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Abstract

Reports of critical lure priming in perceptual implicit tasks [e.g., McKone, E., & Murphy, B. (2000).
Implicit false memory: EVects of modality and multiple study presentations on long-lived semantic
priming. Journal of Memory and Language, 43, 89–109] using the Deese–Roediger–McDermott [Roedi-
ger, H. L., III, & McDermott, K. B. (1995). Creating false memories: Remembering words not presented
in lists. Journal of Experimental Psychology: Learning, Memory, and Cognition, 21, 803–814] procedure
have suggested availability of the lexical form of lure items at study. Three experiments were conducted
to further explore “false” implicit priming in perceptual tests. In Experiments 1 and 3, implicit and
explicit stem completion tests were given in the DRM procedure with semantic lists; in Experiment 2, a
graphemic response test was used in a similar design. For all experiments, explicit instructions resulted
in reliable false memory, while implicit instructions resulted in priming for list items and no priming for
lure items. Priming for lure items was evident for “test-aware” subjects only in Experiment 1 and in a
combined analysis for all three experiments. These results establish boundary conditions for priming
for critical lures and indicate that access to the lexical form of critical lures may not occur under inci-
dental learning conditions when strong controls against explicit retrieval are implemented.
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1. Introduction

Findings of experimentally induced false memories have been frequently reported in
recent studies. Many of these studies have utilized a paradigm originally developed by
Deese (1959) and recently popularized by Roediger and McDermott (1995). In these exper-
iments subjects are shown or read a list of words (e.g., dream, bed, blanket, etc.) that are
linked by a conceptual theme word (e.g., sleep) that is not presented. Subjects commonly
exhibit rates of false memories for the theme word (also called a critical lure) in tests of
recall or recognition that are similar to rates of accurate recall or recognition for the list
items that were presented (Roediger & McDermott, 1995). This method is now known as
the DRM procedure.

In attempts to understand how these false memories are created, researchers have inves-
tigated several variables that attenuate or enhance false memories as compared to true
memories. For example, semantic study tasks with levels of processing manipulations
increase both accurate memory for list items and false memory for lure items (Coane &
McBride, 2002; Rhodes & Anastasi, 2000). This Wnding is not surprising, because the
semantic study tasks are likely to strengthen the conceptual link between the list items and
the critical item making them more likely to be remembered (or falsely remembered for the
critical item) in the test.

A Wnding that is more surprising is the one reported by several researchers (Hancock,
Hicks, Marsh, & Ritschel, 2003; McDermott, 1997; McKone & Murphy, 2000; Tajika,
Neumann, Hamajima, & Iwahara, 2005; Tse & Neely, 2005) where implicit false memory
was found in implicit tasks typically classiWed as perceptual in nature. In contrast with
explicit memory tasks (such as recall and recognition), implicit tasks do not require inten-
tional retrieval of studied items. Instead, subjects are asked to perform a task that involves
studied items with no reference made to the study episode. Many implicit tasks have been
classiWed as perceptual tasks, because the test cues involve a perceptual form of the studied
items. For example, in a word stem completion task, three-letter word stems are provided
as cues in the test for the subjects to complete with the Wrst word they think of. In lexical
decision, items are presented for speeded word/non-word judgments. Target (studied) item
performance that exceeds baseline rates when the items have not been studied provides
measurements of implicit memory in the tasks. Performance in perceptual implicit tasks
(like stem completion and lexical decision where perceptually altered forms of the studied
items are given as cues) tends to be aVected by perceptual manipulations (e.g., change in
study to test modality), but is less likely to be aVected by conceptual manipulations (like
level of processing). In addition, there should be little or no perceptual advantage for criti-
cal lure items (over other non-studied items) in perceptual implicit memory tests because
they are linked to study items conceptually and are not seen in the study phase. Critical
lures should only show priming eVects in perceptual implicit tests if their lexical form is
accessed when list items are studied.

Findings of false memory in perceptual implicit tasks have important theoretical impli-
cations. Evidence of priming for lures could be interpreted as evidence for long-term
semantic priming. Semantic priming refers to the facilitation target items receive when the
prime is semantically related (e.g., responses to nurse are faster and more accurate when the
prime is doctor relative to when the prime is an unrelated word like cat). Whereas repeti-
tion priming (i.e., facilitation for items previously presented) tends to be long lasting,
semantic priming tends to be very short-lived, and tends not to last across intervening
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items (Meyer, Schvaneveldt, & Ruddy, 1974). Semantic or associative priming is further-
more assumed to be automatic and does not require that the prime be consciously per-
ceived (e.g., Lukatela & Turvey, 1994). In the standard presentation of DRM lists, when
several items and extended periods of time occur between presentation of list items and the
critical lure, semantic priming would not be expected to occur. Thus, results that indicate
that the critical lure can be primed at long intervals would provide evidence that semantic
priming may not be as short-lived as previously thought.

Furthermore, Wndings of false memory in implicit tasks can provide a test of one of the
theories currently proposed as an explanation for false memory eVects observed in the
DRM paradigm. Roediger, Balota, and Watson (2001) have proposed that false memory
eVects created in the DRM procedure are due to a combination of two processes. They sug-
gest that false memories for critical lures occur because (a) the lures are elicited (either con-
sciously or automatically) due to semantic activation when the associated list items are
studied and (b) the lures are mistakenly identiWed as studied when subjects make source
errors in the memory test. This combination of processes is the activation-source account
of false memory.

Tse and Neely (2005) propose that priming eVects for critical lures in implicit memory
tests provide a means of obtaining false memory only due to activation processes, because
source processes should be absent in implicit tests due to the nature of implicit retrieval.
They state that priming for lures in implicit tests should not be caused by source errors,
because subjects are asked to complete the task without reference to the study episode.
Therefore, the source of the responses is irrelevant. Using this logic, examinations of false
implicit memory are examinations of false memory due to activation alone. The exception
to this occurs when explicit retrieval is used in the implicit test (i.e., explicit contamination)
and the source processes become important.

Tse and Neely (2005) evaluated false implicit memory using a lexical decision task,
where subjects were asked to make word/non-word judgments for various types of test
items. Some of the test items corresponded to DRM list items presented in a prior study
session. Other test items were critical lures from the previously presented DRM lists.
Test items were also included (list and lure items) for DRM lists that had not been stud-
ied. In four experiments, Tse and Neely found a reaction time advantage for responses
to lures that were associated with studied lists as compared to lures associated to non-
studied lists. They argued that their Wnding of critical lure priming even when no stud-
ied items were included in the lexical decision task prior to the critical lure item (exper-
iment 4) provides strong evidence that priming for the lure can occur in perceptual
tasks.

