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Of'interest was whether prior testing of related words primes false memories in the Deese/Roediger—McDermott
(DRM) paradigm. After studying lists of related words, subjects made old—new judgments about zero, three, or
six related items before being tested on critical nonpresented lures. When the recognition test was self-paced,
prior testing of list items led to faster false recognition judgments, but did not increase the rate of false alarms to
lures from studied lists. Critically, this pattern changed when decision making at test was speeded. When forced
to respond quickly—presumably precluding the use of monitoring processes—clear test-induced priming effects
were observed in the rate of false memories. The results are consistent with an activation-monitoring explanation
of false memories and support that retrieving veridical memories can be a source of memory error.

In the Deese/Roediger—-McDermott (DRM) paradigm,
studying lists of related words such as sour, candy, and
sugar leads to high rates of false recall and recognition of
critical nonpresented words, such as sweet (Deese, 1959;
Roediger & McDermott, 1995). Subjects are confident in
their memories; they claim to “remember” studying the
nonpresented words (Roediger & McDermott, 1995), and
they are willing to attribute their memories to a speaker
(Payne, Elie, Blackwell, & Neuschatz; 1996; Roediger,
McDermott, Pisoni, & Gallo, 2004). False memories
created via this method are remarkably persistent, even
when subjects are explicitly forewarned about the illu-
sion (Gallo, Roberts, & Seamon, 1997; Gallo, Roediger,
& McDermott, 2001; McDermott & Roediger, 1998)
or have multiple chances to study the list (McDermott,
1996).

Because of the robustness of the DRM illusion, it is
a useful method for testing theories about false memory
more generally. One popular explanation is the activation—
monitoring account, which posits that false memories
are actually encoded at study as they are activated via a
spreading activation mechanism. Namely, activation from
studied words spreads to other related items in the seman-
tic network (Collins & Loftus, 1975); in the DRM para-
digm, this is seen in the study of many related words lead-
ing to heightened activation of the critical lure (see, e.g.,
Roediger et al., 2001). Whether or not this activation leads
to the conscious encoding of the critical lure is still open
for debate (e.g., Marsh & Bower, 2004; Seamon, Luo, &
Gallo, 1998), but the activation—monitoring framework
can accommodate either outcome. Rather, a key part of
the framework is that subjects attempt to monitor the

source of activations at test. Monitoring takes time, and
hence speeded retrieval disrupts these processes (Benja-
min, 2001; Dodson & Hege, 2005; Heit, Brockdorff, &
Lamberts, 2004).

Most discussions of the activation—monitoring frame-
work focus on whether or not critical lures are activated
during the study phase, with strategic processes to reduce
false memories at test. However, in their 1995 article,
Roediger and McDermott pointed to the possibility that
false memories might also be created at test. This hy-
pothesis was driven by the observation that the critical
lure is often recalled near the end of the list in free recall,
suggesting it may have benefited from priming from the
recall of other related study items. Similarly, in recogni-
tion, the critical lure is often tested after other list items,
again allowing for test-induced priming (see, e.g., Neely,
Schmidt, & Roediger, 1983). However, the two experi-
ments we know of that directly tested this hypothesis
failed to find strong evidence for test-induced priming in
the DRM paradigm (Dodd, Sheard, & MacLeod, 2006;
Marsh, McDermott, & Roediger, 2004). In the earlier
study by Marsh et al., subjects made old—new recognition
judgments about critical lures from studied and nonstud-
ied lists after they had been tested on zero, three, or six
related list items. Test-induced priming was only found
for critical lures from nonstudied lists. That is, when the
lists had not been studied (when subjects had not stud-
ied sour, candy, and sugar), prior testing of related (new)
words, such as sour and candy, increased false alarms
to sweet. When the lists had been studied, prior testing
of list items did not increase false memories. When sub-
jects had actually studied words such as sour, candy, and
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sugar, then prior testing of related words such as sour and
candy did not increase false alarms to sweet. False recog-
nition of critical lures from studied lists was not at ceiling.
Rather, the proposed explanation was that even if the test
increased lure activation, subjects were able to monitor the
source of this activation and thus avoid an increase in false
memories; the current study tests that hypothesis.

