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Dissociating Memory Retrieval Processes using
fMRI: Evidence that Priming Does Not
Support Recognition Memory

lar conceptual priming (cf. Jacoby and Dallas, 1981;
Mayes, 1991). Depending on task requirements, both
perceptual and conceptual processing can be primed
(associated with the sensory form and the meaning of
the stimulus, respectively) (cf. Blaxton, 1989; Roediger,
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1990). Behavioral (cf. Wagner, Gabrieli, and Verfaellie,United Kingdom
1997) and neuropsychological (cf. Stark and Squire,2 Department of Psychology
2000) evidence suggests that perceptual priming does3 Department of Neurology
not contribute toward familiarity during performance on4 Department of Radiology
explicit retrieval tasks. However, whether memory pro-5 Department of Anatomy and Neurobiology
cesses associated with conceptual priming support ex-6 Howard Hughes Medical Institute
plicit retrieval remains unclear. Described below areWashington University
findings from imaging data that suggest this questionSt. Louis, Missouri 63108
can be addressed using functional anatomical mea-
sures.

Event-related fMRI studies of explicit recognition re-Summary
veal a network of brain regions whose activity provides
an index of episodic “retrieval success” (cf. Henson etWe employed event-related fMRI to constrain cogni-
al., 1999; Konishi et al., 2000; McDermott et al., 2000;tive accounts of memory retrieval. Studies of explicit
Donaldson et al., 2001; see also Habib and Lepage,retrieval reveal that lateral and medial parietal, dorsal
1999; Nyberg et al., 1995; Rugg et al., 1996; Schactermiddle frontal gyrus, and anterior prefrontal cortex
et al., 1996; Nolde et al., 1998; Wagner et al., 1998). Leftrespond more for studied than new words, reflecting
and right lateral inferior parietal cortex, medial parietala correlate of “retrieval success.” Studies of implicit
cortex (precuneus), left dorsal middle frontal gyrus, andmemory suggest left temporal cortex, ventral and dor-
left anterior prefrontal cortex exhibit a larger transientsal inferior frontal gyrus respond less for studied than
hemodynamic response for old than new items. More-new words, reflecting a correlate of “conceptual prim-
over, activity within these regions is reduced when sub-ing.” In the present study, responses for old and new
jects fail to recognize old items relative to correctly rec-items were compared during performance on explicit
ognized items (cf. Sanders et al., 2000). In short, therecognition (old/new judgement) and semantic (ab-
magnitude of response in these regions is predictive ofstract/concrete judgement) tasks. Regions associated
successful retrieval.with priming were only modulated during the semantic

Studies using tasks that involve repeated semantictask, whereas regions associated with retrieval success
judgments on words reveal a separate network of re-were modulated during both tasks. These findings
gions, associated with “conceptual priming.” Ventralconstrain functional-anatomic accounts of the net-
and dorsal left inferior frontal gyrus and left temporalworks, suggesting that processes associated with prim-
cortex exhibit reduced activity for old compared to newing do not support explicit recognition judgments.
items—the opposite pattern to that associated with epi-
sodic retrieval success (cf. Demb et al., 1995; BucknerIntroduction
et al., 1998a, 2000; Gabrieli et al., 1996; Schacter and
Buckner, 1998; and see Buckner and Koutstaal, 1998

Human memory is thought to be supported by multiple
for findings from amnesic subjects). Direct comparisons

retrieval processes. Dual process theories posit that
of conceptual (e.g., abstract/concrete judgments) and

memory tasks such as old/new recognition associated perceptual (e.g., uppercase/lowercase judgments)
with explicit or conscious remembering rely upon two tasks reveal that left inferior frontal cortex only exhibits
retrieval mechanisms: recollection, which is an effortful priming effects during performance of conceptual tasks
search-like process, and familiarity, which is a more (cf. Demb et al., 1995; see also Blaxton et al., 1996).
automatic process (cf. Atkinson and Juola, 1973; Gardi- Moreover, priming reductions seen in these regions are
ner and Java, 1993; Jacoby and Dallas, 1981; Mandler, amodal, occurring for both visual and auditory stimuli
1980). A separate phenomenon, priming, is facilitated (cf. Buckner et al., 2000), a finding that is particularly
processing due to prior exposure to a stimulus, such as hard to reconcile with a perceptual priming account. In
improved performance or reduced reaction times, and short, these effects are associated with facilitation in
can occur even in the absence of explicit remember- the maintenance/manipulation and use/evaluation of se-
ing (cf. Roediger and McDermott, 1993; Tulving and mantic and/or lexical information, and provide a neural
Schacter, 1990; Schacter, 1994). Dissociating these pro- correlate of conceptual priming.
cesses, and understanding the relations between them, The present study investigates the relationship be-
has proved difficult with traditional behavioral measures. tween these neuroanatomically distinct networks, using

Here fMRI was employed to examine the relation be- fMRI in a hypothesis-driven way. The finding that the
tween explicit familiarity, and implicit priming, in particu- two networks described above are known to be modu-

lated by different memory retrieval processes is central
to this approach. However, it is not assumed that these7 Correspondence: did1@stir.ac.uk
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Figure 1. The Mixed Blocked and Event-Related Experimental Design Used during a Single fMRI Run

