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Abstract Surprisingly, people incorporate errors into their
knowledge bases even when they have the correct knowledge
stored in memory (e.g., Fazio, Barber, Rajaram, Omstein, &
Marsh, 2013). We examined whether heightening the acces-
sibility of correct knowledge would protect people from later
reproducing misleading information that they encountered in
fictional stories. In Experiment 1, participants studied a series
of target general knowledge questions and their correct an-
swers either a few minutes (high accessibility of knowledge)
or 1 week (low accessibility of knowledge) before exposure to
misleading story references. In Experiments 2a and 2b, par-
ticipants instead retrieved the answers to the target general
knowledge questions either a few minutes or 1 week before
the rest of the experiment. Reading the relevant knowledge
directly before the story-reading phase protected against re-
production of the misleading story answers on a later general
knowledge test, but retrieving that same correct information
did not. Retrieving stored knowledge from memory might
actually enhance the encoding of relevant misinformation.

Keywords Knowledge - False memory - Retrieval -
Suggestibility - Fiction

Memory is surprisingly malleable. This claim is supported by
many demonstrations in the episodic memory literature (i.e.,
memory for specific events and experiences), in which people
can be easily led to misremember the details of past events and
even to report entire events that never occurred (e.g., Loftus,
1975; Loftus & Pickrell, 1995). Less clear, however, is wheth-
er this same property of malleability applies to the knowledge
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base. General facts about the world (e.g., the Pacific is the
largest ocean) have often been repeatedly encountered and
may be associated with supporting knowledge in memory,
helping to stabilize access to that information (Myers,
O’Brien, Balota, & Toyofuku, 1984). Indeed, following a
period of initial decline, access to knowledge of high school
classmates’ names (Bahrick, Bahrick, & Wittlinger, 1975),
algebra (Bahrick & Hall, 1991), and Spanish vocabulary
(Bahrick, 1984) remains remarkably stable over a period of
50 years, suggesting that, in contrast to episodic memories,
stored knowledge about the world may be more resistant to
change (see also Tulving, 1983).

In light of this possibility, it is striking that people learn
errors that contradict their stored knowledge. For example,
reading stories that contain obviously incorrect assertions
(e.g., Exercise weakens the heart and lungs or Seatbelts do
not save lives) leads participants to later rate these statements
as truer (Prentice, Gerrig, & Bailis, 1997; Rapp, Hinze,
Kohlhepp, & Ryskin, 2013; Wheeler, Green, & Brock,
1999). Similarly, readers will reproduce incorrect ideas that
they have read in fictional texts (e.g., The Atlantic is the
largest ocean), even when those inaccuracies contradict
well-known facts (e.g., Marsh, Meade, & Roediger, 2003).
Importantly, learners believe that they knew the misinforma-
tion before the experiment, indicating that it has been integrat-
ed with prior knowledge (Marsh et al., 2003).

If such learning of errors occurred only when people did
not have the correct knowledge stored in memory, it would be
unsurprising. Without prior knowledge, these would simply
be examples of new episodic learning. The effects just de-
scribed, however, occur even when people have prior knowl-
edge of the correct answers, as has been shown on the basis of
norms (Marsh et al., 2003) or a preexperimental (Fazio,
Barber, Rajaram, Ornstein, & Marsh, 2013) or
postexperimental (Bottoms et al., 2010) knowledge check.
One possibility is that such effects occur because not all of
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the correct knowledge that is stored, or available, in memory
is accessible under every circumstance (Bahrick & Hall, 1991;
Bahrick & Phelps, 1988; Tulving & Pearlstone, 1966). In
other words, despite knowing the correct information that
should prevent them from learning these errors, people may
not be able to retrieve that information at the time that they
need to apply it.

Consistent with such a possibility, Bahrick and colleagues
(Bahrick & Hall, 1991; Bahrick & Phelps, 1988) coined the
term marginal knowledge to refer to information (i.e., vocab-
ulary and general knowledge facts) that people can correctly
recognize but not recall. The idea is that items that are stored
in the knowledge base but have not been recently encountered
fluctuate downward in retrievability (Bahrick & Hall, 1991;
Bahrick & Phelps, 1988). Importantly, a simple interven-
tion—for example, 5 s of studying these marginal items—is
enough to correct this downward fluctuation, greatly increas-
ing the likelihood of being able to recall those items later on
(Berger, Hall, & Bahrick, 1999).

