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Abstract

Eyewitness memory accuracy is influenced by both memory and metamemorial
processes. Two factors that affect these cognitive processes and the reliability of eyewitness
memory are age and exposure to misleading post-event information (PEI). The current study
examined how providing metamemorial support through warnings and the opportunity to
withhold answers impacted older adults’ memory and metamemory performance in the face of
misinformation. In two experiments, older adults were presented with a video depicting a non-
violent crime and were subsequently presented with an auditory summary of that video (post-
event information; PEI) containing misleading details. Participants were randomly assigned to
either receive a warning after the PEI or to not receive a warning. Participant’s performance on a
forced report and free report memory test, as well as confidence estimates corresponding to their
answers, were evaluated for memory and metamemory performance. I tested the impact of
warning across two experiments using different versions of the forced report memory test.
Experiment 1 employed a 4 alternative force choice (4-AFC) memory test, that increased the
likelihood of familiarity-based responding. Experiment 2 employed a cued-recall test that
required more engagement of recollective processes and effortful retrieval. Results demonstrated
that older adults exhibited the misinformation effect across both experiments. However, older
adults were able to effectively control their memory output by withholding incorrect and/or
misleading details. Warnings did not improve older adults’ memory and metamemorial

Processces.
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Understanding the Effects of Misinformation on Eyewitness Memory in Older Adults

Eyewitness testimony can be fallible and can have real-world consequences (Greene &
Loftus, 1984). For decades, research has shown that eyewitness memory is prone to distortion
and errors (Loftus, 1981) and is vulnerable to the exposure of misleading post-event information
(PEI) that impairs the memory of the original event (Loftus et al., 1978). Incorrect PEI has been
well-established to interfere with event memory, a distortion referred to as the misinformation
effect (for review see, Loftus, 2005; McCloskey & Zaragoza, 1985). This vulnerability is
sometimes exacerbated by age, with past work showing that older adults are especially
susceptible to memory errors caused by misinformation (Bulevich & Thomas, 2012; Mitchell et
al., 2003; Roediger & Geraci, 2007; Bornstein et al., 1995; Mueller-Johnson & Ceci, 2004). Two
methods prevalent in prior work that have been shown to be effective in reducing susceptibility
to misinformation are warnings (for review see, Blank & Launay, 2014) and the ability to
volunteer or withhold retrieved information (Bulevich & Thomas. 2012). However, the two have
not been utilized together in order to examine how they influence memory retrieval and impact
one another to influence metamemorial processes in older adults.

Retention, Monitoring & Control

In the courtroom, eyewitnesses on the stand are asked to tell “the truth, the whole truth,
and nothing but the truth”. To do so, a witness must consider a multitude of things such as
evaluating what they remember, how confident they are in their memory, and many others before
deciding to either answer the question or refrain from doing so. Koriat and Goldsmith (1996)
presented a framework that allowed for examining the independent contributions of these factors
to overall memory performance. Within the Quality-Accuracy Performance (QAP) framework,

Koriat and Goldsmith allowed for the measurement of three primary factors: retention,



metamemorial monitoring, and metamemorial control. Retention is the ability to retrieve
previously learned information (i.e., recalling what details one had witnessed from a crime).
Once details have been recalled, the next step is monitoring, which is the process of evaluating
the retrieved information (i.e., confidence). The final step is control, which is the strategic
regulation of memory output, or the strategic decision making of whether to volunteer or
withhold responses. This framework allows for an empirical investigation of the experience of
retrieving and reporting information under various external incentives.

Older adults have been shown to have similar monitoring abilities compared to younger
adults when task demands are low (Daniels et al., 2009). Daniels et al. (2009) demonstrated this
by having younger and older adults study words, make judgments of learning (JOLs), and later
complete memory tests (recognition or cued recall). Specifically, in less demanding recognition
tasks, older adults showed similar accuracy in their JOLs compared to younger adults. However,
in the more cognitively demanding cued-recall tasks, which required participants to generate
items from partial cues, older adults exhibited reduced monitoring accuracy. This finding
suggests that while older adults can effectively monitor their learning under simple retrieval
conditions, increased cognitive demands associated with tasks like cued recall significantly
diminish their monitoring accuracy (Daniels et al., 2009).

Older adults have also been shown to demonstrate reliable metacognitive control when
provided scaffolding for their memory. For example, older adults have been shown to
strategically regulate their memory by selectively allocating cognitive resources toward high-
value information, often through deliberate and controlled processes that compensate for declines
in cognitive capacity associated with aging (Castel, 2008; Murphy & Castel, 2024). Specifically,

research indicates that older adults become adept at managing memory deficits by prioritizing



retrieval processes that target highly valuable or meaningful details at the expense of less critical
information when given a task to do so (Murphy & Castel, 2024). This selective memory
approach is supported by metacognitive judgments and value-directed remembering paradigmes,
where older adults demonstrate the capability to strategically control their attention and retrieval
efforts in alignment with task demands and the perceived value of information (Murphy &
Castel, 2024; Castel, 2008).

These studies demonstrate that older adults have intact monitoring and intact control.
These processes are crucial in an eyewitness memory task where participants are required to
accurately remember a prior event. In such a task, participants are asked to rate the confidence of
their recollections and exercise control over their answers by withholding or submitting details.
Participants may better withhold incorrect answers and submit correct answers if they are able to
accurately rate their confidence in those answers as low. In fact, research has consistently
demonstrated that monitoring affects control. For example, Recent work by DeCaro and Thomas
(2020) demonstrated that when older adults were explicitly prompted to retrieve target
information prior to making judgments of learning (JOLs), the retrieval attempts influenced both
their reaction times and the likelihood of selecting items for further study. Specifically,
participants spent more time attempting retrieval for items they judged as difficult (low JOLs),
and these same items were more frequently selected for restudy. This indicates a direct
relationship between monitoring (JOLs) and subsequent control decisions (restudy choices),
suggesting that the retrieval attempts prompted by monitoring judgments directly guide learners’
strategic regulation of study resources.

Importantly, this relationship between monitoring and control decisions should generalize

to eyewitness memory tasks, whereby confidence judgments guide older adults’ decisions about



whether to withhold or report retrieved information. Indeed, Bulevich and Thomas (2012)
demonstrated that older adults’ decisions to withhold retrieved information in eyewitness tasks
were directly mediated by their confidence levels, underscoring that confidence serves as a
critical monitoring mechanism guiding strategic regulation during retrieval. Thus, despite
differences in task measures, confidence judgments should similarly inform older adults’
withholding decisions in the current study.

QAP and Misinformation in Older Adults

Koriat and Goldsmith’s (1996) QAP framework allows researchers to directly examine
the relationship between retention, monitoring and control. Memory retention is evaluated by
measuring performance on the forced report test. Monitoring performance is measured by
examining the relationship between the confidence and accuracy of participants’ answers.
Control performance is assessed by the ability to withhold incorrect answers on the free report
test. This task additionally allows for the calculation of the level of confidence above which
participants choose to submit an answer or submission criterion. Thus, researchers can observe
how retention monitoring and control are impacted by misinformation through its differential
impact on these measures.

Prior work utilizing the QAP framework with older adults demonstrated that the presence
of misinformation or deceptive items resulted in a diminished ability to effectively monitor and
control one’s memory (Kelley & Sahakyan, 2001; Jacoby et al., 2005; Bulevich & Thomas,
2012). Additionally, Pansky et al. (2009) found that in a naturalistic memory task, older adults
had lower overall memory performance than young adults. Older adults had a more liberal
submission criterion and had reduced control sensitivity in weeding out errors. Researchers also

found that older adults volunteered more incorrect details.



This pattern was further examined in the context of an eyewitness misinformation
paradigm by Bulevich and Thomas (2012). In their first experiment, participants watched an
episode of a TV show to serve as the witnessed event. Participants were then given a synopsis of
the episode that they watched (PEI) which contained misleading and consistent details.
Participants then took a forced report memory test, where they were required to answer every
question. They also provided confidence judgements for each answer. Following participants
took a free report test where they had the opportunity to withhold answers previously given on
the forced report test.

