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Abstract

Success in leaming rrew material depends in part on accurate judgrnents about how well

the information has been learned. A common method for measuring accuracy in

monitoring progress in leaming involves asking participants to make Judgments of

Leaming (JOLs) or estimates of future recall for recently studied material. In tum, these

estimates are compared to actual success in luture recall. This research reveals that

people are fairly accurate, if somewhat overconfident, in judging future memory

perfomrance for material studied once (Koriat & Levy-Sadot, 1999). Recently, however,

Koriat, Sheffer, and Ma'ayan (2002), have presented evidence that repeated presentation

and recall of a list ofwords reduces JOL accl,rracy, producing a shift toward

underconfidence. One possible explanation fol this Underconfidence-With-Practice

(UW?) effect is that people discount the benefit ofrepeated study when each exposure is

highly similar. If participants use the extrinsic cues provided by encoding a word

differently (i.e., distinctive leaming), or increasing the eflortfulness olthe encoding

process, then the comespondence between JOLs and actual recall should be closer,

thereby eliminating the UWP effect. Using a list-leaming paradigm, Experiments 1 and 2

revealed that encoding words differently, or engaging in effortful encoding, did not

eliminate the UWP effect. In Experiment 3, participants wele explicitly informed either

that (a) repetition is berieficial or (b) r-epetition is not beneficial. Although participants in

the Benefit condition did ¡rot recall more words and were not better calibrated than

participants in the No-Benefit condition, they reported signifìcantly higlier ratings for the

benefit ofrepetition. The results are discussed witliin the framework ofKoriat's (1997)

cue-utilization theory.
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Introduction

In recent years, there has been a growing interest in metacognition and

nretacognitive processes across the lifespan (e.g., Hertzog & Hultsch, 2000; Plude,

Nelson, & Scholnick, 1998). Metacognition is an all encompassing term that essentially

refers to thinking about thinking. Although no single agreed-upon definition of

metacognition has emerged, within the domain of cognitive psychology metacognition

usually refers to the processes of monitoring mental states, control over cognitive

processes, and strategy selection in guiding problem-solving, leaming, and memory

(Paris, 2002). An important component of metacognition is metamemory. Specific

aspects of metamernory include memory-related beliefs and strategies, memory self-

efftcacy, and memory monitoring. Memory beliefs and strategies refer to one's general

knowledge of memory functioning and the processes that should be engaged in to

maximize acquisition of knowledge for later use. Mernory beliefs and strategies may

have a significant impact on behaviour. For example, consider an elderly individual who

believes that it is natural for'everyday memory' to worsen with age. The belief that

memoly deterioration is a 'normal' parl of the agíng process may affect behaviour in a

nurnber of ways. First, this person rnight become sensitive to memory failures and yet

ignore the perceived memory 'problem' because of the beliefthat nothing can be done

about it. On the other hand, this person might instead engage in memory stlategies such

as the use of mnemonics (e.g., imagery) and memory aids (e.g., note{aking) in order to

maximize memory perfonnance. In either case, memory beliefs and the consequential

use (or nonuse) of strategies are important detenninants of eventual memory

perlornrance.



Memory self-efficacy relates to how one 'feels' about their memory ability and

perfomrance. Consider another older adult who, like the person described above, also

holds the belief that memory gets worse with age. This individual may be less concemed

about minor instar-rces of forgetting because they feel their memory is generally quite

good.

Memory monitoring is an important component in acquiring new skills, leaming

new information, and effectively utilizing strategies for leaming. Memory monitoring

involves the ability to study new infonnation and make a judgment conceming how well

the uew information has been processed and acquired for future use. For example, when

attempting to memorize iterns to pick up at a grocery store, the task is to study that

information enough so that the iterns cau be recalled later. Success in this task depends

on accurate j udgments about how well the information has been leamed because such

judgnents are critical in guiding the learning process. If a leamer- jr.rdges the grocery list

as not yet committed to memory, they rvill devote more tirne to reviewing the list or will

develop altemative encoding strategies. The consequence is that enor in monitoring

learning plogress will Iead either to incomplete acquisition of the list or to devoting more

time than necessary to tlie task.

Factors that lead to underestilnations of Ieaming success have potentially dramatic

implications for adults of all ages in their efforts to acquire new skills and to comrnit

novel infonnation to memoty. The particular focus ofthis project is to explore

underestimations of leaming due to inaccurate memory monitoring by young adults.



Memory Monitoring and Control over the Leaming Process

Memory monitoring is critically impotant in guiding the leaming process (see

Nelson & Narens, 1990). This crucial role of memory monitoring derives from its use in

guiding control processes people apply in their efforts to acquire, maintain, and later

retrieve knowledge, thereby influencing behaviour at each stage of the leaming process.

According to the Nelson and Narens' framework, control processes operate at the meta-

level in order to prompt initiation, continuation, or termination of an action. At the point

of acquisition, control processes direct study based on infonnation provided via

monitoring processes. As learning progresses, people use memory-monitoring indicators

to assess horv well infonnation is leamed, which will then determine the amount of study

time and effort that is placed on leaming certain items, relative to others. During the

leaming process, metacognitive decisions also direct the termination of study. For

example, when an item is judged to be well-leamed, study efforts will cease.

Outside the laboratory, it is clear that efficient memory monitoring is essential for

perfonnance. Consider a university student who lias two exams the following day.

Several factors will determine whicll course material is studied and for how long.

Ignoring for the moment any grade incentives (e.g., relative worth of each exam), to gain

full benef,rt from study the student must apporlion her time in the most efficient manner

possible. Typically, this involves making a subj ective judgrnent as to what material can

be leamed easily and what material is already well-leamed. Based on these judgments,

the student will devote more attentional resources to yet-unlearned material according to

its level of difficulty. The student's perfomrance on these trvo exams will naturally

depend, in paÍ, on her actual rnemory ability. In addition, liowever, performance on the



exams will also depend on the student's efficiency in monitoring her own leaming

progÍess.

The contribution of memory monitoring to performance on remembering tasks is

well documented, influencing strategy use during both study and retrieval (Koriat &

Goldsmith, 1996,1998; Plude et al., 1998). In a typical experiment of this kind,

participants are shown a list of items (e.g., paired associates, sentences, answers to

general knowledge questions, etc.) to study for a later memory test. During study,

paficipants estimate the ease of leaming the item or the likelihood of recalling the item

later. For example,Mazzoni, Comoldi, and Marchitelli (1990) found that parlicipants

will modify their learning strategy depending upon how well they believe they know the

target itern. ln their research (Experirnent 1), participants who were allowed to re-study

the target items at their own pace after the frrst exposure to the list devoted more study

time to items they were initially uncertain about being able to recall, thereby diverting

resources away from iterns judged to be very-well learned or very-poorly leamed.

Participants in this study were fairly accurate in discriminating between items that they

already knew, and therefore did not need to study furlher, and items that were still

learnable given the time constraints of the study. The results of this experiment illustrate

how mernory-monitoring processes, such as assessing how well an item is leamed and

judging its potential to be leamed, can influence leaming strategies. In this example, the

participants shifted their focus and attention towald items that had the most potential to

improve their per formance.

The signifrcance of the role of mernory monitoring in directing leaming was

furlher demonstrated by Nelson, Dunlosky, Graf, and Narens (1994). Inaseriesof



experiments, they found that how well iterns rverejudged to be leamed directed strategy

use during study, thereby influerrcing actual performance. Using 36 Swahili-English

translation equivalents as stimulus-r'esponse pairs, participants studied the items, and then

decided how likely they thought it was that they would be able to remember the target

word later when cued with the stimulus. Half of the items were then restudied before

final recall. Participants were randomly assigned to one of four conditions. In the Worst-

Leamed Items (WLI) condition, the 18 pairs chosen for restudy had received the lowest

likelihood judgnents from that individual. ln the Best-Leamed Items (BLI) condition,

the i8 pairs with the highest judgments were lestudied. h the Normative-Most-Difficult

Items (NMDI) condition, the items chosen for restudy were the 18 most difficult word

pairs based on group base-rate data concerning level ofdifficulty and recall performance.

The fourth group consisted of the Self-Chosen Iterns (SC! group. Afier each likelihood

judgrnent, participants in the SCI condition could decide by pressing a button if they

wanted to study that item later, up to maximum 18 items. Overall, recall performance

rvas highest for participants in the WLI and SCI conditions, followed by the NMDI

condition, and poorest lor the BLI condition. Thus, additional study time was most

effective rvhen the items chosen for restudy were based on one's own judgments of

learning, even relative to itens considered to be most difficult for people in general.

To summarize, people use nemory-ntonitoring processes both to infer the ease of

leaming new information and how well that material has been leamed. In tum, these

processes guide control over study sttategies, allocation of study time, and study

tenrrination (e.g., Nelson & Leonesio, 1988). hr the context of menory-monitoring

processes, these Experiments ale mainly concerned with people's accuracy in judging
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their own success in leaming because of the importance of these judgments in directing

allocation of leaming resources.

A¡e individuals fairly adept at monitoring their own success in committing

information to memory? Correspondence-oriented research examines both accuracy and

error in remembering information about the past and in memory monitoring (Koriat,

Goldsmith, & Pansky, 2000). With respect to memory monitoring, conespondence refers

to the association between expectations of future success in remembering and actual

success in future remembering. One way of assessing memory monitoring accuracy is by

having participants explicitly make Judgments of Leaming (JOLs) at the time of study

and then comparing those judgments to actual success in remembering that information in

the future (Dunlosky & Nelson, 1994; Koriat & Shitzer-Reichert, 2002).

Judgments of Leaming

Judgments of Learning (JOLs) are predictions concerning the likelihood offuture

recall for recently studied material (Arbuckle & Cuddy, 1969; Nelson & Narens, 1990).

JOLs have been investigated with a wide variety ofstudy material, including text

comprehension (Canoll & Korukina, 1999; Rawson, Dunlosky, & McDonald, 2002),

keystroke pattems (Simon & Bjork, 2002), sentence lean ng (Mazzoni & Comoldi,

1993), paired associates (Canoll, Nelson, & Kirwan, 1997; Hertzog, Dunlosky,

Robinson, & Kidder, 2003; Koriat, 1997; Koríat, Sheffer, & Ma'ayan,2002; Koriat &

Shitzer-Reichert , 2002; Lovelaca 1984), categorization (Kelemen, 2000), memory for

sentences (Shaddock & Canoll, 1997) and answers to general knowledge questions

(Benjanrin, Bjork, & Schwarlz, 1998; Sliaughnessy & Zechrneis ter, 1992). If rnemory-
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monitoring processes are accurate, the correspondence between JOLs and actual success

in remembering will be high. That is, JOLs will accurately predict recall performance

when participants are lúghly sensitive to their actual leaming progress. Mazzoni et al.

(1990) also suggest that JOLs are dynamic in that they are constantly upgraded and

amended as learning progresses. The student in the example described above will

therefore make ongoing subjective assessments ofher progress and will modily her study

strategies in an effort to maximize learning.

On what l¡asis do participants make their JOLs? The two dominant theories that

examine the theoretical basis for JOLs are the direct-access view and the inferential

approach.

The Direct-Access Approach to Judgments of Learning

The direct-access approach suggests that people actually monitor directly the

strerrgth ofthe memory'trace' ofa studied item (Arbuckle & Cuddy, 1969). This view

presumes that individuals ale able to constantly gauge the memory strength ofa to-be-

remembered item and update their study time based on these assessments. Factors that

are known to influence JOLs, such as amount ofstudy and extensiveness ofencoding, are

thought to operate tkough their influence on the memory trace itself For example,

according to this approach the greater the amount of study time, the stronger the memory

trace will be. JOLs are considered to be accurate reports of the strength of the memory

trace, such that the stronger the memory trace is, the higher the JOL. A number of

problems tvith this hypothesis have been noted. First, this approach ignores the

inferential nature ofJols and discounts the use ofcue heuristics. cues such as encoding



and retrieval fluency, for exarnple, influence JOLs but not actual recall (Benjamin et al.,

1998; Herlzog et al., 2003). The importance ofcue heuristics on JOLs are described in

further detail below (Koriat, 1997). A second, related criticism derives from research

indicating an imperfect relationship between JOLs and actual memory performance (e.g.,

Lovelace, 1984), suggesting that memory monitoring may operate separately fiom actual

leaming success. According to the direct-access hypothesis, predictions of future recall

should always be accurate, at least to the extent that items judged more likely to be

recalled should be recalled better than items with lower ratings (Schwartz, Benjarnin, &

Bjork, 1997). Yet research has shown that, under some conditions, items given higher

recallability ratings are actually recalled more poorly than items with lower ratings (e.g.,

Benjamin et al,, 1998).

An underlying flaw in the direct-access approach is that it assumes that

individuals have privileged access to their orvn prior experiences, and can summon up

these events in the same way that one locates and retrieves a document from a filing

cabinet. Cunently, there is little positive evidence to support this memory-trace view of

access to our past. Instead, Whittlesea (2003) and others (e.g., Loftus &pahner,1974;

Roediger & McDermott, 1995 1996) propose that remembering is a constructive process

based on both fluency ofcurent processing and inferences or attributions made

conceming the state of this processing. For example, Leboe & Writtlesea (2002;

Experiment 3) found that confidence in recalling the correct target when cued with the

stirnulus depended upon inferences that paÍicipants made as to why a potential target

came to mind when they viewed the stimulus. During the training session, participants

were presented with stimulus-response pairs that were either related (e.g., LION-TIGER),
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urrelated (SUMMER-TABLE), or words paired with a string of "XXXX" (e.g., FORK-

XXXX). Although overall accuracy was highest for recall of related items, participants

were most confident in their response to unrelated targets and the least confident when

the target was "XXXX". These authors suggested that response fluency and participants'

evaluation ofthe source ofthat fluency contributed to their confidence. Specifically, a

potential target word that is related to the stirnulus comes to mind easily, such as thinking

of the word TIGER when presented with the word LION. The target "XXXX" is also

produced fluently because or-re-third of the study items were paired with it, thus making it

a relatively frequent target. Yet despite the fluency ofproducing these responses,

paÍicipants recogrized that these potentia[ targets came to mind not necessarily because

they were the conect response, but because it is easy to think ofthe word TIGER when

presented with LION, and "XXXX" comes to mind easily because it was seen frequently

during the study phase. In contrast, if upon plesentation of a stimulus an unrelated word

is produced fluently, parlicipants attributed this fluency to having produced the conect

response. Mole recently, Whittlesea and Leboe (2003; Experiment 3) replicated this

finding. hr addition to the influence offluency on confidence ofrecall, they also found

that participar-rts were most impressed by unexpected, or surprising fluency. By

performing a median split on response tirnes for each type of context (i.e., related,

uruelated, or "XXXX"), Whittlesea and Leboe were able to disentangle the effects of

response fluency and the perception of congruency/discrepancy in recall. Par.ticipants

were rnore confident in fast responses to unrelated targets compal.ed to fast generation of

related targets, despite the fact that participants were actually quicker at generating

related targets. Participants interpreted their surprising fluent generation olar.r uruelated
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target in response to the stimulus as indicative that they saw the word paìr during the

study phase, even when they had not. However, according to the direct-access hypothesis

the¡e should be no difference in the probability of claiming an inconect response as

actual recall since trace strength should be non-existent for all inconect responses. The

inferential view is preferable then, as it accounts for the reconstructive, evaluative nature

ofrecall, explaining both feelings of remembeling that are accurate and inaccurate.