Although Tse and Neely (2005) found false implicit memory in lexical decisions, over-
all, studies of implicit false memory in lexical decision tasks have reported inconsistent
results. Like Tse and Neely, Hancock et al. (2003) found signiWcant priming for critical
lures in lexical decision tasks in four experiments. However, the control items used by
Hancock et al. may have artiWcially inXated estimates of critical lure priming. As argued
by Tse and Neely, Hancock et al. may have used a critical lure comparison condition that
did not produce appropriate baseline RTs (see Tse & Neely, 2005, for a discussion of this
point). In addition, Meade, Watson, Balota, and Roediger (in preparation) found priming
for critical lures in a lexical decision task only when the lures were presented early in the
test session. When one or more intervening items were presented between the primes and
the target, no priming for lures was found, indicating a rapid decay of priming eVects.
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Finally, Zeelenberg and Pecher (2002) found no priming for lures in a lexical decision task
in their four experiments. McKone (2004) reported similar results for a lexical decision
task. Therefore, the studies that used lexical decision as a measure of implicit false mem-
ory have provided mixed results.

Studies examining false implicit memory in word stem and fragment completion have
provided more consistent results. In her study, McDermott (1997) examined false memory
using the DRM paradigm with implicit word stem and fragment completion tests and an
implicit word association test. Implicit word stem and fragment completion tests are typi-
cally classiWed as perceptual memory tests, because test cues include degraded forms of the
words (three-letter stems or word fragments with letters replaced with dashes). In word
association tasks, however, conceptually related items are presented as test cues. McDer-
mott found signiWcant false implicit memory for the critical lure items in the fragment
completion and word association tests and a marginally signiWcant false memory eVect for
the stem completion test, indicating that priming for the critical lures can occur in percep-
tual (as well as conceptual) implicit tasks.

One possible explanation of McDermott’s (1997) Wndings of priming for the critical
lures may be that subjects explicitly retrieved items in the implicit tests. As described above,
explicit tests of memory (e.g., recognition, cued recall) typically result in false memory for
the lures. If subjects noticed a connection between the test cues and the items they had pre-
viously studied, they may have attempted to recall those items and mistakenly retrieved the
lures as they do in explicit tests of memory. In fact, subjects in McDermott’s study were
given 12–20 s to respond to the test cues, potentially allowing enough time for explicit
retrieval to take place. In their study, McKone and Murphy (2000) attempted to test the
explicit contamination explanation of McDermott’s results for implicit word stem comple-
tion tasks. They conducted three experiments using the DRM and stronger controls for
explicit contamination (speeded instructions and post-test questionnaires) to rule out
explicit retrieval as an explanation of McDermott’s Wndings of false implicit memory. Even
with stronger controls for explicit contamination, their Wndings were similar to that of
McDermott’s: SigniWcant priming for critical lures was found, providing additional evi-
dence of false implicit memory in perceptual tests.

Despite better controls for explicit contamination, McKone and Murphy’s (2000)
results for implicit stem completion might still be caused by explicit retrieval by their sub-
jects. For example, subjects were given a chance to rehearse the study items for 30 s before
testing, thus making it more likely that subjects would notice a connection between test
items and study items. In addition, subjects may have consciously rehearsed the critical
lure, thus explicitly accessing the lexical form. Indeed, rehearsing the critical lure has been
found to enhance later false recall (Seamon et al., 2002). Subjects were also given an
implicit deadline to complete responses (i.e., they were told to spend 2 s on each test item),
but no actual deadline was imposed and no timing prompt was given during testing to let
subjects know when to move on to the next item.

Tajika et al. (2005) reported results similar to those of McKone and Murphy (2000).
With incidental study tasks, subjects exhibited lure priming in an implicit stem comple-
tion test equal to priming for list items. However, like McKone and Murphy’s results, Taj-
ika et al.’s results may be due to explicit contamination in the implicit test and may not
actually reXect priming. Their implicit test included stems from only 24 items: 12 list
items, 4 critical lures, and 8 unstudied items. With so few unstudied items in the test, it is
likely that subjects connected the study and test episodes and may have intentionally
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retrieved study items to complete the word stems. Previous studies have indicated that the
proportion of related or studied items included in an implicit test can aVect the probabil-
ity that subjects engage in intentional retrieval strategies (e.g., Tse & Neely, 2005). Inten-
tional retrieval of study items would also have brought to mind the critical lures, resulting
in lure completion rates which are above the rates for unstudied items. Although Tajika
et al. reported administering a post-test questionnaire to all their participants, as they did
not report how it was worded it is diYcult to assess whether such a questionnaire was
eVective in screening participants who engaged in intentional retrieval. In addition, Tajika
et al. only included lures associated with studied lists in the test. Lure items may be unique
in that they are items with a number of strongly associated items and baseline rates may
be diVerent for these items as compared to items in the study lists. Therefore, Tajika
et al.’s unstudied completion rates (which did not include lures from unstudied lists) may
not make an appropriate comparison for completion rates of lures associated with stud-
ied lists.

A comparison of false implicit memory results from studies with word stem and frag-
ment completion tasks and studies with lexical decision shows that more consistent
priming eVects for lures are reported for the completion tasks. However, the consistent
results could be due to consistent explicit contamination in these completion tasks (lexi-
cal decision tasks are less likely than stem and fragment completion tests to be contami-
nated by explicit retrieval, because the task is timed and tends to be much easier for
subjects to complete). Therefore, the current study was designed to further investigate
false implicit memory eVects found in perceptual completion tasks described above with
stronger controls for explicit contamination compared to prior studies. Perceptual mem-
ory tests were used in an attempt to support and generalize Wndings of false implicit
memory in perceptual tests reported by McDermott (1997), McKone and Murphy
(2000), and Tajika et al. (2005), as these results might have been contaminated by explicit
retrieval attempts.

Two tests typically classiWed as perceptual tasks (word stem completion and graphe-
mic cued response) were used with implicit and explicit instructions in the DRM para-
digm. To examine and reduce possible explicit contamination in the implicit tests,
several checks were included in the method of the experiments. First, a level of process-
ing manipulation was employed at study in the Wrst two experiments. Explicit memory
tasks typically show an advantage for items studied in a semantic task over a graphemic
task, while implicit tasks rarely result in signiWcant levels of processing eVects (Roediger
& McDermott, 1993). In all experiments, participants encoded items under incidental
learning instructions to reduce the probability of explicitly accessing the lexical form of
the critical lure during rehearsal and to minimize the chances that subjects in the
implicit test conditions would engage in intentional retrieval. In addition, a time limit
per trial (2–3 s, depending on the task) was imposed in the implicit tests to discourage
use of explicit strategies. Test cues also included a large number of unstudied items
other than the critical lures (68% Wllers in Experiments 1 and 2; 75% Wllers in Experi-
ment 3) to hide the nature of the implicit tests and to avoid potential strategic changes
on the part of participants due to high relatedness proportion. Lastly, subjects received
a post-test questionnaire to determine if they had used explicit retrieval and/or become
aware of the connection to the study items in the implicit tests. Subjects who indicated
that they had used an explicit retrieval strategy were eliminated from the analyses. Sub-
jects were classiWed as “test-aware” if they reported in the post-test questionnaire that
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they recognized a connection between study and test items and as “test-unaware” if they
did not. Richardson-Klavehn and Gardiner (1996) have suggested that subjects who are
aware of the study-test connection in implicit memory tests may use diVerent retrieval
processes than those who remain unaware, even in the absence of intentional retrieval.
The analyses were conducted with awareness included as a between-subjects factor to
test this possibility in the current study.

