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Global Predictions of Memory in Alzheimer’s Disease:
Evidence for Preserved Metamemory Monitoring*

Chris J.A. Moulin!?, Timothy J. Perfect?, and Roy W. Jones?
University of Reading; Research Institute for the Care of the Elderly, St. Martin’s Hospital,
Bath, UK; and 3University of Plymouth

ABSTRACT

Previous researchers have argued that there is a metamemory monitoring deficit in Alzheimer’s disease
(AD) because patients tend to overestimate their recall performance on a word list. We propose that these
previous results are a misleading by-product of the methodologies used, rather than evidence of an underly-
ing metamemory deficit. In two experiments, AD patients and older adult controls made predictions of
performance both before and after encoding a to-be-remembered list. Metamemory function was measured
by observing the shift in predictions made with, and without, an opportunity to monitor the list. Experiment
1 found that although there were differences between the groups’ accuracy for their prestudy predictions
of recall, both groups were equally accurate after encoding. Experiment 2 explored this using four lists that
varied in item difficulty and semantic relatedness. This experiment replicated the findings of Experiment
1, and it was also found that the AD group became more accurate at predicting their performance with more
exposure to study-test trials. These studies suggest that metamemory monitoring is intact in AD, because
AD patients utilize information gained during processing the to-be-remembered items to revise their pre-
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dictions of subsequent performance.

Metamemory is comprised of monitoring and
control processes (Nelson & Narens, 1990).
When items are being encoded in an episodic
memory task, cognitive resources are both moni-
tored and controlled. For example, an item that
is considered difficult to remember (by monitor-
ing) may be studied for longer (by controlling).
The focus of this paper is metamemory monitor-
ing. In particular we propose that if metame-
mory is intact in Alzheimer’s disease (AD), we
will be able to observe participants revising their
metamemory judgements as a result of feedback
from memory monitoring.

A deficit in metamemory has been put for-
ward as one factor that might contribute to epi-
sodic memory dysfunction (e.g., Light, 1991;
Shimamura & Squire, 1986). Researchers aim-
ing to explain the episodic memory loss experi-
enced in AD have adopted a metacognitive
framework, in particular examining memory
monitoring (e.g., Correa, Graves, & Costa,
1996; McGlynn & Kaszniak, 1991). One way in
which monitoring proficiency has been mea-
sured is to ask participants to make an estimate
of the number of items from a list they will re-
call. These judgments of list performance have
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been labeled global predictions (e.g., Connor,
Dunlosky, & Hertzog, 1997). Using evidence
from global predictions, it has been argued that
AD patients display deficient memory monitor-
ing abilities and this compounds their episodic
memory problems (McGlynn & Kaszniak,
1991). Within the AD literature, these global
judgments have either been made before study
(known as predictions, e.g., Schacter, McLach-
lan, Moscovitch, & Tulving, 1986) or after test
(known as postdictions, e.g., Correa et al.,
1996). They have been made for a variety of
tasks: categorized word lists (Schacter et al.,
1986); everyday tasks and a battery of cognitive
tests (McGlynn & Kaszniak, 1991); and cued
recall and verbal learning tests (Correa et al.,
1996). Without exception, these studies report
that AD patients overestimate their performance.
From this it has been inferred that memory mon-
itoring is impaired in AD, even relative to other
memory impaired groups (e.g., AD vs. age-asso-
ciated memory impairment; Feher, Larrabee,
Sudilovsky, & Crook, 1994).

However, one aspect of memory monitoring
is overlooked in these studies of AD: the pattern
of participants’ judgments before and after
study. It can be argued that although the AD
group overestimates their performance, they
may still be monitoring memory accurately.
That is, AD patients may make judgments that
are reflective of their cognitive processes at en-
coding, but which are poorly calibrated with
regards to final recall. This argument resonates
with evidence from the normal aging literature.
Connor et al. (1997) present a review of previ-
ous research into global predictions in aging.
Some studies in the nondemented old suggest
that older adults accurately monitor their perfor-
mance (e.g., McDonald-Miszczak, Hunter, &
Hultsch, 1994; Rebok & Balcerak, 1989),
whereas other studies suggest that older adults
are not accurate (Bruce, Coyne, & Botwinick,
1982; Perlmutter, 1978). As with the AD litera-
ture, older adults tend to overestimate memory
performance in the predictions that they make
(e.g., Bruce et al., 1982; Devolder, Brigham, &
Pressley, 1990), although some studies indicate
that they underestimate it (e.g., McDonald-
Miszczak et al., 1994).

One explanation of this pattern has been sug-
gested by Connor et al. (1997). They propose
that these inconsistencies could be due to the use
of the midpoint of the scale for memory perfor-
mance. This suggests that individuals ““anchor”
their predictions near the midpoint of the possi-
ble range of performance — treating it as an “‘in-
tuitively plausible performance level” (p. 51),
considering that they know little about the mem-
ory task they are about to undertake. Connor et
al. argue that overestimating performance does
not necessarily reflect a metamemory deficit in
the old, because depending on the length of the
to-be-remembered list, normal older adults show
the same pattern of performance as younger par-
ticipants. Therefore, Connor et al. emphasize the
change in predictions from participants at differ-
ent stages during the memory task. From the
relative pattern across judgments it is possible to
observe memory monitoring. According to Nel-
son and Narens’ (1990) framework, participants
who alter their predictions according to expo-
sure to the to-be-remembered list are basing
their judgments on memory monitoring. Connor
et al. demonstrated that both the young and old
became more accurate at predicting performance
between a prestudy prediction and a poststudy
prediction. In conclusion, although there were
differences in absolute levels of judgment accu-
racy due to the midpoint anchoring effect, older
adults still show the same sensitivity in that they
revise their predictions following study, and
their postdictions are more accurate than their
predictions.

