
More Than Just Beliefs: Experience and Beliefs Jointly Contribute to
Volume Effects on Metacognitive Judgments

David J. Frank
The University of North Carolina at Greensboro and

Case Western Reserve University

Beatrice G. Kuhlmann
University of Mannheim

Experience-based cues, such as perceptual fluency, have long been thought to influence metacognitive
judgments (Kelley & Jacoby, 1996; Koriat, 1997). Studies found that manipulations of perceptual fluency
via changes in font and volume alter Judgments of Learning (JOLs) without influencing memory
performance (Rhodes & Castel, 2008, 2009). Nonetheless, recent research (Mueller, Tauber, & Dunlo-
sky, 2013; Mueller, Dunlosky, Tauber, & Rhodes, 2014, 2016) has challenged the notion that experience-
based cues such as fluency are the primary basis for item-level JOLs, arguing instead that preexisting
beliefs about these manipulations are responsible for these effects. For the first time, we compared global
metacognitive judgments to item-level JOLs made during study to independently assess the contribution
of beliefs and experience to volume-effects on JOLs. In 3 experiments, we found evidence for strong
beliefs about volume-effects on memory, both before and after a study-test phase. However, these beliefs
either did not account for the volume effect on JOLs (Experiment 3) or only partially accounted for the
volume effect on JOLs (Experiments 1 and 2). Further, in Experiments 2 and 3 global performance
estimates (before and after study) did not differ with respect to the volume dose whereas item-level JOLs
generally varied with dose strength. Taken together, our findings suggest that both beliefs and
experience-based cues contribute independently to the effects of volume on item-level JOLs, but that
beliefs alone cannot fully account for the effects of volume on item-level JOLs.
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Understanding how well one has learned a piece of information
is critical for deciding when to stop studying, when to continue
studying, and recognizing when one’s study strategy is not work-
ing (Ariel, Dunlosky, & Bailey, 2009; Hines, Touron, & Hertzog,
2009; Metcalfe & Kornell, 2005; Nelson & Narens, 1990; Press-
ley, Levin, & Ghatala, 1984). Likewise, memory confidence is
important for deciding whether to change a test response or double
check a piece of information before moving forward (e.g., check-
ing the calendar or trusting that one knows when a meeting is
scheduled). For these reasons, how people make judgments about
their learning and memories is of great theoretical interest. Al-
though such metacognitive judgments are typically better than
chance at predicting memory performance (e.g., Nelson, 1996;
Rhodes, 2015), they are far from perfect, suggesting that people do
not have direct access to the strength of their memories (Nelson,

1996). Prominent metacognitive theories (Kelley & Jacoby, 1996;
Koriat, 1997; Koriat, Bjork, Sheffer, & Bar, 2004) distinguish
between two classes of information that can influence metacogni-
tive judgments: experience-based cues, such as how quickly an
item is processed or accessed, and beliefs/naïve theories about
memory. Many factors known to affect metacognitive judgments,
such as prior exposure, could operate through either experience or
beliefs. For example, recently processed information is more
quickly and easily processed the second time (Begg, Duft, La-
londe, Melnick, & Sanvito, 1989). Thus, subjective experiences
(such as processing fluency) might contribute to item-level Judg-
ments of Learning (JOLs; i.e., predictions of one’s likelihood to
remember a just studied item). Alternatively, one may simply
suspect that studying an item twice will lead to better memory than
only studying it once, and one may apply this belief when pre-
dicting how likely one is to remember a repeated word on a future
test. Thus item-level JOLs may instead be belief-based. We will
first review evidence for experience-based cues on metacognitive
judgments, then explain the recent belief-based challenge to these
results. Following, we will introduce a set of experiments designed
to assess the contributions of both experience and beliefs on
metacognitive judgments regarding volume.

Evidence for Influences of Experience-Based Cues
(Fluency) on Metacognitive Judgments

Because factors like prior exposure (e.g., Begg et al., 1989) and
relatedness (e.g., Undorf & Erdfelder, 2015) influence both flu-
ency of processing and memory, processing fluency may be a valid
experience-based cue on which many, if not most, metacognitive
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judgments are based (Koriat et al., 2004). Kelley and Jacoby
(1996) even argued that, although beliefs and naïve theories play
a role in metacognitive predictions, they are often trumped by
experience-based cues, such as fluency, for item-level predictions.
Quite intriguing evidence for experience-based effects on meta-
cognitive judgments come from Rhodes and Castel (2008, 2009;
see also Kornell, Rhodes, Castel, & Tauber, 2011) who manipu-
lated the perceptual experience of study material by presenting
words in either large or small font, standard or alternating capi-
talization (e.g., PiAnO), as well as loud or quiet volume. Although
these perceptual manipulations did not influence memory (free
recall) performance, they consistently affected JOLs (higher aver-
age JOLs for words studied in large font, standard capitalization,
and loud volume). The authors interpreted their findings as indi-
cations that perceptual fluency is a cue often used to make meta-
cognitive judgments (specifically JOLs). Similarly, the effects of
many other manipulations on metacognitive judgments (mostly
JOLs) have been interpreted to be mediated by the experience of
fluency, including the effects of repetition (Begg et al., 1989),
semantic relatedness (e.g., Undorf & Erdfelder, 2015), identicality
of words in a pair (Castel, McCabe, & Roediger, 2007), and visual
and auditory interference (Besken, 2016; Besken & Mulligan,
2013, 2014). Importantly, some studies have backed this fluency-
account of metacognitive judgments with direct empirical evi-
dence that objective measures of processing time are related to
metacognitive judgments (e.g., Besken, 2016; Besken & Mulligan,
2014; Hertzog, Dunlosky, Robinson, & Kidder, 2003; Undorf &
Erdfelder, 2011, 2013, 2015).

Although in some cases processing fluency and performance go
hand-in-hand, such as in the case of semantic relatedness of word
pairs (Undorf & Erdfelder, 2015), fluency is not always indicative
of better performance. Indeed, sometimes disfluency actually en-
hances memory (Yue, Castel, & Bjork, 2013) such that relying on
fluency experiences for making memory predictions may lead to
single or even double dissociations between metacognitive judg-
ments and memory performance (Besken, 2016; Besken & Mul-
ligan, 2013, 2014; Kornell et al., 2011; Rhodes & Castel, 2008,
2009). Such dissociations are important because they highlight that
participants are using cues (presumably, fluency experience) to
make their metacognitive judgments and do not somehow “know”
what their memory performance is.

Most research on how processing experience influences metacog-
nitive judgments has focused on fluency, specifically, but it should be
noted that other experience-based cues may influence JOLs as well.
For example, Alban and Kelley (2013) found that participants gave
higher JOLs when the words they were studying were affixed to
heavier material. Weight of study material should not affect word
processing in itself, thus experience-based cues other than processing
fluency presumably influenced JOLs in this embodied-cognition ef-
fect, and may also play a role in the effect of other manipulations (e.g.,
volume). Thus, various aspects of in-the-moment experience may
influence metacognitive judgments.

Belief-Based Reinterpretation of Experience-Based
Effects on Metacognitive Judgments

The fluency-experience account of JOLs has recently been chal-
lenged by researchers arguing that beliefs are the primary deter-
minant of the JOL-effect for many of the manipulations commonly

attributed to fluency (Dunlosky, Mueller, & Tauber, 2015; Muel-
ler, Dunlosky, & Tauber, 2016; Mueller et al., 2014; Mueller,
Tauber, & Dunlosky, 2013). Mueller and colleagues investigated
whether beliefs might explain the effects of font size (2014),
alternating capitalization (2013; 2016), semantic relatedness of
word pairs (2013; 2015), and identiciality of word pairs (2015) on
JOLs. To do so, they measured participants’ beliefs about the
various manipulations using either vignettes or prestudy JOLs. The
vignettes described the levels of the manipulation (including ex-
amples) and asked participants to estimate how many words/word-
pairs participants of the described study remembered for each
level. For prestudy JOLs (Castel, 2008), participants are told what
type of word they are about to see (e.g., large or small font) and
asked to estimate their memory before studying the word. Impor-
tantly, these metacognitive estimates are made in the absence of
fluency information (they do not process the word or pair prior to
making their judgments) and can thus only be influenced by
beliefs. Across experiments, and for both the vignette and prestudy
JOL measures, Mueller and colleagues found that participants
estimated higher performance for the more “fluent” (large font,
standard capitalization, related pairs, identical pairs) item type
without/prior to processing it. That is, Mueller and colleagues
demonstrated that participants hold preexisting beliefs about how
these fluency manipulations affect memory, and suggested that
these beliefs may be responsible for the effects on JOLs.