Tip-of-the-tongue states, or the inability to produce a par-
ticular word or answer despite being confident that one knows
the correct information, provide another demonstration that
information that is stored in the knowledge base can nonethe-
less be inaccessible in a given moment. Importantly, tip-of-
the-tongue states are less likely to occur for items that have
been recently encountered (Brown, 2012; Cleary, 2006;
Cleary & Reyes, 2009; Cleary & Specker, 2007; Rastle &
Burke, 1996). These findings are also consistent with the
claim that information that has recently been reviewed is more
likely to be retrievable a short time later.

An influential idea inspired by Estes (1955a, 1955b), and
later revived by Bjork and Bjork (1992) in their new theory of
disuse, sheds some theoretical light on all of these findings.
According to the theory, representations in memory are char-
acterized in terms of both their storage strength, or how well
they are learned, and their retrieval strength, the momentary
ease of accessing those items. Both storage and retrieval
strength are thought to increase with additional exposure to a
given item. Once accumulated, however, storage strength is
never lost, whereas retrieval strength decreases across time
due to interference from competing items. From this perspec-
tive, even well-learned items can become difficult to retrieve
when they have not been recently reviewed (especially when
interfering items have also been encountered). Conversely,
reviewing an item increases its retrieval strength, thereby
increasing the likelihood that that item will be easily retriev-
able in the near future.

In the present research, we applied these principles to
further investigate the surprising finding that people often
incorporate errors into their knowledge bases, even when they
have the correct knowledge stored in memory (e.g., Bottoms,
Eslick, & Marsh, 2010; Fazio et al., 2013; Kelley & Lindsay,
1993; Marsh et al., 2003). We hypothesized that such learning
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of errors might occur because people have not recently used
the relevant knowledge needed to catch the error (and there-
fore, the accessibility of this knowledge may be relatively
low). Following from this assumption, we predicted that giv-
ing participants the opportunity to review their correct knowl-
edge immediately before exposure to the misleading refer-
ences might protect them from later reproducing that misin-
formation. We tested this hypothesis by requiring participants
to review knowledge at a short (a few minutes) or long
(1 week) delay before reading stories that contained relevant
misleading information. At the short delay of just a few
minutes, participants’ knowledge should be highly accessible,
and thus we expected that they would be protected from
reproducing the misleading story answers on a later general
knowledge test (relative to participants in the long-delay con-
dition, whose knowledge should no longer be as accessible by
the time of the story-reading phase). Across experiments, we
also examined whether the way in which participants
reviewed their knowledge had implications for later suggest-
ibility. In Experiment 1, participants studied the target infor-
mation at the beginning of the experiment, similar to the
interventions typically used in the marginal knowledge and
tip-of-the-tongue literatures described above. Note that this
procedure also parallels that of classic eyewitness misinfor-
mation studies in the episodic memory literature, in which
participants first witness an event (i.e., the correct informa-
tion) and are later exposed to relevant misleading details (e.g.,
Loftus, Miller, & Burns, 1978). In Experiments 2a and 2b, we
explored what we believed would be an even more potent
method for heightening the accessibility of correct knowl-
edge: requiring participants to retrieve the answers to the
target questions at the beginning of the experiment.

Experiment 1
Method
Participants

Forty-eight Duke University undergraduates (n = 26 for the
short-delay condition and 22 for the long-delay condition)
participated for course credit or monetary compensation.

Design

The design was a 2 (delay: short, long) x 2 (fact frame: neutral,
misleading) mixed factorial. The length of the delay between
the initial study phase and the story-reading phase was the
between-subjects variable, and the framing of the story refer-
ences was the within-subjects variable.
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Materials

For the initial study phase, participants read 64 questions (36
critical questions and 28 filler questions), along with their
correct answers. These questions were selected to have a range
of difficulty (1 %—85 % answered correctly on a cued-recall
test) based on a recent sample of 232 Duke University under-
graduates (0 %—79 % correct based on the Tauber, Dunlosky,
Rawson, Rhodes, & Silzman, 2013, norms and 3 %84 %
correct based on the Nelson & Narens, 1980, norms). Sample
questions included “What is the largest ocean in the world?”
and “What is the last name of the woman who began the
profession of nursing?”’

The two fictional stories (modified from Marsh, 2004)
contained characters, dialogue, and a plot and were about
1,400 words each. They were presented on the computer using
Medialab and DirectRT software (Jarvis, 2008a, 2008b).
Eighteen factual references appeared in each story. These
references corresponded to the 36 critical questions from the
initial study phase; for each participant, half of these items
were presented in a misleading frame, and half were presented
in a neutral frame. Facts presented in a misleading frame
suggested a plausible but incorrect answer (e.g., paddling
across the largest ocean, the Atlantic) to the corresponding
general knowledge question, whereas those presented in a
neutral frame did not suggest a specific answer (e.g., paddling
across the largest ocean). The purpose of presenting some
neutral-framed facts was to provide a baseline for comparison
to the misleading-framed facts.' In other words, the key anal-
yses examined the tendency to produce a correct (or mislead-
ing) answer on the final general knowledge test after reading
neutral versus misleading references in the stories.