Older adults displayed lower retention than younger adults, and both groups showed
reduced retention on misleading items, as demonstrated by performance on the forced report test.
In line with prior work (Kelley & Sahakyan, 2001; Dodson et al., 2007; Dodson & Krueger,
2006), Bulevich and Thomas (2012) found that older adults demonstrated disruptions in
monitoring efficacy on misleading trials, demonstrating a pattern of overconfidence. Older adults
were also less likely to withhold incorrect details, known as gains, on misleading trials,
indicating a lack of effective control. Additionally, older participants’ submission criteria were
lower than those of younger adults, indicating that older adults were less selective in choosing
answers to report, potentially increasing their risk of reporting inaccurate or misleading
information. This is particularly important as it highlights how shifts in monitoring and control
strategies with age may compromise the accuracy of eyewitness testimony, underscoring the
need for further interventions to guide older adults’ memory reporting decisions.

In Experiment 2, Bulevich and Thomas (2012) did just that by provided participants with
detailed supportive instructions regarding how to make memory decisions. The “supportive

instructions” contain detailed instructions on how to best recall details, with an emphasis on



context, as well as how to evaluate a memory’s accuracy. The aim of these supportive
instructions was to increase retrieval effort in order to encourage the effective use of source-
specifying cues. Retrieval effort describes the cognitive work invested in bringing a memory to
consciousness (Buckner et al., 1998; Barzykowski et al., 2021). It encompasses both the
difficulty and duration of the retrieval attempt, with greater effort reflecting a deeper, more
exhaustive search process. When supportive instructions were paired with the use of a cued
recall task, older participants’ memory and metamemorial performance on misleading trials
drastically improved. Older adults no longer showed a mismatch of confidence and accuracy in
misleading trials, they demonstrated gains, and their submission criteria changed to effectively
withhold misleading information on the free report test. The results of this study’s two
experiments demonstrate that older adults’ ability to monitor and control seems to be impaired as
compared to younger adults by the presence of misinformation. However, older adults have the
capacity to monitor and control effectively when given additional support to do so through
supportive instructions and cued recall.
Using a General Warning to Resist Misinformation

Thomas et al. (2010) found that when participants were warned about the unreliability of
the source of post-event information, younger participants were better able to resist
misinformation. Similar warnings have been shown to be effective in reducing susceptibility to
misinformation across various studies (for meta-analysis see, Blank & Launay, 2014). Karanian
et al. (2020) investigated the mechanisms by which these warnings reduce susceptibility to
misinformation using neuroimaging techniques and found evidence that warnings influence not
only memory retrieval but also the mental reinstatement of an original event’s context or source

memory. In Karanian et al. (2020) participants first watched a clip from a film which served as



the original event. After an initial memory test, participants were placed in an fMRI scanner to
listen to an audio narrative that summarized the clip and contained misleading details. This was
done so that the original event and PEI would result in differential brain activations, with the
original event engaging visual regions and the PEI engaging auditory regions. Crucially, some
participants received a warning prior to the final memory test. By observing brain activity as
participants answered questions, the study showed that the effective use of warning to reduce
misinformation susceptibility was associated with the reactivation of brain regions associated
with visual activity and the reduction of activation of brain regions associated with auditory
activity. Simply, warned participants were more likely to activate brain regions associated with
the accurate source more often than participants who were not warned. Warnings also have been
shown to reduce confidence in memory on all trials, including misleading ones (Karanian et al.,
2020). This could be because it made the participants more cautious and unsure of their answers.
Warnings differ from supportive instructions in their specificity and directiveness.
Supportive instructions explicitly guide individuals toward effective retrieval strategies, such as
emphasizing source-specifying cues and deeper memory searches, thus enhancing retrieval effort
(Bulevich & Thomas, 2012). In contrast, warnings function as more general, indirect prompts
intended to induce caution without providing explicit retrieval strategies. Despite this difference,
I hypothesized that warnings could similarly influence older adults” metamemorial control and
monitoring by increasing their wariness of misinformation. By serving as a situational demand,
warnings may prompt individuals to more thoroughly evaluate retrieved details, thus raising their
submission criterion. Consequently, I expected warnings to produce benefits analogous to
supportive instructions by indirectly encouraging strategic regulation during memory reporting,

particularly on misleading trials where older adults might otherwise be overly confident and less



selective. I thus aimed to evaluate the effect of warnings on retention, monitoring, and control in
the current study.
Present Study

The present study utilized the QAP methodology paired with warnings in a standard
misinformation experimental design to examine whether warnings can improve memory,
monitoring performance, and control of memory in older adults. Older adult participants watched
a short clip from a movie without dialogue in which a variety of non-violent crimes are depicted
(the original event). After a short filler task, participants were asked to listen to an audio
narrative. The audio narrative, which served as the post-event information, is a summary of the
details from the original event and contains details that are either consistent with the original
event, misleading (conflicting with the original event), or neutral (adding no additional
information). Participants were randomly assigned to one of two warning groups prior to the
task: post-warning, where the warning was presented after the post-event information, and no
warning, where no warning was presented to the participant. After receiving all the necessary
instructions for their assigned condition, the participants took a 4-AFC recognition memory test
(Experiment 1) or a cued recall test (Experiment 2) about their memory for the original event.
After each question participants were asked to rate their confidence in their answers. The forced
report memory test was then followed by a free report test, where participants were re-presented
with their answers from the forced report test and asked to submit only answers they were certain
were correct.

I chose to utilize a 4-AFC recognition test for Experiment 1 because this format
specifically targets familiarity-based biases in confidence, thereby allowing for the investigation

of whether warnings can attenuate these biases. According to Yonelinas (2001), recognition



judgments can be based either on recollection, involving the conscious retrieval of specific
episodic details, or on familiarity, a strength-based sense of prior exposure. Familiarity is
particularly influential when recognition judgments are based on choosing among multiple
provided alternatives, as familiar but incorrect lures artificially elevate confidence ratings
(Yonelinas, 2001). Consequently, a 4-AFC recognition task challenges accurate metamemorial
monitoring by introducing plausible and highly accessible misinformation options, inflating
participants’ confidence and thus impairing their ability to effectively evaluate their own
memory accuracy. This biased monitoring can negatively impact subsequent control decisions,
as inflated confidence makes participants more likely to submit incorrect details rather than
withhold them. Therefore, implementing a 4-AFC recognition test in Experiment 1 allows me to
assess whether warnings can specifically reduce these familiarity-based biases in confidence and,
consequently, lead to improved monitoring and control in older adults.

In comparison, cued recall, as used in Experiment 2, still requires a response on every
trial but induces greater retrieval effort. Unlike recognition, where participants often rely on the
familiarity of options, cued recall requires the individual to actively generate a response,
reducing the opportunity for familiarity-based responding. As a result, the differences in
monitoring and control performance between forced and free report tests may be less pronounced
with cued recall, since participants are already engaging in more effortful retrieval from the
outset. Prior work (Bulevich & Thomas, 2012) has shown that when older adults are encouraged
to exert more effort during retrieval, through the use of supportive instructions in addition to
cued recall, they are better able to monitor and control their memory performance. By using a
cued recall format in Experiment 2, [ aimed to test whether warnings might support older adults’

post-retrieval monitoring by encouraging them to more effortfully consider the source of their



memory. In this way, warnings may help reduce the likelihood that participants commit a source
monitoring error, or misattribution of a suggested item from the PEI’s source to the original
event. If warnings prompt more cautious responses, | expect to see improvements not just in
monitoring but also in control, with older adults setting a more conservative submission criterion
and withholding misinformation more effectively.
Experiment 1

I hypothesized that warnings would be effective in improving retention on misleading
trials on the forced report memory test by reducing misinformation susceptibility. Prior research
(e.g., Thomas et al., 2010) has indicated that a warning provided prior to retrieval can reduce
susceptibility to misinformation within a recognition task in younger adults. I hypothesized that
older adults would be able to utilize these same warnings to show benefits on retention as
younger adults did. I also hypothesized that warnings would improve monitoring, specifically the
relationship between monitoring (confidence) and accuracy on the forced report task on
misleading trials. Prior work has suggested that situational demands can impact the monitoring
phase (Bulevich & Thomas, 2012). Warnings have also been shown to impact monitoring by
reducing average confidence (Karanian et al., 2020). Thus, it could be possible that warnings
could be beneficial to older adults by reducing overconfidence on misleading trials. Any
improvements to monitoring could have downstream consequences on the free-report memory
test, where older adults would be able to exhibit better control when given a warning. With the
assumption that monitoring influences control (Nelson & Narens, 1990), it is reasonable to
assume that if warnings impact monitoring, they should also impact the participants’ submission
criteria and confidence in the retrieval process. Therefore, I hypothesized that older adults would

demonstrate improved control on misleading trials, withholding low confidence incorrect



information on the free report task, when given a warning. Support for these hypotheses could
indicate that differences in monitoring and control are crucial factors underlying misinformation

susceptibility in older adults.



