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Using the past to predict the future
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This research addressed three issues. First, we examined whether retrospective confidence judgments
(RCJs) and judgments of learning (JOLs) assess memory differently. Second, we examined the relative
accuracy of JOLs and RCJs at predicting future recall performance. Third, we examined whether making
JOLs improves subsequent recall better than making RCJs or making no metacognitive judgment. Re-
sults suggest that RCJs and JOLs are both based on retrievability, but that participants use their memory
differently when making JOLs. RCJs were more accurate than JOLs at predicting future recall for some
subsets of items, but the reverse was true for other subsets of items. Finally, eventual recall performance
was facilitated when participants made JOLs but not when they made RCJs, suggesting that the JOL task

helps to improve people’s learning of the items.

The study of confidence judgments has played an im-
portant role in psychological research. The topic touches
several areas within psychology, including judgment and
decision making, social psychology, educational psychol-
ogy, and cognitive psychology, and it has generated re-
lated research in cognitive neuropsychology (Shimamura
& Squire, 1988) and abnormal psychology (Pappas et al.,
1992). Two general classes of confidence judgments that
have received increasing attention are those that concern
predictions about the future retrieval of events, called
Judgments of learning (JOLs), and those that concern as-
sessments about past retrieval, called retrospective confi-
dence judgments (RCJs). When one makes a JOL, one is
essentially assessing the likelihood that one will be able to
recall, at some point in the future, a particular item (e.g., a
word) when cued with its corresponding stimulus. When
one makes an RCJ, one is assessing the likelihood that
what one has just recalled is indeed correct.

The conceptual distinction between JOLs and RClJs is
straightforward. JOLs are assumed to tap a mechanism
that enables us to predict future memory performance, but
the exact nature of this mechanism still is poorly under-
stood (Nelson & Dunlosky, 1992). In contrast, RCJs are
used to assess the correctness of past retrieval and often
are assumed to arise from the retrievability of the to-be-
judged item from memory (Costermans, Lories, & Ansay,
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1992; Dougherty, 2001; Kelley & Lindsay, 1993).! How-
ever, despite this conceptual difference, little research has
directly investigated whether JOLs and RClJs tap function-
ally different underlying psychological processes. Obvi-
ously, an examination of the processes underlying JOLs
and RClJs is of considerable theoretical interest, for it may
be possible to develop integrative theories to account for
both types of judgments.

A comparison of JOLs and RClJs is also of practical
interest especially for people in educational psychology.
For example, suppose students are interested in assessing
how well they have mastered the material for an upcoming
examination. As part of their study strategy, they might at-
tempt to recall the answers to a set of study questions. Are
they better off predicting the likelihood that they will re-
trieve the correct answer on the upcoming exam (a JOL),
or are they better off assessing their confidence in their
answer to the study question (an RCJ)? The students’ ul-
timate goal, of course, is to determine whether they have
learned the material well enough to succeed on an upcom-
ing exam. However, which type of judgment, the JOL or
the RCJ, is a better predictor of future retrieval?

TWO GENERAL QUESTIONS

This article addresses two questions. First, are JOLs
and RClJs based on the same underlying cognitive pro-
cesses? Although considerable research has investigated
JOLs and RClJs, few attempts have been made to study
these two types of judgments within a single experiment.
Thus, the extent to which JOLs and RClJs are based on the
same cognitive processes is largely unknown.

Second, assuming JOLs and RClJs indeed tap different
underlying processes, are JOLs better than RCJs in pre-
dicting future recall? Although one might presume that
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JOLs are better predictors of future recall, this has not
been tested.

Are JOLs and RCJs Based on the Same
Information?

Empirical distinction between JOLs and RCJs.
There is much to suggest that JOLs and RCJs are based,
at least in part, on similar components of memory. For ex-
ample, considerable evidence suggests that both RCJs and
JOLs involve an assessment of retrievability. RCJs have
been proposed to arise from the fluency of retrieval (Kelley
& Lindsay, 1993), trace strength (Costermans et al., 1992),
and familiarity (Dougherty, 2001) and are often found to
be influenced by variables that affect retrievability (Ko-
riat, 1997). Similarly, several studies have suggested that
JOLs are based on retrievability. For example, Lovelace
(1984) found that JOLs were more predictive of previous
recall than of future recall, suggesting that participants’
JOLs were influenced by their previous recall attempt (for
similar results, see also Connor, Dunlosky, & Hertzog,
1997; King, Zechmeister, & Shaughnessy, 1980). Mat-
vey, Dunlosky, and Guttentag (2001) found that retrieval
fluency (i.e., retrieval time) was negatively correlated
with JOL magnitude. Sommer, Heinz, Leuthold, Matt,
and Schweinberger (1995) found that EEG wave forms
elicited for JOLs corresponded to wave forms elicited by
a subsequent recognition memory test. Finally, Nelson
and Dunlosky (1991) reported that 19 of 20 participants
who made delayed JOLs claimed to have attempted to re-
call the correct answer when forming their judgments.
Together, these studies suggest that both RCJs and JOLs
are based, at least to some extent, on the retrievability of
the item to be judged.

Although the evidence above indicates that both RCJs
and JOLs are based on retrievability, there is also evidence
that JOLs are based on information other than, or in addi-
tion to, retrievability. Busey, Tunnicliff, Loftus, and Lof-
tus (2000) found that the luminance of the faces at study
and at test, stimulus duration, and degree of rehearsal all
affected JOLs. In contrast, RCJs were affected primarily
by degree of rehearsal, with only small effects for test
luminance. This suggests that JOLs are based on at least
somewhat different cues than are RCJs.

Differences between RCJs and JOLs have also been
found in neuropsychological studies. Shimamura and
Squire (1988) investigated the relative accuracy of RCJs
in Korsakoff amnesiacs, normals, and alcoholic controls
and found no decrement in the accuracy of RCJs in Korsa-
koff’s patients. However, Bauer, Kyaw, and Kilbey (1984)
found that JOL accuracy was degraded among Korsakoff
patients, and Shimamura and Squire (1986) found that the
accuracy of feelings of knowing (FOK—i.e., predictions
that one will be able to recognize a previously unrecalled
item) was more impaired in Korsakoff’s patients than it
was in the control groups. Apparently, among Korsakoff’s
patients, the processes responsible for RCJs are intact, but
the processes responsible for FOKs and JOLs are dam-
aged. Whereas RClJs, as elaborated in Nelson and Na-
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rens (1990), are retrospective judgments (about the past),
FOKs and JOLs are both prospective (about the future).
Similar dissociations have been found between FOKs and
RClJs in Alzheimer’s patients (Pappas et al., 1992). These
studies suggest that prospective judgments of retrieval
(JOLs and FOK3s) and retrospective judgments (RClJs)
may draw on different processes or cues.

Previous theories of JOLs versus RCJs. The em-
pirical similarities between JOLs and RClJs are paral-
leled by similarities in theoretical approaches. Two
current views of the basis of JOLs are the direct-
access (King et al., 1980) and cue-utilization (Koriat, 1997)
theories. Direct-access theory posits that the future recall-
ability of an item is assessed by monitoring the strength of
the item to be recalled, and JOLs are assumed to be based
on a readout of this strength value. According to this view,
the correlation between JOLs and recall arises because fac-
tors that affect the accessibility (or strength) of the memory
trace affect both JOL magnitude and recall (Koriat, 1997).

An alternative view of JOLs is offered by Koriat’s
(1997) cue-utilization theory, in which it is assumed that
JOLs are based to varying degrees on intrinsic cues, ex-
trinsic cues, and mnemonic cues. Intrinsic cues are in-
herent properties of the to-be-learned items (e.g., word
frequency, concreteness, vividness) that might be corre-
lated with later retrieval. Extrinsic cues are the character-
istics of the learner or the learning environment, such as
the conditions under which learning takes place and the
encoding operations used during study. Mnemonic cues
are internal assessments of the degree to which an item
has been learned. For example, degree of learning might
be determined by assessing the accessibility of the to-be-
remembered item, processing fluency, or item or cue
familiarity (Koriat, 1997). Intrinsic, extrinsic, and mne-
monic cues are not independent; intrinsic and extrinsic
cues can both affect mnemonic cues. Whereas mnemonic
cues are presumed to have only direct effects on JOLs,
intrinsic and extrinsic cues are presumed to affect JOLs
either directly or indirectly by influencing the mnemonic
cues. For example, study time might affect mnemonic
processes, such as latency of retrieval, but might also di-
rectly affect JOLs if people use study time as a predictor
of an item’s future recallability (e.g., one might hold the
belief that longer study intervals increase the probability
of recall).

Just as with research on JOLs, researchers studying
RClJs have proposed two main theoretical approaches: the
trace-strength view and a cue-based assessment of confi-
dence. According to the trace-strength view, confidence
is based on an assessment of the overall strength of the
underlying memory representation (Clark, 1997; Dough-
erty, 2001; Dougherty, Gettys, & Ogden, 1999). Simi-
lar to the direct-access view of JOLs, the trace-strength
view posits that confidence judgments are based on an
assessment of the overall familiarity (or strength) of the
item to be judged. Clark (1997), for example, showed
that confidence—accuracy inversions could be accounted
for by a familiarity-based model of recognition memory
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such as Hintzman’s (1988) MINERVA 2 model. Likewise,
Dougherty (2001) showed that the overconfidence effect
(the tendency for percentage correct to lag behind mean
confidence) could be accounted for by MINERVA-DM,
a modified version of MINERVA 2. Moreover, Dough-
erty reported that variables that were assumed to affect
the trace strength (encoding quality and study repetition)
also affected RCJs and the relationship between RCJs and
accuracy. In any case, both of these models of RCJs as-
sume that confidence judgments are based on the strength
(or familiarity) of the item to be judged, as assessed by a
global-matching process.

