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We  assessed  the ability  of  two groups  of  patients  with  mild  Alzheimer’s  disease  (AD)  and  two  groups  of
older adults  to monitor  the  likely  accuracy  of  recognition  judgments  and  source  identification  judgments
about  who  spoke  something  earlier.  Alzheimer’s  patients  showed  worse  performance  on both  memory
judgments  and  were  less  able  to monitor  with  confidence  ratings  the  likely  accuracy  of  both  kinds  of
memory  judgments,  as  compared  to  a group  of  older  adults  who  experienced  the  identical  study  and
test  conditions.  Critically,  however,  when  memory  performance  was  made  comparable  between  the AD
patients and  the  older  adults  (e.g.,  by giving  AD patients  extra  exposures  to  the study  materials),  AD
ecognition memory
ource memory
emory monitoring

alibration
onfidence
nosognosia

patients  were  still  greatly  impaired  at monitoring  the  likely  accuracy  of  their  recognition  and  source
judgments.  This  result  indicates  that  the  monitoring  impairment  in  AD  patients  is actually  worse  than
their  memory  impairment,  as  otherwise  there  would  have  been  no differences  between  the  two  groups
in monitoring  performance  when  there  were  no  differences  in  accuracy.  We  discuss  the  brain  correlates
of this  memory-monitoring  deficit  and  also  propose  a Remembrance–Evaluation  model  of  memory-
monitoring.
Much research has documented the costs to memory from
lzheimer’s disease (AD). Individuals with AD are less likely than
ge- and education-matched controls to recognize or recall previ-
usly encountered events (Budson, Wolk, Chong, & Waring, 2006).
D patients also show difficulty remembering source information

 specific information about the exact circumstances under which
n event was  encountered (e.g., Johnson, Hashtroudi, & Lindsay,
993). They are less able than controls to remember: (a) whether
n item was previously seen or imagined (e.g., Dalla Barba, Nedjam,
 Dubois, 1999), (b) whether a sentence was completed by one-
elf or by another (e.g., Multhaup & Balota, 1997), (c) whether
ords had been previously presented in a red or green color
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(Tendolkar et al., 1999), (d) whether a fact was said by a man or a
woman (Mitchell, Sullivan, Schacter, & Budson, 2006), (e) whether
a word was  presented during one task or another (Pierce, Sullivan,
Schacter, & Budson, 2005; Pierce, Waring, Schacter, & Budson,
2008), (f) whether an item was  presented during the study or test
session (Budson, Dodson, Daffner, & Schacter, 2005), and (g) source
information outside of the laboratory (Budson et al., 2004, 2007;
see Souchay & Moulin, 2009, for a review).

Although the memory deficit from AD is increasingly clear, what
is not clear is the extent to which AD patients are aware of this
memory deficit. In other words, how well can AD patients moni-
tor and judge the likely accuracy of memories? To foreshadow our
results, this paper shows that AD patients are strikingly unaware
of the accuracy of their memories. Even when their recognition
performance is comparable to that of an older control group, AD
patients are unable to distinguish between correct and incorrect

recognition responses.

Reliably monitoring one’s memory is critically important for
knowing how much to trust a particular memory. One problem
in particular that patients with AD experience is a high percent-

dx.doi.org/10.1016/j.neuropsychologia.2011.05.008
http://www.sciencedirect.com/science/journal/00283932
http://www.elsevier.com/locate/neuropsychologia
mailto:cdodson@virginia.edu
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following neuropsychological tests: the Mini-Mental State Examination (MMSE), the
Consortium to Establish a Registry for Alzheimer’s disease (CERAD) word list mem-
ory  test, the Boston Naming Test-Short Form 15 (BNT-15), Word Fluency (FAS/CAT),
Trail Making Test-A (TMT-A), and Trail Making Test-B (TMT-B).1 Inclusion in either
610 C.S. Dodson et al. / Neurop

ge of false memories, both in the laboratory (Budson, Daffner,
esikan, & Schacter, 2000) and in the real world (Budson et al.,
007). For instance, patients who falsely remember that they have
lready turned off the stove or have taken their medications when
hey have not will no longer be able to live independently. How-
ver, accurately monitoring memories is a potential mechanism
or counteracting the influence of false memories when, for exam-
le, individuals are aware that a particular memory is likely to be
alse. Thus, understanding the extent to which patients with AD can

onitor and judge the accuracy of their memories is an important
linical issue in addition to being of great theoretical interest.

The small literature that has examined memory-monitoring on
he part of Alzheimer’s patients has produced conflicting find-
ngs (see Pannu & Kaszniak, 2005; Souchay, 2007 for reviews).
n the one hand, patients with mild AD appear no different from
ealthy controls in using confidence ratings to judge the likely accu-
acy of answers to general knowledge questions (e.g., Who  wrote
lice in Wonderland?) that assess well-learned or semantic infor-
ation (Backman & Lipinska, 1993; Lipinska & Backman, 1996;

ee also Cosentino, Metcalfe, Butterfield, & Stern, 2007). Similarly,
oulin, James, Perfect, and Jones (2003) observed no differences

etween AD participants and healthy older controls in monitoring
he accuracy of recognition judgments. On the other hand, Souchay,
singrini, and Gil (2002) showed that AD patients were impaired in

onitoring episodic memories. When completing a cued-recall test
f recently learned material, AD patients were much less accurate
han older controls in providing feeling-of-knowing (FOK) judg-

ents about the likelihood of recognizing an unrecallable item
Souchay et al., 2002). To our knowledge, no one has examined AD
atients’ ability to monitor the likely accuracy of source judgments.

