Psychonomic Bulletin & Review
https://doi.org/10.3758/s13423-021-02030-8

BRIEF REPORT q

Check for
updates

The effect of perceptual processing fluency and value
on metacognition and remembering

Dillon H. Murphy'® . Stephen C. Huckins' - Matthew G. Rhodes? - Alan D. Castel’

Accepted: 12 October 2021
© The Psychonomic Society, Inc. 2021

Abstract

Previous research has indicated that perceptual processing fluency significantly affects metacognitive predictions of perfor-
mance but not learning outcomes. In the present study, we examined the differential impact of perceptual processing fluency
and an item’s value on metacognition and recall. We presented participants with words visually and audibly, with each word
paired with a point value counting towards participants’ scores if recalled. The words were either highly perceptually flu-
ent (large font, loud volume) or less perceptually fluent (small font, low volume). Results revealed that both metacognitive
monitoring (JOLs) and recall were sensitive to perceptual processing fluency as well as value, but the magnitude of the
effect of value was significantly greater than that of font size. Specifically, high-value words were better remembered than
low-value words, regardless of fluency, and participants’ judgments mapped onto their selectivity for valuable information.
Thus, the current study revealed the differential effects of intrinsic and extrinsic cues on metacognitive monitoring and later
remembering such that the cues that can influence monitoring in certain encoding conditions become less impactful when
pitted against other intrinsic cues in different encoding conditions.
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Introduction

Vision and hearing allow us to perceive and encode infor-
mation from our surroundings and perceptual fluency is the
ease with which these stimuli are processed (Oppenheimer,
2008). For example, large, bolded headlines at the top of
newspapers are highly fluent visual stimuli, while loud
music or other distinct sounds exemplify highly fluent audio
material. In contrast, there are many instances when stimuli
are less perceptually fluent, such as when visual information
becomes blurry, or when audio becomes faint or muffled.
Although learners often expect more fluent information,
such as words in large font or loud words to be better remem-
bered, perceived fluency does not always lead to detectable
differences in memory (e.g., Ball et al., 2014; Rhodes &
Castel, 2008, 2009; see also Kuhlmann et al., 2020).
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Metacognition involves the understanding and awareness
of one’s memory processes (Nelson & Narens, 1990; see
also Dunlosky et al., 2016; Nelson, 1996) and is usually con-
sidered in terms of monitoring (i.e., awareness of learning)
and control (i.e., self-regulation of learning). Metacognitive
control processes are typically evaluated via self-regulation
of study time and study choices (Egner, 2017; Son & Met-
calfe, 2000; Thiede & Dunlosky, 1999), and these processes
are informed by metacognitive monitoring. First introduced
by Arbuckle and Cuddy (1969), metacognitive monitoring
is often evaluated via judgments of the likelihood of later
remembering information, also known as a “judgment of
learning” (JOLs; see Rhodes, 2016, for a review). When
JOLs are sensitive to cues that affect memory performance
and unaffected by those that have minimal effects, metacog-
nitive monitoring assessments are generally accurate (e.g.,
Murphy et al., 2021). However, when JOLs do not match
learning, this dissociation can provide important theoretical
and practical insights (see Yang et al., 2021).

Monitoring judgments usually occur after an item is
studied and are often informed by the cues available dur-
ing encoding. To better understand the types of cues that
influence JOLs, Koriat (1997) proposed a cue-utilization
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framework whereby three types of cues inform monitoring
judgments: intrinsic cues, characteristics of to-be-remem-
bered information that affect or are believed to affect learn-
ing such as word relatedness; extrinsic cues, the encoding
operations employed by the learner as well as factors that
pertain either the circumstances of encoding or testing such
as study time or the type of test (i.e., recall versus recogni-
tion); and mnemonic cues, one’s prior experience with stim-
uli, such as the ease with which an item comes to mind in
response to a cue. JOL accuracy is a function of the degree
to which such judgments are sensitive to cues that affect later
remembering (Dunlosky & Matvey, 2001; Tiede & Leboe,
2009).

In addition to a variety of cues and heuristics that likely
influence predictions of future recall probability, JOLs may
also be theory-based (information-based; analytic-pro-
cessing theory) and mnemonic-based (experience-based).
According to analytic-processing theory, theory- or belief-
based judgments are informed by analytic inferences about
cues that may be predictive of later remembering (e.g., a
highly salient item may be believed to be easier to process
and thus expected to be better remembered; Dunlosky et al.,
2015; Mueller et al., 2016; see also Blake & Castel, 2018).
In contrast, mnemonic-based (experience-based) judgments
are informed by implicit inferences of memorability based
on subjective experience when studying a to-be-remembered
item (e.g., encoding fluency; Koriat & Bjork, 2006).