Aside from demonstrating that people hold beliefs about these
manipulations, Mueller and colleagues also attempted to more directly
measure the fluency effects of these manipulations. For font size,
Mueller et al. (2014) did not find any evidence for faster processing
for large font words when looking at either lexical-decision or self-
paced study times, arguing against the hypothesis that font size
affected JOLs via fluency experience. Consequently, lexical-decision
times did not mediate the relationship between JOLs and font size.
Although lexical-decision and study times were indeed shorter for
related and identical word pairs, they also did not statistically mediate
the relationship between JOLs and relatedness (Mueller et al., 2016,
2013). Lastly, Mueller et al. (2013) demonstrated that related and
identical word pairs were given higher JOLs relative to unrelated pairs
even when processing fluency was disrupted using alternating capi-
talization, again suggesting that fluency does not mediate the effects
of these manipulations on JOLs. Overall, Mueller et al. (2013, 2014,
2016) conclude that JOLs derive from preexisting beliefs rather than
fluency experience.

However, there is evidence that experience-based cues may
influence JOLs in addition to or in spite of beliefs. For example,
manipulations of alternating case, assumed to disrupt fluency,
eliminated the font-size effect on JOLs (Rhodes & Castel, 2008)
and decreased the effects of identical word pairs (Mueller et al.,
2013), suggesting that fluency does play a role in these effects.
Further, Undorf and Erdfelder (2015) argue that lexical-decision
times are not a sensitive measure of processing fluency and pro-
vide evidence (based on study times) that processing fluency does
mediate the influence of word-pair relatedness on JOLs. Thus,
results seem to be highly dependent on the fluency measure and
there may be different kinds of fluency (e.g., perceptual vs. con-
ceptual fluency; cf. Alter & Oppenheimer, 2009; see also Susser &
Mulligan, 2015, for the concept of motoric fluency). Importantly,
Mueller and colleagues’ (2013, 2014, 2016) studies did not di-
rectly test whether beliefs are necessary for these manipulations to
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affect JOLs. That is, they do not report whether item-level JOL
effects are shown by all participants, or only those who held an a
priori belief. Likewise, they did not test whether beliefs mediate
the effects on JOLs. Such analyses could speak to the role of
experience for item-level JOLs without relying on a (debatable)
fluency measure.

Overview of the Present Experiments

In the present experiments, we investigate the contribution of
beliefs and/or experience to different metacognitive judgments.
We focused on the volume manipulation (Rhodes & Castel, 2009),
for which the question of preexisting beliefs has not yet been
addressed. Most importantly, we applied a novel approach to
answering this research question consisting of assessing and com-
paring various metacognitive measures at multiple time-points
throughout the study-test cycle.

To establish whether participants have preexisting beliefs about
volume and memory, we described the volume manipulation to
participants (before they studied/experienced any words in these
volumes) and asked them to estimate the percentage of loud and
quiet words they would remember. Such ratings are commonly
referred to as global differentiated predictions (GPREDs; Kornell
et al., 2011), and they are similar to the predictions elicited after
vignettes by Mueller and colleagues (2013, 2014, 2016). Impor-
tantly, because they are made before any experience of the volume
manipulation, they tap into preexisting beliefs. We also used
poststudy GPREDs (Experiment 3) to assess whether beliefs
changed as a result of experiencing the volume manipulation (note
that these are also referred to as aggregate JOLs in the literature,
e.g., Besken, 2016; Besken & Mulligan, 2013, 2014; but we
reserve JOL for item-level JOLs in the present manuscript).

During the study phase, we assessed traditional immediate item-
level JOLs in all three experiments to capture (and replicate)
in-the-moment effects of the volume manipulation. As described,
Mueller and colleagues (2013, 2014, 2016) demonstrated preex-
isting beliefs about various manipulations and concluded that these
explain item-level JOLs. By assessing both GPREDs and item-
level JOLs, we can, for the first time, directly test this assumption:
If item-level JOLs are based on beliefs only, with no contribution
of in-the-moment experience, there should not be quantitative or
qualitative differences between volume effects on (pre- and post-
study) GPREDs and item-level JOLs. Additionally, JOLs for loud
and quiet words should not differ after controlling for preexisting
beliefs about volume and memory, or in participants who do not
demonstrate beliefs about volume and memory.

Lastly, in Experiments 1 and 2, we assessed whether global
differentiated postdictions (GPOSTs) of memory performance fol-
lowing the test are based on beliefs only (i.e., show equivalent
volume effects as GPREDs), or if participants instead rely on their
study experience and/or their ability to monitor and aggregate
performance information during testing (i.e., show equivalent vol-
ume effects as either JOLs or memory performance). Thereby, the
GPOST measure speaks to the persistence of metacognitive beliefs
about volume (resulting from preexisting beliefs and/or experi-
ence, as to be tested) over time.

Thus, this novel combined assessment of different metacogni-
tive measures at different points during the study-test cycle allows
us to examine the dynamic interplay of beliefs and experience to

item-level JOLs within each of our three experiments. This is in
contrast to previous research which focused on either beliefs or
experience within a given experiment (but see Besken, 2016,
Experiment 3 for an exception).

Experiment 1

In addition to comparing volume effects on GPREDs, item-level
JOLs, and GPOSTs, as just explained, Experiment 1 explored
whether beliefs about volume also influence confidence judgments
(CJs). Notably, Mueller and colleagues (2013, 2014, 2016) fo-
cused on the effects of beliefs on memory predictions, but recent
research has begun to investigate the impact of beliefs on other
types of metacognitive judgments. Specifically, McDonough and
Gallo (2012) investigated the effect of beliefs about font size on
recognition decisions and recognition-confidence judgments. In
different tests, they asked their participants to exclusively recog-
nize small or large font words only. If participants believe that
large font words are easier to remember, then they should be
reluctant to guess that a large font word was studied but forgot-
ten—that is they should make fewer false alarms when asked to
recognize only large font words compared with participants asked
to recognize only small font words. Although McDonough and
Gallo (2012) indeed observed fewer false alarms in the large font
recognition condition, there was no difference in average confi-
dence judgments across conditions. Thus, beliefs influenced par-
ticipants’ decision criteria, but not their recognition confidence.
This suggests that CJs are not influenced by beliefs. However, the
null effects of font-size on CJs in this study may have resulted
either from uncertainty that a word was presented at all, or from
uncertainty about the font size the word was presented in. To more
clearly examine whether beliefs influence CJs, we used a standard
old/new recognition paradigm, but provided participants with
volume-information (accurate for old words) after their decision,
so that there would not be any uncertainty about what volume a
word was presented in. We can then examine whether participants
are more confident in their recognition responses when they are
told that a word was presented in a loud volume, consistent with
their beliefs about volume effects, or if they instead rely primarily
on other, experience-based cues, available in the test moment.

Method

Participants and materials. Fifty-two Introduction to Psy-
chology students at the University of North Carolina at Greensboro
participated in exchange for partial course credit. Loud words were
three times as loud as quiet words. Stimuli were presented via
E-Prime (Schneider, Eschman, & Zuccolotto, 2002), which also
controlled changes in volume. Specifically, quiet words were set to
15.85 decibels quieter than the computer-set volume whereas loud
words were played at the computer-set volume (Dell Optiplex 760
computers running Windows 7 with the volume set at 50%).
Stimuli were played through Sennheiser HD 202 headphones.

One hundred English nouns from the Paivio, Yuille, and Madi-
gan (1968) Word Pool were selected. Concreteness ratings (1–7;
higher is more concrete) ranged from 1.18 to 4.87 (M � 2.79).
Imageability (1–7; higher is more imageable) ranged from 1.93 to
4.80 (M � 3.41). Francis and Kuchera (1982) word frequency
ranged from 1 to 100 (M � 34.30). We recorded each word spoken
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by the same male voice. For each participant, half of the words
were randomly assigned to the loud volume and the other half to
the quiet volume. Half of the loud words and half of the quiet
words were then assigned for study with the others serving as
distractors during the recognition test. The order of the words
during the study and test phases was randomized.