In general, this pattern of AD patients – when compared to
ealthy older adults – showing a preserved ability to monitor
he accuracy of semantic memories but an impaired ability to

onitor the accuracy of episodic memories parallels a similar
attern that exists when healthy older adults are compared to
ounger adults. Older adults are either no different from or bet-
er than younger adults in monitoring the accuracy of responses
o general knowledge questions – either with confidence rat-
ngs or by providing FOK judgments (e.g., Allen-Burge & Storandt,
000; Butterfield, Nelson, & Peck, 1988; Dodson, Bawa, & Krueger,
007; Perlmutter, 1978; Pliske & Mutter, 1996). However, older
dults are much worse than younger adults in monitoring the
ccuracy of recently learned (episodic) material: (a) they pro-
ide less accurate FOK judgments on cued-recall tests (Souchay,
singrini, & Espagnet, 2000); and (b) their confidence ratings are
ess well calibrated on both cued-recall tests and source memory
ests because of the occurrence of high-confidence errors (Dodson,
awa, & Krueger, 2007; Dodson, Bawa, & Slotnick, 2007; see also
odson & Krueger, 2006). Dodson, Bawa, and Krueger (2007) and
odson, Bawa, and Slotnick (2007) proposed a misrecollection
ccount to explain the pattern of older adults’ monitoring per-
ormance. They suggested that advancing age is associated with
n increased susceptibility of miscombining features of different
vents that in turn produce confidently held misrecollections –
emory problems that are likely caused by deterioration of the

ippocampus and surrounding tissue (e.g., Shimamura & Wickens,
009; Squire, Stark, & Clark, 2004; and see Raz et al., 2005 for evi-
ence of accelerated shrinkage of the hippocampus with healthy
ging). This account predicts age-related differences in monitoring
erformance – because of the occurrence of high confidence errors –
n all tests that require memory for specific details about recently
earned past events, such as source memory tests.
The goals of the present study are twofold. First, given the
imilarity between older adults and AD patients in that both
how relatively preserved monitoring of semantic memories and
mpaired monitoring of episodic memories (when compared to
ogia 49 (2011) 2609– 2618

their respective control groups), we  sought to test the misrecol-
lection account as an explanation of the monitoring performance
on the part of AD patients. Specifically, if AD patients show a
more severe version of the same misrecollection impairment that
is exhibited by older adults then we  should observe that on a source
memory test AD patients are more prone than older adults to make
high confidence errors.

The second goal is to examine whether the memory-monitoring
deficit in AD patients is a byproduct of their overall weaker mem-
ory performance or whether this memory-monitoring deficit is a
byproduct of a more specific, malfunctioning memory-monitoring
mechanism. The answer to this question is unknown because in all
extant studies AD patients show worse memory performance than
their healthy older counterparts. Thus, worse memory-monitoring
by AD patients may  be a byproduct of their worse accuracy (see
Hertzog, Dunlosky, & Sinclair, 2010 for a similar argument about
differences in memory-monitoring between older and younger
adults). No study has sought to compare the memory-monitoring
abilities of AD patients and healthy older adults when both groups
show comparable memory performance.

To address these goals, we  used a combination recognition and
source identification paradigm that involves collecting confidence
ratings for both memory judgments (e.g., Dodson, Bawa, & Krueger,
2007; Simons, Peers, Mazuz, Berryhill, & Olson, 2010). At encod-
ing, participants heard sentences that were presented by either a
female or a male. At test, participants were presented with sen-
tences and made an initial old–new recognition judgment (i.e.,
Did you encounter it before or is it new?) and for items receiv-
ing a judgment of old, participants made a source judgment about
who presented the item earlier (i.e., male or female?). For both the
recognition and the source judgments, participants rated the likely
accuracy of their responses on a confidence scale from 50 (guess-
ing) to 100 (certain). According to our misrecollection account, we
should observe that AD patients make more high confidence errors
than healthy older adults on the source judgment. Critically, if the
monitoring impairment on the part of AD patients is not merely
a byproduct of their worse accuracy then we should observe that
even when AD patients and healthy older adults show comparable
source identification accuracy, the AD patients still will exhibit a
monitoring impairment. In other words, matching the AD patients
and the older adults on source memory accuracy avoids a potential
confound and so any observed differences in monitoring perfor-
mance on this judgment cannot be attributed to differences in
source accuracy.

1. Methods

1.1. Participants

The participants consisted of twenty-four clinically diagnosed, mild AD patients
(age range from 56 to 86) who  were assigned to either the AD group or the AD-
m  group (i.e., 12 in each group). Twenty-four healthy older adults (age range from
62 to 90) were assigned to either the Older group or the Older-m group (i.e., 12
in each group). Each group consisted of 6 females and 6 males, except in the AD-
m  group where there were 5 females and 7 males. The AD group and the older
group experienced the identical study and test conditions. By contrast, the AD-
m  group received extra repetitions of the encoding material so as to boost their
memory performance to that of the older adult group. Likewise, the Older-m group
received a longer study list that served to lower and match their memory per-
formance to that of the AD group. We  assessed overall cognitive ability with the
1 These data were acquired from the AD patients and the healthy older adults
within the preceding 6 months and 12 months, respectively, of completing this
study. Apart from scores for age, education and the MMSE, the remaining neuropsy-
chological scores are missing for 1 patient in the AD-m group.
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Table 1
Demographic and neuropsychological test means (M), standard deviations(SD), and
F  tests of significance for individuals in the AD, AD-m, Older and Older-m groups.