The lnferential Approach to Judgnents of Leaming

A more promising altemative theory conceming the basis for JOLs is the

inferential approach (Schwartz et a1.,1997). This view takes into account sources of

infon¡ation available to the partioipant at the time of making JOLs other than those

dilectly related to the success of leaming. For example, there is some evidence that JOLs

are paftly determined by fluency effects (Benjamin & Bjork, 1996; Benjamin et al., 1998;

Bjork, 1999; Heftzog et a1.,2003; Matvey, Dunlosky, & Guttentag,200l). Bjork (1999)

suggests tlÌat two types offluency plocesses influence JOLs. Perceptual fluency relers to

speed ofperceptual processing ofa target iter¡. Considerable research reveals that this

influence gives rise to feelings of farniliarity. The idea is that people unconsciously

attribute fluent perception of a stimulus to prior exposure, leading to a conscious feeling

of lamiliarity (Jacoby, Kelley, & D¡van, 1989; Jacoby & Whitehouse, 1989).

Alalogously, it appears that pelceptual fluency may also influence JOLs by giving rise to

the inlerence that a word is likely to be recalled later. Consistent with this idea, Hertzog

et al. (2003) repofed that the speed ofgenelating an interactive image between two
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words (i.e., encoding fluency) was associated with higher JOLs, even though this

influence was un¡elated to actual recall.

For example, Reder (1987, Experiment 6) found that participants were not only

faster to make a response but were also more likely to repof that they'think' they know

the answer to a difficult general knowledge question if they had been previously exposed

to one or two words from the question sentence (Primed condition), than if they had not

been exposed to a word from the question sentence (Unprimed condition). For example,

for the question "What term in golfrefers to a score of I under par on a particular hole?",

participants who were primed to this question had been previously exposed to the key

words "golf'and "par", under the guise ofrating the Íìequency ofthese tenns. One

explanation for why recent exposure to the primed words increased the feeling-of-

knowing for the auswer is tliat the difficult questions in the Primed condition were

processed more fluently, thereby giving the participant a false feeling-of-knowing.

In contrast to encoding fluency, retrieval fluency involves the speed or certainty

with which people can generate a potential response in the context of a memory task.

Prior research demonstrates that retrieval fluency can enJtance conhdence in a response,

independent of its accuracy. For example, Kelley and Lindsay ( 1993) found that prior

exposure to responses to general knowledge questions produced higher conhdence in

those responses. To illustrate, participants in this study who were exposed to the name

'Cody' on a list prior to answeliug general knowledge questions were more fikely to

report the answer'Cody' in lesponse to the question, "What was Buffalo Bill's last

name?" and to do so with a high degree of confidence. In this example, relying on

retrieval fìuency led to a close correspondence between confidence in the answer given
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and its accuracy, However, Kelley and Lindsay also found that participants exposed to a

¡elated-incorrect tesponse (e.g., Hickock) were tnore likely to report this answer instead,

and do so with a high degree of confidence. That is, while retrieval fluency can

sometimes serve as a useful cue forjudging the conectness ofa response, it can also lead

people astray when an answer is retrieved fluently for some reason other than its

accuracy. Applied to JOLs, retrieval fluency may sometimes corelate with future recall

success, but may also lead to erroneous predictions when retrieval fluency occurs for

reasons that are not predictive of future lemembering (Benjamin et al., 1998).

Thus, the inferential approach can accommodate circumstances in which JOLs

will not be predictive of future recall because systematic enors sometimes occur in the

useof irrferential cues (Schwartz etal., 1997). Koriat's cue-utilization model is a

pronrinent example of the inferential approach to JOLs (Koriat 1997; Koriat &Levy-

Sadot, 1999; Koriat et a1.,2002).

The Cue-Utilization Model of Judgments of Learning

Koriat (1997) proposed a cue-utilization rnodel for explicating the mechanisms

involved in making JOLs. He suggested that JOLs are based on three different types of

cues available to the learner: intrinsic, extrinsic, and mnemonic cues. Intrinsic cues are

characteristics of the study items that may provide some indicators oftheir future

memorability. These a priori judgments are based on inherent features of a target item.

that suggest to the leamer the ease or diffrculty of leaming tlie material. For example, an

intrinsic cue in paired-associate tasks is the degree ofrelàtedness between words in a

pair. In a typical paired-associates task, participants are presented with a pair ofwords
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and are instructed to remember the target (i.e., right-hand word) for a later memory test.

Word pairs can be manipulated such that there is a high degree ofassociation between the

cue and target word (e.g., HOT-COLD) or a low degree of association (e.g., TRUCK-

LAMP). After study, participants are given a cued-recall task in which they have to

generate the correct target word when cued with the ieft-hand (or cue) word. There is

evidence that participants are sensitive to the intrinsic cue ofrelatedness when making

JOLs, appreciating that highly associated pairings are easier to learn than less related

pairings.

Extrinsic cues refer to study conditiorrs and encoding processes present at the time

of acquisition. Examples of study conditions include the number of tirnes a word is

presented during a study phase or the number of study items in a list. Encoding

processes, such as whether a participant attends to the letter structure, phonology, or the

meaning of a word, are extrinsic cues that may also be relied upon when making JOLs.

To illustlate the difference between these two bases of making JOLs, Carroll et al.

(1997; Experiment 1) found higher JOLs were reported for paired associates that were

less well-leamed and related than for items that were overleamed and not related.

Participants in this study were required to achieve either only two correct recalls per

related item (correct recall of ROCK, given SOIL as a cue twice) or in the overleamed

condition, 8 correct recalls per umelated item (recall DISEASE given ENGINE as a cue

eight times). The degree oflelatedness between the words is an intrinsic factor of the

material to be leamed, whereas the amount of leaming is extrinsic because it is a

condition of the study task. Interestingly, they found that recall was higher for

paÍicipants in the overleamed condition, even though items from that condition were
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associated with lower JOLs. This finding indicates that participants believed that an

intrinsic cue (relatedness) would be more beneficial than an extrinsic one (amount of

leaming), although the extrinsic cue was the better predictor of performance. Such

evidence that participants discount the use ofextrinsic cues when making JOLs is not

uncommon (Koriat, 1997; but see Shaddock & Canoll, 1997). Dunlosky and Matvey

(2001) also found that the degree ofrelatedness between paired associates influenced

JOLs, even when the relatedness rating was made by a separate group ofparticipants.

Thus, the weight of the current evidence suggests that participants rely heavily on

intrinsic cues when making their JOLs. It is not clearly understood rvhy participants

often do not rely on extrinsic cues when making their JOLs, especially relative to the

actual benefit of extrinsic cues on performance. This is an impofarrt point and will be

examined again later, as it forms part of the motivation for these Experiments.

Mnernonic cues are subjective in nature and may valy considerably between

individuals. These cues are used as signals by the learner to infer how well an item has

been leamed and may be influenced by both intrinsic and extrinsic cues. Examples of

cornmonly-used mnemonic cues for making JOLs include fluency of perception or

letrieval (e.g., Benjamin & Bjork, 1996) and memory fol whetlier prior recall attempts

were successful (e.9., Mazzoni & Cornoldi, 1993). The use of soms mnemonic cues may

promote accuracy when making JOLs; others, however, may lead people astray, as in

research demonstrating that reliance on processing fluency during study may be unrelated

or negatively-corretated with future recall success (Benjarnin et a1., 1998; Hertzog et al.,

2003).



The above discussion provided a brief overview of the main approaches that

examine the theoretical basis for JOLs. However, it is important also to understand the

relationship between JOLs and actual memory performance. The following discussion

looks specifically at the accuracy ofJOLs under different study conditions, and the key

methodological approaches used to calculate accuracy.

Accuracy of JOLs

Despite evidence that people do not make JOLs based directly on how well they

have committed information to memory, previous research indicates that JOLs are

usually fairly accurate, although not perfect, in appraising future memory perfonnance

(for a review see Koriat & Levy-Sadot, 1999; also Lovelaie, 1984). Thus, it appears that

inferences about the likelihood of future recall often rely on cues that are related to actual

future recall. Nevertheless, after only one exposure to the to-be-rernembered

information, there is evidence that participants are sometimes overconfident in their JOL

pr-edictions (e.g., Lichtenstein, Fischhoff, & Phillips, 1982; Mazzoni & Nelson, 1995).

Therefore, although participants tend to be fairly accurate in their JOLs after one study-

lecall trial, inaccuracies tend to be on the side of overestimating success in future

rernembering.

A number offactors have been associated witli higher JOL accuracy after one

study session. For exarnple, when JOLs are delayed until just prior to testing (i.e., JOLs

are given at the end of the study session, rather than afler each target itern), they are more

predictive ofrecall success (Dunlosky & Nelson, 1992, 199 4; Hertzog & Hultsch,2000;

Kelemen & Weaver, 1997; Nelson & Dunlosky, 1991;Thiede & Dunlosky, 1994;
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Weaver & Kelemen, 1997). Using the method of free-recall for the memory task is also

associated with greater JOL accuracy, cornpared to tests ofrecognition (Thiede &

Dunlôsky, 1994). In addition, Leonesio and Nelson (1990) found that the predictive

accuracy ofJOLs was higher for items that had been overleamed (to a criterion offour

correct recalls) compared to items coÍectly recalled once.

The most dramatic effect on JOL accuracy is the delayed-JOl effect (Nelson &

Dunlosky, 1991, 1992). In the typical item-by-item JOL procedure, participants make

their JOLs immediately following the presentation of each study item. If participants

make JOLs after studying a list of items, butjust plior to testing, the accuracy ofthese

predictions increases substaritially. For example, in a typical delayed JOL experiment,

participants study a list ofpaired associates and judge how likely they are to recall the

target word when preserrted with the cue word. Unlike itern-by-item (or immediate)

JOLs that are elicited imrnediately after presentation ofeach item, in a delayed-JOl task

these judgments are not elicited ur.rtil a given length of time has passed between study and

the JOL (e.9., 10 minutes).

To illustrate, Nelson and Dunlosky (1991) liad participants make both item-by-

item as well as delayed JOLs. Participants studied a list ofpaired associates and were

required to make immediate JOLs fol half of thern and delayed JOLs for the other half.

JOLs were elicited by plompting participants with the cue wold, and then asking how

likely they think it is that they will remember the target word later when given the cue

word. In the immediate-JOL condition, JOLs were made after presentation of each word

pair. For example, participants rnight be shown the pairing "LAMP-BULB", which

would be followed irnmediately by "LAMP-???" along with the request to predict the
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likelihood of recalling the target word (BULB) later. In contrast, in the delayed-JOl

condition, JOLs were made after presentation of the entire list of associates. For

example, participants might be shown the pairing "FISH-SHRIMP", which would be

followed after studying the list ofassociates by "FISH-???" along with the request to

predict the likelihood of recalling the target word (SHRIMP) on a future memory test. A

cued-recall test ofparticipants' ability to recall target words given the left-hand cue

words occurred after a delay often minutes.

Two of the more prominent cornpeting views regarding the origin of the delayed-

JOL advantage highlight the distinction between the direct-access view and the cue-

utilization approach. For example, consistent rvith the direct-access view Kimball and

Metcalfe (2003) have argued that delaying JOLs improves accuracy through improving

actual memory performance (i.e., increasing trace stlength), not through enhanced

memory monitoring. They suggest that accuracy for delayed JOLs is higher than for

immediate JOLs because delayed JOLs improve recall tluough spaced-study

oppofiunities. According to their monitoring-retrieval hypottresis, when cued with a

stimulus, a participant tries to recall the target and, ifsuccessful, will report a higher JOL

than if they are unsuccessful. Thus, for immediate JOLs, participants are provided with

only one study opportunity to see the target item and then make a JOL. In contrast, study

oppofunity is spaced for delayed JOLs because participants are exposed to the target

item, and then after some time has passed, are given the opportunity to try to retrieve the

target when the JOL is elicited. Wlìen diflerences in spaced study were eliminated by re-

exposirrg parlicipants to the word pairs after thei;r initial study-JOl, the advantage of

delayed JOLs was elirninated.
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Spellman and Bjork (1992) have also argued that delayed JOLs operate tkough

improving mernory perfonnance, and that the delayed-JOl effect is not a result ofbetter

memory monitoring per se, but due to an improvement in actual memory performance.

This view is also consistent with the direct-access view ofJOLs discussed above, in that

the memory for a stimulus is assumed to be strengthened with repeated successful

retrieval attempts. Nelson and Dunlosky (1992) have provided some evidence against

this hlpothesis, however, ruling out the possibility that actual memory performance is

better when participants make delayed JOLs than when they make immediate JOLs.

Dunlosky and Nelson (1997) also found no evidence that recognition performance is

better afler delayed than immediate JOLs, (when JOLs were cued by the stimulus alone),

suggesting also that the delayed-JOl effect is not due to memory improvement. lnstead,

they favour a Monitoring-Dual-Memo¡ies (MDM) hypothesis in that people

simultaneously access their short-term memory (STM) and long{erm memory (LTM)

when making JOLs Qrlelson & Dunlosky, 1991). When immediate JOLs are made,

information in STM about the target item is thought to interfere with information

accessible ÍÌom LTM, although recall is based only on accessing information in LTM.

Delayed JOLs are more accurate than immediate JOLs because STM will not be a source

of interference when JOLs are made sometime afler the initial exposure to the item.

Therefore, their argument is consistent with the cue utilization model in that STM

interference makes the stimulus cue at the time of an immediate JOL less diagnostic of

future recall than when there is r.ro STM interference, such as when JOLs are delayed.

Consistent with the cue-utilization approach, Dunlosky and Nelson, (1997) also

found that JOLs are more accurate when cued by the stimulus alone, rather than the
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stimulus-response pair, despite the fact that the latter more closely resembles the context

at study. In this experiment, participants were prompted to make delayed-JOls either by

the stimulus alone (e.g., FISH-???), or by the stimulus-response pair (e.g., FISH-BOOK).

Following the study and JOL phase, participants were then given a recognition test.

According to the direct-access view, trace strength should be stronger when the target

response is presented both at test and during the JOL phase than when presented during

study alone. Consequently, paficipants should be more accurate in their JOLs in the

fomrer condition because increased trace strength should result in better discrimination

between recalled vs. un¡ecalled words. Instead, participants were more accurate in their

JOLs when prompted by the stimulus alone, suggesting that parlicipants are relying on

cues other than trace strength when making their JOLs.

Very recently, Nelson, Narens, and Dunlosky (2004) revised the standard

delayed-JOl methodology to include a measure of recall at the time the JOL is made,

thereby refining their analysis of JOL acculacy. They found evidence that the delayed-

JOL effect arises fi'om better accuracy at discriminating between a recalled vs. un¡ecalled

itern, compared to immediate JOLs in which the relevant discriminations are between

recalled iterns. This also suggests that cues relied upon when making delayed JOLs are

more predictive of lecall performance.

Calibration as an Indicator oIJOL Accuracy

In many ofthese previous investigations of the factors that influence JOL

accuracy, an irnpofiant method ofassessment is tlie computation olcalibration curves.

Calibration (i.e., absolute accuracy) refers to the reasouableness ofpredictions for future
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recall (Hertzog & Hultsch, 2000; Koriat & Goldsmith, 1996; Lichtenstein et al., 1982).