The Dodd et al. (2006) study! used a different meth-
odology to reach a similar conclusion: no role for test-
induced priming in the typical DRM paradigm. They
examined false alarms in an immediate 10-item recog-
nition memory test after each list of 12 items had been
presented. Of particular interest is their Experiment 2 in
which subjects were required to respond to each test item
within 750 msec. Surprisingly, given the predictions of
the activation—monitoring theory, they still found no effect
of their test manipulation in a speeded response condition:
False alarms were similarly high regardless of how many
just-studied items were tested prior to the lure. However,
false alarms appeared very high in their speeded condition
and did not allow a lot of room for observing priming; the
baseline false alarm rate to critical lures was .84. In the
present work, we used a delayed recognition test (as was
used in Marsh et al., 2004) to move false alarm rates away
from ceiling.

A demonstration of test-induced priming in the DRM
paradigm would be important for several reasons. First,
the majority of test manipulations in the DRM paradigm
to date have been targeted at demonstrating the role of
monitoring processes; the contribution of activation to
increasing the illusion at test has not been documented.
In fact, related work suggests that subjects may benefit
from prior testing of studied items since the retrieval of
actual memories will provide a strong standard for what
should be considered “old” (see, e.g., Brainerd, Reyna, &
Kneer, 1995). Second, the demonstration of test-induced
priming would be important theoretically, given its con-
sistency with the activation—monitoring account of the
DRM illusion. That is, the same mechanism leading to the
activation of the critical lure during study should increase
its activation at test, with consequences for false memory.
The failure of Marsh et al. (2004) and Dodd et al. (2006)
to find test-induced priming of false memories is prob-
lematic for the activation—monitoring account, meaning
that it is an important test of activation—monitoring the-
ory to further examine this issue. Thus, the experiment
is important both for its theoretical implications and as
a demonstration.

The present research reexamines the test-induced prim-
ing issue. The self-paced testing procedure of Marsh et al.
(2004) was extended with one important methodologi-
cal change: Reaction times (RTs) were collected to see
if a more sensitive measure demonstrated priming even
if false alarm data did not. Second, a speeded responding
condition was added to allow examination of priming in a
condition that removed potentially camouflaging monitor-
ing behavior.

To preview: Subjects studied lists of related words and
then made old—new decisions either at their own pace or
under deadline. In both conditions, critical lures from

studied and nonstudied lists were tested after zero, three,
or six related list items. Of interest was test-induced prim-
ing in false alarms and RTs.

METHOD

Subjects

Forty-eight Drew University students participated in the study
for course credit. Five subjects were excluded from the analyses
because their postexperiment questionnaires indicated that they
knew the study was about false memories. Seven subjects were
excluded because they were unable to discriminate between stud-
ied and new items. Thus, data from 36 subjects was included in
the analyses.

Materials

The materials were exactly the same as those used in Marsh et al.
(2004). Subjects studied half of the 36 lists (each containing 15
words) from Stadler, Roediger, and McDermott (1999). Each list of
words was related to a critical nonpresented lure, and words within a
list were presented in order from the strongest to the weakest associ-
ate (e.g., one list contained sour, candy, sugar, bitter, good, taste,
tooth, nice, honey, soda, chocolate, heart, cake, tart, and pie, but not
the critical lure, sweet). The lists were presented in random order on
a computer screen, using MediaLab and DirectRT (Jarvis, 2004a,
2004b).

For counterbalancing purposes, the lists were split into two sets
of 18 lists (Sets 1 and 2). Half the subjects studied the lists in Set 1,
and the other half studied the lists in Set 2. The two sets were broken
down further into three sets each (1A, 2A, 1B, 2B, 1C, 2C), which
contained six lists each. The six sets were needed to counterbalance
which items were studied (Set 1 or Set 2) and the position in which
items were tested (lures were tested after zero, three, or six related
items across subjects; thus, lures were rotated through the three con-
ditions). Subjects who studied Set 1 studied the lists in Sets 1A, 1B,
1C, while subjects who studied Set 2 studied lists in Sets 2A, 2B,
and 2C.

Procedure

Each subject was seated at a computer and was instructed that
18 lists of 15 words would be presented, that each word would be
presented for 1 sec, and that they should try to remember the words
for a later memory test.

After the presentation of the 18 lists, the instructions for the mem-
ory test appeared. All subjects were instructed to respond by press-
ing either the key labeled o/d or the one labeled new. Each new trial
was initiated via a press of the space bar. In the control condition,
subjects responded to each test item at their own pace. In the speeded
condition, subjects had to respond to each item within 750 msec.
When a response was made after 750 msec had elapsed, the words
“Please try to respond faster” appeared briefly.2 To ensure under-
standing of the test parameters, all subjects studied a practice list and
took a practice test on those words prior to the actual memory test.

