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Abstract

Previous research claiming that there is a metamemory deficit in Alzheimer’s Disease (AD) has been based on paradigms in
which metamemory judgements are compared with performance. These methods confound predictive accuracy with very poor
memory performance. In the experiments presented here this confound is removed by focusing on the sensitivity of metamemory
judgements to item differences at encoding, rather than on predictive accuracy. In Experiment 1 participants studied words of
high or low recallability, and either made judgements of learning (JOLs) or declared recall readiness. It was found that the AD
group discriminate between items in their metamemory judgements to the same extent as age matched controls. Both groups
rated the highly recallable words as being more likely to be recalled, and allocated more study time to low recallability items. In
Experiment 2 participants were asked to rank the likelihood of recall of items that varied in objective recallability. Once again,
AD patients were as sensitive to objective differences in stimuli as controls. Therefore, using measures based on sensitivity to
item differences, we find no evidence of a metamemory deficit at encoding in AD. The findings are discussed in terms of
metamemory functioning in AD, and its relationship with memory performance. © 2000 Elsevier Science Ltd. All rights
reserved.
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1. Introduction people with AD fail to control and monitor memory
during encoding. Several studies have examined meta-
memory functioning in AD [2,11,19]. All these studies
are limited in their ability to address metamemory
function at encoding because they examine metamem-
ory judgements made after encoding and before retrie-
val (the feeling of knowing (FOK) procedure).
Moreover, the first two studies use general knowledge
materials rather than assessing performance on a mem-
ory task that includes an encoding phase. These gen-
eral knowledge studies suggest that there is no deficit
in metacognition, with the AD group being as accurate
as controls in assigning confidence to recalled answers
and predicting future recognition performance.

Recent research suggests that an encoding deficit,
rather than increased forgetting, underlies the poor
performance on episodic memory tasks in Alzheimer’s
disease (AD) [3,6,7]. It may therefore be important in
Alzheimer’s disease to assess factors such as metamem-
ory that operate during encoding. This paper examines
the idea that a deficit in metamemory functioning
could be an exacerbating factor in the poor episodic
performance in AD.

One cause of the encoding deficit might be that
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The study by Pappas et al. [19] is more directly rel-
evant to the present work because they studied meta-
memory judgements in episodic memory with recall
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and recognition tasks. For the recall task, they were
unable to draw conclusions about the predictive accu-
racy of metamemory judgements because of floor
effects in the recall of the AD group. However, for the
recognition task, with performance off floor, they
found that AD patients do not predict recognition as
accurately as controls. They conclude, “It should be
determined if predictions of recall performance are
intact in AD patients. If so, this would indicate a dis-
sociation between metamemory for recall and recog-
nition” (p. 163).

There are profound logical difficulties in concluding
that people with AD have impaired metamemory on
this kind of evidence. It is inferred that metamemory is
inaccurate when participants’ predictions of perform-
ance fail to relate to how they actually perform: a
word that is judged to be highly recallable should be
more likely to be recalled than a word rated as less
likely to be recalled. Problems arise with this approach
when testing participants who have an episodic mem-
ory impairment, because their likelihood of remember-
ing any item is at floor. Memory performance is so
poor that it precludes statistical comparisons of
groups’ metacognitive abilities.

More importantly, the reason that metamemory jud-
gements lack predictive power at test may be because
of processes that occur after encoding. Participants
may make appropriate predictions of recall during
study that would be predictive were it not for the sep-
arate episodic memory deficit. That is, participants
may accurately monitor the difficulty of different items
to be learned, and may take appropriate steps to con-
trol their encoding to achieve learning. However, using
accuracy-based measures of metamemory does not
allow one to focus on what occurred at encoding.

In the present work we offer a new approach which
overcomes the confound with memory performance,
and focuses instead on processes occurring at encod-
ing. Our reasoning is straightforward; if metacognition
is intact at encoding in AD, then memory monitoring
and control by participants with AD should be as sen-
sitive as normals to item differences. To distinguish
our approach from previous work examining metacog-
nitive accuracy, we classify the measures we use as
metacognitive sensitivity measures.'