For every given level ofJOL, calibration refers to the correspondence between that

prediction level and the actual proportion recalled. For instance, perfect calibration

occurs iffor every given level ofJOL (e.g.,40% rating), exactly that proportion of items

is actually recalled. Resolution (i.e., relative accuracy) refers to the ability to

discriminate between recalled and not recalled items at the time of leaming. Thus, high

relative accuracy would be associated with the ability to conectly predict items that will

be recalled and items that will not be recalled, irrespective of mean JOLs and mean

recall. Wrereas calibration is typically analyzed by comparing mean JOLs with actual

performance, and illustrated in calibration curves, resolution is measured conelationally

using the Goodman-K¡uskal gamma correlation ,y, which is a rank-order index of

agreement between JOLs and recall. Although both measures ofJOL accuracy are valid

for assessing memory-monitoting ability, these Experiments focus on calibration as an

indicator of JOL accuracy.

Why is Calibration Important?

Lichtenstein et al. (1982) posed the following scenario: Consider a situation in

which a physician must choose between two possible medical diagloses. If the patient

has condition A, then receiving treatment A would be the most pmdent course of action.

If, however, the patier-rt has condition B, then treatment B would be the better choice of

treatments. Furthennore, assume that treatment A is a better choice overall if the

probability that the patient does in fact have condition A is .4 or greater, and the doctor

assesses the probability of condition A being present at .45. If this doctor is poorly
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calibrated because the actual probability of the patient having condition A is .25, the

patient would not be receiving the rnost appropriate and effective treatment. Pooriy

calibrated judgments can lead to serious negative consequences not only in the medical

profession, but also lor lawyers, stockbrokers, etc. (Lichtenstein et al., 1982). In

everyday life, people are required to make legal, personal, and financial decisions based

on predictions of future events. For example, deciding on a type of mortgage (i.e., frxed

or variable interest rate), involves the prediction ofinterest rates years into the future.

The importance of calibration as a dimension of JOL accuracy is also made

salient in the Underconfidence-With-Plactice effect, a recently recognized phenolnenon

in the JOL literature that is the prirnary focus of the present Experiments.

The Uuderconfidence-With-Practice Effect

Recently, a new form ofJOL inaccuracy was identified by Koriat, Sheffer and

Ma'ayan (2002). In repeated study-recall cycles, participants shorv accurate, ifslightly

overconfident, predictions for the first study-recall cycle, followed by underconfident

ratings in subsequent study trials. More specifically, although both recall and JOLs

increase with each study-recall cycle, as shown in Figure I the increase in recall is

significantly more drarnatic than the increase in JOLs, resulting in a shift toward

underconfrdence. Koriat et al. identified tliis pl.renomenon as the Underconfidence-With-

Practice (UWP) effect.
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Figure t. Typical Mean JOLs and Recall Representative of the Underconfidence-With-

Practice Effect on Judgments of Leaming.
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general knowledge questions did improve memory-monitoring accuracy from one

presentation to the next. However, this finding may be due to the length of time between

test sessions which ranged from one to three days, whereas the research discussed in

Koriat et al.'s review involved study-recall trials that occurred successively during one

experimental session.

Koriat et al. (2002) also noted that the UWP effect generalizes to aggregate as

well as item-by-item JOLs. Aggregate JOLs are global predictions concerning the

likelihood of future recall for items just presented and are made immediately after

presentation of tlie last study itern. Although some researchers have demonstrated a

tendency for aggregate JOLs to be underconfident in the first presentation (e.g.,

Libennar.r, 2004; Mazzoni & Nelson, 1995), according to Koriat et al. a substantially

larger magnitude of underestimation still emerges upon multiple study-recall cycles. In

fact, Koriat and colleagues found that paficipants made lower aggregate JOLs after the

foulth study trial than the percentage of words they actually recalled after the previous

tlrild trial (73A2% and 83.84Yo respectively) ! Thus, despite a rather small tendency to be

underconhdent in the fir'st presentation for aggregate JOLs, participants still demonstrate

a marked tendency towards greater underconf,idence in subsequent study-recall trials.

The UWP effect has also been observed across different types of study material. For

exarnple, Koriat et aL (2002) observed a UWP effect in memory for motor actions. Very

recently, Meeter & Nelson (2003) found a UWP effect for delayed-JOls as well.

The UWP effect is surprising for several reasons. Absolute accuracy as measured

by calibration is usually fairly accurate afler one study-recall trial. Thus, participants ar.e

accurate, if sometimes slightly overconhdent, in their subjective predictions of future
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perforrnance. Intuitively, calibration should improve with practice when item-by-item

JOLs are made because all ofthe items have not been presented until the end of the first

study-recall trial. In the second and subsequent presentations of the study items,

participants have had an opportunity to see all the study iterns and have already made one

recall attempt. Consequently one might expect improved absolute accuracy, which is not

the case. This effect is also unexpected given the fact that with repeated study-recall

cycles participants become better at discriminating between items recalled and not

recalled (resolution or relative accuracy irnproves), whereas calibration (or absolute

accuracy) is impaired. This suggests different underlying mechanisms responsible for

each of these measures. The UWP effect is also surprising given other evidence that

practice retrieving information from memory is beneficial to the leaming process (Bjork

& Bjork, 1992). Thus, one might assume that calibration would improve not only

because ofadditional study presentations of items but also with repeated recall tests.

Although some researchers have found that retlieval practice enhanced JOL accuracy

(e.g., Shaughnessy & Zechmeister, 1992), the weight of the evidence strongly suggests

that calib¡ation deteriorates with repeated study-recall trials.

So why is the calibration of JOLs impaired with practice, while resolution

improves? Several possibilities have already been ruled out. For example, Koriat et al.

(2002) concluded that the UWP effect cannot be explained by the distribution ofJOL

ratings across presentations. If JOLs became more polarized with subsequent study-

recall sessions as a result ofparticipants realizing that some items arejust too diffrcult to

recall, then items judged as very+rnlikely to recall later (or JOLs of around 0%) would

increase with each study-recall trial. This would lower the overall mean ofJOLs across
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p¡esentations. However, an examination of flequency distributions in the use ofJOLs,

collapsing across percentage intervals (i.e., 0-20%,21-40%, etc.), revealed no increase in

the use of the lower numbers across study-recall trials. Thus, the UWP effect is not an

artifact of polarized judgments.

Koriat et al. (2002) suggest that the UWP effect is consistent with one of the

propositions suggested by the cue-utilization approach. According to this approach,

intrìnsic cues are more immediately available and, therefore, should play a more

dominant role in judgments of leaming. As previously discussed, there iS some evidence

that participants tend to discount extrinsic factors relative to intrinsic cues when making

their JOLs (e.g., Canoll et al., 1997). Indeed, much of this evidence reveals people's lack

of sensitivity to the benefit of repeated study and recall. Canoll et al. (1997) found that

participants undervalued the influence of overleaming material. In this study,

parlicipants leamed wotd pairs to a criterion ofeither 2 conect recalls or 8 conect recalls;

items in the latter condition were considered to be 'overleamed'. Although study-recall

trials were not consecutive in these experiments, the results ofthis study suggest that

participants are ignoring the value ofrepeated exposure to study material (an extrinsic

cue) in their predictions. Further support comes from the frnding that althougli retrieval

experience is advantageous to learning (e.g., Bjork & Bjork, 1992), participants may be

underestimating the benefit of this extrinsic cue when making their JOLs.

This emphasis on insensitivity to extrinsic cues is reasonable, although it cannot

completely account for the fact that mean JOLs do in fact increase with repeated study-

recall trials, (see Figure 1). Nevertheless, failing to appreciate the relevance ofextrinsic
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with practice, to the extent that they accurately predict recall.

Present Research

The UWP effect has important implications for the study of metamemory and the

accuracy of memory-monitoring processes. Judgments of leaming success are used to

guide subsequent efforts to leam. Thus, elficiency in leaming is largely dependent on

whether people are accurate in assessing their effectiveness in acquiring knowledge.

En'ors in monitorìng leaming progress will lead either to incomplete acquisition

of the studied material or to devotirig more time than necessary to the task. Given these

implications, it is imporlant for researchers to explore the underlying cause of

underestimations of leaming success. This phenomenon is also an important avenue of

inquiry because the mechanisn(s) underlying the UWP effect are currently unknown

(Koriat et al.,2002).

TIie present experiments investigate JOL accuracy using a methodology that more

closely matches real-life leaming situations than the commonly-used paired associate

leaming plocedure. A list-leaming paladigm is used instead of word pairs not only

because the list-learning situation is a more ecologically-valid mode of leaming, but also

because it is a relatively unexplored methodology for studying the lfWP effect. Often in

real life we are not givetÌ specific cues to help us remember infonnation. Consider

leaming a grocery list; although walking up and down each aisle in the grocery store may

aid recall ofparticular iter¡s intended for pulchase, relying on cues alone would probably

result ir.r coming home without all of the necessary ingredients for that pie you intended
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to bake! In their discussion of the UWP effect, Koriat et al. (2002) reference only onq

study that used a lisrlearning paradigm. In this experiment, the UWP effect did not

emerge until the third study-recall cycle, but was significant for that trial as well as the

next. Thus, part of the objective for Experiment I was to replicate the IIWP effect using

a listJearning task.

Also, although there is some evidence that delayed JOLs (in paired-associate

studies) tend to be nore accurate, immediate JOLs were used in this study because it is

not possible to 'cue' a single-itern target witliout actually showing the target word again.

In paired-associate experiments, for example, a participant would make a delayed JOL

for the word SAND when cued by the word BUTTON; however, when only the target

word itself was presented at study, a delayed JOL would necessarily have to be prompted

by the target word itself, thus increasing the number ofpresentations ofthe item.

Neverlheless, very recently, the UWP effect has been reported for delayed JOLs using

paired-associates (Meeter'& Nelson, 2003). Thus, evidence suggests that the critical

underlying mechanisms responsible for the UWP effect are not related to the timing of

the JOLs.

But what about the basis for JOLs, and their relationship to the UWP effect? The

exact nature of this relationship is cunently unknown, although as described earlier, there

is evidence that people discount extrinsic cues wlien making their JOLs (e.g., Canoll et

al.,1997), and that the difference betrveell mean JOLs and mean recall increases in the

direction of underconfidence with repetition for both immediate and delayed JOLs.

Horvever, the UWP effect may occur because paficipants do not fully realize the benefit

of the extrinsic cue of lepetition. Perhaps people do not appreciate that repetition
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benehts future recall when they are forced to encode words in the same way during each

exposure. Consequently, when individuals are faced with seeing the same items

repeatedly, and in the same manner (e.g., reading the word silently), they do not'clue in'

to the fact that re-exposure to the item will signihcantly aid their recall. A logical

hypothesis then, is that in order for people to appreciate that repetition is good for recall,

they need to encode the item in a different way during each exposure. Consider a

potential graduate student who is preparing for the vocabulary portion of the Graduate

Record Exam (GRE). Even though studying the words and their definitions by

repeatedly reading them over to herself may in fact aid her recall of the definition, and

thus improve her performance on tl-Le exam the following day, she may not realize this

benef,rt of study. listead, she may have the experience that she is not leaming anlhing

new, deciding to go out with her friends instead, enoneously believing that fur1her study

is a waste of time!

In Experiment 1, paficipants were given a list of words to altemately study and

recall for four cycles and were infomed of the need to recall the words for all phases of

the study. However, after tlie first phase, type of encoding was manipulated within-

participants. Specifically, for half of the words, participants made separate meaning-

based relatedness judgments for each phase after the first; they read the other halfofthe

words silently to themselves. In Experiment 1, thele were two extrinsic cues available to

parlicipants when making their JOLs: the type of encoding and repetition. Thus,

Experiment I tested rvhether the UWP effect occurs because participants discount the

extrinsic cue oflepetition based on their beliefthat encountering words the same way

rnultiple times provides little benefit for future recall. That is, participants may become
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bored with the process ofrepeatedly studying the same item in the exact same way such

that they do not think that they are leaming anything new.

This hypothesis has not been previously tested, but research in other cognitive

domains suggest that it is a logical starting point for the present investigation. For

example, research in tlie area of novel popout (e.g., Johnston, Hawley, & Famham,

1993), negative priming (e.g., Leboe, Leboe, & Miliken, 2003), and visual attentional

capture (e.g., Yantis & Jonides, 1990), suggest that attention is drawn to novel events.

Furthermore, people make inferences concerning their current performance based on their

interpretation of this novelty. More specifically in the field of metacognition, Whittlesea

(2003) has provided good evidence to sùggest that the process of making metacognitive

judgments involves using different decision heuristics, depending on the demands ofthe

task. Thus, intuitive theories do play an important role in making subjective judgments.

In Experiment 1, the distinct leaming experience created by making relatedness

judgrnents may therefore be a cue heuristic that people use when judging how well they

think they know a study item. If this assumption is true, then it follows that calibration

should be better for target words in which a relatedness judgment is made, because

participants may have the intuitive theory that they are leaming something new each time

they encode a wold differently and this will be reflected in higher, (i.e., more accurate),

JOLs. That is, for words that require a differelt relatedness judgment during each

repetition, encoding those words differeritly during each encounter may make people

sensitive to the benefit ofrepetition for future recall. Ifso, the UWP effect should be

minimized, or disappear altogether, for items in the relatedness-judgment conditio¡r.



Experiment 1

Method

Participants

Forty-seven undergraduates ftom the University of Manitoba effolled in an

introductory psychology course participated in exchange for course credit. Eight

participants were eliminated from analysis of the results either due to their failure to

follow experimenter instructions or because ofcomputer enor in the recording ofdata.

The mean age of the remaining paúicipants was i 9.8 years (22 women aud 17 men). All

participants spoke English as their first language and were under the age of30. These

restrictions were imposed in order to control age and language variability, thereby

reducing variability in memory ability across participants,

Apparatus and Stintuli

The study targets in this experiment were 40 concrete nouns varying between 4

and 7 letters in length. Although formal nomrs for word frequency were not used in

conskucting these items, all target words were fair:ly common in everyday usage (e.g.,

GARDEN, BREAD). From each target word a set of six additional words were

constructed, consisting of three words related to the target (e.g., FLOWER for GARDEN;

TOAST for BREAD) and tll'ee umelated to the target (e.g., GORILLA for GARDEN;

CRAYON for BREAD).

All items were presented on an lBM-compatible computer with a 1S-inch

monitor. Micro-Experimental Laboratory 2 (MEL2) software rvas used for presentation

of stirnuli and recording ofparticipants' r'esponses.
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After each presentation ofthe study list, participants completed a free-recall task

by writing responses down on paper.

Procedure

All participants were tested individually in front of a computer. Participants were

given separate instructions for Phase 1 (the first study-recall cycle) and Phases 2 to 4

(study-recall cycles 2 to 4). Prior to Phase 1, participants were informed that they would

be shown a series ofwords, which were presented one at a time at the cente¡ of the

computer screen. They were instructed to read each word silently and try to remember it

for a later memory test. The total number of words and the exact timing of the mernory

test were not explained to parlicipants. Lnmediately afier each word was presented,

participants were prompted by instructions on the computer screen to make their JOLs.

Participants were plompted to make JOLs by the appearance of the question,

"How likely do you think it is that you will be able to recall this word later?", on tlie

computer screen. Participants were then asked to use the keyboard to type in a two-digit

number between 00 indicating 'not at all likely to lemember' and 99 indicating

'definitely will remember'. Participants confimred their answer by typing in the

appropriate response, 'Y' for yes and 'N' for no.

