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Sources of information in metamemory:
Judgments of learning and

feelings of knowing
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Metamnemonic judgments probe people's awareness of their own memory processes. The re
search reviewed here is an examination of the sources of information that subjects use to make judg
ments oflearning (e.g.,paired-associate judgments, ease-of-recognition predictions, free-recalljudg
ments), and feelings of knowing (e.g., speeded strategy decisions, tip-of-the-tongue states,
feeling-of-knowingjudgments). The general pattern in the data suggests that subjects use different
sources of information to form these judgments. Target-based sources appear to be important in
judgments made at the time of acquisition, whereas cue-based judgments appear to be important in
judgments made at the time of retrieval. In general, these sources of information serve as useful
heuristics, and metamnemonic judgments tend to be accurate.

Implicit in discussions of metamemory is the fallible
nature of human memory. Unlike a computer, a person
may not be able to retrieve information under certain cir
cumstances. If, once studied, an item remained in mem
ory and was always retrievable, there would be no need
for a system to monitor and control learning and behav
ior. However, there is much research that demonstrates
the fallibility and context specificity of human memory
(e.g., Bjork & Bjork, 1992; Tulving, 1983; Tulving &
Pearlstone, 1966). Thus, metamnemonic judgments in
dicate how well target items are either available or ac
cessible in memory. For instance, a student may be able
to retrieve an answer now, but metamnemonic judgments
assess whether the item will be retrievable at some future
date. Similarly, at test, a student may decide that even
though he or she may not know an answer now, he or she
has a high feeling of knowing for the item, and the stu
dent may choose to spend more time trying to retrieve the
item later. Furthermore, metamnemonic judgments may
also inform strategy decisions, such as whether to re
trieve an answer from memory or attempt to reason it out
(Miner & Reder, 1994).

The focus here will be on judgments that concern
memorability at a future date, or prospective monitoring
(see Nelson & Narens, 1990). Prospective monitoring
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has been the classic domain of metamemory (e.g., Ar
buckle & Cuddy, 1969; R. Brown & McNeill, 1966;
Hart, 1965). Metamemory, broadly defined, includes
other judgments, such as reality and source monitoring
(Johnson, Hashtroudi, & Lindsay, 1993; Johnson &
Raye, 1981), retrospective confidence judgments (Kel
ley & Lindsay, 1993), "don't know" judgments (Glucks
berg & McCloskey, 1981; Kolers & Palef, 1976), hind
sight judgments (Fischhoff, 1975), and judgments of
subjective experience (Gardiner & Java, 1993; Rajaram,
1993). The reason for the current focus on prospective
judgments is that they share a common feature, namely,
the prediction of future memory performance.

The tasks that are used in the study ofprospective meta
memory (henceforth, metamemory) will be described with
respect to their similarities and differences. The differ
ences are emphasized, because there has been a tendency
to group various metamnemonic judgments together,
and this has led to confusion. In fact, the tasks are quite
different from each other both theoretically and method
ologically. Following Nelson and Narens (1990), meta
memory is divided into judgments made during acquisi
tion ofknowledge (judgments oflearning, or JOLs) and
judgments made at the time of retrieval (feelings of
knowing). Judgments of learning include ease-of
learning judgments (Leonesio & Nelson, 1990; Under
wood, 1966), paired-associate JOLs (Arbuckle & Cuddy,
1969; Leonesio & Nelson, 1990), ease-of-recognition
judgments (Begg, Duft, Lalonde, Melnick, & Sanvito,
1989), and free-recall JOLs (Groninger, 1979; Mazzoni,
Cornoldi, & Marchitelli, 1990). Those made at the time
of retrieval include speeded strategy decisions (Reder,
1987, 1988; Reder & Ritter, 1992), tip-of-the-tongue
judgments (R. Brown & McNeill, 1966), and feeling-of
knowing judgments (Hart, 1965; Nelson, Leonesio, Shi
mamura, Landwehr, & Narens, 1982).
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A second reason for distinguishing between judgment
tasks is that the processes underlying the tasks may tap
different sources of information. The sources of infor
mation fall into two broad categories-target-based
sources and cue-based sources. These two sources im
plicate two different classes of mechanisms, referred to
as direct-access mechanisms and inferential mecha
nisms (see Koriat, 1993; Krinsky & Nelson, 1985; Nel
son, Gerler, & Narens, 1984). Direct access means that
people monitor the specific memory representation of
an item when making metamnemonic judgments. Thus,
direct-access mechanisms imply that people rely on
target-based information. Inferential mechanisms mean
that people draw on information other than the specific
representation to form the judgment. This information
can be target-based or cue-based. Target-based sources
include the ease of processing of targets, the amount of
partial information generated, or interference from
blocking material. The most prominent ofthe cue-based
sources is cue familiarity (Metcalfe, 1993; Reder, 1987;
see also Koriat & Lieblich, 1977, for the historical in
troduction of this idea), but other cue-based sources may
exist as well, including domain knowledge (Glenberg,
Sanocki, Epstein, & Morris, 1987; Nelson et aI., 1984;
Reder, 1987) and social desirability (Costermans,
Lories, & Ansay, 1992; Nelson et aI., 1984). The posi
tion advanced here is that there is little support for a
direct-access view. Rather, it appears that subjects can,
and do, use a variety ofcue- and target-based inferential
sources to make metamnemonic judgments.

Because the sources of information are not mutually
exclusive, they may act in concert to influence metacog
nitive judgments. Nelson and Narens (1990) stress the
multidimensional basis for judgments, and there are data
to support more than one source for each kind of judg
ment. For example, both cue familiarity and blocking
from interfering items (target based) may act on tip-of
the-tongue experiences (Metcalfe, Schwartz, & Joaquim,
1993; Smith, 1994). Under certain circumstances, how
ever, each source may operate alone. For instance, target
based sources influence JOLs (Begg et al., 1989; Dun
losky & Nelson, 1992, 1994), but they do not influence
speeded strategy decisions (Reder, 1987; Reder & Rit
ter, 1992). Therefore, it is important to delineate the con
ditions and tasks under which each of the sources acts.

TIlEORETICAL APPROACHES

Nelson and Narens (1990, 1994) and Miner and Reder
(1994) have examined functional issues in metacogni
tion-specifically, the efficacy of monitoring memory,
and the role of metacognitive control in memory behav
ior. Nelson and Narens argue that the ability to make
metamnemonic judgments arises out of the need to
monitor and control mnemonic behavior. Miner and
Reder argue that metacognition allows people to choose
appropriate cognitive strategies, such as whether to re
trieve from memory. In addition, there have been recent
attempts to explore the underlying mechanisms and

processes in metacognition, most notably by Metcalfe
(1993,1994) and Koriat (1993, 1994). Metcalfe (1993)
has argued that structures that may have evolved to con
trol storage in episodic memory can be modified to elicit
feelings of knowing. Koriat (1993) presented a process
model to show how people make feeling-of-knowing
judgments that are based on inferences drawn from par
tial retrieval.

In contrast to the functional and structural approaches,
in the present paper I examine prospective metamemory
from an attributional approach. Jacoby, Kelley, and
Dywan (1989) argue that people experience a subjective
state of "pastness" only after making attributions (or in
ferences) that are based on current processing. They dem
onstrate situations in which subjects falsely infer "past
ness" because they attribute fluent processing to the
effects of memory. Similarly, the argument here is that
people make attributions about future memorability on
the basis of available information. This approach fo
cuses on the internal and external sources of information
that subjects use to form metamnemonic judgments. This
implies specifying what information is used, rather than
considering how that information is used (but see Koriat,
1993, and Metcalfe, 1993, for theories of how the judg
ments are derived). The attributional approach allows us
to specify what information is brought to bear, either
consciously or nonconsciously, by the learner.

The attributional approach stands in contrast to direct
access target-strength views (e.g., Burke, MacKay,
Worthley, & Wade, 1991; Hart, 1967a). According to
direct-access approaches, subjects' judgments are based
on access to the memory trace. The direct-access view
has two important implications. First, because the judg
ments are based on the strength of a memory trace, any
variable that acts to increase memorability will also in
crease the magnitude of the metamnemonic judgment
(provided the judgments occur on an entire set, and not
just on unrecalled items). Second, the judgments should
always be above chance at predicting later criterion per
formance. In contrast, an attributional approach allows
for the possibilities of dissociating memory and judg
ment and below-chance prediction. Indeed, it is possible
to manipulate the information available to the subject at
the time ofmaking the judgment independently ofmem
orability for the target (e.g., Reder, 1987). Moreover,
there may be tasks for which subjects use the wrong
source of information to make predictions, and therefore
they mispredict future performance (Schwartz & Bjork,
1993).

The attributional approach is similar to and compati
ble with recent heuristic views ofmetacognition (Koriat,
1993; Metcalfe et aI., 1993; Reder & Ritter, 1992).Heuris
tic views suggest that the basis for judgments is correlated
with performance on a criterion task. Thus, judgments
tend to be above chance at predicting later performance,
but they need not be. The differences between the attri
butional and heuristic views are subtle. Heuristic views
suggest that people use a rule, such as assessing cue fa
miliarity, to determine their feeling of knowing. The at-
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tributional view suggests that people use whatever sources
of information are available to arrive at the judgment.
Thus, when only cue information is available, cue famili
arity may influence judgments. But when more sources
are available, such as partial target information, these
sources will also exert an influence on the judgment.

SOURCES OF INFORMATION
IN METAMEMORY

Nelson and Narens (1990) introduced the idea of the
"rnetacognitive library," a hypothetical cognitive struc
ture that maintains strategies that subjects may imple
ment to assess their state oflearning at a given time. Ei
ther consciously or nonconsciously, subjects select
relevant sources from the library and use them to form
the judgment. Because Nelson and Narens (1990) were
more concerned about issues of monitoring and control
in metacognition, they did not consider the content of the
libraries in detail. The present review explores what may
be the contents of these libraries, how subjects choose a
given source, and the consequences of this decision.

The format for this review will be to discuss the
sources ofinformation that may underlie each judgment.
Equally crucial is the relation between sources of infor
mation and whether the judgments are accurate (i.e.,
above chance) at predicting performance (Koriat, 1993).
The crux of the argument advanced here is that meta
mnemonic judgments are based on sources that are cor
related with memory variables, and thus the judgments
will be above chance at predicting performance. How
ever, it is also important to explain why metamnemonic
judgments are not perfect (Nelson & Narens, 1990), why
some classes ofjudgments lead to higher accuracy than
others, and why metamnemonic accuracy may be close
to nil under some circumstances.