Subjects performed multiple study-test sessions, with scanning only occurring at test. This figure shows the structure of a single test session.
Top: at test, each functional run was blocked; subjects alternated between fixating on a cross-hair and performing the recognition and
semantic judgment tasks. Task order was alternated across scans. Bottom: within each memory block, subjects were presented with temporally
jittered test items.

are the only regions modulated by these particular re- task. Activity increases associated with explicit retrieval
success were also explored to understand their relationtrieval processes, or that these regions support memory

retrieval processes exclusively. Rather, the approach to conceptual priming effects and to ask whether they
can support recognition in the absence of any primingrests on the demonstration that activity within each set

of regions provides an index of a particular retrieval associated activity reductions. If regions associated
with conceptual priming show no reduction during theprocess. Two specific questions are pursued. (1) Can

the two networks described above can be functionally recognition task, this would suggest that conceptual
priming does not support the contribution of familiaritydissociated? And from a cognitive perspective, (2) to

what degree do these separate networks contribute to to recognition memory.
performance on explicit memory tasks such as old/new
recognition—a judgment that relies in part on familiarity Results
based recognition processes.

At study, subjects made semantic judgments to words Behavioral
Recognition memory performance showed a mean hitusing an abstract/concrete judgment task (Demb et al.,

1995). At test, old and new words were presented and rate of 91% and false alarm rate of 13%. Reaction time
data revealed that responses were significantly fastersubjects alternated between the same semantic (ab-

stract/concrete) task and an old/new recognition task. for hits than correct rejections (across subject means
of 863 ms and 954 ms, respectively; t[21] � 4.56, p �As Figure 1 shows, each task was presented in a discrete

block, separated by blocks of a baseline task (fixation), 0.001). Examining responses to all old and new test
items during the recognition task, mean reaction timesbut within each task block, the test items were jittered

and pseudo-randomized using event-related proce- were faster for old than new items (988 ms and 1035
ms, respectively). However, this difference did not reachdures. This mixed “blocked and event-related” design

allows the transient item-related responses to old and significance (p � 0.1). By contrast, a clear priming effect
was observed in the semantic task; significantly reducednew test words to be examined while controlling for

possible sustained differences in subjects’ overall cog- reaction times for old compared to new words (869 ms
and 946 ms, respectively; t[21] � 6.83, p � 0.0001).nitive set or state (cf. Donaldson et al., 2001; Donaldson

and Buckner, 2001).
Using measures of activity within the networks de- Imaging

Statistical whole-brain activation maps were formed toscribed above, we ask whether regions that exhibit con-
ceptual priming reductions during the semantic task examine the old minus new difference for each task.

Items were not divided based on performance accuracyshow similar reductions during the old/new recognition
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Figure 2. Recognition Task

Statistical activation maps showing regions of significantly different transient activity for old than new test items, superimposed onto average
structural brain images. Regions showing increased activity for old relative to new items are shown in red, regions showing decreased activity
in blue. Significant activation peaks are listed in Table 1.

(e.g., hits versus correct rejections) because this would ceptual priming (cf. Buckner et al., 2000; Wagner et al.,
2000; Schacter and Buckner, 1998), shows the oppositenot allow equivalent comparison between the episodic

and semantic tasks. However, because recognition per- effect, with less activation for old than new test stimuli,
including left ventral (at or near BA 44/6) and dorsalformance was high, old items were almost always hits

and new items were almost always correct rejections. (at or near BA 44/45/47) inferior frontal gyrus, and left
temporal cortex. The location of activated regions, iden-Recognition Task Activation Maps

Figure 2 shows regions that exhibit a significant differ- tified by peaks, are listed in Table 2 (both positive and
negative differences are listed).ence between old and new test items during the explicit

recognition task. A network of areas previously shown Time Course Data
The time course of activation was examined in a hypoth-to be related to retrieval success during recognition

memory was observed, including left and right lateral esis-driven fashion based on previous findings (see In-
troduction). Targeted analyses were conducted using aparietal cortex, medial parietal cortex (precuneus), left

dorsal middle frontal gyrus, and left anterior prefrontal random effects statistical analysis, testing the specific
hypotheses outlined in the Introduction and exploringcortex (at or near Brodmann area 10). The regions of

activation match closely those seen in previous event- the temporal dynamics of the old/new effects. Two sets
of a priori regions were defined as being retrieval suc-related studies of retrieval success (cf. Donaldson et al.,

2001; Konishi et al., 2000), replicating these findings. cess or conceptual priming regions, based on the loca-
tions of peak activation points taken from studies inThe location of activated regions, identified by peaks,

are listed in Table 1 (both positive and negative differ- which these memory effects have been described pre-
viously (taken from Donaldson et al., 2001; and Bucknerences are listed).