Following the memory test, all subjects wrote a response to the
question “What do you think the experiment was about?” They were
then thanked and debriefed.

RESULTS

All results were significant at the .05 level unless oth-
erwise noted.

Recognition of List Items

We computed a 2 (list status: old or new) X 2 (test
responding: self-paced or speeded) ANOVA on propor-
tion of list items called “old.” As was expected, subjects
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Table 1
Average Proportion of List Items and Critical Lures Called
“Old” in the Control and Speeded Responding Conditions

Test Responding
Self-Paced Speeded
Primes Studied Nonstudied Studied Nonstudied

List items .69 .18 51 25
Critical lures 0 .70 .16 44 32
3 72 31 .67 .37

6 .76 .30 .69 .34

Mean 73 25 .60 35

Note—For critical lures, the data are shown as a function of test po-
sition (after zero, three, or six related list items) in addition to mean
probabilities.

were more likely to correctly identify list items as “old” if
the lists had been studied (M = .60) than if they had not
(M = 22) [F(1,34) = 257.34, MS, = .01]. However, this
effect was qualified by an interaction with test respond-
ing [F(1,34) = 25.67, MS, = .01]. Speeded responding at
test significantly decreased the hit rate from 69% to 51%
[#(34) = 3.89, SE = .04] but did not have a significant ef-
fect on the false alarm rate (18% vs. 25%) [t(34) = 1.68,
SE = .04].

False Recognition of Critical Lures

We computed a 2 (list status: old or new) X 3 (number
of test primes: 0, 3, 6) X 2 (test responding: self-paced or
speeded) ANOVA on proportion of critical lures called
“old.” The data are shown in Table 1.

An examination of Table 1 reveals opposite patterns
in the self-paced and speeded conditions. Statistics sup-
ported this observation; the three-way interaction be-
tween list status, number of test primes, and speed of
test responding was significant [F(2,68) = 4.22, MS, =
.04]. The data in the self-paced condition replicated the
findings of Marsh et al. (2004): When the lists had been
studied, false alarms were unaffected by prior testing of
list items (s < 1). When the lists had not been studied,
false alarms increased above baseline after testing of
three [#(17) = 2.05, SE = .07, p = .057] or six list items
[#(17) = 3.07, SE = .045]. In contrast, in the speeded
condition, the number of previously tested items affected
only critical lures from studied lists. When the lists had
been studied, false alarms in the speed responding con-
dition increased above baseline after testing of three
[t(17) = 3.57, SE = .06] or six list items [#(17) = 3.91,
SE = .07]. When responding was speeded, the number of
test primes had no effect on false alarms to critical lures
from nonstudied lists (zs < 1).

In short, we replicated the findings of Marsh et al. (2004)
that test-induced priming only occurred for critical lures
when the lists had been studied—but this pattern reversed
when old—new judgments were made under deadline.

Reaction Times

RTs from the control self-paced condition were ana-
lyzed on the basis of whether the lures were accepted as
old (false memories) or correctly rejected (called “new”).
These data are shown in Table 2. Separate one-way ANO-

VAs were computed on false alarms and correct rejections
of critical lures from studied lists. The priming effect was
significant for false alarms to critical lures from studied
lists [F(2,34) = 5.02, MS, = 184,989.69, p < .02]. Prior
testing of studied items increased the speed with which
subjects made memory errors. Priming was not signifi-
cant when the lures were correctly rejected. Similar analy-
ses were conducted on false alarms and correct rejections
of critical lures from nonstudied lists, but did not reach
significance.

There were no priming effects in the RT data from
the speeded condition. These data are not presented here
since the response deadline meant that there was little
variability.

In summary, a priming effect was found in RTs of sub-
jects in the self-paced condition. Even though their false
alarms did not increase significantly after testing related
items, when errors were made, they were committed
quickly.

DISCUSSION

The self-paced condition replicated that of Marsh et al.
(2004): Prior testing of list items increased false alarms
to critical lures from nonstudied lists, but had no reliable
effect on rates of false alarms to critical lures from studied
lists. However, prior testing of related words did speed
subjects’ acceptance of critical lures from studied lists.
Using a more sensitive measure of priming (RTs) allowed
us to demonstrate test-induced priming in the standard
(self-paced) DRM test condition.