In the experiments reported here, participants study
words that have been selected on the basis of objective
measures of difficulty. Participants either make predic-

"' Hertzog and Dixon [9] argue that metacognitive judgements
about memory fall into three different conceptual categories —
declarative knowledge about memory processing, awareness of one’s
on-line memory processing, beliefs about one’s own memory system.
However, at present, there is no clear consensus about how these
concepts inter-relate. Our measure of metacognitive sensitivity clearly
relates most closely to the second of these constructs.

tions of future performance for these words in the con-
ventional manner, or study them until they believe the
items have been learned. If AD patients are monitor-
ing memory as they encode items they should be sensi-
tive to the differences between items, even if these
predictions are not ultimately accurate. For example,
they should rate objectively difficult words as being
harder, and dedicate more study time to them to
recall, even if they fail to recall any of the items.

In the first experiment sensitivity of memory moni-
toring is measured by asking participants to predict, at
learning, future recall performance for a set of words
with objectively known properties. This kind of meta-
memory prediction has been extensively used before,
and is known as a judgement of learning or JOL (e.g.
[13,18]). Participants were asked to rate words selected
to be either difficult-to-recall or easy-to-recall, based
on Rubin and Friendly’s [20] free recall norms. By
examining whether judgements reflect these pre-existing
differences it is possible to find evidence of metamem-
ory monitoring without having the confound of floor
effects in AD participant’s recall.

The first study also examines memory control at
encoding using allocation of study time as a dependent
variable. This measure, also known as recall readiness,
is a well-established measure (e.g. [4,17]). In this para-
digm participants are allowed to study words as long
as they feel necessary to ensure subsequent recall
before declaring recall readiness. Again, the difference
in study times for objectively different items can be
measured. It is predicted that if memory control is
intact and correctly informed by monitoring, then par-
ticipants should spend longer studying the objectively
difficult items.

Whilst there is previous research addressing the role
of memory monitoring in AD, there has been less
work in metamemory control processes. Our own
research [15] suggests that with multiple presentations
during encoding, AD participants, like controls, allo-
cate less time to items they have already encoded.
However, the present work is the first to examine
whether appropriate allocation of study time is found
for different kinds of to-be-learned words in a single-
trial test.

2. Experiment 1
2.1. Method

2.1.1. Participants

Sixteen AD patients and 16 age-matched older adult
controls (OAC) were tested. Diagnosis of AD was
made by a clinician using information from neuropsy-
chological examination, mini-mental state examination
(MMSE) [5], family interview, laboratory screening
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Table 1

Participant details for all experiments: mean (M) and standard devi-
ation age in years, mini mental state examination score, and years of
education®

Age MMSE Yrs education
M SD M SD M SD
Experiment 1
AD 75.8 5.6 21.8 3.1 9.9 1.8
OAC 70.2 44 - - 11.0 2.8
Experiment 2
AD 75.2 9.1 15.1 4.8 11.2 2.5
OAC 74.9 23 - - 11.3 2.8

% Notes: AD = Alzheimer’s disease (n = 16), OAC=older adult
controls (n = 16). MMSE =mini-mental state examination [5]. Yrs
education =years spent in formal education.

(i.e. haematology; B12 and folate levels; renal, liver
and thyroid function; calcium and syphilis serology)
and medical examination. Patients were diagnosed as
being demented with the DSM III-R [1] criteria and as
having AD by the NINCDS-ADRDA criteria [14]. If
there was a suggestion of a psychiatric disorder,
patients were also assessed by a psychiatrist. Patients
with a history of stroke or depression were excluded
from this study or if they had a Hachinski score [8]
that indicated they might have a vascular component
to their dementia. The OAC group was also screened
for dementia before being admitted to the study. This
group consisted either of carers 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). The participant
characteristics are shown in the top panel of Table 1.
A one-way ANOVA showed that there was no signifi-
cant difference in the education level (years education)
of these two groups [F(1, 30) = 1.62]. The principal
analyses were run with age as a covariate in the ana-
lyses of variance (ANCOVA) because there were sig-
nificant age differences between the two groups (the
AD group was significantly older than the OAC
group; [F(1,30) =9.62, p < 0.01]). The effect of age
failed to account for any of the differences between
groups for every dependent variable.