2. Experiment 1

Experiment 1 was designed in an attempt to replicate and extend previous Wndings of
implicit false memory for word stem completion. The DRM paradigm was used with
implicit word stem completion and explicit cued recall tasks. Level of processing was
manipulated at study to test for explicit contamination in the implicit tests.

2.1. Method

2.1.1. Participants
One hundred and seven participants were recruited from Illinois State University’s psy-

chology department subject pool. All were over the age of 18 and native speakers of Amer-
ican English. Fifty-eight participants were assigned to the implicit test condition and 49
were assigned to the explicit condition. In this and in the other two experiments, more sub-
jects were assigned to the implicit test condition, as this was the primary condition of inter-
est and some subjects’ data were deleted in this test condition based on responses to the
post-test questionnaire.

2.1.2. Design and materials
A 3 (study condition: semantic vs. graphemic level of processing vs. unstudied)£ 2 (item

type: list items vs. critical lure)£ 2 (retrieval instructions: implicit vs. explicit) mixed facto-
rial design was used. Study condition and item type were manipulated within subjects;
retrieval instructions were manipulated between subjects.

Twenty-two DRM lists of semantic associates from the Stadler, Roediger, and McDer-
mott (1999) study were initially tested in a norming session to select critical lures with a
suYciently low baseline completion rate to allow detection of priming eVects.3 The lists to
be normed were selected according to several criteria. All words (list items and critical
lures) had to be at least four letters in length. Words all had a unique three-letter stem.
After these criteria were applied, remaining lists were normed in a separate session to
determine baseline rates for list and lure items. With these constraints in place, the nine
items comprising each list were not always the nine highest associates of the critical lure
(based on the Stadler et al. norms), but all were among the 15 highest associates. Baseline
data from 45 subjects were collected and any lists with critical lure completion rates of .50
or greater were eliminated. Fifteen lists remained with an average critical lure completion

3 Prior studies conducted in our laboratory using stem completion (Coane & McBride, 2002) and fragment
completion (Coane & McBride, unpublished data) indicated that when the baseline completion rates were very
high (i.e., .40 or greater), detection of priming eVects was quite unlikely. To minimize the risk of ceiling eVects for
completion rates, we determined that a baseline completion rate for critical lures of approximately .20 might al-
low detection of priming eVects, while still providing evidence that the lures were spontaneously generated in a
baseline task (and were thus not extremely low frequency items).
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rate of .20 (SDD .17).4 Although the majority of DRM studies have used longer lists (i.e.,
12–16 items), pilot studies in our laboratory indicated that shorter lists of nine items reli-
ably elicited false memories to non-presented critical lures under explicit testing conditions.
Robinson and Roediger (1997) also found signiWcant rates of false recall (approximately
.20 in two experiments) following the study of nine item lists. Furthermore, the stem com-
pletion task imposed constraints that limited the number of available items. As will be
shown below, results on the explicit tests provide converging evidence of false memories
even with short lists.

The 15 lists were divided into three sets of Wve lists each such that the average critical
lure baseline completion rate from the norming session was similar for all three sets. The
average baseline completion rates for the critical lures for the three sets were .206, .208, and
.212. Each set was assigned to the semantic processing condition, the graphemic processing
condition, or to the unstudied condition with an approximately equal number of times
across participants. Thus, each participant provided Wve data points for each condition
(studied—semantic processing, studied—graphemic processing, non-studied baseline). In
the semantic processing task, subjects were asked to rate the pleasantness of each word on
a scale of 1–7; in the graphemic processing task, they were to indicate the number of vowels
contained in each word. The level of processing tasks was indicated by a “!” or “*” shown
immediately before each item. A “!” indicated the subject was to perform the semantic pro-
cessing task, and a “*” indicated they were to complete the graphemic task. All items
within a list were processed under the same encoding instructions.

The study session was administered by computer. Four practice items preceded the pre-
sentation of 10 lists of nine items each. No cues indicated the breaks between lists. Partici-
pant’s responses to the levels-of-processing task were recorded in booklets during the
group testing sessions. At the beginning of the session, each participant was provided a
booklet to record their answers. Each booklet contained 90 numbered lines (and four for
the practice items) containing a “!” and a “*” (which participants were instructed to circle,
depending upon which cue preceded the word) and digits from 1 to 7. Subjects circled the
number corresponding to their response. Cue symbol deWnitions were printed at the top of
each page in the booklets.

The test items included the 15 critical lures from the lists (10 studied, 5 unstudied) as well
as list items selected from the 1st, 5th, and 9th serial position on each list. Three-letter stems
were typed in random order in two columns, in booklets provided to the participants after
the study session. Subjects were instructed to complete each stem by writing their responses
in a blank space next to each stem. The order in which the stems were presented was the
same for all participants. All stems had at least one alternative completion other than the
studied item. Filler cues (stems that could not be completed with any target list or critical
lure words from the list sets) were intermixed with targets to reduce explicit retrieval
attempts in the implicit task. The test thus included 124 items (15 lures, 45 list items, and 64
Wllers) of which only 30 had actually been studied. Items from all of the lists in each of the
three list sets (described above) were included in the test (i.e., Wve lures and 15 list items
from the semantic, graphemic, and unstudied lists). The booklet given to participants in the

4 It is important to note that, although the baseline completion rates were relatively low, the lists selected fol-
lowing the baseline study were not weaker lists in regards to probability of eliciting the critical lure in explicit
tests. In fact, according to the Stadler et al. (1999) norms, several of the lists utilized in the experiments were
among the stronger lists (in fact, the majority of the lists used were ranked among the 16 lists with highest rates of
false recall in the Stadler et al. norms).
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explicit condition was identical to that used in the implicit test, except for the instructions
provided on the cover sheet. At the end of each booklet given to subjects in the implicit test
condition, the Wnal questionnaire was included. A written debrieWng statement was also
included in all booklets.

