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False memories can be induced reliably by the presenta-
tion of words that are strong associates of a nonpresented
critical word (Deese, 1959; Roediger & McDermott,
1995). For example, for the critical word sleep, the pre-
sented list of words may consist of bed, rest, awake, and
tired. The false memories created by the Deese/Roediger–
McDermott (DRM) paradigm are often accompanied by
high confidence ratings (Roediger & McDermott, 1995),
and they occur under conditions of explicit warnings
(e.g., McDermott & Roediger, 1998). The participants
also tend to remember particular details of the encoding
event and to classify the recollective experience of false
memories as a remembering experience (e.g., Roediger
& McDermott, 1995).

The precise cognitive mechanisms behind this asso-
ciative memory illusion are considerably debated, but the
most widely endorsed theories either apply the fuzzy trace
theory (e.g., Reyna & Brainerd, 1995) or embrace some
version of an activation-monitoring account (see Roedi-
ger, McDermott, & Robinson, 1998, for a review). In the
activation-monitoring accounts, the activation of a criti-
cal item at encoding is a result of automatic semantic
spreading activation (e.g., Roediger, Balota, & Watson,
2001). In turn, this could spark an associative response of
an image of the critical word (McKone & Murphy, 2000)

or elicit covert verbal responses (CVRs) that are phono-
logically and consciously activated, as in inner speech and
mental rehearsal (McDermott, 1997; Underwood, 1965).
False remembering may later occur due to a failure to
monitor the source of this activation. For example, false
memories may arise from a breakdown in reality moni-
toring of the type “did I hear the word being presented or
did I only think of it?” (Johnson & Raye, 1981). Simi-
larly, the fluency with which the critical item is processed
might by misattributed to an experience of remembering,
as proposed by the attributional memory framework (e.g.,
Jacoby, Kelley, & Dywan, 1989).

Although we do not want to imply that retrieval factors
are of less importance for the creation of false memories
in the DRM paradigm, activation factors are the focus of
the present study. The utilization of indirect tests is par-
ticularly suitable for the study of activation processes in-
volved in the DRM paradigm. Since many of the strategic-
monitoring and decision processes involved in explicit
retrieval may be excluded, the activation factors become
isolated from factors that otherwise would have clouded
the interpretation of results. Previously acquired knowl-
edge of perceptual implicit memory tests adds to the ra-
tionale that makes indirect testing useful. For example,
activation of a concept at a semantic level, in the absence
of lexical activation, yields no long-term priming on per-
ceptual tests (e.g., Durguno Ïglu & Roediger, 1987). How-
ever, when a word is lexically activated, priming is gen-
erally about half as great as priming for presented words
(Kirsner, Dunn, & Standen, 1989). Thus, if the critical
words in the DRM paradigm are lexically activated by an
associative response, a false priming effect, albeit some-
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what smaller than that found for presented words, would
be expected. Equipped with this line of reasoning, Mc-
Dermott (1997) examined false priming in two perceptual
indirect tests (word stem completion and fragment com-
pletion) that were administered after a visual presentation
of the DRM lists. She obtained reliable false priming ef-
fects in the fragment completion test and a trend toward
priming in the stem completion test. Furthermore, a robust
false priming effect of approximately half the magnitudeof
the priming effect for presented critical words emerged
when data from both tests were combined. McDermott
concluded that the critical words might be consciously
activated during study as CVRs, and might not be activated
only by automatic semantic spreading activation.

However, there are several critical assumptions in the
line of reasoning outlined above. Most important, the as-
sumption that perceptual tests are “implicitly” and percep-
tually process pure may not stand on solid ground. How-
ever, McKone and Murphy (2000) set out to replicate the
findings of false implicit memory in the stem comple-
tion test and obtained false priming of approximately the
same magnitude as the normal priming effect. Further-
more, changing modality from visual to auditory pre-
sentation of the associates reduced false priming to non-
significant levels on a written test. One explanation put
forward by McKone and Murphy to account for this
modality specificity was that the associative response is
tied to the presentation modality used at study. That is, they
suggested that visually presented lists lead to imagery of
the critical word and lexical access in its orthographic
form, whereas auditory presentation results in covert la-
beling of the critical word and lexical access in its phono-
logical form. Thus, in this account, activation in the
modality corresponding to the test modality is necessary
to achieve priming.