2.1.2. Stimuli/materials

Five easy and five difficult words were selected for
each task from Rubin and Friendly’s [20] recall
norms.” The words were presented on a computer
screen centrally in black on a white ground, in letters

2The words used were: recall readiness task, easy: mountain,
doctor, dove, friend, student; difficult: concept, origin, occasion, pos-
ition, impropriety. JOL task, easy: caravan, brassiere, sky, teacher,
tree; difficult: elaboration, disclosure, permission, typhoon, hint.

2 cm high. Participants were given an opportunity to
check the readability of the materials before the trial
commenced and no participant reported any difficulty.
To avoid errors in use of the computer keyboard, par-
ticipants’ responses for all tasks were made verbally
and were keyed into the computer by the exper-
imenter.

2.1.3. Design and procedure

This experiment consisted of two separate tasks, a
judgement of learning (JOL) task and a recall readi-
ness task. The same participants carried out both.
There was a mixed design, with two groups (AD and
OAC) and two levels of objective difficulty of word
(easy vs difficult).

Participants were tested individually. Every partici-
pant completed the recall readiness task before the
JOL task. The procedures used in each task were the
same except that in one case participants studied each
word until they declared recall readiness and in the
other presentation time was fixed and participants had
to give each word a JOL.

2.1.3.1. Recall readiness task. Participants were famil-
iarised with the computer and screen. Instructions
were presented on the computer screen and also read
aloud by the experimenter. Participants were instructed
that they would see words to be studied and that these
words would remain on the screen until the participant
verbally declared ‘recall readiness’. Participants were
instructed to study the word until they felt they had
maximised their chance of remembering the word in
the subsequent test, with the instruction to “‘go at your
own speed, but don’t spend longer on a word than
you need to”. Declaration of recall readiness prompted
the next trial. Prior to the test, participants were told
that there would be an immediate free recall test at the
end of the list, with an unlimited time to recall. The
to-be-remembered items were presented individually in
a random order. After presentation of the 10 words,
there was a short (four digits) digit span task. Partici-
pants then attempted verbal free recall of the items
that they had studied.

2.1.3.2. JOL task. This was the same as the recall
readiness task, except that each item appeared for only
2 s and was then masked. At this point, participants
were prompted to rate how likely it was that they
would be able to recall the word later, using a 5 point
scale (“I'd like you to tell me how likely you are to
remember this word: 1=won’t remember it, 5=defi-
nitely will remember it”’). Participants were instructed
to concentrate equally on rating the word and remem-
bering it.
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2.2. Results

Three aspects of the data were analysed for each
task: recall performance, sensitivity of metacognitive
judgements to item differences and accuracy of meta-
cognitive judgements in predicting recall.

2.2.1. Recall performance

The mean number of easy and difficult items recalled
for both tasks is shown in Table 2. The pattern is typi-
cal of the poor recall found in AD, with patients on
average recalling less than one word. A 2x2x2
ANOVA (group x task x item) was carried out on this
data. There were main effects of group
[F(1, 30) = 69.72, p < 0.001] and item
[F(1, 30) = 14.78, p = 0.001] in line with expectations,
but no effect of task [F(I, 30) < 1]. The lack of an
effect of task suggests that giving participants as long
as they like to maximise their recall performance does
not improve recall, compared to a fixed 2-s presen-
tation time for each word that in practice is a shorter
study time.

The task x group interaction approached significance
[F(1,30) =3.179, p =0.085]. There was a significant
group x ease interaction [F(1, 30) =11.97, p < 0.01].
Simple main effects show that whilst the recall of the
AD group is not sensitive to item differences,
[F(1,30) < 1, n.s.], the older adults’ recall is (OAC:
F(1, 30) = 24.25, p < 0.001). There was no trial x ease
interaction [F(1, 30) = 2.39, n.s.], and the three-way in-
teraction was not significant [F(1, 30) < 1]. In sum-
mary, AD recall is much lower than controls and
possibly because of floor effects fails to show differ-
ences across items. The older adults recall significantly
more easy words than difficult words.

2.2.2. Metamemory sensitivity
To examine memory monitoring we looked at

Table 2
Experiment 1: mean (and SD) number of items recalled (out of five)
by each group, for each level of item difficulty and encoding task®

whether the JOLs and study times for words were in
the direction predicted by the objective differences
between words. Lower JOLs, and longer study times
were expected for the objectively difficult words. Mean
JOLs and study times for each word type are shown in
Table 3.

