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Age differences in suggestibility to contradictions of
demonstrated knowledge: the influence of prior knowledge
Sharda Umanath

Department of Psychology, Claremont McKenna College, Claremont, CA, USA

ABSTRACT
People maintain intact general knowledge into very old age and
use it to support remembering. Interestingly, when older and
younger adults encounter errors that contradict general knowl-
edge, older adults suffer fewer memorial consequences: Older
adults use fewer recently-encountered errors as answers for later
knowledge questions. Why do older adults show this reduced
suggestibility, and what role does their intact knowledge play? In
three experiments, I examined suggestibility following exposure
to errors in fictional stories that contradict general knowledge.
Older adults consistently demonstrated more prior knowledge
than younger adults but also gained access to even more across
time. Additionally, they did not show a reduction in new learning
from the stories, indicating lesser involvement of episodic mem-
ory failures. Critically, when knowledge was stably accessible,
older adults relied more heavily on that knowledge compared
to younger adults, resulting in reduced suggestibility.
Implications for the broader role of knowledge in aging are
discussed.
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People are frequently exposed to erroneous information in the world, whether inad-
vertently (e.g., genuine mistakes), in pursuit of entertainment (e.g., artistic liberties in
fiction), or via other means. Though many such errors contradict correct knowledge
that people have stored in memory, these casual encounters with errors actually
influence those memories (e.g., Butler, Zaromb, Lyle, & Roediger, 2009; Marsh,
Meade, & Roediger, 2003). People often reproduce recently seen errors despite the
fact that they know the correct information, neglecting their stored knowledge (see
Marsh & Umanath, 2014 for a review). For example, when exposed to distorted
questions like, “How many animals of each kind did Moses take on the ark?”, younger
adults often fail to notice the contradiction with demonstrated knowledge (having
previously shown that they knew it was Noah) and answer “two” (The Moses Illusion:
Erickson & Mattson, 1981; see also, Buttner, 2007; Kamas, Reder, & Ayers, 1996).
Importantly, they go on to reproduce these errors when later answering related
general knowledge questions (answering “Who is said to have taken two animals of
each kind on the ark?” with “Moses;” Bottoms, Eslick, & Marsh, 2010; Umanath, Dolan, &
Marsh, 2014).

CONTACT Sharda Umanath sharda.umanath@cmc.edu

AGING, NEUROPSYCHOLOGY, AND COGNITION, 2016
VOL. 23, NO. 6, 744–767
http://dx.doi.org/10.1080/13825585.2016.1167161

© 2016 Informa UK Limited, trading as Taylor & Francis Group

D
ow

nl
oa

de
d 

by
 [

C
la

re
m

on
t C

ol
le

ge
s 

L
ib

ra
ry

] 
at

 1
4:

45
 0

3 
A

ug
us

t 2
01

6 

http://www.tandfonline.com


Interestingly, older adults consistently show reduced memorial consequences after
exposure to such misleading information that contradicts general knowledge, compared
to younger adults (Brashier, Umanath, Marsh, & Cabeza, 2013; Marsh, Balota, & Roediger,
2005; Umanath et al., 2014; Umanath & Marsh, 2012). For instance, after reading
misleading references in a story (e.g., a reference to the Atlantic Ocean as the largest
ocean on earth), older adults were less likely to use those errors later on to answer
related general knowledge questions (e.g., What is the largest ocean on earth?) and more
likely than younger adults to give the correct answer (Umanath & Marsh, 2012). This
finding is especially surprising given ample evidence that older adults are often more
easily misled than are younger adults (e.g., Cohen & Faulkner, 1989; Roediger & Geraci,
2007; Schacter, Koutstaal, Johnson, Gross, & Angell, 1997; Thomas & Bulevich, 2006).
Whether asked to remember famous names (Dywan & Jacoby, 1990), videos (Loftus,
Levidow, & Duensing, 1992), or lists of highly related words (Norman & Schacter, 1997),
older adults tend to be more influenced by misleading information than are younger
adults. Though there are clear differences between these lines of research, the stark
contrast in older adults’ suggestibility is puzzling. Why do older adults show such
reduced suggestibility to misinformation that contradicts their general knowledge?

The scenarios in which older adults are easily misled and make more memory errors
than younger adults usually require memory for details from particular recently experi-
enced events, for which older adults have well-documented deficits (Craik & Jennings,
1992; Park, 2000). In contrast, knowledge remains relatively intact and can improve with
age (Light & Anderson, 1983; Maylor, 1994; McIntyre & Craik, 1987; Metcalfe, Casal-
Roscum, Radin, & Friedman, 2015). But, older adults can glean no support from knowl-
edge (e.g., schemas for what events are typically like) to protect themselves from
misinformation in these cases; they must depend on degraded episodic memories
(Hess, 1990). A similar explanation could apply to older adults’ reduced suggestibility
to misinformation contradicting their general knowledge. To the extent that older adults
have poorer episodic memory for stories, questions, or other material containing mis-
information, they may be less likely to reproduce the errors therein. Consistent with this
idea, in an eyewitness memory study, older adults were less able to later recognize post-
event misinformation (Mitchell, Johnson, & Mather, 2003). Neuropsychological test data
have also supported this hypothesis, with preserved episodic memory ability predicting
suggestibility to errors that contradict general knowledge (Marsh et al., 2005). That is,
the better episodic memory older adults had, the more likely they were to reproduce
errors that they encountered in fictional stories, though those errors likely contradicted
their stored knowledge. Note that in the present context, episodic memory failures
would be beneficial. The broader claim would be that when (and only when) older
adults experience such episodic memory failures, they then use prior knowledge to fill in
the gaps (e.g., Bayen, Nakamura, Dupuis, & Yang, 2000; Hay & Jacoby, 1999; Jacoby,
1999; Spaniol & Bayen, 2002).

As mentioned above, general knowledge remains intact in memory into very old age.
Following a lifetime of learning, older adults’ knowledge is likely to be more accessible
in memory than recent memories of specific events. Indeed, older adults are generally
more vulnerable to proactive interference than are younger adults (Ebert & Anderson,
2009; Hess, McGee, Woodburn, & Bolstad, 1998; Loewenstein, Acevedo, Agron, & Duara,
2007). Thus, regardless of episodic memory failures, I argue that intact prior knowledge
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likely contributes to older adults’ reduced suggestibility to misinformation that contra-
dicts general knowledge, and the present work focuses on investigating that role.

