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A great deal of research has examined the manner in 
which participants make predictions of memory perfor-
mance (for reviews, see Koriat, 2007; Metcalfe, 2000). 
The most common research method has been to solicit 
judgments of learning (JOLs) either immediately after 
the presentation of an item or following a delay. JOLs are 
often accurate, but a number of important discrepancies 
have been observed between actual and predicted memory 
performance (see, e.g., Begg, Duft, Lalonde, Melnick, & 
Sanvito, 1989; Benjamin, Bjork, & Schwartz, 1998; Cas-
tel, McCabe, & Roediger, 2007; Koriat & Bjork, 2005; 
Mazzoni & Nelson, 1995; Rhodes & Castel, 2008). Such 
discrepancies provide some indication of the bases for 
JOLs. For example, Benjamin et al. recorded participants’ 
latency for answering general knowledge questions. Im-
mediately after providing an answer, participants pre-
dicted the likelihood that they would later remember that 
answer when given the opportunity for recall. The results 
showed that the answers that were retrieved most quickly 
were given the highest JOLs. However, the opposite pat-
tern was apparent for recall; it was the items with the lon-
gest latencies that were most likely to be recalled (but see 
Koriat, 2008). Such data suggest that JOLs were based on 
the ease with which answers were retrieved, rather than on 
other, more diagnostic bases for predicting recall.

The present study is likewise concerned with cases in 
which participants base JOLs on cues that are not diagnos-
tic of subsequent memory performance. In particular, we 

focused on a class of cues that have not been thoroughly 
examined in previous research—namely, manipulations 
of the perceptual qualities of to-be-remembered stimuli. 
Several lines of work suggest that the perceptual proper-
ties of information, such as its clarity, can have a strong 
influence on memory (for reviews, see Jacoby, Kelley, & 
Dywan, 1989; Kelley & Rhodes, 2002; Schwarz, 2004). 
For example, perceptually clear stimuli (see, e.g., Busey, 
Tunnicliff, Loftus, & Loftus, 2000; Whittlesea, Jacoby, 
& Girard, 1990) are more likely to be regarded as having 
been previously studied than are stimuli that have been 
perceptually degraded. In addition, manipulations that 
enhance the ease with which an item is identified or pro-
cessed often increase the probability that the item will be 
judged as having been previously encountered (see, e.g., 
Jacoby & Dallas, 1981; Rhodes & Kelley, 2003).

Very few studies have examined whether JOLs are like-
wise influenced by variations in perceptual information 
(Busey et al., 2000; Rhodes & Castel, 2008; see also Kor
enman & Peynircioğlu, 2004). Busey et al. had partici-
pants study faces at different levels of luminance, so that 
the faces were studied in high to low levels of contrast. 
Following the presentation of each face, the participants 
predicted whether they would be able to recognize the face 
on a later test. The results showed that predictions and 
recognition performance were influenced by luminance. 
More recently, however, Rhodes and Castel reported data 
suggesting that perceptual information in the visual do-
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choices among items presented at loud and quiet volumes. 
If participants indeed regard quiet items as being less mem-
orable than loud items, they should seek to restudy quiet 
items more frequently than loud items.

To summarize, in the present study, we investigated the 
extent to which perceptual information influences JOLs. 
In Experiment 1, participants made JOLs for words pre-
sented at quiet and loud volumes, permitting us to exam-
ine the degree to which variations in perceptual informa-
tion influence JOLs. In Experiment 2, we tested whether 
perceptual information influences choices about which 
items to restudy, examining how metacognitive control is 
influenced by the perceptual features of stimuli.

Experiment 1

Method
Participants. Twenty Colorado State University psychology 

students participated for partial course credit. Each participant was 
tested individually.

Materials. The materials consisted of 42 nouns taken from the 
Kučera and Francis (1967) norms. These were randomly divided into 
two sets of 18 items that were presented equally often at a quiet or 
loud volume. The two sets were equated for word frequency (M 5 
46.81), number of letters (M 5 5.94), and number of syllables (M 5 
1.86). The remaining 6 items served either as primacy or recency 
buffers, presented equally often as a quiet or loud item, and were 
excluded from all analyses reported. All items were recorded and 
edited using Adobe Audition Software. Items were recorded in a 
male voice and adjusted so that, for each item, there was a version 
at a quiet (conversational) volume and one at a loud volume, with 
the average volume for loud items increased by a factor of approxi-
mately 3. As a manipulation check, we had 8 participants (not tested 
in any other portion of the experiment) listen to the stimuli and make 
a rating of loudness for each item, on a scale from 1 (very quiet) to 
7 (very loud ). The results showed that loud words (mean rating 5 
6.52, SE 5 .08) were indeed regarded as being far louder than quiet 
words (mean rating 5 2.40, SE 5 .11) [t(7) 5 24.76, Cohen’s d 5 
14.75].