2.1.3. Procedure
The majority of participants were run in groups, ranging in size from 3 to 18 people in

each group. The average group size consisted of nine participants. Eleven participants
were tested individually. Subjects were told that the study was designed to test how peo-
ple process and respond to words. No mention was made of the tests in either the explicit
or the implicit test conditions. Each participant was initially given a booklet for the
study session, and instructions were read aloud. The stimuli were projected onto a screen
in the testing room. The orienting cue remained on the screen for 2000 ms. Each word
remained on the screen for 3000 ms. A blank screen, lasting 1500 ms, preceded the
appearance of the next cue. Subjects recorded study responses in the study booklets.
After all the lists had been presented, the experimenter handed out test booklets, accord-
ing to the condition being tested (implicit or explicit). Participants were instructed not to
open the booklets until they were told to do so. The experimenter read the instructions
on the screen (which were also printed on the cover of each booklet with an example) out
loud.

In the implicit test condition, participants were instructed to respond by writing down
the Wrst word they could think of to complete a stem. No reference was made to the study
session. Instead, subjects were reminded that the task was designed to examine how people
process and respond to words. They were further told they had to move to the next stem
within 2 s (at which point they would hear a tone from the computer). The response inter-
val was imposed to minimize the risk of explicit retrieval. Subjects were informed that they
could move on to the next cue before the prompt if they were able to respond before the
deadline, but that they should not stay on a cue after they heard the tone, regardless of
whether they had been able to complete the stem. The importance of using the Wrst word
they could think of was emphasized, and subjects were told it was acceptable to leave an
item blank if they were unable to come up with a response within the time allowed. Partici-
pants were urged to respond as quickly as possible and not to go back to any stems they
might have previously left blank.

As a further control against explicit retrieval attempts, a Wnal questionnaire was
administered to all subjects in the implicit condition asking whether they had noticed
that some of the stems could be completed with items they had studied, and, if so,
whether they had deliberately attempted to recall items from the study session. Data
from subjects who answered yes to the second question were excluded from further anal-
ysis. Subjects who responded yes only to the Wrst question were classiWed as “test-
aware,” whereas those who responded no to both questions were classiWed as “test-
unaware.” In analyses of data from the implicit tests, test awareness (“test-aware” vs.
“test-unaware”) was included as a between-subjects factor, to assess whether being
aware of a relationship between the encoding session and the test interacted with any of
the other variables.

In the explicit test, participants were told to try to recall as many words as possible from
the study session. No response deadline was imposed in the explicit test, and subjects were
strongly discouraged from guessing.
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2.2. Results and discussion

2.2.1. Implicit task
Based on responses provided to post test questionnaires after the implicit test, two par-

ticipants’ data were excluded, and two other subjects’ data were eliminated for not
responding to the questionnaire, leaving 54 data sets for analysis. The stem completion
data were submitted to a 2 (item type)£ 2 (levels of processing) repeated measures
ANOVA. Table 1 provides average completion rates for list items and critical lures. SigniW-
cantly more list items (MD .29) were used to complete stems than critical lures (MD .18),
F(1,52)D 25.24, p < .001, MSeD .02.

The level of processing manipulation did not produce a signiWcant eVect on response
rates, F(1, 52) < 1.0. There was also no signiWcant interaction of item type and level of pro-
cessing, F(1, 52) < 1.0.

Using target responses to lists from the unstudied condition as a baseline measure,
paired samples t-tests compared response rates to studied lists and related lures with
unstudied lists and related lures to determine levels of priming. Priming was signiWcant for
list items studied under both levels of processing conditions, t(53)D5.98, p < .001 for
semantically encoded lists and t(53)D6.47, p < .001 for graphemically encoded lists. Nei-
ther critical lures related to semantically studied lists nor lures related to graphemically
studied lists produced signiWcant levels of semantic priming, t(53)D1.10, pD .28 and
t(53)D .69, pD .49, respectively. Therefore, no signiWcant semantic priming was found for
critical lures, although a numerical trend appeared to be present for critical lures related to
lists encoded with the semantic study task.

Finally, we included test awareness as a between-subjects factor in the analysis. Thirty-
four subjects were classiWed as “test-aware” and 20 as “test-unaware.” The main eVect of
awareness was signiWcant, F(1, 52)D6.94, pD .011, MSeD .13, indicating that subjects who
were “test-aware” showed greater priming overall (MD .26) than those who were “test-
unaware” (MD .21). The awareness by item type interaction was marginally signiWcant,
F(1,52)D 2.97, pD .091, MSeD .05. Planned comparisons indicated that aware subjects
showed signiWcant lure priming for semantically processed lists, t(33)D2.69, pD .011, and
marginally signiWcant lure priming for graphemically encoded lists, t(33)D 1.85, pD .07.
Subjects classiWed as unaware showed no priming for lures, ps > .13. Interestingly, the
diVerence appears to be driven by diVerent baseline completion rates to unstudied lures:
Subjects classiWed as aware had lower baselines (MD .13) than subjects classiWed as
unaware (MD .22). In this case awareness of the study-test connection may have caused

Table 1
Mean stem completion rates for list items and critical lures as a function of processing at encoding (standard
deviations in parentheses) for Experiment 1

Item type Level of processing

Semantic Graphemic Unstudied

Implicit test
List items .28 (.11) .29 (.10) .17 (.10)
Critical lure .21 (.19) .15 (.14) .17 (.17)

Explicit test
List items .37 (.19) .11 (.12) .01 (.03)
Critical lure .23 (.18) .05 (.10) .03 (.07)
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subjects to adopt a more conservative response criterion. This could indicate that subjects
who were aware that studied items were being tested were responding to the stems based
on awareness that an item had been studied (even if they were not intentionally retrieving
the items), and this more conservative response strategy resulted in fewer target responses.
The eVect of awareness on priming will be discussed further in Section 5.

2.2.2. Explicit task
Two subjects’ data in the explicit test condition were omitted from analyses due to

experimenter error and for failure to follow instructions, leaving 47 data sets for the analy-
sis. Another 2£2 repeated measures ANOVA was conducted on responses provided in the
explicit task instructions condition. Mean rates of recall for list items and lures are pre-
sented in Table 1. The main eVect of item type was signiWcant, with list items (MD .24)
being recalled signiWcantly more often than lures (MD .14), F(1,46)D 27.52, p < .001,
MSeD .02. The levels of processing the main eVect were also signiWcant, with semantic pro-
cessing leading to higher rates of recall (MD .30) relative to graphemic processing
(MD .08), F(1, 46)D124.79, p < .001, MSeD .02. Finally, a marginally signiWcant interaction
eVect of levels of processing and item type was found, F(1, 46)D 3.94, pD .053, MSeD .02.
Paired samples t-tests revealed that responses in the semantic encoding condition were sig-
niWcantly greater than in the graphemic encoding condition for both list and critical lure
items, t(46)D 8.97, p < .001 and t(46)D6.38, p < .001, respectively, although the levels of
processing eVect was larger or list items than for lures. This result for lures is likely due to
the lack of false memory found for graphemically encoded lists in this experiment (see
below).