Target-Based Sources

Hypotheses based on target-based sources state that
metamnemonic judgments derive from the retrieval
process, the products of the retrieval process, or infer
ences based on the outcome of retrieval. Hypotheses
concerning direct-access mechanisms suggest that sub
jects monitor unrecalled or to-be-recalled information.
The inferential target-based hypothesis states that sub
jects make inferences that are based on available (i.e., al
ready retrieved) target information.

Direct-Access Approaches
Target-strength views. The target-strength view

states that subjects can directly monitor the availability
of a given memory trace (Hart, 1967a). This hypothesis
suggests that metamnemonic judgments are a direct
memory test, akin to recall or recognition. According to
Hart (1967a), a hypothetical "feeling-of-knowing"
threshold occurs intermediately between a recall and
recognition threshold. As such, variables that influence
memorability should also influence judgments. Burke

et al. (1991) argue that activation of nodes in semantic
memory may provide a basis for some judgments.

Inferential Approaches to Target-Based Sources
Products of retrieval. This view has been referred to

as the "no magic hypothesis" (Nelson & Narens, 1990),
and it also constitutes part of the basis for Koriat's
(1993) "accessibility heuristic" theory. The products-of
retrieval hypothesis states that subjects make their meta
mnemonic judgments on the basis of retrieved informa
tion (Koriat, 1993; Nelson & Narens, 1990). This
hypothesis assumes that only retrievable information is
used in making judgments (Nelson & Narens, 1990).
Koriat (1993) suggested that subjects make inferences
on the basis of partial information, correct or incorrect,
to determine their feeling of knowing. For instance, a
subject may not recall an item in memory, but he or she
may be able to recall the first letter, how many syllables
it has, or what it means, and this partial or related infor
mation may be critical in forming metamnemonic judg
ments. However, the subject does not have special access
to whether this information is correct (see Tulving, 1983,
for a similar view).

Ease ofprocessing. Begg et a!. (1989) argue that ease
of processing is used as a heuristic in making JOLs and
predicting old/new recognition. In this theory, the speed
at which cue or target information is processed is used
as a source to infer a metacognitive judgment. The
products-of-retrieval and the ease-of-processing expla
nations both involve nonanalytic judgments (see Jacoby
& Brooks, 1984; Jacoby & Kelley, 1987). This means
that, because subjects do not have direct access to their
memory "state," they must rely on available information
in order to make an attribution about the memory state.
Furthermore, Koriat (1993) has argued that this process
invokes an "unmediated feeling" that subjects rely on to
determine future memorability. Thus, subjects may often
"feel" that an item is memorable.

Cue-Based Sources

The cue familiarity hypothesis has received attention
in recent work (Metcalfe, 1993; Metcalfe et a!., 1993;
Miner & Reder, 1994; Reder, 1987, 1988; Reder & Rit
ter, 1992; Schwartz & Metcalfe, 1992). The cue famil
iarity hypothesis states that subjects rely on recognition
of the cue to judge future memorability of the target. In
the present context, cues will be defined as nontarget in
formation that is present at the time of judgment. Ac
cording to cue familiarity, it is not the retrieved infor
mation that provides the basis for the judgment, but is
the stimulus information available to the subject. This
hypothesis suggests that feelings ofknowing may not be
dependent on the processes of retrieval, and, as a result,
it may be possible to dissociate memory and meta
mnemonic judgments.

Cue familiarity in metamemory bears a striking re
semblance to the effects of prior exposure in other do
mains of subjective experience. Familiarity has been
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shown to affect a great number ofmemory processes, in
cluding recognition (Jacoby, 1991; Mandler, 1980),
fame estimates (Jacoby, Woloshyn, & Kelley, 1989),
truth estimates (Begg, Anas, & Farinacci, 1992), and
feeling ofknowing (Metcalfe et aI., 1993; Reder, 1987;
Reder & Ritter, 1992; Schwartz & Metcalfe, 1992). It is
unclear how these subjective experiences are related.
Recent discussion has focused on the perceptual or con
ceptual basis for familiarity (see Atkinson & Juola,
1973; Jacoby, 1991; Jacoby, Woloshyn, & Kelley, 1989;
Mandler, 1980; Metcalfe, 1993, for views offamiliarity).

MEMORY JUDGMENT TASKS

Nelson and Narens (1990) divide the tasks used in
metamemory into judgments made at acquisition (dur
ing study) and those made at the time of retrieval (at
test). Judgments made at acquisition concern the sub
jective difficulty of the items to be remembered, how
much study may be required to learn them, and whether
the items have been learned sufficiently to allow correct
performance on a later test. For judgments made at the
time of retrieval, the subject is asked whether he or she
can recall or recognize the item at that time, or at some
future time, often in the presence ofadditional cues (see
Table 1 for an outline of judgments, the tasks they pre
dict, and the sources of information that may influence
them). As will become apparent, when subjects make
judgments at acquisition, they rely on sources that are
different from those used at retrieval.

At the Time ofAcquisition: Judgments ofLearning

Ease-of-Learning Judgments
Ease-of-Iearning judgments are made just prior to a

study trial. Subjects are asked to make an immediate as
sessment of how much study will be required to learn
presented information, typically, cue-target pairs
(Leonesio and Nelson, 1990; Underwood, 1966). As
such, Nelson and Narens (1990) consider these judg
ments to be preacquisitionjudgments. Although little re
search has been done to directly address this kind of
judgment, Underwood (1966) showed that these judg-

ments were above chance in predicting learning rates.
Furthermore, Leonesio and Nelson found that ease-of
learning judgments showed low intercorre1ations with
other metamnemonic judgments, such as feeling-of
knowing judgments and JOLs, suggesting that the
sources for these metamnemonic judgments are not
identical. In the Nelson-Narens (1990) framework,
ease-of-Iearning judgments occur in advance of learn
ing, and they allow the subject control in determining
allocation of study time. No research has explicitly
considered what sources subjects use to make these
judgments.

Paired-Associate Judgments of Learning
Recent attention has focused on JOLs (Begg et aI.,

1989; Dunlosky & Nelson, 1992, 1994; Nelson & Dun
losky, 1991, 1992; Nelson & Leonesio, 1988; Spellman
& Bjork, 1992). However, JOLs have a relatively long
history (Arbuckle & Cuddy, 1969; King, Zechmeister, &
Shaughnessy, 1980; Lovelace, 1984). They require sub
jects to decide whether they will recall a target at a later
point in time. Important features of paired-associate
JOLs are that they are made at the time of study on
cue-target pairs, and they involve a prediction of later
memory performance, usually cued recall or cued recog
nition. Furthermore, paired-associate JOLs differ from
feeling-of-knowingjudgments in two respects. JOLs are
made at the time of acquisition and are made on all
items, whereas feeling-of-knowing judgments are made
at the time of test and are usually restricted to unrecalled
items (but see Narens, Jameson, & Lee, 1994, for an al
ternative analysis).

Two types of paired-associate JOLs will be distin
guished here. In cue-target JOLs, (or stimulus-response
JOLs; Dunlosky & Nelson, 1992) the subject is asked to
determine future retrievability of the target when pre
sented with both the cue and the target ofa to-be-Iearned
pair. In cue-only JOLs (stimulus-alone JOLs; Dunlosky
& Nelson, 1992), subjects are presented with the cue
only at the time of judgment, and they must decide the
future retrievability of the target. Dunlosky and Nelson
(1992) have examined how cue-only and cue-target

Table 1
Summary of Judgment Tasks, Predictions Made, and Possible Sources of Information

Task Stimulus Set of Items Usual Prediction Possible Source

cue- all recall products of retrieval
cue familiarity

cue-target all recall memory strength

target all recognition ease of processing

Acquisition
Cue-only JOLs

Cue-target JOLs

EOR judgments

Retrieval

Speeded decisions

TOT

FKJ

cue-

cue-

cue-

all

unrecalled

unrecalled

recall

recall

recognition

cue familiarity
cue familiarity;
blocking

cue familiarity;
accessibility

Note-JOLs, judgments of learning; EaR, ease of recognition; TOT, tip of the tongue; FKJ,
feeling-of-knowing judgments.
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JOLs differ with respect to the accuracy with which the
judgments predict later cued-recall performance. Dun
losky and Nelson (1994) show that each type of JOL
may be influenced by different variables. In the present
review, the two judgments will be considered together to
underscore how slight differences in task can result in
big differences in underlying sources.

Products of retrieval. There is now much evidence
to support the hypothesis that people use inferences
based on target-based information when forming cue
only JOLs (Begg et aI., 1989; Dunlosky & Nelson, 1994;
Narens et aI., 1994). Support for this idea derives from
an initial finding that delayed cue-only JOLs showed
better accuracy than immediate cue-only JOLs (Nelson
& Dunlosky, 1991). In trying to explain this phenome
non, Dunlosky and Nelson (1992, 1994) introduced a
products-of-retrieval theory. In this section, the "delayed
JOL effect" will be described, then the Dunlosky and
Nelson (1992) hypothesis will be discussed, and, finally,
data that directly support a target-based view will be
discussed.

Following Nelson and Dunlosky (1991), Dunlosky
and Nelson (1992) asked subjects to study unrelated
cue-target pairs (e.g., OCEAN-TREE). Some of the sub
jects made JOLs in the presence of only the cue, and oth
ers made JOLs in the presence of both the cue and the
target. Crossed with this variable was the delay between
studying and making the judgment. For some items, the
subject was presented with the judgment trial immedi
ately following the study trial, whereas for other items,
there was a delay of at least 10 other items. Dunlosky
and Nelson (1992) found that for cue-target JOLs, there
was no improvement in accuracy from the immediate to
delayed condition, but with cue-only JOLs, the delayed
judgments were considerably more accurate than the im
mediate judgments (gamma correlation = .93 for de
layed, .45 for immediate). Nelson and Dunlosky (1991)
labeled this difference between the immediate and the
delayed cue-only JOLs the delayed-JOL effect.

