
An impressive amount of research has shown that the
recent presentation of a stimulus affects performance on a
subsequent test evenwhen no reference is made to the study
episode (for a review, see Roediger & McDermott, 1993).
These so-called implicit memory effects can be obtained
not only in tasks in which the target stimulus is presented
both at study and test but also in tasks in which a cue re-
lated to the target is presented at test (i.e., the target itself
is not presented at test). In word association (also called
free association), for example, one word (e.g., SAND) of an
associated word pair, the target, is presented in the study
phase. In the test phase, the other word (e.g., BEACH) of the
pair is presented as a cue and subjects respond with the
first word that comes to mind. Several studies have demon-

strated that subjects are more likely to respond with the
target word if they have recently studied the target than if
they have not studied the target (Shimamura & Squire,
1984; Weldon & Coyote, 1996; Zeelenberg, Shiffrin, &
Raaijmakers, 1999).

An important question is why study of a word increases
its probabilityof being generated in a subsequent word as-
sociation task. Zeelenberg et al. (1999) distinguished two
classes of explanations of priming in word association.
One possible explanation of priming in word association
is target response priming. According to this account,
prior study of the target word causes a general increase in
its response strength or accessibility. Thus, for example,
prior study of the word SAND strengthens its representation
in memory (e.g., by lowering the threshold or increasing
the activation level) and as a consequence the word SAND

is more likely to be generated as a response to the cue
BEACH.

Another possibility is that priming in word association
is due to the strengthening of the association between the
cue and the target. According to this account, priming in
word association depends on the storage of information
relating the cue and target. To our knowledge, such an ac-
count of priming in word association was first proposed by
Humphreys, Bain, and Pike (1989). They argued that the
most likely explanation of priming in word association is
that subjects generate the cue–target pair during study of
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the target. As a result the cue–target association may be
strengthened. Thus, according to this explanation, when
the word SAND is presented for study, subjects will some-
times think of the word BEACH and store the BEACH–SAND

association in memory. On a later word association test,
the probability of generating the target response SAND to
the cue BEACH will be enhanced because the BEACH–SAND

association has been strengthened. The explanation of
Humphreys et al. is rather strong in the sense that it as-
sumes that subjects consciously think of the cue during
study of the target. An alternative possibility is, however,
that the strengthening of cue–target associations depends
on the strengthening of semantic features shared by the
cue and the target. Although these explanations differ in
the exact mechanisms by which the cue–target association
is strengthened, they both assume that priming in word as-
sociation depends on the storage of information relating
the cue and target.

The only published study that directly addressed the
questionof which of the accounts,strengtheningof the tar-
get or strengthening of the cue–target association, pro-
vides a viable explanation of priming in word association
was performed by Zeelenberg et al. (1999). They investi-
gated priming for word pairs with either preexisting bi-
directionalor preexisting unidirectionalassociations.The
bidirectionally associated word pairs (e.g., BEACH–SAND)
were associatedin both directions.That is, accordingto pub-
lished association norms (Nelson, McEvoy, & Schreiber,
1998), the word BEACH evokes the response SAND and the
word SAND evokes the response BEACH. The unidirection-
ally associated word pairs (e.g., BONE–DOG) were associ-
ated in the forward (i.e., cue-to-target) direction only.
Thus, according to the norms, the word BONE often evokes
the response DOG, but DOG never evokes the response
BONE. For these unidirectionally associated word pairs, it
is unlikely that the relation between the cue and the target
will be encoded during study of the target. Because there
is no association from the target to the cue, it is unlikely
that subjects will think of the test cue during study. Or in
terms of a feature-based explanation,it is unlikely that se-
mantic features shared by the cue and the target will be
stored during study. Therefore, an account that attributes
priming to the strengthening of cue–target associations
would predict no priming for the unidirectionally associ-
ated word pairs.This is exactlywhat Zeelenberget al. found:
Priming was absent for the unidirectionally associated
pairs (but priming was present for the bidirectionally as-
sociated pairs). Thus, quite surprisingly,prior study of the
word DOG did not increase its probability of being gener-
ated to the cue BONE in the later word association test.1