Measure and group M SD F p

Age (years)
AD 77.00 8.83 <1.0 ns
AD-m 79.83 8.18 1.16 ns
Older 77.50 5.35
Older-m 76.50 6.95 <1.0 ns

Education (years)
AD 15.00 2.59 <1.0 ns
AD-m 14.33 3.89 5.43 0.029
Older 16.04 3.03
Older-m 17.25 1.91 1.36 ns

MMSE
AD  23.92 2.71 6.56 0.018
AD-m 26.42 2.02 20.58 <0.0005
Older 29.83 0.39
Older-m 29.33 0.98 2.68 ns

CERAD encoding
AD 9.50 3.03 5.75 0.026
AD-m 12.82 3.60 43.68 <0.0005
Older 24.08 4.12
Older-m 22.50 3.42 1.05 ns

CERAD delayed recall
AD 1.00 1.04 2.71 ns
AD-m 2.09 2.02 61.07 <0.0005
Older 7.42 2.07
Older-m 8.00 1.60 <1.0 ns

CERAD delayed recognition
AD 5.42 2.97 <1.0 ns
AD-m 6.09 3.48 15.23 <0.0005
Older 10.00 0
Older-m 10.00 0 <1.0 ns

Letter fluency
AD 33.42 16.21 <1.0 ns
AD-m 38.73 12.93 11.49 <0.005
Older 45.25 12.3
Older-m 57.00 12.90 5.22 0.032

Category fluency
AD 27.17 11.22 <1.0 ns
AD-m 31.36 11.16 16.54 <0.0005
Older 47.33 9.94
Older-m 50.08 10.91 <1.0 ns

TMT-A (s)
AD 64.25 32.18 <1.0 ns
AD-m 54.73 23.36 11.01 <0.005
Older 31.33 8.40
Older-m 31.25 7.24 <1.0 ns

TMT-B (s)
AD 210.58 84.70 8.11 0.01
AD-m 120.27 65.02 7.04 0.015
Older 82.67 25.13
Older-m 69.17 14.89 2.56 ns

BNT-15
AD  12.67 3.52 <1.0 ns
AD-m 12.00 3.35 5.46 0.029
Older 14.42 0.79
Older-m 14.42 1.24 <1.0 ns

Note: The top F and p values are for comparisons between the two  groups of AD
patients, the middle values are for comparisons between the AD-m group and the
Older-m group and the bottom values are for comparisons between the two  groups
of  older adults. MMSE  = Mini-Mental State Examination; CERAD = Consortium to
Establish a Registry for Alzheimer’s disease word list memory test; TMT-A = Trail
M
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aking Test-A; TMT-B = Trail Making Test-B; BNT-15 = Boston Naming Test-Short
orm 15. Apart from scores for Age, Education and the MMSE, the remaining scores
re missing for 1 participant in the AD-m group (i.e., n = 11).

lder adult group required that each participant score above 27 out of 30 on the
MSE. Individual neuropsychological testing scores were required to be within two

tandard deviations of the published mean for mild AD and controls (Morris et al.,
989).

Table 1 shows the demographic information, neuropsychological test scores and

he statistical comparisons between (a) the two  groups of AD patients (the top F and

 values within each measure), (b) the AD-m group and the Older-m group (the
iddle F and p values), and (c) the two groups of older adults (the bottom F and p

alues). Analyses of variance (ANOVA) showed no significant group differences in
ge, Fs(1, 22) < 1.2, but the AD-m group completed fewer years of education than did
ogia 49 (2011) 2609– 2618 2611

their Older-m counterparts, F(1, 22) = 5.43, p < 0.05. As expected, the AD-m patients
performed significantly worse than their Older-m counterparts on the MMSE, CERAD
(e.g. encoding, delayed recall and delayed recognition), TMT-A, TMT-B, letter flu-
ency  and category fluency. The two groups of AD patients were no different on
all measures, except the AD-m patients performed significantly better than the
AD  patients on the MMSE, CERAD-Encoding and the TMT-B. Thus, overall, the
AD-m group may  be less cognitively impaired than the AD group. We note in
the  discussion that this potential difference between our two  AD groups actually
strengthens our conclusions about memory-monitoring. The two different groups
of  older adults were no different on all of the measures with the exception of letter
fluency.

Finally, all individuals in both groups of older adults reported: (a) no history of
neurological or any other psychological impairment, (b) no history of stroke or focal
brain  injury, (c) no history of drug or alcohol abuse, (d) no first-degree relatives
with memory disorders, (e) an adequate ability to see and hear, and (f) being a
native speaker of English. All AD patients were: (a) diagnosed with mild AD by a
neurologist; (b) had an adequate ability to see and hear; and (c) were a native speaker
of  English. Each participant provided informed consent and was reimbursed $10.00
for  every hour of participation.

1.2. Materials

We  used the same materials as in Dodson, Bawa, and Krueger (2007). The trivia
statements and voice recordings of the statements were presented to participants
with  E-Prime software (Psychology Software Tools Inc., www.pstnet.com).

1.3.  Procedure

All individuals were told at the encoding phase that they would hear statements
that were presented by a male (i.e., Bill) speaker and a female (i.e., Kim) speaker.
They were shown pictures of Bill and Kim and also were informed that they would
see  the visual form of the statement. Everyone was told to pay attention to each
statement as well as to who was reading it because they would be tested on this
information at a later point.

The individuals in the older adult and AD groups encountered 30 statements,
half spoken in a male voice (i.e., Bill) and half spoken in a female voice (i.e., Kim). For
the AD-m group, however, this encoding phase was repeated so that each statement
was  encountered a total of three times – always presented by the same speaker each
time. By contrast, the individuals in the Older-m group encountered 100 statements
(equal amounts presented by the male and female voices) so as to lower their source
identification performance to that of the AD patients. However, the make-up of these
100 statements consisted of the same 30 statements that were presented to the older
and AD groups as well as an additional 70 “filler” statements that were randomly
intermixed with these 30 target statements. We only scored performance on the 30
target statements that were identical for all groups. The encoding list for all groups
also included an additional six statements – three at the beginning and at the end
of the encoding list – that served to control for primacy and recency effects. Each
statement was presented visually on a laptop screen for 7 s and during this time
participants heard the statement spoken by either the male or female speaker and
also  saw the corresponding picture of the statement’s speaker (i.e., either “Bill” or
“Kim”).