The final general knowledge test took place at the end of
the experiment and contained the same short-answer questions
(36 critical and 28 filler) as the initial study phase.

Procedure

After giving informed consent, participants completed the
initial study phase. Each general knowledge question ap-
peared at the top of the computer screen, and the correct
answer appeared at the bottom of the screen. The answer
appeared at the same time as the question to reduce the
possibility that participants would engage in covert retrieval.
Participants were instructed to read each question and its
answer and to press the Enter key when they were ready to
move on. After the initial study phase, participants in the
short-delay condition completed brainteasers for 3 min.

! Some previous work has also included correct-framed references (e.g.,
Marsh & Fazio, 2006; Marsh et al., 2003). In the present research,
however, our primary interest was in the reproduction of misinformation;
thus, we included neutral and misleading references only.

Those in the long-delay condition were dismissed and
reminded to return 1 week later for the second session.

After the short or long delay, participants began the story-
reading phase on the computer. The instructions stated that
they would be reading and listening to some fictional stories.
Importantly, participants were warned that authors of fiction
often take liberties with facts, so some of the story information
might be incorrect. Participants read/heard several practice
sentences, one of which contained a factual error. The story
sentences appeared one at a time and were accompanied by a
voiceover. Participants pressed the Enter key when they were
ready to move on. To ensure attentiveness, 10 catch trials were
included on sentences that did not contain critical factual
references. On these trials, participants were prompted to type
the sentence that they had just read/heard. Processing each
story took about 15 min. Afterward, participants solved unre-
lated brainteasers for 3 min.

Participants then took the final short-answer general
knowledge test on the computer. In order to emphasize that
this test was a separate section of the experiment, participants
received a new set of instructions after completing the puzzles.
In addition, the final general knowledge test was presented
using a different background color and font than the rest of the
experiment. Again, participants were instructed not to guess
and were allowed to answer “I don’t know.” After the final
test, participants were debriefed, and they rated how surpris-
ing they found each of the corrected versions of the previously
misleading facts. The entire experiment took about 1 h 30 min
(or, for participants in the long-delay condition, about 30 min
for the first session and 1 h for the second session).

Results
Data scoring

Two independent coders scored the responses to the critical
questions (Cohen’s kappa = .97); a third coder resolved the
discrepancies. Each answer was coded as correct, misinfor-
mation, other wrong, or “I don’t know.” For example, for the
question about the largest ocean, ‘“Pacific” would be coded as
correct, “Atlantic” as misinformation, and “Indian” as another
wrong answer.

Final test performance

Our first interest was in whether participants reproduced the
misleading answers from the stories. In fact, suggestibility was
robust on the final test, F(1, 46)=57.54, MSE = .004, p <.001,
n* = .44; even though they had reviewed all of the correct
information during the initial study phase, participants still
reproduced some of the misleading references later on (M =
.13 after exposure to misleading references vs. .03 after expo-
sure to neutral references). The critical question was whether
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studying the correct answers immediately before the story-
reading phase, making those answers highly accessible, pro-
vided any protection against this tendency to later reproduce
the story misinformation (relative to when participants had
studied those answers one week before; see Fig. 1). A signif-
icant interaction between delay and fact-frame, F(1, 46) =
27.03, MSE=.004, p <.001, 772 =21, revealed that the answer
to this question was yes: participants in the long-delay condi-
tion were more likely to produce the misleading answers after
reading the misleading references (M = +.17), whereas those in
the short-delay condition were only slightly more likely to do
so [M = +.03; although the difference between the misleading
and neutral conditions was still significant, even for the short-
delay condition, #25) =2.51, p = .02, d = 0.83].

A second (and complementary, although not entirely inde-
pendent) measure of suggestibility is whether the misinforma-
tion interfered with participants’ abilities to correctly answer
questions on the final test, even though they had previously
reviewed all of the correct answers. In fact, participants were
less likely to produce the correct answers on the final test after
reading the misleading references (M = .60) than after reading
neutral references (M = .66), F(1,46)=11.56, MSE=.007, p =
.001, 777 = .19. In other words, participants were no longer able
to produce some of the correct information that they likely
knew (and had studied in the first phase of the experiment).
The interaction between delay and fact-frame was not signifi-
cant, F(1, 46) = 2.70, MSE = .007, p = .11, /" = .05, although
the decrease in correct responding as a result of misinformation
exposure was numerically greater when participants had stud-
ied the correct answers one week earlier (M = .09) than when
they studied those answers immediately before the story-
reading phase (M = .03). That is, when knowledge was more
accessible, participants suffered fewer decrements to their cor-
rect answers.

