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motivated by subjective assessments of memorability and task difficulty,
indicates that we will not be able to understand criterion changes using
the traditional signal detection theory framework. Rather, we must adopt
a more heuristics-based approach, and employ procedures that provide a
measure of metacognitive monitoring (e.g., Higham et al., 2009) in future
research to understand how subjects control and adjust their recognition
decision processes in different situations.

Notes

1. Interpretationsof such results,however,wouldneed to also considerthe issueof
item-selection effects. '

2. MorreU, Gaitan, and Wixted (2002) failed to find such a difference in false alarm
rates in two experiments where they varied the strength of words and pictures
at study. They also did not observe a hit rate advantage for pictures compared to
words. Their picture set consisted of drawings of various animals, and the cat-
egorical nature of both the drawings (animals) and the words (professions) may
have reduced both the actual memorial advantage that is typicaUy seen when
pictures are compared with words, and subjects expectations concerning their
memorablity.

3. To my knowledge, Bruce has never dressed as Superman to deliver a paper.
Nevertheless, he has still fought a never ending battle for truth, justice, and cog-
nitive psychology.

'~
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Introduction

Metamemory is the experience and knowledge we have about our own cog-
nitive processes and concerns the relationship between monitoring and con-
trol of memory processes (e.g., Nelson & Narens, 1990). This is particularly
pertinent in memory impairment. For instance, Alzheimer's disease (AD)
patients who are more aware of their memory problems benefit more from
rehabilitation than those who lack awareness (Clare et aL, 2002). The aim of
the present chapter is to illustrate the rich theoretical and applied insights
that come from studying metacognition in memory impaired groups.

Metamemory has been more extensively researched in AD than in other
memory-impaired groups. In a recent overview, Souchay (2007) reported
a clear fractionation across meta memory measures in AD; some show
impairment (e.g., predictions of memory performance before studying a to-
be-remembered list, Moulin et aL, 2000c) whereas others show normal per-
formance (e.g.,judgements of confidence; Moulin et aL, 2003). Evenutilizing
the same meta cognitive measures can reveal dissociations across materials;
ADpatients are unimpaired for semantic memory feeling of knowing (FOK)

c;afl'.l'tasks, but are impaired on episodic FOK(Souchay et al., 2002).
Both mainstream experimental psychology and neuropsychologi-

cal research leads to the same conclusion: the accuracy of metacognition
,fI! is driven by the prevalent cues used by people when making their met-
, acognitive judgements. Such a detailed consideration of the cues used in

meta cognitive evaluations has a clear Whittlesea flavour. Whittlesea has

demystified the processes and feelings people use to gauge their memory
performance, demonstrating that a number of heuristics lie behind memory
judgements. We echo this approach here and ask whether people with mem-
ory impairment are sensitive to different factors on which they may gauge
their memory proficiency.
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An example of the insights that can come from testing metacognition in
neuropsychological groups is provided by our previous work on metacogni-
tion in AD. We briefly summarize it here because it introduces two of the
measures we discuss in the present chapter - judgements of learning (JOLs)
and study-time allocation (STA).We (Moulin et aL, 2000a) were interested
in the extent to which AD patients are able to monitor and control their
learning as a function of study repetition. We examined metacognitive
monitoring by asking participants for an explicit evaluation of how well
they had learned an item, a JOL. We measured metacognitive control by
recording how long people studied an item for before they judged that they
had mastered it: study-time allocation (STA:though it has been called recall
readiness: e.g., Farrant et aL, 1999). The study list contained items studied
either once, twice or thrice and AD patients and controls both showed bet-
ter memory for the repeated items. Control participants gave higher JOLs to
repeated items, and studied them for less time, presumably reflecting their
mastery. However, for the AD group, JOLswere invariant to item repetition,
while STA reduced with repetition as much as controls.

This dissociation echoes the pattern reported by Souchay (2007). It also
offers a deeper insight, because it suggests an apparent breakdown in the
conventional wisdom about the relationship between control and monitor-
ing (Nelson & Narens, 1990). Thus these data provide an example of the
utility of neuropsychological groups for evaluating theoretical models. The
control and monitoring framework was developed from data from healthy
participants; testing people with memory impairment acts as the exception
that proves the rule.!

Another aspect of the earlier study is pertinent here. We found (like many
others: see Souchay, 2007) that AD patients overestimated their perform-
ance - even providing estimates that were higher t

.

han controls. Thus, they
.
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appeared unaware of their memory deficit. For STAhowever, people with,.
Alzheimer's elected to study for significantly longer than controls, thus act- .\1.'
ing as if aware of their poorer memory. Thus there seems to be two inde- (
pendent aspects tp each measure pointing to the same conclusion. ForjOLs,

people with AD predict performance in excess of controls, and fail to vary ~I"
this prediction as a function of repetition. In contrast, in their STApeople ~i
with AD appropriately studied for longer than controls, and reduced study ~<i
time with repetition.