An alternative view of RCJs that has been applied pri-
marily within the overconfidence literature is embodied
in Gigerenzer, Hoffrage, and Kleinbdlting’s (1991) PMM
theory. According to PMM theory, confidence judgments
in general knowledge questions are based on cues ex-
tracted from the judgment environment or from assess-
ments of memory. Confidence is assumed to be based
on the ecological validity of the most discriminating cue.
Although PMM is fundamentally different from Koriat’s
(1997) cue-utilization theory in that it focuses on the use
of environmental cues, both theories share the idea that
confidence is based on the degree to which various cues
are predictive of performance. In the case of PMM, cues
are assumed to be extracted from the environment. In the
case of cue-utilization theory, cues are assumed to be
based on the properties of the stimulus materials (intrinsic
cues), the properties of the encoding operations (extrinsic
cues), and the properties of the retrieval process (mne-
monic cues).2 Whereas the cue-utilization theory implies
that participants integrate information from various cues
to form a JOL, PMM theory assumes that participants
utilize one particular cue in forming an RCJ (Gigerenzer
& Goldstein, 1996; Goldstein & Gigerenzer, 2002).

In sum, theory and research on JOLs and RClJs sug-
gest that these two types of judgments share at least some
psychological processes. Also, it is important to note that
the two kinds of theory—direct access and utilization of
cues—are not mutually exclusive; that is, both could be
valid. However, the empirical evidence cited above sug-
gests at least some differences between JOLs and RCls.
The present studies provide a direct test of these differ-
ences.

Are JOLs Better Than RCJs at Predicting
Future Recall?

Assuming that JOLs and RClJs are based, at least in
part, on different information, one might hypothesize that
JOLs would be better predictors of future recall than RCJs
would, especially because JOLs are specifically targeted
at predicting future recall performance. However, it is also
possible to imagine that JOLs might actually be worse
than RClJs at predicting future recall. Research on test—
retest recall performance has revealed that the probability
of'a successful recall is higher following a previously suc-
cessful recall than it is following a previously unsuccess-
ful recall (Estes, Hopkins, & Crothers, 1960). Thus, past
recall provides a good cue for predicting future recall.
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If RCJs are based on retrievability, they should be pre-
dictive of future retrieval as well: Items that are retrievable
at time ¢ should have a higher probability (in comparison
with items not retrieved at time ¢) of being retrieved at
time 7+ 1. In contrast, if JOLs are based in part on cues
other than retrievability, it is possible for JOLs to be less
predictive of future recall than RCJs are. For example,
suppose JOLs were based on an assessment of retriev-
ability plus at least one additional cue (e.g., study time).
If the additional cues were predictive of future recall per-
formance and participants integrated the cues optimally,
then JOLs should be more predictive of future recall than
RCJs would be. However, if the additional cues were less
related to recall than is retrievability, JOLs might be less
accurate than RCJs at predicting future recall.

OVERVIEW OF EXPERIMENTS AND
HYPOTHESES

Modification to the Standard JOL Paradigm

To investigate our two questions of interest—that is, are
JOLs and RClJs based on different cognitive processes,
and, if so, are JOLs functionally better than RCJs at pre-
dicting future recall>—we modified the standard delayed-
JOL paradigm using paired associates as stimuli. In the
standard task, participants typically study a set of paired
associates so that they can, at some future point, respond
with the target word when prompted with the cue. A short
time (e.g., 30 sec) after studying each pair, participants
are provided with the cue and are asked to judge the like-
lihood that that they will be able to recall the target at
test when prompted with the cue, with the test occurring
sometime in the future (e.g., 10 min later). Instead of the
standard delayed-JOL paradigm, we used the prejudg-
ment recall and monitoring methodology (PRAM) pro-
posed by Nelson, Narens, and Dunlosky (2004), in which
participants are required to make two recall attempts: a
prejudgment recall attempt that occurs approximately
30 sec after study and a final recall attempt that occurs
approximately 10 min after study. RCJs and/or JOLs were
made immediately after prejudgment recall. This allowed
us to examine the extent to which both RCJs and JOLs
rely on the retrievability of the item to be judged (prejudg-
ment recall) and the extent to which both judgments are
predictive of future recall (final recall). Note that the re-
quirement to engage in prejudgment recall should, if any-
thing, bias our results toward the null hypothesis because
forcing all participants to engage in recall should make it
more likely that retrievability is utilized as a cue. Thus,
finding reliable differences in these judgments would be
particularly compelling evidence that the two judgments
tap different processes.

Hypotheses Under Investigation

Question 1. Our first empirical question concerned
whether JOLs and RCJs made following prejudgment
recall are based on the same cognitive processes. The
trace-access and trace-strength views anticipate that JOLs
and RClJs are based on assessments of the retrievability of



the item. Thus, one might expect few, if any, differences
between JOLs and RClJs if both types of judgments are
based on retrievability. However, if JOLs rely on cues other
than, or in addition to, retrievability (as proposed by cue-
utilization theory), we would expect several differences
between JOLs and RCJs to emerge. These hypothesized
differences are elaborated next.

If JOLs and RClJs rely on different processes, this
should produce differences in the correlations between
JOLs and prejudgment recall rather than between RClJs
and prejudgment recall. Moreover, if RCJs rely more on
retrievability than JOLs do, then RCJs should be more
highly correlated with the latency of prejudgment recall.
Also relevant to addressing whether JOLs and RCJs are
based on different information is whether both JOLs and
RClJs, and their accuracy, are affected similarly by inde-
pendent variables. In our experiments, we manipulated
study time (3 vs. 12 sec) as an independent variable.
Under Koriat’s (1997) cue-utilization theory, study time is
considered an extrinsic cue and should have both indirect
effects and direct effects on JOL accuracy. For example,
if the amount of time spent studying an item is correlated
with recall performance, then study time can affect mne-
monic cues (e.g., latency of retrieval). Also, if participants
believe that longer study intervals lead to better recall per-
formance, then JOLs should be higher for items studied
for 12 sec. Again, if both types of judgments rely on the
same processes, study time should not have differential
effects on JOL or RCJ magnitude, nor should it have dif-
ferential effects on the correlation between those judg-
ments and recall accuracy. Whether increased study time
improves the accuracy of judgments is an open question.
Indeed, study time should improve JOL accuracy only if
it is correlated with recall accuracy and if participants uti-
lize the cue appropriately. Overweighting the importance
of longer study time might actually lead to a decrease in
the accuracy of JOLs.

Question 2. Our second empirical question was whether
JOLs are more accurate than RCJs at predicting future
(final) recall. This question is addressed by comparing the
gamma correlations between final recall accuracy and the
metacognitive judgments made after prejudgment recall.
On the basis of the fact that JOLs are targeted to predict
future recall, we hypothesized that JOLs would be more
accurate than RClJs at predicting final recall. However,
as previously mentioned, there are several circumstances
that might lead JOLs to be less accurate than RCJs in pre-
dicting final recall. One potential cue that might differen-
tially affect the accuracy of JOLs and RClJs is study time.
For example, if RCJs are based on retrievability and if
study time affects retrievability, then both recall and RCJ
magnitude should increase with increased study time.
The net result might not change the accuracy of RClJs.
However, according to cue-utilization theory, study time
can have two effects. As noted earlier, extrinsic cues, such
as study time, can have both direct and indirect effects.
Study time can have a direct effect on JOLs if participants
interpret it to be relevant to predicting future recall, and it
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can have an indirect effect by influencing mnemonic cues
such as latency of recall (which might be an index of re-
trievability). Thus, if RCJs are based on retrievability but
JOLs are based on both retrievability and study time, then
the study time variable should have differential effects on
JOLs and RCls.

EXPERIMENT 1
Method

Materials

The items to be remembered were 482 pairs of unrelated, concrete
nouns (e.g., ocean—tree) from Paivio, Yuille, and Madigan (1968).
Of these, 52 were designated as target items (and were the same for
all participants). The remaining 430 word pairs served as a pool
from which dummy and distractor items could be sampled.

Participants

The participants were 60 undergraduate students who participated
to fulfill course requirements and who were enrolled in an introduc-
tory psychology course at the University of Maryland.

Design and Procedure

The experimental design was a 3 X 3 X 2 factorial, with num-
ber of dummy items (0, 1, or 2), duration of item presentation (3 or
12 msec), and judgment type (RCJs vs. JOLs) as within-participants
variables. The experiment consisted of five phases, which were
blocked such that participants cycled through the five phases 52
times throughout the course of the experiment.

Study phase. The participants were instructed to study the item
pairs so that they could remember the second word when prompted
with the first. They were instructed to study all items but were tested
on only items designated as targets (whose identity the participants
did not know in advance). The first four trials served as practice and
were not included in recall. The order of presentation was random-
ized anew for each participant, and word pairs were displayed on the
computer monitor for 3 or 12 sec each. The duration of the presenta-
tion for targets was random, except for two restrictions: (1) that half
of the targets be presented for 3 sec and the other half be presented
for 12 sec, and (2) that no more than two successive trials had tar-
gets presented for the same duration.

Preceding the presentation of each target, 0, 1, or 2 dummy items
were each displayed for 3 or 12 sec each. Both the number of dummy
items (0, 1, or 2) and the presentation rate of the dummy items were
random, with the restrictions that, across all trials, (1) half would be
presented for 3 sec and half for 12 sec, and (2) no more than two con-
secutive dummy items would be presented for the same duration.