JOLs can be reported in a number of ways. The most common tlpes of responses

involve repor-ting a percentage (i.e., how likely do you think it is that you will be able to

recall this rvord later?) with r-esponses ranging from 0% (not at all likely to remember) to

i00% (definitely will remember) or in the fonn ofLikert-scale responses (e.g., 0- not at

all likely, 3- somewhat likely, 6- very likely), or as a prediction about nurnber olitems
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that were recalled. This latter method is used when participants are asked to make

aggregate JOLs after exposure to the last study item. For this experiment, responses in

the form ofa percentage were chosen lor several reasons.' First, there is no evidence that

repofing JOLs in a form other than a percentage reduces accuracy. Kelemen (2000), for

example, found no difference in accuracy ofJOLs when they involved percentage ratings

of the likelihood olfutule recall versus predictions about the number of items that would

be recalled. As well, reporting JOLs as percentages may be less problematic with respect

to subsequent data analysis (see Herlzog & Hultsch,2000; Koriat, 1997), since they are

easier to manipulate statistically. For example, as a percentage, calculating JOL accuracy

allows for a more direct comparisort, involving a simple computation of the difference

between the mean of a participants' JOLs for all study items and the percentage of words

corectly recalled. Moreover, although the UWP effect is robust despite differences in

how JOLs are reported, the rnajority of the studies repo¡ted in Koriat et al.'s (2002)

review of the phenomenon used judgments leported ir.r percentages. Finally, percentage

intewals can be easily cornputed from raw percentages and thus, calibration curves can

be generated, allowiug efficient graphic representation ofthe correspondence between

JOL magnitude and actual recall success.

Phase L Prior to the actual study phase, participants received six practice items, also

allowing them practice in making JOLs. The study session consisted of 40 trials. On

each ofthese trials and on the practice trials, target words appeared alone in the center of

¡ Actually, the percentages ì.¡sed iu this experiment ranged from 0- 99olo, rathe¡ thaD 0- 100%, due to
linitations in the MEL2 program. However, participanfs rvere clearly instructed to report their JOL as a
perceutage, and it rvas further emphasized that 99% referred to 'defi¡ritely will remenber later', (i.e.,
100%). To conect for this, in all Experiments the mean ¡ecall was ¡ecalculated to a proporlion out of99
for all analyses.
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the computer screen for tluee seconds. After the word disappeared from the screen,

participants were prompted for their JOL. They were asked to confirm their judgment by

pressing "Y" to indicate the number on the screen was their intended JOL and "N" if they

mistyped their response. Whenever "N" was chosen, the screen went back to the JOL

prompt and participants re-entered their percentage judgment. After the JOL was ente¡ed

the next word appeared on the screen. Immediately following the presentation of the

final target item, participants were presented with the instruction on the computer screen,

"Stop and wait for instructions from the experimenter". At this point, the experimenter

provided a sheet ofpaper on which to perform the recall test. Participants were then

given two rninutes to recall the words that were just presented, in any order. The outline

of the procedure for Experirnent 1 is shown in Figure 2.

Figure 2. Experiment I Procedure.

Word-Alone Condition Relatedness Condition

Studyl t- ñ-l Read+JoL Studvl [Ã-_-] Read+JoL

FREE RECALL FREERECALL

Study 2 [--* 
--l 

Read + JOL Studv 2 F,,""*r"*-;i Relatedness + JOL

FREE RECALL FREE RECALL

Studv 3 [-'""¿--_] Read + JOL S tu dy 3 t'"..----".." .*t-l Relatedness + JOL

FREE RECALL FREERTCAIL

Srudv 4 f;t l Read + JoL Srudv 4 ír,.".qil¡ Retaredness + JOL
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Phases 2 to 4. Haff of the target words shown in Phase 1 again appeared alone for

th¡ee seconds each (Word-Alone condition), but the other halfofthe target words were

presented with two additional words: one related to the target and the other unrelated.

These two words were presented on either side of the target word, with all three words

aligned horizontally at the center of the computer screen (Relatedness condition). Thus,

the study session for Phases 2 to 4 consisted of20 study trials for the Word-Alone

condition and 20 trials for the Relatedness condition. For the words in the Relatedness

condition, parlicipants wele instructed that the middle word was the target word to be

studied for a future memory test. In addition, however, participants were instructed to

press a specific key if the left word was related to the target word, and a different key if

the riglit word was related. Wrether the related word was presented to the left or right of

the target was determined at random across trials. Also, words flom the Word-Alone and

Relateduess conditions were presented in random orde¡. To ensure that differences in

recall or JOLs between the two encoding conditions were not due to the particular items

chosen, a set of20 targets were chosen to serve in the Word-Alone condition fo¡ halfof

the participants, with the rernaining 20 targets sewing as targets in the Relatedness

condition. This assignment ofrvords to conditions was reversed for the other halfof

participants. In other words, the specific target words appearing in the Word-Alone and

Relatedness conditions were counterbalanced across participants,

After- words fi'om the Word-Alone condition disappeared f¡om the screen and

immediately after entering a response for words in the Relatedness condition, participants

rvere prompted to rnake a JOL. JOL responses were made, following the same procedure

as in Pliase l. Participants were also given six practice trials to make relatedness
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judgments, followed by JOLs, before starting Phase 2. The procedure in phases 3 and 4

were identical to Phase 2, except that different flanking words formed the basis of

participants' relatedness judgments in each ofthese phases and no practice trials were

provided. AÍÌer each study phase, participants were given a free recall task, following the

same procedure as in Phase 1.

Thus, Experiment 1 represents a 4 (Study-Recall Cycles 1-4) X 2 (Word-Alone

vs. Relatedness encoding) repeated-measures design. The two primary dependent

variables ofinterest are the percentage ofwords recalled and mean JOLs obtained for

each participant.

Results & Discussion

There were two main points of interest that motivated Experiment 1. First, the

word-Alone condition across the four Pl.rases allowed for a replication of the uwp effect

using a list-leaming paradigm. Based on the one previous example of the UWp effect

using lisllearrring (Koriat et a1.,2002), it was anticipated that a UWp effect would

emerge, although the one previous example described by Koriat et al. suggests this effect

may not be apparent until Phase 3.

The second point ofinterest in Experiment 1 is the possible difference in the

relationship behveen JoLs and actual recall between the word-Alone and Relatedness

conditions. As discussed earlier, one possible explanation for the UWp effect is that

people are not sensitive to the extrinsic cue ofrepetition, and tliat in order for people to

appreciate that repetition is good for recall, they need to encode the item in a differ.ent

way during each exposure. Thus, in Experiment 1, for words that require a dilferent
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relatedness judgment during each repetition, encoding those words differently during

each encounter may make people sensitive to the extrinsic cue ofrepetition. That is,

participants may be more sensitive to the benefit ofrepetition for future recall in this

condition relative to the Word-Alone condition. Consequently, it is expected that

calibration across successive study-recall cycles should be better for target words in the

Relatedness condition, thereby reducing or possibly eliminating the UWP effect that was

expected to occur for the Word-Alone condition. If however, this manipulation did not

make the extrinsic cue ofrepetition salient to participants, or they shifted their reliance to

other cues, the UWP effect will remain in the Relatedness condition.

Aside fi'om the predictions concerning JOL accuracy, recall was expected to

improve Íìom Phase 1 to Phase 4, given the effect ofrepeated study and retrieval tasks ou

actual recall perfomtance. As well, based on the C¡aik and LockhaÉ (1 972) levels of

processing theory that deeper encoding improves recall, I also expected that recall would

be better fo¡ words in the Relatedness condition. Finally, most studies of the UWp effect

denronstrate a small increase in JOLs across study-recall cycles (see Koriat et a1.,2002).

Therefore, I expected to find a main effect ofrepeated study and r.ecall on mean JOLs,

with JOLs slightly higher for each successive phase of the experiment even for the Word-

Alone condition.

Overall Analyses

In an attenìpt to ensure that any cliange in the relationship between mean JOLs

and mean recall across Phases 2 to 4 was not the product of a srnall subset of iterns, mean

words recalled and mean JOLs for each of the 40 items was submitted to a repeated
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measures ANOVA, with encoding condition and phase as within-item factors. This

analysis yielded the same main effects and interactions described below when

participants were used as the basis ofanalysis. As expected, these effects were not

significantly influenced by differences between items, F <1 . This is consistent with other

research using paired associates, in that immediate JOLs for items did not vary as a

function ofprior item difficulty (Richards & Nelson, 2004).

The change in relationship on an item-by-item basis between Phases 2to 4was

also investigated. Lr only 3 of the 40 items used in this experiment was a violation of the

overall shifl from higher to lower confidence observed. Thus, rather than sewing as a

cause ofthe effects observed in Expelirnent 1, a select few items actually represented a

source oferror variance that acted against the effects reported below. Taken together,

these analyses clearly demonstrate the validity of the word list used in this study.

In order to avoid recency effects, the last th¡ee trials for each subject, in each of

Phases i tluough 4, were omitted fi'om further analyses. Furthermore, only data fi-om

trials in which correct relatedness judgments were made were included in the analyses.

Across all participants, this resulted in 30 trials being omitted out ofa total of2154

relatedness-j udgment trials.

Although not taken from formal norms, most participants made no enors in their

relatedness judgments. All-conect judgments rvere made by 33 out of39 participants;

the accuracy rate across all relatedness-j udgment trials was 98.6%o, indicating that

parlicipants were in fact able to correctly identify the word related to the target.

Mean reaction tirnes to make lelatedness judgments in Phases 2b 4 for all rvords

in the Relatedness condition rvere also cor¡puted. Mean reaction tirnes (in rns) for eaclr
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of Phases 2to 4 were 2327.3,1951.6, and 1751.7, respectively. Only data from trials in

which participants took less than 30 seconds to make their judgments were included in

the analyses. Two trials were eliniinated for this reason.

Analysis of Recall

A 4 X2 repeated-measures ANOVA was computed based on the proportion of

rvords recalled for each participant, treating Repetition (Phases 1 to 4) and Encoding

condition (Word-Alone vs. Relatedness) as within-participant factors. As stated above, it

was hypothesized that there would be a main effect of Repetition, with the proportion of

words recalled incteasing from Phase 1 to Phase 4. As shown in Table 1, a significant

linear increase in recall performance was found; participants recalled more words overall

with each exposure to the study list (F ¡¡n"u, g3e¡:332.1,M58:1.3,p<001). The mean

percentage of words recalled in Phases 1 to 4 were 32.5%,43.5%,53.0%o, and 63.4%,

respectively. Tliis finding is consistent with previous studies that have found better recall

for itens that were presented rnultiple times, compared to itens presented only once

(e.g., Shaughnessy and Zecluneister, 1992).

Table I: Experiment l: Mean Recall for Phases 1-4 by Encoding Condition (tr'= 39).

Recall (%)

Phase
Encodins 2 3 4

Word-Alone 32.4 (2. 39.1 (2.7\ 50.4 (2.6\ 60.1 (2.5\
Relatedness 32.5 0.2 47.8 (2.3 s5.5 (2.5 66.6 0.s\

Note: Mean standard enor is in parentheses



39

Since relatedness judgments were only presented in Phases 2 fo 4, the ANOVA

testing the effect of Encoding condition only included data from those phases. As

expected, participants recalled more words in the Relatedness Condition than in the

Word-Alone condition (see Table 1; Fç,n¡= tl.1, MSE = 2.5, p <.01). This finding is

also consistent with a large body ofresearch demonstrating that deeper, more meaningful

processing provides substantial benefits for future recall (Craik & Lockhart, 1972). Also,

it appears that the recall advantage for words in the Relatedness condition occur primarily

the first time paficipants made those judgments. This is further demonstrated by the lack

of interaction between Encoding condition and Repetition (I'< 1). The percentage

increase in words recalled from Phase 1 to Phase 2 in the Relatedness and Word-Alone

conditions were 15.3 and 6.7 respectively, indicating that significantly more words in the

Relatedness condition rvere recalled in Phase 2 compared to words recalled in the Word-

Alone condition. The percentage increase in words recalled from Phase 2 to Phase 4 for

Relatedness and Word-AIone conditions were 18.8% and 21.0%;o respectively, indicating

that there is no additional advantage ofrecall ofwords in the Relatedness condition after

Phase 2.

Analysis of JOLs

A 4 X 2 repeated-measures ANOVA was computed based on mean JOLs for each

participant, treating Repetition and Encoding condition as within-participant factors. The

two main hypotheses tested here considered the main effects of Repetition and Encoding

condition. First, ifparlicipants are at all sensitive across the study-recall cycles to the

extrinsic cue ofpractice benefits, mean JOLs should increase from Phase 1 to Phase 4.
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Not surprisingly, a significant linear increase was found for JOLs such that participants'

judgments of future recall for words increased as a function of the number of times they

saw the words (F linear (t,¡s)= 12.9,M58=3.2,p<.01). JOLs for Phases 1-4 for each

Encoding condition are shown in Table 2. The mean JOLs for Phases 1 to 4 werc 46.5%o,

505%, 52.8%, and 56.5% respectively.

Table 2: Experiment 1: Mean JOLs for Phases 1-4 by Encoding Conditions (N= 39).

JoLs (%)

Phase

Encoding I 2 3 4

Word-Alone 46.4 (3 49.9 (2.9) 52.0 (3.1 54.5 (2.9\

Relatedness 46.6 (2 5t.t (2.9\ s3.6 (3.1 58.6 (3.2\

Notei ]rN4.ean standard enor is in parentheses.

Ifparticipants are sensitive to the positive contribution of the extrinsic cue of

making a judgment based on a word's meaning on future recall, JOLs should be higher

for words in the Relatedness condition than in the Word-Alone condition. As in the

analysis ofrecall data, the effect ofEncoding condition was tested based only on data

fi'or¡ Phases 2 to 4. There was a marginal main effect for Encoding condition; a trend

emerged for participants' JOLs to be slightly higher for words in the Relatedness

condition than in the Word-Alone condition (4r,¡e): 3.53, MSE --.88, p: .068). JOLs

were l.2o/o higher in the Relatedness condition than in the Word-Alone condition in

Phase 2, L6%o higher in Phase 3, and 4.1%o higher in Phase 4.
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Analysis of Calibration

To analyze the relationship behveen mean JOLs and actual recall, a 4X2X2

repeated-measures ANOVA was computed, treating Repetition, Encoding condition, and

Calibration (Percentage of Wo¡ds Recalled - Mean JOLs) as within-participant factors.

This latter factor permitted computation of the accuracy of JOLs for each of the two

study conditions and changes in JOL accuracy as a function ofRepetition. In accordance

with Koriat ef al. (2002), a significant interaction between Repetition and Calibration was

expected fo¡ the Word-Alone condition, in that there would be a shift Íìom either

accurate or overconfident judgments of future recall in Phase 1 to underconfidence in

subsequent Pliases. In contrast, no signifrcant interaction between Repetition and

Calibration was expected for the Relateduess condition. That is, although relatively

insensitive to the benefit ofrepetition for recall when words are presented in the same

way rnultiple times, people ought to appleciate the value ofrepeated exposure more rvhen

words are encoded differently during each exposure. In other words, the prediction was

for a signihcant 3-way interaction between Repetition, Calibration, and Encoding

condition. The results failed to supporl this hypothesis. A significant interaction was

found for Proportion of Words Recalled - Mean JOLs and Repetition (Frin..,1r,la¡: 51.6,

MSE = I.9, p < .001). Mean lecall and JOLs in Phases 1-4 for the Word-Alone condition

are shown in Figure 3. The mean difference between percentage ofwords recalled and

JOLs gradually shifted from overconfidence in Phase I to underconfidence in Phase 4.