Over and over, older adults demonstrate more general knowledge, accumulated over
more years of life, than do younger adults (e.g., Botwinick & Storandt, 1980; Burke &
Peters, 1986; Dahlgren, 1998; Maylor, 1994; McIntyre & Craik, 1987; Metcalfe et al., 2015;
Mitchell, 1989; Perlmutter, 1978). Such demonstrations occur despite older adults experi-
encing difficulties recalling their general knowledge (e.g., Burke & Shafto, 2004; Lovelace
& Twohig, 1990) and being slower to answer than younger adults. This greater quantity
of knowledge can be used to explain older adults’ memory performance in some
situations. For example, Brown and colleagues have drawn on this robust finding to
explain why older adults experience more tip-of-the-tongue states (TOTs) than younger
adults (e.g., Brown & Nix, 1996; Gollan & Brown, 2006). Older adults sometimes also
correctly retrieve more target words than younger adults. Thus, because older adults
know more words overall, they have more chances to experience TOTs (Dahlgren, 1998;
Gollan & Brown, 2006). The same logic can be applied to older adults’ reduced suggest-
ibility here: older adults know more than younger adults and therefore, may be more
likely to successfully use their knowledge in the face of misinformation that contradicts
that knowledge.

Moreover, older adults generally show a tendency to rely on their preexisting knowl-
edge to bolster their remembering more so than do younger adults (e.g., Lachman &
Lachman, 1980; Umanath & Marsh, 2012; for a review, see, Umanath & Marsh, 2014). For
instance, older adults continue to spell homophones (e.g., great/grate) in the most
frequently used way (e.g., great), even after hearing a sentence that uses the infrequent
form (e.g., grate), unlike younger adults (Howard, 1988). In fact, older adults’ perfor-
mance can improve significantly more (relative to any benefits that younger adults may
experience) when knowledge is applicable, even extinguishing age differences in mem-
ory (e.g., Castel, 2005; Hess, Donley, & Vandermaas, 1989; Hess & Tate, 1992; Matzen &
Benjamin, 2013). Thus, after encountering errors that contradict what they know, older
adults may be more likely to use their stored knowledge, and thereby be protected from
suggestibility, compared to their younger counterparts. This general pattern is consis-
tent both with the relative sparing of automatic processes in old age (versus declining
controlled processes; Light, 1991, 1992; Wingfield & Stine, 1991) and with their greater
vulnerability to proactive interference mentioned above.

Of note is that previous related aging work has not directly measured participants’
knowledge, relying instead on knowledge norms to represent what correct knowledge
participants were likely or unlikely to have stored in memory (e.g., Umanath & Marsh,
2012) or collecting self-report data afterwards (e.g., Sitzman, Rhodes, Tauber, & Liceralde,
2015). This is problematic as the existing norms (Nelson & Narens, 1980; Tauber,
Dunlosky, Rawson, Rhodes, & Sitzman, 2013) are not appropriate for aging studies:
They were developed using exclusively younger adult participants. In the current stu-
dies, each participant’s knowledge is surveyed prior to the experiment, resolving this
issue. In addition, directly measuring participants’ knowledge allows for separating the
memorial consequences of misinformation exposure when prior knowledge is and is not
demonstrated. When knowledge is demonstrated, possible age differences in the pro-
tective nature of stored knowledge can be examined as well as each age group’s
tendency to use that knowledge. When the correct knowledge is not available in
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memory, “new learning” of misinformation, tapping into possible episodic memory
differences, can be observed. Though episodic memory failures are likely involved
even when participants, especially older adults, do demonstrate knowledge, their spe-
cific contribution would be most evident when participants have no knowledge to draw
upon and can only use newly acquired story information to answer later general knowl-
edge questions (see also, Metcalfe et al., 2015).

In three experiments, I examined why older adults show reduced memorial conse-
quences compared to younger adults after exposure to misinformation that contradicts
demonstrated knowledge. After initial measures of general knowledge, older and
younger adults read fictional stories that included critical references to misleading
information (e.g., a reference to amperes as the units for sound intensity/volume).
Memorial consequences of this exposure, including the reproduction of misinformation
and any costs to correct responding, were assessed through a subsequent general
knowledge test including questions about the critical references (e.g., What is the unit
for sound intensity?).

Experiments 1a and 1b

Experiments 1a and 1b were nearly identical and are presented together.

Methods

Participants
In Experiment 1a, 45 Duke University undergraduates participated for course credit or
monetary compensation, and 56 older adults, recruited through Duke University’s Center
for Aging database, participated for monetary compensation. In Experiment 1b, 40 Duke
undergraduates and 44 older adults participated. Older adults were at least 65 years of
age (M = 77.47, SD = 3.12, ranging from 72 to 83). Participants who were unable to
answer at least six (out of 36) initial critical general knowledge questions were excluded
as they did not have enough requisite knowledge (see also, Fazio, Barber, Rajaram,
Ornstein, & Marsh, 2013): six older adults were excluded from Experiment 1a; three
younger adults and two older adults were excluded from Experiment 1b. Thus, for
Experiment 1a, 45 younger adults and 50 older adults were included in the analyses
below; for Experiment 1b, 37 younger adults and 42 older adults were included.

Design
Both experiments were 2 (Age: Younger, Older Adult) × 2 (Fact Framing: Neutral,
Misleading) × 2 (Demonstrated Knowledge: No, Yes) mixed designs. Age was a
between-subjects factor and fact framing was manipulated within subjects.
Demonstrated knowledge was left to vary across items within subjects.

Materials
The initial general knowledge survey contained 64 short-answer questions (e.g., What is
the name of a young sheep?; from Nelson & Narens, 1980; Tauber et al., 2013). Thirty-six
questions corresponded to critical factual references that later appeared in the stories
(e.g., What is the unit of sound intensity?), and the others were filler questions.
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Two fictional stories, used previously with older adults (Marsh et al., 2005), were
adapted from Marsh (2004). Each approximately 1300 word story included characters,
dialog, and plot as well as eighteen references to facts from the Tauber et al. (2013)
norms. The references ranged in difficulty; 1–79% of the Tauber et al. participants
correctly answered questions probing these facts. Within each story, half of the facts
were referenced in a neutral frame making a reference to the fact without naming it, and
half in a misleading frame making a plausible but incorrect reference (fact framing). The
facts were rotated through frame types across participants. For example, one participant
read a reference to “cranked the volume more than it was supposed to be” and another
read, “cranked the volume amperes more than it was supposed to be.” The author will
share the full stories upon request.