A 2 x 2 (group x item) ANOVA was carried out on
the mean JOLs given to the different word types.
There was no main effect of group [F(1, 30) = 2.58,
n.s.]. There was a main effect of item [F(1, 30) = 38.88,
p < 0.001] such that the JOLs were in line with objec-
tive difficulty. The group x item interaction was not
significant [F(1, 30) = 2.58, n.s.]: the AD group gave
JOLs that were as sensitive to objective difficulty as
controls.

Recall readiness times were analysed in the same
manner. There was a main effect of group
[F(1, 30) = 15.56, p < 0.001] and the means show that
the AD group spends a lot longer studying the words
than the controls. The main effect of item was not sig-
nificant [F(1, 30) = 1.72, n.s.], such that participants
do not spend significantly longer studying the more
difficult words. There was no significant interaction
between group and item [F(1, 30) < 1], indicating that
study time is equally insensitive to objective difficulty
in both groups. Examining metamemory sensitivity to
item differences, using both JOL and recall readiness
measures, reveals no evidence of a deficit in the AD
group relative to non-diseased controls.

2.2.3. Metamemory accuracy

This more conventional analysis compares metacog-
nitive predictions with subsequent recall. Accuracy was
determined by examining the mean JOL and mean
study time for items subsequently recalled compared to
the same for items subsequently forgotten. Because six
AD patients’ recall was zero in the JOL task, their
data is not included in this analysis. The mean JOLs

Table 3
Experiment 1: mean judgement of learning (on 5 point scale) and
time to declare recall readiness (in seconds) for each kind of item*

Item difficulty

Encoding task Easy Hard

M SD M SD

Item difficulty

Encoding task Easy Difficult

M SO M SD

Judgement of learning task

AD 0.88 1.15 0.50 0.73
OAC 2.87 1.02 1.56 0.89
Recall readiness task

AD 0.25 0.68 0.50 0.73
OAC 2.94 1.00 1.87 1.20

Judgement of learning rating (out of five)

AD 4.04 0.75 2.83 0.60
OAC 415 0.74 345 098
Time (in seconds) to declare recall readiness

AD 80 50 9.6 7.7
OAC 27 08 32 12

% Notes: AD = Alzheimer’s disease group (n = 16), OAC=older
adult controls (n = 16).

# Notes: AD = Alzheimer’s disease group (n = 16), OAC=older
adult controls (n = 16).
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and times to declare recall readiness are shown in
Table 4.

For mean JOLs split by recall status, a 2 x 2 (group
x recall status) ANOVA was carried out. There was
no main effect of group [F(1, 24) = 1.44, n.s.]. There
was a main effect of recall status (words recalled vs
words not recalled) [F(1,24)=9.91, p <0.01] with
higher JOLs for words subsequently recalled. The in-
teraction approached significance [F(1, 24) = 3.12,
p =0.09], with a suggestion that the AD group were
less discriminating in their JOL ratings. For recall
readiness analysed in the same manner, there was a
main effect of group [F(1, 20) = 15.94, p = 0.001], but
no main effect of recall status [F(1, 20) < 1] and no in-
teraction [F(1, 20) < 1]. This suggests no clear benefit
of extra study time in the recall of items in either
group. However, there are three important consider-
ations. First, the analysis lacks power, since the AD
group in the recall readiness condition is reduced to
six because of zero recall. Second, the relationship
between item difficulty, study time and recall is
unclear. The effect of the first two on the last is diffi-
cult to resolve, since difficulty should increase study
time, study time should increase recall, and yet, greater
difficulty should reduce recall. Third, it is already
known that a large increase in study time yields small,
if not negligible, increases in memory performance (the
‘labor-in-vain’ effect [17]).