The background outlined above suggests that seman-
tic spreading activation is the basic mechanism underly-
ing activation in the DRM paradigm. In turn, this mech-
anism might elicit either a phonological representation
of the critical word (i.e., a CVR) or an image of the crit-
ical word (i.e., orthographic activation), perhaps de-
pending on the characteristics of the study episode.

To complicate the pattern, however, Zeelenberg and
Pecher (2002) failed to extend the finding of false implicit
memory to lexical decision. They suggested that previous
findings of false implicit memory might suffer from ex-
plicit contamination and concluded that their results were
consistent with the transfer-appropriate processing view
(e.g., Morris, Bransford, & Franks, 1977), that activation
of perceptual and orthographic codes is necessary for
priming to occur in a written test, and that no such activa-
tion of the critical words occurs in the DRM paradigm.

EXPERIMENT 1

In the first experiment, we adopted a version of the
anagram test (Kelley & Jacoby, 1996) to extend the find-
ing of false priming to another perceptual indirect test. In

this version of the anagram test, the participants are re-
quired to solve each anagram and to rate how difficult it
would be for other participants to solve each anagram.
The f indings from Kelley and Jacoby’s (1996) study
were consistent with the notion that the participants used
the fluency with which they solved each anagram as a
basis for judging difficulty. Specifically, prior presenta-
tion of the solution words primed both the latency for
solving the anagrams and the difficulty ratings. In addi-
tion, the individual latency rating correlations were high.
A finding of false priming in the difficulty ratings would
be particularly interesting, since this would imply that
false implicit memory might serve as a basis for judg-
ments that may have consequences for other people.

Method
Participants

Fifty-four undergraduate psychology students (35 women and 19
men; mean age = 26.8 years) participated in the experiment for
course credit. Swedish had been the primary language of all the par-
ticipants for at least 10 years. They were tested individually.

Design and Materials
Twenty-four 12-item lists of associates were constructed from the

Swedish version of the DRM lists (Johansson & Stenberg, 2002).
The 24 lists that produced the highest false recognition rates were
chosen as materials, on the condition that the word frequency of the
critical word was lower than 90 per million (Språkbanken, 1998)
and that a unique solution to the corresponding anagram was ob-
tained. The 12 items with the strongest forward associative strength
(i.e., from critical items to associates) were chosen from the origi-
nal lists. The number of letters in each critical word varied between
three and eight. All the anagrams used during testing were con-
structed by moving one randomly selected letter to another position
in the word (e.g., doctor–octodr).

The design used in both the experiments reported in this paper
was adopted from McDermott (1997). The 24 lists were divided
into three sets, which were approximately equal in respect to word
frequency of the critical item, the probability of producing false
recognition, and the difficulty of solving the anagram. The latter
measure originated from a pilot experiment of 15 participants. The
three sets corresponded to three conditions. In the presented condi-
tion, the critical item always replaced the fourth word on each list.
Thus, the critical item was actually presented to the participant in
the study phase. In the critical condition , the critical item was not
presented, although the corresponding associates were. This repre-
sented the condition in which false priming could occur. In the
baseline condition , the lists were not presented for study at all. The
sets used in each condition were counterbalanced according to a
Latin square, and the order of presentation at study of the presented
and the critical conditions was counterbalance d in an ABBA–
BAAB fashion.

All the items were presented in lowercase letters centered on the
screen of a Macintosh PowerBook G3. All the letters were typed
using the Arial font and were approximately 6 mm high and 3 mm
wide. The participant looked at the screen from a distance of ap-
proximately 50 cm.

Procedure
Study phase. The 16 lists were presented on the computer screen

under instructions to remember the words for a later memory test.
The words appeared for 3 sec each, with an interstimulus interval of
500 msec. Each list was always presented in a descending order of
associative strength, and there was 15-sec break between the lists.
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Test phase. The participants were instructed to solve anagrams
and were told that they would have a maximum of 20 sec to solve
each one. When they had reached a solution, they were to press the
mouse button and say the solution word aloud. They were explic-
itly encouraged not to guess and to be sure that they provided a cor-
rect answer. Incorrect answers were rare, as were failures to solve
the anagram within the specified time limit. After solving the ana-
gram, it reappeared with a rating scale below. The participants were
instructed to rate how difficult the anagram would seem to other
students and to give their estimate with a mouse click on a line la-
beled “very easy” on the left and “very hard” on the right (range,
1–285). The participant started the next trial when ready.