The final general knowledge test included 36 critical short-answer questions (corre-
sponding to items from the initial general knowledge survey and referenced in the
stories) and 36 filler questions.

Procedure
The experiment consisted of three parts: an initial general knowledge survey, a story-
reading phase, and a final general knowledge test. The study was programmed using
MediaLab and DirectRT experimental software (Jarvis, 2008a, 2008b). First, participants
completed the initial general knowledge survey with the questions presented in a
different randomized order for each participant on the computer. They were asked to
respond with “I don’t know” rather than guess wildly. After providing a response, they
rated their confidence in each answer on a 5-point Likert scale.

After completing visuospatial puzzles for 3 min, participants read and listened to two
fictional stories. All participants were given a general warning before hearing the stories,
noting that authors often take liberties with facts and that some information that they
read/heard in the stories could be incorrect. Story presentation was self-paced with one
sentence at a time appearing on the screen along with a voiceover. Before starting,
participants read several practice sentences, including one with an error. To ensure
attentiveness, 10 catch trials were included on noncritical sentences; participants were
prompted to type what they just read/heard.

After solving more visuospatial puzzles for 3 minutes, participants completed the
final general knowledge test with the questions presented in a different randomized
order for each participant. They were asked to respond with “I don’t know” if they
could not answer a question. In Experiment 1a, participants answered by typing in
their responses, whereas in Experiment 1b, they answered verbally into a
microphone.1 Finally, participants were debriefed and rated their surprise on a
corrected version of each fact. The experiment took about 60 min for younger adults
and 90–120 min for older adults.

Results

All results, unless otherwise stated, were significant at the .05 α level. Pairwise
comparisons were Bonferroni-corrected to the .05 level. A Geisser-Greenhouse correc-
tion was used for violations of the sphericity assumption of analysis of variance
(ANOVA).
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Initial survey performance
Older and younger adults initially answered 64 open-ended general knowledge ques-
tions; these responses were coded as “correct,” “misinformation” if they matched the
story-phase misinformation, “other wrong,” or “I don’t know.” For example, when asked,
“What is the unit of sound intensity?”, decibels would be correct, amperes would be
misinformation since amperes is the misleading reference in the stories, and hertz would
be coded as other wrong. The results are presented in Table 1. Consistent with prior
work, older adults demonstrated intact world knowledge and answered more initial
general knowledge questions correctly than their younger counterparts [1a: F(1,
93) = 25.36, MSE = .05, η2 = .21; 1b: F(1, 75) = 23.72, MSE = .04, η2 = .24]. Conversely,
younger adults answered more initial questions with “I don’t know” than did older
adults, [1a: F(1, 93) = 32.63, MSE = .05, η2 = .26; 1b: F(1, 75) = 35.90, MSE = .05,
η2 = .32]. Older and younger adults entered the experiment with similar amounts of
erroneous knowledge: misinformation and other wrong answers. “I don’t know”
responses and other wrong responses were considered cases where participants had
“no demonstrated knowledge;” misinformation responses on the initial test are not
included here or anywhere else because they are confounded with the story errors
(misinformation) presented later. Thus, older adults demonstrated no knowledge for
35% of items in Experiment 1a and 37% in Experiment 1b, whereas younger adults
showed no knowledge for 53% of items in Experiment 1a and 54% in Experiment 1b.

Final test performance
Overall final test performance. I first examined the effects of misinformation exposure
during the story phase on participants’ responses regardless of their prior knowledge.
Two 2 (Age: Younger, Older Adult) × 2 (Fact Framing: Neutral, Misleading) mixed
ANOVAs were conducted on final test responses, one for correct and the other for
misinformation. Regardless of what they saw in the stories, older adults gave more
correct responses on the final general knowledge test (1a: MOA = .53; 1b: MOA = .50) than
did younger adults [1a: MYA = .37, F(1, 93) = 17.22, MSE = .07, η2 = .16; 1b: MYA = .32, F(1,
75) = 21.28, MSE = .06, η2 = .22]. There were no interactions between age and fact
framing, Fs < 1, for correct responses. Younger adults were more suggestible than older
adults, reproducing more story errors as answers (misinformation), seen in significant
interactions between age and fact framing for misinformation responses [1a: F(1,
93) = 3.95, MSE = .03, η2 = .02; 1b: F(1, 75) = 5.53, MSE = .02, η2 = .04]. After reading
neutral references, older and younger adults were equally likely to answer with

Table 1. Experiments 1a & 1b performance on the initial general knowledge survey as a function of
age.

Correct “I don’t know” Other wrong Misinformation

Experiment 1a
Younger adults .40 (.14) .39 (.16) .14 (.11) .09 (.05)
Older adults .56 (.21) .21 (.17) .14 (.10) .09 (.05)

Experiment 1b
Younger adults .38 (.10) .42 (.14) .12 (.11) .08 (.06)
Older adults .54 (.18) .21 (.18) .16 (.09) .08 (.07)

Standard deviations are presented in parentheses. “Misinformation” responses refer to answers provided on the initial
general knowledge survey that matched the errors presented later during the story reading phase.
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misinformation (1a: MALL = .09, t < 1; 1b: MALL = .08, t < 1). In contrast, older adults were
significantly less likely to do so after reading story misinformation (1a: MOA = .26; 1b:
MOA = .21) than were younger adults [1a: MYA = .37, t(101) = −2.23, SED = .04; 1b:
MYA = .30, t(77) = −2.22, SED = .04]. These results replicate prior work showing older
adults’ reduced suggestibility to factual inaccuracies in fictional stories (Marsh et al.,
2005; Umanath & Marsh, 2012).