While JOLs are generally accurate, such that partici-
pants predict their performance better than chance (Rho-
des, 2016), there are some instances when judgments show
little correspondence with later remembering. For example,
Rhodes and Castel (2008) demonstrated that participants
judged words in large font as more likely to be remembered
than words in a small font, but font size did not affect par-
ticipants’ actual memory performance (see also Besken &
Mulligan, 2013; Kornell et al., 2011; Mueller & Dunlosky,
2016; Yue et al., 2013; but see Sungkhasettee et al., 2011).
Similar illusory effects of perceptual processing fluency on
participants’ JOLs have also been found for auditory infor-
mation. Specifically, Rhodes and Castel (2009) found that
loud words were rated as more likely to be remembered than
quieter words, but again, perceptual processing fluency did
not affect later remembering (see also Foster & Sahakyan,
2012; Frank & Kuhlmann, 2017; Soderstrom & Rhodes,
2014). Thus, in some instances, people may falsely believe
that more perceptually fluent information is more likely to
be recalled, while less perceptually fluent information is less
likely to be remembered.

Although perceptual processing fluency may not impact
later remembering in some instances (e.g., Ball et al., 2014;
Rhodes & Castel, 2008, 2009), when to-be-remembered
words are paired with point values that count towards par-
ticipants’ scores if recalled, participants generally recall
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valuable information better than low-value information
(Ariel et al., 2015; Castel et al., 2002, 2007, 2013; Nguyen
et al., 2019; see Madan, 2017, for review). Thus, absent
variations in perceptual processing fluency, participants
prioritize value when guiding the encoding and retrieval
process. However, when to-be-remembered information
varies in both value and fluency, Soderstrom and McCabe
(2011) demonstrated that item value, as well as process-
ing fluency (as manipulated by word pair relatedness), can
influence metacognitive monitoring (see also Koriat et al.,
2006). Specifically, participants can engage in agenda-based
monitoring (similar to the agenda-based regulation model of
study time; see Ariel et al., 2009) by using both value and
processing fluency as cues to inform JOLs and subsequent
study time, indicating that multiple cues can be used simul-
taneously to inform JOLs.

When faced with multiple cues at encoding, if partici-
pants show a weak relationship between what they expect
to remember and later recall, this metacognitive disconnect
could result in the forgetting of valuable information. Rather
than incorporating a single cue such as processing fluency
or value in their metacognitive monitoring judgments, par-
ticipants should engage in responsible remembering (see
Murphy & Castel, 2020, 2021a, 2021b) by simultaneously
incorporating multiple cues but also differentially weight-
ing these cues (i.e., cue-weighting, see Broder & Undorf,
2019; Koriat, 1997; Undorf & Broder, 2020; Undorf et al.,
2018). Specifically, responsible remembering mechanisms
may allow for the strategic encoding of important informa-
tion to maximize memory utility and avoid forgetting valu-
able information, despite variation in encoding or perceptual
processing fluency. Thus, when multiple cues are present,
participants should differentially prioritize the encoding and
recall of an item based on its value (an extrinsic cue) rather
than its processing fluency (an intrinsic cue').

The current study

Previous work indicates that more perceptually fluent mate-
rials are judged as more likely to be remembered but may
not be better recalled (e.g., Ball et al., 2014; Rhodes & Cas-
tel, 2008, 2009). However, other work indicates that highly
related word pairs (high processing fluency) as well as valu-
able items are given higher JOLs and are more likely to be
remembered compared to less fluent or low-value informa-
tion (e.g., Koriat et al., 2006; Soderstrom & McCabe, 2011).
In the current study, we examined how perceptual processing

! Perceptual processing fluency may lead to differences in the inter-
pretation of ease of processing (i.e., an explicit theory regarding how
fluency affects recall), which could also serve as a mnemonic cue.
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fluency and the value of to-be-remembered information dif-
ferentially affect monitoring of learning and subsequent
remembering. We presented participants with words either
visually or audibly, with some words being highly perceptu-
ally fluent (large font or loud) and others being less fluent
(smaller font or quieter). Additionally, each word was paired
with either a high or a low point value counting towards
participants’ scores if later recalled.

