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Knowing What You Cannot Recognise:
Further Evidence for Intact Metacognition
in Alzheimer’s Disease

Chris J.A. Moulinl’z, Niamh Jamesz, Timothy J. Perfect3, and Roy W. Jones>
'School of Psychology, University of Leeds, UK, *Research Institute for the Care of the Elderly,
St. Martin’s Hospital, Bath, UK, and *Department of Psychology,

University of Plymouth, UK

ABSTRACT

Previous research has examined whether Alzheimer’s disease (AD) patients can proficiently monitor their
memory processing. In the present study we extended the scope of this research to consider confidence in
recognition in an episodic memory task, using a forced-choice recognition paradigm to avoid floor effects.
AD patients and age-matched controls studied 32 words, followed immediately by a recognition test
requiring participants to select the target from pairs of items. Participants rated confidence in their choice on
a 3-point scale. Despite significantly poorer memory performance and less confidence overall, gamma
correlations indicated that the AD group accurately assigned confidence judgements to their responses. This
adds support to the claim that metacognitive monitoring remains intact in AD.

Alzheimer’s disease is a progressive neurological
condition characterised by deficits in episodic
memory. One way of demonstrating this episodic
deficit is with tests of recognition, where partic-
ipants have to differentiate old items (that they
studied previously) from new items (that they did
not study earlier). In this case, AD participants
tend to correctly recognise fewer old items than
controls, but also make more false positive errors
(i.e., incorrectly judging a new item to be old).
This combined problem of relatively low hits
and high false positives is interesting, because it
suggests that as well as merely forgetting pre-
viously presented stimuli, Alzheimer’s disease
patients also confuse new items as old. Such
confusion could possibly be due to a failure to
monitor the veracity of an answer at test.
Researchers aiming to explain episodic mem-
ory dysfunction have occasionally turned to a

metacognitive explanation of episodic memory
failure, for example, Light, 1991 (normal ageing);
Shimamura and Squire, 1986 (amnesic patients);
and Moulin, Perfect, and Jones, 2000a
(Alzheimer’s disease). Metacognition relates to
the higher order control, awareness and beliefs
about cognitive function. Metacognitive failure
can impact on episodic memory through the fail-
ure to allocate resources during study or the
failure to reject possible competitor items at
test. The present study examines the episodic
memory deficit in AD within a metacognitive
framework, with focus on monitoring recognition
memory. Memory monitoring is typically as-
sessed by considering whether people’s subjective
reports of their performance relate to their objec-
tive performance. By definition, people who
proficiently monitor their memory will be able
to produce estimates of performance that are
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reflective of actual performance. (For an over-
view of theoretical metacognitive constructs and
their empirical measures see Nelson & Narens,
1990.)

Two issues concern researchers interested in
the veracity of people’s assessments of their
memory. One is calibration: whether people are
under- or over-confident in their appraisal of
memory. An individual is well calibrated if the
magnitude of their judgement is in keeping with
their actual performance. The other is relative
accuracy — whether people can judge which
items they have learnt better, or which are more
likely to have been correctly remembered.
Whereas calibration is concerned with absolute
levels of predictions, relative accuracy considers
only the relative pattern — an individual may
under- or over-estimate their performance, but
they can nonetheless be sensitive to the differ-
ences between items (for a discussion of relative
and absolute accuracy see Connor, Dunlosky, &
Hertzog, 1997). Previous research into metacog-
nition in AD has tended to concentrate on abso-
lute accuracy — finding that individuals are poorly
calibrated, overestimating their performance (e.g.,
Correa, Graves, & Costa, 1996). Largely this em-
phasis on calibration in the literature has been
driven by practical issues: people with AD have
very poor memory performance, so it is difficult
to compare metacognitive judgements with actual
performance. As a result, it has been easier to
demonstrate overconfidence: people with AD do
not realise how bad their memory function is.

Experimental investigations of memory mon-
itoring at test have primarily employed two dif-
ferent procedures: feeling of knowing (FOK) and
confidence judgements. The FOK procedure re-
quires participants to estimate their confidence for
future recognition of items that are currently non-
recallable. Confidence judgements are retrospec-
tive. Participants estimate the accuracy of their
performance after they have retrieved an item
from memory. In normal populations, confidence
judgements tend to be accurate estimates of per-
formance. There is a moderate relationship be-
tween participants’ confidence in their answers
and their memory performance. This is true of
different populations, tasks and test materials
(Nelson & Narens, 1990).