In the present study, we sought to obtain further evi-
dence for our claim that cue–target strengthening plays a
major role in the occurrence of priming in word associa-
tion. We hoped to obtain converging evidence by manip-
ulating the encoding of information relating the cue and
target in a way different from that of Zeelenberg et al.
(1999). This was achieved by presenting target words dur-
ing study in a sentence context that biased their interpre-

tation. Ample evidence suggests that the semantic inter-
pretationof a word (and consequently its relations to other
words) depends largely on the context in which a word is
presented (e.g., Barsalou, 1993; Light & Carter-Sobell,
1970; McKoon & Ratcliff, 1995; Pecher, Zeelenberg, &
Raaijmakers, 1998). It was reasoned that if during the
study phase an incongruent sentence context is provided
that emphasizes a semantic interpretationof the target that
is unrelated to the cue presented at test, information relat-
ing the cue and target would not likely be stored in mem-
ory. In this case little or no priming would be expected by
the account that attributes priming to the strengthening of
cue–target associations. A priming effect should be ob-
tained, however, if the target word is presented in a con-
gruent study context that emphasizes a semantic interpre-
tation of the target that is related to the test cue. A
methodologicaladvantageof the present study over that of
Zeelenberg et al. is that the same cue and target words can
be used in all conditions. This was impossible in the Zee-
lenberg et al. study, because they manipulated the encod-
ing of information relating the cue and target by relying on
preexisting associations between words. In the present
study, however, we had experimental control over the en-
coding of relational information by manipulating the sen-
tencecontext in which the targetwas presentedduringstudy.

EXPERIMENT 1

In Experiment 1, we studied semantic context effects
on priming in word association using ambiguous target
words (i.e., words with more than one meaning). We used
ambiguouswords because recent studies using ambiguous
words have shown semantic context effects in implicit
memory tasks (e.g., Gernsbacher, Robertson, & Werner,
2002; Gorfein, Berger, & Bubka, 2000). In the study
phase of the present experiment, the ambiguous words
(e.g., ORGAN) were presented in a sentence context that bi-
ased one of the meanings of the word. The appropriate se-
mantic interpretationof the target word presented at study
was either congruent or incongruentwith the cue that was
presented in the test phase. For example, the sentence “In
church Kevin played hymns on the ORGAN” provided a
congruent study context for the cue PIANO because the se-
mantic interpretation of the word ORGAN that is appropri-
ate in the sentence context is related to the cue PIANO.
However, the sentence “The liver is an important ORGAN of
the human body” provided an incongruent study context
for the cue PIANO, because the appropriate semantic inter-
pretation of the word ORGAN in this sentence is not related
to the cue PIANO.

Method
Subjects. The subjects were 60 Indiana University students. They

received course credit for their participation. All subjects were na-
tive speakers of English.

Stimulus Materials and Design. A set of 48 critical triplets was
selected from the Nelson et al. (1998) norms. Each triplet consisted
of an ambiguous target word (e.g., ORGAN) and two cue words that
were related to a different meaning of the ambiguous target (e.g.,
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PIANO, DONOR). We used ambiguous target words that had two or
more meanings that were reasonably well balanced. The mean mean-
ing frequency (Twilley, Dixon, Taylor, & Clark, 1994) of the most
frequent of the two used meanings of the target was .545 (SD 5 .11),
and the mean meaning frequency of the other meaning was .294
(SD 5 .10). The cue–target pairs were bidirectionally associated.
The mean associative frequency from the cue to the target was .15
(SD 5 .18). The mean associative frequency from the target to the
cue was .14 (SD 5 .14).

