primary
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finding of normal within-modal priming and impaired cross-modal priming
in patients with verbal production deficits.

Alternative explanations for the basis of cross-modal priming must be con-
sidered because of the explicit memory deficits patients exhibited in Experi-
ment 3. First, ‘‘true’’ priming effects might be modality specific, with cross-
modal priming attributable to contamination from explicit memory processes
(e.g., Jacoby et al., 1993; Kohler et al., 1997). Explicit contamination would
readily explain the cooccurrence of explicit memory and cross-modal prim-
ing deficits along with normal within-modal priming in the present patients.
However, explicit contamination cannot explain reports of spared cross-
modal priming in some amnesic patients with explicit memory deficits (Carl-
esimo, Fadda, Sabbadini & Caltagirone, 1994; Graf et al., 1985). Second,
patients’ explicit memory did not benefit from semantic encoding, so it is
possible that they have subtle semantic encoding deficits that were not de-
tected by our screening tasks.3 If cross-modal priming is at least in part se-
mantically based (e.g., Bassili et al., 1989), a common semantic deficit would
explain the present results, but other research has shown that cross-modal
priming does not vary with the level of semantic encoding (Craik, Moscov-
itch & McDowd, 1994).

In contrast to the possibility that the patients’ cross-modal priming deficit
in a consequence of poor explicit memory, it is also conceivable that priming
deficits contributed to the poor performance on the explicit test. If priming
processes contribute to performance on nominally explicit tasks (Jacoby et
al., 1993; Toth, Reingold & Jacoby, 1994), then priming deficits could ex-
plain impaired performance on both the implicit and the explicit tasks.

The explicit memory deficit shown by these patients makes it difficult to
offer an unambiguous interpretation of our results, but the complete pattern
of results is nonetheless intriguing insofar as it contrasts with the memory
capabilities of other brain-injured patients. The present patients showed
spared within-modal priming, together with deficits in cross-modal priming
and explicit memory. A similar pattern—spared within-modal priming, im-
paired cross-modal priming and explicit memory—has been reported for vi-
sual fragment completion (e.g., E EP A T is a fragment for ELEPHANT)
in the severely amnesic patient K.C. (Kohler et al., 1997). K.C. has left-
hemisphere cortical damage that may overlap with areas damaged in the
present patients as well as medial temporal lobe damage commonly observed
in patients with amnesia. By contrast, other patients with anterograde amne-
sia show spared within- and cross-modal priming (Carlesimo et al., 1994;
Graf et al., 1985a). Another contrasting pattern is observed in patients with

3 The patients’ high completion rates for new stems also suggests the possibility of deficits
beyond verbal production processes. Participants were explicitly instructed to respond only
with studied words, so the patients may have had some difficulty comprehending and/or fol-
lowing instructions.
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occipital lesions who show normal explicit memory but fail to show the
usual priming advantage for within-modal priming over cross-modal priming
(Gabrieli, Fleischman, Keane, Reminger & Morrell, 1995; Keane, Gabrieli,
Mapstone, Johnson & Corkin, 1995). Considering these different patterns
together, it appears that within-modal priming can be dissociated from ex-
plicit memory, but cross-modal priming and explicit memory may share pro-
cesses. Future research is needed to better understand the relationship be-
tween these memory processes.
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