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Abstract

We examined age-related similarities and differences in people’s metacognitive awareness of
retrieval from semantic long-term memory as well as the originality of their responses. Participants
completed several semantic fluency tasks, and before recalling items, made metacognitive
predictions of their performance. Additionally, after retrieval, participants made metacognitive
evaluations of the originality of their responses. Results revealed that both younger (Mg, =

24.49) and older adults (Mg, = 68.31) were underconfident in their performance, despite some
metacognitive awareness of their ability to retrieve information from semantic memory. Younger
and older adults became more metacognitively aware of their abilities with task experience, but
there were no significant differences in participants’ metacognitive predictions and postdictions,
although older adults believed that they were less original than younger adults. These findings
revealed a “skilled and unaware” effect whereby participants were underconfident on the first trial
and became less underconfident on later trials. These patterns may fit with a broader literature that
has found a lack of adult age differences in metacognition for verbal skills but shows that older
adults may believe that their access to original verbal knowledge may decline in older age.
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Semantic fluency tasks assess the retrieval ability of knowledge from long-term memory

by having participants generate items from a given category (e.g., animals; Gruenewald &
Lockhead, 1980). Fluency tasks can be informative in terms of differences in both cognitive
and neuropsychological function, and fluency performance deficits have been shown in older
adults (Murphy & Castel, 2021; Rodriguez-Aranda & Martinussen, 2006; Troyer et al.,
1997), patients with frontal and temporal lobe deficits (Henry & Crawford, 2004), patients
with Alzheimer’s, Parkinson’s, and Huntington’s disease (Troster et al., 1998), as well as
individuals low in intelligence and working memory capacity (Rosen & Engle, 1997).
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While the goal of fluency tasks is to generate as many items as possible, researchers have
also examined the qualitative aspects of participants’ retrieval, specifically, the originality
of retrieved exemplars. The process of generating original ideas has been extensively
examined in various tasks (see Boot et al., 2017; Sowden et al., 2015, for reviews) and

in semantic fluency tasks, originality focuses on the relative uniqueness of retrieved items,
often assessed via retrieval infrequency (see Dumas & Dunbar, 2014; Hocevar, 1979; Silvia,
2008, 2011 for various methods). Generally, fluency and originality scores are positively
related such that people who recall more items overall tend to be more unique in their
responses (e.g., Dumas & Dunbar, 2014; Silvia, 2008; but see Benedek et al., 2006; Hocevar,
1980). As people age, older adults may experience some declines in verbal fluency and
originality (Murphy & Castel, 2021; Rodriguez-Aranda & Martinussen, 2006; Troyer et al.,
1997) but it is unclear to what degree younger and older adults are aware of these potential
age-related differences.

Despite older adults having good semantic memory and often better vocabulary knowledge
than younger adults (Ben-David & Erel, 2015; Kavé & Halamish, 2015), younger adults
sometimes perform better on fluency tasks (e.g., Rodriguez-Aranda & Martinussen, 2006;
Troyer et al., 1997) and can also be more original in their responses than older adults.
However, some aspects of verbal fluency may be well-maintained, to a certain age, in
healthy older adults (Murphy & Castel, 2021). This exemplifies some of the variety of
cognitive changes accompanying healthy aging (cf., Hess, 2005; Park & Festini, 2017,
Salthouse, 2010), and evidence suggests that older adults are aware of many of these
deficits. For example, Kavé and Halamish (2015) examined age-related differences in the
ability to judge one’s accuracy on a multiple-choice test of vocabulary and also estimate
their overall performance. Older adults were better at assessing the accuracy of their
knowledge compared with younger adults, as evidenced by their better calibration (match
between prediction and performance; see also Hertzog et al., 2010).

The awareness and understanding of one’s memory abilities is known as metacognition
(Dunlosky et al., 2016; Nelson, 1996; Nelson & Narens, 1990). To assess the accuracy

of metacognition, researchers often ask participants to judge how likely they are to later
remember information, a form of metacognitive monitoring (see Rhodes, 2016 for a review).
Although memory performance generally declines with age, the accuracy of metacognitive
monitoring is generally intact in older age (Hertzog & Dunlosky, 2011). However, research
on metacognitive monitoring has largely focused on episodic memory tasks (e.g., Halamish
etal., 2011; Hertzog et al., 2002; Stine-Morrow et al., 2006) rather than retrieval from
semantic memory (but see Rhodes & Castel, 2008), and has not addressed how younger and
older adults assess the originality of information that is retrieved from semantic memory.

Whether completing semantic (e.g., Kavé & Halamish, 2015) or episodic memory tasks
(e.g., Hertzog & Dunlosky, 2011), younger and older adults are often similarly accurate

in their metamemory abilities at the item level (specific exemplars), but older adults are
more accurate at the global level (estimates of overall performance; but see Dodson et al.,
2007; Souchay et al., 2007). However, despite some initial overconfidence (especially in
older adults), younger and older adults tend to become more metacognitively accurate with
increased task experience (e.g., McGillivray & Castel, 2011), and may even experience
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a form of “underconfidence with practice” when learning the same material in multiple
sessions (Tauber & Rhodes, 2012). Furthermore, researchers have also investigated younger
and older adults’ ability to monitor performance that has already occurred. When asked

to make postdictive judgments about the accuracy of their memory, older adults perform
similarly to younger adults (Baker et al., 2010), again indicating older adults’ metacognitive
awareness of aging deficits.