After 12 practice trials consisting of only unrelated anagrams,
one randomly ordered list of 56 anagrams was presented for testing.
These corresponded to the eight presented critical words (pre-
sented), the eight critical nonpresented words (critical), and the
eight critical words from the lists not studied at all (baseline). In ad-
dition, 16 standard associates from the presented lists, 8 unrelated
standard associates from the lists not studied, and 8 totally unre-
lated filler items were included. The presented standard words were
taken from list positions other than 1, 4, and 12. The session lasted
for approximately 40 min in total.

Debriefing. Only 2 participants reported a strategy for solving
the anagrams that included deliberate recall of the words from the
study phase (a reported strategy associated with very poor perfor-
mance). These 2 participants were replaced.

Results and Discussion
The results from Experiment 1 are summarized in the

top of Table 1. The statistical analyses, with an alpha level
set at .05 in all analyses, revealed a significant priming
effect (i.e., experimental condition vs. baseline) in terms
of latency for the presented condition [M = 1,074 msec;
t(53) = 3.18, SEM = 338]. This result was reflected in the
difficulty ratings [M = 15.6; t(53) = 4.10, SEM = 3.8].
Priming in the critical condition was reliable for the la-
tency measure [M = 702 msec; t(53) = 2.04, SEM = 344]
and for the diff iculty ratings [M = 8.0; t(53) = 2.12,
SEM = 3.8]. The difference between the condition in-
volving presented items and the critical condition was not
significant, either in terms of latency [t(53) = 1.33] or in
terms of difficulty ratings [t(53) = 1.78]. The priming ef-
fect for the associates of the critical words was signifi-

cant in terms of latency [M = 837 msec; t(53) = 2.95,
SEM = 284] and was borderline significant in terms of
difficulty ratings [M = 6.6; t(53) = 1.92, SEM = 3.5, p =
.06]. The averaged latency ratings correlation was .40 in
the presented condition and .48 in the critical condition.

The findings from Experiment 1 replicate and extend
previous results of false priming effects in perceptual in-
direct tests (McDermott, 1997; McKone & Murphy,
2000). The fact that we used a different indirect task than
had prior studies provides converging evidence for the
generality of false implicit memory. These results also
argue in favor of the activation of an associative response
of the critical item during encoding. Specifically, seman-
tic activation in isolation from some perceptual or lexical
activation should not cause long-term priming effects in
a perceptual indirect test (e.g., Durguno Ïglu & Roediger,
1987). The factors responsible for the false priming effect
may involve CVRs for the critical words (McDermott,
1997; Underwood, 1965) or orthographic activation in a
visual perceptual system (McKone & Murphy, 2000).

EXPERIMENT 2

We introduced an articulatory suppression task, re-
quiring the participants to utter a repeated irrelevant
sound (Coca-Cola) during study. Using this manipula-
tion, Berry, Banbury, and Henry (1997) found reduced
levels of cross-modal priming (visual-study–auditory-
test), but intact within-modality priming (visual-study–
written-test). The conclusion was that participants gener-
ated phonological codes during visual study, which might
have been responsible for the cross-modal priming. In
line with their results, we expected that priming for the
presented items would be intact under articulatory sup-
pression. In addition, articulatory suppression should not
impair visuospatial rehearsal (e.g., Farmer, Berman, &
Fletcher, 1986). Hence, if orthographic activation in a vi-
sual system was responsible for the false priming effect
observed in Experiment 1, we would expect the effect to
remain. However, if CVRs contribute to false implicit
memory, suppression would interfere with these verbal
responses, and the false priming effect would be reduced.

Method
Participants

Fifty-four undergraduate psychology students (41 women and 13
men; mean age = 28.0 years) participated in the experiment for
course credit. Swedish had been the primary language for all the par-
ticipants for at least 10 years. Two participants were replaced after
they reported trying to use deliberate recall to solve the anagrams.

Design, Materials, and Procedure
The design, materials, and experimental setting were the same as

those in Experiment 1. However, the participants were instructed to
continually say the word “Coca-Cola” aloud during the study phase,
at a rate of roughly two “Coca-Colas” per word presented.