The test phase for all groups immediately followed the completion of the encod-
ing phase and consisted of sixty statements (30 encoding statements and 30 new
statements). Equal numbers of the encoding statements had been spoken by “Bill”
and  “Kim” during the study phase (i.e., 15 each). Participants were told that on the
memory test they would see statements that would appear only visually. Partici-
pants were instructed that they would first make an old–new recognition judgment
and would then provide a confidence rating about the likely accuracy of this recog-
nition judgment by selecting one of six numbers: 50 (guessing), 60, 70, 80, 90, or
100  (certain). The different confidence ratings were fully explained to all individuals
so  that it was understood that the ratings reflected gradations of certainty from no
certainty (i.e., guessing) to absolute certainty that the response is correct. Judgments
of  new automatically initiated the next test statement. By contrast, when partici-
pants recognized a statement as old, they were then asked to indicate whether Bill
or  Kim presented this statement during the encoding phase. Participants then pro-
vided a confidence rating with the same six-point scale about the likely accuracy of
this source judgment. Following this confidence rating about the source judgment,
the next test statement would automatically appear on the screen. For both recog-
nition and source judgments, participants were encouraged to use the entire scale
of  confidence ratings. The test statements were presented in a random order with
the constraint that no more than two  of the same sources were presented consecu-
tively. In addition, there were three practice statements at the beginning of the test
phase that were used to demonstrate the task and to ensure that each participant
understood the instructions.
Lastly, each participant first completed a demographic questionnaire before
completing the memory paradigm. All neuropsychological tests were conducted
after the completion of the memory paradigm and only to those individuals whose
files needed updating (5 older adults and 4 AD patients underwent neuropsycho-
logical tests).

http://www.pstnet.com/
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Table 3
Recognition and source identification monitoring scores.

Group Recognition Source

Somers’ d Calibration Somers’ d Calibration

AD 0.05 (0.09) 0.28 (0.07) 0.01 (0.06) 0.24 (0.03)
AD-m 0.02 (0.09) 0.12 (0.05) 0.08 (0.07) 0.23 (0.03)
Older 0.72 (0.11) 0.09 (0.01) 0.23 (0.03) 0.14 (0.02)
Older-m 0.53 (0.10) 0.10 (0.03) 0.30 (0.08) 0.24 (0.03)

Note: Parentheses contain the standard error of the mean.
The AD group and the Older adults received the identical study and test conditions.

cal for both correct and incorrect recognition responses, both ts < 1,
612 C.S. Dodson et al. / Neurop

. Results

.1. Recognition performance and recognition monitoring

We examined recognition performance with hit rates (i.e., pro-
ortion of studied items judged “old”), corrected recognition rates
i.e., hit rates minus false alarm rates to novel items) and d′ scores
e.g., Snodgrass & Corwin, 1988). With respect to monitoring per-
ormance, there are two fundamentally different ways of measuring
ow individuals use confidence ratings to monitor and judge the
ccuracy of their responses (e.g., Koriat & Goldsmith, 1996; Pannu

 Kaszniak, 2005; Yaniv, Yates, & Smith, 1991). Relative measures of
onitoring – often referred to as resolution – assess how well indi-

iduals can use confidence ratings to distinguish between correct
nd incorrect responses by for example assigning higher confidence
atings to all correct responses and lower confidence ratings to all
ncorrect responses. This is a relative process of monitoring per-
ormance because the absolute levels of the confidence ratings are
ot as important as the relative differences in the confidence rat-

ngs for correct and incorrect judgments (e.g., the same resolution
core occurs when individuals give correct and incorrect judgments
onfidence ratings of either 100 and 50 or just 60 and 50). We mea-
ured this relative process of monitoring in two different ways: (1)
y using the Somers’ d correlation between confidence and accu-
acy; and (2) by examining the overall average confidence rating
hat is assigned to correct and incorrect responses (e.g., Pannu &
aszniak, 2005). By contrast, absolute measures of monitoring –
ften referred to as calibration – assess how well the absolute val-
es of an individual’s confidence ratings align with performance.
or instance, excellent calibration between accuracy and confi-
ence is shown when individuals exhibit perfect, moderate and
hance performance for responses that are assigned, respectively,
igh (e.g., 100), medium (e.g., 80) and low (e.g., 50) confidence
atings. In this way, the absolute value of the confidence ratings
orresponds to the absolute level of performance for items that are
ssigned these ratings. Calibration error scores are derived for each
ndividual by taking the absolute difference between predicted
ccuracy, as indicated by the confidence rating, and actual accu-
acy at each level of confidence (see Koriat & Goldsmith, 1996). This
ifference is then further weighted by the frequency of responses
t each level of confidence (see Brewer & Wells, 2006; Koriat &
oldsmith, 1996; Pannu & Kaszniak, 2005, for discussion about
omputing relative and absolute measures of monitoring).

Table 2 shows measures of recognition accuracy: hit rates, cor-
ected recognition scores and d′ scores. False alarm rates were low
or all groups – as seen by comparing the hit rates with the corrected
ecognition rates – and were nearly non-existent for the two  older
roups. Although the AD group showed a substantial recognition
eficit, performance by the AD-m individuals was comparable to

hat of both groups of older adults. Analyses of variance (ANOVA)
howed significant group differences in hit rates, corrected recog-
ition rates, and d′ scores, all Fs(3, 44) > 5.12, all ps < 0.01. With all
easures, post hoc Fisher’s PLSD tests confirmed that the AD group

able 2
ecognition and source identification accuracy scores.