While metacognitive monitoring has largely focused on overall memory performance, little
work has investigated participants’ awareness of the qualitative aspects of their recall.
Some work has examined how people evaluate the originality of ideas generated by others
(see Runco & Charles, 1993) but a recent study introduced a metacognitive judgment

of originality and demonstrated that younger participants systematically underestimate the
originality of their ideas (Sidi et al., 2020). Thus, similar to metacognitive judgments

in episodic memory tasks, originality judgments can be prone to biases. Specifically, in
contrast to the ubiquitous observation that participants are overconfident in memory task
performance (see Dunlosky & Metcalfe, 2008; Koriat, 2016, for reviews), people (especially
older adults) may systematically underestimate their originality but become more accurate
with increased task experience. Rather than a prediction of whether or not information

can be recalled later (an objective performance prediction), originality judgments rely on a
comparison to others which involves greater uncertainty (see Moore & Healy, 2008).

The Current Study

The goal of the current study was to gain a better understanding of people’s metacognitive
awareness of retrieval from semantic long-term memory as well as the originality of their
responses. Participants completed semantic fluency tasks but before recalling items, made
metacognitive predictions of their performance. Additionally, after retrieval, participants
made metacognitive evaluations of the originality of their responses. In terms of overall
fluency performance, we expected participants to be overconfident but to become better
calibrated with increased task experience. We also expected participants to become more
aware of their originality with increased task experience. In Experiment 1, we tested
younger adults using common verbal fluency tasks and added novel measures that examine
metacognitive predictions of both fluency and originality. In Experiment 2, we examined and
compared these measures in younger and older adults.

Since one of our main research objectives was to examine how younger and older adults
assess the originality of information that is retrieved from semantic memory, we wanted

to ensure that participants could view their responses while assessing originality so that

this measure was not biased/influenced by interference and retrieval failure which could be
more pronounced in older adults and influence judgments (e.g., Coane & Umanath, 2019;
Murphy & Castel, 2022; Murphy Castel, 2022b; Witherby et al., 2019). While some prior
work has examined metacognitive monitoring without providing access to responses, we felt
it was important for participants to have access to the responses to allow for a comparison of
originality that is not influenced by potential biases in memory.
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Experiment 1

Method

In Experiment 1, we sought to establish a paradigm to test younger adults’ semantic
fluency and originality by using standard tasks of semantic fluency (generating exemplars
of categories from semantic memory) and then having participants rate the originality of
their responses. Younger adults completed two trials of the semantic fluency task and
made global predictions of performance before each trial. Additionally, after each trial,
participants provided a judgment of the originality of their responses. Since we were
interested in participants’ global assessment of originality, not just the number of original
responses, we asked participants to provide a general assessment of their performance in
terms of originality. We expected younger adults to be initially overconfident in their fluency
predictions but to become more metacognitively accurate with increased task experience.
Similarly, we expected younger adults to become more accurate in their originality
judgments after gaining task experience.

Participants.—Participants were 103 younger adults (age range: 18-27, Myge = 19.91,
SD,ge = 1.66; in terms of the highest level of education achieved, 1 some High School, 24
High School Graduate, 62 some college but no degree, 11 Associates degree, 5 Bachelor’s
degree) recruited from the University of California Los Angeles (UCLA) Human Subjects
Pool. Participants were tested online and received course credit for their participation.
Participants were required to be fluent in English to participate. Participants were excluded
from analysis if they admitted to cheating (e.g., looking up answers) in a post-task
questionnaire (they were told they would still receive credit if they cheated). This exclusion
process resulted in zero exclusions. A sensitivity analysis based on the observed data
indicated that for a paired samples £test, assuming alpha = .05, power = .80, for a two-tailed
test, the smallest effect (comparisons between trials) the design could reliably detect is d=
.20.

Materials and Procedure.—Participants were told that they would be asked to retrieve as
many items from a category as they could in 5 minutes. After being told the category with
which they would retrieve items, participants predicted how many items they would retrieve.
Participants were informed that they could retrieve items in any order that they wished but
that they should keep trying to retrieve items throughout the entire 5-minute period (they
typed their responses into an on-screen text box and responses remained on screen after they
were typed). After the retrieval period, participants were asked to rate the uniqueness of their
responses on a scale from 0 (not unique) to 10 (very unique). For example, participants were
asked, “How original/unique do you think the animals you retrieved are? Please answer on

a scale from 0 (not original/unique) to 10 (very original/unique)”. Participants then repeated
this procedure for a second category of items. Categories included “animals” and “foods

you can buy at the supermarket.” These categories were selected because they have easily
defined correct responses and have been found to be related to other fluency measures (e.g.,
Unsworth et al., 2011). The order of the categories was counterbalanced to control for any
scaling issues or category effects.
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Scoring.: For the category “animals,” any attempt to retrieve a type of living animal,