Finally, we report the results from a conventional
measure of accuracy, the gamma statistic [16]. This is
a non-parametric correlation that measures the associ-
ation between a participant’s JOL and their actual
recall. This statistic, calculated for each participant,
produces a figure closer to one for a more accurate
predictor of performance. There was no statistically
significant difference between groups [F(1, 23) = 2.51,
n.s.] although the means (and standard deviations)

Table 4

Experiment 1: mean (and standard deviations) judgement of learning
ratings (out of five) and time to declare recall readiness (in seconds)
given to words subsequently recalled or not

Recall status

Recalled Not recalled

M SD M SD

Judgement of learning rating

AD? 359 090 332 0.81
OAC 427 059 330 1.01
Recall readiness (study time, seconds)

ADP 1.1 100 112 7.8

OAC 3.0 1.0 29 1.0

“n = 10 because 6 AD patients recalled zero items.
® ;1 = 6 because 10 AD patients recalled zero items. AD = Alzhei-
mer’s disease, OAC = older adult controls.

suggest that the AD group is less accurate than the
older adults are: AD, 0.14 (0.71); OAC, 0.54 (0.55).
Because of zero recall, the AD group was reduced to
10.

2.3. Discussion

This experiment used a novel approach to research-
ing metamemory at encoding. By emphasising meta-
memory sensitivity rather than metamemory accuracy
it was possible to overcome confounds with criterion
memory performance, and examine metacognitive
functioning at encoding. For memory monitoring, AD
patients were as sensitive as older adults in the ratings
(JOLs) they gave to items. For the measure of memory
control, recall readiness, Experiment 1 showed no sig-
nificant differences between groups, but the huge vari-
ations in study times meant that it was difficult to
assess whether all participants were appropriate in
their study times. Because neither group recalls more
words in the recall readiness condition than in the JOL
task, it seems that participants do not use their
increase in study time to boost recall. This is in keep-
ing with the ‘labor in vain’ effect [17] whereby large
increases in study time yield very little differences in
recall.

The fact that AD participants seem metacognitively
sensitive during encoding is contrary to the accuracy
results found previously for episodic stimuli. Pappas et
al. [19] found that for predicting recognition, AD
patients were significantly less accurate than controls.
In the present study, the accuracy measures are incon-
clusive because of floor effects, but if anything tend to
support Pappas et al., in that the means suggest that
the AD group are less accurate than controls. There-
fore, predictions of recall in AD are as impaired as
predictions of recognition. However, the sensitivity
measures are not in keeping with these accuracy
results: the AD group makes appropriate judgements
during encoding. Aside of the fact that these results
are not confounded by memory performance, there are
two further methodological differences between this
study and Pappas et al.’s work. First, in their study,
participants predict recognition, whereas here partici-
pants predict recall. Second, in their study participants
predict recognition for items that have not been
recalled successfully. It is possible that attempting
retrieval somehow prompts participants to make a
more accurate prediction of subsequent performance.
However, it must be noted that any such effect would
run contrary to the benefits of greater variability
across items that comes with examining metacognition
for all items rather than merely those which have not
been recalled.

One problem with the present experiment is that the
AD patients might be as sensitive as controls in their
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JOLs just because participants are responding to very
marked differences between items. Stimuli in this ex-
periment came from two very distinct groups of
words. This exaggerated difference between words
might have strongly driven participants’ JOLs. To
overcome this, Experiment 2 looks at monitoring of
items using a ranking measure for a set of words
across a range of difficulty.

3. Experiment 2

In Experiment 1 it was found that AD patients were
as sensitive as controls to objective differences between
items. One potential problem with this finding was
that the to-be-remembered items were split into two
very distinct sets of words (e.g. teacher compared to
impropriety). In this experiment a range of items is
presented and a ranking procedure used to judge the
recallability of words. An alternative to JOLs as a
metacognitive judgement is ranking judgements (for a
review see Nelson and Narens [18]). These have been
used with differing success, according to whether it is
absolute or relative accuracy that is being investigated.
Nelson and Narens ([18], p. 143) suggest that rankings
may be useful when ““... an investigator is not inter-
ested in the absolute aspects of FOK ratings ...”. In
this experiment, rankings are used because the relative
sensitivity of the AD patients is the focus of study. By
asking participants to rank recallability and then com-
paring this with the objective rank (based on norms of
recall performance), it is possible to measure sensitivity
by calculating the association between subjective and
objective measures of recallability. This gives us an im-
pression of the sensitivity of the participant’s predic-
tions, rather than just comparing mean JOLs for
distinct words.