Immediately after the offset of each target item, distractor items
were presented. Distractors were randomly assigned a presentation
rate of either 3 or 12 sec, with these restrictions: (1) Half of the
distractors were presented for each duration, (2) the total distrac-
tion interval was 30 sec, and (3) within each trial, no more than two
items of the same presentation duration occurred successively (i.e.,
there were always two distractors presented at the 3-sec rate and
two presented at the 12-sec rate). The dummy and distractor items
were included so that participants could not anticipate which item
they would be asked to recall at prejudgment recall. (We wanted to
prevent the participants from focusing in on the word pair that they
would be required to recall.) In addition, the four distractor items
also served to provide a filled 30-sec interval between the presenta-
tion of the target and prejudgment recall of the target. Therefore,
although the number of distractors between target and judgment
was constant for all participants, the number of dummy items pre-
ceding the target was not necessarily the same for all participants (a
maximum of 70 and a minimum of 17 dummy items). Thus, the total
number of studied word pairs ranged from a minimum of 277 to a
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maximum of 330 word pairs across participants. Note, however, that
because the number of dummy items was determined randomly, it
was not confounded with our manipulations of interest (study time
and judgment type).

Prejudgment recall. Following presentation of the distractor
items, the participants completed a self-paced recall test for the
target item. Participants saw the first word of the item (the cue)
and were required to recall the second word (the target). Recall was
achieved by typing the target word into the computer, and recall
latency was measured by recording how much time elapsed between
the onset of the cue word and when the participants pressed the
enter key to submit their response. To prevent omission errors, the
participants were required to guess. Immediately after making their
recall response, they were prompted to provide their metacognitive
judgments.

Metacognitive judgments. The participants made both an RCJ
and a JOL for each studied item, with the RCJ always made first. For
RCls, the participants were presented with the cue (the first word of
the studied pair) and asked, “How confident are you that the reply
you gave for this item is correct (0 = definitely not correct, 20 =
20% sure, 40 ..., 60...,80..., 100 = definitely correct)?” For
JOLs, the participants were again presented with the cue but were
asked, “How confident are you that in about 10 minutes you will be
able to recall the second word of the item when prompted with the
first (0 = definitely won 't recall, 20 = 20% sure, 40 ..., 60 ...,
80 ..., 100 = definitely will recall)?” The participants responded
by typing using the number pad on the keyboard.

Final recall test. After the metacognitive judgment on the final
item (word pair), the participants completed a self-paced recall test.
The participants saw the first word of each item and were required
to recall the second word. The 100 targets were divided into four
blocks of 25 items per block. To approximately equate the time be-
tween study and test for all items, the pairs studied in the first quar-
ter of the study phase were tested in the first quarter of the recall test,
pairs studied in the second quarter of the study phase were tested in
the second quarter of the recall test, and so on.

Final RCJ. After making the final recall response for a given
item, the participants made a second RCJ using the same procedure
as described above.

Results and Discussion

All differences that are reported as reliable had ps <
.05. All pairwise comparisons reported as reliable used
Bonferroni adjusted ¢ tests to control familywise alpha
at .05.

Are RCJs and JOLs Based on the Same
Information?

IfRClJs and JOLs are based on the same information and
the same weighting of that information, then (as elaborated
above) we would expect RCJs and JOLs to be (1) equally
well correlated with prejudgment recall, (2) equally well
correlated with latency of prejudgment recall, and (3) af-
fected equivalently by the study time manipulation (this
should be true both for the judgment magnitude and the
correlation between judgment and final recall).

Figure 1 shows the mean gamma correlations between
prejudgment recall and metacognitive judgment. We hy-
pothesized that both RCJs and JOLs were based, at least
to some extent, on retrievability. Consistent with this hy-
pothesis, both RCJs and JOLs were correlated with pre-
judgment recall with gammas above .86, all of which were
significantly greater than zero (all ps < .01). However,
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Figure 1. Mean overall gammas between prejudgment recall
and magnitude of the judgment for Experiment 1. Error bars
represent standard error of the mean.

closer inspection of prejudgment recall and its relation-
ship with judgment suggests that RCJs and JOLs do not
rely on prejudgment recall to the same extent. As indi-
cated in Figure 1, the correlation between metacognitive
judgment and prejudgment recall was significantly higher
for RCJs than for JOLs [F(1,55) = 7.31, p < .01]. How-
ever, the effect of study time on the correlation between
metacognitive judgment and prejudgment recall was non-
significant [F(1,55) = 0.27] and there was no study time
by judgment type interaction [F(1,55) = 0.41].3

Particularly diagnostic for examining the relation-
ship between judgment and prejudgment recall are the
correlations between judgment magnitude and latency
of prejudgment recall. Prior research has revealed that
higher RCJs are associated with shorter retrieval latencies
(Barnes, Nelson, & Dunlosky, 1999; Costermans et al.,
1992; Nelson & Narens, 1990), and the same pattern
has been found for JOLs (Nelson, 1996). However, no
research that we know of has directly examined whether
RClJs and JOLs are correlated to the same degree with
retrieval latency. Consequently, we examined the correla-
tion between judgment magnitude and latency, collaps-
ing both across correct and incorrect prejudgment recall
and separately for correctly versus incorrectly recalled
items. When correctness of prejudgment recall was ig-
nored, both RCJs and JOLs were significantly correlated
(gamma correlations) with latency of prejudgment recall
[Mpey = —.33,t(61) = 11.49, p < .01; Mo, = —.21,
t(61) = 7.81, p < .01]. Note, however, that the absolute
value of this correlation was significantly greater for
RClJs than for JOLs [#(60) = 3.34, p < .01], suggesting
that RCJs are more closely tied to retrievability than are
JOLs. Thus, longer RTs were associated with lower mag-
nitude judgments (especially among RClJs), which is to
be expected if judgments are based on retrievability (as
proposed by Barnes et al., 1999).



Of particular interest in examining the relationship
between judgment magnitude and latency of recall were
analyses that examined correct and incorrect prejudgment
recall separately, as shown in Table 1. Of these correla-
tions, the only one not statistically greater than zero was
the correlation between JOL and latency of prejudgment
recall for correctly recalled prejudgment items [£(60) =
1.49, p > .10]. The correlation between JOL magnitude
and latency of retrieval was significantly different from
zero only for incorrectly recalled items [¢(48) = 4.98,
p < .01]. Pairwise ¢ tests using a Bonferroni adjustment
(a'" = a/4 = .0125) indicated that there was no differ-
ence between correct and incorrect prejudgment recall
in how well RCJs were correlated with latency of pre-
judgment recall [#(54) = 2.09, p = .04]. However, there
was a significant difference between correct and incor-
rect prejudgment recall for JOLs [#(48) = 3.77, p < .01].
Thus, although both judgments were related to speed of
retrieval, JOLs were related to speed of retrieval only for
incorrectly recalled prejudgment items.# There was no
difference between how well JOLs and RCJs correlated
with latency of incorrectly recalled items [#(48) = 0.71,
p > .10], but RCJs showed a higher correlation than did
JOLs with latency for correctly recalled items [#(48) =
3.77, p < .01]. The finding that RCJs were more highly
correlated with latency of prejudgment retrieval among
correctly recalled items suggests that JOLs and RCJs re-
lied on different information primarily when prejudgment
recall was successful, or that the RCJ intervening between
recall and the JOL diluted the relationship between recall
and magnitude of JOL.

One way to examine more closely the differences be-
tween JOLs and RClJs is to plot the distribution of confi-
dence judgments conditionalized on whether prejudgment
recall was correct or incorrect. These graphs are shown in
Figure 2 separately for JOLs (top panel) and RCJs (bot-
tom panel). Two aspects of the graphs are particularly
revealing. First, there are no noteworthy differences be-
tween JOLs and RClJs in the distributions for the incor-
rectly recalled items. This suggests that when prejudg-
ment recall fails, RCJs and JOLs are based on the same
processes or information. In contrast, when prejudgment
recall is successful, the participants utilized the middle of
the confidence scale more often when making JOLs. The
majority of the RCJs were given a rating of 100%. Thus,
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when prejudgment recall was correct, the participants ei-
ther relied on different information when making the two
judgments or utilized the confidence scale differently.

A third aspect of the data suggesting that the two judg-
ments tap different processes was judgment magnitude.
Table 2 shows the mean judgments for RCJs and JOLs.
There were main effects of study time [F(1,61) = 165.79,
p < .01] and judgment type [F(1,61) = 49.18, p < .01]
on the magnitude of metacognitive judgment, as well as a
study time X judgment type interaction [F(1,61) = 14.02,
p < .01] (see Table 1 for means). However, post hoc tests
using Bonferroni ¢ tests (o’ = .0125) revealed that both
RClJs and JOLs were higher for items studied for 12 sec
than for items studied for 3 sec and that RCJs were higher
than JOLs for both the 12-sec and 3-sec conditions, sug-
gesting that the interaction may have been scale depen-
dent. In any case, the finding that RCJ magnitude was
consistently higher than JOL magnitude lends converging
evidence for the idea that the JOLs and RCJs are based on
different information.

Are JOLs Better Than RCJs at Predicting
Future Recall?

Were JOLs better or worse than RCJs at predicting fu-
ture recall? The mean gamma correlations between meta-
cognitive judgment and final recall are presented in Fig-
ure 3. As can be seen, RCJs were more accurate than JOLs
in predicting future recall, as evidenced by the main effect
of judgment type on the correlation between judgment
and final recall [F(1,56) = 23.30, p < .01]. Equally inter-
esting is the finding that study time affected the accuracy
of JOLs more than RClJs, as evidenced by the significant
judgment type X study time interaction [F(1,56) = 4.04,
p < .05]. Post hoc tests using a Bonferroni adjustment
(a' = .0125) revealed that JOLs were significantly less
accurate than RCJs in both the 3-sec [#(58) = 3.18, p <
.01] and 12-sec [¢(58) = 3.72, p < .01] study conditions.
The decrease in accuracy from 3 to 12 sec was significant
for JOLs [#(58) = 2.25, p = .029], but nonsignificant for
RClJs [t(56) = .02, p > .10].