Béckman and Lipinska (1993) examined
both confidence and FOK accuracy for general
knowledge items in Alzheimer’s disease. They
assessed confidence accuracy for recall, where
participants assigned confidence to answers to
questions such as ‘Who succeeded President
Nixon as the President of the United States?’
They found that recall increased as a function of
confidence, and that their AD participants and
controls did not differ in the accuracy of their
confidence judgements. This is an evidence that
AD participants can accurately monitor the ve-
racity of a recalled answer. When participants
could not recall an answer, they produced a
FOK, rating the probability with which they
would recognise the correct answer in a subse-
quent test. This produced further evidence for
preservation of memory monitoring in AD. The
recognition accuracy of both AD participants and
age matched controls increased as a function of
FOK ratings, and there were no group differences.
This ability of AD participants to correctly predict
whether they can recognise the answer to a
general knowledge test (see also Lipinska &
Bickman, 1996) has been interpreted as evidence
for preserved memory monitoring — at least for
general knowledge stimuli — in early AD.

The focus of the present study was episodic
memory. It is unclear whether episodic memory
monitoring will be proficient in AD. There is
evidence in normal populations that it is distinct
from general knowledge monitoring, and is less
accurate (e.g., Perfect & Hollins, 1999; Schwartz
& Metcalfe, 1994). It is conceivable that whereas
monitoring is proficient for general knowledge in
AD, it is not for episodic memory.

To our knowledge, only one study has consid-
ered episodic memory and confidence judgements
in Alzheimer’s disease. Pappas et al. (1992) mea-
sured confidence after recall in an episodic mem-
ory task and predictions of recognition in an FOK
task. They found that AD patients had less con-
fidence in their recall than controls. However, in
both the AD and the control group correct recall
increased with higher confidence. The AD group
was as accurate as controls at monitoring their
recall performance. For the FOK procedure, nei-
ther groups’ judgements were predictive of sub-
sequent recognition.
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Although Pappas et al.’s (1992) work suggests
that people with AD are no worse than controls at
memory monitoring, there are some problems
with their study. Firstly, it could be criticised for
the possible introduction of bias in confidence
judgements. During the recall phase, participants
were prompted to give their “best guess™ if they
had not recalled an item within 30 s. The low level
of recall in the AD group (only 22% of control
performance) was presumably characterised by a
high proportion of answers where they had been
instructed to guess. Therefore, an instruction to
guess was followed immediately with the partic-
ipant assigning confidence in their answer. This
procedure may have guided their confidence,
causing the high amount of guess responses and
the metacognitive accuracy. Secondly, their study
had floor effects, which are characteristic of stud-
ies that use recall as a measure in AD. Recall is
often so low as to preclude the use of statistical
evaluations of confidence-accuracy relationships,
or based on so few participants as to decrease the
generalisability of the study. For example, in
Pappas et al.’s study, the assessment of accuracy
was limited to a subset of 7 AD patients because
of floor effects. Because these participants were
those who had higher recall, we might expect that
they were a set of higher achieving individuals,
who may give a poorer reflection of general
memory monitoring abilities in people with AD.
Indeed, there were strong correlations between
recall performance and monitoring accuracy in
this sample of 7 people. Likewise, Biackman and
Lipinska acknowledge that their recall confidence
measures are based on relatively few observations
in the AD sample because of floor effects.

Our previous research has considered episodic
memory monitoring in AD, but with focus on
processes occurring during study, not test. We
used sensitivity measures (e.g., Moulin et al.,
2000a), an approach that assesses whether judge-
ments of performance are in keeping with the
known properties of the stimuli and encoding
conditions, and thus avoid problems associated
with floor effects. Because this work shows that
assessments of performance in the AD group are
as appropriate as controls, we have argued for
intact memory monitoring in AD in episodic
memory, a conclusion that is in keeping with

some of the previous research into metacognition
in AD.

In summary, some previous research has indi-
cated that memory monitoring is proficient at test
in AD. However, this evidence is largely based on
research on general knowledge; with confidence
in recall and with episodic memory in particular,
research is confounded by floor effects. In the
present experiment we examined confidence for
forced-choice recognition. Both Béickman and
Lipinska’s (1993) and Pappas et al’s (1992)
work shows that recognition performance is com-
paratively better than recall in the AD group. The
use of a forced-choice recognition test ensured
that performance was above floor for all partici-
pants and therefore enabled the use of gamma
correlations to investigate relative accuracy. The
aim was to assess memory monitoring at test for
episodic stimuli. In line with findings from pre-
vious memory monitoring studies, we expected
that AD patients would be able to assess the
veracity of their responses at test.