Semantic Task Activation Maps et al., 2000, respectively). This approach has the poten-
tial to reduce the size of any effects that are foundFigure 3 shows regions that exhibit a significant differ-

ence between old and new test items during perfor- because a priori regions are unlikely to exactly match
the maximum activation points in the present data. Itmance of the semantic judgment task. Two sets of re-

gions are clear. The same network of areas that was does, however, strengthen confidence in any dissocia-
tion found between the two tasks.more active for old than new stimuli during the recogni-

tion task is also seen for the semantic task, including left All time course data are displayed as subtraction
waveforms—showing differences in hemodynamic re-and right lateral parietal cortex, medial parietal cortex

(precuneus), left dorsal middle frontal gyrus, and anterior sponse between old and new test items. This allows the
size and direction of the effects of prior exposure toprefrontal cortex. In addition, a second set of regions,

similar to that previously observed to correlate with con- be seen clearly, highlighting features that distinguish
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Table 1. Activation Peaks for Old-New Difference during stimuli. The response typically begins around 2.5 s
the Recognition Task poststimulus, and peaks around 5 or 7.5 s before re-

turning to baseline. Although these regions are identifiedCoordinates Significance
as retrieval success regions associated with episodic

X Y Z Z Score BA/Area
memory retrieval, Figure 5 indicates that they are also

Old � New sensitive to the difference between old and new stimuli
during performance of the semantic judgment task. In�7 �69 30 8.66 19

�43 �63 42 6.96 19/40 left dorsal middle frontal gyrus, left anterior prefrontal
�37 �69 33 6.95 19/39 cortex, and left lateral inferior parietal lobe, the response

10 �66 30 6.63 19 appears to be approximately equivalent for both tasks.
�7 �45 30 6.30 7/31 By contrast, the old minus new differences appear to
�4 �33 33 6.24 31

be bigger for semantic than recognition judgment in40 �21 63 5.89 3/4
medial parietal cortex and right lateral inferior parietal37 �69 36 5.63 19/39
lobe.�25 24 45 5.42 8

37 48 9 5.00 46 Three regions were identified that exhibit conceptual
�22 60 9 4.77 10 priming effects during tasks that involve semantic/lexi-

34 �21 48 4.65 3/4 cal judgments, taken from Buckner et al. (2000). Namely,
�10 36 30 4.5 9

left dorsal (�43, 9, 34) and ventral (�43, 34, 3) inferior40 �51 54 4.12 7/40
frontal gyrus, and left temporal cortex (�43, �46, 6).34 �69 �36 3.99 Cerebellum
Each of the regions previously associated with concep-�31 9 54 3.96 6

�13 �12 18 3.92 Thalamus tual priming is identified in Figure 6, shown alongside
�19 �39 3 3.90 Hippocampus the time course of activity in that region. As in Figure 5,

25 �33 �24 3.86 Cerebellum the time course data show the difference between old
�13 48 �12 3.83 Cerebellum and new stimuli for both recognition (black) and seman-

�7 �48 �21 3.70 Cerebellum
tic (red) tasks. As would be expected on the basis of40 57 6 3.65 10
previous studies, these regions show a reduction in ac-

Old � New tivity for old compared to new stimuli during the seman-
7 6 48 4.15 6 tic judgment task. In each region, the effect begins

46 27 18 3.81 45 around 2.5 s poststimulus, and peaks around 5 s before
returning to baseline. By contrast, these regions revealCoordinates are listed in Talairach and Tournoux (1988) atlas space.
little or no difference in response to old and new stimuliBA is the Brodmann area nearest to the coordinates and should be

considered approximate. during performance of the recognition task; the wave-
forms are essentially flat, with no clear hemodynamic
response. Thus, regions previously associated with re-
trieval success effects are modulated by prior exposurepriming from retrieval success effects. Figure 4 shows
to an item during both recognition and semantic judg-

how a positive hemodynamic response that is larger for
ment tasks, whereas regions previously associated with

old than new stimuli results in a positive going subtrac-
conceptual priming effects are only sensitive to prior

tion waveform (top). If no difference in response exists
exposure during the semantic judgment task, where

between old and new items, then the subtraction wave- both the task and items repeat from study to test.
form is flat, suggesting no modulation based on previous Dissociation between Conceptual Priming
experience (middle). Finally, if the positive going hemo- and Retrieval Success Networks
dynamic response is reduced for old compared to new To provide further statistical support for the apparent
words, then the subtraction results in a negative going dissociation between the two networks, we employed
waveform (bottom). Although other combinations of re- random effects ANOVA. This analysis compared the dif-
sponses could give rise to similar waveforms (e.g., com- ference in response to old and new stimuli, in each set
binations of negative going hemodynamic responses), of regions, across the two tasks. Activity was averaged
each of the time courses described below follows one across the regions in each network, with the regions
of the patterns illustrated in Figure 4. defined on an a priori basis as being associated with