Accordingly, the present experiments allowed us to exam-
ine the influence of both value and perceptual processing
fluency on metacognitive monitoring and later remember-
ing, providing insight regarding the notion of cue-weighting,
whereby multiple cues are considered when forming JOLs
(Broder & Undorf, 2019; Koriat, 1997; Undorf et al., 2018;
Undorf & Broder, 2020), as well as theoretical frameworks
suggesting that fluency can guide JOLs, despite value influ-
encing recall. Specifically, participants may override percep-
tual processing fluency as a cue and use value as a stronger
indicator of future recall. Thus, we expected participants to
be selective for high-value words despite some being less
perceptually fluent (small font or quiet). Such selectivity
might map onto participants’ metacognitive judgments such
that JOLs more strongly correspond to value than perceptual
processing fluency, suggesting that value may be prioritized
when making metacognitive judgments in the face of per-
ceptual processing fluency.

Experiment 1a

In Experiment 1a, we examined how value and font size dif-
ferentially impact metacognitive judgments and recall. We
presented participants with eight words paired with high (5)
point values and eight words paired with low (1) point val-
ues. Half of the high- and low-value words were presented
in a large font (more perceptually fluent), and half were
presented in small font (less perceptually fluent). After the
presentation of a word, participants estimated the likelihood
of later remembering it (JOL). We expected participants to
be selective for valuable items, regardless of fluency, and for
JOLs to map on to their selectivity, consistent with engaging
in responsible remembering. Specifically, the importance
of some to-be-remembered information may override other
cues that, in the absence of value, can guide the encoding
and retrieval process.

Method

Participants After exclusions, participants were 51 under-
graduate students (M,,, = 19.10 years, SD,,, = 1.37)
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 excluded from analysis if they admit-
ted to cheating (e.g., writing down answers) in a post-task
questionnaire (participants were told they would still receive
credit if they cheated). This exclusion process resulted in one
exclusion. An a priori power analysis indicated that for a 2
(font size: small, large) X 2 (value: 1, 5) repeated-measures,
within-subjects ANOVA, with a low correlation between
repeated-measures, assuming alpha = .05, power = .80, 38
participants would be needed to reliably detect a medium
effect size (n° = .10).

Materials and procedure Participants were presented with
a series of to-be-remembered words with each word paired
with a point value indicating how much the word was
“worth.” Point values were either 1 (low) or 5 (high), and the
order of the point values within lists was randomized. Half
of the words were presented in a large (48 point) font, and
half were presented in a small (12-point) font such that each
list included four large valuable words, four small valuable
words, four large low-value words, and four small low-value
words. Regardless of the size of each to-be-remembered
word, the point values paired with each word were presented
in a neutral size (30-point) font. Participants were told that
their score would be the sum of the associated values of the
words they recalled and that they should try to maximize
their score but were not given any information regarding
word size.

Word-value pairs (e.g., ability : 5) were separated by a
colon, presented simultaneously for 4 s each, and were taken
from Rhodes and Castel (2009). The to-be-remembered
words were between four and eight letters (M = 6.19, SD
= 1.27) and on the log-transformed Hyperspace Analogue
to Language frequency scale (with lower values indicating
lower frequency in the English language and higher values
indicating higher frequency), ranged from 7.22 to 13.67 and
averaged a score of 10.15 (SD = .88). In terms of concrete-
ness (with lower values indicating lower concreteness and
higher values indicating higher concreteness), words ranged
from 1.19 to 5.00 and averaged a score of 3.31 (SD = 1.00).
Words were classified according to the English Lexicon Pro-
ject website (Balota et al., 2007).

After each word was presented, participants were asked
to estimate the likelihood of correctly recalling it on a later
test (JOL). Participants answered with a number between 0
and 100, with 0 meaning they definitely would not remember
the word and 100 meaning they definitely would remem-
ber the word. Participants were given as much time as they
needed to make their judgments. After the presentation of
all 16 words, participants were given a 1-min free-recall
test in which they had to recall as many words as they could
from the current list (they did not need to recall point val-
ues). Immediately following the recall period, participants
were informed of their score for that list but were not given
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Fig. 1 Judgments of learning (JOLs) as a function of font size and
value in Experiment la. Error bars reflect the standard error of the
mean

feedback about specific items. This process was repeated for
a total of eight study-test cycles.

Results

Judgments of learning (JOLs) as a function of font size and
value are shown in Fig. 1. To investigate differences in JOLs
as a function of font size and value, a 2 (size: small, large)
X 2 (value: 1, 5) repeated-measures ANOVA revealed that
large words (M = 38.24, SD = 21.89) were rated as more
likely to be remembered than small words (M = 35.32, SD =
21.34), [F(1, 50) = 10.44, p = .002, n* = .17]. Additionally,
high-value words (M = 46.34, SD = 24.89) were rated as
more likely to be remembered than low-value words (M =
27.22, SD = 23.14), [F(1, 50) = 38.61, p < .001, n* = .44].
However, font size did not interact with value [F(1, 50) =
04, p = .841, 1% < .01].