Methods Experiment 1

Participants

I collected a total of 100 participants (100 older adults). Participants were 67.06 years old
on average (SD = 4.67, range = 60-80) and mostly evenly split by gender (female, n = 52; male,
n =47; non-binary, n = 1). A power analysis was conducted in G*power using prior work on
younger adults (a0 = .05, power = .80), which indicated a sample size of 27 participants per
condition to achieve adequate power (Thomas et al., 2010). However, due to a lack of prior
research with the older adult population and online administration of this paradigm, I aimed to
run 50 participants per group. Data was collected using Prolific’s online study recruitment
platform. Participants were provided monetary compensation of $8 an hour for their time. The
participants were randomly assigned to one of two warning groups: no warning and post-
warning. Participants who failed attention checks or did not pass other exclusion criteria were
excluded from the final analysis [failed attention check, n = 62; duplicate participants, n = 2; did
not meet age criteria, n = 4, did not complete task, n = 2; spent too much time on original event
(longer than 7 minutes after event video ended), n = 8; outlier (SD>2.5) in average forced report
memory performance, n = 3; outlier (SD>2.5) in amount of time spent on task, n = 4]
Materials

The materials that were utilized for the video of the witnessed event, audio narration of
the PEI, warning instructions and forced report memory test are taken from Karanian et al.
(2020) to be able to replicate warning findings. The exact task instructions were similar but not
the same. Changes were made to make the test suitable to the format of the current study’s

testing system (Qualtrics).



Video of Witnessed Event. An event was presented to participants during an encoding
period that served as the original or witnessed event. This was a 22-minute video clip from the
movie Rififi (Bezard et al., 1955). The movie is in black and white and is a film with no dialogue
but contains sound effects. The clip depicts the burglary of a jewelry store, perpetrated by several
assailants. Participants were instructed beforehand to pay attention to the video as they would be
asked questions about the event later in the task.

Audio-narrative PEI. After watching the video, participants were provided with post-
event information in the form of an audio narration of a synopsis of the witnessed event. This
audio is recorded by a female speaker and consists of 115 sentences spoken at a rate of 135 to
160 words per minute that follow the chronological order of the original event. Of the 115
sentences spoken, 24 contain critical details that were tested during the memory test phase. There
were 8 critical sentences of each trial type: consistent, misleading, and neutral. Each critical
sentence was separated by at least 3 non-critical sentences. The information provided within
these sentences either accurately described a detail from the witnessed event (consistent) (e.g.,
“Revealed at the bottom of the case is a rope.”), inaccurately described a detail from the
witnessed event (misleading) (e.g., “Revealed at the bottom of the case is a towel.”), or provided
a detail that was neither accurate nor inaccurate information (neutral) (e.g., “Revealed at the
bottom of the case is a useful object.”’). Information presented within critical sentences were
counterbalanced to account for item effects with respect to trial type. All other non-critical
sentences, represent an accurate summary of the original event making the majority of the audio
narrative accurate.

Warning. Participants were randomly assigned to one of two warning groups. The

warning is a set of instructions that inform the participant about the audio narrative (PEI). The



warning brings into question the veracity of the PEI and instructs participants to base their
answers on the final test only on their memory of the witnessed event and not the audio narrative
(Exact warning instructions are provided in the Appendix). The post-warning group received the
warning after the audio narrative and prior to the forced report memory test. The no-warning
group did not receive a warning throughout the task.

Forced Report Memory Test. Participants were given a forced report memory test after
the original event and audio narrative were presented. The test consisted of 24 questions that test
the participant’s memory for the critical details (consistent, misleading, or neutral) from the
originally witnessed event. The participants were required to respond to every question and were
instructed to answer every question to the best of their abilities, even if they have to guess. Each
question was a four-alternative forced-choice recognition question, presented one at a time and in
chronological order (the order in which the events occurred in the video). Four alternatives were
provided for each question in random order: one of them being the correct answer as was shown
in the video, one of them being the misleading detail, and two highly plausible lures. For
example, a question about critical information would be “What item is shown to be at the bottom
of the tool case once the tools are removed?”” and the options would be “Rope” (correct detail),
“Towel” (misleading detail), “Knife” and “Shovel” (two plausible lures). After completing each
question, participants were asked to provide a numerical rating of their confidence in their
answer on a sliding scale from 0 (complete guess) to 100 (completely confident). The memory
test and confidence judgments were self-paced, and participants were not able to return to a
question they had completed.

Free Report Memory Test. After completing the final memory test participants were

provided with instructions that they are an eyewitness that must tell only the truth and “nothing



but the truth”. Following these instructions is the free report memory test, where participants
were presented with each question of the forced report memory test as well as their prior answer
for that question. The participants were then asked to indicate whether they believed the answers
they previously provided on the forced report memory test were correct or incorrect. This served
as their decision to withhold or submit a detail. This was done for each of the 24 questions about
the critical details. This is the QAP methodology (Koriat & Goldsmith, 1996)

Procedure. Participants underwent an experiment where they watched a short clip from a
movie and subsequently received an audio narrative summarizing the same clip. After which
participants took a forced report memory test, reporting their confidence for each question, and
then took a free report memory test. A diagram of the procedure can be observed in Figure 1.
The experiment consisted of four primary stages: the video of the witnessed event, the audio
narrative summarizing the witnessed event containing some misleading details, the forced report
memory test, and the free report memory test (QAP). Participants began the experiment by first
watching the video of the witnessed event on their home computer. Upon completion, the
participants underwent a filler task for 10 minutes in which they were instructed to complete
Sudoku puzzles. This filler task served as a distractor task to ensure that the participants would
not be repeating the witnessed material and that performance on the memory tests would not be
at ceiling. After the filler task they were provided with the audio narrative and directed to pay
close attention to it. The duration and selected task materials were used to replicate prior work
(Karanian et al. 2020). Depending on the warning group assigned, participants received a
warning after the audio narrative (post-warning) or received no warning at all (no-warning).
After the audio narrative and having either received no-warning or received the warning,

participants took the forced report memory test, where they were required to answer each



question and provide a confidence estimate for their answer. After which, they were re-presented
with those answers during a free report memory test and decide whether their previous answers
are correct or not. Finally, participants completed a visual vividness questionnaire and a
demographic questionnaire.
Analyses Conducted Experiment 1

The experimental design is a 2 x 2 mixed design. The variables were warning group (no-
warning or post-warning) and trial type (misleading or neutral). Because my hypotheses
specifically focused on misinformation susceptibility, I did not analyze consistent trials. Warning
group and age are between-participants variables and trial type is a within-participants variable.
The data was analyzed with a 2 x 2 mixed measures Analysis of Variance (ANOVA) in JASP
(version 0.18.3) to observe the effects of warning group and trial type on various measures of
memory and metamemory. Memory performance on the forced report memory test and the free
report memory test was broken down by trial type (misleading and neutral). Memory
performance on the forced report test was calculated by dividing the number of questions the
participant answered correctly by the total number of questions within each trial type. Memory
performance on the QAP, or free report test, was calculated by dividing the number of questions
the participant got correct on the forced report memory test and then chose to submit on the free
report memory test, by the total number of submissions on the free report memory test within
each trial type. Misinformation selection was calculated by dividing the number of times a
participant selected the misleading option by the total number of questions within misleading
trials.