Are the Differences Between RCJs and JOLs
Due to Differences in Scale Use?

One explanation of the differences observed between
JOLs and RClJs is that participants use the confidence

Table 1
Mean Gamma Correlations Between Latency of Prejudgment Recall
and Magnitude of Judgment Computed Separately for Correct Versus
Incorrect Prejudgment Recall

Experiment 1

Experiment 2

Correct Incorrect Correct Incorrect
Prejudgment Prejudgment Prejudgment Prejudgment
Recall Recall Recall Recall
M SEM SEM M SEM M SEM
Gamma (latency, JOL)  —.05 .03 —.17 .04 —.08 .03 —.34 .06
Gamma (latency, RCJ)  —.35 .07 —.31 .05 —.23 .04 —-.17 .05
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Figure 2. Distribution of responses for JOLs (top panel) and RCJs
(bottom panel) conditionalized on whether prejudgment recall was cor-

rect or incorrect for Experiment 1.

scale differently for the two types of judgments without
relying on differences underlying cognitive processes.
One way to assess this possibility is to examine part-scale
gamma correlations between judgment magnitude and
prejudgment recall accuracy, between judgment mag-
nitude and latency of prejudgment recall, and between
judgment magnitude and final recall accuracy. Part-scale

gammas were computed by grouping pairs of items for
which one item received a confidence rating of J and the
other item a confidence rating of K. For example, the first
pair of points in Figure 4 shows the mean gamma correla-
tion between judgment magnitude and prejudgment recall
accuracy for the subset of each participant’s judgments
where one item (word pair) received a rating of 0 and the

Table 2
Mean Gamma Correlations Between Judgment and Prejudgment Recall, Judgment and Final Recall,
Mean Judgments, and Mean Correlations Between Prejudgment Recall and Final Recall

Presentation Rate: Experiment 1

Presentation Rate: Experiment 2

3 sec

12 sec

3 sec 12 sec

JOLs RClJs JOLs

RClJs JOLs RClJs JOLs RClJs

M SEM M SEM M

SEM M

SEM M SEM M SEM M SEM M  SEM

Mean magnitude of

judgment 32 .02 58 .03 39 .03
Gamma between judgment

and prejudgment recall 92 .03 97 .01 87 .05
Gamma between judgment

and final recall 79 .04 86 .04 .63 .06
Gamma between prerecall

and final recall .99 .01 .97

.67 .03 46 .03 57 .03 54 .03 .65 .03
98 .01 92 .02 9 .01 93 02 9 .01
.85 04 76 04 84 04 68 06 84 .04

.02 99 .00 99 .01 99 .00 98 .01
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Figure 3. Mean overall gammas between final recall and mag-
nitude of the judgment for Experiment 1. Error bars represent
standard error of the mean.

other a rating of 20. The second pair of points shows the
mean gamma for observations where one item was given
a 0 and the other a 40, and so forth. These part-scale gam-
mas were computed for individual participants, collaps-
ing across study time.5 Note that by comparing RCJs and
JOLs within parts of the scale, we control for differential
scale use. Thus, if differences between RCJs and JOLs
exist after controlling for scale use, it would strengthen
the case that the two judgments are based on different in-
formation or/and on different utilizations of information.
Moreover, if RCJs were still more highly correlated with
final recall, it would rule out the possibility that the RCJ
advantage was an artifact of scale use.

Figure 4 shows the part-scale gammas between judg-
ment magnitude and prejudgment recall accuracy. The
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vertical line separates the dyads in which one member
of the dyad received a zero judgment from the dyads in
which both members received nonzero judgments. Two
findings are of interest. First, in 12 out of 15 of the com-
parisons of JOL and RCJ for a given pair of magnitudes of
judgments, RCJs were more highly correlated than JOLs
were with prejudgment recall accuracy. This difference
is significant by a sign test (p < .02). Second, in 9 out
of 10 comparisons in which both members of the dyad
received a confidence judgment greater than zero, RCJs
were more highly correlated with prejudgment recall
than JOLs were, which is also significant by a sign test
(p < .02). The pattern of results for dyads in which one
member received a zero did not consistently favor RCJs
or JOLs. Note that the pattern of results in Figure 4 quali-
fies the interpretation of the overall gammas presented in
Figure 1, which showed that higher overall correlations
occurred between RCJs and prejudgment recall than be-
tween JOLs and prejudgment recall. That is, the part-scale
gamma correlations show that RCJs are better predictors
of prejudgment recall than are JOLs only when both items
in the dyad are given nonzero judgments.

Figure 5 shows the part-scale gamma between judg-
ment magnitude and latency of prejudgment recall. As can
be seen, in 11 out of the 15 possible comparisons, RCJs
were more highly correlated with latency of prejudgment
recall than were JOLs. By a sign test, the probability of 11
observations favoring RCJs by chance is .059. Consistent
with the gamma correlations between prejudgment recall
and judgment shown in Figure 4, the advantage for RCJs
over JOLs was consistent for only nonzero dyads (right of
the vertical line): RCJs were more highly correlated with
latency of prejudgment recall than were JOLs for 8 of the
10 comparisons (p = .055) in which both members of the
dyad had judgments greater than zero, but for only 3 out
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Figure 4. Part-scale gammas between prejudgment recall and magnitude of the

judgment for Experiment 1.
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Figure 5. Part-scale gammas between latency of prejudgment recall and magnitude

of the judgment for Experiment 1.

of 5 dyads that included judgments of zero. This pattern
of results, coupled with those in Figure 4, suggests that
RClJs and JOLs rely on prejudgment recall and latency of
prejudgment recall to different extents among items re-
ceiving nonzero judgments. However, whether this is the
case for items that receive judgments of zero is unclear.
Analyses of the overall gamma correlations revealed
that RCJs were better predictors than JOLs were of final
recall accuracy. However, as can be seen in Figure 6, when
scale use is controlled for by using part-scale gamma cor-
relations, the pattern is more complicated. For example,
RClJs were more highly correlated with final recall ac-
curacy than were JOLs in only 9 out of the 15 possible

1.0

comparisons (p > .10) and in only 6 out of 10 of the com-
parisons ( p > .10) in which both members of the dyad were
nonzero. Nevertheless, these results indicate that RCJs
are at least as good as JOLs in predicting future recall, a
finding that is somewhat surprising because participants
presumably form RCJs without consideration of future
recall. The part-scale gammas also indicate the impor-
tance of exercising caution in drawing conclusions from
overall gammas (as in Figure 3) because different use of
the judgment scale can be a modulating factor that should
be taken into consideration.

Experiment 1 revealed several important findings. In
terms of the basis for JOLs and RClJs, although both judg-

Gamma
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Figure 6. Part-scale gammas between final recall and magnitude of the judgment

for Experiment 1.



ments were related to prejudgment recall accuracy, three
findings indicate that the two types of judgments were
based on different information. One piece of evidence
was the finding that the correlations between RClJs and
final recall and between JOLs and final recall were dif-
ferentially affected by the study time manipulation: The
relative accuracy of JOLs was affected more than the
relative accuracy of RCJs was. This suggests that partici-
pants utilized the study time cue differently when form-
ing the two types of judgments. That study time figured
more prominently in the formation of JOLs concurs with
Busey et al.’s (2000) finding that study time had a rela-
tively larger effect on JOLs than it did on RCJs. Moreover,
the fact that JOLs were more poorly correlated with final
recall for items studied for 12 sec as opposed to 3 sec sug-
gests that participants either overweighed the importance
of longer study time or failed to optimally integrate the
cues.b

A second finding suggests that JOLs and RCJs were based
on different information as well: Among items correctly re-
called during prejudgment recall, only RCJs were correlated
with latency of prejudgment recall. This suggests that when
prejudgment recall was correct, retrieval fluency (speed of
prejudgment recall) figured more prominently in the for-
mation of RCJs than it did in the formation of JOLs. This
finding—coupled with the finding that there was no differ-
ence in the correlation between RCJ and latency of retrieval
versus JOLs and latency of retrieval among incorrect pre-
judgment recall—suggests that RCJs and JOLs were based
on different information only when prejudgment recall was
successful.

Finally, also consistent with the idea that RCJs and
JOLs are based on different information was the finding
that the distribution of judgments for RCJs and JOLs dif-
fered considerably among items that were correct during
prejudgment recall.

Regarding whether RCJs or JOLs were more predictive
of future recall, Experiment 1 revealed that RCJs were
more highly correlated with final recall than were JOLs.
However, this may have been due at least partly to differ-
ent use of the judgment scale. The possibility that RCJs
are at least as predictive of future recall as are JOLs is
counterintuitive: RCJs, by their very nature, do not in-
clude cues other than retrievability that would be diagnos-
tic of future recall, whereas JOLs, by their nature, should
utilize cues that are predictive of future recall.