Procedure.
Global predictions and instructions. Participants were in-

formed that they would study a list of words one-at-a-time, with
half of the words presented loudly and half presented quietly.
Participants only received a verbal description of the volumes, no
sound files were played during these instructions. Participants
were also explicitly told that they would not have to remember
whether a word was presented at a loud or quiet volume. Partici-
pants were next asked to estimate what percentage of loud and
quiet words (counterbalanced order) they would remember
(GPREDs). To make their estimate, participants entered a value
between 0 (labeled as “no loud/quiet words will be remembered”)
and 100 (labeled “all loud/quiet words will be remembered”) via
the keyboard.1

Study and judgments of learning. Participants were then in-
structed on the item-level JOL procedure. This procedure was
computerized, but otherwise mimicked that of Rhodes and Castel
(2009). Participants were given five seconds to study and enter
their JOL beginning with the onset of the word audio, which was
played once. The word did not appear anywhere on the screen. A
countdown timer appeared on the screen when three or fewer
seconds remained. The JOL screen remained until the full five
seconds had expired. During this time participants could enter or
change their JOL. Immediately after the five seconds the next word
was played. Participants were given two practice trials with this
procedure prior to the actual trials. During this practice phase, the
words “idea” and “effort” were presented at medium volume
(7.925 decibels less than the loud words). After the practice trials,
participants had the opportunity to reread the instructions. If they
chose to reread the instructions they were also prompted to redo
the GPREDs and practice trials.

Participants then studied the 50 words, one-at-a-time, making
JOLs for each word immediately following presentation. JOLs
were typed using the keyboard and spanned the range of whole
numbers between 0% (“definitely will not remember”) and 100%
(“definitely will remember”; see Footnote 1).

Recognition test and confidence judgments. Following the
study phase, participants completed a filler task involving math
verification problems (e.g., 4 � 3 � 2, True/False?) for five
minutes. Participants were then instructed on and completed the
recognition test and CJs. Participants were told that they would see
a series of words, half of which were from the list they studied, and
half from a list studied by another participant. They first indicated
whether a word was “old” (from their studied list) or “new” (not
from their studied list). We were additionally interested in whether
loud words would be given higher confidence ratings. To avoid the
possibility that participants may not recall which words were loud
or quiet, we provided the volume information beneath the word
during the CJ but not during the old/new judgment. That is, after
making the old/new judgment, the word “loud” or “quiet” ap-
peared beneath the word. If the word had been from the study list,
this volume information always corresponded to the actual volume
the word had been played at; for the distractor words (presumably

from another participant’s study list to give meaning to the volume
information), a random half received a loud cue and the other half
received a quiet cue. To measure CJs on the same scale as the other
metacognitive measure, participants were then asked to rate their
confidence in their old/new response from 0% (not at all confi-
dent) to 100% (absolutely confident). As an additional label, 50%
was classified as somewhat confident, to avoid participants think-
ing that 50% means guessing (see Footnote 1). Recognition and
confidence judgments were self-paced. Note that because the
words loud and quiet were presented visually (and in the same size
font), the volume was not reexperienced during the recognition
test. Thus, any effects of volume could only be transferred to CJs
through beliefs about volume.

Global postdictions. Following the recognition test and CJs,
participants were asked to predict what percentage of loud and
quiet words they actually got correct on the recognition test
(GPOST) on the same scale as the other metacognitive judgments.
Again the order of these predictions was counterbalanced. Lastly,
participants were asked a series of questions regarding their mo-
tivation and task experience.

Results

For all analyses, alpha was set to .05.
Global predictions. Even before studying any words, partic-

ipants predicted that they would remember more loud words than
quiet words on average (see Figure 1), t(51) � 6.34, p � .001,
dz � 0.88. These predictions were made before any fluency infor-
mation was presented and thus can only be driven by beliefs. This
pattern held for most participants, with 75% giving a higher
GPRED to loud than quiet words, 17% giving equal ratings for
both volumes, and only 8% indicating that quiet words would be
remembered better than loud words.

Judgments of learning. JOLs greater than 100 were consid-
ered typos and eliminated prior to analysis (0.2% of all JOLs).2 As
expected, loud words received higher average JOLs relative to
quiet words (see Table 1), t(51) � 4.94, p � .001, dz � 0.68. This
pattern occurred for 81% of participants; the remaining 19%
predicted better memory for quiet words (no participant had mean

1 With base-rate appropriate old-new guessing, chance performance is
50 rather than 0 in this recognition test. However, there are individual
differences in response criterion (e.g., Kantner & Lindsay, 2012) and
recognition hits below 50% are possible for conservative participants. For
this reason, and for the purpose of keeping maximal comparability to
Rhodes and Castel’s (2009) study and our recall conditions (Experiment 2),
we opted to use a 0 to 100 scale rather than 50 to 100. As indicated, we
provided clear verbal labels for our participants, asking them to predict
word memorability, not recognition hits. If participants considered the 50%
guessing probability, rendering values below 50 little likely, they would
have to consider this for both quiet and loud words equally, thus not
affecting the relative comparison of the predictions we were most inter-
ested in. As evident from the mean values though, participants used the full
scale as instructed.

2 In each of the three experiments, missing JOLs constituted fewer than
1% of all JOLs. JOLs greater than 100 were considered typos and elimi-
nated prior to analysis (less than 0.5% of all JOLs). JOLs less than 10 (less
than 5% of all JOLs) may also indicate a failure to enter a JOL in time (e.g.,
wanting to type 80, but only entering the 8 prior to the response deadline)
but because many of them could also be intentionally low entries all of
them were retained for analysis. In all three experiments, separate analyses
removing these low JOLs did not change the pattern of results.
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JOLs exactly equal for quiet and loud words). Within-participant
gamma correlations indicated that JOLs were reasonably predic-
tive of later recognition performance, M � .21, SE � .04, p �
.001.

Recognition performance. Because lures did not have vol-
ume information associated with them during the recognition
judgment (only during the following confidence judgment), we
focus our analyses on hit rates. Hits were slightly higher for loud
words relative to quiet words (see Table 1), t(51) � 2.73, p � .009,
dz � 0.41.3

Confidence judgments. If participants reference their beliefs
about volume and memory when making CJs, then it is conceiv-
able, that the volume information presented after the recognition
judgment would influence CJs (regardless of whether the word
was studied or a lure). However, CJs did not differ by volume
information when analyzing all responses (hits, missed, correct
rejections, and false alarms; Table 1), t(51) � 1.14, p � .259, or
when restricting the analysis to hits (loud: M � 82.41, SE � 2.26,
quiet: M � 82.60, SE � 2.13), t(51) � 0.14, p � .894. These
results suggest that participants did not use the visually provided
volume information when making CJs. Within-participant gamma
correlations indicated that CJs were reasonably predictive of rec-
ognition performance, M � .37, SE � .04, p � .001.

Global postdictions. Following the recognition test, partici-
pants continued to believe they had performed better on loud than
quiet words (see Figure 1), t(51) � 7.12, p � .001, dz � 0.99. As
with GPREDs, most participants (77%) indicated that loud words
were remembered better than quiet words, with only 17% of
participants indicating equal memory for both volumes, and only
6% indicating better memory for quiet words. When classifying
participants as predicting better memory for loud words, quiet

words, or no difference, 63% of the participants were classified the
same in both their GPREDs and GPOSTs.

Joint contributions of beliefs and experience-based factors.
As indicated earlier, the majority of participants had a preexisting
belief that loud words would be remembered better than quiet
words. Notably, of the 13 “non-believers” (participants who did
not believe that loud words would be better remembered than quiet
words), 10 (77%) subsequently gave higher JOLs to loud words.
Thus, preexisting beliefs do not appear necessary for volume to
affect JOLs.

To formally test whether beliefs about volume fully account for
the effect of volume on JOLs, we subtracted each participant’s
GPRED for quiet words from their GPRED for loud words. This
provides a measure of how much better (positive difference scores)
or worse (negative difference scores) each participant (prestudy)
believes they will perform on loud compared to quiet words—
hereafter referred to as “beliefs.” We then entered beliefs and
presentation volume into a MIXED model predicting JOLs (see
Table 2; SAS Proc MIXED; Littell, Milliken, Stroup, & Wolfin-
ger, 2000). For volume, quiet words were the reference group (0 �
quiet, 1 � loud). Thus, the intercept is the average JOL for quiet
words when a participant predicts equivalent memory for both
volumes (belief � 0).

The significant main effect of volume indicates that average
JOLs were higher for loud relative to quiet words even when
participants did not believe that volume affected memory (belief �
0). There was no main effect of belief, indicating that average
JOLs for quiet words did not significantly differ with the magni-
tude of beliefs. Importantly, the significant Belief � Volume
interaction indicates that there was a significant positive slope
between the magnitude of one’s beliefs and the magnitude of one’s
volume effect on JOLs. The more strongly people believed
(prestudy) that loud words would be remembered better, the larger
JOLs they gave to loud compared to quiet words during study.
That is, beliefs inflated JOL for the loud words, but did not
significantly affect the quiet words. Importantly, this model re-
vealed that both in-the-moment experience-based factors (main
effect of volume) and beliefs (Belief � Volume interaction) inde-
pendently contribute to volume-effects on item-level JOLs.