The design of the experiment consisted of three conditions. In the
congruent condition, the target was presented in a sentence context
that biased a semantic interpretation of the target that was related to
the later presented test cue. In the incongruent condition, the sen-
tence context biased a semantic interpretation of the target that was
not related to the later presented test cue. Targets in the nonstudied
baseline condition were not presented at study. Construction of the
congruent and incongruent conditions was enabled by creating 2
sentences for each of the 48 triplets, resulting in 96 different study
sentences. Within each of these pairs of sentences, a different se-
mantic interpretation of the ambiguous target was appropriate for
each of the two sentences. For example, for the triplet PIANO–
DONOR–ORGAN, the following two sentences were created: (1) “In
church Kevin played hymns on the ORGAN” and (2) “The liver is an
important ORGAN of the human body.” Sentence 1 provided a con-
gruent study context for the cue PIANO and Sentence 2 provided an
incongruent study context for the cue PIANO. The reverse was true for
the cue DONOR. The test cue itself was never presented in the study
sentence.

For counterbalancing purposes, the study sentences and cue
words were divided in two sets. For each of the 48 triplets, one study
sentence and its corresponding congruent test cue were assigned to
Set A, and the other study sentence and its corresponding congruent
test cue were assigned to Set B. Three different study lists of 32 crit-
ical sentences each were created by assigning 16 sentences from
Set A and 16 sentences from Set B to each study list. Across the
three study lists, each of the 96 different sentences appeared once.
Two different test lists of 48 critical cue words each were created.
One list consisted of the cue words from Set A and the other list con-
sisted of the cue words from Set B. Counterbalancing was achieved
by a factorial combination of the three study lists and two test lists.
Across the six resulting study list–test list combinations, each test
cue appeared once and each target twice in each of the three exper-
imental conditions.

Eighteen additional sentences were selected to serve as filler sen-
tences in the study phase. An additional set of 32 words were se-
lected to serve as fillers in the test phase.

Procedure. The experiment consisted of three phases: a study
phase, a filler phase, and a test phase. Subjects were told that they
would participate in three small experiments that were performed to
collect norms for future research. Subjects were not informed about
the relationship between the study phase and test phase.

The study phase consisted of an incidental learning task in which
subjects completed word stems embedded in a sentence context. A
completion task was used to ensure that subjects actually processed
the intended semantic interpretation (we feared subjects might ig-
nore the sentence frame if capitalized target words would simply be
presented in a sentence context). In each sentence the target word
was missing. The first letter of the missing target was presented in
uppercase followed by four dots (subjects were informed that the
number of dots did not correspond to the number of missing letters).
The subject’s task was to complete the word so that the result would
be a meaningful sentence. For example, for the sentence “The liver
is an important O . . . . of the human body,” the word ORGAN would be
the correct completion. Sentences in the study phase were presented
one at a time on the computer screen. Subjects were instructed to
enter their completion on the keyboard. After the response of the
subject, the correct completion (i.e., the target word) was presented

for 5 sec in uppercase letters on the center of the screen two lines
below the sentence. Subjects were instructed to check whether their
response was correct and to see how the correct completion resulted
in a meaningful sentence. A total of 18 filler and 32 critical sen-
tences were presented. Five filler sentences were inserted at the be-
ginning and five at the end of the list to control for recency and pri-
macy effects. The 32 critical sentences together with the 8 remaining
filler sentences were presented in the middle of the list. Sentences
were presented in a different random order to each subject.

The study phase was followed by a filler task that lasted about
7 min. The filler task consisted of an unrelated problem-solving
task. In the test phase, a word association task was given. Eighty
words were presented one at a time on the screen, and subjects were
instructed to write down the first related word that came to mind for
each cue. Instructions emphasized that subjects should write down
just one word, that this should be the first word that came to mind,
and that they should try not to think too long before giving their re-
sponse. The next stimulus appeared after the subject pressed the
space bar. The first 16 cue words in the word association task were
filler words. These were followed by the remaining 64 cue words, 48
of which were critical cue words and 16 of which were additional
fillers. For 16 of the 48 critical cues, the target word had been pre-
sented in a congruent sentence context, for another 16 cues the tar-
get word had been presented in a incongruent sentence context, and
for the remaining 16 cues the target word had not been presented at
study. A different random order was presented to each subject.