If the results of Experiment 1 are indicative of intact
sensitivity to items at encoding, then it is expected that
the ranking of words’ recallability made by the AD
patients will be as accurate as control’s ranking. By
comparing correlations between objective and subjec-
tive ratings of the words, it is possible to examine
degree of sensitivity. If the AD group is not capable of
the same fine-grained metacognitive judgements as con-
trols, then the level of association between subjective
and objective rankings should differ between groups.

3.1. Method

3.1.1. Participants
A different set of participants from Experiment 1

3 The words used were (from easiest to most difficult): mother, sea,
lad, scarlet, abdomen, engine, speech, opinion, truce, figment.

was selected using the same criteria. As before, there
was an AD group (n = 16) and an older adult control
group (OAC; n = 16) recruited from a panel of volun-
teers at the University. The OAC group was paid to
take part in the study, and completed this task as part
of a larger battery of tests. The characteristics of the
participants are shown in the bottom panel of Table 1.

In order to remove floor effects in recall, partici-
pants were excluded from this experiment if they did
not recall at least one item from one of the lists. This
resulted in the rejection of data from two AD partici-
pants. Nevertheless, there is a large difference between
the total recall scores for the two groups
[F(1, 30) = 11.09, p < 0.001]. However, in this exper-
iment there are no significant differences in the groups’
mean age [F(1,30)<1] or education Ilevel
[F(1, 30) < 1].

3.1.2. Materials/stimuli

Ten words® were chosen from the Rubin and
Friendly [20] recall norms, and the words were graded
in terms of mean recallability (FRA) in steps of 0.06—
0.08, from words that were highly recallable (e.g.
mother) to less easily recalled words (e.g. figment).
Words were presented to participants on cards, with
words printed in lower case approximately 1.5 cm
high. All words were checked for readability by par-
ticipants, who reported no problems.

3.1.3. Design and procedure

There were two successive trials of the same test. On
each of these trials, participants were asked to rank
the words in a different order. On one occasion they
ranked from most easy to remember to most difficult,
and on the other trial, this order was reversed. This
factor was counterbalanced, so different participants
either ranked easy word first or difficult words first on
the first trial. List differences were analysed to elimin-
ate the possibility that words ranked first or last,
regardless of difficulty, may be differentially recalled.

Participants were tested individually in a quiet
room. They were presented with the words on a table
in front of them, arranged randomly in an array so
that they could see all 10 words at once. The AD par-
ticipants were instructed to read each word out loud
once. In the easy-word-first list, participants were
asked to choose the word that was the easiest word for
them to remember from the set of 10. The instruction
given was to “‘pick out the word that you think is the
easiest for you personally to remember”. The exper-
imenter then removed the word from the array and
placed it aside, instructing the participant to select the
easiest word for them to remember from the remaining
set. In this way, the ranking procedure was always
based on the direct comparison of words, rather than
relying on memory for what had been presented. After
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each word was selected, the experimenter put it into an
ordered list in front of the participant, with the first
item picked out furthest from the participant and the
last word picked out nearest them. After all 10 words
had been ranked, the participant was asked to check
the 10 words to decide to see whether they would like
to change the order. In the case of the OAC group,
once the participant had indicated that they were satis-
fied that this was the correct order, the words were
removed from view and immediate free recall was
measured. Based on the differences in study time
shown in Experiment 1, the AD patients were given a
further minute in which they were instructed to learn
the list. After this period, the AD participants
attempted verbal free recall. All participants were
instructed that they could recall the words in any
order.

3.2. Results

3.2.1. Recall performance

Recall was not affected by whether items were
ranked from difficult to easy words or vice versa, nor
did this factor interact with any other. To examine
memory performance across the two trials, a 2 x 2
(group x trial) repeated measures ANOVA compared
groups’ recall performance for trial one and trial two
(see means in text below). There was a main effect of
group [F(1, 30) =111.09, p < 0.001] showing that, as
expected, the OAC group recalled significantly more
items. There was also a main effect of trial
[F(1,30) =16.94, p < 0.001] indicating that learning
took place from trial to trial. There was no interaction
[F(1, 30) = 2.13, n.s.] suggesting that both groups add
equal numbers of items to their recall in the second
trial. This result has to be interpreted with caution as
the OAC group is close to ceiling on trial 2. Whilst the
AD group recall increases from 2.56 (SD 1.93) to 3.19
(SD 1.72) across trials, the equivalent figures for the
OAC groups are 7.69 (SD 1.66) and 9.00 (SD 0.97).