List and lure recall rates for unstudied lists were very low, as is expected in explicit tests
where subjects are not relying on guessing to generate responses (see Table 1 for unstudied
list recall rates). Using the recall rates for lures related to unstudied lists as a baseline mea-
sure, paired samples t-tests compared response rates to studied list items and related lures
with unstudied list items and related lures to verify false memory eVects in the explicit test.
False explicit memory was signiWcant only for semantically encoded lists, t(46)D 7.42,
p < .001. Semantic encoding of lists resulted in a false memory rate of about .20 (see Table
1), which is comparable to rates reported by Robinson and Roediger (1997) for recall of
nine-item DRM lists and McDermott (1997) for recall of 12-item DRM lists (her explicit
comparison condition for three implicit tests). False memory was not found for lists stud-
ied with the graphemic task, t(46)D1.35, pD .183.

In conclusion, results from Experiment 1 indicate that priming was evident for lures
only when subjects were aware of the connection between study and test, whereas signiW-
cant priming for list items was found in aware and unaware subjects. In addition, based on
the comparison of the implicit and explicit test results, it appears that explicit contamina-
tion was minimal in the implicit test condition.

3. Experiment 2

Experiment 2 was conducted to extend the results of Experiment 1 to another implicit
perceptual task that is similar to stem completion in terms of the type of response and per-
formance measure. The DRM procedure was used with implicit and explicit graphemic
cued response tests. This task was originally developed by Blaxton (1989) and was modi-
Wed to Wt the DRM procedure. Participants were presented with orthographically similar
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words to the target items and asked to generate an item (a studied item for the explicit test
or the Wrst one they think of for the implicit test) that is similar in sound or appearance to
the cue item.

3.1. Method

3.1.1. Participants
Participants for Experiment 2 included 111 undergraduates recruited from the same

population as in Experiment 1, who had not participated in the previous experiment.
Forty-nine subjects were randomly assigned to the explicit test condition, and 62 were
assigned to the implicit test condition.

3.1.2. Design and materials
The 15 lists from Experiment 1 were used as stimuli in Experiment 2. Data from the

same norming session described earlier indicated that the average baseline completion
rate for critical lures was .09 (SDD .08). The same sets developed for Experiment 1 were
used to counterbalance study task (semantic, graphemic, unstudied) assignments.
Approximately the same number of subjects received each assignment of list set to study
task condition.

Study and test stimuli were presented in the same manner as in Experiment 1, except
that graphemic word items were presented as test cues in the implicit and explicit tests. The
cues were developed by changing at least one letter in each of the target items to produce
English words that were similar in sound, appearance, or both to the targets (e.g., apple or
maple would be acceptable responses to the cue ample). The cues and their speciWc targets
were not semantically related, although some of the cues could be interpreted as being
semantically associated to other targets. All cues could yield at least one alternative
response other than the intended target.

3.1.3. Procedure
The procedure for Experiment 2 was identical to that used in Experiment 1, except for

the following: (a) subjects received the graphemic cued response test cues in the test phase
and (b) the time limit to respond was 3 s in the implicit test. In the tests, subjects were
instructed to write (next to the word provided) another word that looked or sounded like
the cue item that either was studied earlier (explicit test condition) or was the Wrst word
they thought of that Wt the cue (implicit test condition).

3.2. Results and discussion

3.2.1. Implicit task
Data from 12 subjects were omitted from analyses because of failure to follow instruc-

tions (by generating semantically related responses or non-words as responses to the cues)
or based on their responses to the post-test questionnaire, leaving 50 data sets for analysis.
Data were analyzed in a 2 (level of processing)£ 2 (item type) repeated measures ANOVA.
Table 2 contains means and standard deviations for target completion rates. As in the pre-
vious experiment, the mean completion rate for list item targets (MD .18) was signiWcantly
higher than the mean completion rate for lure items (MD .05), F(1, 48)D 73.01, p < .001,
MSeD .009.
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No main eVect of level of processing was observed, F(1, 48) < 1.0, which indicates that
explicit contamination was not a signiWcant factor in these data. The interaction between
level of processing and item type was also not signiWcant, F(1, 48) < 1.

To assess the eVects of repetition and semantic priming, responses to studied list items
and related critical lures were compared to the non-studied baseline items. SigniWcant
priming was observed for both semantically and graphemically encoded items, t(49)D 2.56,
pD .014 and t(49)D 1.04, pD .005, respectively. However, consistent with results from
Experiment 1, no priming for critical lures was observed, regardless of encoding manipula-
tions (both ps > .30).

Finally, the main eVect of awareness was not signiWcant (pD .41), nor did this factor
interact with any other variables (all ps > .05). Of the 50 subjects, 31 were “test-aware” and
19 were “test-unaware.”

3.2.2. Explicit task
Data from Wve subjects were excluded from the analysis because of failure to follow

instructions. The data from the remaining 44 subjects were submitted to a 2£ 2 ANOVA
with level of processing and item type as factors. A main eVect of item type was observed,
with list items (MD .18) recalled at a higher rate than critical lures (MD .07),
F(1, 43)D32.00, p < .001, MSeD .01. The eVect of level of processing was also signiWcant, as
semantic encoding (MD .17) yielded higher cued recall rates than graphemic encoding
(MD .09), F(1, 43)D55.47, p < .001, MSeD .01. Finally, the interaction between processing
instruction and item type was also signiWcant, F(1, 43)D5.14, pD .028, MSeD .02.5

The recall rates for unstudied list and lure items were low for the explicit test (see Table
2). These rates are consistent with subjects’ adherence to instructions not to guess in the
explicit test. To verify false memory eVects in this test, recall rates for lures related to

5 A separate analysis was performed on the graphemic cued response data adopting a more liberal response cri-
terion. As the cues on the test were developed by changing target items, and as several items in DRM lists share
orthography and phonology to a certain extent, certain cues could elicit more than one response (e.g., sing from
the music list and the critical lure king could have both been valid answers to the given cue ring). Furthermore,
given the task instructions, it was possible that participants gave as responses studied list items that were not the
intended targets, but had been studied. Thus, we ran the analyses including all list items given by subjects instead
of including only the target items. Importantly, these additional analyses were performed on raw numbers, as it
was not possible to generate proportions due to the variability in responses across subjects. The pattern of results
was identical in the more liberal data as in the original data for both implicit and explicit tasks.

Table 2
Mean graphemic cued response target completions as a function of item type and levels-of-processing at encod-
ing (standard deviations in parentheses) for Experiment 2

Item type Level of processing

Semantic Graphemic Unstudied

Implicit test
List items .17 (.11) .18 (.12) .12 (.08)
Critical lure .05 (.11) .05 (.10) .04 (.09)

Explicit test
List items .27 (.19) .09 (.09) .01 (.03)
Critical lure .11 (.16) .03 (.08) .01 (.05)
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unstudied lists were compared with rates for lures related to studied lists. SigniWcant false
memory was found only for lures related to semantically encoded lists, t(43)D3.91,
p < .001. No signiWcant false memory was found for lists studied with the graphemic task,
t(43)D 1.16, pD .253.