Results and Discussion
Overall, 83% of the word stems presented in the study

phase were completed with the target word.2 For each sub-
ject, the percent target responses in the test phase was cal-
culated for each condition. The results of the experiment
are presented in Figure 1. Priming was restricted to targets
that had been studied in a sentence context that biased a
semantic interpretation of the target that was congruent
with the test cue. This interpretation was supported by a
two-factor analysis of variance (ANOVA) with counter-
balancing group (six study–test list combinations) as a
between-subjects factor and study condition (congruent,

Figure 1. Percent target responses (with standard error bars)
in Experiment 1 as a function of study condition.
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incongruent, nonstudied)as a within-subjects factor.3 The
ANOVA showed a significant effect of study condition
[F(2,108) 5 8.02, MSe 5 1.715, p , .001]. Planned com-
parisons showed that the difference between the congru-
ent study condition and the unrelated condition (M 5
5.6%) was significant [F(1,108) 5 14.17, MSe 5 1.715,
p , .001], but the difference between the incongruent
study condition and the unrelated condition (M 5 1.0%)
was not significant [F(1,108) , 1, MSe 5 1.715].

Experiment 1 showed that priming for ambiguous tar-
get words was affected by the sentence context in which
the target was presented during study. Priming was ob-
tained for targets in the congruent study condition,but not
for targets in the incongruent study condition. These re-
sults are consistent with the view that priming in word as-
sociation depends largely on the storage of information
relating the cue and target (Humphreys et al., 1989;
Zeelenberg et al., 1999). For targets presented in the con-
gruent study condition, it is plausible that subjects stored
such relational information during study. For targets pre-
sented in the incongruent study condition, however, it is
unlikely that such information was stored during study.

The results of Experiment 1 cannot be explained by the
strengthening of target responses. If priming was simply
due to the strengthening of target responses, priming
would be expected for the target response ORGAN regard-
less of the sentence context in which it was presented dur-
ing study. A proponentof the target strengtheningaccount
might argue, however, that the results of Experiment 1
could be explained by a modified version of the target
strengthening account. Researchers often distinguish be-
tween a lexical and a semantic, or conceptual, level of rep-
resentation. In addition, it is often assumed that ambigu-
ous words have a common representation at the lexical
level but not at the semantic level. Thus, for example, the
word ORGAN is represented by a single node at the lexical
level and by two separate nodes at the semantic level (one
for its “musical instrument”meaning and one for its “body
part” meaning).4 To explain the results of the present
study, one would need to assume that priming in word as-
sociation is due to the strengtheningof semantic-level rep-
resentations.5 If ORGAN is presented in a congruent sen-
tence context during study, the semantic representation
that is related to the test cue will be strengthened and a
priming effect is predicted. If, however, ORGAN is presented
in an incongruent sentence context during study, the
“wrong” semantic representationwill be strengthened(i.e.,
the semantic representation that is not related to the test
cue), and consequentlyno priming will be predicted.There-
fore, it could be argued that the results of Experiment 1 do
not completely rule out a target strengthening account.

EXPERIMENT 2

Experiment 2 was designed to provide additional evi-
dence for the account that attributespriming to the strength-
ening of cue–target associations. As in Experiment 1, tar-
get words were presented in sentences that biased their

interpretation. However, instead of using ambiguous tar-
get words, we used nonambiguous target words in Exper-
iment 2. The different sentence contexts emphasized dif-
ferent meaning aspects of the target words (see Method
for examples). The critical questionwas whether we would
observe a difference between the more congruent and the
less congruent study conditions.6 Such a difference would
provide further support for the account that attributes
priming in word association to the storage of information
relating the cue and the target. It would be problematic,
however, for the target strengtheningaccount because it is
unlikely that a separate representation of the target word
exists for every meaning aspect of the target.