In the current chapter, we present new data looking at the same two meas-
ures in a different neuropsychological group - those with Mild Cognitive ~

Impairment (MCI) - to see whether they show the same dissociation. Before ~I
we get to these data, we will first provide a quick review of judgements of "

learning, and STA, and justify a sensitivity~based approach to interpreting
these measures.

judgements of how well material has been learned can be divided into
two broad classes: global measures are judgements of how much of a list will

be recalled after the entire list has been studied, whilst item-based measures

are judgements of the likelihood of recall for each item at the time of study,
, or shortly afterwards. Our previous work with AD patients has utilized both

approaches (e.g., Moulin et aL, 2000b, 2000c), but here we concentrate on
the most frequently used methodology: item-based jOLs.

Experimental work on JOLs has demonstrated that they are both sensi-
tive to known mnemonic factors2and predictiveof subsequent performance.
With respect to sensitivity, JOLs have been shown to be higher for semanti-
cally related study items than unrelated items (Matvey et aL, 2006), higher
for distinctive faces than non-distinctive ones (Sommer et a1.,1995), higher
for normatively easier items than harder ones (Moulin et aL, 2000b), and
higher for fluently generated items (Matvey et a1., 2001). With respect to
accuracy, jOLs have been shown to be more accurate than predictions based
on normative ratings (Lovelace, 1984) more accurate following intentional
than incidental learning (Mazzoni & Nelson, 1995), and more accurate
if a brief delay intervenes between study and judgement (e.g., Nelson &
Dunlosky, 1991).

JOL sensitivity and accuracy have also been explored in memory-impaired
populations or conditions known to produce memory impairment. Normal
adult levels of JOL accuracy have been reported in children aged 8 and older
(Roebers et aL, 2007), in healthy older adults (Connor et aL, 1997), and in
people with schizophrenia (Bacon et aL, 2007) despite all those groups hav-
ing lower memory performance than healthy controls. Memory is impaired
by both nitrous oxide inhalation and midalozam, but the former doesn't
impact on JOL accuracy (Dunlosky et a1., 1998) whilst the latter impairs
jOLs (Merritt et a1.,2005).

Our second meta memory measure is study-time allocation. It has well
established that participants allocate more time to normatively more dif-
ficult materi;1ls (for a comprehensive review, see Son & Metcalfe, 2000), sug-
gesting that allocation of STAis sensitive to item differences. STAis certainly
strategic and guided by the amount of time for study and the nature of the
materials; Son and Metcalfe (2000) demonstrated that STAwas modulated
by time pressures. With extreme time pressures, people 'gave up' on the
difficult-to-remember items. This suggests that a complex set of heuristics is
at play in STA;it is not merely that difficult items are studied for longer. In
terms of group differences in STA,there is very little on self-allocated study
time in memory impaired groups, although our own series of studies show
that people with Alzheimer's disease elect to spend at least twice as long
as older adult controls. Others have shown that group differences are not
apparent - for example, children with autism and learning difficulties do
not elect to study items for longer than controls (Farrant et a1., 1999).

'" Rather more research has considered the relationship between study time
".F and subsequent performance (an accuracy analysis). Arobust finding is that,

even when instructed to master every item, and given an unlimited time,



participants do not recall every item. Nelson and Leonesio (1988) suggest
that large increases in self-paced study time yield very small increases in
recall,naming this the Laborin VainEffect.In memory-impaired groups, it ,~!
is usual to attempt to equate group differences in recall by allocating extra
study. In practice, this does little for performance. ADmemory performance
is still worse than controls' after twenty times the presentation duration
(20svs. Is, Heun et a1.,1998). .

Because there is relatively little work looking at STAiil memory-impaired
groups, and little on jOLs other than in AD, we present some exploratory
data here. Our experiment has three new design features. The first is to
escape the circularity inherent in study-time allocation and recall for the
same retrieval test. To achieve this, we look at study-time allocation on
a second trial, following a retrieval test on which recall has (or has not)
occurred. Thus, rather than seeing whether study-time leads to recall, we
ask whether knowledge of recall status (recalled/not recalled) for an item
leads to changes in subsequent study time.