Group Hit rates Corrected
recognition

Recognition d′ Source score

AD 0.65 (0.06) 0.49 (0.08) 1.51 (0.24) 0.55 (0.02)
AD-m 0.83 (0.07) 0.77 (0.07) 2.87 (0.32) 0.60 (0.05)
Older 0.89 (0.03) 0.88 (0.03) 3.30 (0.14) 0.76 (0.03)
Older-m 0.89 (0.03) 0.88 (0.03) 3.37 (0.21) 0.60 (0.03)

ote: Parentheses contain the standard error of the mean.
he AD and the Older adults received the identical study and test conditions. The
D-m group received multiple repetitions of the study material and the Older-m
roup received a longer (i.e., more items) encoding phase.
The AD-m group received multiple repetitions of the study material and the Older-m
received a longer (i.e., more items) encoding phase.

performed significantly worse than the AD-m group and worse
than both groups of older adults, all ps < 0.05. By contrast, with all
measures there were no significant differences between the AD-m
group and both groups of older adults.

Table 3 shows recognition Somers’ d scores, which measure how
well both groups of older adults and both groups of AD patients
can assess the accuracy of recognition responses with confidence
ratings. Perfect performance is represented by a Somers’ d score
of 1 and means that all correct responses received a higher confi-
dence rating than all incorrect responses. By contrast, a score of 0
means there is no relationship between confidence ratings and the
correctness of a response. As is clear from Table 3, both groups of
AD patients showed a severe monitoring impairment. An ANOVA
of these recognition Somers’ d scores revealed a significant effect
of group, F(3, 30) = 11.83, MSE  = 0.08, p < 0.001, with both the AD
group and the AD-m patients showing significantly lower Somers’
d scores than either group of older adults, ps < 0.001. In fact, the
Somers’ d correlation for either group of AD patients is no different
from 0, which means that AD patients show no correlation between
their confidence ratings and recognition accuracy. It is particularly
striking that the AD-m group showed an inability to distinguish
between correct and incorrect recognition responses even though
their objective memory performance is good (i.e., hit rate = 83%)
and comparable to that of either of the healthy older groups.

Another way to appreciate the difference in Somers’ d scores
between the groups is by examining the overall average confidence
rating that is assigned to correct (hits) and incorrect (misses) recog-
nition responses. Table 4 shows that both groups of older adults
exhibited a pattern that was consistent with optimal monitoring.
They were more confident about their correct than their incor-
rect recognition judgments, both ts > 3.00, ps < 0.05. By contrast,
both groups of AD patients were just as confident in their incor-
rect recognition judgments as they were in their correct recognition
judgments, as the average confidence rating was essentially identi-
p > 0.05.

Table 4
Average confidence rating assigned to correct and incorrect recognition and source
judgments.

Group Recognition Source attributions

Hits Misses Correct Incorrect

AD 87 (2.7) 87 (3.5) 74 (4.6) 74 (4.8)
AD-m 88 (3.9) 87 (4.7) 76 (3.9) 74 (4.2)
Older 97 (1.2) 84 (4.5) 77 (3.6) 63 (2.8)
Older-m 96 (1.3) 82 (4.3) 80 (3.3) 72 (3.9)

Note: Confidence scale ranges from 50 to 100 and parentheses contain the standard
error of the mean.
The AD group and the Older adults received the identical study and test conditions.
The AD-m group received multiple repetitions of the study material and the Older-m
received a longer (i.e., more items) encoding phase.
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With respect to the calibration of confidence ratings to recog-
ition performance, Table 3 shows recognition calibration error
cores, which measure the alignment of confidence ratings to hit
ates. For instance, perfect alignment would receive a calibration
rror score of 0 and would occur when someone, for example,
hows a hit rate of 100% for those items that received a confidence
ating of 100, whereas greater deviations between confidence and
ccuracy would receive larger calibration error scores. An ANOVA
f these recognition calibration error scores revealed an effect of
roup, F(3, 44) = 4.02, MSE  = 0.02, p < 0.05. Post hoc Fisher’s PLSD
ests showed that the AD group performed significantly worse than
ny of the other groups, all ps < 0.05. By contrast, there were no sig-
ificant differences between the AD-m group and both groups of
lder adults. Thus, the AD-m group appears to have some preserved
bility to calibrate confidence ratings with recognition accuracy.

Lastly, is it possible that the observed differences in monitoring
re caused by systematic differences in how the AD patients and the
lder adults used the confidence rating scale (e.g., are AD patients
ore polarized when making confidence ratings by primarily using

he end points of the scale)? We  addressed this question by com-
aring the AD-m group and the Older-m group on the distribution
f confidence ratings to studied items because these were the two
roups that showed comparable recognition performance (i.e., sim-
lar hit rates, corrected recognition and d′ scores) and yet showed
ery different capacities to monitor the accuracy of these responses

 at least in terms of Somers’ d scores and average confidence rat-
ngs. Both groups distributed their confidence ratings across the
cale in a similar manner, as there were no significant differences
etween the groups in the overall use of each confidence rating
i.e., 50, 60, 70, 80, 90, 100), all t’s(22) < 1.77. Thus, differences in
he use of the confidence rating scale cannot account for the pat-
ern of monitoring differences in Somers’ d scores and the overall
verage confidence ratings between these groups.