In the present study we adopt the same em-
phasis on the change in predictions to ascertain
whether AD patients’ estimates of performance
are sensitive to whether they have studied the
list or not. There is some evidence that despite
overestimating performance, AD participants do
monitor performance. For example, Lopez,
Becker, Somsak, Dew, and DeKosky (1994)
investigated anosognosia (unawareness of defi-
cit) in 181 AD patients. Firstly, before testing,
Lopez et al. asked: “Do you have a memory
problem that makes your everyday life more
difficult or complicated?”’ (p. 278). From this,
449% of patients denied that they had any mem-
ory problems. After this question, participants
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were administered a standardized neuropsycho-
logical assessment, after each stage of which
they were asked by the examiner, ‘“‘How do you
think you did those tasks?”’ (p.278). Participants
who spontaneously complained of abnormal per-
formance or who agreed when questioned fur-
ther about their difficulty were considered aware
of deficits. At this stage, after testing, the num-
ber of participants who were unaware was re-
duced to 23%. Therefore, in Lopez et al.’s study,
participants were more likely to be aware of
their deficit having completed cognitive testing.
This was not compelling evidence of feedback
from monitoring cognitive processes, however,
because Lopez et al. suggest that theirs was a
rather ‘“‘crude” measure without any scaling to
allow the measurement of degree of awareness.
Furthermore, it was not clear how the insistent
and explicit questioning about awareness af-
fected the participant’s judgment, or what con-
trol performance would have been.

More evidence that AD patients are monitor-
ing memory comes from findings that AD pa-
tients’ judgments are sensitive to the task.
McGlynn and Kaszniak (1991) found that the
AD group’s postdictions were significantly more
discrepant than controls for some tasks (word
recall, picture recall, delayed picture recogni-
tion, digit span, verbal span, and verbal flu-
ency). However, there were no differences be-
tween groups on other, arguably easier, tasks
(word recognition, immediate picture recogni-
tion, and spatial span). McGlynn and Kaszniak
did not supply information on the relative levels
of performance for these tests but they proposed
that participants particularly overestimate their
performance on tasks that have dramatically
worsened as a result of their dementia.

One problem with these types of study, as
McGlynn and Kaszniak point out, is that there
are significant differences between groups on
some tests because, whereas the AD group over-
estimate slightly, the control group underesti-
mate their performance by up to 40%. Often this
problem is worsened by researchers using direc-
tional discrepancies as measures of accuracy.
These are calculated as the estimate of perfor-
mance minus the actual performance (e.g.,
Correa et al., 1996). This method makes it im-

possible to interpret group means. For example,
two participants who respectively over- and un-
derestimate by four items will have a group
mean discrepancy of zero. In contrast, a pair
who both overestimate by two will have a mean
discrepancy of two, although they are clearly
more accurate in their predictions.

Correa et al.’s (1996) study is directly rele-
vant to the present paper. They argue that AD
patients have a memory monitoring deficit by
focusing on results from a directional discrep-
ancy measure. However, when they analyzed
their data using an unsigned absolute difference
score (a nondirectional discrepancy), there was
no significant group difference between the AD
group and a control group (Correa et al., 1996).
From this, they argued that a signed difference
measure was a more sensitive measure for de-
tecting group differences in estimations of per-
formance. The correct conclusion would have
been that the AD group more consistently over-
estimated performance on this given task.

Here we use nondirectional discrepancy mea-
sures (e.g., Hertzog, Saylor, Fleece, & Dixon,
1994), calculated as the modulus of the differ-
ence between the prediction and actual perfor-
mance. They are ideal for the present work be-
cause we are interested in seeing whether partic-
ipants are more accurate after presentation of the
list, and the main focus is how accuracy changes
after participants have encoded the items. This
measure is adequate for examining groups’
metamemory sensitivity without the confound of
differences in memory performance.

In summary, we adopted Connor et al.’s
(1997) emphasis on the pattern of accuracy
across different phases of list learning. In the
experiments presented here, participants are
asked to predict their performance on a list of
items, before and after study. By comparing
these predictions we can infer whether partici-
pants accurately monitor their learning of the to-
be-remembered items. Although some studies
have measured prestudy predictions and others
have used postdictions, to our knowledge no
studies have examined global judgments at dif-
ferent stages of the same task in AD. As demon-
strated with older adults (Connor et al., 1997), it
is conceivable that although AD patients are ini-
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tially unaware of their deficit, they do nonethe-
less monitor performance during an episodic
memory test. That is, we aim to ascertain
whether AD participants are sensitive to pro-
cesses occurring during encoding and thus
whether they show evidence of memory moni-
toring in their patterns of prediction. Such a
preservation in sensitivity to factors operating at
encoding has been shown for item judgments in
AD (Moulin, Perfect, & Jones, 2000b). By using
a discrepancy measure and comparing predic-
tions at two time points we can make inferences
about memory monitoring processes that occur
during encoding without the possible confound
of subsequent memory performance. Thus, the
only way to examine memory monitoring during
encoding in a memory impaired group such as
AD is to consider the revision of predictions
between two time points (Experiment 1) or
across a succession of lists (Experiment 2).

EXPERIMENT 1
METHOD

Participants

There were 32 participants, the characteristics of
whom are shown in Table 1. Sixteen were patients
with a diagnosis of probable or possible AD
(McKhann et al., 1984). These patients were re-
cruited from two hospital-based memory clinics
and had diagnoses made by independent clinicians.
Patients were diagnosed as being demented with

the Diagnostic and Statistical Manual of Mental
Disorders, third edition (DSM III-R; American
Psychiatric Association, 1987) criteria and as hav-
ing AD by the National Institute of Neurological
and Communicative Disorder and Stroke and the
Alzheimer’s Disease and Related Disorders Asso-
ciation (NINCDS-ADRDA) criteria (McKhann et
al., 1984). AD was diagnosed by a clinician using
neuropsychological examination, Mini-Mental
State Examination (MMSE; Folstein, Folstein, &
McHugh, 1975), family interview, laboratory
screening (i.e., hematology; B12 and folate levels;
renal, liver and thyroid function; calcium and
syphilis serology), and medical examination. If
there was a suggestion of a psychiatric disorder,
patients were also assessed by a psychiatrist. Pa-
tients with a history of stroke or depression were
excluded from this study. Patients with a
Hachinski score (Hachinski et al., 1975) that indi-
cated they might have a vascular component to
their dementia were also excluded.