Our second innovation is to adopt both individual-based and item-based
analyses where there are contingencies in the data. Previously, for instance,
we have compared mean latency for recalled and non~recalled items, draw~
ing conclusions based on individual-level analyses (where means are cal-.
culated for each person for recalled and non-recalled items). However, this
approach neglects item differences. Recalled and non-recalled items may
vary in many ways other thanthejOLs they elicit. An alternative is to calcu-
late, on an item-by-item basis, the mean study time for each item, depend-
ing upon whether it had been recalled or not. This analysis removes item
differences from the recall status analysis, but introduces a different con'
found: individual differences. People who recall (or not) the items may vary
in ways other than their recall ability - in particular they may study for
longer (or shorter). Whilst we believe that neither approach is ideal, we hope
that by running both analyses, we can either confirm the robustness of each"
effe.ct we observe, or we can identify where the conclusions maybe open toj
challenge. ..

Finally, our previous studies of sensitivity have used of mixed lists of eas
and difficult items (Moulin et aI., 2000b). We believe that this element 0

the design may be important, since it may draw attention to item differ
ences and so further complicate the relationship between item difficulty

subjective evaluation and subsequent performance. Here we adopt blocke
lists, to see if participants are sensitive in their monitoring and control 0
a set of similar items. We have demonstrated sensitivity to difficulty usi
blocked designs but with global judgements (Moulin et aI., 2000c) - th'
is the first attempt to use similar blocked materials but use item-by-ite

judgements.
We have argued elsewhere that interpretation of metacognitive func

tioning in memory-impaired groups is best achieved through sensitivit
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analyses, rather than through accuracy based ones (e.g., see Moulin, 2002).
Becausewe utilize this approach in the present chapter, we wish to recapitu-
late the argument here.

The starting point of our argument is a no-magic assumption: participants
make their predictions on the basis of the current contents of consciousness,
not on the basis of an ability to predict the future. The accuracy of any
judgement made will be a function of the ability to monitor cues relevant to
the items undergoing study, and the relationship between the present state
and future test conditions. If the test conditions are unknown, then current
predictions may be inaccurate. This uncertainty makes interpretation of
absolute predictions of recall problematic. If the participant does not know

, every last detail of the experiment then there may be valid reasons for pre-
dictions to <:leviatefrom later performance that would not be indicative of

, metacognitive failure. 3Indeed, there is evidence that participants share our. uncertainty about predictive accuracy - in the absence of any information
~;. about the future test, participants tend to anchor their list-based estimates

of recall at about half the list length (Connor et aI., 1997).
" There are number of practical and theoretical consequencesto the idea
. that metacognitive accuracy is driven by anchoring (predicting an unknown
,iitfuture) and adjustment (monitoring online processing). If one is interested
~:in absolute accuracy of judgement, then the only appropriate methodology

is to use a repeated study-judgement-test cycle in which participants experi-
ence the test conditions. In this way, participants' knowledge of their test
performance can inform subsequent judgements at study. To the extent that
test performance on test n is predictive of performance on test n + I, then
participants can make their anchoring meaningful. We used this methodol-
ogy to demonstrate that the predictions of both AD patients and older adult
controls became more accurate with test repetition (Moulin et a1.,2000c).

In many cases in the literature, the anchoring issue acts merely as noise,
with variations in meta cognitive accuracy arising as a function of the mon-
itoring of the contents of consciousness. An example is the delayed-jOL
effect (Nelson & Dunlosky 1991).Whether participants make the judgement
immediately at study, or after a delay, final test performance remains fixed.
;Thegreater accuracy of jOLs after a delay cannot therefore be a function of
'inal test performance. However, when final test performance varies, the
sue becomes more problematic.
Evaluating the meta cognitive accuracy of memory-impaired groups is

.

Iess straight
.

forward for two reasons. First, the setting of an inappropri-
ate anchoring point by memory-impaired individuals may swamp any
'tem-by-item adjustments made. Second, recall is likely to be at floor, and
this will constrain variance in performance. Thus variations in ratings
lay not be mirrored by variations in performance because of restriction
f range effects. One solution is to move from an accuracy focus, to a
nsitivity focus. These difficulties arise when comparing predictions
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with performance when performance varies (and approaches floor): they
do not arise when comparing the sensitivity of judgements independent
of ultimate accuracy. For example, a memory-impaired individual may
accurately judge the relative difficulty of lists that are normatively easy,
moderate, and hard, whether they ultimately recall 6, 4, and 2 items, or 0,
0, and 0 items. That is they can be sensitive to the mnemonic cues avail-
able at study, whether or not their ratings are ultimately predictive. This
is fundamentally different from someone who cannot monitor learning
(and later recalls at levels above floor, but at levels ul11Correlated with <'~I
predictions). This insight can be applied at either the list or item-level, il'
with variations in memorability resulting from intrinsic properties of the'

stimuli (e.g., word frequency) or mnemonic cues (e.g., the nature of the
encoding). It can be applied both to measures of monitoring and control,
as we show here.