Overall, both groups of AD patients showed a substantial
mpairment in monitoring resolution. Even though the recogni-
ion accuracy of the AD-m group is comparable to that of the
ealthy older adults, these AD individuals nevertheless exhibited

 profound inability to distinguish between correct and incorrect
esponses with confidence ratings, as shown by nearly equivalent
verall average confidence ratings to hits and misses and by Somers’

 scores that are close to zero. Moreover, even with the substan-
ial improvement in recognition accuracy on the part of the AD-m
roup as compared to the AD group, there was essentially no change
n monitoring resolution. However, it is important to note that the
D-m group did show improved calibration error scores as com-
ared to the AD group, and so there may  be some preservation of
his different dimension of monitoring.

.2. Source identification and monitoring performance

Source identification performance was assessed with condi-
ional source scores, which refer to the proportion of items correctly
ecognized as old (i.e., hit rate) that are attributed to the correct
ource (e.g., Dodson, Bawa, & Krueger, 2007). Table 2 shows the
onditional source scores (i.e., remembering who-said-what) for
ach group. An ANOVA revealed significant group differences, F(3,
4) = 5.65, MSE  = 0.018, p < 0.01, with the individuals in the Older
dult group showing significantly higher source scores than indi-
iduals in either the Older-m group, the AD-m group or the AD
roup, all ps < 0.01, as determined with Fisher’s PLSD post hoc tests.
here were no significant differences between the Older-m group
nd either of the AD groups.
The right side of Table 3 shows source Somers’ d correlations
etween the confidence ratings that were assigned to correct and

ncorrect source attributions. If an individual’s ability to monitor
nd judge the likely accuracy of a response is determined by overall
ogia 49 (2011) 2609– 2618 2613

source memory performance, then we should observe a similar pat-
tern of monitoring performance by both groups of AD patients and
by the Older-m group, as they all show comparable source scores.
An ANOVA of the Somers’ d correlations for the confidence rat-
ings that were assigned to correct and incorrect source attributions
yielded a significant effect of group, F(3, 43) = 6.33, MSE  = 0.075,
p < 0.01. Fisher’s PLSD tests showed that both groups of AD patients
exhibited worse Somers’ d scores than did the Older group, ps < 0.01,
and worse scores than the Older-m group, although this differ-
ence was  marginally significant on the part of the AD-m group (i.e.,
p = 0.06). Neither group of AD patients nor the older groups were
significantly different from each other.

The foregoing pattern of differences in Somers’ d correlations is
also seen in the overall average confidence ratings that are assigned
to correct source attributions and incorrect source attributions. As
is clear from the right side of Table 4, both groups of older adults
showed higher average confidence ratings for correct than incorrect
source judgments, both ts > 3.40, both ps < 0.01. By contrast, both
groups of AD patients showed a fundamental inability to distin-
guish between correct and incorrect source attributions. They were
comparably confident in the accuracy of both correct and incorrect
source judgments, both ts < 1, both ps > 0.05.

However, Table 4 clearly shows that the overall average confi-
dence ratings that are assigned to the source judgments are lower
than the confidence ratings that are assigned to recognition judg-
ments. In fact, for all groups, including both groups of AD patients,
the overall confidence rating for the recognition judgment was
significantly higher than this rating for the source judgment, all
t’s(11) > 3.31, all ps < 0.01. Given that their recognition performance
was much better than their source identification performance, this
difference in overall confidence rating suggests that the AD patients
are aware that the source judgment is a more difficult task. There-
fore, these data show a dissociation in AD patients between the
relative lack of awareness of the correctness of a particular response
on the one hand and on the other hand the awareness at the level
of the task that the recognition responses are more often correct
than are the source judgments.

With respect to the source calibration error scores, an ANOVA
revealed a significant effect of group, F(3, 44) = 2.79, MSE  = 0.01,
p = 0.05, with older adults (0.14) showing significantly better cali-
bration scores than any of the other groups, ps < 0.05. As seen in the
right side of Table 3, both groups of AD patients were no different
from the Older-m group. Although Older-m adults and both groups
of AD patients showed similar overall calibration scores, they do so
for very different reasons.

Fig. 1 shows source scores that are computed from responses
that received either low (50, 60), medium (70, 80) or high (90,
100) confidence ratings. It is important to note that because partic-
ipants did not use each of the confidence ratings equally frequently
(i.e., some confidence ratings were used more than others) it is not
possible to look at Fig. 1 and derive the overall source score for
a group by averaging the particular source scores that are based
on the responses given low, medium and high confidence ratings.
The key thing to notice in this figure is that the source scores for
both groups of older adults increased with increasing confidence.
For both groups of AD patients, however, there was a relatively
unchanging level of performance across the different confidence
ratings.

As seen in Fig. 1, the Older-m group’s source scores showed a
linear function in that their performance steadily increased with
increasing confidence – indicating that they were comparably mis-
calibrated at roughly all points of the confidence scale. By contrast,

both groups of AD patients become increasingly worse calibrated
with increasing confidence. Specifically, as shown in Fig. 1, when
either group of AD patients used the high end of the confidence
rating scale (i.e., ratings of 90, 100) they were significantly less accu-
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Fig. 1. Source scores at the different confidence intervals for the Older, Older-m, AD,
and the AD-m groups. Note: Error bars are standard error of the mean. Parentheses
contain the total number of responses, aggregated across individuals in that group.
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he AD and the Older adults received the identical study and test conditions. The
D-m group received multiple repetitions of the study material and the Older-m
roup received a longer (i.e., more items) encoding phase.

ate when making source attributions than were the Older-m group
 their accuracy-matched older adult counterparts, t(19) = 2.32,

 < 0.05 for the AD-m group and t(16) = 2.13, p < 0.05 for the AD
roup. And, there were no significant differences between either of
he AD groups and the Older-m group when using the low (50, 60) or

edium (70, 80) confidence ratings, ts < 1.22. Thus, both groups of
D patients were particularly vulnerable to making high confidence
ource identification errors, which contributed to their impaired
bility to monitor the likely accuracy of their source judgments
nd was the primary cause of their poor calibration scores.