Sixteen participants made up an older adult con-
trol (OAC) group. These people were either care-
givers of patients tested at the memory clinics (n =
6) or people recruited from a panel of older adults
who had expressed an interest in participating in
research (n = 10). All OAC participants had re-
cently been screened for dementia using the
MMSE, all scoring above the standard cutoff of
26/30. The OAC participants who were part of the
volunteer panel received a small remuneration for
their time. A one-way ANOVA showed that there
was no significant difference in the education level
(years of formal education) of these two groups,
F(1, 30) = 1.62, MSE = 9.03. However, the AD
group was significantly older than the OAC group,
F(1,30)=9.62, MSE =25.71, p < .01. Therefore,
the principal analyses were run with age as a

Table 1. Participant Characteristics for Experiments 1 and 2: Mean (Standard Deviation) Age, MMSE, and

Education Level.

Age MMSE Education level
M (SD) M (SD) M (SD)
Experiment 1
AD 75.75 (5.64) 21.81 (3.10) 9.94 (1.77)
OAC 70.19 (4.43) - 11.00 (2.83)
Experiment 2
AD 78.13 (5.29) 17.38 (6.17) 10.88 (2.70)
OAC 75.56 (4.55) - 11.06 (2.08)

Note. Education level = years of formal education; AD = Alzheimer’s disease; OAC = older adult control; MMSE
= Mini-Mental State Examination (Folstein, Folstein, & McHugh, 1975).
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covariate in the analyses of variance (ANCOVA).
The effect of age failed to account for any of the
differences between groups in all the analyses pre-
sented here.

Stimuli/Materials

The word lists comprised 5 easy and 5 difficult
items selected from Rubin and Friendly’s (1986)
recall norms (see Appendix). Words were pre-
sented on a computer screen, one at a time. They
were 2 cm high in black on a white background.
Participants checked similar words for readability
before the trial commenced. Nobody reported any
problems with readability.

Design and Procedure

In this paper we report only the global judgments
of performance. As well as these global judgments,
item judgments were made. These are reported
elsewhere (Moulin et al., 2000b). This experiment
comprised two separate tasks that were both car-
ried out by the same participants. There was a re-
call readiness task (List 1) and a judgment of
learning (JOL) task (List 2). In List 1 participants
studied each word for an unlimited time. In List 2
presentation time was fixed (2 s per word) and par-
ticipants had to give each word a rating of how
likely they were to subsequently recall it. These
tasks only vary in the different dependent variables
taken for the items. In both tasks, the global judg-
ment procedure was identical. Every participant
completed the recall readiness task (List 1) before
the JOL task (List 2). This combined item and
global judgment procedure is used elsewhere in the
literature (e.g., Connor et al., 1997).

Participants were tested individually in a quiet
room and were first familiarized with the computer
and screen. Instructions were presented on the
computer screen and also read aloud by the experi-
menter. Participants were told before the presenta-
tion phase that there would be an immediate free
recall test, with an unlimited time to recall. They
were instructed that there would be 10 items on
each list to remember. Participants were told that
the aim of the experimental procedure was to cor-
rectly predict the number of items they would re-
call rather than to set a target number of items.
However, they were also told that it was acceptable
to recall more or less words than they had pre-
dicted. Before the presentation phase, participants
made a prestudy prediction of their performance
(as a figure out of 10). The to-be-remembered
items were then presented individually in arandom
order. Items were presented until the participant
declared recall readiness (List 1) or masked after 2
s presentation and a JOL made (List 2). After pre-

sentation of the 10 words, there was a short digit
span task (4 digits) to remove short-term memory
based recency effects. The poststudy prediction
was made following the digit span task. Partici-
pants were instructed not to count up the words
currently recallable, but rather to intuitively and
quickly predict their level of recall. Recall imme-
diately followed the poststudy prediction. All par-
ticipants responded orally when giving their pre-
dictions and recalling items.

RESULTS

The left panel of Figure 1 shows the mean
prestudy predictions, poststudy predictions, and
actual recall for both lists. Firstly we consider
recall performance. There was the expected re-
call difference between these groups, F(1, 30) =
92.72, MSE = 2.38, p < .001, with the AD group
performing significantly worse; however, there
was no effect of list, F(1, 30) < 1, nor a signifi-
cant interaction, F(1, 30) = 1.43, MSE = 1.32.
Figure 1 shows that the AD patients tend to
overestimate their recall performance, but that
they revise their predictions downward after en-
coding. To analyse accuracy before and after
presentation of the to-be-remembered lists, a
nondirectional discrepancy was calculated for
each participant (Table 2). A 2 x 2 x 2 (Group x
List x Judgment Type) ANOVA was carried out
on the discrepancy data. There was a main effect
of group, F(1, 30) = 6.38, MSE = 6.35, p < .05,
indicating that the AD group was less accurate
overall. The main effect of list was also signifi-
cant, F(1, 30) =4.68, MSE =4.17, p < .05, and
the means indicate that participants were more
accurate in the second task. The Group x List
interaction was not significant, F(1, 30) < 1, in-
dicating that both groups are more accurate on
the second list. The effect of judgment type was
significant, F(1, 30) = 14.85, MSE = 1.90, p =
.001, as was the Group x Judgment Type inter-
action, F(1, 30) = 9.49, MSE = 1.90, p < .01.
The means suggest that all groups make more
accurate poststudy predictions than prestudy
predictions. Simple main effects explored the
Group x Judgment Type interaction. There was
an effect of judgment type in the AD group, F(1,
30)=24.03, MSE =1.90, p < .001, but not in the