Five regions (left dorsal middle frontal gyrus (�37, 6, either priming or retrieval success. A single estimate
54), left anterior prefrontal cortex (�40, 51, 6), left lateral was extracted for the combined average of the retrieval
inferior parietal lobe (�40, �51, 39), medial parietal cor- success regions and the conceptual priming regions,
tex (�1, �63, 39), and right lateral inferior parietal lobe and these measures were employed in an ANOVA, test-
(49, �45, 48)) that have exhibited retrieval success ef- ing for an interaction between behavioral task and neural
fects during episodic memory were constructed based network. ANOVA revealed a significant network (con-
on peak coordinates taken from Donaldson et al. (2001). ceptual priming versus retrieval success) by task (epi-
In that study, only correct responses were analyzed, sodic versus semantic) interaction (F[1,22] � 5.98, p �
hence the term retrieval success. Namely, each region 0.05). As can be seen in Figure 7, this result is consistent
is shown in Figure 5, alongside a time course waveform with the account of the time course data described
for that region, showing the difference in activity be- above. Subsidiary analyses confirmed that the retrieval
tween old and new stimuli for both recognition (black) success network exhibited a significant positive in-
and semantic (red) tasks. In each case, the time course crease for old compared to new items in both the recog-
reveals a hemodynamic response profile that exhibits a nition and semantic judgment tasks (t[21] � 3.04, p �

0.005, and t[21] � 3.71, p � 0.001, respectively). More-positive increase in activity for old compared to new
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Figure 3. Semantic Task

Statistical activation maps showing regions of significantly different transient activity for old than new test items, superimposed onto average
structural brain images. Regions showing increased activity for old relative to new items are shown in red, regions showing decreased activity
in blue. Significant activation peaks are listed in Table 2.

over, the effect was of similar magnitude for both task they are more likely associated with controlled recollec-
tion processes than familiarity. For this analysis, aconditions (0.06% and 0.07% for the recognition and

semantic tasks, respectively) with no significant differ- within-subject median-split across trials was conducted
for each of the old and new trials in the recognition task.ence between them (t[21] � 0.36, p � 0.73). By contrast,

for the priming network, the old items showed a signifi- The magnitude of activation in the combined retrieval
success regions was then computed for fast and slowcant reduction relative to the new items that was signifi-

cant for the semantic task (t[21] � 2.59, p � 0.01), but trials and entered into ANOVA.
ANOVA did not reveal a significant difference in thenot for the recognition task (t[21] � 0.22, p � 0.42), with

a significant difference between the two tasks (t[21] � retrieval success regions between fast and slow deci-
sions (t[21] � 1.16, p � 0.26, effects with a magnitude of2.21, p � 0.05). In sum, these regional analyses confirm

the dissociation between the networks associated with 0.06% and 0.08%, respectively). Nonetheless, analysis
revealed that the effect was independently significantconceptual priming and retrieval success. As Figure 7

makes clear, the old/new effect associated with concep- for both the fast and slow recognition responses (t[21] �
3.83, p � 0.001, and t[21] � 2.63, p � 0.01, respectively).tual priming was near to zero during the recognition task

(�0.0026%, compared to �0.05% during the semantic The presence of comparable effects for both fast and
slow responses does not provide strong evidence for atask), suggesting that it played minimal, if any, role in

supporting performance in the recognition task. specific association with either recollection or familiar-
ity. Of course, this finding could reflect little more thanAnalysis Based on Reaction Time

One basis for distinguishing between recollection and the fact that slow responses are associated with in-
creases in both recollection and familiarity relative to fastfamiliarity is response time, with familiarity generally

thought to occur more rapidly than recollection (cf. responses. Regardless, the analyses suggest that the
effect is not specifically associated with recollectionHintzman and Curran, 1994). Certain forms of recollec-

tion, associated with the retrieval of noncriterial informa- processes that are engaged when decisions rely solely
on slow, extended, controlled, or search-like processing.tion or associative information, may also occur relatively

quickly (cf. Yonelinas and Jacoby, 1996). Nonetheless,
comparison of the magnitude of the retrieval success Discussion
effects in fast and slow recognition trials provides some
degree of constraint on the kind of retrieval processes Neural correlates of processes supporting explicit and

implicit memory retrieval were identified and dissociatedsupported. Specifically, if retrieval success effects are
only present for slow responses, this would suggest that using fMRI. First, a network of regions (lateral and medial
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Table 2. Activation Peaks for Old-New Difference during dent upon task demands. The implications of these find-
the Semantic Judgment Task ings are discussed below, interpreted in the context of

current models of memory retrieval. We suggest thatCoordinates Significance
these data demonstrate that regions sensitive to implicit

X Y Z Z Score BA/Area
memory processes associated with priming were not

Old � New modulated during, and thus did not support, explicit
memory processes associated with retrieval success in�10 �66 30 12.48 18/31

10 �66 30 11.62 18/31 the recognition task.
�25 57 12 9.65 10

40 �57 36 8.80 19/39 Explicit Memory: Retrieval Success Effects
�46 �63 36 8.49 19/39 The findings from the recognition memory task replicate
�40 24 45 7.45 8

event-related fMRI findings reported previously (see Fig-�25 60 24 6.52 10
ures 2 and 5; cf. Henson et al., 1999; Konishi et al.,�25 51 �3 6.24 10
2000; McDermott et al., 2000; Donaldson et al., 2001).16 60 12 5.92 10