The majority of metacognitive research has been conducted with patients
with Alzheimer's disease. Here we extend our research to people with mild

cognitive impairment (MCl). MCI is a diagnostic term which applies to
non-demented individuals who have objectively assessed memory impair-
ment below expectations for age and education level (Petersen et a1., 1999);
Primarily, MCI is characterized by poor performance on tests of episodic
memory, without any deficit in other cognitive domains and no impact
on activities of daily living. lt is often conceptualized as being incipient
dementia; many people with MCr will later convert to dementia, particu-
larly Alzheimer's disease (Petersen et a1., 2001).

An interesting contrast between MCr and AD is that the diagnostic criteria
for MCr emphasize subjective awareness of the memory whilst AD patients
tend to lack such awareness. Recall that AD patients are inaccurate both in ,
their ability to predict future recall at a gross level, and are insensitive to the ~
effects of repetition in their explicit judgements. If this inability to make
appropriate JOLs is associated with lack of awareness of deficit, one might
expect the MCr group to show more appropriate JOLs.

This hypothesis is rather speculative at the present time because beyond
awareness of memory impairment at the gross level, metacognition in MCr
is little-researched. One recent study by Perrotin, Belleville, and rsingrini

(2007) investigated metamemory monitoring using an episodic feeling-of.-
knowing (FOK) procedure, finding that the MCr group were significantly 'Ii'Iii
less able than a control group to accurately predict the recognition of ume-
callable items. In addition, the MCI group tended to overestimate their

performance on this task. In contrast, on a standardized questionnaire
measure of memory awareness, the MCI group demonstrated awareness of
their memory failures. Whilst this study is suggestive of metacognitive fail-
ures in MCI, the previously reported neuropsychological evidence showing
dissociations across tasks and materials (Souchay, 2007), means we should
hesitate before drawing firm conclusions.
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In the study reported here, we adopted a sensitivity approach to explore
the ability of participants with MCI to monitor and control their learning,
in a multi-trial setting. Participants first studied a list of 10 items at a fixed
presentation rate, making JOLs and delayed JOLs for each item. They then
attempted a recall test, before engaging in a second time-unlimited study
phase and then a final recall test. This procedure was repeated twice, once
for a list of normatively easy items, and once for a list of normatively hard
items.

Before we describe our predictions for this study, we need to deal with
. one methodological issue. Previous research on the delayed-JOL effect has

explored the effect of judging the likely recall of an item either immediately
after study, or after a filled delay, usually of a few study items (e.g., Dunlosky &
Nelson 1992). However, previous pilot work with memory-impaired patients
found this to be problematic, because many do not recall the prior item after
a filled delay, and find the task of judging recallability meaningless and
distressing (even though logically an appropriate response would be to pre-
dict zero recall). Consequently, we adopted an adjusted procedure in which
participants make both immediate JOLs, and delayed JOLs for the same item
sequentially, separated by a brief filled interval. To our knowledge this is the
first use of such a procedure. . .

Participants can demonstrate sensitive metacognitive monitoring and
control in a number of ways during this procedure. At a gross level, one
would expect the Mcr group to report lower JOLs, and show longer study
times than controls. We would also expect that the averageJOL to be higher
and study time lower for the easier list than the hard list. Given that delayed
JOLs are thought to provide insight into the long-term recallability of items
(Nelson & Narens, 1990), JOLs should shift from immediate to delayed in
the direction of subsequent recall. Finally, given that the first recall test pro-
vides information about the recallability of individual items on the study
list, one would expect study time on the final study phase to reflect previ-
ous recall status.

There were 16 patients with MCI, and 16 healthy older adults, the char-
acteristics of whom are shown in Table 13.1. The MCI patients were tested
as they attended a memory clinic; the older adults (OACs)were volunteers
who were community dwelling, and were tested in their own home. The
MCr patients were diagnosed by an independent clinician, using Petersen
et a1.'s (1999) diagnostic criteria. There were no significant differences
between groups in the mean ages, F < 1, MMSE scores (Mini-Mental State
Examination; Folstein et a1., 1975),F(I,31) = 3.62, P > .05 or NARTpredicted
rQ (National Adult Reading Test; Nelson, 1982), F(I,31) = 2.24, P > .05.

Two sets of ten words were taken from Rubin and Friendly's (1986) Recall
Norms and presented item-by-item in a blocked fashion. One set was easy
(e.g.,grandmother, elephant; mean recall probability =.74)and the other set
was Glifficult (causality, figment; mean recall probability = .24). These were



174 ChrisJ.A. Moulin, et al.

Table 13.1 Mean and standard deviation for age, MMSE and NART for
MCI and OAC groups

Age MMSE . NART

MCI
OAC.