13:34 3 April 2009

[University of Plynmouth] At:

Downl oaded By:

GLOBAL PREDICTIONS IN AD 235

10

—— AD mean

List 1 List 2 E-U

Mean Items Predicted/Recalled (maximum 10)
W

Experiment 1 Experiment 2

—O— OAC mean

D-U E-R D-R

> &

S
& &
¢ &

L R g R

1?@%//

S
&

$
9
$

3y S
&

S
5 S
5 & 5
o Qo% T 8 T &

4)"%//
&%‘?/I

List/Prediction Type/Recall

Fig. 1. Mean prestudy and poststudy predictions and actual performance: Experiment 1 and Experiment 2.
Error bars = 1 standard error. E-U = easy unrelated list; D-U = difficult unrelated list; E-R = easy related

list; D-R = difficult related list.

OAC group, F < 1. This indicates that only the
AD group revises its predictions by a significant
amount once they have been presented the list.
Simple main effects also examined group differ-
ences for each judgment type. There was only a
group difference in accuracy for prestudy pre-
dictions, F(1,30)=18.60, MSE =3.02, p <.001.
For poststudy predictions, the groups did not
differ in their discrepancies, F < 1. This indi-
cates that whereas the AD group is initially
more discrepant, it revises its estimates to levels
which are as accurate as controls. The Trial x
Judgment Type interaction approached signifi-
cance, F(1,30)=3.77, MSE=1.87 p=.062, and
the three-way interaction also approached sig-
nificance, F(1,30)=3.77, MSE=1.87, p =.062.

To summarize, there is evidence that the AD
group is monitoring its memory performance.
The AD group revises its estimates of perfor-

mance to more accurate levels having encoded
the list, and is more accurate in List 2. More-
over, there is no significant difference in accu-
racy between groups for the poststudy predic-
tions.

DISCUSSION

As with previous work (e.g., Correa et al., 1996;
McGlynn & Kaszniak, 1991), this study found
that AD participants significantly overestimate
their memory performance. However, this study
investigated memory monitoring by comparing
predictions before and after study. We found
that AD patients make significantly more accu-
rate predictions of performance after study.
Therefore, they may be unaware of their recall
deficit in absolute terms, but they do display
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Table 2. Accuracy of Participant’s Predictions of Performance Before and After List Presentation: Mean (Stan-

dard Deviation) Nondirectional Discrepancies.

AD OAC

Prestudy Poststudy Prestudy Poststudy
M (SD) M (SD) M (SD) M (SD)
Experiment 1  List1 4.37 (1.63) 1.75 (2.88) 2.12  (2.06) 1.93 (2.32)
List2 2.75 (1.69) 2.00 (1.78) 1.25 (0.85) 1.06 (1.06)
Experiment2 List1 4.31 (2.36) 2.00 (2.28) 212 (1.15) 1.06 (0.92)
List2 2.87 (1.96) 1.56 (1.31) 2.25  (1.77) 1.19 (0.98)
List3 3.06 (1.87) 1.50 (1.86) 1.81 (2.04) 1.44 (1.09)
List4 1.94 (1.26) 1.50 (1.26) 2.12 (0.96) 1.68 (1.30)

Note. AD = Alzheimer’s disease (n = 16); OAC = older adult controls (n = 16); prestudy = prediction made before
study; poststudy = prediction made after study; nondirectional discrepancy = modulus of prediction minus actual

recall.

evidence of memory monitoring: They are sensi-
tive to factors operating during encoding.

One interesting finding is that AD partici-
pants become more accurate from one list to the
next, suggesting that they can obtain useful
feedback from the test procedure. Here we pro-
pose that this increased accuracy across lists,
like the benefit of making a poststudy, as op-
posed to a prestudy prediction, is a result of AD
participants being able to monitor their memory
during presentation. This conclusion is based on
Nelson and Naren’s (1990) model. In particular,
we suggest that by attempting to encode the
items, participants’ estimation of their predicted
level of performance is altered. Within this
metamemory framework, such a change in pre-
dictive accuracy can only be a consequence of
intact metamemory functioning. Therefore, par-
ticipants are more accurate in List 2 than in List
1 because of exposure to the study-test proce-
dure.

An important consideration is that this inter-
pretation is confounded by the task that the par-
ticipants were carrying out while encoding the
list. It could be that prompting participants to
make JOLs for the items increases their accu-
racy for the prediction for the whole list (List 2).
Experiment 2 will take global judgments only,
removing the possible confound of taking simul-

taneous item judgments. In addition, the next
experiment keeps tasks constant and counterbal-
ances the order of lists to examine the effect of
list position more carefully.

EXPERIMENT 2

Experiment 2 had three aims. Firstly, we re-
moved the possible confound of taking item
judgments at the same time as global judgments.
Secondly, we wanted to test the hypothesis that
through exposure to study and test trials, the AD
group become more accurate in their predictions
of performance (as suggested in Experiment 1).
Thirdly, in Experiment 2 we varied the difficulty
and relatedness of the lists to see if modulating
list difficulty on a list resulted in differences in
global predictions. Because recall was equal on
both lists of Experiment 1, it was not known
whether participants could vary their predictions
according to the different levels of recall for the
lists. Presenting participants with objectively
different lists enabled the measurement of sensi-
tivity to list differences. If there was a shift in
participants’ predictions according to objective
qualities of the list, we would be able to con-
clude that participants were sensitive to the
quality of the to-be-remembered stimuli. Again,
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this would be evidence for intact metamemory
functioning that is independent of the effects of
poor recall.