Recall as a function of font size and value is shown in
Fig. 2. A 2 (size: small, large) X 2 (value: 1, 5) repeated-
measures ANOVA showed that large words (M = .52, SD
= .17) were recalled better than small words (M = .48, SD
A7), [F(1, 50) = 4.68, p = .035, n* = .09]. Additionally,
high-value words (M = .63, SD = .19) were recalled bet-
ter than low-value words (M = .36, SD = .22), [F(1, 50)
= 59.64, p < .001, n2 = .54], but size did not interact with
value [F(1, 50) = .16, p = .693, 1> < .01].

Because participants’ JOLs were assessed as a probabil-
ity, or percentage likelihood (same scale as the probability
of recall), we calculated measures of absolute and relative
accuracy (see Higham et al., 2016; Rhodes, 2016). Absolute
accuracy (i.e., calibration), captures the overall relationship
between judgments and performance and is calculated as
the difference between mean judgments and the percentage
of items recalled. A score of zero would exemplify perfect
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Fig.2 Recall as a function of font size and value in Experiment la.
Error bars reflect the standard error of the mean

calibration (i.e., a direct correspondence between partici-
pants’ predictions and actual recall). A 2 (size: small, large)
X 2 (value: 1, 5) repeated-measures ANOVA on calibration
scores showed that participants were similarly calibrated for
large words (M = -13.41, SD = 17.86) as for small words
(M =-12.72, SD = 17.67), [F(1, 50) = .29, p = .593, n* =
.01]. However, participants were more overconfident in their
memory for high-value words (M = -16.90, SD = 21.33)
than low-value words (M = -9.23, SD = 17.33), [F(1, 50)
=8.96, p = .004, 1> = .15]. Size did not interact with value
[F(1,50) = .08, p = .781,1> < .01].

Relative accuracy (i.e., resolution) measures participants’
ability to discriminate between items that will be or will not
be remembered and is often measured via Gamma correla-
tions between a given item’s JOL and whether the given item
was recalled (see Masson & Rotello, 2009 for alternative
approaches). A strong positive correlation between judg-
ments and performance would indicate that an individual
remembers what they say they will remember while a strong
negative correlation would indicate that an individual forgets
what they say they will remember. We computed Gamma
correlations for each participant and examined resolution
as a function of font size and value using a 2 (size: small,
large) X 2 (value: 1, 5) repeated-measures ANOVA. Over-
all, participants were similarly relatively accurate for large
words (M = .37, SD = .43) and small words (M = .34, SD
= .44), [F(1, 48) = .16, p = .691, n* < .01]. Additionally,
participants were similarly relatively accurate for high-value
words (M = .32, SD = .45) as low-value words (M = .39,
SD = .43), [F(1, 48) = 2.56, p = .117, 1> = .05]. Size did
not interact with value [F(1, 48) = .91, p = .346, nz =.02].

Discussion

In Experiment 1a, we investigated how perceptual process-
ing fluency and value differentially affected metacognitive
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monitoring and memory performance. Results revealed that
participants’ judgments and recall were sensitive to both font
size and word value (but there were no interactions between
the two). Thus, participants engaged in responsible remem-
bering by recalling valuable words, regardless of font size,
and were generally metacognitively aware of this pattern.

Experiment 1b

To support the results of Experiment 1a, we report a con-
ceptual replication of Experiment 1a.? Participants were pre-
sented with words differing in font size and value; however,
rather than a value of 5 serving as the high-value word, the
high-value words were worth 10 points. Additionally, rather
than studying a single list followed by an immediate recall
test (and several study-test cycles), participants studied a
single list of words before completing a delayed recall test.
Again, the manipulation of value (either 1 or 10 points) was
crossed with font size (small or large font) such that large
and small words were presented equally often with high- and
low-value words.

Method

Participants Participants were 32 Colorado State Uni-
versity psychology students (M., = 18.44 years, SD,,,, =
1.22). Participants were tested individually or in groups of
up to eight participants and received course credit for their
participation. A sensitivity analysis indicated that for a 2
(font size: small, large) X 2 (value: 1, 10) within-subjects
ANOVA, assuming alpha = .05, power = .80, and a low
correlation (r = .10) between repeated-measures, the small-

est effect size the design could reliably detect is n°> = .11.