Method
Subjects. The subjects were 64 students (32 from Emory Uni-

versity and 32 from Indiana University). They received course credit
or a small monetary reward for their participation. All subjects were
native speakers of English.

Stimulus Materials and Design. A set of 46 critical triplets was
selected from the Nelson et al. (1998) norms. Each triplet consisted
of a nonambiguous target word (e.g., BEACH) and two cue words that
were related to different meaning aspects of the target (e.g., SUN,
SAND). The mean association frequency from the cue to the target
was .13 (SD 5 .14). The mean association frequency from the tar-
get to the cue was .14 (SD 5 .14).

We expected that the effect of sentence context in the present ex-
periment would be somewhat smaller than the effect that was ob-
served in Experiment 1, because the difference in meaning instanti-
ated by the sentence contexts is almost certainly larger for ambiguous
words than for nonambiguous words. In order to maximize our
chances of observing a reliable effect of sentence context, we in-
cluded only two conditions in the present experiment: a more con-
gruent study context and a less congruent study context.7 This re-
sulted in more observations per condition than if we had included a
third, nonstudied, baseline condition (as we did in Experiment 1),
thereby increasing the power of the experiment.

As in Experiment 1, two sentences were created for each of the
triplets. This resulted in 92 different study sentences. Within a pair,
each of the two sentences emphasized a different sense or meaning
aspect of the nonambiguous target word. For example, for the triplet
BEACH–SUN–SAND, the following two sentences were created: (1) “He
had a nice tan after a warm day on the BEACH” and (2) “Children like
to play with scoops and buckets on the BEACH.” Sentence 1 provided
the more congruent study context for the cue SUN, and Sentence 2
provided the less congruent study context for the cue SUN. The re-
verse was true for the cue SAND. The test cue itself was never pre-
sented in the study sentence.

For counterbalancing purposes, four study list–test list combina-
tions were constructed in the same manner as in Experiment 1. Each
cue and target appeared equally often in the more congruent and the
less congruent condition, ensuring that differences between the con-
ditions were due to the experimental manipulations.

Four additional sentences were selected to serve as filler sen-
tences in the study phase. An additional set of 34 words were selected
to serve as fillers in the test phase.

Procedure. The procedure was largely identical to that of Exper-
iment 1. A total of 50 sentences, 4 filler sentences and 46 critical sen-
tences, were presented during the study phase. Two filler sentences
were presented at the beginning of the study phase, and the remain-
ing two were presented at the end of the study phase.

During the word association task, 80 cue words were presented,
consisting of 16 fillers presented at the beginning of the list followed
by the 46 critical cue words randomly intermixed with the remain-
ing 18 fillers. For 23 of the 46 critical cues, the target word had been
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presented in the more congruent sentence context during the study
phase. For the remaining 23 critical cues, the target word had been
presented in the less congruent sentence context.

Results and Discussion
Overall, 88% of the word stems presented in the study

phase were completed with the target word. For each sub-
ject, the percent target responses in word association was
calculated for each condition.More targetswere generated
in the more congruent condition (M 5 20.6%) than in the
less congruent condition (M 5 17.4%). A two-factor
ANOVA with counterbalancing group (4 study–test list
combinations)as a between-subjects factor and study con-
dition (more congruent, less congruent) as a within-
subjects factor showed that the effect of study condition
was significant [F(1,60) 5 9.72, MSe5 1.98, p , .01].

The reader might note that the observed effect in the
present experiment is not very large. This should not come
as a surprise, however, since priming effects in word as-
sociation are typically rather small (Vaidya et al., 1997;
Weldon & Coyote, 1996; and Zeelenberg et al., 1999, all
reported priming effects of about 5%–10%). Moreover, the
present experiment examined whether an arguably subtle
manipulation of the semantic interpretation of the target
word during study would affect performance in a subse-
quent word association task. This effect might be expected
to be smaller than the typical priming effect observed in
word association. The important point of the present ex-
periment,however, is not the size of the effect but rather the
fact that the observed effect is reliable and in accordance
with theories that attribute priming in word association to
the storage of relational information.