The findings above give rise to several questions. First,
are the findings of Experiment 1 contingent on the partici-
pants’ making both RCJs and JOLs for the same items?
For example, it is possible that participants interpreted
our prompt to make both RCJs and JOLs as an indication
that we wanted them to use different information for the
two kinds of judgments. Such an interpretation would be
consistent with Grician conversation norms (Grice, 1975)
insofar as participants would not expect to be asked to
make both JOLs and RCJs unless the two judgments were
alleged to be qualitatively different. Perhaps participants’
natural inclination would have been to use the same infor-
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mation in the formation of RCJs and JOLs, but our prompt
enticed them to produce differences between the two judg-
ments. This could have had the unintended effects of both
(1) producing differences between JOLs and RCJs when
such differences might not occur in a between-participants
design, and (2) inducing participants to utilize the study-
time cue differently when making JOLs. For example, it
might be the case that differences between how strongly
RClJs and JOLs correlated with prejudgment recall and la-
tency of prejudgment recall might disappear if participants
did not make both an RCJ and a JOL for each item. Also, a
between-participants design would be regarded as a better
test of our hypotheses and would eliminate the potential for
carryover effects and/or eliminate the potential demand ef-
fect inherent in having participants make both judgments.
Consequently, Experiment 2 was a replication and exten-
sion of Experiment 1. Rather than manipulating judgment
type within participants, metacognitive judgment (JOL
vs. RCJ) was a between-participants variable. In addition,
Experiment 2 included a no-judgment control condition
in which the participants did not make a metacognitive
judgment. This enabled us to test whether the probabil-
ity of final recall is affected by making a metacognitive
judgment, as had been found previously (e.g., Kelemen
& Weaver, 1997; Kimball & Metcalfe, 2003; Spellman &
Bjork, 1992) and whether the effect of making JOLs on
recall extends to other kinds of metacognitive judgments.

EXPERIMENT 2
Method

Design and Procedure

Experiment 2 was an extension of Experiment 1. The major dif-
ference between Experiments 1 and 2 was that judgment type was a
between-participants variable, with approximately one third of the
participants making JOLs following prejudgment recall and one
third making RCJs following prejudgment recall. The remaining
one third of the participants did not make a judgment following
prejudgment recall (the no-judgment control condition). Thus, the
experimental design was a 3 (dummy items: 0, 1, 3) X 3 (judgment
type: JOL, RCJ, no-judgment) X 2 (study time: 3 sec, 12 sec) mixed
factorial with judgment type as a between- participants variable. All
other aspects of Experiment 2 were identical to Experiment 1.

Participants

The participants were 184 undergraduate students enrolled in
introductory psychology at the University of Maryland; they par-
ticipated to fulfill course requirements. Participants were randomly
assigned to the RCJ condition (n = 62), JOL condition (n = 62), or
no-judgment condition (n = 60).

Results and Discussion

Are RCJs and JOLs Based on the Same
Information?

Figure 7 shows the mean correlations between meta-
cognitive judgment and prejudgment recall. As in Experi-
ment 1, the correlation between metacognitive judgment
and prejudgment recall was quite high, with all gammas
above .92. This suggests that prejudgment recall was used
greatly when making both RCJs and JOLs. However,
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Figure 7. Mean overall gammas between prejudgment recall
and magnitude of the judgment for Experiment 2. Error bars
represent standard error of the mean.

the pattern of correlations between metacognitive judg-
ment and prejudgment recall again suggested that RCJs
and JOLs are not based on the same cues, for there was
a significant effect of judgment type on the correlation
between prejudgment recall and judgment [F(1,113) =
3.97, p < .05], with RClJs yielding higher correlations
than did JOLs.

Also as in Experiment 1, there were main effects of
judgment type [F(1,122) = 8.89, p < .01] and study time
[F(1,122) = 60.29, p < .01] on metacognitive judgment
magnitude (see Table 2), with RCJs greater than JOLs
and the 12-sec study condition greater than the 3-sec
condition. The judgment type X study time interaction
was nonsignificant [F(1,122) = 0.37, p > .10]. Post hoc
tests revealed that the effect of study time on judgment
magnitude was significant for both JOLs [#(59) = 6.49,
p < .01] and RCIJs [#(63) = 4.73, p < .01]. Thus, as in
Experiment 1, study time played a role in the formation of
both types of metacognitive judgments. However, unlike
in Experiment 1, RCJs and JOLs were not differentially
affected by the study time manipulation, perhaps because
RClJs did not intervene between study and JOL in Experi-
ment 2.

Table 1 shows the correlations between the latency of
both correct and incorrect prejudgment recall and judg-
ment. Collapsing across both correct and incorrect pre-
judgment recall revealed that both RCJs and JOLs were
correlated with latency of prejudgment recall: The cor-
relation between metacognitive judgment and latency of
prejudgment recall was significantly greater than zero for
both RCJs [M = —.33;¢(63) = 11.78, p < .01] and JOLs
[M = —.29; t(58) = 14.76, p < .01]. However, unlike
in Experiment 1, there was no significant difference be-
tween RCJs and JOLs in the magnitude of the correlation
[#(121) = 1.09, p > .10].

Although JOLs showed a significant correlation with
latency of retrieval for correctly recalled items [M;q; =
—.08, t(57) = 3.21, p < .01], this correlation was at-
tenuated compared to the correlation between JOLs and
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latency for incorrectly recalled items [M;q;, = —.34,
t(46) = 5.46, p < .01]. As in Experiment 1, Bonferroni
adjusted 7 tests (o' = a/4 = .0125) revealed that the
mean correlation between JOL and latency was higher
for incorrectly recalled items than for correctly recalled
items [#(45) = 3.80, p < .01]. Also consistent with Ex-
periment 1 was the finding that RCJs were significantly
correlated with latency of retrieval for both correct [M =
—.23, t(61) = 6.16, p < .01] and incorrect [M = —.17,
1(56) = 3.32, p < .01] prejudgment recall, with no dif-
ference in the magnitude of the correlation between cor-
rectly and incorrectly recalled items [#(54) = 1.14, p >
.10]. Thus, although RCJs were equally well correlated
with latency of prejudgment retrieval for both correct
and incorrect prejudgment recall, JOLs were more highly
correlated with latency of retrieval for the incorrect pre-
judgment recall than for correct prejudgment recall. Also
consistent with Experiment 1 was the finding that RCJs
were more highly correlated than JOLs with latency of re-
trieval for correct prejudgment recall [#(118) = 3.14,p <
.01], but not for incorrect prejudgment recall [#(102) =
2.08, p = .04].

The preceding analyses examining the relationships be-
tween latency of retrieval and judgment for correct and in-
correct prejudgment recall suggest that latency of prejudg-
ment retrieval plays a more prominent role in RCJs than in
JOLs. Note that the magnitude of the correlation between
JOLs and latency of prejudgment recall decreased from
M = —.34 for incorrectly recalled items to M = —.08
for correctly recalled items. This finding is interesting
because it suggests that the degree to which participants
utilized retrieval fluency depended on whether prejudg-
ment recall was correct or incorrect. If prejudgment recall
was correct, the participants might have utilized cues in
addition to retrieval fluency in forming their JOLs. This
would account for the relatively small correlation between
the latency of prejudgment recall and JOLs. The relatively
high correlation between JOL and the time that partici-
pants took to enter a prejudgment recall response among
incorrectly recalled items might reflect long search times
following guessing (cf. Barnes et al., 1999).

Figure 8 shows the distribution of JOLs (top panel) and
RClJs (bottom panel) conditionalized on whether prejudg-
ment recall was correct or incorrect. As in Experiment 1,
the distribution of responses among incorrect prejudg-
ment recall was virtually the same for JOLs and RCls.
However, among correct prejudgment recall, participants
utilized more midpoints on the scale when forming JOLs
than when forming RCJs. Again, this suggests that par-
ticipants utilized different information when forming the
two types of judgments, but that the differences between
the two judgments were localized within how they re-
sponded to items recalled correctly at prejudgment recall.
However, as mentioned above, the differences in response
distributions might reflect differences in scale use rather
than in process. We address this possibility below.

A final piece of evidence suggesting that RCJs and
JOLs were based on different information is the latency
for making the judgment. One might speculate that if
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for Experiment 2.

RClJs and JOLs were both based on retrievability, then the
time to make the two kinds of judgments should be iden-
tical. However, if JOLs were based on retrievability plus
additional cues, participants should take longer to form
JOLs than to form RClJs. Indeed, there was a significant
effect of judgment type on the latency of metacognitive
judgment [F(1,122) = 3.85, p = .05], with participants
taking longer to form JOLs (M = 3.02, SE = .12) than
to form RCJs (M = 2.63, SE = .10).7 Had the same pro-
cesses been used to make both types of judgments, the
judgment RTs should have been equivalent.

Are JOLs Better Than RCJs at Predicting
Future Recall?

Figure 9 shows the correlations between metacogni-
tive judgment and final recall. There were main effects of
judgment type [F(1,110) = 7.80, p < .01] and study time
[F(1,110) = 3.96, p < .05], with no significant judgment
type X study time interaction [F(1,110) = 0.51, p > .10].
Importantly, consistent with the overall correlations ob-
served in Experiment 1, RCJs were more accurate than
JOLs at predicting future recall.

Are the Differences Between RCJs and JOLs
Due To Differences in Scale Use?