77.43 (6.28)
77.37 (8.09)

27.87 (1.2)
28.75 (1.39)

37.75 (10.83)

42.31 (5.61)

Notes: MCI =Mild Cognitive Impairment, OAC = Older Adult Controls, MMSE =
Mini-Mental State Examination, NART= National Adult Reading Test

the same materials as used in Moulin et al. (2000b). For each set, there were
two study-test trials. In the first trial, each word appeared in a random order
for 2 s, and an immediate jOL was prompted immediately with the cue:
'How confident are you that in about 10 minutes you will be able to recall
the word you have just seen (O(Job= definitely not, 100% definitely will).'

The participant then completed three simple mental arithmetic sums and
made a delayed jOL in the same manner. After all words had been studied
and JOLs made, participants were instructed to write down all the words
they could remember. In the second trial, participants were given unlimited
study time (study-time allocation) for the same words presented in a differ-
ent random order; there were no intervening sums, and free recall was again
measured immediately in the same manner.

Before we report the analyses of jOLs and STA, we begin by reporting

recall performance, to provide a background context for understanding the
metacognitive performance of the MCI group.

Recall

A 2 x 2 x 2 (Group: OACvs. MCI x List status: Easy vs. Hard x Study Trial:
1st vs. 2nd study-test cycle) ANOVAwas performed on the number of words
recalled (see Table 13.2). There was a main effect of Group, F(l,30) = 28.4,
P < .001, with poorer recall demonstrated by the MCI group. There was also
an overall effect of list status, F(l,30) = 65.8, P < .001, with higher recall for
the easier lists. Recall also improved over the two study-test cycles, F(l,30) =
51.4,P < .001. However, none of these factors interacted (all Fs < 2.7, all ps >
.11).Consequently, it is clear that our two experimental manipulations had
their desired effects, and that these were equivalent for both groups.

JOL sensitivity

Given the pattern in the recall data, we anticipated that the MCI and OAC
groups' jOLs should be lower for the difficult list and lower in the MCI
group. We were also interested in the extent to which JOLs varied from
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Table13.2 Mean correct recall (out of 10)for MCI and OACgroups for easy and hard
lists across study trials 1 and 2

List type

Notes: MCI = Mild Cognitive Impairment, OAC = Older Adult Controls.

Table 13.3 Mean JOL (out of 100) for MCI and OAC groups for easy and hard lists for
immediate and delayed judgements

List type

Notes: MCI = Mild Cognitive Impairment, OAC = Older Adult Controls.

immediate to delay. The extent to which the MCI and OAC group show dif-
ferential sensitivity to list difficulty, study trial and jOL delay was expected
to be revealed by interactions with Group in a 2 x 2 x 2 (Group x List sta-
tus x jOL delay: immediate vs. delayed) ANOVA. The data are shown in
Table 13.3.

There were reliable effects of list difficulty, F(l,30) = 15.9, P < .001, and
Group, F(l,30) = 5.3, P < .03. There was also a main effect of delay, such
that delayed jOLs were lower than immediate jOLs, F(l,30) = 62.9, P < .001.
However, the effects of delay were not equivalent for both groups, F(l,30)
= 19.9, P < .001. This interaction was decomposed into simple main effects.
For the immediate jOLs there was no difference between the two groups,
F < 1. However, for the delayed judgement, JOLs were higher for the OAC
group than the MCI group, F(l,30) = 13.5, P < .001. No other interaction was
significant (all Fs < 2.1, all ps > .15).

Easy Difficult

Trial 1 Trial 2 Trial 1 Trial 2

Group M SD M SD M SD M SD

MCI 4.0 2.3 5.7 1.9 2.1 1.3 3.8 2.5
OAC 7.2 1.6 8.6 1.5 4.1 1.7 6.0 1.7

Easy Hard

Trial 1 Trial 2 Trial 1 Trial 2

Group M SD M SD M SD M SD

MCI 53.5 15.5 36.5 11.7 48.2 16.5 31.3 21.0
OAC 58.7 11.9 57.0 11.5 51.3 15.0 43.5 11.0
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Close inspection of Table 13.3 reveals a number of elements to these data.
If one focuses on the immediate JOLs, then the MCI group's predictions
resemble those of the OACs.Whilst they are sensitive to overall difficulty of
the lists, there is no overall group effect on mean JOL, suggesting perhaps
that MCI patients do not take account of their memory impairment when
predicting future memory performance. However, for delayed JOLs, the pat-
tern changes and the memory predictions of the MCI group are markedly
lower, dropping from a mean of 50.8 to 33.9, whilst OAC'sJOLs drop from
55.0 to only 50.3. Contrasting these data with the recall levels for test Trial
1 (From Table 13.2) is informative: the MCI group average 31% recall whilst
the OACgroup average 57%.