Procedure. After providing informed consent, participants first 
listened to a series of four words (not presented at any other time in 
the experiment), presented one at a time through two speakers lo-
cated immediately adjacent to the monitor. Volume levels were then 
adjusted by the experimenter to ensure that the participant could 
clearly identify the items presented (this did not vary substantially; 
all participants reported normal hearing). The participants then pro-
ceeded to the study phase and were informed that they would hear 
words presented at different volumes. They were instructed to rate 
the likelihood of later recalling that word, on a scale from 0 (not 
likely at all) to 100 (very likely) immediately after each word was 
presented. The participants were encouraged to use the entire range 
of the scale. Following each word, participants were given 4 sec to 
record their JOL on a sheet of paper. The study items were presented 
in a fixed random order at a 5-sec rate, with the condition that no 
more than three items of the same volume were presented consecu-
tively. Immediately following the study list, participants engaged in 
a filler task for approximately 5 min, in which they were required 
to write the names of the states of the United States. Finally, partici-
pants were instructed to write, on a blank sheet of paper, as many 
of the words as they could remember from the study list on a blank 
sheet of paper provided. Participants were given 4 min for the free 
recall task.

Results and Discussion
Predicted and actual recall data are presented in Fig-

ure 1. The results showed that participants regarded loud 

main influences predictions, even when such information 
is unrelated to memory performance. In particular, par-
ticipants studied and made JOLs for words, half of which 
were presented in a large (48-pt) font, and half of which 
were presented in a small (18-pt) font. Across several ex-
periments, participants consistently regarded large words 
as being more memorable than small words, even though 
recall did not differ between the two conditions. Rhodes 
and Castel concluded that participants integrate easily 
available perceptual information (font size) when mak-
ing JOLs, even when that information is not diagnostic of 
future memory performance.

Nevertheless, several questions linger regarding the 
influence of perceptual information on memory predic-
tions. For example, each of the experiments used a visual 
presentation of a word, and, perhaps, visual information 
is easily integrated when making JOLs. A similar pattern 
of findings in a different modality would make a stronger 
case, that, more generally, perceptual information informs 
JOLs, even when this information is not diagnostic of later 
recall. We examined this in the present study by presenting 
items for study in an auditory modality. Specifically, in 
each experiment, participants listened to words presented 
at a quiet (conversational) volume and to words that had 
been adjusted to be presented at a substantially louder vol-
ume. If participants regard words of greater perceptual 
intensity as being more memorable than words of a lesser 
intensity, then JOLs should be higher for words presented 
at the louder volume. If prior findings do not generalize to 
an auditory domain, one would expect there to be little or 
no relation between JOLs and the volume at which words 
are presented for study.

In addition to extending these principles to an auditory 
domain, the present study also focused on an issue of key 
theoretical interest. Specifically, given that prior work ex-
amining the influence of perceptual cues on metacognition 
has focused entirely on monitoring, it is unclear whether 
perceptual information influences control processes in-
volved in the regulation of study. This is particularly im-
portant, as many frameworks suggest that monitoring plays 
a causal role in the control processes related to self-guided 
learning (Nelson, 1996; but see Koriat, Ma’ayan, & Nussin-
son, 2006). For example, the discrepancy reduction theory 
states that learners seek to reduce the discrepancy between 
their current state of learning and their desired or optimal 
state of learning (Dunlosky & Hertzog, 1998; Thiede & 
Dunlosky, 1999; but see Metcalfe & Kornell, 2005, for a 
different account). Consequently, learners are expected to 
allocate more study time to items perceived as being more 
difficult to learn than to easier items, for which the dis-
crepancy between the current and desired state of learn-
ing is smaller (see, e.g., Dunlosky & Thiede, 2004). To our 
knowledge, no prior studies have examined the potential 
influence of perceptual information on self-regulated study. 
This issue is critical for theories of what cues govern self-
regulated study, as it is unclear whether participants will 
select items for restudy on the basis of perceptual charac-
teristics. Thus, in order to determine whether control pro-
cesses are influenced by the perceptual features of stimuli, 
we asked the participants in Experiment 2 to make restudy 



552    R    hodes and Castel

perceptual information influences control processes, par-
ticipants should more frequently choose to restudy quiet 
words; that is, because quiet words are perceived as being 
less well learned than loud words, they should be chosen 
for restudy more often. Such a finding would extend the 
discrepancy reduction model to cues that include the per-
ceptual features of stimuli presented at encoding.

Method
Participants. Twenty-six Colorado State University psychology 

students participated for partial course credit. Each participant was 
tested individually.

Materials and Procedure. The materials and procedure were 
identical to those in Experiment 1, with one exception: Immediately 
after studying and making a JOL for each item, the participants indi-
cated (by circling yes or no on the answer sheet) whether they would 
like the opportunity to restudy that item at a later time. Following the 
filler task, participants were given a free recall test, but they were not 
given the opportunity to restudy.