Because we argued that the increased accu-
racy shown in the poststudy predictions in Ex-
periment 1 was due to participants being able to
monitor memory, we also expected feedback
from monitoring to be sensitive to other factors
that affect performance. We were therefore in-
terested in whether the AD group was aware of
the characteristics of the list as they were encod-
ing it.

This experiment examined sensitivity to se-
mantic relatedness. A prominent theme in AD
research is that there is a deficit in semantic
memory (e.g., Nebes, 1989) which may contrib-
ute to the episodic deficit (Goldblum et al,,
1998). Typically, AD patients do not benefit
from semantic relatedness in their recall on epi-
sodic tasks. For example, Herlitz and Viitanen
(1991) suggest that there is evidence that AD
patients ‘‘show a deficit in utilizing semantic
knowledge as an aid for episodic remembering”
(p-571). Previous research into metacognition in
AD has suggested that control and monitoring
processes dissociate in AD (Moulin, Perfect, &
Jones, 2000a). Therefore, it is conceivable that
AD patients are aware of the differences be-
tween the lists, but cannot benefit from these
differences. Because previous research investi-
gating this issue has focused on output measures
(i.e., recall performance; Herlitz & Viitanen,
1991), it is not possible to draw conclusions
about how AD participants respond to semanti-
cally grouped lists during encoding. It is con-
ceivable that during encoding the AD patients
are aware of semantic relatedness and its bene-
fits, but then catastrophic forgetting intervenes.
Conversely, the AD group may fail to benefit
from the semantic relatedness of lists if they fail
to monitor the items, and therefore do not imple-
ment the strategies which semantic relatedness
facilitates. Taking metamemory measures at en-
coding allowed us to discriminate between these
two possibilities.

Finally, to ascertain whether AD patients be-
come more accurate across the list as a result of
exposure to the test procedure, lists were pre-
sented in a counterbalanced order to allow a sep-

arate analysis of accuracy across list order. The
extent to which AD patients monitor their per-
formance will be reflected in the pattern of their
discrepancy across lists. If the AD group benefit
from exposure to multiple trials of the same
task, we expect them to become less discrepant
in their predictions of performance across list
order.

METHOD

Participants

There were 32 participants, 16 in each group of
AD and OAC. Participants were not the same sam-
ple as that of the previous experiment. The AD
patients were drawn from the two memory clinics
used in Experiment 1, and were recruited accord-
ing to the same criteria. The OAC participants
were recruited from a panel of healthy older adults
who had expressed an interest in participating in
research, and had been screened on the MMSE as
in Experiment 1. There was no significant differ-
ence between the groups’ mean ages (ANOVA),
F(1,30) =2.16, MSE = 24.32, and no significant
difference in education level, F < 1.

Design and Materials

Again, participants were given lists of 10 words.
Relatedness and difficulty of recall were manipu-
lated over four lists in a 2 x 2 format. The four lists
of words were: easy unrelated (E-U), difficult un-
related (D-U), easy related (E-R), and difficult
related (D-R). (See Appendix.) There were two
levels of relatedness: related in which all the items
came from the same semantic category (Battig &
Montague, 1969), and unrelated in which none of
the items came from the same semantic category.
With the related lists, the difficulty of recall for
items was manipulated by manipulating the items’
typicality. The E-R list used 10 words that were all
units of time (e.g., week, day), whereas the D-R
list consisted of color names and was made more
difficult by using less frequent and more obscure
examples of the category (e.g., magenta, olive).
For the unrelated lists, words were chosen from
Rubin and Friendly’s (1986) free recall norms.
Difficulty of recall for items was manipulated by
using the normative values of the words — one list
consisted of 10 words with a high probability of
free recall (E-U) and the other list consisted of a
set of items with a low probability of free recall
(D-0).
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Lists were not fully counterbalanced due to the
large number of patients that would be required.
Instead, all lists were presented in the same order
but the starting position was rotated, each partici-
pant starting on one of the four lists, but proceed-
ing through the same cycle: E-U, D-U, E-R, D-R.
The metamemory judgments were prestudy predic-
tions and poststudy predictions as taken in Experi-
ment 1.

Procedure

Participants were tested individually and were in-
structed that they would be given four short mem-
ory tests with 10 words on each. They were told
that they were to try to remember as many items as
they could from each list, and then recall the words
in any order at the end of presentation. Before the
presentation of a list participants were asked to
give an estimate of how many items they thought
they would recall on each list, as a figure out of 10
(prestudy prediction). Items were presented ver-
bally at a rate of one item every 2 s. After presen-
tation, and before recall, patients were asked again
to predict recall (poststudy prediction). Patients
were encouraged to make this response quickly
and told not to count up the number of items cur-
rently held in memory. In this experiment there
was no digit-span distracter task, but immediate
free recall was measured. At no stage was feed-
back given about recall performance.

RESULTS

The right panel of Figure 1 shows the mean pre-
dictions (prestudy and poststudy judgments) and
recall for each list type. As expected, there were
significant differences in the groups’ recall, F(1,
30) = 177.19, MSE = 2.17, p < .001, with the
OAC group outperforming the AD group. There
was a main effect of difficulty, F(1, 30) =20.17,
MSE =2.36, p <.001, with more words recalled
from the easy lists. There was also a significant
group by difficulty interaction, F(1,30) = 16.25,
MSE =2.36, p <.001, the means indicating (Fig-
ure 1) that OAC recall is sensitive to difficulty
but the AD group is not. There was also a main
effect of relatedness, F(1, 30) = 27.84, MSE =
2.27, p <.001, and a group by relatedness inter-
action, F(1, 30) = 13.21, MSE =2.27, p < .001.
Participants recall significantly more words
from the related lists, and the AD group did not
benefit from relatedness to the same extent as

the OAC group. There was no difficulty by re-
latedness interaction, F(1, 30) = 2.11, MSE =
1.20, and no three-way interaction, F < 1.