Effects of demonstrated knowledge. Given that participants did or did not demon-
strate knowledge of a particular item, how did exposure to misinformation contradicting
general knowledge affect their responses on the final general knowledge test? To
answer this primary question of interest, demonstrated knowledge was included as a
factor in the analyses, comparing final test performance given that participants initially
answered a question with “I don’t know” or some other wrong answer (no demonstrated
knowledge) versus when participants initially answered a question correctly (demon-
strated knowledge). Again, misinformation responses on the initial test are not included
here or anywhere because they are confounded with the story error content. Two (Age:
Younger, Older Adult) × 2 (Fact Framing: Neutral, Misleading) × 2 (Demonstrated
Knowledge: No, Yes) mixed ANOVAs were computed for correct and misinformation
answers on the final general knowledge test.

These data from Experiment 1a and 1b are presented in Figure 1. Here, the focus is on
the age-related effects. In Experiment 1a, a marginal interaction between demonstrated

Figure 1. Correct answers on the final general knowledge test as a function of age, demonstrated
knowledge, and fact framing from Experiment 1a (left panel) and Experiment 1b (right panel).
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knowledge and age, F(1, 92) = 3.80, MSE = 03, η2 = .002, p = .054, with a significant
follow-up t-test, t(101) = 2.17, SED = .02, showed that older adults answered more
questions correctly following no initial demonstration of knowledge (MOA = .09) than
did younger adults (MYA = .04), regardless of whether they were exposed to misinforma-
tion in the stories. In contrast, there was no such age difference when participants had
demonstrated knowledge initially (MOA = .76, MYA = .74, t < 1). That older adults
answered more questions correctly following no initial demonstration of knowledge
suggested that they gained access to more of their knowledge across the duration of
the experiment; seeing any story references led older adults to generate more correct
answers on the final test compared to younger adults. Note that the duration of the
experiment itself was slightly longer for older adults who took more time to complete
the studies. It also indicated that the initial measure of knowledge did not adequately
capture the quantity of older adults’ stored knowledge, an issue discussed further below.
Corroborating this finding, in Experiment 1b, a main effect of age indicated that older
adults answered more questions correctly on the final test (MOA = .46) than did younger
adults, MYA = .40; F(1, 74) = 6.86, MSE = .05, η2 = .08. Note that here, this pattern held
regardless of what participants saw in the stories and including both when they did and
did not initially demonstrate knowledge.

As illustrated in Figure 2, having knowledge was protective against suggestibility
following exposure to factual inaccuracies in Experiment 1a, such that both age groups

Figure 2. Misinformation answers on the final general knowledge test as a function of age,
demonstrated knowledge, and fact framing from Experiment 1a (left panel) and Experiment 1b
(right panel).
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were less likely to reproduce the misleading references they encountered when they
had demonstrated knowledge initially (MALL = .11) versus when they had not, MALL = .19;
F(1, 92) = 31.54, MSE = .02, η2 = .12. Note that participants still reproduced misinforma-
tion 11% of the time even when they had demonstrated having the correct knowledge.
Experiment 1b replicated this finding (see Figure 2): participants were less likely to
reproduce misinformation when they had demonstrated knowledge initially
(MALL = .09) versus when they had not, MALL = .13; F(1, 75) = 4.91, MSE = .02, η2 = .06.

Interestingly, in Experiment 1a, the three-way interaction was not significant, F(1,
92) = 2.97, MSE = .02, η2 = .03, p = .088. Following misinformation exposure, demon-
strated knowledge was equally protective for older (MOA = .18) and younger adults
(MYA = .23, t < 1), though it did not reduce suggestibility to floor. Also, after seeing
factual inaccuracies in the stories, younger adults were only numerically, not statistically,
more likely to reproduce this misinformation (MYA = .39) than were older adults
(MOA = .30) when they had not initially demonstrated correct knowledge, t
(93) = −1.79, SED = .06, p = .08. Similarly, in Experiment 1b, the relevant three-way
interaction was not significant, F(1, 75) = 2.08, MSE = .02, η2 = .03, p = .15, and shows the
same pattern.

Discussion

Experiments 1a and 1b replicated prior work that overall, older adults have more
prior knowledge and also suffer fewer memorial consequences following exposure
to errors that contradict general knowledge than do younger adults (Marsh et al.,
2005; Umanath et al., 2014; Umanath & Marsh, 2012). Prior knowledge was protec-
tive in terms of reducing suggestibility: Both older and younger adults reproduced
fewer story errors (misinformation) when they had initially answered an item cor-
rectly rather than responded with “I don’t know” or another wrong answer. This
finding provides evidence that having the correct knowledge stored in memory can
insulate against contradictory misleading information, consistent with Mullet,
Umanath, and Marsh (2014) (see also, Sitzman et al., 2015 for benefits related to
error correction).

Critically, the present results provided evidence for and against explanations of older
adults’ reduced suggestibility. When participants successfully demonstrated correct
preexisting knowledge, age differences in suggestibility were extinguished. Thus, older
adults did not appear to rely on their knowledge any more heavily than did younger
adults. Interestingly, younger adults only numerically showed more ‘new learning’ (of
misinformation) compared to older adults with this difference failing to reach signifi-
cance. When participants did not demonstrate knowledge initially, participants could
only have ‘learned’ these errors from the stories. This lack of age difference indicates that
episodic memory failures associated with older adults struggling to remember new
material (regarding narratives, see Adams, 1991; Cohen, 1979; Reder, Wible, & Martin,
1986) is not strongly contributing to the present results. Additionally, the finding that
older adults did not struggle to learn something new here is consistent with recent work
on older adults’ intact ability to correct their own general knowledge errors (Cyr &
Anderson, 2013) – in fact sometimes even more so than younger adults (Metcalfe et al.,
2015) – thereby demonstrating no difficulties in learning new information.
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Instead, older adults’ larger (and less stably accessible) knowledge bases seemed to
have the strongest influence on their overall reduced suggestibility. Again, when able to
demonstrate prior knowledge, older and younger adults were equally protected by that
knowledge. Analyzing suggestibility with only the items for which participants had prior
correct knowledge is informative but fundamentally does not take into account the
basic age difference in the number of items that fall into “demonstrated knowledge.”
That is, older adults demonstrated more preexisting knowledge than their younger
counterparts. With more knowledge, even if it was similarly protective, older adults
had more chances to be protected from acquiring and reproducing errors (e.g.,
Dahlgren, 1998; Gollan & Brown, 2006; see also, Metcalfe et al., 2015). In addition,
older adults gained access to even more of their knowledge base across the experiment.
In both experiments, on the final general knowledge test, older adults answered ques-
tions correctly that they initially did not show knowledge of, significantly more so than
did younger adults. Therefore, older adults’ reduced suggestibility overall may come
more from having a larger knowledge base than a (beneficial) deficiency in learning new
(mis)information.