However, the three-way interaction between Repetition, Encoding condition, and

Calibration rvas not sigr.rificant (F1r,:sl= 1.55, MSE: .90, p = .21). Thus, tlie UWP effect

emerged not only for the Word-Alone condition but also for the Relatedness condition.
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As illustrated in Figure 4, mean recall for words in the Relatedness condition is

approximately 8% higher than JOLs in Phase 4. Furthermore, there is a nonsignificant

trend towards greater underconfidence in the Relatedness condition.

ln order to further investigate the shift towards underconfidence in JOLs from

Phases 2 to 4, a one-way repeated-measures ANOVA was computed for each ofPhases 1

to 4 and for each Encoding condition. As shown in Table 3, the results for Phase 1 in

which all words were only read, revealed overconfidence with mean JOLs 14% higher

than the actual percentage of words recalled, (,Fg,¡8)= 18.2, MSE:4.0,p < .001). In

Phase 2, participants were still overconfident in their JOLs fo¡ words in the Wo¡d-Alone

condition, (F1r,:e): 11.4, MSE: i.8, p <.01) but there was no difference between JOLs

and mean words recalled in the Relatedness condition (Ftr,¡el: 1.34, MSE: 1.2, p =

.254). hr Phase 3, there wele no differences between JOLs and mean words recalled for

either Encoding conditions (F < 1). By the fourth Phase, participants were

underconfident in their estimations of future recall for both Word-Alone, (^F'1r,:r¡:4.25,

MSE:1.8, p <.05), and Relatedness, (Frr,¡a)= 7.98, MSE = 1.9, p <.0L) conditions. Thus,

in both Encodirrg conditions, participants staÍed out as overconfident and shifted towards

underconhdence by the fourth study-recall trial.

Tal:le 3: Experiment 1: Mean Difference Between JOLs and Recall for Phases i-4 by
Encoding Condition (¡¿: 39).

Note: Positive ¡iumbers indicate ovelconfrdence; negative numbers indicate
underconfidence.

Phase
Encoding % 2 3 4
Word-Alone JOL - Recall 14.0 10.8 1.6 - 5.2
Relatedness JOL - Recall 14.1 J.J 1.9 - 8.0



Figure 3. Experiment 1: Mean Recall and JOLs for Word-Alone Condition as a Function
of Study-Recall Phase.
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This is consistent with Koriat et al.'s (2002) earlier finding in which

underconfidence in estimating future recall of single-word items emerged during a later

study-recall phase, compared to when paired-associates are used. Whereas Koriat et al.

repof that underconfrdence emerges in the second study-recall phase when paired-

associates are used, the one study described therein that used single-word target items did

not reveal underconfidence until the third study-recall phase. The reason why

underconfidence-with-practice still exists using a list-learning procedure, albeit after

more study-recall cycles than in paired-associate tasks, is currently unknown and is

worlhy of future investigation.

Overall, the research hypotheses were paÍially supported by the results of

Experiment 1. Specifically, these findings replicate previous lesearch indicating that

people tend to be underconfident in their estimations of future recall when presented with

the same study items multiple tirnes (Koriat et a1.,2002). Contrary to expectations,

however, the [fWP effect was apparent in the Relatedness condition as well. The

hypothesis that having people encode words differently by making relatedness judgments

rvould rninimize the UWP effect was not supported. Experiment I suggests that people's

failure to recognize the benefit of making relatedness judgments is insufficient for

explaining tlie UWP effect. One reason for this may be that encoding words differently

is not sufficient to make the benefit of repetition salient to participants. The mean

reaction tirne to make a relatedness judgment was only 2.0 i seconds; participants may

have corisidered the juclgment too easy to provide any new leaming relative to the initial

presentation. In addition, participants became faster at making the relatedness judgment

fi'on Phase 2 (2.33 seconds), to Pl.rase 4 (1.75 seconds), indicating that they may have
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found the task increasingly easier. As a consequence, this manipulation may not have

caused participants to fully realize the benefit ofrepetition on their future recall ofrvords

in this condition. In effect, participants may have underestimated future recall in Phase 4

for both the Word-Alone and Relatedness conditions because they considered additional

study ofwords in either condition not much more valuable for recall than the original

exposure to these words in Phase f. it is possible that the UWP effect is an unfortunate

consequence ofpeople's knowledge about the relationship betweerr effort and leaming.

That is, people may have the belief that encountering a word multiple times is not much

more valuable for future recall than encountering a word once, unless effortful processing

is involved. Although making a relatedness judgment clearly involves more effort than

reading a word silently to oneself, the results of Experiment 1 suggest that a greater

amount of effort may be required.

If this interpretation ofthe results of Experiment 1 is accurate, it might be

possible to cause people to appreciate the benefit ofrepetition more if the encoding

process was made more effortful. According to Robert Bjork and colleagues (Bjork,

1999; Bjork & Bjork, 1992), leaming conditions that pose difficulties for the learner

actually promote better recall performance. Consequently, the more efforlful processing

is, the better recall should be. Experiment 2 explored the possibility that effortful

processing may make the benefit of lepetition salient. Participants in Exper.iment 2 were

lequired to perform effortful tasks while encoding half of the target words. The first two

study sessions in Experiment 2 rvere identical to that ofExperiment 1; participants only

read the rvo¡d in the first study phase and then performed a relatedness judgment for half

of the words in the second study phase. In the third study trial, half of the target words in
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the relatedness judgment condition were presented backwards and in altemating upper-

and lower-case letters, making decoding the meaning of the target somewhat more

challenging. hr the fourlh study trial, targets in the relatedness judgrnent condition were

presented as anagrams, requiring participants to unscramble the letters of the target

before performing the relatedness judgment. Thus, for half of the target words, each

study trial involved different and effortful encoding. The prediction is that the UWP

effect will not occur for words that are processed with effort, ifparticipants are sensitive

to the benefit oleflorlful plocessing.

Experiment 2

Method

Participants

Forty-one undergladuates frorn the University of Manitoba eruclled in an

introductory psychology course parlicipated in exchange for course credit. Five

participants were elirninated from analysis of the results due to their failure to follow

experimenter instructions. The mean age of the remaining participants was 19.3 years

(26 women and 10 men). All participants spoke English as their fìrst language and were

under tl.re age of 30 for the same reason as in Experiment 1.

Apparatus and Stintuli

The materials used in this experiment were identical to that ofBxperirnent 1.



Procedure

The procedure of Experiment 2 was identical to that of Experiment 1 except for the

presentation oftarget words in the Relatedness condition for Phases 3 and 4, (see Figure

5), In Phase 3, target words presented for a relatedness judgment were presented

backwards and in altemating upper- and lower-case letters. For example, the target word

'GARDEN' appeared as 'nEdRaG'. Participants were instructed to first deciplier the

word by reading it backwards, and then make ajudgment about whether that word was

related to the word on the right or the word on the left. The flanking words appeared

normally with no altemating typeface. In Phase 4, target words presented for a

relatedness judgment were presented u* un unuOu,rr, appearing in a 2-l-4-3-5-6-7 format,

such that the frrst two letters ofthe word were interchanged, the second two letters were

interchanged, and the remaining letters appeared in their usual order. For example, the

target word 'GARDEN' appeared as 'AGDREN'. A number key appeared above the

target rvord indicating the order in rvhich the letters went to solve the anagram. Thus, for

the target word 'GARDEN', the numbers '2 1 4 3 5 67' appeared directly above the

target word. As in Phases 2 and 3, the target word appeared between one related and one

un¡elated word from the set. These flanking words appeared in their regular,

unscrambled form. Participants wete instructed to first solve the anagram and then make

the relatedness judgment. My assumption was that making a relatedness judgment when

the target word appeared in regular, backrvald and alterlating case, or anagr.am form

required more effoltful encoding than reading the word silently to oneself. For example,

previous research indicates that anagrams involve effortful pr-ocessing (Allen & Jacoby,

1990; Jacoby, 1991 ; Jacoby & Dallas, 1981 ; Jacoby & Hollingshead, 1990).



Figure 5. Experiment 2 Procedure,

Studvl t t**-l Read+JOL

FREE RECALL

Study 2 |-"v""**r*l Relatedness + JOL

FREE RECALL

Study 3 F'Æ-"c;;;l Relatedness + JoL

FREE RECALL

Srudv 4 |ì'a*ffi;l Retaredness + JoL

FREE RECALL

ly'ole: Word-Alone condition same as in Experiment 1.

As one possible explanation for the uwP eflect is that if people are not sensitive

to the extrinsic cue ofrepetition, then perhaps in order for people to appreciate that

¡epetition is beneficial for recall they need to encode the item differently arud with effofi

during each exposure. Thus, it is hypothesized that calibration across study-recall phases

should be better for target words which required effolt to encode, thereby reducing or

eliminating the uwP effect for talget words in the Effortful e'coding condition. If,

instead, participants do not'ely on this cue, or this manipulation ofencoding difficulty

does not make the extrinsic cue of repetition salient to theni, the uwp effect rvill emerge

nonetheless.
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Experiment 2 represents a4 (Study-Recall Cycles 1 through 4) X2 (Word-Alone

vs. Effortful Encoding ) repeated-measures design. In addition to the hypotheses

discussed in Experiment 1 conceming the benefit ofrepeated shrdy-retrieval trials on

recall, the prediction here was that recall would improve as a function oftask difficulty.

Mazzoni & Nelson (1995), for example, reported higher recall for words studied as

anagrams than for words appearing alone. Bjork(1999; & Bjork, 1992) also suggests

that recall improves as a function of study difficulty.

Results & Discussion

Overall Analyses

As in Experiment 1, the last tluee tr.ials for each subject, in each of phases 1

tllrcugh 4, were omitted from fufher analyses resulting in a total of37 target words per

phase. Only data fiom trials in which conect relatedness judgments were made (phases

2-4) werc included in the analyses. Overall, relatedness judgment errors led to the

elimination of 1.1% of trials from the Effortful encoding condition.

Mean reaction times to make relatedness judgments for. all words in the Eflortful

condition for each of Phases 2 to 4 were computed. Only data from trials in which

paficipants took less than 30 seconds to make theirjudgments were included in the

analyses. Across participants, this resulted in one trial omitted out ofa total of 1934

trials. Mean reaction times for Phases 2 to 4 were 1.80, 4.78, and 4.49 seconds

respectively. ln contrast to Experiment 1, reaction times for Experiment 2 indicate that
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paficipants did not find the relatedness judgment task easier across phases, and that this

task required greater effort than in Experìment 1.

The analysis of Recall, JOLs, and Calibration proceeded in a manner identiial to

that of Experiment 1. The only difference is that data from the Effortful encoding

condition occupied the role served by data from the Relatedness condition in Experiment

1.

Analysis ofRecall

Table 4: Expenment 2: Mean Recall for Phases 1-4 by Encoding Condition (¡/:36).

Recall (%)

Phase

Nole: Mean standard enor is in parentheses.

A 4 X 2 repeated-measures ANOVA was computed treating Repetition (phases 1

to 4) and Encoding condition (wo¡d-Alone vs. Effortful) as within-participant factors.

As was found in Experiment 1, a significant main effect of Repetition on recall was found

(Fr¡ear(r,¡s):146.0,M58=2.1,p<.001). As shown in Table 4, parlicipants recalled

rnore rvords with each successive Phase. Mean recall in each successive phase was

32.7%, 41.4%,52.60/o, and 59.6%, respectively. This replicates the effect of repetition on

Encoding l 2 3 4
Word-Alone 34.0 (2.4\ 38.2 (2.9\ 49-3 (3.2\ 54.7 (2.9\
Effortful 31.4 Q.l 44.6 (2.s\ ss.8 (2,3 64.4 (2.3)
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recall observed in Experiment 1 and conforms well with previous research demonstrating

that repeated exposure to a study item benefits future recall (e.g., Shaughnessy and

Zechmeisler, 1992).

As in Experiment 1, participants were expected to recall more words in the

Effortfui condition than in the Word-Alone condition. As relatedness judgments were

only presented in Phases 2to 4, only data flom these phases was included in a 3 (Phases

2 to 4) X 2 (Effortful vs. Word-Alone) repeated-measures ANOVA. As hypothesized,

participants recalled more words that were plesented in the Effotful condition than in the

Word-Alone condition (Ff r,¡sl: 17.8, MSE = 1.7, p <.001). Overall, participants recalled

7.5% more words in the Effortful condition than in the Word-Alone condition. These

results further support previous research indicating that effortful leaming benefits future

remembering (Bjork, 1999; Bjork & Bjork, 1992).

Contrary to expectations, there was no interaction between Encoding condition

and Repetition (F < 1). This indicates that the benefit of recall for words in the Effortful

condition occurred primarily the first time participants made the relatedness judgments

(i.e., Phase 2). In the Effofiful condition, 13.2% more words were recalled after the

second presentation of the study list than after the initial presentation compared to an

increase of only 4.20/o for the Word-Alone condition. After Phase 2, however, the

increase in words recalled for the Effortful encoding condition was 11.2% and 8.6%o

conrpared to an increase of 1 1.1% and 5.4%o for the Word-Alone condition.

Thus, the rnain effect ofEncoding condition is consistent with previous evidence

that deep, meaning-based and more efforlful processing benehts future remembering

(e.g., Craik &Locl<hart, 1972).



Analysis of JOLs

A 4 (Phases 1 to 4) X 2 @ffortful vs. Word-Alone) repeated-measures ANOVA

was conducted treating Repetition and Encoding condition as within-participant factors.

As was found in Experiment 1, there was a significant main effect for Repetition, in that

participants' JOLs increased with each successive Phase (see Table 5, .F' tin.". (t3q:39,4,

MSE=3.0'p <.001). This is also consistent with previous studies showing that JoLs do

increase with each exposure to the targets (Konat, 1997;Koriat et a1,,2002). The mean

JOLin Plrase I was 39.0o/o, 43.9o/o inPhase 2, Sl.O% inphase 3, anð, 55.9,'/o in phase 4.

Table 5: Experiment 2: Mean JOLs for Phases 1-4 by Encoding Condition (N:39).

JOLs (%)

Phase
Encodins 1 2 3 4
Word-Alone 38.9 (3.1 43.5 (3.2\ s0.4 (3.3) 54.7 (3.3\
Effortful 39.1 (2.9) 44.2 (3.1 51.7 (3.5 s7.t (3.2\

Note: Mean standard error is in parentheses.

As in Experiment l, and in the analysis ofrecall results described above, the

effect of Encoding condition was based on data from phases 2 to 4. Results were similar

to those found in Experiment 1;participants' JoLs we¡e not significantly higher for

words in the Effortful condition than in the Word-Alone condition (F'1¡,3ay = 2 .16, MSE =



.53, p : .15). This finding suggests that participants were relatively insensitive to the

benef,rt fo¡ future recall that is gained by effortful processing.

Analysis of Calibration

A 4 (Phase l-4) X 2 (Efforlful vs. Word-Alone) X 2 (Proportion of Words

Recaf led - Mean JOLs) repeated-measures ANOVA was conducted. This analysis

yielded a signiftcant Proportion of Words Recalled - Mean JOLs X Repetition

interactiotr, Fp¡oz¡ = 5.42, MSE : 1 .4, p < .01 . This interaction reflected a UWP effect in

that participants were overconfident in their estimations of future recall in Phasel,

shifting toward underconfidence by Phase 4. These results are consistent with previous

research on the UWP effect (Koriat et al.,2002), and with the results of Experiment 1.