Thus, the delayed JOLs of both groups are appropriate at the group level,
and so the MCI group do appear metacognitively sensitive, both to the rela-
tive differences 1;>etweenitems and to their lower likelihood of future recall.
But this pattern only emerges for the delayed JOLs. '.

We also looked at the JOL data broken down by whether participants later II

recalled the items. These data are displayed in Table 13.4. We did so with ail
sense of caution, however, because we retain our concerns that these data ~I

can be difficult to interpret in an absolute sense, given variations in level '1

of recall between groups. Further, we are aware that analyses broken down 1,

by recall status introduce potential contingency-based confounds into the
data: recalled items may differ from non-recalled items in ways other than
the JOLs they elicit. Consequently, we analysed these data both by individ- ~,

ual, and by item. However, rather than report both analyses in full, we will ~

first report the conventional (individual-based) analysis, and then report II

any differential outcome produced by the item-based analysis. ~.

With respect to our primary concern about differential levels of perform- ~I
ance, we note that comparison of immediate versus delayed JOLs is not II
confounded. It is a matter of particular interest whether the reduction in 'I
mean delayed JOLs in the MCI group represents a downward shift gener- ~
ally (Le., they merely reduce all ratings equally after a delay) or whether
they are meaningfully related to ultimate performance (Le., they discrimi-
nate between items that will later be remembered or forgotten). The mean
level of JOLswere calculated for recalled and non-recalled items (on the first
retrieval list), and subject to a 2 x 2 x 2 x 2 (Item status: recalled vs. non-
recalled x Group x list difficulty x JOL delay) ANOVA.We will not report
the analyses that duplicate those above, but will instead focus on the main
effect of recall status, and its interactions. Overall, participants gave higher
ratings to subsequently recalled items (mean 54.4°/c)vs. 46.4%), although the
effect was small, relative to the actual recall status of the two sets of items
(Le., 100% vs. 09,6recall), F(l,26) = 8.0, P < .01. Thus, ability to monitor
future recall status is limited. However, this interacted with delay, F(1,26) =
4.42, P < .05. There was effectively no discrimination in immediate JOLs
(recalled: 54%; not recalled: 53.2%), but reliable discrimination in
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Table13.4 Mean and standard deviation of judgements of learning for MCl and
OACgroups across easy and difficult tasks for recalled and non-recalled words

ImmediatejOL DelayedjOL

,Recalled Not recalled Recalled Not recalled

MCl
OAC

59.87(17.27)
59.61 (11.93)

49.40 (16.21)
60.71 (14.82)

53.52 (14.22)

59.65 (12.07)

30.07 (15.01)

56.81 (14.76)

Notes: MCI =Mild Cognitive Impairment, OAC = Older Adult Controls.

60

55

BlIJOL

[illDJOL

50

45

MeanJOL 40

35

30

25

20

MCI-R MCI-NR OAC-R

Group-Recall status

Figure 13.1 Mean immediate and delayed JOLs for recalled and non-recalled words
by MCl and OAC participants. MCI = Mild cognitive impairment group, OAC = Older
adult control group. R = Recalled items, NR = Non-recalled items. IJOL = Immediate
judgements of learning. DJOL = delayed judgements of learning

OAC-NR

JOLs (recalled: 51.1%, not recalled 42.4<Jlb).This interaction in turn was com-
plicated by a 3-way interaction with group, F(1,26) = 8.1, P < .01, which is
illustrated in Figure 13.1. It is clear that there is no evidence to suggest meta-

1cognitive impairment in the MCI group. They are better able to monitor the
,relative status of recalled and non-recalled items with their delayed JOLs
than the OAC group. We return to this point below.