Another factor in the design of this experi-
ment was list order. A 2 x 4 (Group X List Posi-
tion) repeated measures ANOVA demonstrated
that recall did not vary according to the serial
order of the list. There was no main effect of list
position, F < 1, and a nonsignificant interaction,
F < 1. This indicates that collapsed across list
type, there were no order or practice effects for
recall.

To analyze the sensitivity of global predic-
tions to list type, the poststudy predictions were
analyzed. Because the objective properties of
the list were known, we expected participants to
predict higher recall on easier and semantically
related lists. A 2 x 2 x 2 (Group x Difficulty x
Relatedness) ANOVA showed a main effect of
group, indicating that groups predict different
levels of performance overall, F(1, 30) = 33.41,
MSE = 3.65, p < .001. The means (Figure 1)
show that the OAC group predicts higher recall
than the AD group. There was no main effect of
difficulty, F < 1, although there was a group by
difficulty interaction, F(1, 30) = 5.89, MSE =
2.45, p < .05, suggesting that groups do not dis-
criminate between easy and difficult lists to the
same degree. This interaction was explored with
simple main effects. There was a significant ef-
fect of group for both easy and difficult lists:
easy, F(1, 30) = 36.55, MSE = 3.02, p < .001;
difficult, F(1, 30) = 8.50, MSE = 3.09, p < O1.
However, the effect of difficulty for each group
showed that the AD group did not differentiate
between easy and difficult lists in their predic-
tions, whereas there was a strong trend in the
OAC group to make higher predictions of per-
formance for the easy lists: AD, F(1, 30) =2.30,
MSE =2.45; OAC, F(1,30) =3.67, MSE = 2.45,
p =.065.

There was a main effect of relatedness, F(1,
30) = 6.42, MSE = 2.05, p < .05. The mean
poststudy predictions indicate that groups esti-
mate that they will recall more words from the
related lists. There was no group by relatedness
interaction, F' < 1, suggesting that both groups
are equally aware of the benefit of semantic re-
latedness to recall. The difficulty by relatedness
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interaction approached significance, F(1, 30) =
3.57, MSE = 1.84, p = .069, but the three-way
interaction was not significant, F(1, 30) = 1.87,
MSE = 1.84. This analysis indicates that the AD
group’s poststudy predictions are not sensitive
to item difficulty, but are as sensitive to seman-
tic relatedness as those of the OAC group. We
return to the issue of whether this insensitivity is
appropriate in the discussion given recall perfor-
mance.

We also examined the way in which partici-
pants’ estimation accuracy changes both across
judgment type and list order. A 2 x 4 x 2 (Group
x Order x Judgment Type) repeated measures
ANOVA was carried out on the nondirectional
discrepancies, calculated as for Experiment 1.
(For means see Table 2.) There was a main ef-
fect of group, with the AD group being more
discrepant in their predictions than the OAC
group, F(1,30)=4.47, MSE =5.72, p < .05. As
with Experiment 1, there was also a main effect
of judgment type, with participants being more
accurate in their poststudy predictions, F(1, 30)
= 85.96, MSE = .85, p < .001. There was also a
judgment type by group interaction, F(1, 30) =
8.47, MSE = .85, p < .01. Simple main effects
show that both groups significantly revise their
estimates according to judgment type: AD, F(1,
30)=74.20, MSE = .85, p <.001; OAC, F(1, 30)
= 20.24, MSE = .85, p < .001, and as with Ex-
periment 1, a group difference in accuracy oc-
curred for predictions made before study, but
was not significant for predictions made after it:
prestudy predictions, F(1, 30) = 7.01, MSE =
4.28, p < .05; poststudy predictions, F(1, 30) =
1.23, MSE = 2.30.

There was no main effect of order, F(1, 30) =
2.70, MSE = 3.44, although there was a group by
order interaction, F(1,30)=6.03, MSE=3.44,p
<.05, and an order by judgment type interaction,
F(1,30) =11.87, MSE = 1.06, p < .01. Simple
main effects show that only the AD group show
increased accuracy in their predictions across
list order: AD, F(1,30)=3.41, MSE=3.35,p<
.05; OAC: F < 1. Moreover, the groups only dif-
fer significantly in their accuracy on List 1: List
1, F(1, 30) =8.37, MSE = 4.66, p < .01; List 2,
F(1,30)=1.14, MSE = 3.50; List 3, F(1, 30) =
1.36, MSE = 5.05; List 4, F < 1. These analyses

suggest that the interaction between group and
list order is a product of the AD group being
initially inaccurate. Across Lists 1 to 4, AD par-
ticipants revise their estimates to levels which
are not significantly more discrepant than those
of the OAC group. The OAC, in comparison, do
not vary their predictions across list order. The
order by judgment type interaction was also ex-
amined with simple main effects. This showed
an effect of judgment type for every list: List 1,
F(2, 62) =52.64, MSE = 3.86, p < .001; List 2,
F(2,62) =56.16, MSE =2.41, p < .001; List 3,
F(2,62) =40.61, MSE = 3.19, p < .001; List 4,
F(2,62)=76.28, MSE = 1.40, p < .001, and an
effect of order for both predictions made before
and after study: prestudy predictions, F(4, 124)
=64.65, MSE =3.34, p <.001; poststudy predic-
tions, F(4, 124) =44.19, MSE = 2.09, p < .001.
This indicates that for every list, poststudy pre-
dictions are more accurate than prestudy predic-
tions. Finally, the group by order by judgment
type interaction failed to reach significance, F(1,
30) =1.49, MSE = 1.06, indicating that there are
no differences in how the groups’ accuracy
changes with regard to order and judgment type.
Moreover, across groups, both prestudy and
poststudy predictions vary significantly across
list order. The means suggest that both groups
get more accurate at predicting their perfor-
mance.