Additional analyses were conducted for metacognitive accuracy by computing a weighted

confidence score for each participant for each trial type by weighing the confidence estimates at



test with the participants’ accuracy on the forced report memory test to account for different
numbers of observations across each trial. The method of calculating weighted calibration error
was done using methods from prior work (Schraw, 2009). This was done by first binning
participant confidence ratings from the forced report memory test into 12 bins with 10 equally
sized bins and bins for 0 and 100. This was then compared with how frequently participants got
answers with a given confidence rating correct. By comparing the value of their confidence to
their accuracy, I was able to see how much error was present between participants’ belief of their
performance and their actual performance, thus allowing me to evaluate monitoring
performance.

The submission criteria (PRC) is a value that depicts the confidence threshold above
which a participant decided to submit a correct answer on the QAP (Koriat & Goldsmith, 1996).
PRC was calculated using the participants' confidence scores, accuracy, and decision to submit
answers on the free report. By finding the fit ratio, or ratio of hits (correct submissions above
confidence) and correct rejections (inaccurate answers withheld) for every confidence estimate
provided, I can find the PRC, which is the confidence value that maximizes the fit ratio. The
confidence scale we utilized asked participants to respond on a 0 to 100 scale with 0 being
labelled as “complete guess”. However, for the sake of the PRC calculation, a lower limit of 25%
is more appropriate as that is reflective of the confidence of a complete guess on a 4 alternative
forced choice. Thus, prior to the calculation of the PRC’s of each participant, confidence values
below chance (25%) were treated as 25% for the calculation.

To observe the ability of participants to monitor and control on the free report memory

test, gains and losses were calculated. Gains are the proportion of total answers that were correct



rejections and losses are the proportion of total answers that were incorrect rejections (accurate
answers withheld).

A 2 (trial type: misleading, neutral) x 2 (warning: no-warning, post-warning) mixed
measures ANOVA was conducted in JASP (version 0.18.3) for each dependent variable of
interest, including memory performance on the free and forced report memory test,
misinformation selection, confidence estimates, weighted calibration error of confidence, PRC,
gains, and losses. Tukey’s correction for multiple comparisons was used for all pairwise
comparisons.

To quantify evidence for the absence of effects, we complemented the frequentist mixed
ANOVAs with Bayesian mixed (repeated measures) ANOVAs in JASP (version 0.18.3;
Wagenmakers et al., 2018a,b). Fixed factors matched the frequentist models with trial type as a
within participants factor and warning group as a between participants factor, and participant
entered as a random factor. Following JASP’s Bayesian ANOVA implementation, model
comparison evaluates the predictive performance of competing models rather than variance
partitioning, and assigns equal prior model probabilities before updating these with the observed
data . Unless noted otherwise, we used the default multivariate Cauchy priors for ANOVA
effects as recommended for Bayesian ANOVA in JASP (Rouder et al., 2012; van den Bergh et
al., 2019; Goss-Sampson, 2020; JASP Team, 2020). Because our interest is in null effects, we
report Bayes factors as BFo1 wherever the null is favored, treating Bayes factors as a continuous
measure of evidence and using conventional descriptive labels only as heuristics (e.g.,

“anecdotal,” “moderate,” “strong”; Jeffreys, 1961; Lee & Wagenmakers, 2013).



Results Experiment 1

Retention: Forced report memory performance

Performance on the forced report memory test was calculated as a proportion for each
subject and was calculated as the number of correct answers out of the total number of questions.
This served as my measure of retention of participants. The results of the forced report memory
test can be seen in Figure 2. There was a main effect of trial type on forced report memory
performance (F [1,98] =20.89, p <.001, 5,° = .18). Participants’ retention was lower on
misleading trials (M = .59) compared to neutral trials (M = .71). There was no effect of warning
group on memory performance (£ [1,98]=.01,p = .91, 5,° =.0001 , BFo1 = 5.44). Additionally,
I did not see the expected interaction between warning group and trial type (£ [1,98] =1.69, p =
20, n,° = .02, BFo1 = 2.17) where warnings may have supported recognition memory for
misleading trials.
Retention.: Misinformation Selection

Retention can be further measured by examining misinformation selection or how often
participants selected the misleading detail on the forced report test (Figure 3). As expected, I
observed an effect of trial type on misinformation selection (F [1,98] =42.18,p <.001, 5,° =
.30) where the rate of misinformation selection was greater on misleading trials (M = .34) as
compared to neutral trials (M = .17). This further supports the negative impact of misinformation
on retention. There was no effect of warning group on misinformation selection (£ [1,98] = .02,
p = .88, 1,°=.0002, BFo1 = 5.87) and there was no interaction between warning group and trial
type for misinformation selection (F [1,98] = 1.22, p = .27, 5,° = .01 , BFo1 = 2.47).

Monitoring: Confidence



I also measured post-retrieval confidence to examine participants’ monitoring during the
forced report memory test (Figure 4A). Confidence was higher on misleading trials (M = .72)
than on neutral trials (M = .72, F [1,98] = 18.21, p <.001, 5,°=.16). Warning group did not
significantly impact participants’ confidence estimates (F [1,98] =2.76, p = .10, 5,° = .03 , BFo1
= 1.24) and did not interact with trial type (F [1,98] =2.41,p = .12, ,° = .02 , BFo1 = 1.56).
Monitoring: Calibration Error

Monitoring accuracy was examined by analyzing weighted calibration error (Figure 4B).
Calibration error was greater on misleading trials (M = .23) as compared to neutral trials (M =
17; F[1,98]=15.87, p <.001, ,°=.14). These findings suggest that metacognitive accuracy
seems to be negatively impacted by the presence of misleading information. Warning group did
not impact weighted calibration error (F [1,98] = .11, p = .11, 5,° = .001 , BFo1 = 5.34) nor
interacted with trial type (¥ [1,98] = 1.80, p = .18 , 5,° = .02 , BFo1 = 1.95).
Control: Free report memory performance

Memory performance on the free report test refers to the proportion of correct answers
from the forced report test that participants chose to submit when given the option withhold
answers. Forced report accuracy was calculated as a proportion based on the total number of
correct answers submitted out of the total number of answers submitted. As Figure 5 illustrates,
memory performance on the free report test was lower on misleading trials (M = .66) as
compared to neutral trials (M = .81; F [1,98] =29.54, p <.001, 5,°= .23). This demonstrates that
the misinformation effect persists even when the option to withhold is provided. Despite the
presence of this misinformation effect, there was improvement in memory performance on the
free report memory test as compared to the forced report memory test. Yet again I saw no effect

of the warning group on memory performance (£ [1,98]=.04, p = .84, 5,° =.0004 , BFo1 =



5.23), as well as no interaction between the warning group and trial type (F [1,98]=1.22,p =
27 ,n° = .01, BFo1 = 3.29). This suggests that even when given the option to withhold answers,
participants were unable to use warnings to improve their memory performance.

Control: Gains and Losses

By observing the frequency of correctly withheld answers, I can see the gains in memory
performance obtained through effective withholding of incorrect answers. Gains were calculated
by taking the questions participants answered incorrectly on the forced report memory test and
subsequently withheld on the free report memory test as a proportion of the total number of
questions. On average, participants achieved gains of about 13.5%, meaning participants were
able to withhold incorrect answers on the free report memory test that equated to 13.5% of the
total number of questions on the memory test. Results for gains are depicted in Figure 6A. Trial
type did not play a significant role in participants ability to exhibit gains (¥ [1,98] = 1.64, p = .20
, 1> = .02, BFo1 = 2.92). There was no difference between warning groups in the ability to
exhibit gains (F [1,98] =.10, p = .75, ,° = .001 , BFo1 = 5.11) and no interaction between
warning group and trial type (F [1,98] = .15, p = .70 , ,° = .002 , BFo1 = 6.75), suggesting that
warnings did not improve older adults’ ability to effectively control their retrieval.