Discussion

Participants demonstrated evidence of preexisting beliefs about
volume similar to Mueller and colleagues’ (2013, 2014, 2016)
conclusions regarding relatedness, font size, and the identicality
effect. However, even participants who did not indicate (via
GPREDs) an initial belief that loud words would be more mem-
orable than quiet words gave higher in-the-moment JOLs to loud

3 We also computed d= for the recognition data from Experiments 1 and
2 (see Table 1). Note that in Experiment 1 we used the false alarm rate
across both loud and quiet distracters for computing d= for both loud and
quiet words because volume information was provided after the recogni-
tion decision. To correct for participants with false alarm or hits rates of
zero, we followed Hautus’ (1995) recommendation and added 0.5 to each
participant’s total hits and false alarms. These values were then divided by
26 (one more than the number of old/new items) to compute corrected hit
and false alarm rates. These corrected rates were then used to compute d=
scores. Analyses on d= yielded the same pattern of results as the reported
analyses on hit rates.
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Figure 1. Experiment 1 metacognitive predictions. GPRED � Global
differentiated prediction; JOL � Judgment of learning; CJ � Confidence
judgment in old/new response; GPOST � Global differentiated postdic-
tion. Error bars display the standard error of the mean.
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words than quiet words, and both beliefs and volume contributed
independent variance in JOLs.

Unlike Rhodes and Castel (2009), who used a free recall test, we
did find a small recognition memory benefit for louder words. This
finding suggests that beliefs about volume and memory are not
entirely inaccurate. Notably, Foster and Sahakyan (2012) previ-
ously documented a recall-benefit for loud words but only follow-
ing instructions to forget, not standard encoding instructions as in
our study. Comparably, McDonough and Gallo (2012) docu-
mented a recognition-benefit for large-font words but only when
separately testing for large and small font words, not in a standard
recognition test like ours. To foreshadow, Experiment 2 also
provided evidence for a small volume effect on recognition mem-
ory. We discuss volume-effects on memory further in the General
Discussion.

Notably, beliefs about volume did not influence CJs. These
results are in line with McDonough and Gallo’s (2012) study that
found little evidence for effects of font-size related beliefs on
confidence judgments. Experience-based cues available during the
test, such as recollection (Robinson, Johnson, & Robertson, 2000),
retrieval fluency (Kelley & Lindsay, 1993; Robinson et al., 2000),
familiarity (Yonelinas, 1994), or fluency of processing the recog-
nition cue (Chua, Hannula, & Ranganath, 2012), and/or other
beliefs might have influenced CJs. The lack of volume effects on
CJs is informative in that it shows that beliefs about cues (here:
volume), even when quite pronounced, are not always referenced
when making metacognitive judgments. It could be argued that CJs
are not affected by volume manipulations because participants
realize during the test that their beliefs about volume were inac-
curate. However, the continued effect of volume on GPOSTs
argues against this explanation and instead suggests that beliefs are
not referenced for all metacognitive judgments.

Although the results of Experiment 1 established that people
have preexisting beliefs regarding volume and memory, they also
suggest that these preexisting beliefs cannot fully account for
item-level JOLs (and not at all for item-level CJs). To our knowl-
edge, this is the first study to relate a belief-measure to item-level
JOLs. Previous experiments either measured beliefs (via vignettes
or prestudy JOLs) or item-level JOLs separately and then specu-
lated about their relationship (e.g., Mueller et al., 2013, 2014,
2016) without formally assessing it. In the following experiments,
we thus strove to replicate the important finding that beliefs alone

cannot fully account for item-level JOLs. Further, we added a
manipulation of the volume experience to provide stronger evi-
dence for experience-based effects.

Experiment 2

In Experiment 2, we aimed to further demonstrate the influence
of experience on JOLs. We created two doses of the volume
manipulation by reducing the perceptual difference between loud
and quiet stimuli by 50% in one condition, and maintaining the
large perceptual difference in the other. If beliefs about volume are
absolute (i.e., louder words are always remembered better than
quiet words, no matter the dosage) and item-level JOLs are solely
belief-based, then volume-differences in GPREDs, JOLs, and
GPOSTs should be comparable in both dose conditions. However,
if JOLs are based on in-the-moment experiences, then the differ-
ence between JOLs for loud and quiet words should be smaller in
the low dose condition. Of course, it is also possible that beliefs
about volume and memory are graded, such that a larger volume
difference is believed to produce a larger effect on memory. In this
case, GPOSTs, made after study experience, should be sensitive to
the dose manipulation as well. Additionally, if graded beliefs about
volume and memory exist, then they should account for variance
in the volume-JOL relationship under both dose conditions.

We also sought to further investigate the effects of volume on
memory. Therefore, we manipulated test format to (a) replicate
Rhodes and Castel’s (2009) finding that volume does not impact
free recall performance, and (b) test whether the influence of
volume on recognition memory is dose sensitive.

Lastly, neither Experiment 1 nor the prior research on JOLs and
beliefs (Mueller et al., 2013, 2014, 2016), address the possibility
that participants may have only weak, if any, prior beliefs regard-
ing volume and memory, but may give different predictions based
on demand characteristics. That is, when given only information
about volume, participants may assume that they are supposed to use
this information when making their GPREDs despite the absence of
strong beliefs regarding the relationship between the two. Indeed, the
relationship may have never occurred to the participant prior to the
study (cf. Dunlosky et al., 2015). In an attempt to address this
question, we added second-order confidence judgments for the
GPREDs. Specifically, we asked participants to rate their confi-
dence in how many words they would remember on average and

Table 1
Means for Memory Performance in Experiments 1 and 2

Variable

Experiment 1 Experiment 2

Recognition Recognition Recall

Large dose Small dose Large dose Small dose Large dose

Quiet Loud Quiet Loud Quiet Loud Quiet Loud Quiet Loud

d= 1.58 (.09) 1.74 (.09) 1.91 (.11) 1.92 (.11) 1.83 (.13) 2.00 (.13) — — — —
Hits/Recall 74.31 (1.73) 78.54 (1.60) 79.89 (2.11) 80.34 (1.90) 74.88 (2.62) 80.00 (1.98) 24.2 (4.30) 23.5 (4.02) 19.9 (3.14) 22.6 (3.69)
FA/Com 19.46 (1.17) 17.89 (1.51) 16.25 (2.14) 1.31 (.24) .82 (.18)

Note. Values in parentheses indicate standard errors of the mean. Hits/Recall � Percentage of items correctly endorsed as “old” in the recognition
condition and percentage of items correctly recalled in the recall condition. FA � False alarms, percentage of items incorrectly endorsed as “old” in the
recognition condition. Com � Commissions, number of items recalled that were not presented in the recall condition. Note that false alarms and
commissions do not have volume information associated with them.
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then asked them to make another prediction based on how confi-
dent they were in any volume differences they predicted. Thus,
participants could indicate an effect of volume (large, small, or
null), but indicate that this was essentially a guess in which they
have very little confidence or a strong belief they are confident in.
We also assessed confidence in GPOSTs to track potential changes
in confidence in beliefs about volume after study-test experience.

Method

Participants. One hundred thirty-six Introduction to Psychol-
ogy students at the University of North Carolina at Greensboro
participated in exchange for partial course credit. One participant
was excluded from analysis because they gave JOLs of 100 for
every word, which more likely indicates goal-setting as opposed to
actual performance estimation (Connor, Dunlosky, & Hertzog,
1997).

Design and procedure. Experiment 2 used a 2 (Dose: small,
large) � 2 (Test: recall, recognition) � 2 (Volume: loud, quiet)
design, with volume as a within-subjects factor and random as-
signment of participants to the between-subjects factors test and
dose. The procedure and stimuli were identical to Experiment 1
unless noted in the additions and changes described next.