Note that the above analyses included both items for which
participants likely knew the correct answers before the exper-
iment (i.e., stored knowledge) and items that they did not
already know (i.e., new learning). It is possible that the sug-
gestibility effect was driven mainly by those items that repre-
sented new learning from the stories. To investigate this
possibility, we separated the items into those for which par-
ticipants were more likely to already have correct stored
knowledge (the 37 % of the questions that were most often
answered correctly by a Duke undergraduate sample of 232
participants; M = .62 correct) and those for which they were
less likely to have correct stored knowledge (M = .14 correct
based on the same sample).” We then conducted a 2 (delay:
short, long) x 2 (fact-frame: neutral, misleading) x 2

2 Experiments 2a and 2b showed that, on average, participants had correct
stored knowledge for approximately 37 % of the critical items; thus, we
estimated that participants in Experiment 1 had stored knowledge for a
similar proportion of the items.
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(estimated stored knowledge: yes, no) ANOVA on final mis-
information production. The only significant effects were the
main effect of fact frame, F(1,46)=55.89, MSE=.01,p<.01,
nz = .44, the main effect of delay, F(1,46)=21.82, MSE=.02,
p <.01, 7" = .32, and the fact-frame x delay interaction, F(1,
46) = 25.74, MSE = .01, p < .01, i = .20. Importantly, there
were no significant effects involving estimated stored knowl-
edge (all F's < 1); participants were just as likely to reproduce
the misleading information when they probably had stored
knowledge for the correct information as when they probably
did not (M = .13, SD = .14, and M = .13, SD = .17, for
estimated stored knowledge and no estimated stored knowl-
edge, respectively). In other words, participants reproduced
the misleading information even when they probably knew
the correct answers; suggestibility was not limited to only the
most difficult items.

Discussion

Reviewing information makes it more accessible, increasing
the probability that the same information will be easily re-
trievable a short time later (e.g., Berger et al., 1999; Cleary,
2006; Cleary & Reyes, 2009; Cleary & Speckler, 2007). In
this case, when participants studied correct knowledge just a
few minutes before exposure to misinformation, that correct
knowledge remained highly accessible and protected partici-
pants from later reproducing the story errors. In contrast, a
sizable misinformation effect occurred when participants had
studied the relevant facts at a longer delay of 1 week before
story reading. Importantly, these same effects occurred even
when we restricted the analysis to only those items that
participants were most likely to know; the detrimental effects
of misinformation exposure were not limited to only the
normatively most difficult items.

As was noted above, however, we cannot definitively
assess what our individual participants did versus did not
know prior to the experiment and, thus, whether the manipu-
lation worked by activating prior knowledge or teaching new
knowledge. For items that participants did not know before
the experiment, it is unsurprising that they later reproduced the
story errors, especially when the story-reading phase took
place 1 week after the initial study phase. In this situation,
participants likely forgot their new learning from the initial
study phase and (1 week later) learned the corresponding
misleading answers from the stories, which they then
reproduced on the immediate final test. Similar patterns have
been demonstrated repeatedly in the eyewitness memory lit-
erature (e.g., Loftus, Miller, & Burns, 1978).

In the present data, however, it is likely that both prior
knowledge and new learning contributed to the effects ob-
served. To separate these possibilities, in Experiments 2a and
2b, we measured preexisting knowledge for each individual
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Fig. 1 Misinformation answers produced on the final test in Experiment 1, Experiment 2a, and Experiment 2b after neutral or misleading references in

the stories were read. Error bars represent standard errors of the means

participant by having them complete a general knowledge test
(instead of a study phase) prior to story-reading.

Experiments 2a and 2b

Because Experiments 2a and 2b were nearly identical, they are
reported together. The purpose of both experiments was two-
fold: first, to obtain measures of what individual to examine a
different way of activating knowledge—namely, retrieval. An
abundance of research demonstrates that acts of retrieving
information from memory produce powerful benefits for
memory of the retrieved information (e.g., Carrier & Pashler,
1992; Roediger & Karpicke, 2006a, 2006b). On the basis of
this research, we hypothesized that asking participants to
retrieve the correct answers from memory would provide a
particularly powerful method for heightening the accessibility
of that knowledge (see also Ozubko & Fugelsang, 2011; in
contrast, see Rapp, 2008). Also consistent with this prediction,
Bjork and Bjork (1992) stated in their new theory of disuse
that “the act of retrieving an item from memory, and the act of
studying an item, both result in increments to that item’s
retrieval strength and storage strength, but retrieval is the more
potent event” (p. 43). In other words, the correct answers
should become even more accessible after retrieval than after
study, and therefore, retrieval might be expected to provide
even greater protection against learning the story errors.