To determine whether the Encoding condition had an effect on Repetition and

Calibration, a 3 @hases 2 to 4)X 2 (Effortful vs. Word-Alone) X 2 (Proportion of Words

Recalled vs. Mean JOLs) repeated-measules ANOVA was computed. A significant

interaction was lound for the latter two factors (Ftr,¡¿¡ = 14.7 , MSE : .66, p < 0I).

Participants were more underconfider.rt in the Eflorlful Encoding condition than in the

Word-Alone condition. Mean recall and JOLs for the Word-Alone condition ac¡oss

Phases 1-4 are illustrated in Figure 6. Figure 7 shows the mean recall and JOLs from

Phases 1-4 for words in the Effortful encoding condition. In addition, the tkee-way

interaction was not significant, F < l, contrary to the hypothesis that the UWP effect

would be eliminated for the Effortful encoding condition.
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Fîgure 6. Experiment 2: Mean Recall and JOLs for Word-Alone Condition as a Function
of Study-Recall Phase.
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Figtu'e 7' Experiment 2: Mean Recall and JoLs for Effortlul Encoding condition as a
Function of Study-Recall Phase.
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Phase

Encodins % 2 J 4
Word-Alone JOL - Recall 4.9 5.3 1.1 0.0
Efforttul JOL - Recall 7.7 - 0.4 - 4.1 -t-3

Table 6: Experiment 2: Mean Difference Between JOLs and Recall for Phases 1-4 by
Encoding Condition (N: 36).

Nole: Positive numbers indicate overconfidence; negative numbers indicate
underconfidence.

To further clarify the relationship between Calibration and Repetition for each

Encoding condition, a one-way repeated-measures ANOVA was computed for Phases 1

to 4 for each Encoding condition. As shown in Table 6, participants were somewhat

overconfídent in their JOLs after the initial presentation of the study list, with mean JOLs

about 6.3V;o higl-Ler than the percentage of word recalled in Phase 1, F(r,¡Ð = 3 .97 , MSE =

4.0, p = .954. In the second and third study-recall phase, participants were again fairly

accurate in their JOLs for both Encoding conditions with no significant differences

between mean words recalled and mean JOLs þ > .05). By the fourth study-recall cycle,

participants demonstrated a malginally significaut trend toward undelconfideltce in the

Effortful condition rvith paÍicipants mearÌ lOLs 7 .3% lower than the percentage of words

actually recalled, F(r,¡s): 3.50, MSE:2.5, p: .07, but no difference was found in the

Wold-Alone condilion, F< l.

The results of Experiment 2 closely minor those of Experiment 1 for the

Relatedness conditions. The UWP effect appeared in both the Distinctive leaming

condition (Experinent 1) as well as the Effortful encoding condition (Experirnent 2).

Thus, the hypotliesis that the UWP effect would be minimized in the Effortful encoding
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condition was not supported by the results ofExperiment 2. Instead, it appears that

meaningful and effortful processing improves recall to a greater extent than it effects

people's estimatior.rs of future recall.

Arother possibility conceming why participants discount the use of extrinsic cues

in their JOLs is that manipulating both encoding condition and task diffrculty is still not

sufficient for making the benefit ofthese cues salierrt at the time of their judgments.

Instead, perhaps participants need to be explicitly informed olthis benefit. In keeping

with the theory that people discount extrinsic cues when making their JOLs (Koriat,

1997), and extending the work of Experiments 2 and 3 in which the extrinsic cues of

repetition and encoding condition were available implicitly for padicipants to use,

Experiment 3 examined whether or not participants were sensitive to the benefit of

repetition if explicitly told about this benefit. Experiment 3 explored the possibility that

ifparticipants are explicitly told that repetition improves performance, perhaps this

knowledge will then influence their JOLs sucli that there is a closer conespondence

between JOLs and recall perfomtance. Ifso, participants should be fairly accurate in

their judgments tluoughout all the phases and, therefore, the UWP effect will be

minimized ol disappear. ln Expeliment 3, information conceming the beneht of the

extrinsic cue of repetition rvas manipulated between-participants. In using the same

procedure as in Experiment 1, this allowed a direct comparìson between participants who

are either (a) instructed that repetition is beneficial, (b) instructed that repetition has no

effect or (c) are not provided any explicit instructions (Experirnent 1). Ifinfonning

participants is successful, no UWP effect should occur for participants in the first

condition as their JOLs should more acculately reflect the benefrt ofrepetition. It is
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expected that similar results may emerge for both ofthe latter groups ifparticipants have

an a priori belief that repetition is not beneficial, with the UWP effect present in both.

Experiment 3

Method

Participants

Fifty-five undergraduates fi'orn the University of Manitoba en¡olled in an

introductory psychology course parlicipated in exchange for course credit according to

the same restrictions as in Experiments 1 and 2. Five participants failed to follow

instructions and were omitted ñ'om the analyses. Two additional parlicipants were

omitted because their accuracy rates were approximately at chance level, (enor rate

across Phases 2-4 : 41.4% and 43.2%). Thirty-five women and 13 men, mean age : 20.4

years, were included in the analyses.

Apparatus and Stintuli

The same appal'atus and rvord list used in the previous two experìrnents was also

used in Experiment 3.

Procedure

The procedure of Experirnent 3 rvas identical to that of Experiment i except for

the following modifications. First, priol to the start ofPhase 1, participants wete read a

short paragraph informing them that eitlier (a) r'epetition benefits recall or (b) repetition

does not benefit recall. Second, at the end of the last recall test, participants rvere given a
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manipulation check. Specifically, participants were given a short survey to measure the

effectiveness ofproviding explicit information about whether or not repeated exposure to

information provides benefits for future recall.

Half of the participants (Repetition-Benefit condition) were read the following

paragraph prior to the start of the first study-recall session:

Successful learning depends, in parl, on how well people think they have studied

something and how likely they are to remember it later. For example, when

studying for an exam, knowing what helps you remember information later is

important in detennining whether you do the right things to maximize your score

on the exam. Previous research shows very clearly that studying the same item

multiple times will help you to remember it later. So, for example, if you are

required to remember a list of words, the more times you look at the word, the

more likely you are to remember that word later. We are interested in learning

more about how people leam when the same material is presented multiple times.

Prior to the start ofPhase 4, participants in this condition were briefly reminded

that:

Once again, previous research shows very clearly tlÌat studying the same item

multiple times will help you to remember it later. We are interested in learning

more about how people learn when the sar¡e material is presented multiple times.



The other hall ofparticipants (Repetition-No Beneht condition) were read the

following paragraph prior to the start ofPhase 1:

Successful leaming depends, in part, on how well people think they have studied

something and how likely they are to remember it later. For example, when

studying for an exam, knowing what helps you remember information later is

important in determining whether you do the right things to maximize your score

on the exam. Previous research shows very clearly that studying the same item

multiple times will not help you to remember it later. So, for example, if you are

required to remember a list of words, looking at the word multiple times does not

help you remember that word later. We are interested in learning more about how

people learn when the same material is presented multiple times.

Prior to the start ofPhase 4, parlicipants in this condition wer.e briefly reminded

that:

Previous research shows very clearly that studying the same item multiple times

will not help you to remember it later. We are interested in leaming more about

how people learn when the same material is presented rnultiple times.

Participants in both groups then completed the following survey after the final

recall test:
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Question I: "hr general, how does seeing a word multiple times relate to its

memorability?" Participants responded by circling their answer on an 11-point

scale ranging from "0"-makes it much liarder to remember, "S"-neither easier nor

harder to remember, to"lO"-makes it much easier to remember.

Question 2: "How doyoø think that seeing a word multipie tirnes related to your

recall ofthe word?" Participants responded by circling their response on an 11-

point scale ranging fi'om "O"-made it much harder- to remember, "5"-neither easier

nor harder to remember, to "l0"-made it much easier to remember.

This check served two purposes. Question 1 relates directly to the Repetition-

Benefit vs. Repetition-No Benefit manipulation, in that it is hypothesized that pâfticipants

in the Repetition-Benefit condition would be more likely to report that seeing a word

multiple times is beneficial, whereas participants in the Repetition-No Benefit condition

were expected to report less benefit. It is impoúant to note that although mean ratings for

the benefit of repetition were expected to be lower for the Repetition-No Benefit

condition, than for the Repetition-Benefit condition, they were still expected to be on the

positive side of the scale (i.e., rated "5" or higher). Since the recall task provides some

feedback to paúicipants conceming the increasing number ofwords recalled after each

successive study phase, it would have been surprising ifparticipants denied any pôsitive

influence of repetition on recall. Nonetheless, participarits in the Repetition-Benefrt

condition should repolt significantly higher ratings for the effect ofrepetition on

mernorability than participants in the Repetition-No Benefrt condition.
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Question 2 also ¡elates to the manipulation of Repetition Benefit vs. No Benefit. It

was expected that participants will rate the benefit ofrepetition for their own recall higher

in the Repetition-Benefit condition than participants in the Repetition-No Benefit

condition. However, Question 2 allorvs for a comparison between what participants may

believe to be true for nost people (Question 1) based on the instructions they received

and what they themselves believe the eflects ofrepetition were on their owz performance.

It is possible that explicit instructions will convince people that repetition is benefrcial in

an abstract, general sense, while remaining relatively insensitive to the contributio¡r of

repetition to recall during the course of the experiment.

Results & Discussiott

Experiment 3 represents a 4 (Study-Recâll Cycles 1 through 4) X 2 (Word-Alone

condition vs. Relatedness condition) X 2 (Repetition-Benefit condition vs. Repetition-No

Beneht condition) mixed design. As in Experiments I and 2, the first two variables

represented within-participants factors. The manipulation ofinstruction (Repetition-

Benefit vs. Repetition-No Benefit) is a between-parlicipants factor and is the unique

focus ofinterest for Experiment 3. In addition to the hypotheses discussed in

Experiments 1 and 2 conceming the benefit ofrepeated study-retrieval sessions on recall,

it was hypothesized that there would be a closer correspondence between JOLs and recall

(i.e., improved calibration) for parlicipants in the Repetition-Benefit condition, as explicit

instructions may make them more sensitive to the extrinsic cue of repetition.

Other than the introduction of this between-participants factor, the analysis of

proportiotr ofrvords recalled, mean JOLs, and calibration proceeded in a man¡er identical
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to that of Experiment l. The most critical difference is that the analysis ofcalibration

involved submitting the data to a 2 X (4 X 2 X 2) mixed ANOVA, treating Repetition

(Phases 1 through 4), Encoding condition (Word-Alone vs. Relatedness), and Calibration

(Proportiorr of ÏVords Recalled vs. Mean JOLs) as within-participant factors and

Instruction condition (Repetition Benefit vs. Repetition-No Benefit) as a between-

participants factor. As observed in Experiments 1 and 2, a significant interaction

between Repetition and Calibration was expected for both the Word-Alone and

Relatedness condition, revealing a shift from overconfident predictions of future recall in

Phase 1 toward less or underconfrdence in Phase 2. However, this relationship was

expected only for the Repetition-No Benefit condition. Parficipants in the Repetition-

Benefrt condition were expected to be more sensitive to the extrinsic cue ofrepetition

because they were informed of this benefit, and therefore less or no shiÍÌ toward

underconfidence was hlpothesized across study-recall cycles. In other words, the UWP

effect was expected to be mininlized in the Repetition-Benefit condition, relative to the

Repetition-No Benefit condition. This effect of Instruction condition was expected to be

reflected in a significant 3-way intelaction between Repetition, Calibration, and

Instruction condition.

Overall Analyses

As in Experiments 1 and 2, the last tluee trials for each subject, in each ofPhases

1 through 4, rvere omitted ÍÌom further analyses. Only data from trials in which

participants took less than 30 seconds to make their judgments were included in the

analyses. Across all participants, oue trial was elirninated for this reason. Furlhermore,
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only data from trials in which correct relatedness judgments were made were included in

the arralyses. This resulted in the elimination of 0.4% of trials Íiom further analyses.

Alalyses of Instruction Condition

In order to assess whether participants believed that repetition is helpful for

rnemorability in general, (Manipulation Clieck - Question 1), and whether participants

believed that repetition was helpful for their owl performance (Manipulation Check -

Question 2), these two questions were submitted to an independent samples t-test with

Instruction (Repetition-Benefit vs. Repetition-No Benefit) as the between-participants

factor. Not surprisingly, for Question 1, participants in the Repetitíon-Benefit condition

reported sigrrificantly higher ratings for the benefit of seeing a word multiple times for

recall in general,t6e¡:3.46,58=0.44,p<.001 (one{ailed). As predicted, participants

in both conditions thought that repetition aided mernolability, with mean rated benefit of

repetition greater than 5 in both cases. However, participants in the Repetition-Benefit

condition reported a mean rating of 8.19, SD = 1.4, rvhereas participants in the Repetition

No-Benefit condition reported an average rating of 6.67 , SD = 1.6. Itwas expected that

ratings for both conditions would be on the 'positive' side ofthe scale since the recall

task provided some feedback to participants conceming the increasing number of words

recalled after each study-recall phase.

For Question 2, participants in the Repetition-Benefit condition were also more

likely to reporl that seeing a rvord multiple times made it easier for them to remember in

tlre cunent experiment, compared to tlie Repetition-No Benefit condition, tltø.¡:2.23, SE

= 0.40, p < .05 (one-tailed). As was lound for Question 1, for Question 2 paficipants in
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both conditions believed that repetition was helpful for their own performance with

participants in the Repetition-Benefit condition reporting a mean rating of 7 .85, SD : 1.2

and participants in the Repetition-No Benefit condition repoúed an average rating of

6.95, SD = 1.6.

Thus, these results indicate that the rnanipulation ofBeneht vs. No Benefit was

successful, in that participants in the Benefit condition reported significantly higher

ratings for the benefrt ofrepetition on recall in both the general sense, (i.e., what is true

for most people), and also for their own perfomance in this experirnent.

Analyses ofRecall

A4X2X 2 mixed-design Analysis of Variance (ANOVA) was computed based

on the propoftion ofwords recalled for each participant, treating Repetition (Phases I to

4) and Encoding condition (Word-Alone vs. Relatedness) as within-parlicipant factors

and Instruction (Repetition Benefit vs. No-Benefit) as the between-participants factor.

As shown in Table 7 , a sigtificant linear increase was found in the number of words

lecalled with each successive phase,.F¡¡n.,, fi,qef 34S.6,MSE:1.6,p<.001. As

expected, there was no difference in recall for the two I¡struction conditions, F< 1. The

mean percentage of words recalled across Instruction conditions for Phases 1 to 4 were

26.1%, 37 .5%, 48.7 %0, and 5 7. 8 %, resp ectively.



Phase
Instruction Encodins 2 3 4
Benefit Word-Alone 30.0 (2.0) 36.0 (2 46.t (3.6\ 54.4 (3.4\

Relatedness 24.8 Q.3\ 37.3 (Z 51.s t3.0) 62.1 (2.9\
No Benefit 'Word-Alone zs.6 Q.3\ 34.5 (2.8 44.9 (4.1 s4.8 (3.8)

Relatedness 24.0 (2.6\ 42.0 (2.9\ 52.4 (3.4\ s9.7 ß.3\
¡y'ore: Mean standard error is in parentheses.

Table 7: Experiment 3: Mean Recall
Encoding Conditions (N = 48).

for Phases 1-4 as a Function of lnstruction and

Recall (%)

As in Experiments 2 and 3, a main effect for Encoding condition was also

expected, in that participants were expected to remember a higher proportion ofwords in

the Relatedness condition than in the Wold-Alone condition. As was found in

Experiment 1, participants recalled more words in the Relatedness condition than in the

Word-Alone condition (see Table 7; Fe,qq= 8.91, MSE = 2.6, p <.01).