Results from Experiment 2 are thus consistent with those from Experiment 1; no prim-
ing for lures was found although signiWcant rates of false explicit memory were present, at
least when the lists were encoded under semantic processing conditions.

4. Experiment 3

Experiment 3 was conducted to (1) attempt to replicate the results for stem comple-
tion found in Experiment 1 with a design that should increase the size of any false mem-
ory eVects that might exist for this task and (2) examine implicit false memory under
conditions that more closely mirror those used by McKone and Murphy (2000). To
achieve a more similar design to their study and to increase the likelihood of Wnding an
implicit false memory eVect, more items per DRM list were included at study (study lists
included 15 semantically associated items as compared to nine items per list in Experi-
ments 1 and 2) and more lists were included for each condition (eight lists were used as
compared to Wve lists per condition in Experiments 1 and 2). Experiment 3 focused on
the semantic study condition only, as this was the condition that showed the most
promise in producing a false memory eVect in the implicit test based on the results
reported in Experiment 1 for stem completion and pilot studies conducted prior to
Experiments 1 and 2.

4.1. Method

4.1.1. Participants
Ninety-three undergraduate students from the same population of the prior experi-

ments participated in Experiment 3. None had participated in either of the previous stud-
ies. Fifty-four participants were assigned to the implicit test condition and 39 were assigned
to the explicit test condition.

4.1.2. Design and materials
The same materials used in Experiments 1 and 2 were used in Experiment 3 with the

following exceptions: One list (the cold list) was removed, and two lists were added (sleep
and Xag), bringing the total number of lists to 16. All lists included 15 items. In most
cases, these were the 15 associates listed in Stadler et al. (1999). In a few cases in which a
list item had the same three-letter stem as a critical lure, this item was replaced with an
associate from the Russell and Jenkins (1954) norms or the Nelson, McEvoy, and Schrei-
ber (1998) norms.

The study lists for Experiment 3 included several three-letter words. The lists also
included several words that shared the initial three-letter word stem with other items on
the same or another list. None of these items were used as targets in the stem completion
task; however, in order to use longer lists, inclusion of these items was necessary. The tar-
get list items for the test were selected according to the following constraints: (1) the list
item was at least four letters in length; (2) no other list (or critical lure) item shared the
same stem; (3) the stem was not an existing word (i.e., button was not selected as a target
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because but is a word); and (4) at least one other word (besides the target) could be used
to complete the stem (in most cases, at least Wve common words could be used for possible
completions).6 Given these constraints, the target list items did not always come from the
same serial position across all lists. However, as much as possible, one target was selected
from the Wrst Wve items in a list, one from the middle Wve, and one from the last Wve. The
16 lists were divided into two sets of eight lists. Each participant studied one set while the
other set served as a non-studied baseline. Each list was in the studied and unstudied con-
ditions for about half of the subjects.

The test booklets included the stems from three list items and critical lures from the
eight studied lists, three list items and critical lures from the eight non-studied lists, and 64
Wller stems that could not be completed with any items from any list. Thus, the proportion
of primed (or studied) items, including the critical lures, was 25%.

4.1.3. Procedure
The procedure was the same as in the previous experiments, except that all items were

encoded under semantic processing instructions and each list included 15 items instead of
nine. In comparison to Experiments 1 and 2, the study session was slightly longer, as it
included 120 items instead of 90.

4.2. Results and discussion

4.2.1. Implicit task
Data from seven subjects were omitted from analyses based on their responses to the

post-test questionnaire (i.e., they reported using explicit retrieval in the implicit test), leav-
ing 47 data sets for analysis. Data were analyzed in a 2 (study condition)£ 2 (item type)
repeated measures ANOVA. Table 3 contains means and standard deviations for target
completion rates. In contrast to the previous experiments, the mean completion rate for list
item targets (MD .16) was signiWcantly lower than the mean completion rate for lure items
(MD .21), F(1, 45)D11.34, pD .002, MSeD .133. The main eVect of the study condition was
also signiWcant (more completions for studied items than unstudied items), F(1,45)D 26.43,
p < .001, MSeD .242, as was the interaction of item type and study condition,
F(1, 45)D10.56, pD .002, MSeD .098.

To assess the eVects of repetition and semantic priming, responses to studied list items
and related critical lures were compared to the non-studied baseline items. SigniWcant
priming was again observed for studied list items, t(46)D 7.90, p < .001. However, consis-
tent with results from Experiments 1 and 2, no priming for critical lures was observed,
t(46)D1.14, pD .262. The unstudied baseline rate for lures (MD .20) was higher than that
for list items (MD .10) in Experiment 3. However, as compared to the baseline rates for
Experiment 1 (MD .17 for both item types), the rates for Experiment 3 represent an unusu-
ally low baseline rate for list items (rather than a much higher rate for lure items). These
Wndings indicate consistency across experiments for the lack of priming eVects for lures.
Additional evidence of the overall consistency of the results found in all three experiments
is addressed in Section 5.

6 In one case, for the mountain list, the target range was selected, although the stem (ran-) did form an existing
word. This was required because other possible study items in the list had already been excluded based on the oth-
er constraints listed.
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Finally, the main eVect of awareness was not signiWcant (pD .31), nor did this factor
interact with any other variable (all ps > .18). Of the 47 subjects, 27 were classiWed as “test-
aware” and 20 were classiWed as “test-unaware.”

4.2.2. Explicit task
Data from the 39 subjects assigned to the explicit test condition were submitted to a

2£ 2 ANOVA with study condition and item type as factors. A marginally signiWcant main
eVect of item type was observed, with lures (MD .14) recalled at a slightly higher rate than
list items (MD .12), F(1, 37)D 2.98, pD .093, MSeD .017. The eVect of study condition was
also signiWcant; studied lists (MD .25) yielded higher cued recall rates than unstudied lists
(MD .02), F(1,37)D 219.39, p < .001, MSeD1.99. Finally, there was a marginally signiWcant
interaction eVect for study condition and item type, F(1, 37)D3.27, pD .079, MSeD .019. As
can be seen in Table 3, unstudied rates were identical for list and lure items, but lures from
studied lists (MD .27) were recalled more often than studied list items (MD .22).

As in the previous experiments, recall rates for unstudied list and lure items were low for
the explicit test (see Table 3). These rates are consistent with subjects’ adherence to instruc-
tions not to guess in the explicit test. To verify false memory eVects in this test, recall rates
for lures related to unstudied lists were compared with rates for lures related to studied
lists. SigniWcant false memory was found for lures related to studied lists, t(38)D11.18,
p < .001.

Results from Experiments 3 are thus consistent with those from the previous two exper-
iments. No false implicit memory was found for lures associated to studied lists even
though signiWcant rates of false explicit memory were present.