Figure 10 shows the part-scale gamma correlations be-
tween judgment magnitude and prejudgment recall accu-
racy. There was no consistent pattern showing that RCJs
were more highly correlated with prejudgment recall be-
cause the correlation between judgment and prejudgment
recall was higher for RCJs in only 8 out of the 15 cases
(p > .20) and for only 7 out of the 10 sets of nonzero
dyads. Although the majority of the nonzero dyads fa-
vored RClJs, this did not reach significance with the bino-
mial test. Thus, we cannot conclude that RCJs were more
heavily influenced by prejudgment recall than were JOLs.
Thus, the data displayed in Figure 10 failed to rule out the
possibility that differences in scale use account for the dif-
ferences between how well RCJs and JOLs correlate with
prejudgment recall. Although this finding is inconsistent
with Experiment 1, note that in Experiment 1 the partici-
pants made both JOLs and RCJs for each studied item,
whereas in Experiment 2, the participants made only one
or the other. As noted in the results and discussion section
of Experiment 1, it is possible that the within-participants



RClJs are more closely tied than JOLs to prejudgment re-
call latency. Contrarily, JOLs were more highly correlated
with latency of prejudgment recall for all six dyads (p =
.015) in which one member received a zero. These op-
posite results for zero and nonzero dyads indicate that the
two judgments are based on different information. One
possibility is that JOLs are particularly sensitive to re-
trieval failure; that is, long memory searches followed by
guessing likely is diagnostic of future recall failure. Thus,
when one is making a JOL, retrieval failure might be
heavily weighted. It seems unlikely that someone would
provide a JOL > 0 when prejudgment recall fails. How-
ever, when one is making an RCJ following a prejudgment
recall guess, participants may still allow for the possibility
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Figure 9. Mean overall gammas between final recall and the
magnitude of the judgment for Experiment 2. Error bars repre-
sent standard error of the mean.

manipulation of judgment type enticed the participants to
treat RCJs and JOLs as more distinct than they might have
in a between-participants design. Alternatively, the higher
correlations for RCJs (than for JOLs) in Experiment 1 may
have been because the RCJs (but not the JOLs) occurred
immediately after prejudgment recall in Experiment 1. In
Experiment 2, both RCJs and JOLs occurred immediately
after prejudgment recall and showed similar effects.
Figure 11 shows the part-scale correlations between la-
tency of prejudgment recall and judgment magnitude for
both RCJs and JOLs. Across the 15 comparisons, RCJs
were more highly correlated than JOLs with prejudgment
recall latency in only 8 comparisons ( p > .20). However,
in 8 of the 10 comparisons among the nonzero dyads,
RCJs were more highly correlated than JOLs were with
latency of prejudgment recall (p = .055). This finding is
consistent with those of Experiment 1 and suggests that

that the guessing response is correct and assign an RCJ >
0. If this were the case, JOLs should be unaffected by the
interval width (i.e., by whether the correlation is based
on 0-20 dyads or 0—100 dyads). In contrast, RCJs should
show increasing gamma correlations as the interval width
increases (i.e., the gamma for 0—20 pairs should be lower
than for 0—40 pairs, which should be lower than for 0-60
pairs, etc.).

Figure 12 shows the part-scale correlations between
judgment magnitude and final recall accuracy. Two results
are especially important. First, for six out of six dyads in
which one member received a zero judgment, JOLs were
more predictive of future recall than were RCJs. Second,
in 9 out of 10 cases in which both members of the dyads
were nonzero, RCJs were more predictive of future re-
call than were JOLs. These opposite patterns suggest that
RClJs were better able than JOLs were to discriminate be-
tween which items are more likely to be recalled in the
future when both items are given judgments greater than
0. However, JOLs are better able than RCJs to discrimi-
nate between items that received a judgment of 0 versus
items that received a judgment greater than 0. This pattern
of results indicates that the interpretation of the overall
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Figure 10. Part-scale gammas between prejudgment recall and magnitude of the

judgment for Experiment 2.
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Figure 11. Part-scale gammas between latency of prejudgment recall and magni-

tude of the judgment for Experiment 2.

gamma correlations in Figure 9 has to be qualified: RCJs
are relatively more accurate than JOLs among nonzero
dyads, but the opposite is true among dyads containing
an item receiving a judgment of 0.

Does Having Made a Metacognitive Judgment
Affect Recall Performance?

Spellman and Bjork (1992) and Kelemen and Weaver
(1997) theorized that having participants making a JOL
in a delayed-JOL task (without prejudgment recall) influ-
enced the state of the item in a way that affected JOL ac-
curacy. Spellman and Bjork argued that the improvement
in JOL accuracy was due to an increase in final recall

that resulted from participants’ engaging in covert recall
when making their JOLs. This hypothesis was supported
by Kelemen and Weaver.

Our Experiment 2 tested whether metacognitive judg-
ments improve recall performance above and beyond
that which would be expected by successful initial recall.
Because all participants were required to engage in both
prejudgment recall and final recall, any differences in re-
call performance among the no-judgment, RCJ, and JOL
conditions would not be attributable to the requirement
to engage in prejudgment recall. Thus, a third issue ad-
dressed by Experiment 2 was whether the process of mak-
ing a metacognitive judgment affects subsequent recall
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Figure 12. Part-scale gammas between final recall and magnitude of the judgment

for Experiment 2.
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performance. One interesting hypothesis is that making
a metacognitive judgment forces participants to process
the to-be-remembered item more thoroughly than they
would if no judgment was made. Thus, the act of making
a metacognitive judgment may affect how well the item is
stored in memory.

We examined the effect of judgment condition (no-
judgment, RCJ, JOL) on the probability of correct prejudg-
ment recall, the probability of correct final recall, and the
probability of correct final recall given correct prejudg-
ment recall. The mean recall rates are presented in Table 3.
In all cases, participants in the JOL condition had higher
recall rates than did participants in the no-judgment and
RCIJ conditions. Statistical analyses using a 3 (judgment
type: none, RCJ, JOL) X 2 (study time: 3 vs. 12 sec) mixed
ANOVA revealed that there were main effects of judgment
type and study time on the probability of prejudgment
recall [judgment type, F(2,179) = 2.43, p = .09; study
time, F(1,179) = 87.98, p < .01]; final recall [ judgment
type, F(2,179) = 5.01, p < .01; study time, F(1,179) =
108.34, p < .01] and probability of final recall given cor-
rect prejudgment recall [ judgment type, F(2,179) = 6.23,
p <.01; study time, F(1,179) = 21.09, p < .01]. None of
the interactions approached significance (all ps > .30).
Dunnett’s multiple comparisons using the no-judgment
condition as the control revealed that the participants in
the JOL condition had reliably higher recall rates than did
the participants in the no-judgment condition for prob-
ability of prejudgment recall, probability of final recall,
and probability of final recall given correct prejudgment
recall.8 Moreover, this result held in both the 3- and 12-sec
study conditions. In contrast, there were no reliable differ-
ences between the RCJ and no-judgment control condi-
tions on any of the three recall measures.

The pattern of results illustrated above is consistent
with Spellman and Bjork (1992) and Kelemen and Weaver
(1997) insofar as JOLs appear to alter what they assess.
However, the effect of making a delayed JOL on recall
cannot be due solely to the enticement for participants to
engage in prejudgment recall because all participants in
our study engaged in prejudgment recall. Because the ef-
fect of making JOLs showed up at prejudgment recall, it
suggests that the requirement to make JOLs actually alters
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how well participants are learning the to-be-recalled items
at study. Perhaps participants who make JOLs implement
a more effective study strategy than participants making
RClJs because the JOL task forces them to focus on future
retrieval. Interestingly, the finding that there was no effect
of making RCJs on any of the recall measures suggests
that there is something special about making JOLs that
improves learning. That is, the improvement in recall is
not merely the result of increased processing that might
be associated with requiring participants to make a judg-
ment about the to-be-recalled item: The judgment must
be a JOL for this to occur. Note, however, that p(final
recall|correct prejudgment recall) was also higher for the
JOL condition than for the no-judgment control condition.
This suggests that the boost in recall exhibited by the JOL
condition was not entirely due to factors occurring prior
to prejudgment recall (e.g., study strategies), otherwise
p(final recall| correct prejudgment recall) should have been
equivalent across the conditions. One possible explanation
is that the judgment phase is serving as a second “study”
opportunity. As presented above, participants in the JOL
condition (M = 3.02 sec) took significantly longer than
participants in the RCJ condition (M = 2.63 sec) to make
their judgments. Thus, the higher recall rate for the JOL
condition might have been due to longer exposure dura-
tions in the JOL condition. However, note that participants
in the JOL condition were less than half of a second slower
than those in the RCJ condition in making their judgments,
so that the JOL condition had less than .5 sec more expo-
sure time to the item recalled at prejudgment recall. In con-
trast, in comparison with those in the no-judgment control
condition, participants in the RCJ condition had more than
2.5 sec more exposure time to the item recalled at prejudg-
ment recall and yet did not show a significant increase in
p(final recall|correct prejudgment recall) in comparison
with the no-judgment control. Taken together, the results
above indicate that whatever processes participants utilize
when forming a JOL improves later recall for that item
above and beyond the prejudgment recall attempt. In addi-
tion, the finding that prejudgment recall was higher in the
JOL condition, relative to the no-judgment control, sug-
gests that participants in this condition learned the to-be-
remembered items better to begin with.

Table 3
Mean P(Prejudgment Recall), P(Final Recall), and P(Final Recall| Correct Prejudgment Recall)

Experiment 1

Experiment 2

3 sec 12 sec 3 sec 12 sec
RCI & RCI & No No
JOL JOL JOL RCJ Judgment JOL RCJ Judgment
M SEM M SEM M SEM M SEM M SEM M SEM M SEM M  SEM
Mean P(prejudgment
recall) .60 .03 .68 .03 .61 .03 56 .03 51 .03 70 .03 .64 .03 .61 .03
Mean P(final recall) 43 04 53 04 46 03 37 .03 33 03 57 .03 45 04 42 .03
Mean P(final recall |
correct prejudgment
recall) 64 04 72 03 70 .03 58 .04 59 .03 78 .02 .63 .03 .64 .03




GENERAL DISCUSSION

The present experiments addressed two main questions.
First, are RCJs and JOLs based on the same underlying in-
formation? Second, which are better at predicting future
recall? In addition, Experiment 2 examined whether judg-
ments affect the probability of recall.