Analysis of JOLs

A4X2X 2 rnixed-design ANOVA was computed based on mealì JOLs for each

participant, treating Repetition and Encoding condition as within-participant factois and

Inshuction as the between-participants factor. As reported in Table 8, a significant linear

increase was found for JOLs such that across lnstn¡ction conditions, participants'

judgments of future recall for words increased as a function of the number of tirnes they

saw the words, F linear (1,46) : 12.6, MSE = 2.9, p <.0I. A signifi cant main effect rvas also

found for the Instruction condition such that participants in the Benefit condition reported

significantly higher JOLs overall than did participants in the No-Benefrt condition, F1¡¡o¡

: 6.86, p < .05. The mean JOLs for Phases i to 4 for the Repetition-Benefit condition

were 51.9%o, 55.7%, 55.6%, and 60.2%o,respectively. Mean JOLs for Phases 1 to 4 for



the No-Benefit condition were 40 .5%, 41.8%, 43.7%, and 50.30%, respectively. As in

Experiments 1 and 2, to further analyze the effect ofEncoding condition the analysis was

based only on data from Phases 2 to 4. There was a main effect for Encoding condition

such that participants' JOLs were higher for words in the Relatedness condition than in

the Word-Alone condition (F1r,ae ): 4.46, MSE : .74, p < .05). This effect of Relatedness

condition was the same for both Instruction conditions (Encoding condition X Instruction

interaction, F' < 1).

Table 8: Experiment 3: Mean JOLs for Phases 1-4 as a Function of Instruction and
Encoding Conditions (N: 48).

JOLs (%)

Analysis of Calibration

To analyze the relationship between mean JOLs and actual recall for each

Instruction condition, a 2 X (4 X 2 X 2) mixed-design ANOVA was computed, treating

Repetition, Encoding condition, and Calibration (Proportion of Words Recalled - Mean

JOLs) as within-participant factors and Instruction (Repetition-Benefit vs. Repetition-No

Benefit) as the between-participants factor. First, a significant interaction was found

between Calibration and Repetition, Frinerr (r,46) = 103.9, MSE : 1.4, p < .00L Alttrough

this finding is consistent with Expeliments 1 and 2, contrary to my hypothesis, this effect

Phase
lnstruction Encoding 1 2 3 4
Benefit Word-Alone s2.s (3.3) s4.8 (3.4) 55.2 (3.5) 59.8 t3.6)

Relatedness sl.4 ß.2) 56.6 (3.4\ 56.0 (3-7\ 60.7 (3.9\
No Benefit Word-Alone 40.9 (3.8) 39.3 t3.9) 42.3 (4.0\ 49.4 (4.r)

Relatedness 40 i t3.6) 44.2 (3.9\ 45.0 (4.2\ 5l T ø.4)
Note'. Mean standard error is in parentheses.
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did not inte¡act with I¡struction condition, F < 1 . However, there was a significant

interaction between Calibration and Instruction condition, F1t,tø¡= 5.74, p < .05, resulting

from significantly higher confidence in estimates offuture recall across all study phases

for the Repetition-Benefit condition. Table 9 reports mean recall and JoLs for phases 1-

4 for the Benefit condition, collapsing across Encoding condition. Note the bottom row;

paúicipants in this condition were highly overconfident in Phases 1-3, and exhibited

overconfidence for all Phases.

Table 9: Experiment 3: Mean Recall and JOLs in Benefit Condition for phases l-4
Across Encoding Condition (N = 27).

Note: Mean standard error is in palentheses

In contrast, participants in the No-Benefit condition exhibited the UWp effect. As

shown in Table 10 (bottom row), participants in ttiis condition were overconfident in

Phases I and 2, and shifted toward underconhdence in phases 3 and 4.

Phase
Encodine 2 J 4

Recall (%) Mean 27.4 (1.'.7\ 36.7 (2.1 48.8 t2.sl 58.3 (2.8)
JOLs (%) Mean sr.9 (3.2) 55.7 (3.1 55.6 13.5 ) 60.2 (3.7)

JOLs - Recall 24.5 19,0 o.ð 1.9
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Table I 0: Experiment 3: Mean Recall and JOLs in No-Benefit Condition for Phases 1 -4
Across Encoding Condition (N :21).

In order to clarify the change in calibration across the course of the experiment,

mean JOLs and mean percentage ofwords recalled for each lnstruction condition was

further subjected to a one-way ANOVA fol each Encoding condition and for each Phase.

For Phase 1, Proportion of Words Recalled - Mean JOLs was significant for both the

Repetition-Benefit condition, .Frr,zet:48.18, MSE:3.3,p < .001, as well as the

Repetition-No Benefit condition, F(r,zo): 15.14, MSE :3.3, p < .01. Participants in both

conditions demonstrated overconf,rdence with mean JOLs 24.5% higher than recall in the

Benefit condition and 15.7% higher in the No-Benefit condition. Mean recall and JOLs

across Phases 1-4 for Benefrt condition are illustrated in Figure 8; note the very shallow

slope of JOLs across the Phases. JOLs in this condition were high in comparison with

the JOLs made by the No-Benefit group, and remained that way across all Phases. Figure

9 shows mean recall and JOLs across all Phases for the No-Benefit condition. Notice that

Figure 9 closely resembles that of the 'typical' UWP effect as illustrated in Figure 1 in

the úntroduction. In Phase 1, JOLs in the Benefit condition were 11.4% higher than JOLs

in the No-Benefit condition. This is interesting because it appears that explicitly telling

pafiicipants about the benefit ofrepetition on recall actually increases overall confidence,

Phase

Encodine 2 -) 4

Recall l%) Mean 24.8 n.9\ 38.3 (2.4\ 48.7 (2.8\ JI 3 (3.2\

JOLs (%) Mean 40.s t3.61 41.8 (3.5) 43.7 (4.0\ 50.3 ø.2\
JOLs - Recall 15.1 3.5 - 5.0 _1^

Note: Mean standa¡d eror is in parentheses.



Figure 8. Experiment 3: Mean Recall and JOLs for Beneht Condition as a Function of
Study-Recall Phase.
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Figure 9. Experiment 3: Mean Recall and JOLs for No-Benefit Condition as a Function
of Study-Recall Phase.
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even before any repetition occurred in the experiment! This point will be discussed in

further detail later.

In Phase 2, participants in the Benefit condition demonstrated overconfidence in

both the Word-Alone condition, Fç,ze;24.88, MSE = 1.8, p < .001, and Relatedness

condition, Fç,zt¡= 32.57, MSE = 1.5, p <.001, mean overconfidence : 18.8% and 19.3%o

respectively. In the No-Benef,rt condition, participants showed a nonsignif,rcant trend

towards underconfidence in the Word-Alone condition with mean JOLs 4.8% higher than

actual lecall, F < l. No significant difference was found between JOLs and recall in the

Relatedness condition, F< 1.

In Phase 3, parlicipants in the Benefit condition continued to show slight

overconfidence in the Word-Alone condition, -F'1¡ ,zt¡:337, MSE = 2.7, p = .063, and a

nonsignificant trend towards overconfidence in the Relatedness condition, F' < 
.1, 

(mean

overconfidence 9.1%o and 4.5%, respectively). hr the No-Benefit condition, liowever,

despite nonsignificant differences between mean JOLs and recall for both Word-Alone, F

< 1, and Relatedness conditions, F¡,zo¡=2.44,M58=2.7,p =.13, themeans forthis

group suggest a trend towards underconf,rdence with JOLs 2.6% below recall in the

Word-Alone condition and 7 .4%o below recall in the Relatedness condition.

By Phase 4, there were no significant differences between JOLs and recall in the

Benefit condition lor both Word-Alone and Relatedness conditions, F < 1. However, a

closer look at the means shows a tendency towards underconfidence in the Relatedness

condition with mean JOLs 1.4%o below that of recall. In the No-Benefit condition, a

marginally significant difference between JoLs and recall was found for the word-Alone

corrdition, Fç,zo; 2.48, p = . 1 3, in the direction of underconfidence (JOL - recall : -



7l

4.6%), and significant underconfidence for the Relatedness condition, F'1¡zo¡= 5.8, MSE =

1.5, p < .05,(JOL - recall = - 8.6%).

Overall, the above pattern ofresults for the No-Benefit condition is similar to that

of Experiments 1 and 2. That is, participants in the No-Benefit condition demonstrated a

pattem of overconfidence in Phase 1 that gradually shifted towards less confidence by

Phase 4. This finding suggests that participants who are not told anything about the

effect ofrepetition on recall may actually hold the sane expectations and beliefs about

tlreir future perfomance as participants who are explicitly told that repetition does not

aid recall. Given that the mean rating for the Manipulation Check Question 1 was greater

than 5, indicating that parlicipants who were told that repetition does not aid recall did in

fact report that they believed it was at least of sorue benefit2, this suggests that perhaps

participants are somewhat sensitive to the benefit ofrepetition on recall when explicitly

asked, but that they are either not sensitive to this benefit during the actual experiment or

else their JOLs are not accurately reflecting this belief.

Participants in the Benefit condition, on tlie other hand, demonstrated shong

overconfidence even during the first study-recall phase. This overconfidence continued

until Phase 3, although the means demonstrate slight overconfidence for the Word-Alone

condition even in Phase 4. This is an interesting obselation because it suggests that

explicitly telling participants that repetition aids recall serves to increase overall

confidence, rather than impr ove calibration. If participants were sensitive to the benefit

ofrepetition on recall, there should be r.ro diffsrence behveen Benefit and No-Benefit

conditioris at Phase 1, but better calibration in Phases 2 to 4 in the Benefit condition, as a

'?Although palticipants in fhe Repetition-No Beuefit conditior rvere significantly less impressed rvittr t[is
benefit than participants in the Repetition-Benefit condition, as indicated by their lorver ratings.
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result ofincreasingly higher JOLs. lnstead, the slope ofincrease in participants JOLs is

viúually the same for the Benefit and No-Benefrt conditions, In other rvords, there is no

evidence that participants in the Benefit condition used the instructions provided to

irnprove calibration between their JOLs and the true benefit ofrepetition for recall. This

being so, it is interesting to note that, combining data for both Encoding conditions,

participants in the Benefit condition shified from massive overconfidence in Phase 1

(mean JOLs - mean recall = 24.5 %) to much more accurate JOLs by Phase 4 (l.g%).

This shift toward greater accuracy is misleading, alising primarily as a result of

successive increases in recall across phases, with relatively little change in JOLs as a

function ofrepetition. As shown in Figure 8, across Encoding conditions, mean JOLs for

the Benefrt condition increased fron 51.9"/o to 60.2%o in Phase 4, while the percentage of

words recalled increased from27.4%o in Phase I to 58.3% in Phase 4.

To summarize, the results of Experiment 3 reveal several interesting findings.

First, the pattem ofresults for participants in the No-Benefit condition is sirnilar to that of

the plevious trvo Experirnents in which participants were told nothing about the

relationship between lepetition and recall perfomrauce. Either people hold an implicit

belief that repetition is not beneficial for future remembering (which is unlikely given the

outcome ofthe Manipulation check), or else perhaps people do not effectively

incorporate this belieiinto their subjective judgments. Secondly, telling participants that

repetition aids future recall increases overall corrfidence, (i.e., higher JOLs), but does not

improve actual JOL accuracy.



General Discussion

Memory monitoring is an important factor in acquiring new skills and learning

new information. It involves the capacity to regulate the effectiveness of study strategies

and make judgments regarding how well the new information has been processed and

acquired for future use. For example, students must decide what material they have

already leamed, and rvhat rnaterial they need to spend their time on to maximize their

performance on exams (Maki, 1998).

When leaming new information, there is evidence that people may use effective

study strategies when acquiring infonnation fol the first time. For example, they may

devote study time to items that alejudged to be leamable, thereby diverting resources

away from items judged to be very well leamed or very difficult to leam (Mazzoni et al.,

1990). This is especially true when the amount of study tirne provided is insufficient to

learn all the material (Son & Metcalfe, 2000). For example, Son and Metcalfe (2000)

found that people will allocate more study time to items judged easy to leam, thereby

maximizing their perfonnance. hr addition, Son and Metcalfe also reported tlìat when the

study list is shorter, incleasing the amount of time participants can spend studying each

item, people will spend more time leaming difficult items. Thus, when people are

presented with new infomration to leam, they tend to use fairly effective strategies to

rnaximize their performance. Despite their often intelligent use of leaming resources,

however, Koriat et al. (2002) identified a major source of error in memory monitoring in

that people tend to becon.re underconÍrdent when faced with multiple study sessions with

the sarne material. In some tvays, this situation might be n,tore representative of actual

study experiences. That is, rvhen people ale presented with a situation involving the
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leaming of new information, they oflen look at the material more than once (i.e., multiple

study sessions). Investigating why this UWP effect occurs and, as a consequence,

discovering possible strategies for reducing its occurrence was the primary motivation for

the present Experiments.

The results of Experiments 1 and 2 suggest that although distinctiveness of leaming and

effortful processing did improve recall perfomrance, and to a lesser extent influenced

JOLs, overall participants in these Experiments exhibited a tendency to overestimate their

likelihood offuture recall in the first two study-recall phases and become less confìdent

in their assessments of leaming with repeated exposure to study items. ln Experiments 1

and 2, participants were shown a list ofwords, presented one at a time on a computer

screen. lmmediately following each word, participants were prompted to make their

JOL. After the word list was shown, participants were given a free-recall task. This

procedure was repeated tll'ee more tirnes, for a total offour study-recall cycles. Iu

Experiment 1, participants were requiled to make a relatedness judgment for half of the

words in Phases 2-4, thereby creating a distinctive learning environment. ht Experiment

2, parlicipants had to first decode the target word and then make a relatedness judgment

in Phases 2-4. Thus, studying words in the Relatedness condition involved effortful

processing. In both conditions, participants were overconfident in Phases 1-2, shifting

towards less confidence by Phase 4. Interestingly, participants were lnore underconf,rdent

for words involving distinctive leaming or effortful encoding, due to the advantage of

these factors on recall performance. In fact, the UWP effect was only consistently

observed in the Relatedness conditions. This is surprising, given that Koriat et al. (2002)

found a UWP effect by the third shrdy-recall phase using a single-word list. One reason
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for why a significant UWP eflect was not found in every Word-Alone condition may be

due to poorer recall ofwords in that condition due to the presence of better-remembered

words in the Relatedness condition. That is, stimulus words that were presented alone

may be susceptible to higher rates ol forgetting due to interfelence from deeper encoded

items. In contrast, Koriat et al. presented all of the stimulus words alone. Relative to the

experiment reported by Koriat, if memory for words presented alone was worse in Phases

2-4 of the Experiments reporled here, then a UWP effect would be more difficult to

obserye.

Why are participants not sensitive to the benefit of repetition even when leaming

conditions are distinctive or effortful? Koriat (1997; Koriat et a1.,2002) suggested that

people discount extrinsic cues when making JOLs. Extrinsic cues refer to aspects of the

study conditions, and encoding processes engaged in during leaming. In Experiments I

and 2, extrinsic cues available to the parlicipants were number of study phases,

distinctiveness of learning, and effortful encoding. The hypothesis was that if the UWP

effect occurs because people hold intuitive beliefs that they are not leaming anything new

when looking at a word rnultiple tirnes, then this phenornenon may be elirninated in

conditions under which leaming is distinct and/or effortful. Although participants in

these Experiments did in fact have higher JOLs for words in which relatedness judgments

were made, JOLs were less influenced by this manipulation than actual recall was,

resulting in exacerbation of the UWP effect for this condition, rather than elirnination.