Materials The to-be-remembered words were between
four and eight letters (M = 6.00, SD = 1.27) and on the
log-transformed Hyperspace Analogue to Language fre-
quency scale, ranged from 7.22 to 11.25, and averaged a
score of 9.57 (SD = .86). In terms of concreteness, words
ranged from 1.52 to 4.72 and averaged a score of 3.22
(SD = .91). Half of the words were assigned a value of
“10” and half were assigned a value of “1.” This manipu-
lation of value was crossed with font size, such that half
of the words in large or small font were presented as
high-value (10 point) items and half were presented as
low-value (1 point) items.

2 After creating and submitting the manuscript, the experimenters
reached out to the third author who noted that he had conducted a
highly similar, unpublished experiment several years ago. These data
are now incorporated as Experiment 1b.

Procedure The procedure was similar to Experiment la.
However, following each item, participants were only given
4 s to record their JOL on a sheet of paper provided. Addi-
tionally, words were presented for 5 s each in a fixed random
order (with the condition that no more than three items of the
same font size were presented consecutively). Immediately
following the study list participants engaged in a filler task
for approximately 5 min that required them to write down
the states of the USA. Finally, participants were instructed
to recall as many of the words as they could remember on a
blank sheet of paper provided. Participants were given 4 min
for the free-recall task.

Results

JOLs as a function of font size and value are shown in Fig. 3.
To investigate differences in JOLs as a function of font size
and value, a 2 (size: small, large) X 2 (value: 1, 10) repeated-
measures ANOVA revealed that, overall, large words (M =
44.50, SD = 16.79) were rated as more likely to be remem-
bered than small words (M = 39.63, SD = 16.40), [F(1,
31) = 8.48, p = .007, n2 = .22]. Additionally, high-value
words (M = 52.32, SD = 18.74) were rated as more likely
to be remembered than low-value words (M = 31.71, SD
= 18.55), [F(1, 31) = 35.28, p < .001, n2 = .53]. However,
font size did not interact with value [F(1, 31) = 1.61,p =
214, 1% = .05].

Recall as a function of font size and value is shown in
Fig. 4. A 2 (size: small, large) x 2 (value: 1, 10) repeated-
measures ANOVA showed that large words (M = .17, SD
= .07) were recalled better than small words (M = .13, SD
.09), [F(1,31) = 6.84, p = .014, n*> = .18]. Additionally,
high-value words (M = .21, SD = .12) were recalled better
than low-value words (M = .09, SD = .06), [F(1, 31) =
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Fig.3 Judgments of learning (JOLs) as a function of font size and
value in Experiment 1b. Error bars reflect the standard error of the
mean
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Fig.4 Recall as a function of font size and value in Experiment 1b.
Error bars reflect the standard error of the mean

27.22,p < .001, n2 = .47]. Size did not interact with value
[F(1,31)=1.82, p = .187, n* = .06].

To examine differences in calibration as a function of
font size and value, a 2 (size: small, large) X 2 (value: 1,
10) repeated-measures ANOVA showed that participants
were similarly calibrated for large words (M = 27.32,
SD = 20.88) and small words (M = 27.13, SD = 19.76),
[F(1,31) = .01, p = .924, 1> < .01]. However, participants
were more underconfident in their memory for high-value
words (M = 31.23, SD = 24.75) than low-value words (M
=23.12, SD = 18.27), [F(1, 31) = 5.13, p = .031, n°* =
.14]. Size did not interact with value [F(1, 31) = .24, p =
628, 1% = .01].

To examine differences in resolution as a function of
font size and value, a 2 (size: small, large) X 2 (value: 1,
10) repeated-measures ANOVA showed that participants
were similarly relatively accurate for large words (M = .38,
SD = .28) as for small words (M = .45, SD = .37), [F(1,
11) = 1.94, p = .192, 1 = .15]. Additionally, participants
were similarly relatively accurate for high-value words (M
= .32, SD = .50) as for low-value words (M = .32, SD =
.56), [F(1, 11) = .39, p = .547, n* = .03]. Size did not
interact with value [F(1, 11) = 1.46, p = 252, 0> = .12].

Discussion

The data from Experiment 1b largely replicated Experi-
ment la. Specifically, both size and value significantly
influenced JOLs such that larger words and high-value
words were given higher JOLs than small words and low-
value words, respectively, and no interaction was present.
This is borne out by the recall data, as large words and
high-value words were also more likely to be recalled than
small words and low-value words, respectively.
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Experiment 2

In Experiment 1, participants were more sensitive to value
than font size, and their JOLs were generally consistent with
recall. In Experiment 2, we further examined how value
and perceptual processing fluency differentially impact
recall and metacognitive judgments. Rather than presenting
words visually, the to-be-remembered words were presented
audibly (with the corresponding values still appearing on
the screen). Specifically, low- and high-value words were
presented audibly at either a low volume (less fluent) or a
louder volume (fluent) in a 2 X 2 design. We expected to
observe a similar pattern of results as seen in Experiment 1
such that participants selectively remember valuable items
at the expense of low-value items, but also better remember
highly perceptually fluent words compared with less fluent
words, and for these trends to map on to participants’ meta-
cognitive judgments.