Losses were calculated by taking number of questions participants got correct on the
forced report memory test and subsequently withheld those to correct answers on the free report
memory test as a proportion of the total number of questions. Participants observed an average
rate of losses of about 11% (Figure 6B). Participants showed fewer losses on misleading trials
(M = .08) as compared to neutral trials (M = .14; F [1,98] = 14.02, p <.001, 57,°= .13). Warning

group did not impact the rate at which people exhibited losses (F [1,98]=1.19,p = 27 , 5, =



.01 , BFo1 = 2.95) and there was no interaction effect present (F [1,98] =1.19, p = .28, ,° = .01
, BFo1 = 2.81).
Control: Submission Rate

Submission rate, or number of answers submitted on the free report as a proportion of the
total number of questions, allows me to better understand trends seen in losses and gains (Figure
7). Participants submitted answers more often on misleading trials (M = .79) than on neutral
trials (M = .71; F [1,98] = 12.20, p <.001, ,°=.11). Warning group did not affect the
submission rate of participants (F [1,98] = .22, p = .64 , 5,° = .002 , BFo1 = 4.16) and did not
interact with trial type (¥ [1,98] = 1.05, p = .31, 5,° = .01 , BFo1 = 2.99).
Monitoring & Control: Submission Criteria

Submission criterion refers to the level of confidence above which participants choose to
submit an answer and below which they choose to withhold an answer (Figure 8). It is calculated
by finding the confidence value each participant chose that maximizes the fit ratio, or ratio of
correct submissions above the given confidence and inaccurate answers withheld below the
given confidence. To observe the ability of participants to control on the free report memory test,
gains and losses was calculated. Neither trial type (F [1,98]=2.91, p = .09, 5,° = .03 , BFo1 =
1.65) nor warning group (F [1,98] = .53, p = .47 , n,° = .005 , BFo1 = 3.90) impact the
submission criterion of participants. There was no interaction effect for submission criteria (¥
[1,98]=.09, p = .47, n,* = .0009 , BFo1 = 4.64).

Discussion Experiment 1

The primary goal of Experiment 1 was to determine whether warnings and having the

opportunity to withhold answers using a free report memory test could help older adults

overcome the misinformation effect within a recognition memory paradigm. Contrary to my



hypotheses, evidence suggested warnings did not reduce misinformation susceptibility in older
adults. Additionally, Bayesian analyses provided moderate support for the null hypothesis that
performance in the warning groups did not differ for measures of retention, gains and weighted
calibration error. Only anecdotal evidence was found for the null with regards to the interaction
effect for these same measures other than those of control. However, older adults did effectively
regulate output by withholding misleading information when given the opportunity on a free
report test. Although participants improved performance on the free-report test, they continued to
demonstrate the misinformation effect, with worse performance on misleading as compared to
neutral trials.

Past work has shown that when older adults were provided with supportive instructions
prior to testing they no longer showed deficits in memorial and metamemorial processes
following exposure to misleading information (Bulevich & Thomas, 2012). Critically, Bulevich
and Thomas (2012) found that this protection from misinformation in older adults was only
present when the supportive instructions were paired with a cued recall test as opposed to
recognition. One reason why warnings may have not been effective in Experiment 1 is because a
recognition test is heavily influenced by familiarity based responding and relies less on effortful
memory search (Yonelinas, 2001).

Cued recall requires individuals to search their memory to produce an answer and relies
both on conscious recollective processes and familiarity. Memory search refers to the strategic,
effortful process of querying one’s long-term memory for specific information using retrieval
cues (Bulevich & Thomas, 2012; Kahana, 2020). However, when presented with four possible
choices as is done in a recognition test, individuals might opt to cut the memory search short in

favor of a familiarity judgment (Yonelinas, 2001; Malmberg, 2008). When opting for a



familiarity-based judgment, older adults may be missing out on the mnemonic benefits provided
by a more effortful retrieval process (Bulevich & Thomas, 2012), such as might happen in the
context of warnings.

Bulevich and Thomas (2012) demonstrated that older adults showed a protection from the
misinformation effect only with the supportive instructions were paired with cued recall. Thus,
older adults may require warnings to be paired with a more demanding retrieval task, such as
cued recall, for them to be effective. Experiment 2 aimed to test this hypothesis by investigating
whether older adults could take advantage of warnings to reduce misinformation susceptibility
during cued recall within the QAP methodological framework.

Experiment 2

By utilizing a cued recall task in Experiment 2, I sought to reduce reliance on familiarity-
based responding and encourage more effortful retrieval, potentially enhancing older adults'
ability to effectively differentiate between accurate memories and misinformation. I
hypothesized that increased retrieval effort, driven by cued recall, would create optimal
conditions for warnings to exert their influence. Specifically, warnings may prompt older adults
to adopt a more cautious retrieval strategy by encouraging deeper consideration of source-
specifying cues associated with the original event, thereby enhancing the quality of their
monitoring judgments. Consequently, improved monitoring could facilitate more effective
control decisions, allowing participants to set more stringent submission criteria and more
accurately withhold misinformation. Thus, the cued recall format in Experiment 2 provides an
ideal context to observe whether warnings can support older adults' strategic memory regulation;
an effect that was not observed under conditions that favored familiarity-based responding in

Experiment 1.



Methods Experiment 2
Participants

I collected a total of 100 older adult participants. Participants were 65.14 years old on
average (SD = 4.80, range = 60-83) and mostly evenly split by gender (female, n = 49; male, n =
50; non-binary, n = 1). Data was collected using similar strategies to Experiment 1: Prolific’s
online study recruitment platform. Participants were provided monetary compensation of $8 an
hour for their time. The participants were randomly assigned to one of two warning groups: no-
warning and post-warning. Participants who failed the inclusion criteria were excluded from the
final analysis [failed attention check, n = 90; duplicate participants, n = 2; did not meet age
criteria, n = 4, did not complete task, n = 4; n = §8; outlier (SD>2.5) in average forced report
memory performance, n = 3].

Materials

The same materials used in Experiment 1 were used in Experiment 2, with some minor
changes to the memory tests.

Forced Report Memory Test. All details remained the same with the exception that the
answer options were removed and replaced with a text entry box. For example, a question about
critical information would be “What item is shown to be at the bottom of the tool case once the
tools are removed?” followed by space for the participant to type in their answer. This makes the
forced report memory test of Experiment 2 a cued recall task.

Free Report Memory Test. All details remained the same with the exception that instead
of answer options being re-presented, participants were re-presented with what they had typed in

for their answer on the forced report memory test.



Analyses Conducted Experiment 2

I utilized the same analyses planned for Experiment 1 for the resulting data from
Experiment 2. The only difference is that misleading selection has been switched with
misleading production. As the forced report memory test was a cued recall task in Experiment 2
with no options to select from, misinformation here was produced as opposed to selected. With
that in mind, as the misleading details were plausible answers, even without ever having received
misleading details, participants can still inadvertently produce the misleading detail. This is why
it is possible to observe a non-zero value of misinformation production even on neutral trials.

The same 2 (trial type: misleading, neutral) x 2 (warning group: no-warning, post-
warning) mixed measures ANOVAs were conducted on the variables of memory performance on
the free and forced report memory test, misinformation production, confidence estimates,
weighted calibration error of confidence, PRC, gains, and losses. Tukey’s correction for multiple
comparisons was used for all pairwise comparisons once again.

The same 2 (trial type: misleading, neutral) x 2 (warning group: no-warning, post-
warning) mixed measures Bayesian ANOV As were utilized for any null findings for the
variables of memory performance on the free and forced report memory test, misinformation
production, confidence estimates, weighted calibration error of confidence, PRC, gains, and

losses.