METHOD

Participants

There were 32 participants. Sixteen were patients with a
diagnosis of probable AD and 16 were older adult
controls (OAC) who had volunteered to take part in the
study. Diagnosis was made by independent clinicians
on the basis of information gathered from neuropsy-
chological examination (the Cognitive Profile; Hooper
& Bucks, 1993), based on the CAMDEX assessment
tool (Roth et al., 1986), 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 examina-
tion. Patients were diagnosed as being demented with
the DSM-III-R criteria (American Psychiatric As-
sociation, 1987) and as having probable AD by the
NINCDS-ADRDA criteria (McKhann et al., 1984). The
AD and control group were not significantly different
(F<1) in age or level of education (AD mean age
74.38 (9.86); OAC mean age 74.22 (4.57); AD mean
level of education (years) 11.50 (2.58); OAC mean
10.28 (2.03)). The AD group had a mean MMSE score
of 17.06 (5.27). The OAC group were screened for
dementia using the MMSE. They reported that they
were not experiencing any health problems and had no
evidence of cognitive dysfunction.
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Materials/Stimuli

Thirty-two (see Appendix) target words were selected.
The targets were either common words (8 items); rare
words (8 items); both drawn from Gilhooly and Logie
(1980) or typical category exemplars (16 items) drawn
from Battig and Montague (1969). At test these tar-
get words were presented with one distracter word.
Because we wanted to ensure a range of performance
and confidence judgements across the items, we varied
the difficulty of the pairs at test. This was done by
manipulating the relationship between the target and
the distracter. Pairs that were designed to be more
difficult had the target paired with a semantically
related distracter (e.g., red-blue, doctor-lawyer). The
pairs that were designed to be easier comprised two
unrelated words, one of which was common, the other
of which was rare (e.g., bayonet-aunt, microbe-chair).
There were equal numbers of these two test pair types,
and within the unrelated pairs, there were equal
numbers of common and rare word targets.

Procedure

Participants were tested individually. Participants were
not initially instructed that this was a memory exper-
iment, but were asked to read each target word in turn.
Participants were introduced to the stimuli with an
example. Targets were presented in a random order and
were displayed to the participant individually on a flash
card until the participant had read the word. In this way,
presentation advanced at a rate dictated by the partic-
ipant, but there was no special instruction to memorise
the items. Immediately after presentation of the 32
words, participants were administered the test phase. In
this phase participants were visually administered test
pairs in the same pseudo-random order from a test
booklet. Participants were instructed to select the word
that they had seen before from the new word. This
could be done either visually (by pointing) or verbally,
and the experimenter recorded the participants’ re-
sponses. They were introduced to this procedure with a
previously studied example. After selecting the word
they thought to be the target in each pair they were
presented with a 3-point scale (i.e., certain, quite sure or
guessing) and instructed to rate how confident they
were that they had selected the correct answer from the
pair.

RESULTS

Memory Performance

Memory performance was measured by calculat-
ing the proportion correct for each participant.
There was a significant difference between the

two groups’ memory performance, F(1, 30)=
57.02, MSE =0.01, p < .001. The mean (and stan-
dard deviation) proportion correctly recognised
was 0.65 (0.13) in the AD group and 0.92 (0.07)
in the OAC group. One sample 7 tests ascertained
that the mean proportion correctly recognised was
significantly above 0.5 (chance) for both groups,
AD #(15)=4.72, p<.001; OAC 1(15)=26.70,
p <.001.

Metamemory

Confidence Level

Confidence is assessed by considering the mean
number of responses in each category, regardless
of whether the response is correct. The mean
responses made in the guess, quite sure and
certain categories respectively were AD: 13.87
(10.40), 12.43 (8.32), 5.50 (4.11); OAC 3.87
(3.61), 6.81 (6.26), 21.31 (9.05). One-way
ANOVAs assessed the mean number of responses
made in each category. These demonstrated that
the AD group made significantly more guess,
F(1, 30)=13.21, MSE=60.58, p=.001, and
quite sure F(1, 30) =4.67, MSE =54.21, p < .05,
responses than the OAC group, and far fewer
certain responses, F(1, 30) =40.51, MSE =49.38,
p <.001. This analysis demonstrates that the AD
group is less confident in their memory perfor-
mance than the control group. Coupled with the
fact that their memory performance is worse than
controls, this suggests that they are appropriately
aware of their poor performance.