5. General discussion

Inconsistent with the Wndings reported by McDermott (1997), McKone and Murphy
(2000), and Tajika et al. (2005) for stem and fragment completion tasks, but consistent with
some Wndings reported for lexical decision tasks (Zeelenberg & Pecher, 2002), false implicit
memory was not signiWcant in the perceptual tasks used in the current study. Except for the
marginal eVect found for aware subjects in Experiment 1, signiWcant priming for lures was
not observed in either the implicit stem completion or the implicit graphemic response
tasks. As expected, signiWcant false memory for critical items was found in the explicit ver-
sions of these tasks, along with implicit and explicit memory for the list items.

Table 3
Mean stem completion rates for list items and critical lures as a function of study condition (standard deviations
in parentheses) for Experiment 3

Item type Study condition

Studied (semantic) Unstudied

Implicit test
List items .22 (.09) .10 (.06)
Critical lure .22 (.15) .20 (.10)

Explicit test
List items .22 (.09) .02 (.03)
Critical lure .27 (.15) .02 (.04)
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One explanation for the lack of priming found for lure items could be the size of these
eVects. Priming of the lures in perceptual implicit memory tests could require more activa-
tion of the lure items than explicit false memory for the lures, because semantic associa-
tions appear to increase memory in explicit tests, but do not appear to increase memory
much in implicit tests (Roediger & McDermott, 1993). Therefore, priming of critical lures
in perceptual implicit tests may only be due to lexical activation of the critical lure at study,
while recall of the lures in explicit tests may be due to both lexical activation of the lure and
semantic associations between the lure and the list items being re-activated at test. EVect
sizes for lure priming were estimated from statistics reported by McDermott (1997, Exper-
iment 3) and by McKone and Murphy (2000, Experiments 1–3) for stem completion.
Cohen’s d values ranged from .058 to .260 in these studies. These values fall in the range
deWned by Cohen (1988) as small eVects. Using the G¤Power program (Erdfelder, Faul, &
Buchner, 1996) and a small eVect size (dD .20), power of the statistical tests for the current
study was estimated at approximately .18.

To further increase the power to detect false implicit memory eVects, an ANOVA was
conducted on the combined implicit test data from all three experiments (semantic study
and unstudied conditions only) with a total of 151 subjects. In this test, all eVects were
found to be signiWcant, including the study condition by item type interaction,
F(1, 150)D 11.44, pD .001, MSeD .144. Paired samples t-tests indicated a signiWcant prim-
ing eVect for list items, t(150)D8.90, p < .001, while the priming eVect for lures was margin-
ally signiWcant, t(150)D1.80, pD .073. However, when the same tests were conducted
separately for “test-aware” and “test-unaware” subjects, the priming eVect for lures was
signiWcant only for the “test-aware” subjects, t(91)D2.94, pD .004, and not for the “test-
unaware” subjects, t(58)D¡.56, pD .580. These results are consistent with those found for
“test-aware” subjects in Experiment 1 and indicate a possible constraint on false implicit
memory eVects such that they may occur only when subjects are aware of the connection
between study and test items.

According to Richardson-Klavehn and Gardiner (1996), being “test-aware” may indi-
cate use of an involuntary form of conscious memory. If this is the case for false implicit
memory eVects found in previous studies (e.g., McKone & Murphy, 2000), the eVect may
not be based on automatic forms of memory, as previously proposed. It is also possible
that subjects who were “test-aware” used explicit retrieval on some trials, but did not do so
often enough to warrant a yes response to using explicit retrieval on the post-test question-
naire. If this occurred, the eVect across experiments reported above for “test-aware” sub-
jects may also include small amounts of explicit contamination that were weak enough to
only emerge in the overall analysis. It does appear, however, that if false implicit memory
eVects exist for “test-aware” subjects, the eVect size must be particularly small, because test
awareness only interacted with other factors in Experiment 1 and in the overall analysis.

Low eVect sizes may be caused by methodological details in the DRM procedure. Due
to the constraints of the cues needed for the stem completion and graphemic response tests,
only a small number of lists can be used. In the current study, Wve lists were assigned to
each level of processing condition in Experiments 1 and 2, and eight lists were assigned to
each study condition (studied and unstudied) in Experiment 3. In their experiments, McK-
one and Murphy (2000) included eight lists per test condition (comparable to our Experi-
ment 3), while McDermott (1997) used 12 in her experiments. Tajika et al. (2005) used only
four lists per condition. In Experiments 1 and 2 of the current study only nine study items
were included per list (a number suYcient to produce false memory in the explicit tests, see
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also Robinson & Roediger, 1997), while McKone and Murphy’s and Tajika et al.’s lists
contained 15 items and McDermott’s contained 12 items. However, in Experiment 3 of the
current study, we increased list length to 15 items per list, but still did not detect a false
implicit memory eVect. Incidental study conditions were used in the current experiments,
while McDermott’s and McKone and Murphy’s studies informed subjects of a later mem-
ory test (making it more likely that their subjects were “test-aware”). These methodological
diVerences may have resulted in small diVerences in activation for the lure items causing
signiWcant priming in their studies and no priming in the current study. Tajika et al. also
used incidental study conditions, but the small number of unstudied items in their implicit
test could have contributed to explicit retrieval or test awareness by the subjects.

There is always the possibility that explicit contamination in the implicit test will
increase the chance of Wnding lure priming. The current study employed the most stringent
controls for reducing and detecting explicit contamination. These controls included the fol-
lowing: (a) A level of processing study manipulation was included in each experiment.
Results indicated no level of processing eVect in any of the implicit tests, a result that is
consistent with a lack of explicit contamination. A level of processing eVect was found in
the explicit tests for all experiments, as is predicted in explicit tests. (b) Subjects who
reported using explicit strategies in the post-test questionnaire were eliminated from fur-
ther analyses. Subjects classiWed as “test-aware” in the questionnaire produced the same
results as those who were unaware of the connection between study and test items within
each individual experiment (only one condition in Experiment 1 and the combined analysis
across experiments revealed a statistically signiWcant diVerence). (c) Subjects were also not
informed of the test until after study and a cover story was used in the implicit test. Thus,
incidental learning conditions were enforced in all three experiments. This was expected to
minimize intentional retrieval attempts and avoid explicit access of the lexical form of the
lure during rehearsal (see Seamon et al., 2002). (d) Test booklets included a large percent-
age of Wller items (68% or 75%) to hide the nature of the test and ensure a low relatedness
proportion. (e) Finally, subjects in the implicit test conditions were given a time constraint
for completing trials to reduce the opportunities for explicit retrieval. Although all of the
past studies that examined false priming in stem completion (McDermott, 1997; McKone
& Murphy, 2000; Tajika et al., 2005) included controls for explicit contamination, it is pos-
sible that in these studies a small amount of explicit contamination might have occurred
and thus allowed lure priming to be detected.