real or fake, was counted as correct. Repetitions (retrieving the same item more than

once), semantic repetitions (e.g., deer and buck), non-exemplars (e.g., reptiles), and
submissions that were not animals were counted as incorrect. Within the data coding
process, participants’ incorrect responses due to spelling errors or typos were counted if
the intent of the response was clear (e.g., the response “baboon” followed by the response
“arangatang” was interpreted as “orangutan”). For the category “foods you can buy at the
supermarket,” any attempt to retrieve an edible food item was counted as correct. Again,
repetitions, semantic repetitions, non-exemplars, and submissions that were not foods were
counted as incorrect and spelling errors were counted if the intent of the response was clear.

Four scores were computed for each participant in each category: (a) the number of items
generated, excluding errors and repetitions (fluency), (b) the number of participants’ unique
responses (originality), (c) the difference between participants’” predictions of performance
and the number of items generated (i.e., calibration;, Rhodes, 2016), and (d) their originality
rating. Based on the recommendations of Milgram and Milgram (1976), responses generated
by about 5% or less of the sample (the number of items per participant that were generated 5
times or less out of the 103 participants) were considered original. Examples of items scored
as common and original are shown in Table 1.

Correlations between fluency and originality performance and metacognitive predictions/
postdictions on each trial are shown in Table 2. In addition to descriptive and inferential
statistics, to provide evidence for the strength of each effect, we also computed the Bayes
Factor (BF; a ratio of the marginal likelihood of the null model and a model suggesting
group differences). The data are reported as either in favor of the null hypothesis (which
would be supported by a large BFp;) or the alternative hypothesis (which would be
supported by a large BF;p; see Kass & Raftery, 1995 for more information). To determine
whether retrieval fluency improved with task experience, a paired samples £test indicated
that the number of items retrieved on the first trial (M= 51.14, SD = 16.72) was similar to
the second trial (M =51.90, SD = 14.69), [{102) = .58, p=.566, d= .06, BFg; = 7.79]. To
determine whether fluency predictions changed with task experience, a paired samples #test
indicated that the number of items expected to be retrieved on the first trial (M = 24.96, SD
= 19.83) was less than the second trial (M= 31.86, SD = 18.48), [{102) = 3.88, p<.001, d
=.38, BF1o > 100].

To examine the accuracy of participants’ predictions of their performance (see Figure 1), we
calculated calibration (i.e., the difference between the number of items participants expected
to retrieve and the number of items they actually retrieved). Across trials, a one-sample
ttest confirmed that participants were underconfident [{102) = -14.39, p< .001, d=-1.42,
BFg > 100] and participants were underconfident on both trials [1t: £102) = -12.85, p<
.001, d=-1.27, BF1g > 100; 2" 102) = -11.02, p< .001, = -1.09, BF1g > 100]. A
paired samples ttest indicated that participants became better calibrated with increased task
experience [4102) = 2.86, p=.005, d= .28, BF1y = 5.06]. Specifically, calibration on the
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second trial (M= -20.04, SD = 18.45) was better than the first trial (M =-26.17, SD=
20.68).

To examine participants’ originality as a function of task experience (see Figure 2a), a paired
samples £test revealed that the number of original items retrieved on the second trial (M
=7.92, SD = 8.46) was greater than the first trial (M= 6.24, SD = 6.21), [{102) = 2.07,
p=.041, d= .20, BFqg = .84]; since Bayes Factor suggests that there is no convincing
evidence for this effect, we do not further interpret this finding (which was not replicated in
Experiment 2). To examine participants’ postdictions as a function of task experience (which
were on a Likert scale and should not be compared to the number of original exemplars
retrieved; see Figure 2b), a paired samples £test revealed that postdictions on the first trial
(M= 4.65, SD = 2.55) were similar to the second trial (M= 4.97, SD=2.63), [(102) = 1.43,
p=.155, d= .14, BFy; = 3.40].

In Experiment 1, participants retrieved a similar number of items on each trial but were
greatly underconfident in their performance. However, participants were more confident on
the second trial and subsequently became better calibrated on the second task. Furthermore,
on both trials, participants’ predictions and fluency performance were strongly positively
correlated indicating some metacognitive awareness of performance. In terms of originality,
participants became more original with increased task experience, but their judgments of
their originality were similar on each trial. However, participants’ originality and their
judgments of originality were unrelated on the first trial but positively correlated on the
second trial, indicating an increased metacognitive awareness of originality with increased
task experience.