Results Experiment 2

Results for Experiment 2 were calculated and analyzed in the same manner as was done
for Experiment 1, the only difference being that the forced report memory test was a cued recall
test. As a result of this change, misinformation selection has been changed into misinformation
production as a measure for misinformation susceptibility where production refers to the
participant writing the misleading detail as their answer.
Retention: Forced report memory performance

As in Experiment 1, retention, in the form of the forced report memory test performance,
was calculated as the proportion of the total number of questions on the forced report that the
participant answered correctly (Figure 9). I found a main effect of trial type on memory
performance, (F [1,98] = 8.36, p =.0047, n,° = .08) where participants showed reduced
performance on misleading trials (M = .45) compared to neutral trials (M = .52). I did not find an
effect of the warning group (F [1,98]=.07, p = .80, ,° = .0007 , BFo1 = 4.77), or the predicted
interaction between warning group and trial type (F [1,98] = .54, p = .46 , 5,° = .006 , BFo1 =
3.69).
Retention: Misinformation Production

Misinformation production was calculated the number of answers produced on the forced
report memory test that matched the misleading detail as a proportion of the total number of
questions. As was seen in Experiment 1, I observed an effect of trial type on misinformation
production (F [1,98] = 89.46, p <.001, 5,° = .48) where participants produced the
misinformation more often on average on misleading trials (M = .32) as compared to neutral
trials (M = .10) (see Figure 10). As was observed in Experiment 1, there was neither an effect of

warning group (F [1,98]=2.03, p = .16, 1,° = .02, BFo1 = 3.76) nor an interaction effect of



warning group with trial type (F [1,98] = .69, p = .41 , 5,° = .007 , BFo1 = 3.41) on
misinformation production.
Monitoring: Confidence and Calibration Error

Confidence was calculated as the average confidence participants reported at the forced
report memory test across each question. Unlike in Experiment 1, I did not find an effect of trial
type on memory confidence (F [1,98]=2.03, p = .16, n,° = .02, BFo1 = 2.59) (see Figure 11A).
The effect of warning was also non-significant (F [1,98] =.16, p = .69 , ,° =.002 , BFo1 =
2.67). I also found no significant interaction between warning group and trial type (£ [1,98] =
68, p =.41,n,°=.007 , BFo1 = 3.33). Similar to Experiment 1, participants had a greater
calibration error on misleading trials (M = .25) as compared to neutral trials (M = .21; F'[1,98] =
8.34, p =.0048, ,°=.04) (See Figure 11B). Again, warning group did not impact calibration
error (F [1,98]1=1.37,p = .24, 5,° = .01 , BFo1 = 3.23) and there was no interaction effect
present (F [1,98]=.002, p = .97 , 5,> = .00002 , BFo1 = 4.84).
Control: Free report memory performance

Free report memory performance was calculated as the number of questions that were
answered correctly on the forced report memory test and were subsequently submitted as a
proportion of the total number of answers submitted. Consistent with Experiment 1, I observed
significantly lower memory performance on misleading trials (M = .52) as compared to neutral
trials (M = .65; F [1,98] =14.62, p < .001, 5,°= .13), when participants were allowed to withhold
responses. I saw no effect of the warning group on memory performance (F [1,98] =.03, p = .86
, 1> =.0003 , BFo1 = 5.30), as well as no interaction between the warning group and trial type (F

[1,98]=2.21,p = .14, 5,* = .02 , BFo1 = 1.73). These results suggest that even when the



increased retrieval effort of cued recall is combined with the option to withhold, this is
insufficient in decreasing older adults’ misinformation susceptibility.
Control: Gains and Losses

Gains were calculated as the number of questions which participants answered
incorrectly on the forced report memory test and were subsequently withheld as a proportion of
the total number of questions. Losses were similarly calculated as the number of questions which
participants answered correctly on the forced report memory test and were subsequently withheld
as a proportion of the total number of questions. Compared to Experiment 1, I saw participants
achieving a higher level of gains (24%) and reduced losses (9%). I saw no effects of either trial
type (F[1,98]=.51,p = .47, ,* =.005 , BFo1 = 4.93), warning group (F'[1,98]= .42, p = .52,
ny° =.004 , BFo1 = 4.18) on gains as well as no interaction effect (F [1,98] =.03,p = .87 ,1,° =
.0003 , BFo1 = 4.53). I also found no effects of either trial type (F [1,98] = .20, p = .66, ,° =
.002 , BFo1 = 5.96), warning group (F [1,98]=1.25, p = .26 , n,° = .01 , BFo1 = 2.87), or
interaction effect (F' [1,98] = .64, p = .43 , n,° = .007 , BFo1 = 3.10) on losses.
Submission Rate and Submission Criterion

Submission rate is calculated as the proportion of the total number of questions that were
submitted on the free report memory test. Submission criterion is calculated as the confidence
value at which the fit ratio, or ratio of correct answered submitted above the confidence estimate
to incorrect answers withheld below the confidence estimate, is maximized. Analyses of
submission rate showed no effects of trial type (F [1,98]=.93, p = .34, 5,° = .01 , BFo1 = 4.21)
or warning group (F [1,98]=.004, p = .95, 5,> = .00004 , BFo1 = 4.17) nor an interaction
between trial type and warning group (F [1,98] = .10, p = .10, 5,° = .001 , BFo1 = 4.13). I did not

see any effects of trial, similar to that of Experiment 1, on submission criteria (F [1,98] =2.19, p



=..14 ,n,° = .02, BFo1 = 2.42) nor an interaction effect (F [1,98] =2.29, p = .13, 5,°= .02, BFo1
= 1.62). However, I did observe a main effect of warning group (¥ [1,98] =5.92,p = .017, n,°=
.06) where participants in the post-warning group (M = .76) had a higher submission criterion
than those in the no-warning group (M = .67). These results suggest that warnings make
individuals more selective when deciding what answers to submit.
Discussion Experiment 2

Despite increasing retrieval effort by shifting to a cued-recall format, warnings did not
meaningfully influence retention, monitoring, or control in our older adult sample. Warnings also
did not improve performance on the free report test. Bayesian analyses further provided
moderate evidence in favor of the null hypothesis for warning in most measures of retention
monitoring and control, except for confidence, like in Experiment 1. Furthermore, moderate
support for null effects of interaction were present for retention, monitoring and control except
for confidence, free report memory performance and losses. While the overconfidence on
misleading trials that was found in Experiment 1 was reduced in Experiment 2, calibration error
was still greater on misleading trials as compared to neutral trials. Importantly, in Experiment 2
warnings raised participants’ submission criterion, indicating that one aspect of metamemorial
control was positively impacted. However, another measure of control, participants’ ability to
achieve gains through withholding incorrect information, remained unaffected by warnings.
Finally, as in Experiment 1, misleading details continued to impair retention and misinformation
production rates were high. These results suggest that although warnings alone were insufficient
in significantly reducing misinformation susceptibility, the observed increase in selectivity

(submission criterion) indicates that older adults can still adaptively respond to situational



demands, reinforcing the importance of examining retrieval conditions that might best support
memory accuracy and metamemorial processes in older adults.
General Discussion

A large body of work has found that the memorial and metamemorial processes of
retention, monitoring and control are impaired by the presence of misinformation in older adults
(Kelley & Sahakyan, 2001; Mitchel et al., 2003; Roediger & Geraci, 2007; Bulevich & Thomas,
2012). A warning against misleading information has been showed to be beneficial in reducing
the misinformation effect in younger adults (Blank & Launay, 2014; Thomas et al., 2010).
Despite evidence that warnings can reduce misinformation susceptibility in younger adults, it
remains unclear whether such warnings similarly support older adults' retention, monitoring, and
control processes. The current study aimed to address this question by examining the efficacy of
warnings in supporting these memory and metamemorial processes within an eyewitness
misinformation paradigm specifically in older adults.