Results
Predicted and actual recall data are presented in Fig-

ure 2. Consistent with Experiment 1, participants regarded 
loud words (M 5 60.25, SE 5 3.94) as being more memo-
rable than quiet words (M 5 45.68, SE 5 3.55) [F(1,25) 5 
19.74, η2

p 5 .44]. In contrast, recall did not differ between 
the two conditions [F(1,25) 5 1.33, p 5 .26, η2

p 5 .05]. 
Data for gamma correlations likewise showed that JOLs 
were strongly related to volume (g 5 .47, SE 5 .07) 
[t(25) 5 7.03], whereas there was no reliable relationship 
between volume and recall (g 5 .09, SE 5 .11) (t , 1).

Of greater importance are the data for restudy choice. 
The results showed that participants chose to restudy a 
reliably larger percentage of quiet words (M 5 39.10, 
SE 5 6.45) in comparison with loud words (M 5 19.87, 
SE 5 4.65) [F(1,25) 5 14.57, η2

p 5 .37]. Consistent with 
this, volume was negatively related to study choice (g 5 
20.50, SE 5 0.10) [t(17) 5 5.12]. In addition, JOLs were 
negatively related to study choice (g 5 20.87, SE 5 0.04) 
[t(17) 5 22.15] (cf. Son & Metcalfe, 2000).

The results from Experiment 2 thus showed that JOLs 
were sensitive to the volume at which items were studied. 
More important, Experiment 2 demonstrated that restudy 

words (M 5 64.33, SE 5 4.34) as being more memorable 
than quiet words (M 5 45.81, SE 5 5.17) [F(1,19) 5 
29.75, η2

p 5 .61]. However, actual recall did not differ be-
tween loud and quiet words (F , 1).

We also examined the relation between volume, JOL, 
and recall by calculating Goodman–Kruskal gamma cor-
relations for each participant (Nelson, 1984). If volume 
informs JOL, so that higher JOLs are given for loud items, 
a positive correlation should exist between volume and 
JOL. The results showed that, whereas the mean correla-
tion between volume and JOL (g 5 .49, SE 5 .07) differed 
reliably from zero [t(19) 5 6.66], the mean correlation 
between volume and recall (g 5 .13, SE 5 .12) did not 
differ from zero [t(19) 5 1.06, p 5 .30].

Thus, the findings from Experiment 1 were consistent 
with the phenomenon previously documented by Rhodes 
and Castel (2008) and extend those data to an auditory 
domain. Specifically, whereas Rhodes and Castel’s par-
ticipants regarded large words as being more memorable 
than small words, participants in Experiment 1 regarded 
loud words as being more memorable than quiet words. In 
Experiment 2, we asked whether the perceptual features 
of stimuli presented for study would likewise influence 
control processes in metacognition.

Experiment 2

Data from Experiment 1 showed that participants re-
garded loud words as being more memorable than quiet 
words, despite no reliable difference in recall. Such data 
support the more general notion that participants use the 
perceptual intensity of stimuli as a basis for JOLs. How-
ever, it is unclear whether perceptual information guides 
control processes, such as the self-regulation of study. We 
examined this in Experiment 2 by asking participants to 
decide, for each item presented, whether they would like 
the opportunity to restudy that item. As noted previously, 
the discrepancy reduction theory (Dunlosky & Hertzog, 
1998; Thiede & Dunlosky, 1999) suggests that partici-
pants choose to allocate the most study time to items they 
regard as having the largest discrepancy between the cur-
rent learning state and the desired learning state. Thus, if 
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Figure 1. Predicted and actual recall performance by volume in 
Experiment 1. Error bars reflect standard errors of the means.
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Figure 2. Predicted and actual recall performance by volume in 
Experiment 2. Error bars reflect standard errors of the means.
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2000). Future work should examine how manipulations 
of perceptual information interact with such variables and 
contribute to participants’ evaluations of the rate at which 
they are learning (Metcalfe & Kornell, 2005).

The observation that perceptual information informs 
JOLs, as well as control of study, also has implications 
of applied importance. For example, if students integrate 
easily available perceptual cues (e.g., size, loudness) as a 
means of assessing learning, they may exhibit overcon-
fidence when such perceptual cues have no bearing on 
their mastery of material. Moreover, the data reported here 
for restudy choices, indicating that restudy was strongly 
influenced by perceptual information, suggest that study 
time allocation may not be optimal when perceptual cues 
are not diagnostic of learning. Thus, it is critical that stu-
dents know that, in some cases, perceptual information is 
entirely unrelated to learning and develop study strategies 
that take these factors into account.

Overall, the present study provides crucial evidence 
linking the perceptual qualities of stimuli to predictions 
of memory performance and extends theories regarding 
the types of cues that inform metacognitive judgments 
(cf. Koriat, 1997). These experiments illustrate important 
cases in which metacognition is strongly guided by the 
perceptual qualities of a stimulus, even when memory is 
not influenced by these factors. In addition, the present 
study is the first to show a relation between the perceptual 
qualities of stimuli and control processes. Such data sug-
gest that higher order cognitive processes, such as those 
putatively involved in metacognition, are influenced by 
bottom-up perceptual information.
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