Global prediction confidence ratings. Following their
GPREDs, participants were asked to make two confidence judg-
ments regarding their GPREDs. The Participant’s GPREDs were
summarized on the screen as follows with the higher prediction
first, “You indicated that you would remember __% of the [quiet/

loud] words and __% of [loud/quiet] words.” Participants were
then asked, “How confident are you that you will remember more
[quiet/loud] words than [loud/quiet] words [or: the same number of
loud and quiet words]?” Participants were next asked, “How
confident are you that you will remember [average of the two
GPREDs]% of the words overall?” This latter question was added
to allow participants to indicate their confidence in the magnitude
of their overall memory performance and discourage participants
from incorporating this information into the prediction pertaining
to the volume effect. Because this latter confidence judgment did
not address the questions of interest we do not report on these data.
Participants then completed the practice stimuli (both at a medium
volume) and were given the opportunity to reread the instructions
and redo the GPREDs as in Experiment 1.

Study and judgments of learning. The study and JOL pro-
cedures were identical to those in Experiment 1. For the large dose
condition, loud words were three times louder than quiet words as
in Experiment 1. For the small dose condition, the loud words were
two times (7.925 decibels) louder than the quiet words. Quiet
words in the small dose condition were played at 10.567 decibels
quieter than the computer-set volume whereas loud words were
played at 2.642 decibels quieter than the computer-set volume.4

This produced the same average volume in both the small and
large dose conditions, with the words in the small dose condition
all being closer to the volume midpoint than in the large dose
condition.

Memory tests. Following the study phase, participants com-
pleted the same filler task as in Experiment 1. The same recogni-
tion memory procedure was used in Experiment 2, except that CJs
were not collected. For the recall condition, participants typed as
many of the studied words as they could remember (self-paced).

Global postdictions and second-order confidence judgments.
Following the test phase, participants were asked to estimate how
many words of each volume they actually remembered correctly.
As with GPREDs, GPOSTs were then summarized on the screen,
and participants were asked to make two second-order confidence
judgments.

Results

Data were analyzed using 2 (Dose: small, large) � 2 (Test:
recall, recognition) � 2 (Volume: quiet, loud) mixed ANOVAs,
except when noted otherwise. Alpha was set to .05.

Global predictions. As with Experiment 1, a main effect of
volume on GPREDs indicated that participants had pronounced
preexisting beliefs that loud words will be easier to remember than
quiet words (see Figure 2), F(1, 131) � 105.39, p � .001, dz �
0.89. There were no main effects of dose or test type, Fs � 1.
There were no Test � Dose, F(1, 131) � 3.64, p � .059, Test �
Volume, F � 1, Dose � Volume, F � 1, or three-way interactions,
F � 1. These null effects and null interactions are expected as
there were no condition differences prior to the GPREDs. The
majority of participants (67%) gave higher GPREDs to loud than
to quiet words, 30% gave equal ratings for both volumes, and only
2% indicated that quiet words would be remembered better than
loud words.

4 Informal pilot testing with student assistants confirmed a noticeable
difference in volume dose between the two conditions.

Table 2
Mixed Model Results on the Joint Contributions of Beliefs and
Experiential Effects

Experiment Estimate SE df t value p value

Experiment 1
Intercept 37.19 3.61 50 10.30 �.001
Volume 7.21 1.24 51 5.81 �.001
Belief .07 .12 50 .56 .578
Belief � Volume .12 .04 2520 2.96 .003

Experiment 2
Intercept 54.64 3.25 132 16.83 �.001
Volume .65 1.06 134 .61 .540
Dose �.11 .10 132 �1.15 .252
Belief �.08 .14 132 �.55 .585
Volume � Dose 5.41 1.52 134 3.56 �.001
Belief � Dose �.06 .19 132 �.31 .755
Belief � Volume .18 .05 6577 3.91 �.001
Belief � Volume � Dose .12 .06 6577 1.96 .050

Experiment 3
Intercept 64.45 3.38 83 19.06 �.001
Volume 4.55 1.23 85 3.69 �.001
Dose �17.46 5.80 83 �3.01 .004
Belief �.29 .14 83 �2.11 .038
Volume � Dose 1.30 2.11 85 .61 .541
Belief � Dose .78 .26 83 2.96 .004
Belief � Volume �.10 .05 4190 �2.01 .045
Belief � Volume � Dose .07 .10 4190 .72 .469

Note. Regression weights were computed using SAS Proc MIXED with
maximum likelihood estimation and a compound symmetry covariance
structure. For volume, 0 � quiet volume, 1 � loud volume. For dose, 0 �
small dose, 1 � large dose. Beliefs indicate the advantage for loud words
over quiet words (loud GPRED – quiet GPRED).
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Confidence. To assess the strength of participants’ preexisting
beliefs about volume we first categorized participants as either
believing loud words were more memorable or believing loud
words were no more memorable. Because only three participants
indicated that they would remember more quiet than loud words,
this group was excluded from analysis. We analyzed confidence in
the direction of their prediction using a 2 (Dose: small, large) � 2
(Test: recall, recognition) � 2 (Belief Direction: loud, equal)
between-subjects ANOVA. Confidence in these predictions was
generally high (see Table 3). A main effect of test, F(1, 131) �
4.82, p � .030, d � 0.45, resulted from participants in the recog-
nition condition being somewhat more confident in their predic-
tions regarding volume than in the recall condition. Confidence did
not differ by dose or belief direction and there were no significant
interactions, all Fs � 1. Overall these results suggest that preex-
isting beliefs about volume, even if generated on the spot, are held
in relatively high confidence.

Judgments of learning. JOLs greater than 100 were consid-
ered typos and eliminated prior to analysis (less than 0.1% of all
JOLs). Louder words received higher average JOLs relative to
quiet words (see Figure 3), a main effect of volume, F(1, 131) �
61.77, p � .001, dz � 0.63. There were no main effects of dose or
test, Fs � 1. However, there was a Volume � Dose interaction,
F(1, 131) � 17.93, p � .001, �2 � .14, resulting from a greater
volume effect on JOLs in the large dose condition. Importantly, the
effect of volume on JOLs was significant in both the large, t(65) �
7.99, p � .001, dz � 0.98, and small dose conditions, t(68) � 2.81,
p � .007, dz � 0.34. As expected there were no interactions
involving Test, Fs � 1 (participants did not yet know which type
of test they would receive). Within-participant gamma correlations
indicated that JOLs were, at best, only moderately predictive of
recognition performance in the large, M � .13, SE � .07, p � .059,
and small dose conditions, M � .18, SE � .06, p � .004. By
contrast, JOLs were somewhat better predictors of recall perfor-
mance in both the large, M � .40, SE � .83, p � .001, and small
dose conditions, M � .32, SE � .06, p � .001.

Memory performance. We compared hit rates and free recall
proportions separately for their respective conditions via 2 (Dose:
small, large) � 2 (Volume: quiet, loud) mixed ANOVAs.

Recognition performance. There was no main effect of dose,
F � 1. The main effect of volume, F(1, 65) � 5.81, p � .019, dz �

0.23, resulted from slightly higher hit rates for loud words (see
Table 1). The Dose � Volume interaction, F(1, 65) � 4.06, p �
.048, �2 � .06, was attributable to a significant effect of volume on
recognition hits (loud � quiet) in the large dose condition, t(31) �
2.88, p � .007, dz � 0.51, but not in the small dose condition,
t(34) � 0.30, p � .763.

Recall performance. Because the first four letters were nec-
essary to uniquely distinguish all study words, we scored as correct
any response that matched the first four letters of a studied word.
The remaining commissions were then examined and any obvious
misspellings were manually recoded as their correctly spelled
counterparts (2.6% of all recall responses). There was no main
effect of volume on recall performance, F � 1. Likewise, there
was no main effect of dose or Dose X Volume interaction, Fs �
1. Thus, we replicate Rhodes and Castel’s (2009) finding that
volume does not influence recall.

Global postdictions. Not surprisingly, participants in the re-
call condition estimated that they scored lower on the memory test
than participants in the recognition condition (i.e., main effect of
test; Figure 1), F(1, 131) � 109.07, p � .001, d � 1.77. A main
effect of volume indicated that participants continued to believe
that loud words were remembered better than quiet words, F(1,
131) � 48.42, p � .001, dz � 0.60. The main effect of dose was
not significant, F � 1. The Test � Volume interaction was not
significant, F(1, 131) � 2.24, p � .137. No other interactions were
significant, all Fs � 1. Thus, participants exited the experiment
believing that they generally performed better on loud items rel-
ative to quiet items and this belief was independent of the magni-
tude of the volume difference. Most participants (58%) indicated
that they remembered loud words better than quiet words, with
30% of participants indicating equal memory for both volumes,
and only 12% indicating better memory for quiet words. When
classifying participants as predicting better memory for loud
words, quiet words, or no difference, 58% of the participants were
classified the same in both their GPREDs and GPOSTs.