These issues could account for the discrepant results for stem completion found across
the four studies (i.e., the current study, McDermott’s, 1997, study, McKone & Murphy’s,
2000, study, Tajika et al.’s, 2005, study). Small changes in the methodology could result in
signiWcant lure priming. This means that implicit priming eVects for lures in perceptual
tests with the DRM procedure may be more elusive than previously thought. Zeelenberg
and Pecher’s (2002) and Meade et al.’s (in preparation) results for a lexical decision task
are consistent with this conclusion and the results of the current study. However, Tse and
Neely (2005) did report signiWcant priming for lures in a lexical decision task even when the
critical lure was not tested immediately after a related list item. Some methodological
diVerences between the present study and Tse and Neely’s study might account for the dis-
crepant results. First of all, in their study, intentional encoding conditions and relatively
long exposure durations (i.e., 5 s per item) were in place, thus increasing the possibility that
the critical lure was consciously accessed during rehearsal (e.g., Seamon et al., 2002). Sec-
ond, subjects in Tse and Neely’s series of experiments did repeated study-test trials, which



D.M. McBride et al. / Acta Psychologica 123 (2006) 240–260 257
might have increased their awareness of the structure of the DRM lists. Third, Tse and
Neely’s non-words (pseudo-homophones) may have altered the nature of their lexical deci-
sion task as inclusion of these non-words has been found to increase the likelihood of sub-
jects accessing semantic level information and the lexical decision task can become a more
conceptually driven task (see Zeelenberg & Pecher, 2002 for a similar argument). Finally,
the delay between study and test in Tse and Neely’s study was much shorter than in the
current study, in which all lists were studied at once and a single test was administered at
the end. From these results, it is unclear whether lexical forms of the lure items are avail-
able at study. This issue has implications for theories of false memory eVects such as the
activation-monitoring theory suggested by Roediger and colleagues (e.g., Gallo & Roedi-
ger, 2002; Roediger et al., 2001).

According to the activation-monitoring theory (Roediger et al., 2001), false memory
eVects in the DRM procedure are due to a combination of activation of the lures at study
and source monitoring errors at test. Due to the semantic relatedness between list items
and critical lure items, the list and lure items become “activated” in a similar fashion. This
activation may be implicit or explicit and could include the lexical form of the lure items.
At test, subjects make source-monitoring errors and mistakenly believe they have studied
some of the lure items due to their high level of activation. Lexical activation of the critical
lures would be consistent with the activation-monitoring explanation of false memory
eVects.

Recently, Lövdén and Johnasson (2003) examined false implicit memory in an anagram
task using the DRM procedure. Their Experiment 1 results supported the “false” priming
eVects found in previous studies. In Experiment 2 they explored the cause of these eVects by
having subjects perform an articulatory suppression task during study. They found no lure
priming when covert articulation was suppressed, indicating that verbal activation of the
lures is necessary for false implicit memory. These results suggest speciWc constraints on the
conditions necessary to produce lure priming and that activation of the lures at study is a
likely explanation of false memory eVects in the DRM paradigm. Based on Lövdén and
Johansson’s conclusion that articulatory access to the lures is important for perceptual
“false” priming, one might expect that the graphemic response task used in the current
study (with instructions to generate items that look or sound like the cue words) would be
optimal for producing lure priming. However, no such priming was observed in the gra-
phemic response task. One possibility is that articulatory access only occurs with inten-
tional encoding conditions. Incidental encoding in the current study may have prevented
this. Future studies will likely clarify the role of intentional or incidental learning in the
DRM paradigm.

The current results are consistent with past Wndings (e.g., Meyer et al., 1974) that indi-
cated that semantic priming is a short-term eVect. Some recent studies (Becker, Moscov-
itch, Behrmann, & Joordens, 1997; Joordens & Becker, 1997) have reported long-term
semantic priming, but there were some signiWcant methodological diVerences between the
present study and studies conducted by Becker et al. and Joordens and Becker. First of all,
their studies used pure semantic associates (i.e., items selected from the same semantic cate-
gory), whereas the DRM lists tend to combine semantically related and associatively
related words (e.g., bread and butter). Second, the longest delay in Becker et al. and in Joor-
dens and Becker was a lag of eight intervening items. Delays in the current study likely
exceeded the time course of such eVects as seen in past studies. Finally, the results in Joor-
dens and Becker’s study were not consistent across four experiments. In all, it appears that
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the evidence for long-term semantic priming is still inconsistent, and if semantic priming
does occur, the eVects are likely to be very small and only occur under speciWc circum-
stances.

In summary, the current study explored false implicit and explicit memory in stem com-
pletion and graphemic cued response tasks in the DRM paradigm. No signiWcant priming
was found for critical lures in either task, while false explicit memory was evident in both
tasks. One criticism of the current study might deal with the relatively low rates of explicit
false memory (which ranged from .03 to .27). As noted previously, these rates of false mem-
ory were signiWcantly greater than the rate of intrusions for lures associated to non-studied
lists (for semantically processed lists). Furthermore, several published studies have
reported comparable rates of false recall. Robinson and Roediger (1997) reported rates of
approximately 20% in two experiments following the study of nine-item lists. Hutchison
and Balota (2005) reported rates of false recall between 5% and 10% for six-item lists and
between 15% and 25% for 12-item lists. Thus, our rates of false cued recall are not inconsis-
tent with those reported in other studies and, therefore, our failure to Wnd priming for lures
is probably not due to the fact that our materials did not elicit false memories for the criti-
cal lures in explicit tasks. In addition, these false memories were obtained under incidental
learning conditions and after a fairly long delay.

In conclusion, our results are in direct contrast with results reported by McDermott
(1997), McKone and Murphy (2000), and Tajika et al. (2005) for stem completion tasks and
by Lövdén and Johnasson (2003) for an implicit anagram task (Experiment 1), but consis-
tent with results of no lure priming in a lexical decision task reported by Zeelenberg and
Pecher (2002), by McKone (2004) and by Meade et al. (in preparation). Due to small eVect
sizes for lure priming, false implicit memory may only be found in perceptual tests under cer-
tain conditions (e.g., with intentional encoding when subjects are more likely to be “test-
aware”) or may be due to explicit contamination. Alternatively, false implicit memory may
be due to other factors related to awareness of the connection between study and test. Rich-
ardson-Klavehn and Gardiner (1996) suggest that conscious involuntary memory processes
may occur when subjects are “test-aware”, and these processes may have diVerent eVects on
task performance than either voluntary conscious processes or automatic processes. As test
awareness was not manipulated in the current study, it is diYcult to draw speciWc conclu-
sions as to the cause of awareness eVects found in the current study. The exploration of the
eVects of “test-awareness” should be a focus of future studies in this area.
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