1 �27 33 5.77 31/23 A network of regions in parietal and frontal cortex is
�25 36 45 5.66 8 sensitive to whether an item is old or new during the
�37 51 24 5.43 9/10 recognition task. The presence of significant modula-

37 24 36 5.31 9
tions within this network during the semantic judgment37 33 45 4.90 8
task was unexpected; subjects were not instructed to31 9 48 4.77 6/8
remember the words. Support for this finding comes�7 51 6 4.75 32/10

7 �45 15 4.66 30 from a recent study by Koutstaal et al. (2000), who re-
31 42 9 4.54 46 ported similar effects during performance on a semantic

�28 15 36 4.36 9 task involving judgments of the size of objects.
22 27 42 4.28 8 Based on the current functional account of these re-
25 �39 3 4.27 Hippocampus

gions as indexing retrieval success, the present findings4 54 �15 4.22 11
suggest that subjects may have experienced some level�31 �48 �3 4.18 Lingual Gyrus

52 �18 6 4.12 21 of explicit memory during the semantic judgment task.
�55 �12 �39 3.92 Cerebellum Indeed, given the experimental conditions employed in

37 �57 9 3.89 19 the present study, it seems likely that subjects con-
10 18 �3 3.82 Caudate sciously recognized at least some of the old items pre-
37 �69 3 3.76 19/37

sented during the semantic retrieval blocks, i.e., that52 �12 �27 3.51 20
there were explicit intrusions (cf. Bowers and Schacter,�61 �9 9 3.50 42
1990; Schacter, 1994). Thus, we are inclined to add a

Old � New simple caveat to the retrieval success account. Namely,
�37 30 �9 8.87 47 for the memory processes reflected in these regions to
�46 24 18 7.35 44/45 be engaged, subjects need not be required to actively
�46 6 21 7.13 44 seek to retrieve episodic information in the pursuit of
�46 33 3 7.00 44/45/47

current task demands (see also Koutstaal et al., 2000).
�4 15 54 6.43 6

By this account, the retrieval success effect supports43 27 15 6.30 44/45
recognition memory performance, but the mechanism34 30 �6 4.53 44/45/47

34 21 9 4.41 44/45/47 can be obligatorily or unintentionally engaged rather
46 12 21 4.30 44/45 than always being controlled or driven by current task
58 42 18 3.92 45/46 demands—at least under circumstances where well-

�46 �51 0 3.88 37 learned stimuli are paired with strong retrieval cues. In
�34 �48 �21 3.60 Cerebellum

relation to cognitive accounts of recognition memory, a
Coordinates are listed in Talairach and Tournoux (1988) atlas space. description of the effect as obligatory suggests an ex-
BA is the Brodmann area nearest to the coordinates and should be plicit retrieval mechanism that fits the functional charac-
considered approximate. teristics of an automatic familiarity process more than

a controlled strategy-based recollective process. Evi-
dence lending weight to this possibility comes from the

parietal cortex, left dorsal middle frontal gyrus, and ante- analysis of the retrieval success effect based on reaction
rior prefrontal cortex, cf. Figure 2) exhibited more tran- time. The retrieval success effect was similar in magni-
sient activity in response to old than new test items tude for fast and slow recognition decisions, a finding that
during both the recognition and semantic judgment is difficult to reconcile with an account solely in terms
tasks. Second, a separate network of regions (left dorsal of a slow search-like recollection process. Moreover,
and ventral inferior frontal gyrus and left temporal cor- the fact that retrieval success regions are independent
tex, cf. Figure 3) exhibited less transient activity in re- of regions showing state-related activity associated with
sponse to old than new test items during the semantic top-down “retrieval mode” processes provides addi-
judgment task but not the recognition task. tional support to this conclusion (cf. Donaldson et al.,

In addition to the two networks being neuroanatomi- 2001). Finally, we stress that there is good evidence that
cally distinct, the difference between old and new items these effects reflect a retrieval mechanism that supports
occurs in the opposite directions between networks, recognition performance; the size of the response in
and the networks are functionally dissociable, with mod- these regions is predictive of successful retrieval during

recognition memory (cf. Sanders et al., 2000).ulation in the conceptual priming regions being depen-
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Figure 4. Generating Subtraction Waveforms

The figure illustrates how the hemodynamic responses to old and new test items are used to generate subtraction waveforms (red � old,
blue � new, black � old minus new). Top: a larger positive response to old than new items gives rise to a positive going subtraction waveform.
Middle: equivalent response to old and new items gives rise to a flat subtraction waveform, suggesting no modulation based on previous
experience with test items. Bottom: a smaller positive response to old than new items gives rise to a negative going subtraction waveform.