Dunlosky and Nelson (1992) suggested a products-of
retrieval hypothesis that they call the monitoring-dual
memories hypothesis. In this view, subjects make JOLs
on the basis ofretrieved information that becomes active
in short-term memory. Indelayed cue-only JOLs, this in
formation is likely to be highly similar to information
that the subject will have available at the time of test.
Thus, cue-only JOLs tend to show high accuracy when
the JOL is delayed. However, in immediate cue-only
JOLs and cue-target JOLs, target information may be
available in short-term memory because of recent expo
sure, and not because of its production in retrieval. This
"noise" from recent exposure tends to reduce the accu
racy of the JOLs.

In the framework being developed here, Dunlosky and
Nelson's (1992) view suggests that subjects rely on re
trieved information to infer future memorability. Thus,
variables that affect target information and its retrieval
will affect the magnitude of cue-only JOLs. This is ex
actly what the empirical literature suggests. For exam-

pie, King et al. (1980) suspected that when JOLs are
elicited after previous testing, an additional source of in
formation becomes available, namely, prior perfor
mance. Thus, ifa subject can recall how he or she did on
an earlier test of the particular item, a more accurate
assessment of later performance can occur. To test this
hypothesis, they compared the accuracy of judgments
when subjects alternated between study and test ofcue
target pairs before making a judgment with a condition
in which they studied only the cue-target pairs before
making the prediction. Accuracy was higher when the
subjects were given test opportunities prior to making
the judgments. King et al. concluded that prior knowl
edge of performance can influence judgments. In the
present context, these results support the contention that
JOLs are based on the retrieval of target information.

Narens et al. (1994) examined the role of target in
formation in JOLs. In their study, subjects studied word
pairs (e.g., GARDEN-TRUCK). After a 3- to 5-min delay,
they saw the cue word again. The subjects were then
given a masked presentation of the correct target, the
cue word, or an unrelated word. With masked presen
tation, they could not identify the target word. The sub
jects then made cue-only JOLs. Target priming, but not
cue priming, increased JOLs relative to the unrelated
prime condition. Thus, target information appears to
playa role in JOLs, which is consistent with Dunlosky
and Nelson's (1992) products-of-retrieval view-al
though Narens et al.'s data do not rule out the direct
access View.

Begg et al. (1989) examined potential sources of in
formation in cue-only JOLs (which they called memory
predictions). In their study, some subjects used inter
active imagery to encode items, some used separate im
agery to study pairs, and some used either interactive or
separate imagery, depending upon a prearranged cue
(the mixed condition). After studying all the pairs, the
subjects reviewed the cues and made predictions oflater
recall (thus, these were equivalent to Nelson and Dun
losky's, 1992, delayed JOLs). Begg et al. (1989) found
that, as expected, the subjects recalled more when they
studied with interactive imagery than when they studied
with separate imagery. Furthermore, JOLs were higher
when the pair was studied with interactive imagery than
when it was studied with separate imagery. Thus, it ap
pears that subjects are sensitive to differences produced
by the imagery instructions when they make JOLs. The
results from Begg et al. (1989) support a target-based
explanation of cue-only JOLs, because the targets with
stronger memory representations (imagery items) received
higher JOLs.

Dunlosky and Nelson (1994) recently replicated Begg
et al.'s (1989) Experiment 2. They looked at the effects
of imagery and rote encoding strategies on learning
cue-target pairs, and they also varied the timing of cue
only JOLs-immediately after learning or after a delay.
The experiment yielded several intriguing results. First,
the delayed-JOL effect was replicated. Accuracy was
better for the later judgments, regardless of encoding
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sible that cue-target JOLs will resemble the immediate
cue-only JOLs of Dunlosky and Nelson (1992), but this
remains speculative. Delineation of this issue represents
a challenge in the study of metamemory.

Figure 1. The mean of the proportion of pairs that received a JOL
(judgment ofleaming) rating, showing that the distribution of JOL
ratings varies as a function of whether the cue-only JOLs are imme
diate or delayed. From "Does the Sensitivity of Judgments of Learn
ing (JOLs) to the Effects of Various Study Activities Depend on When
the JOLs occur? by J. Dunlosky and T. O. Nelson, 1994, Journal of
Memory & Language, 33, p, 554. Copyright 1994 by Academic Press.
Adapted by permission.

Ease-of-Recognition Judgments
In an ease-of-recognition judgment, subjects make

predictions of the likelihood of their success on a later
old/new recognition test. Typically, they see a list of
words and make judgments concerning their later abil
ity to recognize these words as old or new. Like judg
ments of learning, ease-of-recognition judgments are

·made at acquisition, and they concern future memora
bility. However, the criterion task is recognition, not re
call, and it is done on single items rather than on cue
target pairs.

Begg, Vinski, Frankovich, and Holgate (1991) looked
at ease-of-recognition judgments in a generation task.
Subjects were presented with single words, which were
either complete (read condition) or had some letters
missing (generate condition). They were asked to rate
their confidence in future old/new recognition of those
words. After study and judgments, the subjects were
given a recognition test. Begg et al. (1991) found that the
subjects gave higher judgments to generated words than
they did to read words. However, they recognized and
freely recalled the read and generated words equally.
Thus, although these data are suggestive of a target
strength component to ease-of-recognition judgments,
they are not conclusive, because they failed to show a
generation effect in the final test (cf. Schwartz & Met
calfe, 1992).

strategy. Second, when they compared imagery and rote
encoding conditions, they found that the magnitude of
JOLs increased, across delay, when the cue-target pairs
were learned using imagery.

In a second experiment, Dunlosky and Nelson (1994)
compared massed and distributed practice in learning
cue-target pairs. For half of the items, subjects were
given two successive study opportunities, and for the
other half, they studied eight other items before presen
tation of the second repetition. As expected, recall was
higher for the targets learned under distributed condi
tions than for those learned under the massed conditions.
Dunlosky and Nelson (in press) also found that both im
mediate and delayed cue-only JOLs were higher in the
distributed condition than in the massed condition. Both
of these experiments support the role of target-based
sources in JOLs.

Dunlosky and Nelson (1994) also looked at the dis
tribution ofJOLs across the immediate and delayed con
dition. They plotted the magnitude of the judgment on
the x-axis and the proportion of items that received a
given judgment on the y-axis (see Figure 1). For delayed
judgments, they found a U-shaped function, whereas for
immediate judgments, they found an inverted-U'-shaped
function. This pattern was consistent across the two ex
periments. In delayed JOLs, the presence or absence of
the actual retrieval item is a good indicator of future re
call. Thus, subjects tend to be highly confident when
they do recall, and lack confidence when they do not.
However, in immediate judgments, subjects cannot dis
tinguish between retrieval ofthe just-studied item and its
recent activation from the study trial. The subjects re
flect this uncertainty by increasing the number ofjudg
ments in the middle of the scale (Dunlosky & Nelson,
1994).

Cue familiarity. Begg et al. (1989) suspected that
subjects may also use the ease of processing (or famil
iarity) of the cue and the target to form cue-only JOLs.
Thus, in their Experiment 3, they looked at the effect of
abstract and concrete nouns when used as either cues or
targets. Target-based hypotheses suggest that the judg
ments will be higher when the target is more memorable
(when the targets are concrete words). Cue-based hy
potheses suggest that the JOLs will be higher when the
cues are more concrete. Begg et al. (1989) found that
both influenced cue-only JOLs. Concreteness of both
the cues and the targets increased the magnitude of the
JOLs relative to more abstract cues and targets. Thus,
whereas Begg et al. (1989) continued to find evidence
to support target-based views, the cue concreteness ef
fect suggests that cue-based sources also influence the
judgments.

Thus, there is evidence that subjects use target-based
sources, such as the products of retrieval, for cue-only
JOLs (Begg et aI., 1989; Dunlosky & Nelson, 1994; Narens
et aI., 1994). Some data support a role for cue-based in
formation (Begg et aI., 1989), whereas other data do not
(Narens et aI., 1994). There is little research that directly
addresses the sources used for cue-target JOLs. It is pos-
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Begg et al. (1989) looked at ease-of-recognitionjudg
ments as well as paired-associate JOLs. In their first ex
periment, subjects gave ease-of-recognition judgments
for a later old/new recognition test. In a complicated de
sign in which several variables were manipulated, the
relevant variables were imagery and word frequency.
The subjects studied a list of words that varied in im
ageability and frequency ofuse in the English language.
During study, some subjects made predictions of future
recognition performance (and others judged ease of
studying).

Begg et al. (1989) had a simple but innovative hy
pothesis. They suggested that subjects use the ease or
speed of their own processing of the targets as a source
of information when making ease-of-recognition judg
ments. They suspected that high-imagery words would
lead to high magnitude and better recognition perfor
mance than would low-imagery words. Applying the
same logic, Begg et al. (1989) suspected that common
(high-frequency) words, which are processed more
quickly, would be given higher ease-of-recognition judg
ments than would uncommon words. Actual recognition,
however, would be better for the low-frequency words.
This is exactly the pattern that Begg et al. (1989) found
(see Table 2). Recognition was high for high-imagery
words and low-frequency words, but judgments were
high for high-imagery and high-frequency words. Begg
et al. (1989) interpreted this as being consistent with the
ease-of-processing hypothesis.

Although it is similar to other target-based views, the
ease-of-processing account differs in the proposed basis
by which judgments are made. First, rather than sug
gesting that metamnemonic judgments are a function of
the strength of a memory representation or the amount
of partial information retrieved, the ease-of-processing
view proposes that fluent processing of presented infor
mation results in stronger judgments. In that sense, it is
similar to the cue familiarity hypothesis for feelings of
knowing. Second, the ease-of-processing and direct
access hypotheses suggest different outcomes for the
ease-of-recognition judgment experiment described pre
viously. A direct-access target view would suggest that
low-frequency words, because they will be better recog
nized, should show higher judgments. However, the

Table 2
Mean Ease-of-Recognition (EOR) Judgments and

Recognition Scores as a Function of Imagery
and Word Frequency in Begg et al. (1989)

Imagery Frequency

High Medium Low High Medium Low

Recognition 3.51 2.91 2.09 2.34 2.82 3.36
EORjudgment 4.58 4.12 3.85 4.69 4.18 3.68

Note-Recognition scores are defined as the differences in scores of
hits (saying "old" on old items) and false alarms (saying "old" on new
items). From "Memory Predictions are Based on Ease of Processing,"
by L Begg, S. Duft, P. Lalonde, R. Melnick, and 1.Sanvito, 1989, Jour
nal ofMemory & Language, 28, pp. 614-615. Copyright 1989 by Aca
demic Press. Reprinted by permission.

ease-of-processing view advances that high-frequency
words, because they are processed more fluently, will re
ceive higher judgments. As discussed above, the data
support the ease-of-processing view. Begg et al.'s (1989)
data are not inconsistent with Koriat's (1993) theory that
subjects rely on the retrieval of information and the flu
ency of that retrieval. Thus, the present results are also
consistent with the fluency aspect of Koriat's accessi
bility heuristic theory.