Importantly, these data indicated that the initial general knowledge survey was an
underestimate of older adults’ stored knowledge through evidence of older adults’
unstable access to their knowledge. The present measure of prior knowledge encom-
passed both stable knowledge and marginal knowledge (Bahrick & Hall, 1991). I use the
term marginal knowledge broadly to include knowledge to which participants have
variable access at different points in time. The stability of older adults’ knowledge, as
defined by its accessibility, likely plays a role in their reduced suggestibility following
exposure to factual inaccuracies. This idea is addressed and examined in Experiment 2.

Experiment 2

Older adults’ access and utilization of their knowledge, while often intact, tends to be
unstable (e.g., Barresi, Nicholas, Connor, Obler, & Albert, 2000). This instability of access
to their knowledge has been most clearly documented through findings that older
adults suffer more often from TOTs than do younger adults (e.g., Brown & Nix, 1996;
Burke, McKay, Worthley, & Wade, 1991; Cohen & Faulkner, 1986; Lovelace & Twohig,
1990; for a review, see Burke & Shafto, 2004) and experience other changes in their
semantic processing (see Burke & Light, 1981). Experiments 1a and 1b were consistent
with this literature, indicating that older adults’ access to their general knowledge was
less stable than that of younger adults: After having initially gotten an answer wrong or
claiming that they did not know the answer, older adults were able to generate correct
answers later significantly more often than were younger adults. The potential for such
gains in access would have only been encouraged by older adults’ slower pace in
completing the full study compared to that of younger adults; even though older adults
often take more time to complete studies due to general cognitive slowing, here, that
slowing may have allowed for gains in access to marginal knowledge.

To more fully understand the role of knowledge in older adults’ overall reduced
suggestibility following contradictions to general knowledge, a better initial measure of
prior knowledge was needed. A short-answer survey was a rather conservative measure
of knowledge since participants had to generate correct responses in order to
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demonstrate knowledge. One possible improvement would have been to use an initial
knowledge survey that captured more of what participants, especially older adults, knew
(e.g., a multiple choice initial knowledge survey). However, doing so would have lumped
together qualitatively different types of prior knowledge: knowledge to which partici-
pants might consistently have access and are able to generate (stable knowledge) and
marginal knowledge to which they only sometimes have access and might only be able
to recognize. The knowledge survey used in Experiments 1a and 1b already created this
issue with evidence of knowledge that older adults initially failed to demonstrate
becoming accessible by the time of the final general knowledge test. Thus, the two
knowledge conditions created were likely both contaminated by an unmeasured third
category of knowledge, marginal knowledge (see Figure 3).

To remedy this issue, I chose to focus on capturing stable knowledge. In
Experiment 2, older and younger adults completed two knowledge surveys. The first
knowledge survey took place two weeks prior to the rest of the study. Then, when
participants returned for a second session, they completed a second knowledge
survey, read the stories, and completed the final general knowledge test. As
Figure 4 illustrates, performance on the two knowledge checks was used to differ-
entiate critical items for which participants demonstrated stable, marginal, and no
knowledge. Thus, items that participants answered correctly on both initial

Figure 3. Probable knowledge measure contamination using one initial short-answer knowledge
survey (as in Experiments 1a and 1b).

Figure 4. Reduced knowledge measure contamination using two initial short-answer knowledge
surveys (as in Experiment 2).
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knowledge surveys were considered “stable,” and those that they never answered
correctly (providing either “I don’t know” or other wrong answers on both knowledge
surveys) were considered items for which they had “no knowledge.” Items that they
answered correctly on only one initial survey were categorized as “marginal.” Note
that this is slightly different from Bahrick and Hall (1991)’s operationalization which
was as information that one may not be able to recall but one would successfully
recognize. Memorial consequences of exposure to misinformation were then exam-
ined based on these categories of prior knowledge.

Methods

Participants
In this study, 85 Duke undergraduates and 63 older adults, recruited through Duke
University’s Center for Aging database, completed participation in both sessions for
course credit and monetary compensation, respectively. Older adults were at least
65 years of age (M = 75.79; SD = 3.72, ranging from 67 to 82). The following
participants were excluded: 2 older adults admitted to looking up answers between
sessions; 1 older adult failed catch trials during the story-phase; 2 older adults and 1
younger adult were unable to answer at least six (out of 36) initial critical general
knowledge questions. Thus, 84 younger adults and 58 older adults were included in
the analyses that follow.

Design
A 2 (Age: Younger, Older Adult) × 2 (Fact Framing: Neutral, Misleading) mixed design
was used. Age was a between-subjects factor and fact framing was manipulated within
subjects. Prior knowledge varied within subjects as in Experiments 1a and 1b, but
analyses were conducted separately for each level of knowledge; this decision is dis-
cussed below.

Materials
The materials were those used in Experiments 1a and 1b with one major change to
the critical items. Because the new initial knowledge measure split “prior knowledge”
into three levels, there was a concern that the number of observations at each level
of knowledge might be too few. As such, the materials were modified to include
more items that were expected to be relatively easy to answer correctly for both age
groups. 12 critical facts (of 36 total) were removed and replaced. Based on previous
data collected in the laboratory across several studies, facts for which either older or
younger adults answered questions correctly less than 30% of the time were
removed. Facts for which the difference in older and younger adults’ correct respond-
ing was greater than 30% were also removed; in each case, older adults showed more
knowledge than younger adults. These facts were replaced with previously used filler
items that at least 40% of older and younger participants had answered correctly. All
the materials were adapted accordingly. The author will share the full modified stories
upon request.
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Procedure
The procedure was identical to that of Experiment 1a except that the experiment
required two laboratory sessions. During the first session, participants took the first
knowledge survey. They returned approximately two weeks later; for older adults, the
delay was on average 14.70 days (range: 10 to 21 days) and for younger adults, on
average 14.68 days (range: 12 to 21 days).2 During the second session, participants took
a second knowledge survey, encoded the stories, and lastly, took the final general
knowledge test. The questions on each initial knowledge survey and the final knowledge
survey were presented in a different randomized order for each participant. The first
session took about 30 min while the second session took about 60 min for younger
adults and 90–120 min for older adults.