Are RCJs and JOLs Based on the Same
Information?

Prior research on both RCJs and JOLs suggested that
both types of judgments were based on some aspect of
retrievability. For example, both types of judgments are
related to retrieval fluency (Connor et al., 1997; Coster-
mans et al., 1992; Kelley & Lindsay, 1993; Matvey et al.,
2001), and both arguably are based on the same processes
that are responsible for recognition memory (Sommer
et al., 1995). However, other studies have shown that the
two types of judgments are at least somewhat distinct.
For example, JOLs and RClJs are differentially affected
by variables that manipulate study and test conditions
(Busey et al., 2000) and appear to be dissociated in Korsa-
koff (Shimamura & Squire, 1986, 1988) and Alzheimer’s
(Pappas et al., 1992) patients. Moreover, whereas RCJs
might be solely based on aspects of retrievability, partici-
pants apparently utilize additional cues, such as encoding
fluency (Hertzog, Dunlosky, Robinson, & Kidder, 2003),
when forming JOLs.

The present research is consistent with these prior find-
ings. Thus, the answer to the first question is that both
JOLs and RCJs seem based on some aspect of retrievabil-
ity. However, the participants appeared to utilize other in-
formation in addition to retrievability when making JOLs.
The primary finding supporting the idea that JOLs and
RClJs both utilize retrievability comes from the correla-
tions between the judgment magnitude and prejudgment
recall. In both experiments, both JOLs and RCJs were
highly correlated with prejudgment recall accuracy. How-
ever, several findings support the idea that JOLs and RCJs
tap somewhat different aspects of memory. For example,
the correlation between prejudgment recall latency and
the magnitude of the judgment suggests that only RCJs
were correlated with latency of retrieval for both correct
and incorrect prejudgment recalls. Moreover, there was
no difference between correct and incorrect recalls in the
magnitude of these correlations for RCJs. In contrast, in
both experiments, the correlation between latency of re-
trieval and judgment magnitude for only items recalled
correctly during prejudgment recall was greater for RCJs
than for JOLs, and both experiments revealed that the
correlation between latency and JOL was higher among
incorrectly recalled items. The differences in the patterns
of correlations between judgment magnitude and latency
of prejudgment recall indicate that participants utilize re-
trievability differently when making JOLs and RClJs.

A second finding supporting the idea that JOLs and
RClJs are based on different information lies in differences
in the response distributions. Although there were no no-
ticeable differences between the JOL and RCJ response
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distributions for incorrect prejudgment recall, there were
differences for correct prejudgment recall. Minimally, this
suggests that when prejudgment recall was correct, par-
ticipants utilized different processes in making JOLs than
they did in making RCJs. Although one might suppose
that the differences in response distributions were due
to different scale use or response mapping, this supposi-
tion merely opens up additional questions: First, why do
participants utilize the confidence scale differently when
making JOLs as opposed to RCJs? Perhaps participants
are using different processes to accomplish this. Second,
why are differences in scale use limited to correct pre-
judgment recall? Perhaps participants treat the two judg-
ments differently only when the to-be-judged items are
recalled at prejudgment recall.

A third finding suggesting that JOLs and RClJs are
based on different information is that, as revealed in Ex-
periment 2, participants take longer to make JOLs than
to make RCJs. Had the participants been relying on the
same processes to make the two types of judgments, we
would have expected no differences in response latency.
However, if the participants were basing JOLs on more
information than just retrievability, we would expect them
to take longer to make JOLs than to make RClJs.

A fourth finding that indicates that participants treat
JOLs differently than RCJs was the finding in Experi-
ment 1 that the correlation between JOL magnitude and
final recall accuracy was affected by the study time ma-
nipulation, whereas there was no effect of study time on
the correlation between RCJ and final recall accuracy.

One way to conceptualize the differences between JOLs
and RClJs is to view JOLs as based on the same informa-
tion as are RCJs with variation added to the inference
process: JOLs = RCJs + variation. This variation may
be random noise due to the inference process or possibly
the mapping of a covert feeling of confidence onto the
scale (Erev, Wallsten, & Budescu, 1994). Alternatively,
the variation may be systematic and related to the consis-
tency with which participants use or integrate the various
cues, or perhaps it is due to the use of poor cues.

The idea that JOLs are RCJs perturbed by random
error can account for at least a portion of our data. For
example, adding random noise to the RCJs would pro-
duce JOL response distributions that were more regres-
sive than the RCJ distributions (see Figures 2 and 8). The
response curves for RCJs are highly skewed (most cor-
rectly recalled items are given an RCJ of 100), so adding
variation to RCJs can only perturb the JOLs downward.
Moreover, the addition of random noise would also lead to
JOLs that were less well correlated with recall. Although
random noise may play a role in explaining our data, it
does not account for the full range of observed effects. For
example, the random noise explanation cannot account
for the tendency of JOLs to be more predictive than RCJs
for some subsets of dyads (i.e., dyads involving one zero
and one nonzero judgment; see Figure 12). Nevertheless,
future research should attempt to separate the degree to
which differences between RCJs and JOLs are due to ran-
dom or systematic variation.
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Are JOLs Better Than RCJs at Predicting
Future Recall?

The second question addressed by the present research
concerned the relative accuracy of RCJs and JOLs in
predicting future recall. Although conventional wisdom
might suggest that JOLs should be more accurate than
RClJs at predicting future recall, our results indicate that
RClJs are at least as good as, and sometimes better than,
JOLs at predicting future recall. This finding is surpris-
ing because one would expect predictions of future recall
to be more predictive of future recall than an assessment
of past recall would be. However, this finding raises the
question of why JOLs are not better than RCJs at predict-
ing final recall.

There are at least three possible reasons JOLs are not
more predictive than RCJs at predicting final recall. One
(see Figures 2 and 8) is that participants used the con-
fidence scale differently when making JOLs than when
making RCJs. However, analyses that controlled for scale
use by comparing part-scale gamma correlations showed
that RCJs usually were more predictive than JOLs at pre-
dicting future recall, especially for dyads that consisted
of nonzero items. Combining across experiments, the
relative advantage for RCJs in predicting future recall for
nonzero dyads held for 15 out of 20 comparisons (6 out
of 10 in Experiment 1, and 9 out of 10 in Experiment 2),
which is significant by a sign test (p < .03). A different
pattern occurred on dyads that included zero-confidence
items, where for 7 out of 10 comparisons (2 out of 5 in
Experiment 1, and 6 out of 6 in Experiment 2), JOLs were
more accurate than RCJs in predicting future recall. Be-
cause the investigation of judgment type was less clear-
cut in Experiment 1 (insofar as participants always made
an RC]J followed by a JOL), Experiment 2 offers a more
straightforward comparison of the relative predictability
of RCJs and JOLs. In Experiment 2, 9 out of 10 compari-
sons among the nonzero dyads favored RCJs over JOLs,
whereas 6 out of 6 comparisons for the zero dyads favored
JOLs over RClJs.

That JOLs tend to be better than RCJs for dyads that in-
clude zero-confidence items suggests that JOLs are better
than RClJs at discriminating between items that will not
be recalled (or will be recalled with very low probability)
than between items that have a greater chance of being
recalled. This conclusion is supported by the relatively
high gamma correlations among dyads consisting of one
nonzero and one zero judgment. Note that in Figures 6
(Experiment 1) and 12 (Experiment 2), the gamma cor-
relations between JOLs and final recall for the dyads in
which one item received a JOL of zero are nearly perfect
and unaffected by the interval width. For example, in Ex-
periment 2, the gamma correlations for the 0-20 dyads
was the same as the gamma correlation for the 0-40 and
0—60 dyads and not much less than the 0-80 and 0—-100
dyads. Thus, participants were quite good at discriminat-
ing between items that would not be recalled (and hence
received a JOL = 0) and items that had a chance of being
recalled (and hence received a JOL > 0). In contrast, the
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gamma correlations between RCJs and final recall illus-
trate that participants’ RCJs become increasingly more
accurate as the interval width increased from, say, 0—20
to 0—100. Thus, the discrimination of RCJs in predicting
which items would be recalled at final recall is affected by
interval width, whereas that of JOLs is not.

Why were RCJs better predictors than JOLs on dyads
in which neither item received a judgment of zero? One
possibility is that whatever cues participants use in addi-
tion to prejudgment recall when forming their JOLs are
relatively poorer predictors of final recall than is prejudg-
ment recall accuracy. Either the participants do not use
an optimal weighting scheme to integrate the various
cues when making JOLs, or the use of the additional cues
contaminates JOL accuracy. For instance, perhaps par-
ticipants utilize cues that are less positively correlated (or
possibly negatively correlated) with recall performance.
The use of these cues would reduce the correlation be-
tween judgment and recall.

Why Do JOLs Improve Recall Performance but
RCJs Do Not?