Confidence. As with GPREDs, we assessed the strength of
participants’ beliefs about volume at the end of the study by first
categorizing participants as either believing loud words were more
memorable or believing loud words were no more memorable.
Again we excluded those who believed that quiet words would be
remembered more often than loud words due to inadequate sample
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Figure 2. Experiment 2 metacognitive predictions. GPRED � Global differentiated prediction; JOL �
Judgment of learning; GPOST � Global differentiated postdiction. Error bars display the standard error of the
mean.
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size (see Table 3). There was a main effect of test, F(1, 131) �
7.41, p � .007, d � 0.47, with participants in the recognition
condition being more confident in their postdictions regarding
volume than in the recall condition. Confidence did not differ by
belief direction or dose, Fs � 1, and there were no significant
interactions, Fs � 1.

Joint contributions of beliefs and experience-based factors.
Although only 67% of all participants initially believed that loud
words would be remembered better, 92% of participants in the
large dose condition gave higher average JOLs to loud words
relative to quiet words. By contrast, only 61% of participants in the
small dose condition gave higher JOLs to loud words. Of the 21
“non-believers” in the large dose condition, 19 (90%) subsequently
gave higher JOLs to loud words. By contrast, of the 23 “non-
believers” in the small dose condition, only 11 (48%) gave higher
JOLs to loud words. Thus, preexisting beliefs about volume were
not necessary for volume to affect JOLs—particularly when the
volume manipulation was strong.

As in Experiment 1, we further assessed whether beliefs could
fully account for the effect of volume on JOLs using a MIXED
model approach (see Table 2). However, for this experiment, we
added dosage (small � 0, large � 1) and all possible interactions
with dosage into the model as well. We did not include test as a
factor because test was manipulated after GPREDs and item-level
JOLs had been given and, consequently, did not influence those
predictions (see prior analyses).

It is possible that the Volume � Dose interaction described
earlier (ANOVA results) might partly result from graded beliefs
about volume-effects on memory. That is, participants may
have given more similar JOLs to loud and quiet words in the
small dose condition, because they believe that minor differ-
ences in volume produce only minor differences in memory, not
because of the reduced volume experience. Our MIXED model
analyses allowed us to test for such a volume-graded belief-
effect (i.e., a Volume � Dose � Belief interaction).

The main effect of volume was not significant, indicating that
volume did not influence JOLs (on average) in the small dose
condition (dose � 0) when participants did not believe that volume

affected memory (belief � 0). The main effect of dose was
negative but not significant, thus JOLs were slightly but not
significantly lower for quiet words in the small dose condition
(relative to the large dose condition, in the absence of beliefs about
volume and memory; beliefs � 0). However, the Volume � Dose
interaction was significant, indicating that JOLs were higher for
loud relative to quiet words in the large dose condition, even when
participants did not believe that volume affected memory (belief �
0). The main effect of belief and the Belief � Dose interaction
were not significant. Thus, how much memory benefit one be-
lieved loud words would have relative to quiet words, had no
impact on JOLs for quiet words in either the small or large dose
conditions. However, the Belief � Volume interaction was posi-
tive and significant, indicating a positive slope between the mag-
nitude of one’s beliefs and the magnitude of the volume effect on
one’s JOLs. That is, the more strongly people believed (prestudy)
that loud words would be remembered better, the larger JOLs they
gave to loud compared with quiet words during study. A positive
three-way interaction was just shy of significance. Thus, we cannot
confirm that beliefs have a graded influence on JOLs, although the
trend suggests that this may be the case. Specifically, the slope
between beliefs and the volume effect on JOLs was marginally but
not significantly steeper in the large dose condition compared with
the small dose condition. Note that although the three-way inter-
action trend indicates that beliefs may be dose sensitive, the
significant Volume � Dose interaction—in the presence of this
three-way interaction trend—indicates that volume experience in-
fluenced JOLs in the large dose condition beyond what was
explainable by beliefs alone.

Discussion

Experiment 2 strongly suggests that both beliefs and experience-
based cues influence JOLs. As in Experiment 1, the GPREDs
made before study suggested preexisting beliefs about volume and
memory. Notably, this is the first study to collect second-order
confidence estimates for such preexperience predictions, address-
ing a concern already expressed by Mueller et al. (2014, see also

Table 3
Confidence in Directional Predictions for GPREDs and GPOSTs in Experiments 2 and 3

Variable

Experiment 2 Experiment 3

Recognition Recall No Test

Small dose Large dose Small dose Large dose Small dose Large dose

n M n M n M n M n M n M

GPRED Confidence
Loud � Quiet 22 71.23 (5.18) 20 66.75 (6.03) 24 79.58 (3.72) 25 78.36 (3.66) 31 70.77 (4.46) 37 72.64 (3.27)
Quiet � Loud 0 — 1 35.00 (—) 2 37.50 (12.5) 0 — 3 74.00 (13.01) 1 75.00 (—)
Quiet � Loud 13 61.15 (6.84) 11 72.73 (8.10) 8 77.50 (8.18) 9 74.88 (8.58) 10 78.00 (9.10) 5 63.00 (12.81)

GPOST/GPRED 2 Confidence
Loud � Quiet 22 57.45 (7.39) 18 66.89 (6.86) 19 45.74 (9.06) 19 43.68 (6.91) 33 72.91 (3.25) 31 63.61 (3.19)
Quiet � Loud 4 56.50 (16.40) 5 61.00 (9.27) 5 44.40 (19.15) 2 52.50 (37.50) 1 65.00 (�) 4 60.00 (7.07)
Quiet � Loud 9 69.44 (9.15) 9 60.00 (7.77) 10 50.50 (12.17) 13 50.54 (10.03) 10 58.00 (8.63) 8 71.75 (9.49)

Note. Confidence judgments for directional predictions were made from 0 to 100%. Values in parentheses indicate standard error of the mean. GPRED �
Global differentiated prediction; GPOST � Global differentiated postdiction; GPRED 2 � Post-study global differentiated prediction. Loud � Quiet:
participants predicting better memory for loud words. Quiet � Loud: participants predicting better memory for quiet words. Quiet � Loud: participants
indicating equal memory for loud and quiet words.
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Dunlosky et al., 2015) that eliciting cue-differentiated metacogni-
tive judgments from participants may induce them to generate ad
hoc guesses rather than measuring confidently held preexisting
beliefs. Interestingly, the confidence measure suggests that peo-
ple’s confidence in their preexisting beliefs regarding volume and
memory is fairly high (M � 72.37), arguing against the possibility
that participants merely guess on these metacognitive predictions,
at least for beliefs about volume. Additionally participants’ beliefs
sometimes changed following the study and test phase, and con-
fidence in their beliefs declined, particularly in the recall condi-
tion.

Despite how confidently people initially held their beliefs about
volume and memory, these beliefs only partly accounted for the
effect of volume on JOLs. Beliefs in larger volume effects on
memory produced larger volume differences in JOLs. Nonetheless,
presentation volume during study exhibited independent effects,
beyond those of beliefs, on JOLs, but only in the large dose
condition. Thus, it appears that stronger perceptual manipulations
are more likely to influence JOLs in the absence of preexisting
beliefs. However, we caution against overinterpreting the nonsig-
nificant main effect of volume in the mixed model, as 11 partici-
pants in the small dose condition did give higher JOLs to loud
words despite not believing that loud words would be better
remembered (out of 23 nonbelievers in this condition).

Experiment 2 found that volume influenced recognition memory
such that loud words were better recognized than quiet words, but
only in the large dose condition. The equivalent recall performance
for loud and quiet words argues against the idea that participants
could not hear the quiet words. Importantly, this subtle difference
in recognition memory performance cannot explain the persistent
belief that loud words are remembered better than quiet words, as
GPOSTs demonstrate this continued (albeit less confident) belief
even following recall tests where loud words were not remembered
better than quiet words. This demonstrates both a persistent and
largely exaggerated belief regarding volume and memory, as well
as a general lack of metacognitive updating and performance
aggregation (see also Dunlosky & Hertzog, 2000; Hertzog et al.,
2009).

Whereas our dose manipulation exhibited a clear influence on
JOLs, it did not affect GPOSTs. It could be that GPOSTs are
instead based on an accurate monitoring and aggregation of per-
formance during the test. However, if this were the case, then
GPOSTs should have been more similar for loud and quiet words
in accordance with actual memory performance. By contrast, if
GPOSTs were based on an accurate aggregation of JOLs, then they
should have been similarly affected by the dose manipulation—
they were not. It is possible that participants lose access to the
volume manipulation, such that they forget just how great or small
the volume difference was between words by the end of the filler
task and memory test. We investigate this issue further in Exper-
iment 3.