3.2.2. Metamemory sensitivity and accuracy
Metamemory sensitivity was analysed by calculating
a Spearman’s rho correlation coefficient for each par-
ticipant between the rank they gave each item, and the
mean FRA taken from Rubin and Friendly’s [20]
norms. A positive correlation indicates that partici-
pants are judging the items in line with normative diffi-
culty. The correlation coefficient, therefore, is a
measure of how well the participant’s ranking of
words relates to objective or ‘population-wide’ per-
formance. For the AD group the mean correlations
for trial 1 and trial 2 were 0.52 (SD 0.20) and 0.55
(SD 0.23), whilst the equivalent figures for the OAC
group were 0.59 (SD 0.19) and 0.44 (SD 0.40). A 2 x 2
(group x trial) repeated measures ANOVA revealed

that there were no significant group [F(1, 30) < 1] or
trial [F(1, 30) < 1] differences and the interaction failed
to reach significance [F(1, 30) = 2.28, n.s.]. From the
positive correlations and the fact that all groups were
higher than zero by a significant margin (Student’s ¢-
tests, all #(16) > 4, p < 0.001) it can be concluded that
participants are sensitive to the objective differences
between words, and make their ranking judgements
accordingly. The AD are as sensitive as the OAC
group in ranking the words, and neither group is more
or less sensitive in trial 1 compared to trial 2. This
method has therefore demonstrated that AD partici-
pants are as sensitive as controls even when making
judgements about a range of items.

The accuracy analysis considers whether participants
are more likely to recall the five words they rank as
being easy than the five they rank as difficult. The re-
spective means (and standard deviations) for easy and
difficult words were, trial 1: OAC: 4.06 (1.06), 3.62
(0.80); AD: 1.50 (1.41), 1.06 (1.06); trial 2: OAC: 4.50
(0.73), 4.50 (0.52); AD: 1.75 (1.34), 1.44 (0.96). These
data suggest that participants recall more of the words
they rank as easy than the words they rank as difficult.
However, the formal analysis was not significant
because of the floor (AD) and ceiling (OAC) effects.

3.3. Discussion

This experiment has found further evidence for item
sensitivity in metamemory for AD patients. The mean
Spearman’s rho correlations between Rubin and
Friendly [20] recall proportion and participants’ indi-
vidual ranking of items are high, and these correlations
do not differ significantly between groups. This is com-
pelling evidence for intact memory monitoring in AD
because in addition to the sensitivity to easy and diffi-
cult items in Experiment 1, the difference between
items is not marked in this experiment — the to-be-
remembered items represent a range of difficulties.
Thus AD patients’ success in Experiment 1 is not due
to the basic ability to distinguish between easy and dif-
ficult items, but is equally demonstrated for finer dis-
criminations across items.

4. General discussion

These two experiments clearly indicate that there is
no metacognitive deficit at encoding in Alzheimer’s
disease, as measured by our sensitivity measures. In
Experiment 1 it was found that AD patients allocate
study time as appropriately as controls and rate items
appropriately (JOLs). Ranking measures were likewise
appropriate for AD patients in Experiment 2 when a
range of items were used.

We would not have come to the same conclusion if
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we had used the traditional measure of metacognitive
accuracy to assess metacognitive function in AD. For
compelling evidence from neuropsychological studies
of metacognitive accuracy, one has to turn to work
such as Shimamura and Squire [21]. They found a defi-
cit in predictive accuracy for a Korsakoff’s group rela-
tive to another memory impaired group (non-
Korsakoff’s amnesia), despite equally poor memory in
the two groups. Even so, a deficit in metamemory ac-
curacy in this case does not illuminate our understand-
ing of encoding processes in memory impaired groups.

For research into metacognition in memory-
impaired groups, these experiments provide a clear
starting point for examining encoding processes. It has
been necessary to fractionate the metamemory process
into its component parts. We have argued that one of
the roles of metamemory monitoring is to be sensitive
at encoding to factors that affect subsequent recall:
here we have shown that AD patients are sensitive to
the objective difficulty of to-be-remembered words,
even though their performance is impaired. Therefore,
we find no basis for a metamemory deficit at encoding
in AD.