Implicit Memory: Conceptual Priming Effects used in the present study, and that of Wagner et al.,
can be characterized in terms of a between- versusA second network, including left dorsal and ventral infe-

rior frontal gyrus and left temporal cortex, was found to within-task study-test manipulation. However, we stress
that it is not task repetition per se that is important.exhibit behavior typically associated with priming (i.e.,

reduced activity for old compared to new words, see Rather, priming effects should be seen to the degree that
study and test tasks call upon equivalent processing ofFigures 3 and 6; cf. Demb et al., 1995; Buckner and

Koutstaal, 1998; Buckner et al., 1998a, 2000). The pres- a repeated item. Consistent with this account, recent
behavioral evidence suggests that different forms ofent data add weight to the conceptual priming account

of these regions, but highlight an important constraint, conceptual priming are revealed depending on the task
employed (cf. Vaidya et al., 1997; Gabrieli et al., 1999).process specificity. Priming-related modulations were

only present when both the item and the task were This possibility also raises a suggestion for why activity
reductions were noted across tasks in the present study:repeated—minimal priming reductions were found in the

recognition task in this network of regions. This finding the study and test procedures were the same in the
semantic task and differed in the old/new recognitionsuggests that the benefit of previously experiencing an

item is selective, operating in a process-specific man- task.
ner. By this account, priming will occur if a task requires
the recapitulation of processing, as is suggested by a On the Relationship between Processes

Supporting Explicit and Implicit“transfer appropriate processing” view (cf. Morris et al.,
1977; Blaxton, 1989; Roediger et al., 1989). Memory Retrieval

As noted above, regions that exhibit priming-related re-Support for a transfer appropriate view of the concep-
tual priming effects can be found in Wagner et al. (2000; ductions during the semantic task were not modulated

by previous experience during performance of the rec-see also Schacter and Buckner, 1998). The manipulation
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ognition task (see Figures 2 and 6). This finding is impor-
tant in two respects. First, it adds weight to the general
hypothesis that processes supporting implicit and ex-
plicit memory are functionally and neurally dissociable.
Second, it speaks to current debate about the possible
relation between priming and familiarity outlined in the
Introduction. In short, we believe that the present data
support the hypothesis that conceptual priming does
not contribute to familiarity processes underlying suc-
cessful recognition memory performance.

Behavioral (cf. Wagner et al., 1997) and neuropsycho-
logical (cf. Hamann and Squire, 1997; Stark and Squire,
2000) studies provide evidence that perceptual priming
mechanisms do not contribute toward the familiarity
process associated with episodic recognition judg-
ments. By contrast, the behavioral and neuropsycholog-
ical evidence does not speak to the role of conceptual
priming in recognition memory. For example, Wagner
et al. (1997, p320) ask whether the same process “medi-
ates explicit recognition and conceptual priming.” The
data presented here address this issue. Regions sensi-
tive to priming were not significantly modulated during,
and thus could not support, recognition memory perfor-
mance. In terms of cognitive models of recognition
memory, this finding provides strong evidence that con-
ceptual priming does not support the contribution of
familiarity to successful memory retrieval during recog-
nition memory. As noted above, however, different
forms of conceptual priming may exist (cf. Vaidya et al.,
1997; Gabrieli et al., 1999) and further investigation is
required to determine whether these are associated with
activation in the same or different brain regions.

Two important a priori assumptions underlie this con-
clusion. First, the network of regions exhibiting old/new
effects during the semantic task condition does indeed
reflect the operation of a conceptual priming mecha-
nism. Theoretically, regions exhibiting increased activity
for old than new items during the semantic task could
reflect processing associated with priming. There is con-
siderable evidence in support of the assumption that
priming is associated with decreases in activity (see
Introduction; cf. Schacter and Buckner, 1998, for a re-
view). Second, our interpretation rests on the assump-
tion that performance on the recognition memory task
was associated, to some degree, with familiarity. It could
be argued that performance was based entirely or
largely upon recollection, in which case priming effects
associated with familiarity would be absent or minimal.
As noted above, the retrieval success regions were mod-
ulated by both fast and slow recognition responses, a
finding that is difficult to reconcile with a controlled
recollection account of the retrieval success effects. More-
over, recent accounts of recognition memory suggest that
performance typically involves a combination of recol-

Figure 5. Retrieval Success Network lection and familiarity (cf. McElree, Dolan, and Jacoby,
Left: statistical activation maps showing regions of interest. Regions 1999), and it seems likely that this is the case here.
shown are (from top to bottom) left dorsal middle frontal gyrus, Nonetheless, it should be noted that experimental
right lateral parietal, left lateral parietal, medial parietal, and anterior tasks can almost certainly be constructed such that
prefrontal cortex. Right: time course of the difference in transient conceptual priming effects are correlated with success-
hemodynamic response to old and new test items for regions identi-

ful episodic memory retrieval. For example, this wouldfied in the activation maps. Activity is expressed as the difference
be the case if a two-stage judgment had been requiredin percent signal change between old and new items. The old minus
with both semantic and episodic task components or ifnew difference is shown for both recognition (black) and semantic

judgment (red) tasks. For each region, robust responses are evident study-test overlap was more pronounced in a recognition
for both tasks. test. In the present study, the processing requirements
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Figure 6. Conceptual Priming Network