Experiment 3

To better measure poststudy beliefs, Experiment 3 collected a
second set of GPREDs immediately following the study phase. If
beliefs are adjusted during the study phase, then these poststudy
GPREDs may be more sensitive to the dose manipulation of
volume.

Method

Participants and materials. Eighty-eight Introduction to
Psychology students at Case Western Reserve University partici-
pated in exchange for partial course credit. One participant was
excluded from analysis because they gave JOLs of 100 for every
word, which may indicate goal-setting as opposed to actual per-
formance estimation (Connor et al., 1997).

Stimuli were presented via E-Prime on Dell Optiplex 9030
computers running Windows 7. The computers and headphones
used for Experiment 3 required that the volume be set at 25% to
approximate the volumes used in the two dose conditions of
Experiment 2. Stimuli were played through Sennheiser HD 280
pro headphones and volume was controlled via E-Prime.

Procedure. The procedure was identical to that of Experiment
2 except that a second set of GPREDs were collected immediately
after the study phase. For practical reasons we eliminated the test
phase and, consequently, the GPOSTs.

Results

Data were analyzed using 2 (Dose: small, large) � 2 (Volume:
quiet, loud) mixed ANOVAs, except when noted otherwise. Alpha
was set to .05.

Global predictions. As with Experiments 1 and 2, a main
effect of volume on GPREDs indicated that participants had pro-
nounced preexisting beliefs that loud words will be easier to
remember than quiet words (see Figure 3), F(1, 85) � 107.58, p �
.001, dz � 1.12. There was no main effects of dose, F � 1, or
Dose � Volume interaction, F � 1. These null effects and null
interactions are expected as there were no condition differences
prior to the GPREDs. The majority of participants (78%) gave
higher GPREDs to loud than to quiet words, 17% gave equal
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Figure 3. Experiment 3 metacognitive predictions. GPRED 1 � Pre-
study global differentiated prediction. JOL � Judgment of learning.
GPRED 2 � Post-study GPRED Global differentiated prediction. Error
bars display the standard error of the mean.
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ratings for both volumes, and only 4% indicated that quiet words
would be remembered better than loud words.

Confidence. To assess the strength of participants’ preexisting
beliefs about volume we first categorized participants as either
believing loud words were more memorable or believing loud
words were no more memorable. Because only three participants
indicated that they would remember more quiet than loud words,
this group was excluded from analysis. We analyzed confidence in
the direction of their prediction using a 2 (Dose: small, large) � 2
(Belief Direction: loud, equal) between-subjects ANOVA. Confi-
dence in these predictions was generally high (see Table 3).
Confidence did not differ by belief direction or dose and there
were no significant interactions, all Fs � 1. Overall these results
again suggest that preexisting beliefs about volume, even if gen-
erated on the spot, are held in relatively high confidence.

Judgments of learning. JOLs greater than 100 were consid-
ered typos and eliminated prior to analysis (less than 0.1% of all
JOLs). Louder words received higher average JOLs relative to
quiet words (see Figure 3), a main effect of volume, F(1, 85) �
26.63, p � .001, dz � 0.55. There was no main effect of dose, F �
1. As in Experiment 2, the effect of volume was descriptively
greater in the large dose condition, however this Volume � Dose
interaction did not reach statistical significance in Experiment 3,
F(1, 85) � 2.21, p � .141, The effect of volume on JOLs was
significant in both the large, t(42) � 4.79, p � .001, dz � 0.73, and
small dose conditions, t(43) � 2.55, p � .014, dz � 0.38.

Poststudy global predictions. A main effect of volume indi-
cated that participants continued to believe that loud words would
be remembered better than quiet words, F(1, 85) � 67.44, p �
.001, dz � 0.88. The main effect of dose was not significant, F �
1. In contrast to the analysis for JOLs, the volume effect on
poststudy GPREDs was descriptively larger in the small dose
condition. However, like the effect on JOLs, this Volume � Dose
interaction was not significant, F(1, 85) � 2.12, p � .149. Impor-
tantly, an analysis including Time of Predictions (JOL, poststudy
GPRED) as a further within-subjects factor, yielded a significant
three-way interaction of Volume � Dose � Time of Prediction
(JOL, poststudy GPRED), F(1, 85) � 4.12, p � .046, demonstrat-
ing that the effects of dose and volume differed significantly
between these two measurements (albeit the nonsignificant Vol-
ume � Dose interactions on either measurement). Again, this is
attributable to a numerically stronger volume effect on JOLs in the
large dose condition whereas the volume effect on GPREDs was
numerically stronger in the small dose condition. This finding is
inconsistent with the idea that the differences between Prestudy
GPREDs and JOLs are the result of beliefs changing during the
study phase and then being used to make JOLs for the remainder
of this phase.

After studying, most participants (74%) predicted that they
would remember loud words better than quiet words. Only 20% of
participants predicted equal memory for both volumes, and only
6% predicted better memory for quiet words. When classifying
participants as predicting better memory for loud words, quiet
words, or no difference, 70% of the participants were classified the
same in both their pre- and poststudy GPREDs. Again, this sug-
gests that the study experience had only minimal effects on beliefs
about the effects of volume on memory.

Confidence. As with Prestudy GPREDs, we assessed the
strength of participants’ beliefs about volume at the end of the

study phase by first categorizing participants as either believing
loud words were more memorable or believing loud words were no
more memorable. Again we excluded those who believed that
quiet words would be remembered better than loud words due to
insufficient sample size (see Table 3). Confidence did not differ by
direction, F � 1, or dose, F(1, 85) � 1.11, p � .300. Confidence
was descriptively somewhat higher for participants in the large
dose condition predicting equal memory for loud and quiet words
relative to those in the small dose condition making the same
predictions, but this Dose � Direction interaction was not signif-
icant, F(2, 85) � 2.27, p � .110.

Joint contributions of beliefs and experience-based factors.
Although only 78% of all participants initially believed that loud
words would be remembered better, 84% of participants in the
large dose condition gave higher average JOLs to loud words
relative to quiet words. By contrast, only 59% of participants in the
small dose condition gave higher JOLs to loud words. Of the six
“non-believers” in the large dose condition, all six subsequently
gave higher JOLs to loud words, yet only two of them (33%)
subsequently predicted better memory for loud words in their
poststudy GPREDs. Of the 13 “non-believers” in the small dose
condition, 10 (77%) gave higher JOLs to loud words and nine of
them (69%) subsequently predicted better memory for loud words
in their poststudy GPREDs. Thus, preexisting beliefs about vol-
ume were not necessary for volume to affect JOLs. Likewise, JOL
effects on volume did not necessitate the development of beliefs
about volume either. Of the 62 participants who gave higher JOLs
to loud words, only 44 (71%) subsequently predicted better mem-
ory for loud words in their poststudy GPREDs.

As in Experiment 2, we further assessed whether beliefs could
fully account for the effect of volume on JOLs using a MIXED
model approach (see Table 2). The main effect of volume was
significant, indicating that loud words received higher JOLs even
when participants did not believe that volume affected memory
(belief � 0). Because the Volume � Dose and three-way interac-
tions were not significant, we cannot conclude that the effect of the
volume manipulation was substantially larger in the large dose
condition in the absence of beliefs about volume and memory.
However, the main effects and interactions involving beliefs sug-
gest a negative relationship between the volume effect on JOLs
and beliefs. Specifically, the main effect of dose was significant, as
were the main effect of beliefs and the Belief � Dose and Belief �
Volume interactions. Taken together, the negative main effect of
dose and the nonsignificant Dose � Volume interaction indicate
that JOLs for all words (quiet and loud) were higher in the small
dose condition relative to the large dose condition when partici-
pants did not believe that volume affected memory (belief � 0).
The negative main effect of belief indicates that in the small dose
condition, lower JOLs were given to quiet words by participants
who predicted larger memory benefits for loud words. The signif-
icant Belief � Dose interaction indicates that the negative main
effect of dose was less pronounced among participants predicting
larger memory benefits for loud words. Unlike Experiments 1 and
2, the Belief � Volume interaction was negative, indicating a
negative slope between the magnitude of one’s beliefs and the
magnitude of the volume effect on one’s JOLs. Note that the effect
of volume was still generally positive for all participants, but in
contrast to Experiments 1 and 2, this effect was significantly
smaller, not larger, among participants predicting larger memory
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benefits for loud words. Nonetheless, consistent with the prior
experiments, the results from Experiment 3 continue to show that
presentation volume influences item-level JOLs beyond the effects
of any prior beliefs—that is, prior beliefs about volume are not
necessary for presentation volume effects on item-level JOLs.