Results and Discussion
The results are summarized in the lower half of Table 1,

and the priming effects (latency) from Experiments 1

Table 1
Difficulty Ratings and Reaction Times (RTs) for Solving

Anagrams

Study RT Difficulty

Item Status Condition M SEM M SEM

Experiment 1
Critical presented 2,929 233 58.1 4.6

critical 3,301 240 65.8 5.0
baseline 4,003 277 73.8 5.0

Associates presented 3,802 228 64.9 4.8
baseline 4,639 238 71.6 4.7

Experiment 2
Critical presented 3,395 259 65.2 4.8

critical 4,268 340 73.2 5.7
baseline 4,377 274 76.5 4.9

Associates presented 4,173 257 69.8 4.9
baseline 4,941 276 72.6 4.8

Note—RTs are in milliseconds. Difficulty was judged on a 285-point
scale, from very easy to very difficult.
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and 2 are depicted in Figure 1. The statistics confirmed
the priming effect in the presented condition, as reflected
in the latency measure [M = 981 msec; t(53) = 3.05,
SEM = 321] and the difficulty ratings [M = 11.3; t(53) =
2.57, SEM = 4.4]. However, priming in the critical con-
dition was not significant [t(53) < 1 for both the latency
and the rating measures]. The difference between the
presented and the critical conditions was significant in
terms of latency [M = 873 msec; t(53) = 2.59, SEM =
337] and was borderline significant in terms of ratings
[M = 8.0; t(53) = 1.96, SEM = 4.1, p = .056]. Priming for
the associates to the critical words was reliable for the
latency measure [M = 768 msec; t(53) = 3.16, SEM =
243] but was not significant in terms of difficulty ratings
[t(53) < 1]. The averaged latency rating correlations
were .45 for the presented condition and .51 for the crit-
ical condition.

GENERAL DISCUSSION

In both experiments, the correlation between speed of
solving anagrams and rated difficulty was high enough
to be consistent with the notion that the participants used
their subjective experience of anagram difficulty as a
basis for judging the level of difficulty for others. Kelley
and Jacoby (1996) argued that the participants in their
experiments failed to realize that their subjective experi-
ence of difficulty could be ruined as a judgment crite-
rion for others, because specific past experiences may
affect one’s current performance. In the present experi-
ments, this effect of specific past experiences is indexed
by the priming effect for presented items. A number of
previous studies have demonstrated such misattributions
of fluency for previously presented items. For example,
misattributions of fluent processing can make repeated

nonfamous names seem famous (Jacoby, Woloshyn, &
Kelley, 1989) and can give rise to an illusion of truth for
repeated statements (Begg, Anas, & Farinacci, 1992).
The finding of the present study extends this line of re-
search and reveals an analogous effect for words that
were not previously presented. Thus, subjective experi-
ence may be spoiled by “false” influences of the past, as
indexed by the false priming effect for the diff iculty
judgments observed in Experiment 1.

Experiment 1 also replicates and extends the finding
of long-term false implicit memory (McDermott, 1997;
McKone & Murphy, 2000) to the anagram test, and the
results from Experiments 1 and 2, taken together, sug-
gest a dissociation between false and veridical memory
caused by articulatory suppression, which primarily may
affect false implicit memory. Specifically, the priming
effect for the presented critical items in Experiment 2
was in the same range as that in Experiment 1, but the
priming effect in the critical condition was small, as
compared with Experiment 1. The finding of nonsignif-
icant levels of false priming following suppression is
consistent with the notion that CVRs, sparked by se-
mantic spreading activation, contributed to the activation
factors responsible for the observed false priming effect.
That is, articulatory suppression should not impair
visuospatial rehearsal (Farmer et al., 1986), which, ac-
cording to the modality-specific explanation (McKone
& Murphy, 2000), is responsible for the false priming ef-
fect in visual indirect tests. To recapitulate, McKone and
Murphy found that changing modality from visual to au-
ditory presentation of the associates reduced false prim-
ing on a written test. One of the suggested accounts of
this modality specificity was that the associative re-
sponse could be tied to the presentation modality used at
study. In other words, visually presented lists are sug-

Figure 1. Mean (with SEM ) priming in milliseconds as a function of experi-
ment and condition.
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gested to lead to imagery of the critical word, whereas
auditory presentation results in covert labeling of the
critical word. Although the data do not directly address
the modality effects observed by McKone and Murphy,
one might note that this effect is not necessarily incon-
sistent with the present study. Specifically, there is no
reason to expect that visual presentation leads to asso-
ciative responses in the orthographic form, whereas au-
ditory presentation leads to CVRs. In fact, one could
argue that activation of the critical word in a phonologi-
cal store should be the preferred mode when the associ-
ates are visually presented, since the visual system
would be occupied with the presented information. Con-
versely, imagery of the critical words might be the pre-
ferred mode under auditory presentation of the associ-
ates. One might speculate that auditory presentation
might reduce false priming on a written test because it,
in fact, would lead to imagery, but of abstract represen-
tations of the critical words, rather than of the ortho-
graphic form, which perhaps do not lead to priming.
Clearly, the intriguing modality effect observed by
McKone and Murphy deserves further exploration.