In line with prior work (Kelley & Sahakyan, 2001; Bulevich & Thomas, 2012),
misinformation impaired both retention and monitoring accuracy in older adults across both
experiments, as demonstrated by decreased memory performance on the forced report test and
increased calibration error on misleading trials. However, unlike in younger adults, warnings
proved to be ineffective at improving memory or metamemorial processes. While Bayesian
analyses did not provide strong evidence in favor of the null hypothesis of no difference between
warning groups or the presence of an interaction, warnings did not have a robust effect on older
adults' retention, monitoring, or control across either experiment. Importantly, older adults
demonstrated an intact ability to strategically regulate memory output in both Experiments as

demonstrated by similar levels of gains in accurate memory output on neutral and misleading



trials. This novel finding differs from Bulevich and Thomas (2012) who found this pattern of
results only when participants were given supportive instructions paired with a cued recall test.
This suggests that older adults can effectively regulate their memory output even without explicit
supportive instructions, provided that task demands do not exceed their available cognitive
resources; thus, highlighting the importance of considering cognitive load and retrieval
conditions when developing interventions to support eyewitness accuracy in older populations.
Why Warnings May Not Have Worked: Encoding Deficit

There are several plausible explanations for why warnings may not have impacted
memory or metamemory processes in the current study. One possibility is that older adults may
not have encoded the warnings or paid attention to it. This possibility is supported by the absence
of significant differences in forced report memory performance, misinformation selection, and
calibration error between the warning groups across both experiments, indicating that warnings
did not significantly alter initial retrieval processes. However, older adults did show an increase
in their submission criterion in the presence of a warning, suggesting some impact of warning.
Importantly, the warning’s impact on monitoring did not have downstream consequences for
control, or overall memory accuracy. This suggests that the reasons warnings were not effective
is likely not due to older adults having not encoded the warning.
Why Warnings May Not Have Worked: Source Monitoring Deficit

Warnings have been shown to bias retrieval processes toward the accurate source of
information in younger adults, supporting accurate source memory through mechanisms such as
sensory cortical reinstatement (Karanian et al., 2020). Specifically, younger adults who received
warnings exhibited increased neural reactivation of sensory regions corresponding to the

accurate source of information, facilitating correct memory retrieval. Source misattribution error



is thought to be one of the underlying factors associated with the misinformation effect (Lindsay
& Johnson, 1989). Older adults, however, demonstrate pronounced difficulties with source
monitoring tasks due to age-related declines in strategic retrieval and attentional control
processes necessary for accurately distinguishing between multiple sources of information
(Mitchell & Mather, 2003). Consequently, older adults' diminished capacity for effective source
monitoring could prevent them from utilizing warnings as younger adults do. If warnings
primarily exert their protective influence by promoting accurate cortical reinstatement and
enhanced scrutiny of memory sources during retrieval, older adults' deficits in these source
monitoring processes may severely limit the efficacy of warnings, resulting in continued
susceptibility to misinformation.

Though the inability to use warnings could stem from deficits in the ability to source
monitor, research utilizing an explicit task to encourage source memory suggests otherwise.
Multhaup et al. (1999) tested older adults in an eyewitness memory paradigm and provided an
explicit source monitoring task at retrieval to some of the participant. Older adults who received
the source monitoring task were less susceptible to misinformation. This suggests that older
adults are able to accurately monitor the source of retrieved memories. This also showcased
older adults’ ability to use strategies during retrieval when explicitly told to do so. Multhaup et
al.’s (1999) source monitoring task was a behavioral task that demanded explicit source
monitoring. On the other hand, the warning utilized in the current study warns participants about
the exposure to misinformation and advises them to retrieve from the original source. In
comparison, an explicit task encouraged older adults to partake in a more effortful retrieval.
Thus, the reason why warnings might not have worked could be insufficient retrieval effort.

Why Warnings May Not Have Worked: Insufficient Retrieval Effort



One critical factor influencing older adults’ vulnerability to misinformation is retrieval
effort. Increased retrieval effort has previously been shown to improve older adults' retention,
monitoring accuracy, and control by fostering deeper, more exhaustive memory searches,
thereby allowing better differentiation between accurate and misleading details (Bulevich &
Thomas, 2012; Robinson & Johnson, 1996). Older adults' memory retrieval is often influenced
by familiarity-based responding, which biases retention, monitoring, and subsequent control
decisions. Familiarity can artificially inflate confidence in incorrect details, impairing older
adults' ability to distinguish between accurate memories and misinformation (Chua et al., 2009;
Yonelinas, 2001). Indeed, in Experiment 1, older adults showed overconfidence in misleading
trials, likely due to this familiarity bias inherent in recognition-based memory tests.

In Experiment 2, the shift from recognition to cued recall successfully reduced reliance
on familiarity, evident through a reduction in overconfidence on misleading trials. Despite this,
warnings did not significantly improve older adults’ retention or control performance, although
they increased the submission criterion, indicating greater caution. Thus, while older adults
became more selective when warned, their underlying retention and monitoring processes did not
improve, suggesting that warnings alone did not sufficiently enhance retrieval effort.

Supportive instructions used by Bulevich and Thomas (2012) explicitly aimed to increase
retrieval effort through detailed guidance on how to search memory and manage retrieved
details, substantially improving older adults' resistance to misinformation. In contrast, the
warnings used in the present study lacked explicit retrieval strategies, merely informing
participants of possible misinformation without guiding them on memory search techniques. This
general and indirect approach likely failed to trigger the deep, source-specific retrieval processes

crucial for older adults. Indeed, Multhaup et al. (1999) demonstrated that older adults effectively



resisted misinformation when explicitly prompted to engage in source monitoring, highlighting
that older adults benefit significantly from explicit, strategy-focused instructions. Thus, the
general warnings in the present study may have been inadequate because they did not explicitly
prompt older adults to engage the retrieval effort necessary to effectively discriminate between
accurate memories and misinformation.

Critically, Bulevich and Thomas (2012) found that older adults only demonstrated
reduced misinformation susceptibility when both supportive instructions and cued recall tasks
were provided together. Neither supportive instructions nor cued recall alone was sufficient in
producing this protective effect, underscoring the necessity of combining explicit retrieval
guidance with conditions promoting high retrieval effort to enhance older adults’ ability to resist
misinformation effectively. Thus, the absence of explicit supportive instructions in the current
study likely limited the effectiveness of warnings, even under the conditions of increased
retrieval effort provided by cued recall in Experiment 2. Consistent with this interpretation, the
Bayesian model comparisons favored the simpler models without warning for most outcomes.
This suggests that a general warning, one without explicit, strategy-level support, was unlikely to
have altered the underlying retrieval processes in older adults. Future research should explore
whether integrating explicit source-monitoring instructions into warnings can better support
older adults' memory and metamemory performance in the face of misinformation.

Gains in Strategic Regulation

While older adults were unable to use warnings effectively, critically, the current study
found that they still demonstrated substantial gains on misleading trials on the free report test
when given the opportunity to withhold answers. This contrasts with prior findings where older

adults typically showed fewer gains on misleading compared to neutral trials (Bulevich &



Thomas, 2012; Kelley & Sahakyan, 2001) and indicates that older adults' strategic regulation
abilities can remain intact in certain circumstances, suggesting that the presence of
misinformation itself does not inherently diminish older adults’ ability to control their memory
output. The divergence in findings between the current study and prior research (Bulevich &
Thomas, 2012) may be attributed to methodological differences. Specifically, the present study
utilized a shorter, 22-minute video, whereas Bulevich and Thomas employed a significantly
longer, 40-minute video. Additionally, the current study featured an auditory post-event narrative
as opposed to a written one and contained fewer critical details and memory test questions. These
variations presumably reduced overall task demands.

Indeed, Castel’s value-directed remembering research demonstrates that healthy older
adults can efficiently allocate limited cognitive resources to prioritize important information
when task demands are manageable (Castel et al., 2002; Castel, 2008). Recent work by Murphy
and Castel’s (2024) confirms that older adults' strategic regulation benefits from conditions with
lower cognitive demands. Conversely, tasks that heavily tax working memory or require
complex cognitive operations and extensive self-initiated processing tend to diminish older
adults' ability to effectively engage in strategic regulation (Craik & Bosman, 1992;
Salthouse, 2010; Murphy, 2024). Thus, with fewer cognitive demands, older adults in the current
study may have been better able to strategically allocate their limited cognitive resources,
enabling improved regulation and resulting in substantial gains even in the presence of
misinformation.
Limitations

The current study has several limitations related primarily to generalizability and

methodological constraints inherent in online data collection. First, the online administration of



the experiment limits the control over participants' testing environments. Variability in testing
conditions, such as distractions, inconsistent audio quality during the PEI narration, and
differences in participants' technological proficiency, could contribute to noise in the data that
would be less prominent in controlled laboratory settings. Additionally, despite rigorous
exclusion criteria and attention checks, the high rate of participant exclusion in both experiments
suggests that online participants might engage with tasks differently than participants in
traditional laboratory-based research, potentially impacting the representativeness of these
findings.