Discussion

Experiment 3 did not find evidence that beliefs about volume
and memory changed following the study phase. Although dose
did not have strong effects in this experiment on item-level JOLs,
dose affected JOLs and poststudy GPREDs differently. Specifi-
cally, whereas the volume effect on JOLs was numerically stronger
in the large compared with the small dose condition, replicating
Experiment 2, the dose effect was numerically in the opposite
direction for poststudy GPREDS (i.e., numerically larger volume
effect in the small dose condition). Experiment 3 replicated the
findings of both preexisting beliefs about volume and memory and
the effects of volume on JOLs. The dose effect was replicated in
principle, however was not as pronounced as in Experiment 2.
Finally, Experiment 3 did not provide evidence for a partial me-
diation of volume effects on JOLs through beliefs (as found in both
Experiment 1 and 2); instead, Experiment 3 provides strong evi-
dence for an independent effect of presentation volume experience
during study on JOLs, which can operate even in contrast to
preexisting beliefs. Keep in mind that most “non-believers” as-
sumed no effect of volume; perhaps, these participants were then
particularly surprised by the strong perceptual effect of the volume
manipulation. In line with the conclusions from Experiment 1 and
2, Experiment 3 strongly suggests that the volume effect on item-
level JOLs does not necessitate preexisting beliefs about volume
and memory.

General Discussion

In three experiments, we found evidence for strong preexisting
beliefs regarding volume and memory. These beliefs are similar in
nature to Mueller et al.’s (2013, 2014, 2016) finding that partici-
pants have preexisting beliefs regarding relatedness, font size, and
identicality, and may indicate a general preexisting belief regard-
ing fluency and memory. Specifically, we found that the majority
of participants believed that loud words would be more memorable
than quiet words. Importantly, in Experiments 2 and 3, we found
that participants’ confidence in their preexisting beliefs regarding
volume and memory is quite high.

Whereas Mueller and colleagues (2013, 2014, 2016) concluded
that preexisting beliefs also explain item-level JOL effects, our
novel approach of comparing global differentiated pre-/postdic-
tions to in-the-moment JOLs made during the study phase revealed
systematic differences. First, in all three experiments, the majority
of participants gave higher JOLs to loud words regardless of
whether they had expressed a preexisting belief that loud volume
improves memory (as measured by GPREDs) or not. If preexisting
beliefs about volume are not necessary for volume effects on JOLs,
then it cannot be argued that beliefs are the only factor driving
volume effects on JOLs. Second, in Experiment 2, in-the-moment
JOLs were influenced by the dose of the volume manipulation but
not later postdictions. Third, and most importantly, merely dem-
onstrating preexisting beliefs about a cue in a pre-JOL or vignette-

survey study is not sufficient for the conclusion that a cue’s effect
on item-level JOLs is based on beliefs alone. Instead individual
difference in beliefs must be shown to fully predict individual
differences in the effect of such perceptual manipulations on JOLs.
In Experiments 1 and 2, both beliefs and volume information
contributed unique variance to the volume effect in JOLs. Based
on these findings, we argue that beliefs can only partially account
for the effects of volume on item-level JOLs, which must further
incorporate experience-based cues from the volume manipulation
(in the case of Experiment 3 even against the initial belief).
Notably, Mueller and colleagues (2013) also found that relatedness
of the two words in a pair produced more robust effects on
item-level JOLs compared with prestudy JOLs (used to assess
beliefs), suggesting the former were influenced by experience-
based cues (see Undorf & Erdfelder, 2015, for evidence that
processing fluency indeed partially mediates the relatedness-effect
on item-level JOLs).

Recently, Besken (2016) used a subliminal priming procedure
that reduced response times for naming images, but had no effect
on JOLs. By contrast, perceptually masking some of the images
with a checkerboard grid influenced both response times and JOLs
(masked items were given lower JOLs than unmasked items).
Besken concluded that fluency alone did not influence JOLs ex-
cept through beliefs. By contrast, we found that perceptual expe-
rience influenced JOLs above and beyond what could be explained
by beliefs and that these experience effects may be magnified as
the perceptual manipulation is magnified (i.e., dose manipulation
in Experiment 2; but see Experiment 3 for weaker effects of dose).
However, for experience-based cues to be used in JOLs in the
absence of beliefs, the difference in fluency may need to be fairly
salient. In Besken (2016) the effect of the mask on fluency was
roughly dz � 3.80. By contrast the effect of the subliminal prime
on fluency was only dz � 0.76. Although the prime influenced
response times, the increase in fluency may not have been sub-
stantial enough to override other cues such as beliefs or idiosyn-
cratic item-level features, or to even be experienced as more fluent.
By contrast, when fluency was more obviously disrupted by the
mask, it may have been sufficient to affect perceived fluency and
thus JOLs in addition to, or in spite of, other cues.

Given that fluency effects on memory can vary between recall
and recognition tasks (Besken & Mulligan, 2014; Yue et al., 2013),
the current study extended beyond the recall-based research by
Rhodes and Castel (2009) by employing both recall and recogni-
tion tests. There was evidence for a weak volume effect on
recognition memory such that recognition was slightly better for
loud than for quiet words, at least when volume differences were
large. For recall, we replicated Rhodes and Castle’s finding of no
recall difference between loud and quiet words. Our findings may
appear somewhat surprising given that fluency is often associated
with worse rather than better memory performance and that flu-
ency effects appear to be more prominent in recall as opposed to
recognition performance (Besken & Mulligan, 2013, 2014; Yue et
al., 2013). However, they do fit with other evidence suggesting
that fluency can improve memory performance (Glass, 2007; Mer-
ritt, Cook, Wang, & Lyle, 2014). Nonetheless, even with a small
potential positive effect of volume on recognition memory, at the
least, participants grossly overestimate the effect of volume on
memory and it remains a mystery why participants believe (from
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the onset) that loud words will be much better remembered than
quiet words.

Despite the strong preexisting beliefs about volume and mem-
ory, our results argue against the hypothesis that these beliefs are
fully responsible for volume effects seen in all metacognitive
judgments. Indeed, in all three experiments, volume effects oc-
curred in JOLs independent of (Experiments 1 and 2) or even in
contrast to (Experiment 3) what participants a priori believed
about volume effects on memory. Additionally, in Experiment 1,
CJs were not influenced by volume information. Taken together,
these findings support the view that participants use different cues
for different metacognitive judgments (Koriat, 1997). Specifically,
experience-based cues are used for item-level metacognitive judg-
ments (here: item-level JOLs and item-level confidence judg-
ments), but not for global-differentiated metacognitive judgments
even if these are made after experience with the item material.
Instead, more general beliefs appear to be referenced when making
poststudy GPREDs and (posttest) GPOSTs. This is akin to a
student estimating her exam performance based on her beliefs
about different question types (e.g., essay questions vs. multiple
choice questions) as opposed to mentally tallying up the proportion
of each question type that she believes she got correct. Experience-
based information such as fluency, encoding strategies used, item
imageability, and recollection of the study experience (Koriat,
1997), may not be referenced during global memory predictions
because they cease to be available or because they are not recalled
and aggregated accurately (Dunlosky & Hertzog, 2000; Hertzog et
al., 2009).

It remains an open question as to whether these experience-
based cues contributing to the volume effect involve processing
fluency, embodied cognition, or something else (maybe in com-
binations). Future research should also investigate the generaliz-
ability of our findings to other manipulations known to affect
item-level JOLs such as font size, identicality, word-pair related-
ness, and standard versus alternating capitalization. If other pre-
existing beliefs (e.g., regarding font size or relatedness) are even
more pronounced or held with even higher confidence, they may
override experience-based cues during JOLs. However, our data
suggest that experience-based cues are often difficult to fully
disregard (see also Kelley & Jacoby, 1996), even in the presence
of strong beliefs. Finally, future research should explore the impact
of beliefs and experience-based cues, such as fluency and embod-
ied cognition, on other metacognitive judgments, including not just
performance predictions but also confidence-related judgments to
better understand the basis for making various metacognitive judg-
ments. We believe that our methodology of assessing different
metacognitive judgments at different time-points of the study-test-
cycle will be valuable for such future endeavors. Most importantly,
we hope that future studies on the belief versus experience basis of
metacognitive effects will strive to assess and relate measures of
both factors as opposed to focusing on just one.
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