In Experiments 2a and 2b, we modified our procedure to
test this possibility. Specifically, rather than asking partici-
pants to study the critical questions and their answers at the
beginning of the experiment, we instead asked them to

retrieve the answers to those questions. In both experiments
(and similar to Experiment 1), the critical manipulation was
the length of the delay between the initial retrieval phase and
the story-reading phase. In Experiment 2a, this delay was
either 10 min (short-delay condition) or 1 week (long-delay
condition). In Experiment 2b, the delays for the short- and
long-delay conditions were 3 min and 1 week, respectively.
Just as in Experiment 1, we predicted that participants in the
short-delay condition would be more likely to rely on their
prior knowledge and less likely to reproduce the misleading
story answers; in other words, highly accessible prior knowl-
edge should protect against suggestibility.

Method
Participants

Participants were Duke University undergraduates, run in
groups of 1-4, who received course credit or monetary com-
pensation. In Experiment 2a, there were 40 participants in the
short-delay condition and 38 participants in the long-delay
condition. In Experiment 2b, there were 36 participants in the
short-delay condition and 38 participants in the long-delay
condition.

Design

As in Experiment 1, the design for both Experiments 2a and
2b was a 2 (delay: short, long) x 2 (fact frame: neutral,
misleading) mixed factorial. The length of the delay between
the initial retrieval phase and the story-reading phase was the
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between-subjects variable, and framing of the story references
was the within-subjects variable.

Materials

The critical and filler questions and story materials were the
same as in Experiment 1. Instead of studying the questions
and their correct answers at the beginning of the experiment,
participants were now asked to retrieve the answers to those
same questions.

Procedure

In both experiments, participants first completed the initial
retrieval phase. In Experiment 2a, participants recorded their
answers using paper and pencil. The experimenter read each
question out loud and paused for up to 20 s between questions,
proceeding more quickly if all participants indicated that they
were ready to move on. In Experiment 2b, the initial retrieval
phase was self-paced, and participants completed it in on a
computer in the lab (Jarvis, 2008a, 2008b). The questions
appeared one at a time on the screen, and participants typed
their answers and pressed the Enter key when they were ready
to move to the next question. In both experiments, participants
were instructed not to guess and were allowed to answer “I
don’t know.” They rated their confidence in each answer on a
5-point Likert scale.

Participants in the short-delay condition then completed a
filler task (word searches and mazes in Experiment 2a and
brainteasers in Experiment 2b), which lasted for 10 min in
Experiment 2a and 3 min in Experiment 2b. Participants in the
long-delay condition were dismissed and reminded to return
1 week later for the second session.

After the short or long delay, participants completed the
story-reading phase and the final general knowledge test,
which were identical to Experiment 1, before being debriefed.

Results
Data scoring

Responses for both the initial retrieval phase and the final
general knowledge test were scored according to the same
criteria as in Experiment 1. Two coders scored the responses
(Cohen’s kappa = .97); a third coder resolved the
discrepancies.

Initial retrieval phase
We first examined responses in the initial retrieval phase to
determine how much prior knowledge participants had for the

critical facts. In Experiment 2a, participants answered an
average proportion of .37 of the critical questions correctly,
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demonstrating prior knowledge for those items; they answered
an average of .39 correctly in Experiment 2b. Note that,
because the initial retrieval phase was in the form of a short-
answer test, these are answers that participants could correctly
produce (as opposed to recognize) and so could be considered
to reflect only strong prior knowledge.

Participants in the short- and long-delay conditions came
into the experiments with similar levels of prior knowledge
[Experiment 2a, F(1, 76) = 1.49, p = .23, n* = .02];
Experiment 2b, ' < 1]. They rarely came into the experiments
with misconceptions (M = .09 in Experiment 2a and M = .08
in Experiment 2b), and this did not differ across the short- and
long-delay conditions (F<1 for both experiments). In addition,
overall, participants were well calibrated in their use of the
confidence scale: They were more likely to produce high-
confident correct responses (M = 6.25) than high-confident
incorrect responses (M = 0.41).