To summarize the results of Experiment 2,
the AD group is less accurate overall and, as
with Experiment 1, overestimates performance.
However, they show a marked benefit of having
studied the words in the accuracy of their pre-
dictions, and their predictions become more ac-
curate across Lists 1 to 4. In fact, the AD
group’s predictions of performance are only sig-
nificantly more discrepant than those of the
OAC for the first list they encounter. The group
by judgment type interaction indicates that the
AD group revises its predictions to a greater ex-
tent from prestudy to poststudy. We also found
that the AD group was not sensitive to difficulty
in the poststudy predictions that they made.
These predictions were inappropriate if one con-
siders the lists objectively: Both easy lists and
related lists should be easier to recall. However,
not only predictions but also memory perfor-
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mance of the AD group is insensitive to item
difficulty.

DISCUSSION

We were interested in three effects in this exper-
iment: (a) a replication of the difference be-
tween pre- and poststudy accuracy for the AD
group; (b) an examination of whether AD partic-
ipants’ global predictions of performance are
sensitive to objective factors which affect recall
(list difficulty and relatedness); and (c) the pro-
gression of accuracy across serially presented
lists. With regard to the first point, we replicated
the findings of Experiment 1. Given an opportu-
nity to encode the list, AD patients were as ac-
curate at predicting recall as controls. AD pa-
tients’ memory monitoring may be poorly cali-
brated, but it does reflect underlying cognitive
processes in operation during encoding.

Secondly, we expected that if AD patients
could receive feedback from processes occur-
ring during encoding, they should also be sensi-
tive to the objective qualities of the list. How-
ever, the data suggest that the AD group was not
sensitive to item difficulty between lists,
whereas the control group was sensitive. Taken
on face value, this suggests that AD participants
cannot monitor qualities of the list as well as
they can encode it. However, an important con-
sideration is that AD recall does not vary signifi-
cantly across list types. Therefore, we could
conclude that the AD group was correct to be
insensitive in their predictions, because the rela-
tionship between their subjective predictions
and their actual recall was wholly appropriate.
Their memory did not respond to objective fac-
tors (item difficulty) that operated during encod-
ing, and their predictions reflected this.

An alternative interpretation of the accuracy
results is that the apparent accuracy is caused by
combined floor effects in recall and a lack of
sensitivity to preexisting differences in lists.
Whereas control participants have to modulate
their poststudy predictions according to the na-
ture of the list and their projected performance,
it could be argued that all the AD patients have
to do is become progressively more aware of

their poor recall. AD patients’ recall was con-
stant across all list types, whereas the control
groups’ performance varied significantly. Al-
though there is clear evidence that AD patients
are monitoring memory during encoding as
shown by increased accuracy after presentation,
it is not clear how this pattern is affected by
floor effects. We demonstrated that AD patients
are not sensitive to objective differences in item-
difficulty in the global judgments they make. It
is possible that this lack of awareness of the na-
ture of the to-be-remembered information may
resultin poorly controlled memory performance,
despite showing strong evidence of memory
monitoring in the poststudy predictions they
make.

In contrast, there was further evidence of in-
tact memory monitoring in AD because the
prestudy predictions became more accurate
across trials, indicating that participants receive
self-derived feedback from performance on tri-
als in order to revise their estimates of perfor-
mance. These results are compelling because
AD recall performance does not significantly
vary across list position: Participants modulate
their predictions to reflect performance, rather
than keeping predictions constant while improv-
ing their performance. Because accuracy im-
proves across list order even though the lists are
not identical in relatedness and difficulty, it is
clear that AD predictions are based on memory
monitoring. If no memory monitoring was tak-
ing place, then as well as being insensitive to the
qualities of the list, AD patients would not be
able to revise their estimates across list order or
between their prestudy prediction and their
poststudy prediction.

GENERAL DISCUSSION

Most previous research (Lopez et al., 1994;
McGlynn & Kaszniak, 1991; Schacter et al.,
1986) has examined estimates of list perfor-
mance and concluded that memory monitoring is
in deficit in AD. These studies emphasize accu-
racy and do not examine sensitivity to to-be-re-
membered lists. Moreover, they use analyses
that do not consider shifts in accuracy (i.e., only
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one estimate is made at one phase, on one trial)
or group variability (i.e., the use of directional
discrepancy as the primary dependent variable).
By taking estimates of prediction before and
after study, the experiments here have demon-
strated that AD participants monitor memory
during encoding and retrieval. Their predictions
are significantly altered according to whether
they have encoded the items, whether they have
been tested, and whether they have previously
studied a list. This finding would not have been
possible using the previous methods. Experi-
ment 2 investigated sensitivity to different types
of list. It was expected that, as for items, AD
participants’ poststudy predictions would be
sensitive to objective differences in stimuli. It
was found that AD group poststudy predictions
were not appropriately related to the known
qualities of the list.

We argue that these experiments suggest that
AD participants are monitoring their memory
processes during encoding. Specifically, be-
tween an initial (prestudy) prediction of perfor-
mance and a judgment made after study, they
realize that they will not recall as many items as
they initially thought. Such a shift in predictions
must reflect attitudes to memory performance. If
AD patients are monitoring memory, even in
some gross manner, it is reasonable to try to im-
prove their control of memory with behavioral
interventions. Additionally, from the results of
this study, it is reasonable to reject a cata-
strophic failure in metamemory monitoring as a
contributory factor to the poor episodic memory
performance of people with AD. In this way, our
findings are congruent with research into item
judgments in AD (Bickman & Lipinska, 1993;
Lipinska & Bickman, 1996; Moulin et al.,
2000Db).