While contlary to my hypothesis, these frndings ale consistent with Kor.iat's cue-

utilization view; pafticipants in tliis study discounted the exhinsic cues of leaming

distinctiveness and effortful encoding.
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Thus, one possibility is that people do not fully appreciate that these factors do

improve perfonnance. Dunlosky and Matvey (2001) argue that cues will influence JOLs

only to the extent that people believe they are indicative oftheir performance. These

authors suggest that the extrinsic-intrinsic distinction proposed by Koriat (1997) may not

be a useful theoretical distinction in terms ofunderstanding cues people utilize in making

their JOLs. Based on his analysis ofprevious JOL studies, Koriat had concluded that

although extrinsic cues may be usefu1 diagnostic indicators for making metacognitive

judgments, people often discounted extrinsic cues, instead relying on intrinsic factors. In

contrast, Dunlosky and Matvey (2001) found thât study conditions, an extrinsic cue

according to Koriat's theory, did influence JOLs whereas the relatedness ofpaired-

associates, an irrtrinsic cue, was sometimes discounted. Specifrcally, these researchers

found that serial position and order effects influenced JOLs, such that degree of

relatedness between stimulus-response pairs was less influential on JOLs than the order

in which the items were presented. In their Experiment 2, for example, recall was greater

for related than for unrelated items presented in the first block, and yet the JOLs

discounted this when lelated items were presented f,rrst. Nevertheless, the findings fi'orn

Experiments 1 and 2 in this thesis suggest that people do not take into account the benefit

of learning distinctiveness or effoffulness in their calculations ofJOLs. As a result, a

significant UWP effect emerged for the Relatedness condition in Experiment 1 and a

marginal IFWP eflect occurred in Experiment 2.

Alternatively, perhaps poor calibration between recall performance and JOLs is

not due to an inhereltt flaw in one's intuition or a lack ofa priori beliefs conceming the

benefit ofrepetition for lecall performance, but instead is a product ofpeople's inability
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to use their knowledge at the time of making JOLs. That is, perhaps people do at some

level fully appreciate that repetition, learning distinctiveness, and effortful encoding are

benehcial for remembering, but these inferences are not accurately represented in the

probability judgments people make. For example, people may 'know' that repetition is

beneficial, but'forget' to include it in their subjective calculations. Ifthis is true, then

infomation explicitly provided to participants at the time of making metacognitive

judgments may help compensate for this poor reasoning ability. In Experiment 3,

participants were explicitly told either that repetition improves recall, or that repetition

has no effect on recall. Results of this experiment indicate that telling participants that

repetition aids recall served to increase overall confidence, in that JOLs in the Repetition

Benefit condition were higher than those in the Repetition No-Benefit condition even

during the first study phase.

Why then did telling participants that repetition is beneficial for recall increase

JOLs equally across all phases instead ofcausirrg participants to repoú increasingly high

JOLs from Pliase 1 to Phase 4? One possibility is that, instead of using the information

given to them as a basis for making their subjective judgments, paficipants used it as a

social cue. de Carvalho Filho and Yuzawa (2001) found that social cues given during the

judgment phase can influence JOLs. ln their study, participants made JOLs for both easy

stimulus-response pairs that were considered a priori to have a high degree ofrelatedness

(e.g., MAGAZINE-NEWSPAPER), and difficult stimulus-response pairs that were

uruelated (e.g., ANMAL-CLOCK). During the JOL phase, participants were exposed to

infonnation conceming the fictitious performance of previous 'participants'. In the High

Cue condition, participants were given infomation on the bottom of their computer
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screen indicating that previous college students recalled a mean of 87% of the easy

paired-associates a¡d 77"/o ofthe difficult pairs correctly. In the Low Cue condition,

pafticipants were told that college students recalled a mean of only 57o/o ofeasy paired-

associates and 47% of difficult pairs correctly. A control group performed the tasks with

no additional information given at the time of making JOLs. After making their

judgments, participants were given a recall test followed by a metacognitive assessment.

This assessment consisted offour tasks designed to assess overall metacognitive ability

including prediction accuracy, as well as strategy selection and production. de Carvalho

Filho and Yuzawa found that parlicipants with low metacognition scores who were in the

High Cue condition had higher overall JOLs than participants with low metacognitive

ability who were in the control group. The lowest JOLs were given by participants with

low metacognition scores who were in the Low Cue condition.

These findings indicate that participants who are relatively poor in metacognitive

ability are easíly influenced by social cues when making JOLs. Since overall recall in

tlris study was lrigh, r'anging frorn 5 1-55% for difficult word pairs to 89-92%o for easy

pairs, participants with low metacognitive scores who were in the High Cue condition

actually had the highest relative accuracy, due to the influence ofincreasing their JOLs to

more closely approximate that of actual recall. In this thesis, the results of Experiment 3

show that in Phase 1, the JOLs are closer to actual recall for the No-Benefit condition, as

a result of tlie high degree of overconfidence exhibited by the Benefit condition. Ir

contrast, by Pliase 4 JOLs rvere closer to actual recall for the Benefit condition, because

high recall by this phase was closely rnatched by the (already high) JOLs. It is important

to note that this result should not be interpreted as an accuracy advantage of the No-
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Benefrt condition, but as an artifact of the extreme JOLs made by participants in the

Benefit condition. Consequently, what appears to be an elimination of the UWP effect by

Phase 4 in the Benefit condition is a product of improved recall performance, not

accurate JOLs. It is likely that ifparticipants completed additional study-recall phases

(i.e., a total of 6 phases rather than 4), the UWP effect would emerge for the Benefit

condition as well.

A possible explanation for the overall high degree ofconfidence demonstrated by

the Repetition Benefit group in Experiment 3 is that these participants were using the

inlormation given to them regarding the benefit ofrepetition as a social cue, leading them

to rnake their JOLs in an atmosphere of heightened confidence. The outcome was that

JOLs for the Benefit condition were higlier in general, and were relatively uninfluenced

by the content of the inshuctions that clearly emphasized the contribution of "repetition"

to enhancing recall. In othel words, explicitly telling parlicipants that repetition is

beneficial may have sewed as a general cue that recall should be high after studying a list

oftarget words, notjust high after repeatedly seeing the targets.

Alother possibility for why JOLs were higher overall for the Repetition Benefit

condition relates back to the idea that people are poor at reasoning with probabilities. ln

addition to the influence ofsocial cues on reasoning judgments, there is evidence that

people's JOLs ale also influenced by the specific instructions given to them when making

netacognitive judgnents. Very tecently, Libennan (2004) found that participants made

very different confidence judgnients depending on the instructions they were given at the

time ofmaking their JOLs. In this study, underconfidence in global assessments of

confidence was due to people's lailure to account for correct guessing. ln a series of
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experiments, participants were given random pairings ofcompany names and were asked

to circle the name of the business that had the highest sales. After each pair, participants

were then asked horv confident they were that they had chosen the correct answer. After

all 40 pairs were presented, participants made globat JOLs conceming the overall

percentage of questions they think they answered correctly. In the Un¡estricted

condition, participants were not given any additional instructions regarding their global

JOL. In the Restricted condition, participants were further told that their estimate of

colrect responses should be greater than 50%, because randorn guessing should result in

50%o accuracy. In the Reminder condition, paficipants were informed that if they

answered randomly, about 50% ofthe lesponses sl.rould be correct. The key difference

between the latter two conditions was that in the Restricted group participants were

explicitly told that they should not give a responss lower than 5020, whereas in the

Reminder condition parlicipants were only'reminded' that randorn guessing would lesult

in about 50% conect t'espol'tses, (i.e., no lower response boundary was set). Although no

differences in actual perfomrance was found across conditions, participants in the

Restricted condition had higher confidence than parlicipants in both the un¡estricted and

Reminder conditions. Explicitly telling participants to use ratings greater than 50o/o, and,

providing the logic why they should do so, increased confidence in this study.

Interestingly, participants in the uruestricted condition, rvho were not given any explicit

inshuctions regarding how they should rnake theirjudgments, reported a global

conlrdence judgrnent of only 54. 4To itt one experirnent, despite the fact that guessing

alone slrould result in approximately 5jYo accutacyl Also, althougtr accuracy was not the

focus of this study, the mean performance and global confidence assessments across the
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conditions show that participants in the Un¡est¡icted condition, who were not given any

instructions wlien making their giobal confidence judgments, demonstrated

underconfidence, whereas participants in the Restricted condition were overconfident.

Results for the Reminder condition were mixed, in that participants in this condition were

underconfident in one experiment but overconfident in another. Thus, explicitly giving

participants logical advice conceming how they should make theirjudgments actually

influenced their JOLs. It is worth noting that it is likely that participants already 'knew'

that random guessing should result in approximately 50% accuracy and that in accounting

for this, theil judgments should exceed 50%. Explicitty telling participants infonnation

that supports their intuitive metacognitive beliefs served to reinforce those beliefs,

resulting in l gher confidence ratings. Furthennore, it is also likely that information

cotlsistent with a pliori beliefs are rnore likely to influence JOLs than information that is

not consistent. In Experiment 3, participants in the Repetition Benefit condition were

given infomration that corresporlded with the belief that the more times you see a word,

the more likely you are to recall that word later. Since it is unlikely that people hold

equally strong beliefs that seeirig a word multiple tirnes does not enhance recall, JOLs in

the Repetition No-Benefit condition were not as influenced by the information given to

them. This is further evidenced by the similarity in JOLs between paficipants in the No-

Benefit condition in Experiment 3 and participants in Experiments 1 and 2 who were

given no information.

Other factors may play a role in accuracy ofjudgments as well. Pallier,

Wilkinson, Danthiir, Kleitrnan, K¡ezevic, Stankov, & Roberts (2002) identified a

"confidence trait" that is rveakly lelated to cognitive ability but is a significant
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determinant ofconf,rdence accuracy. This is a particularly interesting study in that they

also found that some personality traits related to proactiveness and activity also correlated

with ftis trait. Their main conclusion was tliat individual differences among participants,

including personality traits as well as overall cognitive and metacognitive abilities, are

important considerations for understanding the underlying mechanisms involved in

miscalibration. Although beyond the scope of the present Experiments, it would be

interesting and perhaps Íìuitful lor future calibr-ation researchers to include some ofthese

variables in their analyses.

The above discussion highlights the potential influence that experimental

instructions can have on participants' subjective reasoning. What information, then, do

pafticipants need to improve their absolute accuracfl One possible solution may be to

give participants' feedback that will be a useful cue in making their JOLs. For example,

there is some evidence that providing performance feedback can improve overall

calibration accuracy, and that this benefit is transferable across different tasks (e.g.,

Lichtenstein et al., 1982). ln contrast, Koriat (1997) did not frnd that feedback improved

calibration across study-recall cycles. However, participants in Koriat's study were given

feedback as to the conectness oftheir respouse after each item, not after each recall

phase. Perhaps participants in this study were unable to use this cue effectively because

iter-n-by-item feedback is not as predictive of future recall as feedback conceming overall

performance. One way to investigate this possibility would be to give global feedback to

participants after each recall. That is, immediately following recall participants would be

told what percentage of items we¡e recalled correctly. Variations of this experimental

design could include conditions in which participants are given global feedback only, or
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in conjunction with item-by-item feedback. Altematively, in the second and subsequent

JOL phases participants could be given information about the previous JOL they made

for that item at the time they are making their current JOL; during tlús stage participants

could also be given feedback as to whether or not they couectly recalled this item in the

previous recall phase. I expect that calibration accuracy would improve under these

circumstances, as paÍicipants' JOLs should be more diagnostic of future recall when

previous performance is used as a cue.

Implications and Future Research: The LIWP Enigma

lnvestigations into memory monitoring in general, and judgments of learning in

particular, have important developmental and educational implications. For example,

Plude et al. (1998) approach memory monitoring from a developmental perspective.

They emphasize the importance of studying memory-monitoring processes not only in

young adults but also in children and in the elderly. There is some evidence, for instance,

that children's'JOLs (see Koriat & Shitzer-Reichert,2002) and older adults'JOLs (see

Hertzog & Hultsch, 2000) operate in ways similar to young adults, but there has been

relatively little research conducted with these groups. Future research on the UWp effect

could focus on whether or not this en'or in mernory monitoring occurs in childr.en and

older adults.

As well, Cavanaugh and Morton (1988) highlight the importance of memory self-

efficacy in older adults and its relationsltip with memory ability. Future research or.r

JOLs in older adults could examine the relationship between memory self-efficacy and

JOLs in the elderly. Fol example, lower memory self-effìcacy in older adults may
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produce lower confidence in JOLs generally, even without multiple exposures to the

same material. However, given that older adults generally have poorer recall than

younger adults (e.g., Hultsch, Hertzog, Dixon, & Small, 1998), it would be interesting to

explore whether older adults' JOLs are more predictive ofactual recall with repeated

study-recall cycles, or if the UWP effect would be found in this population as well.

A number of interesting research questions arise from the cunent investigation

into the lfWP effect. For example, would the UWP effect emerge for study-test trials

that occuned over an extended period oftime? Caroll etal., (1997) reported that JOLs

were not very accurate at predicting future recall when the retention period was over

several weeks. Specifically, Canoll et al. found that participants were overconfident in

their predictions for recall after a long delay such that the JOLs made in anticipation ofa

six week delay prior to recall were the same as those made in anticipation of only a two

week delay. Not surprisingly, but not consistent with equivalent JOLs for the two

groups, recall was better after two weeks than after six weeks. It would be interesting to

investigate whether this relative overconfidence for the long delay group would shift

toward underconfidence with repeated study-recall sessions with retention intervals

extending over six weeks or more.

A¡rother research question posed by the current investigation concems the

relationship behveen JOLs and other nemory-monitoring processes. For example,

Leonesio and Nelson (1990) reported that other mernory-monitoring measures such as

ease-of-leaming (EOL), feelings-of-knorving (FOK), and JOLs are only weakly

conelated with each other. EOL judgrnents are made prior to acquisition, and involve

inferential, a priori assessments conceming the ease or difficulty in leaming the items
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(see Nelson & Narens, 1990). FOK judgments are also metacognitive judgments, made

during either the acquisition or retrieval phases of the leaming process. FOK judgments

involve subjective assessments about whether a cunently not retrieved item will likely be

recalled later (see Nelson, i988;Nelson & Narens, 1990). What, if any, underlying

mechanisms are shared by these lneasures and what are unique? Would a UWP effect

emerge for these memory measures as well? More recently, Dunlosky, Kubat-Silrnan,

and Hertzog (2003) identified another monitoring measure: quality-of-encoding (QIIE).

QUEs are subjective judgments conceming how well an item has been encoded. Their

evidence suggests some age-related impaiment in memory-monitoring effectiveness

based on this measure. Might there be a UWP effect for QUEs? V/ould this effect be

particularly strong in older adults?

Cunently, there is very little known about the UWP effect and why it occurs.

Koriat et al. (2002) speculate that the UWP effect emerges because people rely on

intrinsic cues when making JOLs and discount the benefit of extrinsic cues. Experiments

1-3 in this thesis provide a contribution toward a greater understanding ofthe conditions

under which the UWP ellect occurs.
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