Final test performance

As in Experiment 1, our first interest was in how often partic-
ipants reproduced the story errors on the final general knowl-
edge test (see Fig. 1). Critically, for purposes of comparison to
Experiment 1, all of the items were included in this initial
analysis (i.e., even those items for which participants had
answered the corresponding initial test question incorrectly).
In both experiments, there was a significant detrimental effect
of misinformation exposure [F(1, 76) = 117.04, MSE = .03, p
<.01, 77 = .60 in Experiment 2a, and F(1, 72) = 86.15, MSE =
.03, p < .01 in Experiment 2b]. That is, even though partici-
pants had just attempted to retrieve the answers to the corre-
sponding general knowledge questions, they still reproduced
much of the misinformation from the stories (M = +.28 after
reading the misleading vs. neutral references in Experiment 2a
and M =+.26 in Experiment 2b). In contrast to our predictions,
the fact-frame x delay interaction did not reach significance in
either experiment [F(1, 76) = 1.96, MSE = .03, p = .17, 1> =
.01 in Experiment 2a, and F < 1 in Experiment 2b]. In other
words, answering the general knowledge questions immedi-
ately before the story-reading phase provided no protection
(relative to answering those questions 1 week earlier) against
the tendency to later reproduce the misleading story answers.

As has already been noted, however, a major goal of
Experiments 2a and 2b was to provide a direct measure of
what participants knew at the beginning of the experiment,
enabling a clearer test of the possibility that heightening the
accessibility of stored knowledge immediately before misin-
formation exposure should protect against the later reproduc-
tion of that misinformation. Thus, our primary interest was
whether participants reproduced the misleading answers from
the stories, even afer previously demonstrating knowledge of
the correct answers (see Fig. 2). In both Experiments 2a and
2b, there was a robust suggestibility effect: Participants
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answered more general knowledge questions with misinfor-
mation after reading misleading versus neutral references in
the stories [M =+.25 in Experiment 2a and +.22 in Experiment
2b; F(1, 76) = 53.48, MSE = .05, p < .001, 7> = .40 for
Experiment 2a, and F(1, 72) = 42.13, MSE = .04, p < .001,
1 = .37 for Experiment 2b].

Did heightening the accessibility of participants’ prior
knowledge, by placing the initial retrieval phase just a few
minutes before the story-reading phase, reduce this tendency
to reproduce the story misinformation? In contrast to
Experiment 1, highly accessible knowledge did not decrease
suggestibility, as compared with less accessible knowledge. In
fact, in Experiment 2a, there was a significant interaction
between delay and fact-framing, F(1, 76) = 5.85, MSE = .05,
p = .02, 7 = .04, such that participants in the short-delay
condition actually showed a greater tendency than did those
in the long-delay condition (Ms = .33 vs. .17) to reproduce the
misleading answers on the final test. In Experiment 2b, there
was no evidence that the size of the misinformation effect
differed across the short- (M = .23) and long-delay (M = .22)
groups (F'< 1 for the delay X fact-frame interaction). Of note is
that in both experiments, the same statistical conclusions held
when we included only those items for which participants had
previously demonstrated high-confidence knowledge
[Mihortdelay = -37 VS. Migngdelay = -08; F(1, 67) = 8.43, MSE =
.06, p =01, 1> = .09, for the delay x fact-frame interaction in
Experiment 2a, and Mgortdelay = -07 VS. Miongdelay = - 11, F/ <1
in Experiment 2b].> Clearly, completing the initial retrieval
phase just a few minutes before the story-reading phase did
not protect participants from reproducing the story
misinformation.

As a second (and not entirely independent) measure of
suggestibility, we examined whether exposure to the mislead-
ing references decreased participants’ abilities to answer cor-
rectly on the final test, even though they had demonstrated
previously that they knew those same correct answers. Not
surprisingly, when participants had previously provided the
correct answer and were then exposed to a neutral reference,
they were highly likely to produce the same correct answer
again on the final test. This finding underscores the relative
stability of semantic memory, as highlighted in the introduction
(e.g., Bahrick et al., 1975). In both experiments, participants
answered fewer final test questions correctly after exposure to
the misleading story references [F(1, 76) = 56.29, MSE = .05,
p < .001, i = .40 in Experiment 2a, and F(1, 72) = 49.60,
MSE = .05, p < .001, * = .40 in Experiment 2b; see Table 1].
The critical question was whether this effect differed on the
basis of the accessibility of participants’ prior knowledge. The
results mirrored those for misinformation production:

3 On average across experiments, participants produced about 6.25 high-
confident correct responses during the initial retrieval phase, a sufficient
number to support this analysis.