As with the recognition analysis, we investigated whether it
ere possible that the foregoing differences were due to differ-

nces in the use of the confidence rating scale. However, there were
o differences between either of the AD groups and the Older-

 group in their overall distribution of confidence ratings when
aking source judgments, all t’s(22) < 1. These groups used the con-

dence scale in a similar manner and therefore, differences in the
verall use of the confidence scale cannot explain the AD groups’
ropensity to make high confidence errors.

Overall, then, even though both groups of AD patients and the
lder-m group are matched on overall source identification per-

ormance, they show different capacities to monitor the accuracy
f these source judgments. Older-m adults show better monitoring
esolution (i.e., better Somers’ d correlations) and are more likely
o assign higher confidence ratings to correct than incorrect source
ttributions. By contrast, both groups of AD patients are prone to
ake high confidence source identification errors.

. General discussion

This study examined the ability of AD patients and healthy older
dults to monitor and judge the likely accuracy of recognition judg-
ents and source judgments about who spoke something earlier.

articipants listened to statements at encoding that were presented
y a woman and a man, and at a subsequent test phase, partici-
ants provided confidence ratings about the likely accuracy of their
ecognition judgments (i.e., was this statement encountered dur-

ng the encoding phase or not?) and source judgments (i.e., was this
tatement presented by the man  or the woman?). Consistent with
rior findings, we observed that AD patients showed worse recog-
ition performance and source identification performance than did
ogia 49 (2011) 2609– 2618

a group of older adults who  experienced the identical study and
test conditions (e.g., Budson et al., 2006; Dalla Barba et al., 1999;
Multhaup & Balota, 1997). Moreover, repetition of the study mate-
rial greatly improved recognition performance on the part of the AD
patients but had little effect on source identification performance.
This result is consistent with previous suggestions that recollec-
tion may  be more disrupted than familiarity in AD patients to the
extent that our old–new recognition test is influenced by a mixture
of familiarity and source recollection whereas our source identifi-
cation test is influenced primarily by source recollection since both
sources were equally familiar (e.g., Budson et al., 2000; Dalla Barba,
1997; Gallo, Sullivan, Daffner, Schacter, & Budson, 2004; Knight,
1998; Souchay & Moulin, 2009; Westerberg et al., 2006). In addi-
tion, we observed that both groups of AD patients were very much
impaired at monitoring the accuracy of both recognition and source
identification judgments.

There are two  striking findings about both groups of AD patients.
First, they were worse at monitoring the likely accuracy of recog-
nition and source judgments even when compared to a group of
older adults (i.e., the Older-m group) who showed comparable
recognition and source identification accuracy. For instance, for
both recognition and source judgments Table 4 shows that the
average confidence rating assigned by the AD-m patients to cor-
rect and incorrect judgments was nearly identical – indicating a
nearly complete lack of awareness for the likely accuracy of cor-
rect and incorrect responses. By contrast, older adults on both tests
were much more confident about the likely accuracy of correct
than incorrect responses. The fact that these monitoring differences
exist between the two groups – the AD-m group and the Older-m
group – that show comparable recognition and source identifica-
tion accuracy means that the AD-m patients’ monitoring problems
are not caused by a disproportionate difficulty remembering the
information because there were no differences in accuracy between
these older adults and AD patients. The second striking finding
is that even when AD patients were given extra exposure to the
study material, which produced a dramatic improvement in recog-
nition performance (i.e., in Table 2 compare the recognition scores
between the AD-m and the AD groups), there was little improve-
ment in their ability to use confidence ratings to monitor the likely
accuracy of these recognition judgments. For instance, Table 4
shows that the average confidence rating assigned by the AD-m
and the AD groups to Hits and Misses was  nearly identical. Finally,
for both recognition judgments and source judgments, our results
indicate that the monitoring impairment in AD patients is actually
worse than their memory impairment (or at least conditions that
are able to improve AD patients’ memory are not able to improve
monitoring performance), as otherwise there would have been no
differences between the healthy older and the AD groups in moni-
toring performance when there were no differences in accuracy.

However, there is an interesting pattern on the part of the AD
patients in that they show a severe monitoring impairment at the
level of the item but not so much at the level of the task. As we
have reviewed, at the level of the individual response, both groups
of AD patients appear nearly completely unaware of the likely accu-
racy of a particular response. By contrast, at the level of the task, AD
patients seem aware that the recognition judgment is an easier task
than the source identification judgment. Specifically, both groups
of AD patients were more accurate on the recognition task than on
the source identification task and they provided significantly higher
confidence ratings for the recognition task than for the source task.
Two conclusions can be drawn from this pattern. First, AD patients
do not show complete memory-monitoring anosognosia. Second,

because confidence is tracking accuracy at the level of the task we
can conclude that AD patients are not using the confidence rat-
ing scale in a haphazard manner and show some awareness that a
higher confidence rating means a higher likelihood of being correct.
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ut, it remains for future research to investigate why  AD patients
how this memory-monitoring dissociation between responses to
articular items and overall responses to one task or another.

Our study suggests that there are two different mechanisms that
ontribute to the monitoring impairment in AD patients. First, AD
atients appear to have a deficit in monitoring episodic memory

udgments that contributes to their worse monitoring performance
e.g., worse Somers’ d scores) on both the recognition and the source
dentification tasks. Second, AD patients appear particularly vulner-
ble to making high-confidence errors on the source identification
ask that additionally contributes to their monitoring impairment
n this task.