Reanalysis of these data by items did not produce any difference to this
pattern of results: the same main effects and interactions were significant,
although the magnitude of the effects varied slightly. All other interactions
remained non-significant by item-analysis.
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Study time on trial 2

We ran two sensitivity analyses of study time for the second study tri
Our first analysis looked at total study time for easy versus difficult lis
for the two groups. OveJ;all,the MCI group studied the lists for longer tho
the OAC group (63.3s vs. 32.6s respectively), F(l,30) = 13.1,P < .001. Bo
groups also studied the harder items for longer, F(l,30) = 13.3, P < .001,"b
there was no interaction between the two factors, F(l,30) = 1.S,P < .19.Thu~
the MCI group appear to allocate their study time similarly to the contr91~
devoting additional time to the longer items. '

Participants' allocation of study time occurred after a retrieval attem
Thus, it was possible to determine whether their study-time allocation w
sensitive to whether or not the item was recalled previously. To analyse th
we ran a 2 x 2 x 2 (Group x Recall status x List difficulty) ANOVAon stw
time per item. As before, we found main effects of group and list difficult
with longer study times for items from hard lists, and longer study tin
by the MCI group than the OACgroup. However, whether or not the ite
had previously been recalled made no difference to study time, and failed
interact with any of the factors (all Fs< 1.02, all ps > .33).

We also ran an item-based analysis of the same factors. This analysis re
licated the main effects of group and list difficulty. However, in contr
to the conventional analysis, this analysis did produce a reliable effect
recall status. Overall, study times were shorter for items that were previo
recalled (3.7 s) than items previously not-recalled (5.5 s), F(l,16) = 5.52,
.05. No other interaction was significant, although the interaction betwe~
group and list difficulty approached significance, F(l,16) = 4.13, P <.0
Follow up analysis showed that both groups showed significant effects I

List difficulty in their study times, but that the MCI group showed a larg'
increase in study time between easy and hard lists (difference = 2.45 s fc
MCI group, and'l.17 s for OACgroup, both Fs> is.7, both ps < .001).

We will return to the issue of the different patterns between individ
based and item-based analyses later. For now, we want to focus on the c
elusions about. metacognitive ability in MCI. Clearly, there is no deficit
study-time allocation in the MCI group: they study harder items for Ion
than easier items, and non-recalled items longer than recalled ones (by it
analysis) either to an equal or greater extent than the OACgroup.

What can these data tell us? Our starting point was that AD patie
show a contrast between their ability to control their learning throu
study-time allocation but an apparent inability to monitor their learni
through JOLs (at least with regards to repetition). Our previous resear
had shown AD patients failed to adjust both their overall JOLs (giving p
dictions that were as high as controls) and their JOLs. We were interest
to see whether insensitivity of JOLswould be seen in a group of adults wi
MCI rather than AD.

n fact, there is evidence to support both normal, and abnormal met-
Ignitive monitoring by the MCI group. On balance (for reasons we
1elucidate) we favour the conclusion that there is no metacognitive
lsitivity impairment in MCI, but we will start by considering the evi-

nce to the contrary. If one considers the immediate JOLs made by the
JI group, then two patterns are evident. First, although they do give
nificantIy lower ratings to the harder items, the effect is small rela-
e to the large effect of list difficulty on test performance. Their JOLs
hard items are around 5% lower on average than for easy items, but

eir recall for hard items is around half that for easy items. Thus, their
lmediate JOLs appear relatively insensitive to item difficulty. The sec-
'd apparent metacognitive deficit concerns the absolute level of imme-
Ite JOLs. Those with MCI make average JOLs that do not differ from
rmal controls, even though their ultimate recall is 'almost half that
controls. That is, despite their diagnosis requiring self-awareness of
mory impairment, they make immediate JOLs that take no account of
mory impairment.

loth these arguments are straw men which we can readily knock
wn. The fact that immediate JOLs are relatively insensitive to item
fUculty is not evidence for metacognitive impairment in MCI, since
e controls show the same. This confirms that immediate JOLs are
spredictive of recall: this is well established, by the existence of the
ayed-JOL effect (e.g., Dunlosky & Nelson, 1992). In fact, we believe

isis the first study using delayed JOLs in a memory-impaired group.
lis is due to the adoption of a slightly different single-item JOL pro-
(:lurewith the adoption of a delay filled with sums rather than inter-
ning cue-target pairs, which proved too confusing for pilot work in
zheimer's disease.4

'he apparent metacognitive impairment of MCI groups is that their
mediate JOLs match those of a group with better memory perform-
ce: but given that neither group is able to predict their later recall, it
lard to know what to make of this pattern. The conclusion changes
en one looks at the delayed JOLs made by the two groups. Here, there
'vidence that the absolute level of JOLs made by MCI patients is lower

an older adult controls. Moreover, this shift occurs because the MCI
up, but not the OAC group, appear to be sensitive to forgetting over
delay period between immediate and delayed JOLs. Figure 13.1 dem-
trates that theOAC group shift their JOLs little over the delay, either