There is evidence suggesting that anagram solving
(e.g., Fink & Weisberg, 1981) and priming in the word
stem completion task (Rueckl & Mathew, 1999) involve
a phonological component, in addition to components
based on orthographic information. With this evidence
in the picture, one possible account of the mechanisms
underlying priming in the present data is that “true”
priming is primarily mediated by orthographic informa-
tion, whereas “false” priming is mediated by phonolog-
ical information. Speculatively, the findings of no false
implicit memory in lexical decision (Zeelenberg &
Pecher, 2002) could merely reflect the possibility that
different indirect tests may tap phonological and ortho-
graphic representations to different degrees. In other
words, it is conceivable that anagram solving and word
stem completion might include phonological task com-
ponents to a greater degree than does lexical decision.
Hence, as the transfer-appropriate processing account
suggests, an associative response during study may re-
sult in false implicit memory only when the indirect test
taps the corresponding encoding process.

However, it is conceivable that the suppression task
had a more global capacity-delimiting effect, possibly
also affecting imagery, rather than only impairing CVRs.
In this vein, previous research has shown that perceptual
indirect tests are generally unaffected by manipulations
of divided attention at the study phase (e.g., Mulligan,
1998). Hence, the fact that priming in the presented con-
dition was also robust following articulatory suppression
may be taken as evidence for the perceptual nature of the
anagram task. If this is the case, the priming for critical
words obtained in Experiment 1 cannot be attributed to
conceptual and explicit factors alone (see Zeelenberg &
Pecher, 2002) but must include the notion of some lexi-
cal activation of the critical word—stemming either from
a CVR or from imaging of the critical word in its ortho-

graphic form. It should also be noted that the extensive
debriefing performed enabled us to replace those partic-
ipants reporting use of explicit retrieval strategies to
solve the anagrams. Furthermore, these few participants
had a dramatically impaired overall performance—an
observation suggesting that explicit retrieval strategies
might have been maladaptive and, therefore, not likely
to have been adopted.

We think that several results converge to confirm the
hypothesis that phonological coding of associative re-
sponses, in the absence of data-driven perceptual activa-
tion, may lead to priming on perceptual indirect tests.
For example, auditory presentation (e.g., Rajaram &
Roediger, 1993) and generating a word from a concep-
tual cue (e.g., hot–c___) leads to priming in written tests
(e.g., Jacoby, 1983). Hence, data-driven activation in the
perceptual representation system corresponding to the
test modality may not be needed to achieve priming.
Taking these findings together with the present data, we
suggest that a plausible account is that CVRs are at least
one of the factors behind false implicit memory.

A consistent finding in both of the experiments re-
ported here was that priming for the associates was
somewhat less pronounced than priming for the pre-
sented critical items. This finding is inconsistent with
the results from McDermott’s (1997) study, and we cur-
rently have no explanation for this pattern of findings.
However, the present finding might illuminate some in-
consistencies between the results from McDermott’s
study and those from McKone and Murphy’s (2000)
study. Whereas McDermott’s study and the present re-
sults reveal false priming at a level of approximately half
the “true” priming effect, McKone and Murphy found
equivalent levels of priming. However, McKone and
Murphy used a design that permitted comparison only of
critical words with associates, rather than between pre-
sented critical and nonpresented critical items. Under the
present circumstances, the conclusion that “false” prim-
ing effects are as large as the “true” priming effects
might occur if comparisons are made between false
priming and the weaker effect for associates, rather than
with the priming effect stemming from presented critical
items.

In conclusion, the present study reveals misattribu-
tions stemming from “false” fluency and false implicit
priming in the anagram test that is diminished following
articulatory suppression. Future studies should further
examine the role of CVRs as an activation factor in the
DRM paradigm and in producing false implicit memory.
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