Retrieving one’s knowledge immediately before reading mis-
information did not prevent the decrease in correct responding
following misinformation exposure. In Experiment 2a, there
was a significant interaction between delay and fact-framing,
F(1,76)=8.15, MSE = .05, p = .006, /" = .06, with participants
in the short-delay condition showing a greater decrease in
correct responding after exposure to the misleading references.
In Experiment 2b, there was no evidence that the effects of
misinformation exposure varied across the delay conditions
(F<1). Again, the same statistical conclusions held even when
we considered only those answers that participants had origi-
nally produced with the highest confidence: a mean decrease in
correct responding of .38 vs. .08 for the short versus long delay
conditions in Experiment 2a [F(1, 67) = 13.14, MSE = .06, p =
001, 77 = .12, for the delay x fact-frame interaction] and a
mean decrease in correct responding of .13 vs. .13 in
Experiment 2b (F < 1 for the corresponding interaction).
Participants lost access to some of the correct knowledge they
had just demonstrated a few minutes earlier.

Discussion

Participants in both experiments showed robust suggestibility,
reproducing the misleading answers from the stories even
when they had demonstrated prior knowledge of the correct
answers. Critically, highly accessible knowledge did not pro-
tect against the detrimental effects of misinformation expo-
sure. Instead, these participants were at least as likely to
reproduce the misleading story answers, in comparison with
participants who completed the initial retrieval phase 1 week
earlier.

This finding was surprising and in direct contrast to the
results of Experiment 1. Some prior work, however, has
shown that other manipulations designed to help participants
detect errors, such as recalling related information (Rapp,
2008), slowing presentation time (Fazio & Marsh, 2008),
and highlighting the errors (Eslick, Fazio, & Marsh, 2011),
can fail to decrease (or actually even increase) later suggest-
ibility. Here, like highlighting the errors in the stories (Eslick
et al., 2011), retrieving the answers may have directed partic-
ipants’ attention toward the relevant story items, actually
enhancing the encoding of the misleading answers (Thomas,
Bulevich, & Chan, 2010; see also Wissman, Rawson, & Pyc,
2011).

Recent work in the eyewitness memory literature is con-
sistent with this possibility. Chan and colleagues (Chan &
Langley, 2011; Chan & LaPaglia, 2011; Chan, Thomas, &
Bulevich, 2009; Thomas et al., 2010) have shown that asking
participants to take an initial test on details of a recently
encoded eyewitness event (e.g., a museum robbery) can par-
adoxically increase the likelihood that they will later repro-
duce misleading details that contradict the original (and re-
trieved) information. Although the theoretical mechanisms
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Proportion Misinfo on Final Test

1 week
Experiment 2a

10 min

ONeutral
B Misleading
3 min 1 week
Experiment 2b

Delay Between Initial Retrieval Phase and Story Reading

Fig. 2 Misinformation answers produced on the final test in Experiments 2a and 2b after knowledge was demonstrated on the initial test. Error bars

represent standard errors of the means

behind this retrieval-enhanced suggestibility effect are still up
for the debate, this finding fits with the idea that testing
enhances future encoding (Chan, Wilford, & Hughes, 2012;
Thomas et al., 2010; cf. Amold & McDermott, 2013; Izawa,
1966, 1970).

A related possibility is that retrieving information from
memory causes those memories to enter a temporarily labile
state of reconsolidation (e.g., Nader et al., 2000; Walker et al.,
2003), allowing new information that is presented during the
reconsolidation window to replace or update the original
event. In other words, after retrieving the answers to the target
general knowledge questions, participants’ memories for
those answers may have become temporarily malleable,
allowing the misinformation answers to become incorporated
into the original memory trace of a given fact. Then, on the
final general knowledge test at the end of the experiment,
participants reported the misleading answer, which likely
came to mind easily and was thus interpreted as true (Kelley
& Lindsay, 1993).

Table 1 Correct answers on the final general knowledge test, given prior
knowledge

Experiment 2a Experiment 2b

Neutral Misleading Neutral Misleading
Short delay .96 (.10) .59 (.38) 95 (11) 67 (34)
Long delay 91 (.14) 75 (.24) .93 (.10) 71 (.30)

Note. The short delay was 10 min in Experiment 2a and 3 min in
Experiment 2b, and the long delay was 1 week in both experiments.
Standard deviations are in parentheses.

@ Springer

General discussion

Exposure to misleading references led participants to repro-
duce that misinformation, even when they had studied
(Experiment 1) or previously retrieved (Experiments 2a and
2b) the correct information. These errors were reproduced
after only a single exposure and despite the fact that partici-
pants were warned that the stories were fictional and were
discouraged from guessing on the final test. In Experiment 1,
these effects persisted regardless of item difficulty; partici-
pants reproduced the misleading information even for items
that we would have expected them to know. Even more
surprisingly, after demonstrating correct prior knowledge in
Experiments 2a and 2b, participants still reproduced much of
the story misinformation.