Left: statistical activation maps showing re-
gions of interest. Regions shown are (from
top to bottom) left ventral inferior frontal gy-
rus, left dorsal inferior frontal gyrus, and left
inferior temporal cortex. Right: time course
of the difference in transient hemodynamic
response to old and new test items for re-
gions identified in the activation maps. Activ-
ity is expressed as the difference in percent
signal change between old and new items.
The old minus new difference is shown for
both recognition (black) and semantic (red)
tasks. For each region, a robust response is
evident for the semantic task only, with little
or no modulation for the recognition task.

were only matched at study and test for the semantic little more than “component overlap,” that is, a reduction
due to priming that occurs at the same time as, and in thetask. Repeating the semantic judgment presumably led

to priming effects because of the overlap in processing same regions as, an enhancement due to other processing
demands. Although logically possible, this seems unparsi-demands, whereas switching to a recognition task at test

did not. Thus, the present findings support the conclu- monious and somewhat unlikely—opposing effects would
have to match near perfectly to cancel out. Second, thesion that under typical episodic memory testing condi-

tions, conceptual priming effects associated with implicit absence of an effect could reflect a type I error. Although
null effects should be considered with caution, the find-memory do not support explicit recognition memory.

However, it seems plausible that, when no information ings presented here represent the most bounded, and
therefore most interpretable, form of null result. Theis available from the explicit retrieval success network

to support task performance and study-test overlap is subtraction time courses presented in Figure 6 are es-
sentially flat for the recognition task, representing asufficient, it may be possible for subjects to resort to

the use of other sources of information in making recog- mean difference of zero. By contrast, priming effects
were present and detectable during performance on thenition judgements, including conceptual priming effects.

Finally, we highlight two important caveats. First, the semantic task, under conditions of similar power. More-
over, regional analyses showed the effect to be near zeroabsence of a modulation within priming-sensitive regions

during performance of the recognition task could reflect when data were pooled across regions, an approach that



Neuron
10

ing successful explicit memory retrieval. This finding
adds weight to current behavioral and neuropsychologi-
cal evidence for a distinction between implicit memory
processes associated with priming and the explicit
memory process of familiarity that supports perfor-
mance on recognition memory tasks.

Experimental Procedures

Subjects and Materials
Twenty-four subjects (seven male; mean age 22, range 18–32 years;
right-handed, native English speakers, with normal vision, and no
reported neurological problems) from the Washington University
community participated for a $75 payment. Informed consent was
obtained in accordance with the guidelines and approval of the
Washington University Human Studies Committee. Data from two
subjects were excluded due to excessive movement artifacts. Be-
havioral stimuli consisted of 336 nouns and verbs, 4–8 letter long;
half abstract/half concrete based on ratings from Paivio, Yuille, and
Madigan (1968). Mapping of stimuli to item type (old versus new) and
task (recognition versus semantic judgment) was counterbalanced
across subjects. Stimuli were presented in central vision, in Geneva
font, in white capital letters on a black background, and subtended
approximately 0.5 degrees of visual angle per letter.

Data Acquisition
MRI data were acquired using a Siemens 1.5 Tesla Vision System
(Erlangen, Germany). T1-weighted structural images were acquired
first (MP-RAGE sequence: TR � 9.7 ms, TE � 4 ms, flip angle �

10�, TI � 20 ms, TD � 500 ms, voxel size � 1 � 1 � 1.25 mm).
Functional images were acquired using an asymmetric spin-echo
echo-planar sequence sensitive to blood oxygenation level-depen-
dent (BOLD) contrast (T2*) (TR � 2.5 s, T2* evolution time � 50
ms, voxel size � 3.75 � 3.75 mm in-plane resolution). Pillows and

Figure 7. Dissociating Implicit and Explicit Memory thermoplastic facemasks minimized head movement, headphones
dampened scanner noise and enabled communication. A powerThe figure shows the magnitude (mean percent signal change and
Macintosh computer (Apple, Cupertino, CA) and Psyscope softwarestandard error bars) of the difference between old and new test
(Cohen et al., 1993) controlled stimulus display and recorded re-items within the conceptual priming and retrieval success networks.
sponses from a fiber-optic key-press device. An LCD projector (Am-The dissociation is 2-fold. First, equivalent effects are present for
Pro model LCD-150) projected stimuli onto a screen at the head ofthe recognition (black) and semantic judgment (red) tasks within the
the scanner, viewable via a mirror attached to the coil. Subjectsretrieval success network, whereas significant effects are only found
performed six functional runs during which 128 sets of 16 contiguousin the conceptual priming network during the semantic task. Second,
8 mm-thick axial images were acquired parallel to the anterior-the difference between old and new items is positive going in the
posterior commissure plane. The first four images in each run al-retrieval success network but negative going in the conceptual prim-
lowed stabilization of longitudinal magnetization; these images wereing network. This interaction provides strong support for a func-
used to facilitate alignment, but were excluded from analysis of thetional-anatomic dissociation between the memory processes asso-
functional data.ciated with these two networks of regions.