GENERAL DISCUSSION

The present study investigatedwhether priming in word
association was affected by the semantic context in which
target words were presented during study. In Experiment 1,
priming was obtained for ambiguous target words pre-
sented at study in a sentence context that biased a seman-
tic interpretation of the target word that was congruent
with the later presented test cue. Priming was absent for
target words that had been studied in a context that biased
an interpretationthat was incongruentwith the test cue. In
Experiment 2, we showed that for nonambiguous targets,
too, word associationwas affected by the sentence context
in which the target was presented during study: More tar-
gets were generated in the more congruent condition than
in the less congruent condition. These results are prob-
lematic for target strengthening accounts and show that
priming in word associationdepends largelyon the strength-
ening of cue–target associations.

One possible criticism of studies investigatingpriming
in implicit memory tasks is the possibility of contamina-
tion by explicit retrieval strategies. A number of factors,
however, indicate that it is not likely that the present re-
sults were due to such a contamination.First, experimen-
tal evidence indicates that priming in word association is
intact in amnesic patients (Shimamura & Squire, 1984;

Vaidya, Gabrieli, Keane, & Monti, 1995) who are greatly
impaired in explicit tests such as cued recall. Second, post-
test questionnaires indicate that normal subjects show rel-
atively low levels of test awareness in word association(see
Mulligan,1998, for a discussion of this point). Third, sev-
eral studies have obtained dissociations between explicit
memory tasks (e.g., extralist cued recall) and word asso-
ciation (e.g., Goshen-Gottstein& Kempinsky, 2001;Hum-
phreys, Tehan, O’Shea, & Boland, 2000;Marchal & Nico-
las, 2001; Weldon & Coyote, 1996). To give just one
example,Weldon and Coyoteobtaineda picture superiority
effect in cued recall but not in word association. In addition
to these points, our study was specificallydesigned to min-
imize the possibilityof contaminationby explicit retrieval
strategies. We used longer study lists and a longer study–
test interval (by includinga filler task between the study and
test phase) than most other studies have. Also, a relatively
low proportion of the cues presented at test were related to
studied targets. All these factors strongly suggest that our
results reflect genuine implicit memory phenomena.

The results of the present study are problematic for ac-
counts that attribute priming in word association to a gen-
eral increase in the availability of the target. We argue in-
stead that priming in word association depends largely on
the storage of specific information relating the cue and
target. Evidence converging on the same conclusion was
obtainedby Zeelenberg et al. (1999), who found that prim-
ing was absent for unidirectionally associated word pairs
for which there was no association from the target to the
cue. Independently of each other, Zeelenberg et al. and
Mulligan and colleagues (Mulligan, Guyer, & Beland,
1999; Mulligan & Stone, 1999) have argued that priming
in category-exemplarproductionalso dependson the stor-
age of information relating the cue and target. One piece
of evidence supporting this claim is the finding (Mulligan
et al., 1999; Rappold & Hashtroudi, 1991) that priming in
category-exemplar production is more pronounced if cat-
egory exemplars are presented in a categorized order (e.g.,
SOFTBALL, SKIING, BOXING, VOLLEYBALL, POLO, HUNTING,
TABLE, CHAIR, etc.) during study than if they are presented
in a random order (e.g., SOFTBALL, TABLE, APPLE, BOAT,
TIGER, SKIING, BANANA, CHAIR, etc.). This result can be ex-
plainedby assuming that subjects are more likely to encode
information relating the category cue and the target word
if duringstudy the target is presented in the contextof words
from the same category than if the target is presented in
the context of words from several different categories.