Confidence Accuracy

We considered relative accuracy: whether partic-
ipants correctly recognise more of the items they
are more confident of than those items that they
are less confident about. One way to assess this is
by plotting the recognition performance for each
response type. Figure 1 clearly shows that
although the AD group has lower memory
performance overall, they nonetheless correctly
recognise more of the certain items, and less of
the guessed responses. To analyse confidence
accuracy we calculated a gamma correlation for
each participant. This is a non-parametric mea-
sure of association between people’s confidence
response, and their recognition accuracy (see
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Fig. 1. Proportion of responses correctly recognised for
each level of confidence, Alzheimer’s disease
patients (AD) and older adult controls (OAC).
Error bars = 1 Standard Error.

Nelson, 1984). This statistic is ideal for our
purposes because it measures the relative accu-
racy independently of the magnitude of people’s
confidence judgements. A gamma correlation
closer to one indicates accurate memory monitor-
ing, where an individual correctly recognises
more items of which they were more certain. A
gamma correlation of zero indicates no associa-
tion between confidence and recognition perfor-
mance. We could not compute a gamma for 4
OAC participants (who did not miss any targets)
so the analysis of accuracy was confined to 12 in
the control group. The mean (and standard
deviation) gamma correlations for the AD and
OAC groups respectively were 0.58 (0.34) and
0.64 (0.42). A one-way ANOVA showed that
there was no significant difference between these
values (F < 1). The high magnitude of these mean
correlations indicates that both groups are accu-
rate at assigning confidence to their recognition
performance and the lack of a group difference
suggests that the AD participants are as accurate
as controls in assigning confidence to their
recognition performance.

Previous researchers have often reported the
relationship between actual memory performance
and gamma in an attempt to address whether
proficient memory monitoring is associated with
better memory performance. Figure 2 shows a
plot of the gamma correlation value against pro-
portion correct for each participant. For recall
gamma, Pappas et al. (1992) found a significant
association between recall and confidence accu-
racy in the AD and OAC groups (AD: #(7) =0.65,
OAC r(12) =0.56). This correlation was such that

1 - = - -

O
m AD
084 |coAC e o5
[ |
| =
S 06- 5w
= | ]
S 04 .
] (=]
g .
G 0.2 [}
- | ]
0 :
i 02 04 06 08
02 2

Proportion Correct

Fig. 2. Graph to show relationship between memory
performance (proportion correct) and memory
monitoring accuracy (gamma correlation).

the people who recalled more items were more
accurate in their confidence judgements, and
supported the notion that a metamemory deficit
may exacerbate memory impairment. However, in
the present experiment using Pearson’s bivariate
correlations we found no such association be-
tween memory performance and gamma in the
AD group, r(16) =0.02. However, this relation-
ship approached significance in the OAC group,
r(12) =0.51, p=0.09. The sample size used in
these studies is small and so these correlations
should be interpreted with caution, but taken at
face value they suggest that in the AD group
memory impairment is not associated with re-
duced memory monitoring abilities at test.

DISCUSSION

Overall, the results of this experiment demon-
strate that there is no deficit in Alzheimer’s
disease in assigning confidence levels to a forced-
choice recognition test of episodic memory.
These results support Pappas et al’s (1992)
findings with a recognition paradigm suggesting
that their findings are not due to the instructions to
participants or the very low level of recall
performance in the AD group. The present study
shows that although the AD group are on the
whole less confident than the OAC group, they
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can nonetheless rate their confidence as being
certain when that is appropriate.

We have demonstrated that the AD group as a
whole does not show a metamemory deficit and
that there is no relationship between recognition
performance and monitoring abilities. Therefore,
as measured by post-test confidence in recogni-
tion, it seems unlikely that a memory monitoring
deficit contributes to the poor recognition memo-
ry performance in AD. This is supported by other
research into different aspects of memory mon-
itoring. Equivalence has been shown between AD
groups and controls for feeling of knowing judge-
ments for general knowledge materials (Backman
& Lipinska, 1993; Lipinska & Béickman, 1996),
pre-study and post-study predictions of to-be-
recalled lists (Moulin et al., 2000b), sensitivity
to objective recallability during study of to-be-
recalled items (Moulin et al., 2000a), and confi-
dence in recall from general knowledge and
episodic memory (Pappas et al.,, 1992). Thus,
the present work adds to the increasing evidence
that although Alzheimer’s patients may be less
able to discriminate old items from new, they can
at least be sure of the veracity of their responses.
Because of memory impairment, Alzheimer’s pa-
tients may be forced to guess on memory tasks
such as reported here; but they know that they are
guessing.