Methods

Participants Participants were 51 undergraduate students
(Mg = 19.33 years, SD,,,, = 1.96) recruited from the UCLA
Human Subjects Pool. Participants were tested online and
received course credit for their participation. Participants
were excluded from analysis if they admitted to cheating
(e.g., writing down answers) in a post-task questionnaire
(participants were told that they would still receive credit if
they cheated). This exclusion process resulted in zero exclu-
sions. A sensitivity analysis indicated that for a 2 (volume:
low, high) x 2 (value: 1, 5) repeated-measures ANOVA,
with a low correlation between repeated-measures, assuming
alpha = .05, power = .80, the smallest effect size the design
could reliably detect is n> = .07.

Materials and procedure The materials and procedure were
similar to Experiment 1a; however, words were presented
audibly, and values appeared simultaneously on the screen
in size 30 font. The lower-volume words were presented
at a conversational volume, while the high-volume words
were presented at a louder volume (about three times louder;
see Rhodes & Castel, 2009). Participants were not required
to use headphones (i.e., they could use their computer’s
speaker) but were required to complete an audio test before
beginning the task.

Results

JOLs as a function of word volume and value are shown in
Fig. 5. To investigate differences in JOLs as a function of
volume and value, a 2 (volume: quiet, loud) X 2 (value: 1, 5)
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Fig.5 Judgments of learning (JOLs) as a function of word volume
and value in Experiment 2. Error bars reflect the standard error of the
mean

repeated-measures ANOVA revealed that loud words (M =
37.73, SD = 21.42) were rated as more likely to be remem-
bered than quiet words (M = 35.13, SD = 18.79), [F(1, 50)
=10.40, p = .002, n2 =.17]. Additionally, high-value words
(M = 43.00, SD = 22.89) were rated as more likely to be
remembered than low-value words (M = 29.86, SD = 22.00),
[F(1, 50) = 20.76, p < .001, n2 = .29]. Moreover, fluency
interacted with value [F(1, 50) = 5.37, p = .025, n2 =.10]
such that JOLs for loud, low-value words were greater than
quiet, low-value words [#(50) = 4.06, p < .001, d = .57].
Recall as a function of word volume and value is shown in
Fig. 6. A 2 (volume: quiet, loud) X 2 (value: 1, 5) repeated-
measures ANOVA showed that loud words (M = .47, SD =
.16) were recalled better than quiet words (M = .43, SD =
.16), [F(1, 50) = 10.32, p = .002, n* = .17]. Additionally,
high-value words (M = .53, SD = .18) were recalled bet-
ter than low-value words (M = .38, SD = .20), [F(1, 50)

Value
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Fig.6 Recall as a function of word volume and value in Experiment
2. Error bars reflect the standard error of the mean

=21.30, p < .001, n2 = .30]. Volume did not interact with
value [F(1, 50) = 1.30, p = .259, 1> = .03].

To examine differences in calibration as a function of
word volume and value, a 2 (volume: quiet, loud) X 2 (value:
1, 5) repeated-measures ANOVA showed that participants
were similarly calibrated for loud words (M = -9.39, SD =
18.99) as for quiet words (M = -7.91, SD = 19.02), [F(1, 50)
=1.95, p = .169, n? = .04]. Additionally, participants were
similarly calibrated for high-value words (M = -9.57, SD =
21.27) and for low-value words (M = -7.73, SD = 18.90),
[F(1,50)=.75, p=.390, n2 =.02]. Volume did not interact
with value [F(1, 50) = 3.48, p = .068, n2 =.07].

To examine differences in resolution as a function of word
volume and value, a 2 (size: small, large) X 2 (value: 1, 5)
repeated-measures ANOVA showed that participants were
similarly relatively accurate for loud words (M = .21, SD =
.45) as for quiet words (M = .28, SD = .38), [F(1, 45) =2.55,
p =.117,1* = .05]. Additionally, participants were similarly
relatively accurate for high-value words (M = .22, SD = .39)
as for low-value words (M = .26, SD = .44), [F(1, 45) = .39,
p=.537, n2 = .01]. Volume did not interact with value [F(1,
45) = .04, p = .845, 1> < .01].