Before turning to the data from the speeded condition,
we wish to further discuss the priming effect found in
the RT data. Prior testing sped false alarms to critical
lures—a result consistent with the concept of spread-
ing activation and similar to standard semantic priming
results (see, e.g., Meyer & Schvaneveldt, 1971). But
could an argument be made that prior testing should
have slowed responding to critical lures? That is, to the
extent that monitoring a more activated lure is difficult,
one might have expected prior testing to have slowed
the evaluation of critical lures. Key is that the priming
effect occurred for false alarms—items for which moni-
toring failed or was not engaged. A systematic priming

Table 2
Average Times (in Milliseconds) to Respond
“Old” Versus “New” to List Items and Critical Lures
in the Self-Paced Test Condition

Studied Nonstudied
Primes  “Old” “New” “Old” “New”
List items 1,147.2 1,405.4 1,542.6 1,278.5
Critical lures 0 1,450.9 1,533.9(14) 1,397.4(8) 1,471.2
3 1,157.3 1,945.0 (15) 1,288.9 (14) 1,292.9
6 1,003.7 1,570.0 (11) 1,290.0 (13) 1,502.3
Mean 1,203.9 1,794.8 (16) 1,305.5 1,422.2

Note—For critical lures, the data are also shown as a function of test
position (after zero, three, or six related list items). The number in pa-
rentheses represents the number of participants with observations in a
cell if » was not 18.
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effect was not observed on trials in which subjects suc-
cessfully rejected the critical lures, presumably because
any increase in activation (that would lead to speeding)
was successfully offset by monitoring processes (which
would lead to slowing).

One other puzzle is that subjects in the self-paced con-
dition only appeared to monitor the lures from studied
lists, not from nonstudied lists. This result—found both
in the current study and in that of Marsh et al. (2004)—is
somewhat surprising because, almost by definition, the
monitoring task should be more difficult in the condition
in which subjects had studied the list. As one reviewer
of an earlier version of this paper asked, “Why doesn’t
activation monitoring work for the nonstudied lures?”
One possibility is that subjects may have based their deci-
sions on different evidence for items from studied versus
nonstudied lists. When subjects encounter items related
to a studied theme, they may evaluate these items differ-
ently than ones not related to any of the study themes.
This is not the same as arguing for a different criterion
for lures versus studied items (as was argued by Miller
& Wolford, 1999, and argued against by Wixted, 2000);
rather, the argument is that subjects may evaluate dis-
tinct classes of items on different bases. For example,
Dobbins and Kroll (2005) recently showed that people
used different criterion for making old—new recognition
memory judgments about pictures from their home cam-
pus than for pictures from an away campus (samples of
both campuses had been studied during the first part of
the experiment). Their argument was that “with sufficient
response time and recent encoding, observers demand
more evidence for conceptually distinctive items, per-
haps because such items typically foster vivid recollec-
tion during retrieval” (p. 1186). Returning to the terms of
activation—monitoring, the claim would be that subjects
would be more likely to actively monitor test items that
relate to a familiar theme (lures from studied lists) than
those from an unfamiliar theme (lures from unstudied
lists). Hence, when there is time to monitor, priming is
only found in the less monitored class, unstudied lists.
When there is not enough time to monitor (the speeded
condition), priming can be revealed in the studied list
condition as well.

Overall, the data support the hypothesis that retrieval
factors contribute to the creation of false memories. That
is, rather than showing how retrieval factors can reduce
the illusion (e.g., by encouraging subjects to engage in
monitoring processes or by raising the standard for “old”
items), the current results point to how the test phase can
create an illusion. Even standard DRM tests can speed ac-
ceptance of false memories, and a response deadline can
increase the rate of false memories.

The test-induced priming effect is a clear extension
of the activation—monitoring framework, with the same
mechanisms increasing activation at study and test. In
both the self-paced and speeded conditions, critical lures
accrued activation from the primes (as supported by the
RT data from the control condition). However, this activa-

tion only translated into a higher rate of false memories
when memory monitoring was reduced.
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NOTES

1. We learned of the Dodd et al. (2006) article only after our own was
in the review process.

2. In the speeded condition, on average 9.8% of trials were eliminated
because responding was slower than 750 msec. Slow responding did
not vary as a function of study status of the list or number of primes
(all Fs <1).
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