Experiment 2

In Experiment 1, younger adults were underconfident in their fluency performance but
became better calibrated on the second trial and were more accurate in their originality
postdictions on the second trial. In Experiment 2, we investigated whether these effects
extend to older adults. While some prior work has found age-related deficits in fluency and
originality (e.g., Rodriguez-Aranda & Martinussen, 2006; Troyer et al., 1997), these effects
may be somewhat minimal in fairly healthy older adults under the age of 70 (see Murphy
& Castel, 2021), but older adults may be acutely aware of any potential impairments. We
also added a third trial to further elucidate whether people become better metacognitively
tuned after gaining task experience. We expected older adults to be more metacognitively
accurate than younger adults and for both younger and older adults to become better
calibrated with increased task experience. In terms of originality, we expected older adults
to be less metacognitively accurate in their originality judgments, but for both younger and
older adults to become more metacognitively accurate in their originality postdictions with
increased task experience.
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Participants.—After exclusions, participants were 119 younger adults (age range: 19-29,
Mge = 24.49, SD,ge = 2.10; 15 High School Graduate, 26 some college but no degree, 6
Associates degree, 59 Bachelor’s degree, 13 Graduate degree (Masters, Doctorate, etc.)) and
107 older adults (age range: 64-79, Mge = 68.31, SD,ge = 3.57; 2 some High School, 11
High School Graduate, 22 some college but no degree, 11 Associates degree, 32 Bachelor’s
degree, 29 Graduate degree) recruited from Amazon’s Mechanical Turk, a Web site that
allows users to complete small tasks for pay. Participants received $2.50 for completing

the experiment, which took approximately 20 minutes. All participants were required to

be in the United States to participate. Participants were required to be fluent in English

to participate. Participants were excluded from analysis if they admitted to cheating (e.g.,
looking up answers) in a post-task questionnaire (they were told they would still receive
credit if they cheated). This exclusion process resulted in two exclusions from the younger
adult group and no exclusions from the older adult group. A sensitivity analysis based on the
observed data indicated that for a 2 (age: young, old) x 3 (trial) mixed ANOVA, assuming
alpha = .05, power = .80, with a high correlation between repeated measures (r=.75), the
smallest effect (age-related differences) the design could reliably detect is 2 = .03.

Materials and Procedure.—The task in Experiment 2 was similar to Experiment 1 but
included a third category: “occupations.” Similar to Experiment 1, we counterbalanced the
order of the categories to control for any scaling issues or category effects. At the end of the
task, participants were asked to estimate the number of items they could generate for each of
the three categories if they were to complete the task again. Additionally, for each category,
we asked participants how many items they would expect the average younger adult (aged
18-30) to retrieve and how many items they would expect the average older adult (aged
65-85) to retrieve.

Scoring.: Scoring for the category “animals” and “foods you can buy at the supermarket”
was the same as in Experiment 1. For the category “occupations,” any attempt to retrieve

a legitimate job or profession was counted as correct (see Table 1 for examples). Again,
repetitions, semantic repetitions, non-exemplars, and submissions that were not occupations
were counted as incorrect and spelling errors were counted if the intent of the response was
clear. Finally, original items were responses generated by about 5% or less of the sample
(the number of items per participant that were generated 11 times or less out of the 226
participants).

Predictions and performance.—Correlations between fluency and originality
performance, metacognitive predictions/postdictions on each trial, and age (as a continuous
variable) are shown in Table 3. To examine whether fluency predictions changed with task
experience, a 2 (age: young, old) x 3 (trial) mixed ANOVA did not reveal a main effect of
trial [A2, 448) = 1.33, p=.267, % = .01, BFg; = 17.32] such that participants predicted that
they would retrieve a similar number of exemplars on the first trial (M = 27.04, SD = 24.19),
second trial (M= 26.16, SD=19.41), and third trial (M= 25.01, SD = 18.46). Additionally,
results did not reveal a main effect of age [A(1, 224) = .22, p= .641, 12 < .01, BFg; = 4.83]
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such that younger adults predicted that they would retrieve a similar number of exemplars
(M= 25.49, SD=18.61) on each trial as older adults (M= 26.59, SD=17.09), and trial did
not interact with age [A2, 448) = .20, p=.822, 12 < .01, BFg; = 25.29].

To examine whether retrieval fluency improved with task experience, a 2 (age: young, old)

x 3 (trial) mixed ANOVA did not reveal a main effect of trial [R2, 448) = .76, p= .467, 12
<.01, BFp; = 29.55] such that participants retrieved a similar number of exemplars on the
first trial (M =29.83, SD=13.12), second trial (M= 30.59, SD = 13.69), and third trial (M
=30.45, SD = 15.11). Additionally, results did not reveal a main effect of age [A1, 224) =
.03, p=.870, 12 < .01, BFq; = 4.15] such that younger adults retrieved a similar number of
exemplars (M= 30.16, SD = 9.13) on each trial as older adults (M= 30.44, SD = 15.32), and
trial did not interact with age [A(2, 448) = .59, p=.557, 2 < .01, BFq; = 15.48].