Results

All results, unless otherwise stated, were significant at the .05 α level. Pair-wise compar-
isons were Bonferroni-corrected to the .05 level. A Geisser-Greenhouse correction was
used for violations of the sphericity assumption of ANOVA.

Prior knowledge
On two initial knowledge surveys, older and younger adults answered 64 open-ended
general knowledge questions; these responses were coded in the same manner as in
Experiment 1a and 1b. As described above, items that participants answered correctly
on both initial knowledge surveys were considered “stable knowledge.” Items that they
could answer correctly on only one of the initial surveys were categorized as “marginal
knowledge.” Those items that participants never answered correctly, providing either “I
don’t know” or other wrong answers on both knowledge surveys, were considered items
for which they had “no knowledge.” Table 2 includes participants’ knowledge perfor-
mance. As expected, older adults demonstrated more stable knowledge than did
younger adults, F(1, 140) = 16.89, MSE = .06, η2 = .11. Older adults also showed more
marginal knowledge, F(1, 140) = 22.80, MSE = .01, η2 = .14.3 Thus, overall, older adults
demonstrated some knowledge of 72% of the general knowledge tapped here whereas
younger adults showed 55%. Conversely, younger adults showed a greater proportion of
“no knowledge,” F(1, 140) = 40.20, MSE = .04, η2 = .22. The lower proportion of “no
knowledge” in older adults was influenced by the fact that several (n = 15) older adults
had either marginal or stable knowledge for all items; only one younger adult showed
this pattern. Younger adults also answered more questions with the later misinformation
than older adults, F(1, 140) = 4.16, MSE = 01, η2 = .02. However, this 1% difference is
likely not of practical significance; additionally, these items are not further analyzed.

Table 2. Experiment 2 initial knowledge levels as a function of age.
No knowledge Marginal Knowledge Stable knowledge Misinformation

Younger adults .38 (.12) .08 (.05) .47 (.14) .07 (.04)
Older adults .22 (.17) .13 (.07) .59 (.21) .06 (.04)

Standard deviations are presented in parentheses. “Misinformation” responses refer to answers provided on the initial
general knowledge survey that matched the errors presented later during the story reading phase.
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Overall final test performance (regardless of prior knowledge)
Again, younger adults were more suggestible than older adults, reproducing more story
errors (misinformation) as answers to related final general knowledge questions, F(1,
140) = 8.52, MSE = .03, η2 = .02. After reading neutral references, older and younger adults
were similarly unlikely to answer with misinformation, MOA = .06 versus MYA = .08; t
(140) = −1.40, SED = .01, p = .17. In contrast, older adults were significantly less likely to
answer general knowledge questions with misinformation they had read in the stories
(MOA = .16) than were younger adults,MYA = .29; t(140) = −3.40, SED = .04. Older adults also
provided more correct responses on the final general knowledge test than younger adults,
MOA = .66 versus MYA = .48, respectively; F(1, 140) = 27.12, MSE = .08, η2 = .16. The
interaction between age and fact framing was not significant (F < 1) for correct responses.

The effects of demonstrated knowledge
Of primary interest was the impact of one’s quality of knowledge on the memorial
consequences of exposure to misleading information during the story phase. There were
very different numbers of participants who demonstrated stable, marginal, and no
knowledge. Critically, as discussed above, for “no knowledge,” 15 older adults and 1
younger adult had zero observations. In contrast, all participants had observations for
“stable knowledge.” Because of the tremendous loss of data when including level of
prior knowledge as a factor, separate ANOVAs on participants’ correct and misinforma-
tion answers on the final test were conducted on items for which participants demon-
strated no knowledge and stable knowledge. Though marginal knowledge was
measured, there were too few observations to provide meaningful conditionalized
final performance results.

With no knowledge. The following results were conditionalized on when participants
demonstrated no knowledge of particular items, providing “I don’t know” or other
wrong responses on both of the initial knowledge surveys, and included 43 older adults
and 83 younger adult participants. Previously, when participants demonstrated a lack of
knowledge initially, older adults were statistically no worse at “learning” from the stories,
reproducing just as much misinformation as younger adults, but showed greater later
access to correct knowledge than younger adults.

As seen in Figure 5, there was no hint of an age difference in misinformation
production when participants showed no initial knowledge. That is, when they encoun-
tered misleading content without prior knowledge of the correct answer, older and
younger adults were no different in “learning” misinformation (MALL = .27, t < 1), doing
so much more so than when they saw neutral references in the stories, MALL = .01; F(1,
124) = 94.02, MSE = .04, η2 = .42. The lack of age difference indicated that older adults
were able to learn new information, albeit erroneous, just as well as younger adults.
Interestingly, despite the stricter criteria for “no knowledge” and a direct measure of
marginal knowledge, older adults still showed gains in access to prior knowledge. They
answered more questions correctly on the final test (MOA = .06) than did younger adults,
MYA = .02; F(1, 124) = 6.58, MSE = .01, η2 = .05, regardless of whether they were exposed
to misinformation in the stories. Amazingly, even the inability to answer correctly on two
separate occasions did not truly capture items for which older adults had no prior
knowledge.

AGING, NEUROPSYCHOLOGY, AND COGNITION 757

D
ow

nl
oa

de
d 

by
 [

C
la

re
m

on
t C

ol
le

ge
s 

L
ib

ra
ry

] 
at

 1
4:

45
 0

3 
A

ug
us

t 2
01

6 



With stable knowledge. The following results were conditionalized upon when parti-
cipants demonstrated stable knowledge of particular items through consistent access,
producing the correct answer on both initial knowledge surveys; these analyses included
all participants and are presented in Figure 6. Previously, when participants demon-
strated knowledge, there were no age differences in misinformation reproduction or
correct responding on the final test. Here, the findings were somewhat different.

Even stable knowledge was not completely protective against suggestibility follow-
ing exposure to misinformation in the stories; participants still showed a 14% mis-
information effect. Both age groups answered more questions with misinformation if
they had read errors in the stories (MALL = .14) versus seeing neutral references,
MALL = .003; F(1, 140) = 46.79, MSE = .03, η2 = .24, despite having demonstrated
correct knowledge for these items twice over a two-week delay. Critically, exposure to
misinformation affected older and younger adults’ suggestibility differently when they
demonstrated stable knowledge. Older adults were significantly less likely to repro-
duce misinformation (MOA = .09) compared to younger adults (MYA = .19) following

Figure 5. Correct and misinformation answers on the final general knowledge test as a function of
age and fact framing, given no initial knowledge (Experiment 2).