Furthermore, the sample itself, drawn exclusively from the Prolific online participant
pool, may limit the demographic and cognitive diversity of the study population. Older adults
who regularly participate in online studies might differ systematically from the broader
population in terms of cognitive health, familiarity with technology, and engagement levels,
potentially inflating or deflating the study's observed effects. Thus, caution must be exercised
when attempting to generalize the findings to broader populations of older adults or
eyewitnesses.

Another limitation pertains to the chosen stimuli. The video used for the witnessed event
was a black-and-white, dialogue-free film segment adapted from Karanian et al. (2020). Such a
video may lack ecological validity relative to typical eyewitness scenarios involving rich visual
and auditory contextual details. The absence of dialogue and color could reduce encoding depth
and event salience, potentially impacting the retrieval processes central to resisting
misinformation. While this decision was methodologically justifiable for replicability, future
research should explore more ecologically valid stimuli to enhance applicability to real-world

eyewitness contexts.



Conclusion

The present study investigated how warnings influence older adults' memory, monitoring,
and control processes in the presence of misinformation. Across two experiments, results
consistently demonstrated the persistence of the misinformation effect among older adults,
negatively affecting memory accuracy, monitoring calibration, and control of memory output.
Contrary to expectations, warnings alone did not significantly mitigate the negative effects of
misleading post-event information. Despite this, older adults exhibited intact strategic regulation
by withholding incorrect information when provided with the opportunity. The findings align
with prior work by Bulevich and Thomas (2012) emphasizing the importance of retrieval effort
in supporting older adult memory and metamemory. The present study showcases that warnings
without explicit retrieval strategies are insufficient for older adults. Overall, the results
underscore the complexity of misinformation susceptibility in older eyewitnesses, highlighting
the necessity of explicit retrieval support rather than general warnings alone to improve memory

accuracy and metamemory judgments in real-world scenarios.
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Figure 1. The eyewitness paradigm that was utilized in Experiment 1. Participants watched a
silent video depicting the witnessed event and then listen to an audio narrative containing post-
event information with critical details that are either consistent, misleading, or neutral with
respect to the original event. After the audio narrative, participants completed a forced report
recognition memory test for their memory of the witnessed event. Participants were then given
the choice to withhold any answers they did not believe they answered correctly on the free
report memory test. Importantly, half of the participants were warned about the veracity of the
post-event information after the audio narrative (post-warning). The remaining participants

received no-warning (no-warning).
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Figure 2. Proportion correct on the forced report memory test by trial type and warning group.
Proportion correct refers to the total number of questions responded to correctly on the forced

report memory test split by trial type. Error bars indicate between participant standard error.
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Figure 3. Misinformation selection by trial type and warning group. Misleading option selection
rate refers to the proportion of total questions on the forced report test on which the misleading

option was selected among the 4 forced choices. Error bars indicate between participant standard

€rror.
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Figure 4. (A) Confidence judgments made during the forced report test after every question split
by trial type and warning group. Confidence estimate refers to the likelihood the participant
believed their response was correct (B) Error in calibration of participants’ confidence estimate
by trial type and warning group. Weighted calibration error refers to the error on calibration
between participants’ confidence and memory performance weighted by the frequency of

responses. Error bars indicate between participant standard error.
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Figure 5. Memory performance on the free report memory test by trial type and warning group.

Memory performance refers to the total number of questions responded to correctly on the forced



report memory test and was chosen to be submitted on the free report memory test, split by trial

type. Error bars indicate between participant standard error.
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Fig 6. Control exhibited by participants by withholding seen in gains and losses by trial type
and warning group. (A) Results for gains. Proportion of correct rejections refers to the total
number of questions participants got incorrect on the forced report memory test and subsequently
withheld the answer on the free report test. (B) Results for losses. Proportion of incorrect
rejections refers to the total number of questions participants got correct on the forced report

memory test and subsequently withheld the answer on the free report test.
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Fig 7. Submission rate of participants split by trial type and warning group. Proportion of
questions submitted refers to proportion of questions of each trial type participants chose to

submit on the free report memory test. Error bars indicate between participant standard error.
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Fig 8. Submission criteria of participants split by trial type and warning group. Confidence
criteria refers to the confidence level above which participants chose to submit an answer and
below which chose to withhold an answer on the free report memory test. Error bars indicate

between participant standard error.
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Figure 9. Proportion correct on the forced report memory test by trial type and warning group.
Proportion correct refers to the total number of questions responded to correctly on the forced
report memory test split by trial type. Error bars indicate between participant standard error.
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Figure 10. Misinformation production by trial type and warning group. Misleading detail rate
refers to the proportion of total questions on the forced report test on which the misleading detail

was produced as an answer on the cued. Error bars indicate between participant standard error.
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Figure 11. (A) Confidence judgments made during the forced report test after every question

split by trial type and warning group. Confidence estimate refers to the likelihood the participant

believed their response was correct (B) Error in calibration of participants’ confidence estimate

by trial type and warning group. Weighted calibration error refers to the error on calibration

between participants’ confidence and memory performance weighted by the frequency of

responses. Error bars indicate between participant standard error.
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Figure 12. Memory performance on the free report memory test by trial type and warning group.

Memory performance refers to the total number of questions responded to correctly on the forced



report memory test and was chosen to be submitted on the free report memory test, split by trial

type. Error bars indicate between participant standard error.
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Fig 13. Control exhibited by participants by withholding seen in gains and losses by trial type
and warning group. (A) Results for gains. Proportion of correct rejections refers to the total
number of questions participants got incorrect on the forced report memory test and subsequently
withheld the answer on the free report test. (B) Results for losses. Proportion of incorrect
rejections refers to the total number of questions participants got correct on the forced report
memory test and subsequently withheld the answer on the free report test. Error bars indicate

between participant standard error.
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Fig 14. Submission rate by participants by trial type and warning group. Proportion of questions
submitted refers to the number of questions on the free report memory test for which the
participant chose to submit an answer by declaring it to be “Correct”. Error bars indicate between

participant standard error.
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Fig 15. Submission criteria of participants split by trial type and warning group. Confidence
criteria refers to the confidence level above which participants chose to submit an answer and
below which chose to withhold an answer on the free report memory test. Error bars indicate

between participant standard error.



Appendix

Warning instructions provided to participants in the no warning and post-warning group in both
Experiment 1 and 2:

No Warning Group
Prior to playing the audio narrative:
“You will now be presented with an audio narrative or synopsis of the video you
watched. The next button will appear after the narrative is over.
Please listen to the narrative carefully.”
After playing the audio narrative:
“Now you will be given a series of questions to answer based on the video you just
watched. In the video you had just watched you saw several crimes being committed.
Therefore, think of yourself as an eyewitness to the crime.
As an eyewitness, it is important that you answer the following questions as accurately as
possible. Additionally, we want as many details as you can possibly remember.
Therefore, we ask that you answer EVERY question.
If you are unsure about the answer to a question, please make your best guess. It's
important to guess even if you have no idea.
After each answer, please provide your confidence in that answer on a scale of 0 (not
confident at all) to 100 (extremely confident). If you were very uncertain about an
answer, make sure to give that a lower confidence rating. We encourage you to use the
entire scale for your answers.”

Post-Warning Group

Prior to playing the audio narrative:
“You will now be presented with an audio narrative or synopsis of the video you
watched. The next button will appear after the narrative is over.
Please listen to the narrative carefully.”

After playing the audio narrative:
“Now you will be given a series of questions to answer based on the video you just
watched. In the video you had just watched you saw several crimes being committed.
Therefore, think of yourself as an eyewitness to the crime.
We just played a narrative of that video; however, we are uncertain as to the source of
the narrative. Therefore, we were unable to verify the accuracy of the narrative. As
such, base your answer only on what you saw in the video, and not on what you heard
in the narrative.
As an eyewitness, it is important that you answer the following questions as accurately as
possible. Additionally, we want as many details as you can possibly remember.
Therefore, we ask that you answer EVERY question.
If you are unsure about the answer to a question, please make your best guess. It's
important to guess even if you have no idea.
After each answer, please provide your confidence in that answer on a scale of 0 (not
confident at all) to 100 (extremely confident). If you were very uncertain about an



answer, make sure to give that a lower confidence rating. We encourage you to use the
entire scale for your answers.
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