To examine the accuracy of participants’ predictions of their performance (see Figure 3), we
calculated younger and older adults’ calibration. Across trials, a one-sample #test confirmed
that participants were underconfident [{225) = -3.70, p<.001, d=-.25, BFp = 52.27] and
participants were underconfident on most trials [1t: £225) = -1.74, p=.083, d=-.12, BF¢;
=3.03; 2"d: {225) = -3.66, p< .001, d=—.24, BF1o = 46.19; 34 1225) = -4.66, p< .001, d
=-.31, BFyp > 100] but a 2 (age: young, old) x 3 (trial) mixed ANOVA did not reveal a main
effect of trial [A2, 448) = 2.47, p=.086, n2 = .01, BFg; = 6.15], a main effect of age [A1,
224) = .37, p= 545, n2 < .01, BFgy = 4.58], and trial did not interact with age [A(2, 448) =
.35, p=.704, 12 < .01, BFg; = 21.30]. Thus, although both younger and older adults were
still underconfident, they did not become better calibrated with increased task experience.

To examine participants’ originality as a function of task experience (see Figure 4a), a 2
(age: young, old) x 3 (trial) mixed ANOVA did not reveal a main effect of trial [ A2, 448)

= .04, p=.965, )2 < .01, BFg; = 56.10] such that participants retrieved a similar number

of original items on the first trial (M= 6.82, SD = 6.47), second trial (M= 6.83, SD=

6.19), and third trial (M= 6.95, SD = 6.68). Additionally, results did not reveal a main effect
of age [A(1, 224) = .23, p=.629, 12 < .01, BFg; = 5.52] such that younger adults were
similarly original (M= 7.03, SD = 6.10) on each trial as older adults (M= 6.69, SD = 4.14).
Additionally, trial did not interact with age [A2, 448) = 2.02, p=.134, 12 = .01, BFq; =
4.70].

To examine participants’ originality postdictions as a function of task experience (see Figure
4b), a 2 (age: young, old) x 3 (trial) mixed ANOVA revealed a main effect of trial [H2, 448)
=4.01, p=.019, n2 = .02, BF( = .93] such that participants believed that they were more
original on the second trial (M= 5.19, SD = 2.64) than the first trial (M = 4.84, SD=2.71),
[Phonf = -045, d=.16] and marginally more original on the third trial (A/=5.18, SD = 2.58)
than the first trial [pyonf = .057, &= .16] but there were no differences between the second
and third trials [pyons > -999, d'< .01]; since Bayes Factor did not support this main effect,
we advise caution in the interpretation of this finding. Furthermore, results revealed a main
effect of age [A(1, 224) = 26.53, p< .001, n)2 = .11, BF1( > 100] such that younger adults
believed that they were more original (M= 5.80, SD = 2.15) on each trial than older adults
(M=4.26, SD=2.35), but trial did not interact with age [A2, 448) = 1.09, p=.338, 2 =
.01, BFgy = 11.14].
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Post-task questionnaire.—To examine participants’ post-task predictions of fluency for
each category (predictions of performance if they were to try again), a 2 (age: young, old) x
3 (category) mixed ANOVA revealed a main effect of category [H2, 436) = 16.49, p< .001,
12 = .07, BF1g > 100] such that participants predicted that they would retrieve more foods
(M=35.72, SD = 22.28) than occupations (M= 27.80, SD = 15.25), [fyont < .001, o= .58]
but not animals (M= 31.65, SD = 27.32), [monf = -061, d= .16]; additionally, participants
predicted that they would retrieve more animals than occupations [pyons = .010, = .20].
However, results did not reveal a main effect of age [A1, 218) = .12, p=.729, 12 < .01,
BFp;1 = 5.19] such that younger adults predicted that they would retrieve a similar number
of exemplars (M= 31.32, SD = 15.85) on each category as older adults (M= 32.14, SD=
21.52), and category did not interact with age [A2, 436) = .14, p=.868, n? < .01, BFg; =
19.42].

To examine the calibration of participants’ post-task predictions of fluency for each category
if they were to try again (predictions subtracted from performance), a one-sample #test
confirmed that, across topics, participants were well-calibrated [{225) = .98, p=.330, d
= .07, BFp1 = 8.40]. A 2 (age: young, old) x 3 (category) mixed ANOVA revealed a main
effect of category [A2, 448) = 4.18, p=.016, 2 = .01, BFqg = 1.11] but there were no
significant pairwise differences in calibration for animals (M= .79, SD = 27.13), foods
(M=-3.19, SD = 20.40), and occupations (M= -1.82, SD = 15.14), and Bayes Factor
did not support this main effect we do not further interpret this result. Additionally, results
did not reveal a main effect of age [A1, 224) < .01, p=.952, 1) < .01, BFp; = 5.80]

such that younger adults were similarly post-task calibrated (M= -1.18, SD = 12.90) for
each category as older adults (M= -1.71, SD = 22.12), and trial did not interact with age
[A2, 448) = 1.83, p=.162, n? < .01, BFg; = 5.84]. Thus, despite initial overconfidence,
after having completed the task, participants were now calibrated in their metacognitive
predictions of performance.