The relation between sources may also be important.
First, the sources need not be independent of each other.
For example, a familiar cue may induce a subject to
"search" memory more thoroughly. This search may re
sult in the retrieval of partial information (e.g., Koriat,
1993). Under ordinary circumstances, cue familiarity
and the retrieval of partial information may be corre
lated. Similarly, in ease-of-recognition judgments, cue
familiarity and ease ofprocessing of the target are iden
tical; subjects make judgments oflater target recognition
in the presence of the actual target. Thus, the cue (item
being judged now) and the target (item to be recognized
later) are identical. These two sources are separable only
in tasks in which subjects make judgments for targets
that are not present. Then, the familiarity or ease of pro
cessing of the cue can be compared with the ease of re
trieving target information.

Free-RecaII Judgments ofLearning
A JOL that has appeared under various labels is one

that predicts future free recall. These judgments have al
ternatively been called memorability ratings (Mazzoni
et aI., 1990), judgments of learning (Mazzoni &
Cornoldi, 1993; Nelson, 1993), the "feeling-that-l-will
know" phenomenon (Groninger, 1979), and free-recall
predictions (Schwartz & Bjork, 1993). These judgments
will be referred to here as free-recall JOLs to distinguish
them from judgments of cued performance. In a free
recall JOL, a subject assesses a single target item for the
likelihood oflater free recall. Outwardly, it appears sim
ilar to ease-of-recognition judgments, but, as will be dis
cussed shortly, it appears to be based on different
sources.

Groninger (1979) examined the accuracy of free
recall JOLs. He gave subjects a list of common words
and asked them to predict the likelihood of later free re
call. He varied word frequency and imageability of the
words. He found that free-recall predictions were above
chance in predicting free-recall performance, although
his subjects were overconfident and far from perfect. In
addition, frequency and imageability were both posi
tively correlated with the free-recall predictions. Maz
zoni et al. (1990) used a similar procedure (Experi
ments 1 and 2) and found (1) above-chance predictions,
and (2) a correlation between those predictions and later
allocation of study time (this has implications for theo
ries of metacognitive control; see Nelson & Narens,
1990).

Schwartz and Bjork (1993) examined the sources of
information that subjects use in determining these judg-
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ments. They initially suspected that, like the ease-of
recognition judgments, the subjects would use ease of
processing as a source for the judgments. Following
Begg et al. (1989), they also suspected that the ease of
processing would be used even when it did not lead to
accurate predictions. Thus, they hypothesized that,
under certain circumstances, the correlation between
free-recall JOLs and free-recall performance would be
negative. To test this idea, they examined the relation be
tween cued recall and free recall (Gardiner, Craik, &
Bleasdale, 1973). Subjects first answered a series of
general-information questions. After answering each
question, they predicted the likelihood of freely recall
ing the answer to each question. Then, either 5 min or
48 h later, they were given the free-recall task. Schwartz
and Bjork replicated Gardiner et al.s results: The items
that were difficult to retrieve initially (longer than
15 sec) were more likely to be freely recalled.

Schwartz and Bjork (1993) assumed that the initial re
trieval latency is positively related to the ease of pro
cessing the initial question. They suspected that subjects
would misattribute ease of processing the question to
later ease ofgenerating the target in free recalL The data
did not support this idea, however. First, the subjects'
predicttions of free recall were better than chance
(gamma correlation = .40). If they had based their judg
ments on ease of processing, lower-than-chance predic
tions would have resulted. Second, there was a slight
positive relation between initial latency and free recall
(gamma correlation = .09). Thus, the subjects may have
attributed the initial difficulty to later ease. Schwartz
and Bjork speculated that, under these conditions, sub
jects may correctly rely on episodic distinctiveness.

Feelings of Knowing: Retrieval Judgments

A second type ofmetamnemonic judgment is made at
the time of retrieval (Nelson & Narens, 1990). When
subjects try to retrieve an item, they may utilize
processes in assessing future performance that are dif
ferent from those used for encoding. The process of
making a prospective judgment at the time of retrieval
will be called feeling of knowing. This will allow gen
eralizations across divers judgments made at retrievaL
As will become apparent, feelings of knowing may op
erate according to similar processes across different
tasks. Three major feelings of knowing will be consid
ered-speeded retrieval decisions that are made imme
diately prior to an attempted retrieval (Reder, 1987; Reder
& Ritter, 1992), tip-of-the-tongue states that are made
immediately following an attempted retrieval (R. Brown
& McNeill, 1966), and feeling-of-knowing judgments
that are also made following retrieval (Hart, 1965).

Speeded Strategy Decisions
Reder (1987, 1988) introduced a new technique to as

sess metamemory at the time of retrieval. In Reder's
"game show" technique, subjects determine future
memorability of an item that has not been recalled. The

judgment immediately precedes the retrieval, and it is
accomplished under speeded conditions. The technique
allows assessment of the feeling of knowing on all items,
not simply on unrecalled ones (see Miner & Reder,
1994). This offers a methodological advantage over the
"classic" feeling-of-knowing measures (see discussion
of item selection in Miner & Reder, 1994; Narens et al.,
1994; Schwartz & Metcalfe, 1992, 1994). The speeded
strategy decision technique avoids item selection, be
cause subjects make judgments on all items.

In the game show paradigm, subjects make speeded
decisions about whether they can recall the answer to a
question (Reder, 1987, 1988). The materials used were
general-information questions, such as "What river
flows through the city of Paris?" One group of subjects
said "yes" when they retrieved the correct answer, and a
second group said "yes" when they thought that they
would be able to retrieve the answer (hence, a feeling of
knowing). After making these decisions, the subjects at
tempted to retrieve the correct answers. They were able
to make these speeded "will know" judgments and, in
deed, made them faster, on average, than the "do know"
judgments, without a cost in accuracy. Reder (1987) ar
gued that the subjects must have used information other
than the target to make these judgments, because they
made the decisions prior to retrieval. Indeed, Reder
(1987) suggested that they must have based the feeling
of knowing, as revealed by the "will know" judgments,
on information in the question or the cue. Thus, Reder
(1987), like Koriat and Lieblich (1977), hypothesized
that cue-based information may be important in deter
mining feeling of knowing.

Unlike earlier, correlational work (Koriat & Lieblich,
1977; Schacter, 1981), Reder (1987, 1988) examined
experimentally the influence ofcue familiarity on question
answering strategies. She primed words in the question
prior to the judgments to induce higher cue familiarity.
The words chosen as primes were the two words con
sidered most important in the question. For example, for
the question "What is the term in golf for scoring one
under par?", golf and par were primed. The subjects
made frequency judgments on these words by indicating
how often the words were encountered while reading.
Then, they quickly decided whether they knew the an
swer to a general-information question. The primed
items were judged as answerable by the subjects more
than were the unprimed items, but only for the difficult
items. Thus, cue priming led directly to a "spurious" in
crease in feeling of knowing for difficult items.

In the second task (Reder & Ritter, 1992), the subjects
made speeded strategy-selection decisions with arith
metic problems. They were presented with a series of
arithmetic problems, such as 14 X 34. The subjects en
gaged in mental arithmetic operations such as multipli
cation and addition (Experiment 1), or multiplication
and a newly learned arithmetic operation, called sharp
(Experiment 2). The subjects' first task was to decide
whether they could retrieve the answer to the arithmetic
problem from memory or whether they needed to cal-
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culate it mentally. They were required to produce the
answer within a temporal deadline. If a subject chose
"retrieve" (assumed to reflect a high feeling of know
ing), 1 sec was allowed to produce the answer. If "cal
culate" (low feeling of knowing) was chosen, 18 sec
were allotted. For example, if the arithmetic problem
14 X 34 was presented, the subjects were required to in
dicate whether they should "retrieve" or "calculate." In
centives were given to promote choosing the "retrieve"
strategy. Following this decision, they were to produce
the correct answer (476) within either time framework.

In an initial training session, Reder and Ritter (1992)
varied the frequency with which the subjects saw multi
plication or addition (or sharp in Experiment 2), the fre
quency with which they saw particular operands, and the
frequency with which given pairs of operands occurred
together. Thus, for 1 subject, one problem (14 X 34) may
have occurred 20 times, another problem (14 X 23) may
have occurred 8 times, and a third problem (21 + 17)
may have occurred only once. Furthermore, they pre
sented a posttraining set that included problems that
were identical to studied ones, problems with the
operands reversed (e.g., 14 X 34 became 34 X 14), and
new problems, consisting of the same number that had
been used in the training set, but with the operator
switched (21 + 17 became 21 X 17). This design al
lowed Reder and Ritter to look at strategy selection as a
function of the frequency of the stimulus (number of
times two numbers were paired in a question) and the
frequency with which they were exposed to the answer
(by looking at the switched-operator problems).

Reder and Ritter (1992) were interested in whether
subjects choose to calculate an answer mentally, or re
trieve the answer from memory after repeated testing.
The first critical manipulation was that some of the
problems were seen many times throughout the experi
ment, whereas others were shown only occasionally. The
second critical manipulation was the inclusion of the
reversed-operator problems in the posttraining set.
These were questions that would appear familiar, but for
which the answer would not have been calculated or re
trieved previously. Reder and Ritter found that, as the
frequency of exposure increased, the subjects became
more likely to choose the "retrieve" strategy, indicating
an increased feeling of knowing for those items. How
ever, Reder and Ritter (1992) also found that, for the
reversed-operator problems, the subjects became more
likely to choose "retrieve" as a function of increased ex
posure to the problem parts, even though they had not
been exposed to the answer. Thus, Reder and Ritter con
cluded that the subjects' strategy choice was based on an
assessment of cue familiarity, and not on an "early read
of the answer."