We explored two methods for protecting participants from
incorporating the misinformation into their knowledge bases.
One method—requiring participants to sfudy the correct an-
swers to the target general knowledge questions before the
story-reading phase—successfully protected participants from
acquiring many of the story errors, but only when that study
phase took place immediately before misinformation expo-
sure. Studying the correct information prior to exposure to
misleading content likely had two different benefits: teaching
participants new facts, as well as activating information al-
ready stored in participants’ knowledge bases. The initial
study phase likely increased both storage and retrieval
strength for all of the correct information (Bjork & Bjork,
1992), providing benefits similar to those observed in the
marginal knowledge and tip-of-the-tongue literatures. These
benefits were not long-lasting, however, with accessibility of
the correct answers decreasing after 1 week.
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We expected that retrieving information from memory
would provide an even more potent method for heightening
the accessibility of correct knowledge (e.g., Ozubko &
Fugelsang, 2011) and protecting against the learning of mis-
information. In contrast to this prediction, there were sizable
misinformation effects in Experiments 2a and 2b, both when
participants completed the initial retrieval phase 1 week earlier
and even when they completed that phase just a few minutes
before the story-reading phase. Although it is surprising that
the initial retrieval phase did not prevent later suggestibility,
these results are consistent with the idea that acts of retrieval
do more than simply strengthening the memory trace for the
retrieved information. More specifically, retrieval is also
thought to affect memory for material occurring affer the
retrieval attempt (e.g., Arnold & McDermott, 2013; Izawa,
1966, 1970). For example, retrieving information from mem-
ory may direct people’s attention toward relevant items for
future encoding (e.g., Chan et al., 2009), it may heighten their
curiosity about the correct answer, it may increase their atten-
tion to corrective feedback (e.g., Potts & Shanks, 2014), and/
or it may render the original memory trace malleable and
therefore subject to updating (Nader et al., 2000). To the extent
that participants believed that some of the (mis)information in
the stories was correct, the initial retrieval phase may have
paradoxically enhanced their attention to, and encoding of,
those answers. Moreover, because the story information may
have been surprising to participants (i.e., it did not match their
expectations of the correct answer), the errors may have been
especially likely to capture their attention (e.g., Butterfield &
Metcalfe, 2001; Fazio & Marsh, 2009). Thus, although the
initial retrieval phase should have made participants’ correct
knowledge more easily retrievable, this benefit was
counteracted by the fact that it also seems to have enhanced
encoding of the story misinformation.

In considering the larger literature on memory errors, the
present data show a similarity between errors of episodic
memory and semantic illusions: In both cases, retrieving
relevant information does not protect against suggestibility.
What is trickier is fitting this finding into the larger pattern of
results, wherein sometimes episodic and semantic errors look
similar and sometimes they do not (e.g., Marsh & Umanath, in
press). For example, preencoding warnings and slower pre-
sentation speed reduce errors of episodic memory (Greene,
Flynn, & Loftus, 1982; Tousignant, Hall, & Loftus, 1986), but
not illusions of knowledge (e.g., Fazio & Marsh, 2008; Marsh
& Fazio, 2006). However, repeated exposure and delay have
similar effects on the two types of errors. The latter manipu-
lations likely affect participants’ memory for the errors, as
opposed to affecting participants’ abilities to notice the errors
while reading. The question here is why a reader would be
able to successfully retrieve his or her own knowledge, pay
attention to the error, and yet not catch the contradiction
between the two (or, if the contradiction is noticed, it is

apparently resolved in favor of the story error). These effects
happen regardless of the participants’ confidence in their
initial answers. Accessibility was predicted to increase peo-
ple’s ability to catch contradictions with stored knowledge,
but in the case of retrieving stored correct knowledge, it may
have, instead, increased encoding without successful
monitoring.

Practically, these results suggest that educators should be
cautious about using teaching tools that could potentially
expose students to misinformation. For example, although
films and fictional materials can provide an engaging medium
for conveying information about the world, they can also
expose learners to erroneous beliefs. Importantly, just because
people know relevant information does not mean that they
will bring that knowledge to bear. Educators who want to
prevent students from incorporating misconceptions into their
knowledge base should encourage students to study the cor-
rect information before the potential exposure to errors.
Having students generate their own knowledge may not be
effective, at least in situations like our Experiments 2a and 2b,
in which no feedback is given (see Rapp et al., 2013, for a
related finding). More generally, these results demonstrate that
errors can be easily incorporated into the knowledge base,
even when the correct information has recently been studied
or retrieved. Just like memories for specific events and expe-
riences, knowledge about the world is quite malleable.
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