To examine participants’ post-task predictions of fluency for each category for the average
younger adult (aged 18-30), a 2 (age: young, old) x 3 (category) mixed ANOVA revealed

a main effect of category [A2, 446) = 6.22, p=.002, n? = .03, BFg = 7.65] such that
participants believed that the average younger adult would recall more foods (M= 34.00, SD
= 18.24) than occupations (M= 28.54, SD = 26.91), [pyont = -003, d'=.22] but not more
foods than animals (M= 32.49, SD = 22.40), [pyonf = -625, &= .08]; additionally, there

were no differences in predictions for the average younger adult for animals and occupations
[Boont = -090, o= .15]. However, results did not reveal a main effect of age [A1, 223) =

.18, p= 675, n2 < .01, BFy; = 5.67] such that younger adults predicted that the average
younger adult would retrieve a similar number of exemplars (M= 31.19, SD = 16.26) on
each category as older adults predicted (M= 32.21, SD = 20.66), and trial did not interact
with age [A2, 446) = 1.97, p=.140, n2 = .01, BFg; = 5.24].

To examine participants’ post-task predictions of fluency for each category for the average
older adult (aged 65-85), a 2 (age: young, old) x 3 (category) mixed ANOVA revealed

a main effect of category [A2, 436) = 9.99, p< .001, n? = .04, BF{y > 100] such that
participants believed that the average older adult would recall more foods (M= 38.91, SD=
52.22) than occupations (M= 29.50, SD = 22.53), [Byonf = -006, d=.21] and animals (M=
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28.42, SD=15.37), [ pyonf = -004, d=.22]; however, there were no differences in predictions
for the average older adult for animals and occupations [pyont > .999, &= .06]. Additionally,
results did not reveal a main effect of age [A(1, 218) = 1.55, p=.214, n2 = .01, BFg; =

3.67] such that younger adults predicted that the average older adult would retrieve a similar
number of exemplars (M= 30.45, SD = 20.91) on each category as older adults predicted (M
= 34.22, SD=29.67), and trial did not interact with age [A2, 436) = 1.00, p = .369, 12 <

.01, BFgy = 13.52].

Finally, regarding participants’ post-task predictions of fluency for each age group, we were
interested in whether participants predicted a similar level of performance for the average
younger and older adult or expected that older adults would perform worse than younger
adults. However, a 2 (age of participant: young, old) x 2 (prediction for young or old)
mixed ANOVA did not reveal any significant effects [all ps > .162]. Thus, on their post-task
predictions of performance for the average younger and older adult, participants did not
expect any age-related differences.

In Experiment 2, we tested both younger and older adults on three trials of a semantic
fluency task to examine age-related differences in the calibration of their metacognitive
predictions and if participants become better calibrated with increased task experience.
Results did not reveal differences in fluency, originality, predictions of fluency, or calibration
as a function of trial or age. However, older adults’ postdictions indicated that they believed
that they were less original than younger adults (the older the participant, the less original
they rated their responses).

On the post-task questionnaire, there were no age-related differences in terms of
participants’ predictions of performance for each category if they were to try again and
there were no age differences in predictions across categories. However, despite initial
overconfidence, participants’ predictions of their performance if they were to try again
were calibrated with their actual performance. Additionally, there were no age-related
differences in terms of participants’ predictions of fluency performance for the average
younger adult (aged 18-30) or the average older adult (aged 65-85). Finally, across
participants, predictions of fluency and actual performance strongly positively correlated,
indicating some metacognitive awareness of performance (although participants were
generally underconfident) but there was not a significant relationship between originality
scores and originality postdictions, indicating no metacognitive awareness of originality.
Thus, although participants may have gained some metacognitive insight as to their ability
to retrieve exemplars from semantic memory at the end of the task, younger and older adults
are generally poor at monitoring their fluency and originality.

General Discussion

In the present study, we investigated age-related similarities and differences in the
metacognitive awareness of fluency and originality. Younger and older adults engaged
in several trials of a commonly used semantic fluency task and were asked to rate the
originality of their responses. Using statistical infrequency as an index of originality, we
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tracked the uniqueness of participants’ responses and had participants judge their originality
to see if they were aware of the qualitative aspects of their responses. In terms of

fluency performance, we expected participants to be initially overconfident but to become
better calibrated with increased task experience. We also expected older adults to be less
metacognitively accurate in their originality judgments but for both younger and older adults
to become more metacognitively accurate in their judgments of originality with increased
task experience.

Results revealed that our younger adult sample was greatly underconfident in their
performance, despite some metacognitive awareness of their ability to retrieve information
from semantic memory (predictions and performance were correlated). Additionally,
younger adults generally became better calibrated with task experience. There were no
significant age-related differences in participants’ metacognitive predictions and postdictions
regarding originality, although older adults believed that they were less original than
younger adults and became less original on later trials. These findings may fit with a broader
literature that has found a lack of age differences in metacognition for verbal skills such

as proofreading (Hargis et al., 2017) or proper name recall (Hargis et al., 2020) but shows
that older adults may believe that their access to original verbal knowledge declines in older
age. We note that these findings were obtained when participants had access to the output of
their memory retrieval operations and different patterns may arise if participants make these
judgments without being able to view their output.