Reder and Ritter (1992) argued that it is important to
distinguish between the feeling-of-knowing process and
the retrieval process. The latter process is controlled, re
quires mental energy, and may vary in the amount of
time required to complete it. Feeling of knowing, how
ever, is quick and automatic (see Metcalfe, 1993, for a

similar view). Reder and Ritter argued that people use
the output ofthis automatic preretrieval process to judge
feeling of knowing. This process is nonanalytic and in
ferential. In this sense, they argue that cue familiarity is
a heuristic used to determine feelings ofknowing. When
cue familiarity correlates with target availability, the de
cision to calculate or retrieve will be accurate. However,
when this correlation is removed (as in Reder and Rit
ter's operator reversals), the heuristic will lead to errors,
and accuracy will decrease.

TIp-of-the-Tongue States
R. Brown and McNeill (1966) introduced a technique

that is now common among researchers for studying tip
of-the-tongue (TOT) states. In their experiment, an ex
perimenter read definitions of low-frequency words
(e.g., caduceus, zither). If the subjects could not recall a
word that matched the read definition, they indicated
whether or not they were in a TOT state. The instructions
for defining a TOT state in this study were as follows:
"Ifyou are unable to think of the word but feel sure that
you know it and that you feel sure that it is on the verge
of coming back to you then you are in a TOT state"
(p. 327). If the subjects were in a TOT state, they often
reported partial information, such as first letter, number
of syllables, words that sounded similar, or words that
meant the same thing. Finally, the subjects were pro
vided with the correct answer and were asked whether
the correct word was the word they thought they were
seeking.

TOT states and feeling-of-knowing judgments differ
in the operational definitions given to subjects (A. S.
Brown, 1991). Feeling-of-knowing judgments generally
assess whether the subject thinks that he or she will rec
ognize the item, whereas TOT states indicate the sub
jective feeling that recall is imminent. This procedural
difference has led to different emphases in the research.
Feeling-of-knowing researchers are concerned with the
accuracy of the judgments and the sources underlying
them. In contrast, TOT researchers (Burke et aI., 1991;
Jones, 1989; A. S. Meyer & Bock, 1992; Ryan, Petty, &
Wenzlaff, 1982) have sought to use the TOT state as a
"window" into word retrieval. The argument is that the
TOT state may be indicative of a broken, aborted, or
slowed retrieval process. By studying retrieval while
subjects are experiencing TOTs, "slow-motion photog
raphy" of the word retrieval can be obtained (A. S.
Brown, 1991). Only recently have researchers begun to
explore the processes underlying the experience of
TOTs, which is different from using the TOT state as a
tool to study retrieval (e.g., Koriat & Lieblich, 1977;
Metcalfe et aI., 1993; Smith, 1994).

TOT states and feeling-of-knowingjudgments are fre
quently construed as being two measures of the same un
derlying process; indeed, generalizations are often
drawn from one to the other (Koriat & Lieblich, 1977;
Reder & Ritter, 1992; Yaniv & D. E. Meyer, 1987).
When Metcalfe et al. (1993) measured both measures in
the same experiment, they found that (1) the same vari-
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abies (interference conditions) affected each in the same
way, and (2) there was a high correlation between the
two. Because the tasks explicitly ask different questions
of the subject (prediction oflater recognition vs. immi
nent recall), they are considered separately here. Indeed,
some new data now suggest that at least one variable
may affect the two judgments in different ways. Widner
and Smith (1993) compared high- and low-stress condi
tions when eliciting both feeling-of-knowing judgments
and TOT states. They found that more TOTs were reported
under high-stress conditions than under low-stress con
ditions, but that feeling-of-knowing judgments did not
vary as a function of stress. This dissociation suggests
that the processes underlying feeling-of-knowing judg
ments and TOT states may differ in some respects. How
ever, as will become apparent, many similarities do exist.

Products of retrieval. Research has demonstrated a
strong correlation between the retrieval of partial infor
mation and feeling of knowing (and TOT states).
R. Brown and McNeill (1966) showed that subjects who
reported that they were in a TOT state were able to cor
rectly produce the first letter of the target and the cor
rect number of syllables at better-than-chance rates.
Koriat and Lieblich (1974) followed a similar procedure,
but they also asked subjects to produce partial informa
tion on questions for which the subjects did not report a
TOT state. They found that the subjects could report the
first letter better when they were in a TOT state (71%)
than when they were not (10%). Similarly, subjects re
ported the correct number of syllables more often when
they were in TOT states than when they were not. The
data support the notion that a TOT state may accompany
retrieved partial information (see A. S. Brown, 1991),
but they do not show that partial information causes
TOT states. These data are suggestive of a products-of
retrieval view, but they do not directly test Koriat's ac
cessibility heuristic for two reasons. First, as just dis
cussed, the data are correlational. Second, Koriat (1993)
argued that the retrieval of incorrect information can just
as easily lead to a TOT state.

Blocking. A second approach to target-based sources
is known as the blocking hypothesis (A. S. Brown, 1991;
Koriat, 1994; Metcalfe et aI., 1993; A. S. Meyer & Bock,
1992; Reason & Lucas, 1984; Roediger, 1974). This hy
pothesis is sometimes called the "ugly stepsister hy
pothesis," because of an analogy to the fairy tale "Cin
derella" (Reason & Lucas, 1984). This account states
that incorrect information interferes with retrieving the
correct answer, but that the inhibited presence ofthe cor
rect response induces the TOT state (or feeling ofknow
ing). The intruder is retrieved at a conscious level, and
is then recognized as incorrect, but continues to interfere
with the retrieval of the correct item. The hypothesis
concerns an intruder's effect on unretrieved information,
and, consequently, the blocking hypothesis is specific to
feeling of knowing and TOT states. A. S. Brown wrote
that "the blocking perspective suggests that the TOT
[tip-of-the-tongue state] represents a memory search
that has become sidetracked" (p. 215). The incorrect in-

truders have been labeled as blockers (Reason & Lucas,
1984), interlopers (Jones, 1989; Jones & Langford,
1987), and related words (A. S. Brown, 1991). The hy
pothesis suggests that variables that increase the re
trieval of these blockers will inhibit correct recall and
promote TOT states.

The blocking hypothesis has been tested by present
ing subjects with word definitions, along with words
that may be phonologically related, semantically related,
or related in both ways to the target word. The expecta
tion is that the related word will act as a blocker and will
interfere with retrieval, but will increase the production
of TOTs. Jones (1989) presented subjects with the defi
nitions of difficult words and asked them to retrieve the
target word. For some ofthe items (e.g., sextant), he pre
sented a word that was semantically related (e.g., com
pass) to the target word along with the definition. For
other items, he presented a word that was phonologically
related (secant). He hypothesized that if blocking was
crucial to TOT states, then presenting a potential blocker
should increase the likelihood that a subject would re
port a TOT state. His results were mixed: semantic
blockers did not increase the likelihood of a TOT state,
but phonological blockers did. A. S. Meyer and Bock
(1992) used this technique and replicated Jones by using
the same stimuli, but found that Jones's results may have
been due to idiosyncratic characteristics of the materi
als used. In a second experiment, A. S. Meyer and Bock
used a greater range of word frequency and found that
neither semantic nor phonological blocking affected the
rate of TOTs. A. S. Meyer and Bock also found that the
condition that led to the highest reported TOT levels in
Jones-the phonological cuing condition-actually led
to the highest number of correct responses, but there
were no differences in the number of reported TOTs. It
is unclear how the null effect on TOTs should be inter
preted, however, because A. S. Meyer and Bock did not
control for item-selection effects.

Smith and his colleagues (Smith, 1994; Smith, J. M.
Brown, & Balfour, 1991) have designed a useful set of
stimuli for studying the TOT phenomenon. Subjects are
presented with a series of fictional animals. They see a
picture of the animal, a description of its temperament,
habitat, and food preferences, and a randomly chosen
name. The subjects study these fictional animals (TOT
imals) to varying degrees. At some point later, they are
shown the picture ofthe animal, and they try to recall its
name. If they are unable to do so, they are asked whether
they are in a TOT state. Smith et al.'s first study demon
strated that TOTs generated in this paradigm were not
subjectively different from those elicited with more tra
ditional methods. Thus, Smith's technique maintains the
experimental control that the word pairs afford, and it
generates the ecological validity that the word defini
tions allow.

Smith (1994) reported an experiment that was de
signed to examine the blocking hypothesis as well as
what Smith called the incomplete activation hypothesis,
a version of the direct-access view. Smith had subjects
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learn the names of fictional animals. Later, at test, they
were presented with the picture ofthe animal, along with
a word that was phonologically similar to the name (ban
tergin when the animal's name was boshertin), the name
ofanother animal (rittlefin), or a word that was unrelated
to the target name. Smith found that recall for the phono
logically similar items was better than that for control
items, and that there was no increase in the reported
number of TOT states. However, the semantically simi
lar cues (i.e., other animal names) increased recall as
well as TOT states. Thus, semantically similar items
were likely to induce TOT states. This pattern of results
is consistent with the blocking hypothesis; the semanti
cally similar items caused the subjects to think the items
were recallable. It is not clear, however, whether this was
the result of true blocking of target retrieval with mis
leading information, or whether the semantically simi
lar items served as partial information about the target,
thus raising the likelihood of a TOT state.

Cue familiarity. Because of the availability of par
tial information and the strong subjective experience as
sociated with TOT, most theorists have ignored the pos
sibility ofcue-based sources in the TOT state. However,
some data support the hypothesis that cue familiarity
does influence TOT states. Indeed, only two studies have
addressed this issue, but both point toward a possible
role for the use of cue information in determining TOT
states.

Koriat and Lieblich (1977) reanalyzed their earlier
data (Koriat & Lieblich, 1974) to examine the relation
between reported TOTs and the questions (pointers)
that elicited the TOTs. Although Koriat and Lieblich
(1977) analyzed the pointers along several dimensions,
the most relevant finding for the present paper is that
question redundancy led to a greater number ofreported
TOT states for an unrecalled item than did more suc
cinct definitions. For example, definitions with repeti
tive elements, such as "a circle, or any indication ofra
diant light, around the heads of divinities, saints,
sovereigns in pictures, medal, etc." (nimbus) tended to
produce more TOT states than did more concise defin
itions, such as "the science of coins" (numismatics).
This trend toward more TOTs from questions with
repetitive elements also held for TOTs that were re
solved (i.e., eventually recalled or recognized) and
those that were not. Thus, Koriat and Lieblich's results
suggest that cue factors, in addition to target factors,
may playa role in forming TOTs.