Figure 6. Correct and misinformation answers on the final general knowledge test as a function of
age and fact framing, given stable knowledge (Experiment 2).
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misinformation exposure through the stories, F(1, 140) = 6.72, MSE = .03, η2 = .04.
That is, when participants had stable knowledge stored in memory, older adults
showed reduced suggestibility to misleading information that contradicted that
knowledge compared to younger adults.

Mirroring their suggestibility, seeing factual inaccuracies in the stories reduced parti-
cipants’ correct responding even though they demonstrated stable access to the correct
knowledge, with performance dropping from 97% correct for questions that had neutral
references in the stories to 83% for misleading references, F(1, 140) = 48.11, MSE = .03,
η2 = .25. However, younger adults’ ability to answer correctly with stable knowledge
(MYA = .78) suffered more from misinformation exposure than did older adults’
(MOA = .89), seen in a significant interaction between fact framing and age, F(1,
140) = 4.28, MSE = .03, η2 = .02.

Discussion

These results provided evidence that stability of access to prior knowledge has an
important influence on suggestibility following exposure to misinformation that contra-
dicts general knowledge. When prior knowledge was measured to provide better
estimates of when participants had no prior knowledge and consistently accessible
stable knowledge, the memorial consequences following exposure to misinformation
in the stories were more informative than those of Experiments 1a and 1b.

With a stricter criterion for a lack of knowledge, there continued to be no age
differences in misinformation production. Older adults did not show a decrement in
learning the “new” (misleading) information in the stories, reproducing a similar number
of story errors as younger adults. In contrast, knowledge played a key role in older
adults’ reduced suggestibility. At the outset, older adults unsurprisingly demonstrated
more stable and more marginal prior knowledge compared to younger adults. Yet, even
after two surveys of knowledge 2 weeks apart, older adults gained access to still more
knowledge that they never demonstrated before, albeit a small amount. Most impor-
tantly, older adults made more use of their stable knowledge than did younger adults.
With stable knowledge and marginal knowledge separately measured, older adults
showed seemed to show greater reliance on their stably accessible knowledge than
did younger adults, reproducing less misinformation. This reliance on stable knowledge
in combination with a lack of evidence for older adults forgetting story misinformation
at a higher rate than younger adults lends credence to the idea that episodic memory
failures are not a necessary prerequisite for older adults to use their preexisting knowl-
edge. A fuller discussion of these findings follows.

General discussion

In contrast to a larger literature indicating that older adults are more susceptible to
misinformation than younger adults (e.g., Cohen & Faulkner, 1989; Dywan & Jacoby,
1990; Loftus et al., 1992; Norman & Schacter, 1997; Roediger & Geraci, 2007; Schacter
et al., 1997; Thomas & Bulevich, 2006), older adults broadly show reduced memorial
consequences compared to younger adults when misleading content contradicts gen-
eral knowledge. The present experiments examined why older adults show this reduced
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suggestibility following exposure to contradictions to general knowledge and the pos-
sible protective role of older adults’ intact prior knowledge.

By examining suggestibility to errors when participants did not have the requisite
prior knowledge, the most obvious contribution of episodic memory failures could be
observed. In Experiments 1a and 1b, younger adults showed numerically but not
statistically more “new learning” of misinformation compared to older adults. In
Experiment 2, with a stronger basis for a lack of knowledge, even this hint of an age
difference disappeared. Recent work indicates that there are circumstances under which
older adults do not struggle to learn new information, particularly related to general
knowledge (Cyr & Anderson, 2013; Metcalfe et al., 2015); the present studies seem to fall
under those circumstances. Importantly, these data lend support to a small literature
demonstrating that episodic memory failures are not required for older adults to apply
their knowledge (e.g., Koutstaal, 2003; Koutstaal et al., 2003; Smith, Rebok, Smith, Hall, &
Alvin, 1983; Umanath & Marsh, 2012). Discussed further below, older adults showed use
of and seeming reliance on their knowledge even when they did not demonstrate
deficits in learning “new” (mis)information. It would be presumptuous to rule out the
involvement of episodic memory failures as they are likely involved in combination with
influences from older adults’ robust prior knowledge, but they do not seem to be the
driving factor in older adults’ reduced suggestibility.

Instead, prior knowledge plays a major role in the age differences in suggestibility
following exposure to contradictions to general knowledge. Just as in prior work, older
adults demonstrated more knowledge, both marginal and stable, compared to younger
adults. Thus, even when demonstrated knowledge seemed to be equally protective
against suggestibility in Experiments 1a and 1b, older adults’ larger base of knowledge
contributed to their overall reduced probability of reproducing story misinformation.
Simply, older adults have more knowledge than younger adults and therefore have
more opportunities to successfully bring it to bear, protecting them from picking up
errors.

However, the present data add important nuance to this explanation: older adults’
varied accessibility to their knowledge, specifically, later access to more of it, also
contributes to their reduced suggestibility. In Experiments 1a and 1b, older adults
demonstrated correct knowledge on the final test that they failed to show initially,
just an hour earlier. Incredibly, this same pattern occurred even after participants took
two knowledge surveys 2 weeks apart in Experiment 2. Younger adults rarely showed
such gains. This instability of access to knowledge in older adults could be a result of
again, simply having more knowledge available in memory. But, it is also consistent with
the interplay between degrading controlled processes and intact automatic ones in
aging (see also, Grieder et al., 2012), such that knowledge may come to mind for older
adults in a spontaneous fashion that they are unable to fully control. For example, older
adults often require more time to resolve their TOTs (Burke et al., 1991), but if given
enough time, they are able to resolve almost all of them (Heine, Ober, & Shenaut, 1999).
Older adults did take longer to complete the studies than younger adults did, which
could have given them the time they needed to resolve at least some of their TOTs. In
addition, older adults may have a stronger tendency to persist in searching memory for
presently inaccessible answers, compared to younger adults. For instance, after experi-
encing TOTs, older adults show more spontaneous retrievals or “pop ups” of the correct
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answers compared to younger adults (Burke et al., 1991; Cohen & Faulkner, 1986).
Evidence from the prospective memory literature also indicates that older adults’
spontaneous retrieval processes remain intact (in comparison to their strategic monitor-
ing skills which seem to show some degradation: McDaniel & Einstein, 2007). Older
adults’ persistence in actively searching memory as well as their intact spontaneous
retrieval processes coupled with their overall slower pace in completing the studies
provide a clearer picture of why older adults showed such tremendous gains in access to
general knowledge that younger adults simply did not. The present findings indicate
that older adults have more underlying knowledge available than they are able to
demonstrate at any given point in time, providing them with a unique protection
against acquiring errors that contradict their knowledge as that knowledge becomes
accessible over time.