Before discussing possible mechanisms of conceptual
priming in more detail, we should mention that the pre-
sent results are in agreement with the transfer-appropriate
processing (TAP) framework of implicit memory (Blax-
ton, 1989; Morris, Bransford, & Franks, 1977; Roediger,
1990). According to the TAP framework, memory perfor-
mance, and hence priming, dependson the overlap in pro-
cessing at study and test. An important distinction within
the TAP framework is that between perceptual and con-
ceptual memory tasks. Performance in perceptual tasks
relies primarily on the processingof the physical attributes
of the presented stimuli. Performance in conceptual tasks
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relies primarily on the processing of the semantic attrib-
utes of the presented stimuli. Proponents of the TAP
framework (e.g., Roediger & McDermott, 1993) have
classified word association as a conceptual implicit mem-
ory task. A number of researchers (e.g., Shelton & Mar-
tin, 1992; Weldon & Coyote, 1996) have, however, argued
that word association is not (or only minimally) dependent
on meaning. According to these researchers, word associ-
ation depends largely on lexicalprocessing.Previous studies
investigating priming in word association have produced
mixed results. Nelson, Bennett, and Xu (1997) found no
effect of a levels-of-processingmanipulationon the amount
of priming in a word association task. Weldon and Coyote
did obtain a levels-of-processingeffect in word association
(see also Bergerbest & Goshen-Gottstein, 2002), but the
effect was less pronounced than in category-exemplar pro-
duction.Vaidyaet al. (1997)obtaineda levels-of-processing
effect for weakly associated cue–target pairs but not for
strongly associated cue–target pairs. Additionally, Vaidya
et al. (1997) did not obtain a generation effect in word as-
sociation (i.e., equivalentpriming was obtained in the read
and generate conditions).These results seem to contradict
the notion that word association depends primarily on
conceptual processing. The results of the present study,
however, show that the semantic context at study plays an
important role in priming in word association. This find-
ing is consistent with the view that priming in word asso-
ciation depends largely on conceptual processing.

A possible explanation for the absence of levels-of-
processing and generation effects in some studies is that
these manipulations did not increase relational encoding.
Mulligan (2002) has argued that generation boosts prim-
ing (relative to a read condition) only to the extent that it
increases the encoding of relational information. Consis-
tent with this idea, he showed that targets generatedby let-
ter transposition (i.e., generate GIRAFFE from IGRAFFE) and
targets generated from word fragments (e.g., G_RAFF_) did
not exhibitmore priming in category-exemplarproduction
than targets that had been read during study. In a follow-
up experiment, several targets of the same category were
presented during study. In this experiment, more priming
was obtained for targets in the generate condition than for
targets in the read condition, but only for targets that had
been presented in a blockedorder. A generationeffect was
absent for targets presented in a random order during
study. Thus, a generation effect was obtained only in con-
ditions in which the category structure of the materials
had been made salient during study. Note that in Experi-
ment 1 of the present study, we obtained no priming at all
for targets in the incongruent condition, even though they
were presented in a generation task during study. Thus, it
seems that generation at study results in priming only if it
leads to the storage of information relating the cue and the
target.

As we mentioned in the introduction, cue–target asso-
ciations might be strengthened because during study of
the target subjects sometimes thinkof the cue (Humphreys
et al., 1989). An alternative possibility is that cue–target
associations are strengthened by the storage of shared se-

mantic features (Zeelenberg, 1998). To account for the re-
sults of the present study, a feature-based account needs to
assume that not all semantic features of a word are acti-
vated or attended to on each occasion a word is encoun-
tered. Instead, the degree to which certain features are ac-
tivated or attended to varies and depends on the context in
which the word is presented (e.g., Barsalou, 1993; Morris
et al., 1977; Pecher et al., 1998; Roediger & Adelson,
1980). In this account, priming is caused by the storage or
strengthening of those features of the target word that are
attended to during study. The strengtheningof shared fea-
tures increases the match between the cue and the target,
increasing the probability that the target word will be gen-
erated during word association. Presentation of the target
in a congruent study context will lead to the storage of a
subset of the semantic features of the target,many of which
are shared with the cue presented in the word association
task. In an incongruent (or less congruent) study context,
however, it is less likely that shared semantic features will
be strengthened. Instead other features, not relating the
cue and target, will likely be strengthened. Consequently,
more targets will be produced in the congruent (Experi-
ment 1) and more congruent (Experiment 2) conditions
than in the incongruent (Experiment 1) and less congru-
ent (Experiment 2) conditions.