Metcalfe et al. (1993) directly tested the respective
roles of cue-based and target-based sources in TOT
states. Subjects studied cue-target word pairs. In one
condition, the cue and the target were repeated (A-B
A-B). In a second condition, the cue was repeated, but
with a new, unrelated target (A-B A-D). In a third con
dition, neither the cue nor the target was repeated (A-B
C-D). In accordance with previous results from inter
ference paradigms, Metcalfe et al. found lowest recall
for the A-B A-D condition. Recall was highest in the
A-B A-B condition, presumably because both the cue

and the target were repeated. If reported TOTs are based
on the strength of the representation, the A-B A-B con
dition would also show the highest number ofTOT states
(and the highest magnitude of feeling of knowing). Cue
familiarity, however, predicts that because the cue is re
peated in both conditions (A-B A- Band A-B A-D), re
ported TOT states will be higher (and will be the same)
in these conditions than in the condition in which the cue
is presented only once (A-B C-D). Indeed, Metcalfe
et al. found that the repetition condition (A-B A-B) and
the interference condition (A-B A-D) both showed a
higher percentage of TOTs than did the once-presented
condition. Thus, they found that cue repetition led to
more TOT states (and higher feeling-of-knowing judg
ments), regardless of the level of memorability.

Metcalfe et al. (1993) used randomly selected, exper
imentally learned word pairs. Furthermore, their sub
jects were given only one two study opportunities. Al
though Metcalfe et al. used episodic paired associates,
most TOT studies have been done with semantic knowl
edge, such as word definitions (R. Brown & McNeill,
1966; Jones, 1989; Koriat & Lieblich, 1977; A. S. Meyer
& Bock, 1992), famous people (Brennan, Baguley,
Bright, & Bruce, 1990), animal names (Smith, 1994), or
trivia questions (Freedman & Landauer, 1966; Yaniv &
D. E. Meyer, 1987). Given the differences in stimuli and
procedures between Metcalfe et aI., Jones, A. S. Meyer
and Bock, and Smith, it may be erroneous to generalize
across such studies. Nonetheless, it appears that target
(blocking) and cue (cue familiarity) information may
both playa role in determining TOT states. However, the
data are still inconclusive, and the sources of informa
tion that cause the TOT state are yet to be determined.

Feeling-of-Knowing Judgments
Hart (1965, 1966, 1967a) introduced the RJR (re

call/judgment/recognition) technique that is now com
mon in feeling-of-knowing research. The technique is
useful for determining possible underlying sources of
information and for assessing the accuracy of the judg
ments. In Hart's experiments, subjects attempted to
recall information from a cue, either from general
information questions (Hart, 1965) or from the stimulus
of experimentally learned word pairs (Hart, 1967a). If
they were unable to recall a given item, they made a
feeling-of-knowing judgment for that item. Hart's sub
jects received the following instructions: "If you check
the Yes column [positive feeling-of-knowing judg
ments], that will indicate that you have a feeling that you
know the correct answer even though you cannot re
member it at the moment. The criterion question to ask
yourself before you check the Yes column is 'Even
though I cannot remember it now, do I know the answer
to the extent that I could pick the answer from among
several wrong answers?" (Hart, 1965, p. 209). After the
judgments, the subjects engaged in a recognition test for
the unrecalled items. Hart was interested in whether the
judgments were predictive of memory performance. He
found that people could make accurate predictions of
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recognition for unrecalled items, but that the correlation
was far from perfect.

Since Hart's seminal work, much research has focused
on feeling of knowing, and other researchers have ex
tended Hart's RJR technique (see Metcalfe & Shima
mura, 1994; Nelson, 1992). Indeed, many researchers
have used ordinal or magnitude scales to assess feeling
of knowing (Blake, 1973; Nelson et al., 1982; Nelson &
Narens, 1980a; Schacter, 1983; Wellman, 1977) and
have substituted other criterion tests for recognition,
such as reminiscence (Gruneberg & Sykes, 1978; Hart,
1967b; Metcalfe et aI., 1993), first-letter cued recall
(Gruneberg & Monks, 1974), lexical decision (Connor,
Balota, & Neely, 1992; Yaniv & D. E. Meyer, 1987),
stem completion (Lupker, Harbluk, & Patrick, 1991),
perceptual identification (Nelson et al., 1984), relearn
ing (Nelson et al., 1984), and attribute identification
(Koriat, 1993; Schacter & Worling, 1985).

Feeling-of-knowing judgments tend to be above
chance in predicting most criterion tasks (see Nelson,
1988). Accuracy for feeling of knowing tends to be
higher (1) for general-information questions than for
paired-associate learning (Nelson & Narens, 1990),
(2) for items studied to a higher criterion than for those
studied to a lower criterion (Nelson et al., 1982), (3) for
items with more alternatives at test than for those with
fewer (Schwartz & Metcalfe, 1994), and (4) for items
with a wider range ofdifficulty than for those with a nar
rower range (Nelson, Leonesio, Landwehr, & Narens,
1986; Schwartz & Metcalfe, 1994). Feeling of knowing
also predicts performance in n-alternative recognition
(Blake, 1973; Hart, 1967a), yes/no recognition (Coster
mans et aI., 1992), first-letter cued recall (Gruneberg &
Monks, 1974), reminiscence (Metcalfe et aI., 1993),
stem completion (Lupker et al., 1991), and perceptual
identification and relearning (Nelson et aI., 1984).
Although most amnesic patients do show accurate feel
ing of knowing, patients with Korsakoff's amnesia can
not predict performance (Shimamura & Squire, 1986).
Furthermore, patients with frontal lobe damage show a
deficit in feeling-of-knowing accuracy (Janowsky, Shi
mamura, & Squire, 1989). The latter two findings sug
gest that the frontal lobe plays a role in the neuropsy
chology of metamnemonic judgments (see Metcalfe,
1993, 1994; Shimamura, 1994). In total, the results but
tress the claim that subjects do make accurate meta
mnemonic judgments.

Cue familiarity. The earliest work on cue familiar
ity with feeling-of-knowing judgments can be found in
a doctoral dissertation by Schacter (1981), who asked
subjects to study word pairs. He later gave a series of
tests, which included recall, feeling ofknowing, cue rec
ognition, and target recognition. He specifically asked
the subjects to make old/new recognition judgments as
well as feeling-of-knowing judgments on words, some
of which were cues in a memory task. He found that cue
recognition and feeling-of-knowing judgments were
positively correlated. However, a causal relation be-

tween cue recognition and judgments cannot be drawn
from this study.

Schwartz and Metcalfe (1992) directly tested the cue
familiarity hypothesis and a target retrievability hypoth
esis with a Hart-like RJR paradigm. To manipulate cue
familiarity, they adapted Reder's (1987) priming tech
nique. In an initial phase, subjects rated a series of words
for pleasantness; some of these words would be cues in
cue-target learning. The pleasantness judgments served
as the cue priming task. The subjects then studied the
cue-target pairs and later engaged in a recall task. They
indicated feeling of knowing for unrecalled items by as
sessing their confidence in subsequent recognition.
Schwartz and Metcalfe (1992) found that cue priming
resulted in an increase in the magnitude of the feeling
of-knowing judgments. In addition, Metcalfe et al.
(1993) found that cue repetition led to higher feeling of
knowing without increasing recall or recognition.

The generation effect has been used to control levels
of memorability. Siamecka and Graf (1978) found that
subjects' recall for generated pairs was better than that
for pairs they had read. This technique required subjects,
during study, to generate the target to a cue, following
an experimenter-provided rule (rhyming) such as PAIL

s_ (sail). Other items were read by the subject (MOON

NOON). In addition, unrelated pairs (DIVE-FINGER) were
studied. Schwartz and Metcalfe (1992) replicated the
generation effect for both recall and for subsequent
recognition of the unrecalled items. However, feeling
of-knowing judgments were not influenced by the gen
eration manipulation. There was no difference in feeling
of knowing between the generated, the read, and the un
rhymed pairs. Because large differences in memorabil
ity were unaccompanied by corresponding changes in
feeling-of-knowing judgments, Schwartz and Metcalfe
interpreted their results as damaging to the target re
trievability hypothesis.

Narens et al. (1994) criticized Schwartz and Met
calfe's (1992) interpretation of the null effects of gener
ation on feeling-of-knowing judgments. Narens et al.
pointed out that Schwartz and Metcalfe (1992) exam
ined feeling-of-knowing judgments only for unrecalled
items, and that this may have created an item-selection
effect. Thus, the sample of unrecalled items may have
systematically differed from the sample as a whole (see
Schwartz & Metcalfe, 1994). Narens et al. asked
whether Schwartz and Metcalfe's (1992) results would
have been different if their subjects had been required to
make judgments on all the items. Schwartz and Metcalfe
(1992) had discussed the item-selection problem, but
dismissed it because the generation effect did increase
recognition of the unrecalled items, yet did not affect
feeling of knowing for those same items. Narens et al.
noted, however, that Schwartz and Metcalfe's (1992)
recognition test was flawed as well. Because all of the
distractors were new items, the subjects did not have to
retrieve the association. Rather, their recognition judg
ments could have been based on familiarity of the tar-
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get. For this reason, Metcalfe et al. (1993) chose old
items as distractors in one experiment and looked at sec
ond-try recall in another. Even with these modifications,
Metcalfe et al.'s data were inconsistent with the target
strength account of feeling of knowing, because target
repetition increased final test performance of originally
unrecalled items without affecting feeling-of-knowing
judgments. Nonetheless, the results of Schwartz and
Metcalfe (1992) and Metcalfe et al. do support a role for
cue familiarity in forming feeling-of-knowingjudgments.