Discussion

In Experiment 2, we further explored the effect of value
and perceptual processing fluency on metacognitive judg-
ments and recall using audible stimuli rather than visually
presented words. Results generally replicated Experiment
1 such that higher valued and louder words were recalled
better than low-value and quieter words, and JOLs were
consistent with this pattern (but there were no interactions
between fluency and value). Thus, participants engaged in
responsible remembering by prioritizing valuable informa-
tion, even when less perceptually fluent, and JOLs were gen-
erally sensitive to cues that were diagnostic of later recall.

Meta-analysis of experiments

To fully illustrate the complete set of experiments, we report a
small-scale, fixed-effects meta-analysis based on all of the data
collected. For each experiment, we calculated a mean effect
size (Cohen’s d°) for one factor, while collapsing across the
other factor (e.g., the meta-analysis of value collapsed across
fluency), and also report 95% confidence intervals for each
effect size. Cumming and Finch (2005) note that confidence
intervals for effect sizes only need to have 50% nonoverlap to

3 This meta-analysis uses Cohen’s d as the metric of effect size and
while the body of the paper uses eta squared. Since these are not the
same metrics (although they can be converted), they generate differ-
ent confidence intervals.
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Fig.7 Forest plots of judgments of learning (JOLs) (left) and recall (right) for high- versus low-fluency items with 95% confidence intervals.
Note: FE Model = mean weighted effect size for a fixed effects model; Observed outcome = Cohen’s d

reach significance with an alphas level of .05. Given the use
of repeated-measures designs, we also accounted for the cor-
relation between the two measures, using Cohen’s drm (Lak-
ens, 2013). Aggregate effect sizes reported are weighted by
sample size (cf. Hedges & Olkin, 1985), and all analyses were
conducted using Comprehensive Meta-Analysis Version 2.0
(Borenstein et al., 2005).4 As can be seen in the forest plot in
Fig. 7, fluency yielded reliable effects on both JOLs (left panel;
d = .13) and recall (right panel; d = .26). However, as shown in
Fig. 8, value resulted in far stronger effects on JOLs (left panel;
d = .75) and recall (right panel; d = 1.05).°

General discussion

Perceptual cues are frequent indicators that people should
attend to particular stimuli. For example, in newspaper head-
lines, people are often drawn to the more fluent, large font

4 We note that the present meta-analysis may have some limitations
(such as issues regarding the dependence of variables) and future
research should further examine this issue.

5 Meta-analyses assume each effect size is sampled from independ-
ent groups, making a direct comparison of mean effect sizes for value
versus fluency statistically untenable given that the effect sizes are
derived from the same individuals. Nonetheless, an exploratory anal-
ysis comparing the magnitude of effect sizes for value versus fluency
confirms that value exerted far stronger effects than fluency on JOLs
(OBeteen = 40.618, p < .001) and recall (Qg,peen = 27.920, p < .001).

@ Springer

headlines, and people might expect to better remember this
information. However, there is some ambiguity surrounding
the conditions under which perceptual processing fluency
influences subsequent remembering. Some prior work has
not detected significant effects of perceptual processing flu-
ency on later remembering using word lists (e.g., Rhodes
& Castel, 2008, 2009) as well as more naturalistic stimuli
(e.g., Ball et al., 2014) while other research has revealed
a small effect of fluency on remembering (see Halamish,
2018; Luna et al., 2018; Price et al., 2016). Specifically,
although no single study has reported a memory advantage
for large font relative to small font items, Luna et al.’s (2018)
meta-analysis of 28 effect sizes showed that a very small
memory advantage (d unbiased = .08) appears to emerge in
favor of large font sizes.

In the absence of variation in perceptual processing flu-
ency, previous work has indicated that people use value to
guide encoding and retrieval processes (Ariel et al., 2015;
Castel et al., 2002, 2007, 2013; Nguyen et al., 2019; see
Madan, 2017, for review). Additionally, previous work
has indicated that both word pair relatedness (a form of
processing fluency) and value lead to increased JOLs and
recall (Koriat et al., 2006; Soderstrom & McCabe, 2011).
For example, Rhodes and Castel (2008) presented partici-
pants with related and unrelated words to illustrate that
font size is given much less weight if other, more compel-
ling cues are available. However, it was previously unclear
if a word’s value exerted similar effects on recall.
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Fig.8 Forest plots of judgments of learning (JOLs) (left) and recall (right) for high- versus low-value items with 95% confidence intervals.
Note: FE Model = mean weighted effect size for a fixed effects model; Observed outcome = Cohen’s d