The present study was not designed to test the Hum-
phreys et al. (1989) account against a feature-based ac-
count, and both accounts make similar predictions for the
present experiments. Results obtained with certain other
conceptual implicit memory tasks are, possibly, more eas-
ily accommodated by a feature-based account of priming.
Vriezen, Moscovitch,and Bellos (1995) studied repetition
priming in a number of semantic classification tasks and
observed that repetition priming was affected by the type
of task in which the words were presented at study and
test. In Experiment 1, Vriezen et al. observed repetition
priming only for words presented in the same task at study
and test. Priming in size classification (“Is it larger than a
breadbox?”) was obtained for targets that had previously
also been presented in size classification, but not for tar-
gets that had previouslybeen presented in man-made clas-
sification (“Is it man-made?”). Likewise, priming in man-
made classification was obtained for targets previously
presented in man-made classification, but not for targets
previously presented in size classification. The results of
their Experiment 6 showed that priming can be obtained
when the targets are presented in different tasks during
study and test if those tasks rely on the same type of in-
formation. Priming in size classification was found for
targets previously presented in dimension classification
(“Is it taller than it is wide?”), and vice versa. Because the
cue and target words differ in word association but are
identical in the tasks used by Vriezen et al., one probably
cannot use their results to distinguish the feature-based
and Humphreys et al. (1989) accounts of priming in word
association. Nonetheless, it is fair to conclude that prim-
ing in conceptual implicit memory tasks is not due to a
general increase in the accessibility of a word, but instead
dependson some rather specific aspects of a word’s mean-
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ing. Priming is most pronounced when the test cue and
task requirements match the semantic information stored
during study.
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NOTES

1. After the present paper was accepted, Nelson and Goodmon (2002)
published a paper in which they independentlymanipulated forward and
backward associative strength. Unlike Zeelenberg et al. (1999), they did
find priming for word pairs that had no backward (i.e., target-to-cue) as-
sociation. Priming was larger, however, for pairs that did have a strong
backward association. Thus, although Nelson and Goodmon did not
replicate the complete absence of priming for unidirectionally associ-
ated pairs, they too did find that backward associations play a major role
in priming in word association.

2. In the analyses reported in the Results sections of Experiments 1
and 2, performance was scored irrespective of whether or not the word
stem was completed with the target word during the study phase. Statis-
tical analyses based on performance conditionalizedon completion with
the target at study yielded similar results.

3. In both Experiments 1 and 2, the group 3 condition interaction was
significant. The group factor was included in the analysis in order to in-
crease the power of the analysis. A significant main effect of group or a
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group 3 condition interaction indicates a difference between lists or an
interaction between conditionand list (see Pollatsek & Well, 1995; Raaij-
makers, Schrijnemakers, & Gremmen, 1999). Note that this does not af-
fect the comparison between the conditions because of the counter-
balancing of the lists across the conditions.

4. Actually, the dictionary lists more than two meanings for the word
ORGAN. However, this is irrelevant for our argument.

5. Note that althoughaccording to the transfer appropriate processing
framework (e.g., Roediger & McDermott, 1993) priming in word asso-
ciation depends on conceptual processing, previous studies have pro-
vided little evidence supporting this claim. The results of the present
study are, however, consistent with the transfer appropriate processing
framework. See the General Discussion for details.

6. We choose to use the terms more and less congruent (instead of con-
gruent and incongruent) because even in the less congruent condition,
the semantic interpretation biased at study is not completely incompati-
ble with the cue presented at test.

7. Note that for the present purposes the critical question is whether
more targets are produced in the more congruent condition than in the
less congruent condition and not whether priming would be obtained in
the less congruent condition.

(Manuscript received June 15, 2000;
revision accepted for publication May 3, 2002.)