The present study suggests that both younger and older adults display underconfidence in
their retrieval fluency ability, revealing a “skilled and unaware” effect as well as a “memory-
for-past-tests heuristic” whereby participants were underconfident at first but became better
calibrated after experiencing the task. Little work has found underconfident high-performers
(see Dunning, 2011) and this underconfidence fits with some prior work that has found
similar effects in younger and older adults using episodic learning tasks (Tauber & Rhodes,
2012). Additionally, the lack of age differences may have implications for delineating
healthy from pathological aging, since metacognition is often impaired in patients with
Alzheimer’s Disease or other neurological conditions (see Eslinger et al., 2005; McGlynn
& Kaszniak, 1991). Moreover, rather than tasks that assess episodic memory, the current
tasks measure verbal fluency, supporting work suggesting that vocabulary and other forms
of semantic memory are often fairly intact in older age (see Ben-David & Erel, 2015; Kavé
& Halamish, 2015). Furthermore, older adults may have reduced inhibition that benefits
performance in these types of verbal free-response tasks (cf. Healey et al., 2008; Kim et al.,
2007), and in the present task, reduced inhibition may enhance semantic access in terms of
outputting more exemplars in older age.

Participants may initially poorly judge their originality due to the influence of recency
effects such that the last few items recalled are more likely to be original items (cf., Murphy
& Castel, 2021; Sidi et al., 2020). Specifically, both age groups may initially use the last

few emitted items as the basis for their originality judgments, leading to a poor evaluation

of their overall originality. However, on later trials, younger adults may monitor their
originality throughout the retrieval process, leading to a better awareness of the originality of
their responses (see Koriat, 1993 for similar work asking participants to provide feeling of
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knowing judgments). Thus, having some experience with the task, and greater awareness
of the retrieval dynamics from semantic memory, can inform metacognition (although
originality scores and ratings did not correlate in Experiment 2).

In our sample of younger and older adults (from Amazon’s Mechanical Turk), we did not
observe the age-related differences in fluency and originality observed in some prior work
(e.g., Murphy & Castel, 2021; Rodriguez-Aranda & Martinussen, 2006; Troyer et al., 1997),
although some of this same prior work has shown age-related similarities for “younger”
older adults, with a mean age of 62.44 years (Murphy & Castel, 2021). We acknowledge
that the older sample tested in the present work may represent a relatively “younger” older
adult sample (68.31 years old), who may also not have experienced the stress that can
accompany in-person laboratory testing of memory (Barber & Mather, 2014) since they
were participating remotely (similar to our prior relevant work, see Murphy & Castel,
2021). Thus, these participants and conditions may not generalize to all older adults but do
provide useful insights as the sample is comparable in age to prior work and may illustrate
how healthy older adults function in more naturalistic settings. In Alzheimer’s disease or
other forms of dementia, metacognition for verbal fluency and originality may be impaired,
and this would provide an important future direction in terms of delineating healthy and
pathological aging.

The present work provides a novel investigation of metacognition in verbal fluency for
younger and relatively healthy older adults. Recent work has examined some of these effects
in younger adults with an idea generation task (Sidi et al., 2020), and the present work
extends this to verbal fluency and shows that younger and older adults show comparable
effects in terms of performance and how their metacognitive judgments are underconfident.
We also found that older adults are less confident in assessing the originality of their
responses. However, this may also arise due to their frequent use of verbal knowledge and
not feeling that access to some information is novel as a result of a lifetime of experience
with this information, although future research is needed to more fully explore the precise
basis for these judgments. Additionally, since originality postdictions were on a Likert
scale, we were unable to examine over- or under-confidence in the originality of one’s
responses; future work may benefit from asking participants to estimate the number of
original exemplars they retrieved.

In terms of participants’ underconfidence, it may be that in general, they did not want to set
lofty expectations and/or they did not know how much accessing semantic memory would
yield. Previous work using episodic memory tasks has demonstrated some overconfidence,
particularly in older adults (e.g., McGillivray & Castel, 2011). Based on these findings
from episodic memory tasks, we expected some initial levels of overconfidence. However,
if semantic retrieval monitoring follows different mechanisms than those used in episodic
memory, then overconfidence may not be present. As such, since participants were

largely underconfident, monitoring retrieval from semantic memory may follow different
mechanisms/have different properties than episodic memory and, when retrieving items
from semantic memory, we know more than we know.
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Moreover, when one fails to retrieve a familiar item, this can arise from tip-of-the-tongue
states (Brod et al., 2013; Brown, 1991; Brown & McNeill, 1966; Burke et al., 1991,
Schwartz & Metcalfe, 2011). Participants may also experience a “feeling of knowing”
whereby items are available in semantic memory but are currently inaccessible (Hart, 1965;
Koriat, 1993, 1995; see Schwartz, 1999; Schwartz & Metcalfe, 2014, for reviews). In the
present task, these states may have contributed to participants’ underestimation of how much
information they could retrieve from semantic memory such that participants think that
exemplars are less accessible than they are, or they underestimate their ability to overcome
tip-of-the-tongue states to retrieve items.