An unavoidable issue in comparing people
with AD with OAC is the large difference in
recall performance between groups; we need to
consider the role of floor effects in these experi-
ments. For the most part, we argue that our main
analysis (the shift from prestudy to poststudy
predictions) is independent of the subsequent
low level of recall. We have argued elsewhere
(Moulin et al., 2000b) that this sensitivity ap-
proach is appropriate for measuring memory

monitoring in memory-impaired groups. Clearly
the discrepancy scores are subject to influence
from floor effects, because the AD participants
in many cases cannot underestimate their perfor-
mance (given that many participants’ recall is
zero). However, there is a fundamental truth to
the low predictions given poststudy; participants
rightly say they will recall very little. In Experi-
ment 1, none of the AD participants initially pre-
dicted they would recall nothing, whereas 9/16
did so after study. We believe this is best con-
ceptualized as accurate memory monitoring fol-
lowing study. Participants could have predicted
zero recall prior to study, but they did not.

An alternative solution to the problem of dif-
ferential levels of performance would have been
to have artificially manipulated recall level in
one or both groups. However, under such cir-
cumstances it would be hard to interpret any
differences in predictions given that different
instructions would be required for each group.
For example, repetition may boost recall in the
AD group, but this would require the AD pa-
tients to predict how well they would do on re-
peated lists. We do not know how predictions
change if participants are told that lists will re-
peat and thus any difference in predictions be-
tween AD (repeated study) and older adult (sin-
gle study) groups would be hard to interpret.

The pattern of results in these studies is con-
sistent with the finding that AD patients are
more likely to report that they are cognitively
impaired after completing a cognitive test bat-
tery (Lopez et al., 1994). Experiment 2 showed
that AD patients’ prestudy predictions get more
accurate the more they are exposed to the pre-
sentation-test procedure. This finding has impli-
cations for deficit awareness in AD. Our find-
ings are pertinent to Zec’s (1993) theory that the
lack of insight in AD patients may be due to not
having an enduring record of their experience.
The results of the present experiments clearly
indicate that AD patients update memory predic-
tions (awareness) through their own spontaneous
feedback from performance. Participants are not
told how well they have performed on a previ-
ous test, but they still become more accurate as
the test progresses. The results here indicate that
for amemory test, repeated exposure will enable
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the AD participants to make more accurate pre-
dictions of performance. However, the present
experiments cannot address whether the memory
awareness that the AD group gain through re-
peated testing is converted into an enduring re-
cord. It has been shown that AD patients do up-
date their expectations across lists but it is not
clear whether they would still be more aware if
tested again after a delay. It is highly probable
that because of the memory deficit the AD par-
ticipant cannot remember that 3 items out of 10
is a more realistic prediction of performance
than 5 out of 10. In this sense, we would like to
propose that any apparent deficit in global
awareness in AD is a result of the memory defi-
cit, not vice versa.

We expected that any initially inaccurate pre-
diction might be the result of midpoint anchor-
ing. In both experiments, it has been shown that
the AD group make a prestudy prediction on the
first list which is no different from age-matched
controls. In Experiment 2, a one-way ANOVA
on the prestudy prediction on List 1 showed that
there were no significant differences between
groups, F < 1. Moreover, the modal value for the
first prestudy prediction is 5 for both the AD and
OAC groups. This analysis supports Connor et
al.’s (1997) hypothesis, and extends it to a mem-
ory-impaired sample. Therefore, a possible rea-
son why AD patients seem less accurate than
controls is because the OAC group perform
better on the task, and both groups predict that
they will recall about half of the list. Because
participants cannot make their first prestudy
judgment based on the to-be-remembered items
in this experiment, it is reasonable that they
make a general prediction based on a ‘“‘rule of
thumb.”” The level of this first prestudy predic-
tion seems independent of whether the person is
demented or not because there is no significant
difference between AD and OAC participants. If
there is evidence for a deficit in memory moni-
toring in AD it is that they are not aware of how
bad their memory is until being prompted by a
test phase, and being informed about their mem-
ory deficit during the encoding process. There-
fore, we argue that throughout life, people have
learned that 50% is a useful estimate of perfor-

mance, and this estimate is not updated when the
person gets dementia.

The prestudy 50% estimates in the AD group
may also indicate that the AD group is setting a
target of performance, rather than making a pre-
diction. There is evidence of this goal setting
behavior in older adults. For example, Connor et
al. (1997) found 3 of their older adults (with rel-
atively low recall levels) had initially predicted
60 out of 60 items, which they suggest is an ex-
ample of goal-setting behavior, instead of a
proper estimate.

In essence, the experiments presented here
suggest that AD patients monitor their memory
during encoding. The apparent inaccuracy in
their prestudy predictions is consistent with the
same midpoint anchoring seen in the control
group. Once this erroneous prestudy judgment
has been made, people with AD revise their esti-
mates — and the basis of this revision is profi-
cient memory monitoring.
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APPENDIX

Stimuli used in Experiments 1 and 2.

Experiment 1
List 1: mountain, doctor, dove, friend, student, concept, origin, occasion, position, impropriety.
List 2: caravan, brassiere, sky, teacher, tree, elaboration, disclosure, permission, typhoon, hint.

Experiment 2

E-U:

D-U:

E-R:
D-R:

boy, death, elephant, grandmother, inn, joy, lake, university, policeman, shoes (mean proba-
bility of free recall; Rubin & Friendly, 1986; 0.75).

causality, figment, sulphur, formation, joviality, necessity, outsider, pledge, shame, chance
(mean probability of free recall; Rubin & Friendly, 1986; 0.25).

hour, minute, second, year, day, century, month, decade, week, millisecond.

indigo, maroon, tan, lavender, beige, aqua, magenta, olive, rose, mauve.