Critically, when their knowledge is stably accessible, older adults showed a ten-
dency to rely more heavily on their demonstrated knowledge than did younger
adults. Both age groups were less likely to reproduce the errors that they encountered
if they had initially demonstrated having the correct knowledge stored in memory
versus when they did not (consistent with Mullet et al., 2014). In Experiments 1a and
1b, this protection was equivalent for older and younger adults. However, when prior
knowledge was more strictly measured and demonstrated as stably accessible in
Experiment 2, age differences emerged. Older adults were significantly less likely to
reproduce misinformation and more likely to answers questions correctly than were
younger adults, indicating that older adults relied more heavily on their stable knowl-
edge. Note that it could also be the case that here, where knowledge is stably
accessible, younger adults experience stronger effects of repetition priming and
have a response bias to answer with the most recently experienced information
(see Ratcliff & McKoon, 1996). In contrast, older adults may be primed more strongly
by their knowledge and having produced the correct answer twice; indeed, this is
consistent with older adults’ increased susceptibility to proactive interference. It is a
question for future research to understand the possible interplay of biases here.
Overall, this finding fits with a broad body of research demonstrating the supportive
nature of older adults’ knowledge on their memory performance (e.g., Badham, Hay,
Foxon, Kaur, & Maylor, 2015; Castel, 2005; Hess, 1990, 2005; Hess et al., 1989; Hess &
Tate, 1992; Laurence, 1967a, 1967b; Matzen & Benjamin, 2013; Sitzman et al., 2015),
but adds to it with evidence that the stability of access to their knowledge may be
critical in older adults’ application of what they know.

Fundamentally, these experiments indicate that prior knowledge is an important
factor in understanding older adults’ reduced suggestibility following misleading con-
tent that contradicts general knowledge and may even be the driving factor. Episodic
memory failures are involved in much of older adults’ memory performance and likely
contribute to older adults’ reduced suggestibility here, but they are neither the sole nor
the primary contributor. Older adults do have more knowledge to bring to bear than
younger adults and thus are more likely to successfully do so. Older adults also gain
access to more of their knowledge bases over time, contributing to their reduced
suggestibility to contradictions to general knowledge. In combination with a tendency
to rely more heavily on their stable knowledge, older adults are especially insulated
against misleading information that contradicts general knowledge about the world.
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Importantly, the present work provides extensions to and future directions for our
understanding of how prior knowledge influences older adults’ remembering (for a review,
see Umanath & Marsh, 2014). Under some circumstances, older adults spontaneously apply
their intact knowledge (e.g., Caplan & Schooler, 2001; Castel, 2005), whereas in other cases,
they need to be explicitly instructed to do so in order to bolster their memory performance
(e.g., Hultsch, 1971; as cited by Botwinick, 1984; Naveh-Benjamin, Craik, Guez, & Krueger,
2005). As yet, the factors that lead older adults to spontaneously use their knowledge have
been undefined, but the results of the current studies provide some direction: The
consistent accessibility of relevant knowledge may affect the circumstances under which
older adults apply their knowledge when remembering. Perhaps when the relevant knowl-
edge is stably accessible, older adults are likely to spontaneously apply it, whereas when it
is marginal or otherwise more difficult to access, explicit instructions to apply the knowl-
edge or environmental support are needed. Such a possibility would fit with stable knowl-
edge being automatically accessed and applied via top-down attention processes (Hess,
1990; Labouvie-Vief & Schell, 1982). More work exploring the relationship between the
stability and accessibility of knowledge and older adults’ use of that intact knowledge is
needed. For instance, we know that knowledge is not all or none or even able to be best
categorized as stable, marginal, or nonexistent. The present study examined prior knowl-
edge in a rather coarse fashion, though it was an important first step. Understanding the
way that older adults use their marginal knowledge more broadly and examining suggest-
ibility following contradictions to marginal knowledge are also clear avenues for future
work. Overall, the current findings add to the growing literature demonstrating beneficial
aspects of prior knowledge in older adults’ remembering and critically, draw attention to
the importance of considering ways in which prior knowledge can be utilized to improve
and even protect older adults’ memories.

Notes

1. For Experiment 1b, half of the participants received additional final test instructions: They
were asked to answer as quickly as possible with the first answer that comes to mind,
strongly emphasizing speed of response. To encourage adherence, the final test was oral
such that all participants, regardless of instruction condition, verbally responded.
Participants with the speeded instruction were reminded of that instruction periodically
(every eight questions); for parallelism, the other participants were reminded to speak
clearly into the microphone. Furthermore, during the final test, an experimenter (blind to
condition) was present, pressing the key to move on to the next question in order to (1)
increase the accuracy of recorded reaction times and (2) add a physical reminder for
participants to follow instructions. The first two questions were filler questions in order to
acclimate them to the verbal responding. However, this manipulation did not affect any
others and is therefore collapsed over and not discussed further.

2. After the first session, the experimenters asked older adult participants not to look up
answers and followed up with them at the second session. The two older adults who did
admit to looking up answers were excluded from the analyses. Though younger adults were
not systematically instructed against looking up answers between the sessions, their very
low levels of marginal knowledge suggested that they too did not.

3. Most of the marginal knowledge came from participants answering questions correctly on
the second general knowledge survey: Older adults answered 23% of questions correctly
while younger adults answered 10% correctly for which they had previously answered
either “I don’t know” or given another wrong answer. Participants more rarely
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demonstrated correct knowledge on the first test and then failed to produce the correct
answer on the second test: 5% for older adults and 3% for younger adults. This pattern of
data is consistent with older adults’ word-naming failures and recoveries (e.g., Barresi et al.,
2000).
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