Target strength. Hart (1967a) proposed that feeling
of knowing was a result of memory strength that was
below a hypothetical recall threshold, but above a hypo
thetical feeling-of-knowing threshold. Although this
model may be intuitively plausible, there has been little
empirical support for it. For example, Schwartz and Met
calfe (1992) did not find a generation effect in feeling
of-knowing judgments. Indeed, there is only one study
that supports a target-strength view (Yaniv& D. E. Meyer,
1987), and the interpretation of this study has recently
been criticized (Connor et aI., 1992) for not considering
an alternative explanation.

Yaniv and D. E. Meyer (1987) were interested in the
underlying processes in metamemory. They presented
subjects with word definitions, such as "a mythical fig
ure, half-man, half-horse" (centaur). The subjects were
required to give TOT judgments and feeling-of-knowing
judgments (which Yaniv and D. E. Meyer combined into
"latent accessibility" scores) for definitions whose ref
erent they could not recall. They observed that subse
quent lexical decisions were faster for unrecalled words
given high latent-accessibility scores than for unrecalled
words given low latent-accessibility scores. Yaniv and
D. E. Meyer interpreted these results as indicating that
the word definitions had partially activated the repre
sentations of the targets. They concluded that targets
with high activation received high feeling-of-knowing
judgments, and higher activation caused these targets to
be more speedily processed later.

Connor et al. (1992) disputed this interpretation.
Their first experiment replicated the results ofYaniv and
D. E. Meyer (1987). In a second experiment, however,
they reversed the order of the feeling-of-knowing task
and the lexical decision task. In this experiment, the lexi
cal decision task occurred 1 week prior to the definition
recall task and the metamnemonic judgments. In this
condition, lexical decisions were still faster for targets
that later would be given high latent-accessibility scores.
Partial activation ofthe unrecalled target cannot explain
these results, because the lexical decision occurred be
fore the word-definition task.

Jameson, Narens, Goldfarb, and Nelson (1990) also
reported findings that are inconsistent with the sub
threshold version of target-based information. They
were interested in the effects of subliminal priming on
feeling-of-knowing judgments. In their priming tech
nique, they presented the correct answer to the subjects
tachistosocopically, near the measured threshold ofcon
scious perception. The target was immediately followed

by a pattern mask. For example, the subjects may have
read the question, "What is the capital of Thailand?" If
they could not recall the correct answer, either the name
Bangkok or a nonsense prime was briefly presented and
then masked. The subjects were then given a feeling-of
knowing task for the unrecalled question. They found
that although near-threshold target priming resulted in
better recall ofgeneral-information questions, it did not
affect feeling-of-knowing judgments.

Several studies now suggest that cue familiarity may
playa role in feeling-of-knowing judgments (Metcalfe
et aI., 1993; Schwartz & Metcalfe, 1992). Furthermore,
a number of studies argue against the role of the target
itself in the judgments (Connor et aI., 1992; Jameson
et aI., 1990; Metcalfe et aI., 1993; Schwartz & Metcalfe,
1992). Nonetheless, the studies mostly deal with target
retrieval in a simplistic, direct-access fashion. Some of
the theorists who support target-based views have con
sidered more complex inferential approaches to target
sources (Koriat, 1993, 1994; Nelson & Narens, 1990). In
the next section, this inferential approach to target
sources in feeling-of-knowing judgments is discussed.

The accessibility heuristic. An elaboration of the
products-of-retrieval hypothesis is called the accessibil
ity heuristic hypothesis (Koriat, 1993, 1994), the "no
magic" hypothesis (Nelson & Narens, 1990), or the om
nibus retrieval hypothesis (Metcalfe et aI., 1993). Koriat
argued that feeling-of-knowing judgments are based on
any retrieved information, regardless of whether the in
formation is correct or incorrect. He also proposed that
the feeling of knowing may also depend on the intensity
of the partially retrieved information (see Begg et aI.,
1989). For instance, if the partial information is partic
ularly vivid, specific, or persistent, the feeling of know
ing will be stronger. Koriat's approach, like Nelson and
Narens's (1990), does not limit the partial information to
correct information. Any retrieved information may be
weighted in the judgment. His approach does not assume
that the subjects have any special access to the unre
trieved item. Rather, Koriat postulates that "monitoring"
is "parasitic" on the retrieval process. If the partial in
formation retrieved happens to be correct, the feeling
of-knowing judgments will predict performance. If in
correct partial information is retrieved, feeling of
knowing will be high, but it will not correlate with cor
rect performance.

The data supporting this theory are generally drawn
from studies that show a relation between feeling-of
knowing judgments and the amount of partial informa
tion recalled by the subjects. For example, Blake's (1973)
subjects studied three-letter trigrams (e.g., MKD) and,
after an 18-sec distractor task, attempted to recall as
many letters as possible from the series. If they could not
recall all of the letters, they made feeling-of-knowing
judgments and then engaged in a recognition task. Blake
discovered that partial recall of the three-letter trigrams
was related to higher reported feeling of knowing for
those items. In a similar experiment, Koriat (1993) had
subjects recall as many letters as they could from four-
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or five-letter strings. They were then asked to give feeling
of-knowing ratings for future recognition. The more let
ters a subject produced, the higher the feeling of know
ing. Blake's and Koriat's tasks differed from the standard
RJR paradigm in one important respect-no explicit
cues were given. The to-be-recalled information was the
letter sequence the subject had just seen, and the task
was to free recall the letters. Thus, unlike other feeling
of-knowing tasks, the subjects could not rely on cue fa
miliarity to make their judgments. Because the task in
volved free recall, they must have relied on alternative
sources of information. Thus, it may become necessary
to distinguish this task from the standard RJR task.

Krinsky and Nelson's (1985) data are also relevant to
the accessibility heuristic approach. They were inter
ested in whether feeling of knowing following a com
mission error (an incorrect response) was different from
feeling of knowing after an omission error (a "do not
know" response). The subjects engaged in a standard
RJR procedure with general-information questions as
stimuli. The experimenters classified each recall error as
either a commission or an omission error, depending on
the response given. The subjects then made feeling-of
knowing judgments. Krinsky and Nelson found that the
subjects gave higher feeling-of-knowing judgments to
commission errors than to omission errors. Koriat (1993)
interpreted this finding as support for the accessibility
heuristic hypothesis, because the recall of incorrect in
formation was correlated with a higher magnitude of the
feeling of knowing. Again, however, although Krinsky
and Nelson's data are suggestive ofa partial-information
effect in feeling of knowing, they are correlational.

Schacter and Worling (1985) examined how attribute
information of targets influences judgments. Using a
standard RJR procedure, they asked subjects to study
word pairs. All of the targets were either positive-affect
terms (e.g., terrific) or negative-affect terms (e.g., hor
rible). For unrecalled items, the subjects predicted their
feeling of knowing and tried to identify the target as
"good" or "bad." They could recall the affective valence
of unrecalled items better for items given high feeling
of-knowing judgments than for those given lower judg
ments. These results suggest that partial information
may frequently accompany high feeling of knowing.
Once again, the availability of target information was
not manipulated in these experiments, so caution must
be maintained in interpreting this correlational study.

Metcalfe et al. (1993; Experiment 4) looked at remi
niscence (recall of previously unrecalled items) after
feeling-of-knowing judgments. They found that remi
niscence and initial recall were influenced by the same
variable; that is, repetition of the target improved mem
ory (A-B A-B > A-D A-B), whereas the feeling-of
knowing judgments were affected by cue repetition
(A-B A-B = A-B A-D). However, when they looked at
all retrieved information, not simply correct informa
tion, they found that the interference condition, A-B
A-D, resulted in as many total responses, correct and in
correct, as did the A-B A-B condition. The control con-

dition, A-B C-D, showed fewer responses and lower
judgments. Metcalfe et al. noted that this result is con
sistent with Koriat's approach, although they endorsed
another interpretation. The combination of the correla
tional data outlined above and the results of Metcalfe
et al.'s experiment suggests that subjects may indeed use
retrieved information, when it is available, to inform
their feeling-of-knowing judgments.

Domain familiarity. Domain familiarity is an exten
sion of cue familiarity when it is applied to more natu
ralistic stimuli. Cue familiarity appears to be a source of
information in situations in which subjects do not have
recourse to target-based information. Indeed, with
speeded decisions (Reder, 1987; Reder & Ritter, 1992),
subjects use their feelings of knowing before they can
retrieve any information. Furthermore, when impover
ished stimuli are used, there may be no partial informa
tion for subjects to draw upon, and they may then be left
with cue familiarity as the only source of information
(Metcalfe et aI., 1993; Schwartz & Metcalfe, 1992). If
these subjects cannot recall the target, they may not have
access to any partial or related information, because the
stimuli are paired associates. However, when more nat
uralistic stimuli are used, such as general-information
questions (Nelson & Narens, 1980b), subjects may have
additional sources of information available, such as re
lated information or memories for prior exposures to the
material. It is a matter of semantics to label this related
information as target information (the subject must re
trieve it) or cue information. Thus, for naturalistic stim
uli, the boundaries between cue familiarity and the ac
cessibility heuristic break down. The retrieval of related
information, or memory for prior history with the ques
tion, may serve as cues for retrieval and additional cues
for determining cue familiarity. This hypothesis will be
considered here as domain familiarity. Presently, there is
no research that addresses the issue of whether domain
effects result from cue-based or retrieval-based sources.

The domain familiarity hypothesis states that meta
mnemonic judgments (usually feeling of knowing) are
based on a person's subjective assessment of knowledge
about the topic of inquiry (Connor et aI., 1992; Coster
mans et aI., 1992; Glenberg et aI., 1987; Nelson et aI.,
1984; Reder, 1988). Nelson et al. (1984) included actu
arial information and presumed expertise in this cate
gory. According to this hypothesis, if the question falls
in a subject's domain ofexpertise, the judgments will be
higher than those in a domain for which the subject re
ports less knowledge. Like cue familiarity, the judg
ments are not based on partial information of the spe
cific response. Rather, they arise from an assessment of
cue familiarity, except that the whole domain of inquiry
may be included as the cue. In this way, the domain fa
miliarity hypothesis mirrors the cue familiarity hypoth
esis, except that it takes into account a subject's pre
experimental experience with tested items.