The present work revealed some interesting age-related similarities and differences in terms
of originality and judgments regarding originality. While there were no age differences

in originality, older adults’ postdictions indicated that they believed that they were less
original than younger adults. These results may suggest that despite younger and older
adults performing similarly in terms of originality, one’s awareness of originality may

be reduced with age. While the relationship between age and creativity is much debated
(Carpenter et al., 2020; Simonton, 1990), it may be that older adults perceive less originality
due to greater experience, verbal knowledge and/or vocabulary, and comparisons to a wider
set of experiences. In contrast, younger adults may fall into the “better than average”
illusion (Dunning et al., 2004; Hargis et al., 2020) in terms of reporting on originality,
although further research is needed to investigate this in a more systematic manner. In

the present task, since we were interested in participants’ global assessment of originality,
we asked participants to provide a general assessment of their originality performance
rather than a prediction of the number of original responses. However, this global or
holistic measure differs from an assessment that measures the number of original responses
and future research could compare these types of metacognitive operations (judgments of
overall originality versus the quantity of original responses) as they may rely on different
mechanisms.

We observed a few differences between Experiments 1 and 2. For example, in Experiment
2, there was no significant improvement in calibration as a function of task experience but
there was in Experiment 1. Additionally, fluency scores and the originality judgments for the
younger adults appear to differ between the two experiments and these differences may be
attributable to the different samples used in each experiment. Specifically, in Experiment

1 participants were undergraduate students from a large public university whereas in
Experiment 2 participants were recruited online. Undergraduate students may have better
access to semantic memory since they are amid their educational careers (i.e., undergraduate
students are frequently completing examinations that require them to retrieve information
from semantic memory) whereas participants from other sources may retrieve information
from semantic memory less frequently (and younger adults in Experiment 1 recalled around
20 more exemplars per trial, on average). Future work should examine these effects in more
diverse samples with different educational backgrounds.

It is important to note that the present study employed a paradigm in which participants’
responses remained on-screen during the entirety of the retrieval period while some other
work uses methods that do not allow participants to see their responses. This procedural
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difference is important in that it provides access to retrieval output, but since one of

our main research objectives was to examine how younger and older adults assess the
originality of information that is retrieved from semantic memory, we wanted to ensure

that participants could view their responses during retrieval so that this measure was not
biased/influenced by retrieval failure which may be more pronounced in older adults.

Again, we elected to use this type of procedure so that younger and older adults would

be more aware of their responses and subsequently be better able to evaluate the originality
of their responses. Specifically, if younger and older adults did not have access to their
responses, we could not rule out explanations based on poorer access to the retrieved
material which could potentially drive age-related differences in assessments of originality.
However, this modified procedure may change the way participants monitor previously
retrieved items to avoid repetitions and search for items in semantic memory—factors

that may influence retrieval processes. Performance impairments in older adults sometimes
arise from repetition errors or a lack of switching (generating cues for a new category of
exemplars; Troyer et al., 1997), thus, the lack of age-related differences in retrieval fluency
and metacognition observed here may be due to this procedural difference. Future work may
benefit from examining metacognitive predictions of performance when participants cannot
see previously retrieved items and also by assessing originality judgments when participants
must rely on memory for their responses to determine if there may be age-related differences
in different forms of global originality assessments.

In sum, while we found that predictions of semantic fluency and actual performance

were generally strongly positively correlated, indicating some metacognitive awareness

of performance in both younger and older adults, both groups underestimated their
performance and sometimes failed to accurately assess the originality of their responses.
This suggests that both younger and older adults may gain access to more than one is
aware, which can help in better understanding age-related changes in the metacognition of
creativity, learning, and communication.
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Figure 1.
Fluency predictions and scores as a function of task experience for younger adults in

Experiment 1. Error bars reflect the standard error of the mean.
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Figure 2.

Number of original exemplars retrieved (a) and originality postdictions (b) as a function of
task experience for younger adults in Experiment 1. Error bars reflect the standard error of
the mean. Note that originality scores and postdictions are on different scales and should not
be compared.
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Figure 3.
Fluency predictions and scores as a function of task experience for younger adults (a) and

older adults (b) in Experiment 2. Error bars reflect the standard error of the mean.
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Figure 4.

Number of original exemplars retrieved (a) and originality postdictions (b) as a function

of task experience and age in Experiment 2. Error bars reflect the standard error of the
mean. Note that originality scores and postdictions are on different scales and should not be
compared.
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The most frequently generated items and examples of items outputted only once for each category in the

current study.

Table 1.

Common Animals  Original Animals Common Foods

Original Foods

Common Occupations

Original Occupations

Dog Axolotl Bread
Cat Adder Apples
Lion Caracal Milk
Tiger Dhole Cheese
Pig Echidna Bananas
Giraffe Jaguarundi Chicken
Horse Mola Ice cream
Cow Monkfish Tomatoes
Elephant Nautilus Eggs
Whale Okapi Chips

Broccolini
Challah
Clams
Daikon
Grapefruit
Mint
Mussels
Pierogi
Prosciutto

Sorbet

Doctor

Nurse
Teacher
Lawyer
Police officer
Waiter

Actor
Plumber
Firefighter

Accountant

Stunt double
Taste tester
Ornithologist
CIA agent
Animal trainer
Music teacher
Nun
Geneticist
Ventrilloquist

Transcriptionist
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