For evidence that there is a memory monitor-
ing impairment in AD, one has to turn to studies
which examine generalised beliefs about memory
that are not based on feedback from study or test
performance (monitoring per se) but on expecta-
tions of performance. For example, several studies
suggest that AD participants consistently over-
estimate performance on a memory test, when
asked to predict how many items they will recall
from a list before they study it (e.g., McGlynn
& Kaszniak, 1991; Schacter, McLachlan,
Moscovitch, & Tulving, 1986). Additionally,
AD patients do not report any more memory
decline than aged matched controls (Correa et al.,
1996). An important consideration is that such
studies are interested in whether people’s judge-
ments are calibrated to their actual recall (abso-
lute accuracy). In item-based studies that report
gamma correlations, the focus is upon the relative
accuracy of people’s judgements: whether partic-

ipants can monitor which information is well
learnt or correctly retrieved. (For a discussion of
absolute and relative accuracy see Connor et al.,
1997.) Therefore, it would appear that although
AD patients may be poorly calibrated, the present
work suggests that they are nonetheless monitor-
ing their memory processes — they are capable of
making relative judgements, and discriminating
between items at test. This resonates with our
findings for list predictions (e.g., Moulin et al.,
2000b). Before an opportunity to study, people
with AD predict recall at inaccurately high levels.
Despite still being over-confident after study,
people with AD revise their estimates to more
realistic levels. That is, despite being poorly cal-
ibrated, people with AD are sensitive to the rel-
ative patterns in their memory processing.

With post-test judgements like those used in
the present study, it appears that AD patients are
not over-confident about their memory perfor-
mance: they are appropriately aware that they
are guessing. (However, some studies show that
for post-test estimates of performance for whole
lists of items, AD patients still overestimate per-
formance on a list (Correa et al., 1996; McGlynn
& Kaszniak, 1991).) An explanation of the pro-
pensity to over-estimate memory performance in
AD is that the patient fails to update their expec-
tations of appropriate performance. For example,
AD patients predict memory performance at a
level commensurate both with a control group’s
predictions and 50% of maximum performance
(Moulin, in press). Because this suggests AD
participants approach a memory test with unreal-
istic expectations, it is conceivable that they do
not allocate resources during encoding appropri-
ately, at least before they have experienced the
memory task. Thus, further research into memory
monitoring in AD should focus on monitoring
before and during encoding, to gauge its impact
on memory processing. Because we presented AD
participants with word pairs with marked differ-
ences in relationships between items in the pair, it
might also be of interest to vary the association
between items to see if that influences people’s
confidence judgements, since AD participants
may only be making metacognitive evaluations
based on a consideration of the stimulus itself
rather than its registration in memory.
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The focus of the present work was monitoring
at test. The results suggest that when pre-
sented with an episodic memory task on-line,
AD patients can make an assessment of their
performance that is reflective of memory perfor-
mance. In conclusion, it seems unlikely that a
failure of memory monitoring at test contributes
to the memory impairment in AD.
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APPENDIX

Stimuli used in this experiment

The forced-choice pairs are shown below. The target word is underlined.
U = Unrelated pairs, R = Related pairs
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wharf — car [U]
robin — sparrow [R]
lynx — football [U]
sweater — shirt [R]
milk — smut [U]
mountain — cave [R]
abode — carrot [U]
piano — oboe [R]
tornado — hurricane [R]
ruby — diamond [R]
bayonet — aunt [U]

priest — minister [R]
salt — oregano [R]
urchin — church [U]
microbe — chair [U]
stanza — house [U]
doll — yew [U]
apple — monocle [U]
legs — rhapsody [U]
metre — mile [R]
booth — cotton [U]
lieutenant — general [R]

gauntlet — window [U]
iron — lead [R]

red — blue [R]

hour — millisecond [R]
dog — mouse [R]

cyst — oil [U]

algae — magazine [U]
mixer — knife [R]
doctor — lawyer [R]
chilli — hammer [U]