In the current study, we presented participants with
high- and low-value words of varying levels of perceptual
processing fluency (i.e., large font, small font; loud vol-
ume, quiet volume) to determine how value and percep-
tual processing fluency differentially impact metacognitive
monitoring and later remembering. Results revealed that
increased perceptual processing fluency led to enhanced
recall and participants also selectively remembered valu-
able information at the expense of low-value information,
and JOLs mapped onto participants’ selectivity (but gener-
ally, there were no significant differences in measures of
metacognitive accuracy). Thus, the present study is con-
sistent with the idea of cue-weighting (Broder & Undorf,
2019; Koriat, 1997; Undorf et al., 2018; Undorf & Broder,
2020) whereby multiple factors inform metacognitive
judgments. However, we extend the findings of Soderstrom
and McCabe (2011) by indicating that although multiple
cues can be used simultaneously to inform JOLs and later
remembering, the magnitude of the effect of intrinsic and
extrinsic cues on recall can differ and are likely informed
by participants’ goals. Specifically, as in the current study,
fluency may be superseded by a more diagnostic cue like
value if the cue is task-relevant, but fluency can still be a
sufficiently powerful cue that continues to influence JOLs
regardless of the value of the word.

In Koriat’s (1997) cue-utilization framework, percep-
tual processing fluency exemplifies an intrinsic cue: char-
acteristics of to-be-remembered information that affect or

are believed to affect memory performance. In terms of an
item’s value or importance, this extrinsic cue serves as a fac-
tor that influences the encoding operations employed by par-
ticipants to maximize memory utility. In the present study,
the influence of an item’s perceptual processing fluency on
JOLs likely reflects a form of analytical processing. Specifi-
cally, beliefs or theories of how font size and word volume
impact later remembering were used as a diagnostic cue
of memorability (i.e., belief-based JOLs). However, when
competing with an extrinsic cue such as the item’s value,
participants more heavily weighed the value or importance
of remembering an item than its fluency, and recall mapped
onto this trend.

Participants’ prioritization of high-value words com-
pared to low-value words, as well as their metacogni-
tive awareness of such selectivity, is consistent with the
notion of responsible remembering: how our memory
allows for the strategic allocation of attention toward
important information to avoid consequences for forget-
ting (Murphy & Castel, 2020, 2021a, 2021b). The pre-
sent results provide some novel insight regarding how
participants may (accurately) prioritize point value (an
extrinsic cue) in the presence of competing cues such
as perceptual processing fluency. Thus, it may be of
strategic benefit to prioritize items in memory accord-
ing to their value, rather than their ease of processing,
and participants may be metacognitively aware of these
processes during encoding.

@ Springer
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The pattern of JOLs in the present experiments revealed
that both intrinsic (perceptual processing fluency) and
extrinsic cues (value or importance) can simultaneously
inform JOLs but not to the same extent. Although we
demonstrated that the magnitude of the effect of value on
recall was greater than that of font size, there could be
circumstances when an item’s font size is highly related
to its value. For example, in textbooks, each section usu-
ally has a heading in large font (indicating the overarching
important theme of the section), important concepts are
often referred to multiple times, and important vocabu-
lary words are often bolded. Thus, in more applied set-
tings, value and perceptual processing fluency may not
necessarily need to be pitted against each other but rather
be highly correlated, and in these instances, participants
should engage in strategic metacognitive mechanisms to
prioritize this fluent, important information (see Ball et al.,
2014; Diemand-Yauman et al., 2011).

There are also instances where important information
may be less fluent. For example, warning labels on chil-
dren’s toys and medications’ potential side effects are often
listed in a small, less perceptually fluent font. However,
the present study suggests that this valuable information
can still be well remembered, despite being less fluent
(see also Hargis & Castel, 2018). Again, this exemplifies
responsible remembering such that people can overcome
memory obstacles and engage in strategic metacognitive
mechanisms to better remember information that might be
important later or with potential consequences if forgotten
(see Murphy & Castel, 2021a, 2021b).

With the current abundance of auditory and visual
learning technologies, understanding how the perceptual
processing fluency of information of various importance
impacts learning and metacognition is crucial (see Reber
& Greifeneder, 2017). The current study indicates that
while educators should provide students with more fluent
methods of presenting course material to enhance learning
outcomes, it may be more important to provide detailed
study guides illustrating the relative value or importance
of various course concepts to optimize memory for valu-
able information. The present study also extends Koriat’s
(1997) cue utilization framework by revealing the differ-
ential effects of intrinsic and extrinsic cues on metacogni-
tive monitoring and later remembering. Specifically, not
all cues are created equal; some cues that can influence
metacognitive monitoring in certain encoding conditions
become less impactful when pitted against other cues in
different encoding conditions, particularly when cues are
relevant to a learner’s goals.
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