The domain familiarity hypothesis shares some fea
tures with target-based hypotheses as well. According to
both views, retrieved information may playa role in the
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judgments. Subjects may rely on the retrieval ofdomain
specific knowledge to inform their judgments. For in
stance, if subjects are given a question such as, "What is
the capital ofJamaica?", the domain familiarity hypoth
esis suggests that subjects' feeling-of-knowing judg
ments are based on related information, such as the
major cities of Jamaica, a recent winter vacation to Ja
maica, or reggae bands from Jamaica. The critical dif
ference between domain familiarity and target-based in
formation is that, according to the domain familiarity
hypothesis, the retrieved information is not restricted to
information about the specific target. Rather, related in
formation may increase the familiarity of the domain
and cause judgments to change (for a related view, see
Nelson et al., 1984; Nelson & Narens, 1990).

Reder (1988) reported an unpublished experiment
that is relevant to the domain familiarity hypothesis. She
asked subjects to rank order their knowledge offour top
ics. The subjects then indicated, as rapidly as possible,
whether they knew the answer to a general-information
question that was drawn from one of these four topics.
The subjects indicated that they were more likely to re
trieve an answer for the self-rated familiar topics than for
the self-rated unfamiliar topics. The bias to indicate po
tential knowledge in a highly familiar domain is consis
tent with the domain familiarity hypothesis (see Miner
& Reder, 1994).

Costermans et a1. (1992) were also interested in the
effects of domain knowledge on feeling of knowing.
Their subjects made feeling-of-knowing judgments for
unrecalled general-information questions and then an
swered a "subsidiary questionnaire." The questions that
addressed subjective domain familiarity were "Is the do
main of the question familiar to you?" and "How many
people around you do you think know the answer to this
question?" They found a high correlation (.49 and .63,
respectively) between the two questions and subjects'
feeling-of-knowing judgments. Costermans et a1. inter
pret these correlational results as being consistent with
a domain familiarity account. Further study requires the
manipulation of independent variables, such as control
ling a subject's knowledge in a given domain.

Ritter, 1992). The relation between the source of judg
ments and subsequent accuracy has not been systemati
cally investigated. Nonetheless, there have been at
tempts to explain this relation (Begg et al., 1989; Hart,
1967a; Koriat, 1993; Metcalfe et al., 1993).1

In the case ofdirect access, the relation betweenjudg
ment and accuracy is straightforward. Because people
directly monitor the strength of the memory trace, the
metamnemonic judgments should be highly accurate.
For example, Hart's (1967a) subthreshold model (see
Figure 2) is based on the idea that the feeling of knowing
monitors memory strength of items below the threshold
of recall. According to this account, feeling-of-knowing
judgments should be above chance-indeed, nearly per
fect. Hart observed only modest effects and was sur
prised that the judgments were not more accurate. He
speculated that the final test is important in determining
accuracy. In his model, the recognition threshold varies
as a function of test difficulty. Even if an item has some
representation in memory, a difficult (or easy) recogni
tion test may obscure the expression of that memory by
allowing recognition to be at ceiling or at floor. Under
normal circumstances, however, the judgments will be
above chance because the subject's feeling-of-knowing
judgments have access to items in memory.

Koriat's (1993) approach centers on the evaluation of
partial information rather than on a special monitoring
system that "knows" the correct response. The subject
must infer whether he or she will retrieve the answer on
the basis of the amount of partial information that is
available. If enough partial information is retrieved, and
if it is of sufficient intensity, the subject will give a pos
itive feeling-of-knowing judgment. Koriat accounts for
accuracy by suggesting that subjects tend to retrieve
more correct than incorrect information. Ifmore correct
information is retrieved, the feeling-of-knowing judg
ments will tend to be accurate in predicting feeling of
knowing. If, however, more incorrect information is re
trieved, the feeling-of-knowing judgments may actually
be inaccurate.
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THE HEURISTIC NATURE OF

METAMNEMONIC JUDGMENTS

Koriat (1993) distinguished between three potential
motivations for the study of metamnemonic judgments.
First, researchers may study the underlying sources,
processes, or mechanisms of the judgments. Second,
they may wish to investigate whether or not the judg
ments predict subsequent performance. Third, they may
seek to understand the relation between mechanism and
accuracy. Initially, most research focused on the issue of
accuracy (Blake, 1973; Groninger, 1979; Hart, 1965;
Nelson, 1988; Nelson et al., 1982; Schacter, 1983).
More recently, attention has turned to mechanism (Ko
riat, 1993; Metcalfe, 1993; Reder, 1987, 1988; Reder &
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Koriat's argument is easily extended to cue-only
JOLs. Subjects can use retrieved information as a pre
dictor of later recall. If a subject is able to recall the tar
get at the time of making the JOL, this may serve as a
good indicator that recall will occur at a later time (Dun
losky & Nelson, 1992; Nelson & Dunlosky, 1991). In
fact, Spellman and Bjork (1992) note that retrieval may
often serve to strengthen the memory involved, and that
cue-only JOLs may be a "self-fulfilling prophecy." Ifan
item is retrieved, it not only receives a high judgment,
but the act of participating in the judgment task also in
creases the likelihood ofrecalling the correctly retrieved
items. An implication of this notion is that accurate pre
dictions should lead to better recall performance later.
Nelson and Dunlosky (1992), however, noted that recall
following immediate JOLs (low accuracy) did not differ
from recall following delayed JOLs (high accuracy).
Begg, Martin, and Needham (1993) found that the act of
making a metamnemonic judgment on a particular item
did not raise its likelihood of later recall above the level
that would have occurred from an extra study trial. Thus,
although JOLs may not offer any benefit over study,
using retrieval at judgment as an index ofretrieval at test
ought to be a good predictor of performance. Indeed,
cue-only JOLs tend to be quite accurate, with gammas
often reaching .9 or higher.

Begg et al. (1989) argued that subjects use ease of
processing to make metamnemonic judgments (see also
Kelley & Lindsay, 1993). They suggested that subjects
use ease of processing as a heuristic in determining fu
ture memory performance. Like Koriat's accessibility
heuristic, Begg et al. (1989) suggested that when ease of
processing is correlated with memory behavior, judg
ments will be accurate. If ease of processing is not cor
related with the memory behavior in a given task, the
judgments will not be accurate. In their study, however,
accuracy did not differ reliably as a function of ease of
processing, so, like the other heuristic ideas, this idea re
mains speculative.

Reder and Ritter (1992) and Metcalfe et al. (1993)
used similar arguments to relate cue familiarity to accu
racy. Subjects may use cue familiarity as a heuristic to
predict target memory. Under normal circumstances,
cue familiarity and target memory are correlated; if a
cue item is familiar, the target is more likely to be in
memory. Tothe extent that this correlation is true, feeling
of-knowing judgments will be accurate. Here, too, ifcue
familiarity is not correlated with memorability, the judg
ments will not be accurate.

Generally, there is some agreement that meta
mnemonic judgments are made by a heuristic, and not
by direct access to the target (Begg et aI., 1989; Koriat,
1993; Metcalfe et aI., 1993; Reder & Ritter, 1992). Al
though the nature of the heuristic is still subject to de
bate, most researchers think that the judgment process
involved in making feeling-of-knowing judgments is
nonanalytic. Metcalfe et al. (1993) and Reder and Ritter
(1992) have argued that subjects use the familiarity of

the cue to make judgments concerning unrecalled infor
mation. Koriat (1993) has argued that people rely on par
tial information that is recalled, regardless of whether
such information is correct. Begg et al. (1989) have ar
gued that subjects use ease of processing as a heuristic
to determine their metamnemonic state. In each case, the
measurement is indirect and is based on the correlation
between what is actually measured and what the subject
wants to know (i.e., whether he or she will retrieve the
correct answer).

This heuristic view of metamemory is similar to the
attributional approach to memory that was developed by
Jacoby, Kelley, and Dywan (1989). They argued that
subjects do not always have direct access to their mem
ory processes. Rather, to infer that something occurred
in the past, subjects may often rely on nonconscious at
tributions that are based on such factors as ease of pro
cessing. To support this view,Jacoby, Kelley, and Dywan
presented several "memory illusions," which were cases
in which subjects misattributed new events as also hav
ing occurred in the past, and cases in which memory
processes influenced other kinds of judgments. Thus,
like the heuristic view outlined here, Jacoby's attribu
tional approach also notes the importance of inferential
processes in cognition.

Thus, there are two major explanations of meta
mnemonic accuracy. In the first, accuracy is a function
of a system that actually measures the strength of a
memory representation (e.g., Hart, 1967a). By this view,
metamnemonic judgments should always be accurate,
and deviations from perfect performance should be low.
In contrast, the heuristic view, endorsed by most re
searchers, regardless of their specific theoretical bent
with respect to the source involved in producing the
judgment, suggests that metamnemonic judgments are
accurate only when what they measure is, in fact, corre
lated with memory behavior.

CONCLUSIONS

The data suggest that different sources of information
may be the basis for different metamnemonic judg
ments. Cue familiarity appears to be important to feel
ings of knowing, whereas target information appears to
be important to judgments of learning. Furthermore,
these sources tend to produce judgments that are above
chance in predicting criterion performance. However,
despite the rather significant advances that have been
made in the investigation of metamnemonic judgments,
many questions remain. For instance, the research pre
sented here indicates the sources of information that
people use in determining their judgments, but the issue
of the development of these metacognitive libraries re
mains unexplored. How do people learn to apply one
source under one set of circumstances (see Eagle,
1967)? Indeed, Nelson and Narens (1994) discuss the
idea that monitoring and control may take place at mul
tiple levels within the cognitive system.
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Another important issue that needs to be resolved is
the role of conscious and nonconscious processes in
metacognition. Sources such as cue familiarity, ease of
processing, and the products of retrieval may be largely
automatic influences on metamnemonic judgments.
Generally however, judgments-metamnemonic ones in
particular-are considered to be representative ofhigher
order cognition. Ifso, can subjects apply conscious strate
gies to override these automatic feelings? Some research
ers suggests that more conscious processes may also play
a role in determining these judgments (see Begg et al.,
1989; Costermans et al., 1992; Nelson et al., 1984).
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NOTE

1. A fourth motivation, not discussed by Koriat, exists in the con
nection between metamnemonic judgments and the control of behav
ior (Mazzoni & Cornoldi, 1993; Mazzoni et al., 1990; Nelson &
Leonesio, 1988; Nelson & Narens, 1990, 1994; Reder & Ritter. 1992).
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