One unexpected finding was that having the partici-
pants make metacognitive judgments improved recall,
but only when the metacognitive judgment was a JOL.%
The finding that delayed JOLs lead to better final recall
performance than do immediate JOLs has been reported
previously (Kelemen & Weaver, 1997; Kimball & Met-
calfe, 2003; Spellman & Bjork, 1992). No prior research,
though, has investigated whether the improvement in re-
call is specific to JOLs or whether other kinds of meta-
cognitive judgments might also improve recall. Moreover,
most explanations of the improvement in final recall as-
sociated with making delayed JOLs (as opposed to imme-
diate JOLs) have focused on the possible role of retrieval
practice that is assumed to arise as a result of making a
JOL (i.e., JOL formation is assumed to encourage par-
ticipants to engage in a retrieval process, which after a
delay may operate as spaced retrieval practice). However,
in our Experiment 2, all the participants were required to
engage in prejudgment recall. If the only reason for the
improvement in final recall accompanying delayed JOLs
was retrieval practice, we would have expected differ-
ences in recall to be eliminated when everyone engaged
in prejudgment recall. However, we found that JOLs still
led to better overall recall than in the no-judgment con-
trol condition when both groups were engaging in delayed
retrieval. More importantly, our finding that RCJs failed
to yield better recall than the no-judgment condition sug-
gests that there is something special about the JOL task
that changes how well participants initially learn the to-
be-recalled items. Thus, the retrieval practice hypothesis
notwithstanding, JOLs appear to alter retrieval for more
reasons than mere retrieval practice: In some way they
also appear to alter how well participants initially learn
the to-be-recalled items.

There are at least two ways in which the increase in
recall for participants in the JOL condition might arise.



One possibility is that encoding differences arise as a by-
product of the JOL. That is, it is possible that the process
of making a JOL encourages participants to process dif-
ferent (or more) aspects of the to-be-recalled word (e.g.,
the intrinsic properties of the word) than they do when
making an RCJ. Alternatively, it is also possible that
participants in the JOL condition adopt a more effective
study strategy than do participants in the RCJ condition.
This might occur, for example, if the JOL task (but not the
RC]J task) served as a reminder that recall would be tested
again in the future. The possibility that participants in the
JOL condition are using a more effective study strategy is
consistent with the finding that the JOL recall advantage
occurs in prejudgment recall accuracy, which took place
before participants made a judgment about the to-be-
remembered items. Had the improvement in final recall
been due to the extra processing that items receive as a
result of making a JOL, we would not expect enhanced
prejudgment recall in the JOL condition in comparison
with the no-judgment control.

However, the improvement in final recall in the JOL
condition relative to the no-judgment control condition
cannot be solely attributed to how well the items were
studied in the study phase, because this account would not
explain why p(final recall | correct prejudgment recall) also
was higher in the JOL condition than in the no-judgment
control (see Table 3). That p(final recall |correct prejudg-
ment recall) was higher in the JOL condition suggests that
whatever participants do when making their JOL after pre-
judgment recall improves their memory for those items
above and beyond the benefit provided by having engaged
in prejudgment recall. Thus, in addition to the JOL task’s
leading to better initial learning of the to-be-recalled items
(as evidenced by higher prejudgment recall rates relative
to the no-judgment control), the process of making a JOL
appears to affect the recall performance. Again, it is inter-
esting that only participants in the JOL condition showed
higher recall rates than those in the no-judgment control
for p(prejudgment recall), p(final recall), and p(final
recall|correct prejudgment recall): There was no benefit
of making RCJs on any of these three recall measures.
Thus, the benefit of making a metacognitive judgment on
recall performance was limited to JOLs.

Implications of Our Findings

The present research has several implications. First, our
results support the idea that RCJs and JOLs tap memory
differently. However, the finding that both types of judg-
ments rely to some extent on retrievability suggests that
theories of RCJs and JOLs might be subsumed under the
same general theoretical framework. For example, within
the context of Koriat’s (1997) cue utilization model, one
might think of RCJs and JOLs as being based on differ-
ent weightings of intrinsic, extrinsic, and mnemonic cues,
where retrievability is primarily a mnemonic cue.

One way to conceptualize the differences between
JOLs and RClJs is that JOLs are based on the same infor-
mation as are RCJs with variation added to the inference
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process: JOLs = RCJs + variation. This variation might
be random noise due to the inference process or possibly
the mapping of a covert feeling of confidence onto the
scale (Erev et al., 1994). Alternatively, the variation might
be systematic, related to the consistency with which par-
ticipants use or integrate the various cues, or perhaps due
to the use of poor cues. For example, JOLs (in contrast to
the RCJs) might contain both a systematic component and
a random component, such as when two items have been
recalled correctly and have received RCJ = 100% but
differ on subsequent JOLs insofar as the person perturbs
each of the confidences down by some amount because of
anticipated forgetting. This perturbation could be some-
what noisy (e.g., involving perhaps a random component)
but at the same time somewhat systematic (e.g., involv-
ing an assessment of the memorial aspects of the retrieval
such as ease of retrieval). One way to conceptualize this
would be to use what Luce formalized as a semiorder.
Applied here, the semiorder (on the scale of difference
in confidence between the two items) contains a random
component when the items are not distinguishable by one
or more just noticeable difference (JND) but probabilisti-
cally become distinguishable when the difference exceeds
such a threshold, such as when one of the items is judged
to be certainly not recallable in the future (i.e., one of the
items receives JOL = 0). This would explain why JOLs are
not as good as RCJs for much of the scale of JOLs (wherein
the random component on JOLs is adding ina G = 0 to
whatever the G is for the systematically valid differences in
JOLs) but why JOLs are better than RCJs when exactly one
of the two JOLs for a dyad of items is JOL = 0 (as reported
above). This post hoc explanation may be worth investigat-
ing in future research.

The second implication concerns the possibility of
improving people’s metamemory accuracy. Our research
suggests a heuristic mechanism for improving the accu-
racy of JOLs: JOLs should be made by assessing one’s
confidence in past retrieval, especially when these confi-
dences are greater than 0. That is, prospective judgments
should be made exclusively by assessing confidence in
retrieval without taking into account prospective cues. As
our research and previous research has shown (e.g., Estes
et al., 1960), past recall performance is highly predictive
of future recall performance. Thus, basing predictions of
future recall on past recall should lead to more accurate
predictions of future recall. This process, however, may
lead to a cost in learning, which leads us to the third im-
plication of our result.

The third implication of our research is that having par-
ticipants make JOLs is beneficial to the participant in two
ways. First, because delayed JOLs are highly correlated
with the probability of final recall, participants can use
their JOLs to determine which items need to be studied
more; for example, items with lower JOLs should receive
a higher percentage of study effort than that devoted to
high-confidence items (but see Son & Metcalfe, 2000).
Thus, one benefit of making JOLs is that they can be used
to allocate study time more effectively. The second ben-



1114

efit of making JOLs is that whatever processes people
use in making JOLs provides a boost to overall recall per-
formance. Whereas relative judgment accuracy may be
somewhat lower for JOLs than for RClJs, this decrease in
accuracy can be traded off for increases in the likelihood
of correct recall.
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NOTES

1. We use the term retrievability as a general term to refer to the ease
with which items can be brought to mind, and treat concepts such as
fluency, familiarity, speed of retrieval, ease of processing, and trace
strength as specific instances of retrievability. We recognize that each of
these later concepts is treated somewhat differently in the literature.

2. One might conceptualize the cues in PMM theory as intrinsic cues
in Koriat’s (1997) theory in the sense that the environmental cues in
PMM are assumed to be associated with (and therefore can be thought
of as an intrinsic property of) the to-be-judged stimuli.

3. One possible alternative explanation of the differences between
JOLs and RCJs is that the two types of judgments prompt participants to
use the confidence scale differently. Thus, differences in gamma correla-
tions might arise because of differential scale use even when the underly-
ing psychological processes are identical. We present additional analyses
below, using part-scale gamma correlations, which unconfound scale use
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and process. Conclusions based on the part-scale gammas that differ from
the overall gammas are noted in the section labeled “Are the Differences
Between RCJs and JOLs Due to Differences in Scale Use?”

4. We also examined the latency of the metacognitive judgment. Par-
ticipants were slightly faster at making their JOLs than at making their
RClJs. Analysis of the raw RTs failed to reveal a significant difference
between JOLs (M =2.75) and RCJs (M = 2.54) [F(1,61) = 2.69, p >
.10]. Transforming the RTs to 1/RT (which is done to reduce the skew-
ness of the RT distribution) revealed that JOLs (M = .44) were made
significantly more quickly than RCJs (M = .29) [F(1,61) = 18.93, p<
.01]. However, given that the participants always made the RCJ prior to
the JOL in Experiment 1, the time it took them to form their JOLs likely
was influenced by having made the RCJ. Given the confound that JOLs
always followed RCJs in Experiment 1, these RTs are not informative
regarding whether JOLs and RClJs are based on the same or different
information. Experiment 2 provided a better test of whether judgment
latency was affected by judgment type.

5. Separating the part-scale gammas by study time resulted in the
mean of part-scale gammas being based on too few participants. For
example, if a participant did not provide a confidence of “20,” then he or
she would not contribute to any part-scale gammas that included “20.”

6. An alternative explanation of the lower judgment accuracy found
for the 12-sec study condition is that the study time manipulation could
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also have changed the response distribution of the confidence judg-
ments. A decrease in gamma correlations could occur, for example, if
participants made finer grained distinctions (i.e., used more values on
the confidence scale) in the 12-sec condition relative to the 3-sec condi-
tion. However, even this interpretation begs the question as to what led
participants to make finer grained distinctions. One possibility is that
participants utilized the study-time cue differently, which affected their
response distribution. Another possibility is that other aspects of the
stimuli or study became more salient.

7. Analyses using the inverse of RT (1/RT) were consistent with the
analyses using the raw RTs.

8. We did separate multiple comparisons for the 3- and 12-sec study
conditions for each of the recall measures. Alpha was controlled family-
wise at .05 within each set of comparisons and using one-tailed tests.

9. Examination of the recall performance in Experiment 1 indicates
that having made a metacognitive judgment in that experiment also led
to improved memory performance compared to the no-judgment control
condition of Experiment 2 (p < .05, Dunnett’s test). However, in Ex-
periment 1, participants made both JOLs and RCJs for each item.
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