r,recalled or non-recalled items, and consequently their delayed JOLs
~mainunpredictive of future recall. In contrast, the MCI group do not
ift their JOLs for items they will later recall, but they do shift them.
amatically for those they will later forget. Thus, the clear conclu-
m is that the MCI group show superior, not inferior, metacognitive
onitoring.
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The second measure we were interested was STA.Once again, these d(it
showed no evidence of a metacognitive deficit in MCI. Like normal control
they spent longer studying harder items than easier items. They also stu
ied items for longer than the control group, in line with their impairme
Finally, there was no evidence that they allocated study time inappropriat
across recalled and non-recalled items. (Even though the evidence on t
point depended upon the nature of the analysis conducted.) Perhaps t
most striking finding is the additional study time observed in MCI: Overal
MCI patients study twice as long controls on the second trial, but recalle
around half as much. One could describe it as a clinical manifestation (,
a between group level) of the labour-in-vain effect. However, this doesn
seem have arisen because of a failure to regulate study across items: the
were no group interactions with study time across recall status wheth
measured by individuals or by item.

What do these study time data tell us about potential remediation 0
memory impairment? In healthy groups STA is predictive of subseque:
performance, but large changes in study time do very little for perform an
(Nelson & Leonesio, 1988). It would be a simple story if the MCI memo
impairment was caused by a failure to dedicate appropriate STAwhilst mal
rials are being learned. It would be easy for clinical neuropsychologists,
memory impairments could merely be resolved by training people to spew
longer at study. Unfortunately, neither of these is borne out in our data. II
short, STAis driven by factors concerning the to-be-remembered material
and the cognitive status of the individual at work, but there the story end

So where does this leave us? First, we think the nature of STAand memo
impairment is in some ways better understood through an analysis by iter
as well as by participants. Item analyses of metacognition. may offer ne;
insights into judgements being driven by the nature of the materials as w
as the processes undertaken by the participants. In the current study, ,
illustrate that a clearer pattern emerges through an item analysis, where
people with MCI were shown to successfully allocate extra study for itel
not previously recalled. The fact that this finding was emphasized throu
an item analysis suggests to us that some items afford different levels
study whether or not they are ultimately recalled, and thus such an analys
makes allowances for item-characteristics. As Whittlesea would suggest, 00
of the cues available to people as they study a word is the ease at which the
read it and as such, different items in a list may well be processed more 0
less fluently. On top of this, idiosyncratic adjustments according to genuio
monitoring of memory function might then have some bearing on memor
function. (In fact, as we have argued, these adjustments have little value fo
subsequent recall.)

Second, we are left with an interesting finding that, if anything, pe
pIe with MCI show superior monitoring, particularly in their response t<
delay period. We suggest that the filled delay may produce a faster forgetti

tejn the MCI group which gives them a chance to gauge their memory in
~aythat isn't captured in the OACgroup. Perhaps different delays (longer,
filled with different activity) would produce greater sensitivity in OACs.
(iny case, it seems to suggest that having a poorer memory may - in some

ses - actually lead to a greater awareness of it. If you forget particularly
ickly,you can more quickly assess what your recall might be over a longerterval.

hittlesea footnotes tend to be amusing, engaging, and insightful (e.g., see the
ote about the redintegration of humour in Whittlesea & Williams, 1998). We
on't claim to be able to match him but we offer the following: the etymology of

,prove' in 'proving the rule' is 'to test or try: thus, neuropsychology is the excep-
tion to test the rule. Note that if you don't understand the etymology, the proverb
IJlakesno sense. For the record, our metacognitive feelings of Amusement (FOA),

"Engagement (FOE)and Insight (FOI) are low, low and medium on the Whittlesea
'Scales respectively. '

:Theyhave also been shown to be sensitive to illusory factors which don't affect
memory performance, such as font size (e.g.,Rhodes & Castell, 2008).
Imagine a participant presented with the first item of a study list.and asked to

~judgethe likelihood that they will recall it subsequently. Experimental research
would suggest that they would need to appropriately anticipate the effects of the
list length, the presentation rate, the categorical structure of the list, item similar-
ity across the list (semantic, orthographic), the number of item repetitions, the
ength of any delay, the nature of any filler task, and the context of the retrieval
est. Given that any or all of these factors may cause the likelihood of recall of an
tern to rise or fall, in what sense can the accuracy of any prediction be said to be
, measureof ability? .

This departure from the normal delayed-]OL procure is certainly more apt for
memory-impaired groups, but we also think it may prove theoretically interest-
ing, but lack of space prevents discussion of these issues. In short, the use of a
filler task to clear short-term memory means that the delayed JOLs are based on
registration of the item in long-term memory, but the JOLs are not confounded
by possible 'differential practice effects or the effects of interleaving items (see

imball & Metcalfe, 2003, for an alternative account of the delayed-JOL effect).