Behavioral Paradigm
provides considerable power (see Figure 7). In short, the Each functional run was preceded by an unscanned study session

using an incidental encoding task. A list of 28 words (half abstract,results likely reflect the true absence of an effect, rather
half concrete) was presented twice. Using a 2.5 s intertrial interval,than the failure to find an effect that is present.
each word was displayed for 750 ms, followed by a fixation cross-
hair (�) for the remainder of the trial. Subjects judged quickly andSummary
accurately whether each word was abstract or concrete, responding

fMRI was employed to test and constrain cognitive ac- with a button press. A scanned test session was then performed,
counts of memory retrieval. The dissociation presented during which subjects alternated between three tasks, fixating on

a cross-hair, old/new recognition, and semantic (abstract/concrete)here between two cortical networks is 2-fold; differ-
judgments. As Figure 1 shows, the tasks were blocked. At the onsetences in the functional characteristics of the regions
of each block, a visual prompt (“fixation,” “old-new,” or “abstract-(i.e., which tasks gave rise to old versus new modula-
concrete”) was displayed for 2 s, indicating which task to perform.tions) and differences in the pattern of behavior exhib-
During fixation blocks, a cross-hair was displayed continuously for

ited by each network (i.e., more or less activity in re- subjects to fixate on.
sponse to old and new test stimuli). The present findings Each scanned functional run lasted approximately 320 s (128 ac-

quisitions, 1 acquisition every 2.5 s, 3 acquisitions occurring priorhighlight the importance of characterizing the underlying
to the onset of the first task block), separated by a 3 min breaktemporal profile of neural activity, beyond simply as-
during which the next study session was performed. The order ofsessing whether a difference exists. Perhaps the most
recognition and semantic judgment tasks was counterbalancedimportant aspect of the findings, however, is that they
across runs. Fixation blocks lasted 30 s (equivalent to the presenta-

address the relation between retrieval processes, pro- tion of 12 trials at 2.5 s per trial), task blocks lasted 105 s (equivalent
viding functional-anatomic evidence that conceptual to the presentation of 42 trials at 2.5 s per trial). During the episodic

task block, 14 old (half abstract, half concrete) word trials, 14 newpriming does not contribute toward processes support-
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(half abstract, half concrete) word trials, and 14 fixation trials were runs after the components of linear drift and coded effects were
removed. This mean is given by the average over all runs of thepresented. Similarly, during the semantic task block, an identical mix

of stimuli were presented; 14 old (half abstract, half concrete) word intercept term of the linear trend. Peak coordinate locations listed
in Tables 1 and 2 were derived from the activation maps, and weretrials, 14 new (half abstract, half concrete) word trials, and 14 fixation

trials. The presentation of test items was time-locked to the onset generated using a statistical threshold of 6 or more voxels above p �

0.001 (note that each voxel � 3 mm3). This threshold is equivalentof successive whole-brain image acquisitions. Each test item was
displayed for 750 ms, followed by a cross-hair for the remainder of to that used previously by Buckner et al. (1998a) and was verified

to yield few false positives. When multiple peaks occurred withinthe 2.5 s trial. Test items presented during memory task blocks were
jittered by interspersing gaps (i.e., the fixation trials) throughout the 12 mm of each other, the peak with the highest z value was kept.

Statistical analyses examined differences between old and newblocks, such that short fixation periods occurred during the task blocks
as well as during the continuous fixation blocks. Trial order within each test items. Whole-brain activation maps were formed to examine

the old minus new difference for each task. In addition, randomblock was pseudo-randomized so that each type of event (presentation
of old, new, and fixation trials) was equally likely to follow each other, effects statistical analysis was performed, using regions of interest

defined a priori as being retrieval success or conceptual primingusing procedures described in Buckner et al. (1998a).
Recognition and semantic judgment task blocks were identical regions, based on the locations of peak activation points taken from

studies in which memory effects have been found previously (takenother than in the instructions given to subjects. During recognition
task blocks, subjects were required to discriminate between old (stud- from Donaldson et al., 2001, and Buckner et al., 2000, respectively).

For each seed point, a region was defined within the combinedied) and new (unstudied) words. During semantic task blocks, subjects
judged whether each word was abstract or concrete (the same task statistical map of transient responses to both old and new stimuli

during both episodic and semantic tasks. Specifically, all voxelsperformed at study). Subjects were told that the test items would
be a mixture of abstract and concrete words during the recognition within 12 mm of the peak location that were more significant than

p � 0.001 were included in the region. For each region, the differencetask, but that their task was just to judge whether or not the words
were old. Similarly, they were told that the test items would be a in hemodynamic response between old and new test items was

extracted for both the recognition and semantic tasks; the meanmixture of old and new words during the semantic task, but that
their task was simply to judge whether the words were abstract or magnitude (in percent signal change, defined above) of the response

to old and new test items was extracted at each of seven poststimu-concrete. For both tasks, responses were to be made as quickly
and accurately as possible, using the first fingers of the left and lus time points. For statistical tests based on a random effect analy-

sis, the estimated amplitude of the response was extracted for eachright hands. The mapping of fingers to old and new and to abstract
and concrete responses was counterbalanced across subjects. region for each subject, based on the difference between peak

(third) and baseline (first) time points.
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