There is some support for memory monitoring not
being impaired in AD. Studies that examine memory
monitoring for general knowledge stimuli, also find
intact metamemory in AD [2,10]. We propose that this
could be due to the fact that the memory impairment
in AD affects episodic material more than it does gen-
eral knowledge material [19], and in turn, poor recall
performance affects accuracy measures. If one is ana-
lytical about what it is that metacognition actually
does, then the control and monitoring framework [18]
suggests that a sensitivity paradigm is going to be
insightful about the processes that operate during
encoding. The work presented here suggests AD
patients control and monitor memory proficiently
during encoding.

There are possible shortcomings of the sensitivity
approach. The first is that despite being an appropriate
indicator of encoding behaviour, the sensitivity
measures do not necessarily tap participants’ aware-
ness of their memory system. Participants might be
sensitive to the objective differences because of the
physical characteristics of the words rather than their
registration in memory. For example, Lovelace [12]
suggests that awareness can be based on normative or
idiosyncratic components. Normative components
include item difficulty — the surface characteristics of
an item that are available before study (e.g. familiarity,
pronouncability, word length). These contrast with
idiosyncratic or privileged access components of meta-
memory which are based on the participant’s own
awareness of their memory system. These two con-
trasting means of predicting performance may capture
the differences between the AD and control groups’

predictions. The AD group may be sensitive but not
accurate because they are relying on normative charac-
teristics and not idiosyncratic characteristics. This
could explain why their JOLs relate to norms of recall
performance, but not to actual performance.

A second shortcoming of the sensitivity approach is
that participants might not be considering future per-
formance in their JOLs. To explore this we can com-
pare the difference in results for ease-of-learning
(EOL) and judgements of learning (JOL) measures,
two measures reported in the metacognition literature.
EOLs are defined as metamemory judgements made
before the memory item has been mastered (i.e. during
presentation and before prolonged study), rather than
the JOLs made after the item has been presented (as
reported here). Nelson and Narens [18] suggest that
because EOL judgements occur prior to encoding, they
cannot tap memory processes but can only tap item
difficulty. It is hypothesised that in contrast, JOLs,
made after an item has been learned, can tap meta-
knowledge about how well that item is stored in mem-
ory. JOLs are a much more accurate predictor of
subsequent performance than EOLs. For example,
Leonesio and Nelson [10] found that subsequent recall
is predicted much better by JOLs (y = 0.31) than by
EOLs (y =0.12). Also, they found that EOLs are a
relatively poor measure of monitoring performance, in
that EOLs did not correlate (y = —0.22) with the num-
ber of trials required to learn the various items in a
constant-study-time situation. It is possible that the
sensitivity approach emphasises the surface character-
istics of the to-be-remembered items, and participants
make predictions akin to an EOL rather than a JOL.
Further research could address this possibility. The
differences in surface characteristics could be removed
and instead participants could make sensitivity judge-
ments based on other factors that increase recall. For
example, as well as work examining sensitivity to
repeats [15] we could look at manipulations of level of
processing. This way, we could see if metamemory jud-
gements were sensitive to factors that affect recall that
are not related to the surface features of the to-be-
remembered items.

To summarise, these experiments find that memory
monitoring is not impaired in AD, if one concentrates
on comparing monitoring to objective differences in
words (the sensitivity approach). There is some uncer-
tainty about whether these predictions accurately relate
to recall. However, AD patients’ control and monitor-
ing are appropriate, which suggests that a gross una-
wareness of difficulty is not behind the encoding deficit
in AD. There is a possibility that participants make
their metamemory judgements based on the surface
characteristics of words, but this pattern is no different
for either group. In any case, this surface characteristic
emphasis would be a reasonable heuristic to use, given
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that in most cases the characteristics of the word influ-
ence recall. In conclusion, we propose that the AD
group are inaccurate not because they do not differen-
tiate between items in their allocation of resources at
encoding, but because their recall does not live up to
expectations. That is, whereas AD patients monitoring
judgements are sensitive, their recall is not. The impli-
cation of this research for the understanding of Alzhei-
mer’s disease is that the memory impairment in AD —
particularly the encoding deficit — is not exacerbated
by a metacognitive deficit.
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