To explain the monitoring behavior of Alzheimer’s patients we
ropose a Remembrance–Evaluation model of monitoring. This is a
wo-stage model that builds on the ideas from Johnson et al. (1993)’
ource-Monitoring Framework, Schacter, Norman, and Koutstaal
1998)’ Constructive Memory Framework, and Koriat (1993)’s
ccessibility Model of monitoring. The first, Remembrance, stage of

he model refers to remembered information, and as in the models
f Johnson, Schacter, Koriat and their respective colleagues, a con-
dence rating or a monitoring judgment is based, in part, on the
ind and amount of remembered information. For our purposes,
emembered information can lead to monitoring failures primarily
hen the remembered information is illusory and false but it elicits

he same kind of subjective experience as true memories that are
ssigned high confidence responses. These high confidence misrec-
llections will affect monitoring performance on recollective-based
ests, such as cued-recall or source memory tests. We suggest that
t is these misrecollections that are causing the occurrence of high-
onfidence errors by the AD patients on the source judgment.

The second stage of our model is the evaluation process. Once
nformation is remembered, it is necessary to consciously evalu-
te this information with the purpose of both making a memory
udgment (e.g., does the kind and amount of remembered infor-

ation allow for a judgment of ‘old’) and making a confidence
ating (or an analogous assessment) about the likely accuracy of this
emory judgment. Consequently, this evaluation stage can pro-

uce monitoring failures on different kinds of memory tests when
ndividuals use inappropriate criteria to evaluate the remembered
nformation, such as inappropriately weighting the presence or
bsence of particular kinds of memorial information. This inappro-
riate evaluation will in turn produce an inappropriate judgment
e.g., confidence rating) about the likely accuracy of a response.
o simplify the model, we are assuming that a malfunctioning
valuative process will comparably affect the evaluation of differ-
nt kinds of memorial information (e.g., familiarity and perceptual
nformation). However, given the studies showing that AD patients
ppear normal at monitoring the accuracy of responses to general
nowledge questions (e.g., Backman & Lipinska, 1993), a distinction
hould be made between episodic and semantic information with
D patients showing preserved evaluative processes of semantic

nformation and impaired evaluative processes of episodic infor-
ation. Additional support for this episodic–semantic distinction

omes from Reggev, Zuckerman, and Maril (2011) who show that
ifferent brain regions are associated with monitoring these dif-
erent kinds of memory. The key point about a malfunctioning
valuation process is that it can contribute to a pattern of impaired
onitoring on different kinds of episodic memory tests, which
ould produce the monitoring impairment by the AD patients on

oth the recognition and source memory judgments.
Overall, then, the crux of the Remembrance–Evaluation model

s that monitoring impairments can be caused by two  very differ-

nt mechanisms: (1) remembered information that is distorted and
llusory; and (2) evaluative processes that are inappropriate. The
articular signature of the monitoring impairment will depend on
hich or both of these mechanisms that is malfunctioning.
ogia 49 (2011) 2609– 2618 2615

Consider the application of Remembrance–Evaluation model to
the monitoring behavior of healthy older adults and AD patients.
Growing evidence suggests that, when compared to young adults,
healthy older adults show a selective monitoring deficit on source
memory tests and cued-recall tests that is caused by high confi-
dence errors; but they show no monitoring deficit when evaluating
recognition judgments (e.g., Dodson, Bawa, & Krueger, 2007).
The selectivity of the monitoring deficit in older adults suggests
that it is caused by a malfunctioning Remembrance mechanism
and not by problems with the Evaluation mechanism. In other
words, older adults evaluate remembered information normally;
their monitoring deficit is caused by a tendency to remember
false information. By contrast, AD patients’ monitoring deficit
shows a different signature: it is more widespread and occurs on
both recognition and source identification judgments. Moreover,
because (1) we  observed this monitoring deficit on both recogni-
tion judgments and source judgments and, (2) given the general
assumption that recognition judgments are more familiarity-based
than are source judgments, we  see no evidence from our study
for the notion that AD patients show relatively preserved mon-
itoring of familiarity information and impaired monitoring of
recollection information (Souchay, 2007). Overall, then, we  sug-
gest that both stages of the Remembrance–Evaluation model are
malfunctioning in AD patients. That is, AD patients are prone
to falsely recollect information that leads to high confidence
errors and they are impaired at evaluating remembered infor-
mation in order to provide a confidence rating about its likely
accuracy.

Consideration of the brain pathology in AD, and more gen-
erally the neural correlates of memory-monitoring, may  aid our
understanding of why  both stages of the Remembrance–Evaluation
model are faulty in AD patients. In addition to the medial temporal
lobes, AD patients also show pathology in parietal (McKee et al.,
2006) and frontal (Lidstrom et al., 1998) cortex. Functional neu-
roimaging studies have documented a relationship between all of
these foregoing brain areas and monitoring the accuracy of memory
(e.g., Chua, Schacter, Rand-Giovannetti, & Sperling, 2006). How-
ever, patient studies may  provide more direction about the role of
particular brain regions in this monitoring process. There is increas-
ing evidence that the parietal lobes may  underlie the subjective
memorial experience of recollection (e.g., Ally, Simons, McKeever,
Peers, & Budson, 2008; Davidson et al., 2008; Simons et al., 2010).
Simons et al. (2010) collected confidence ratings by patients with
unilateral or bilateral lesions of the parietal lobe and controls with
a combined recognition and source recollection paradigm that is
nearly identical to our task. They observed no differences between
either group of parietal patients and controls on either recogni-
tion accuracy or on the overall average confidence rating associated
with the recognition judgment. By contrast, even though there
were no differences between the parietal patients and controls on
source recollection performance, the patients with bilateral pari-
etal lesions showed significantly lower confidence ratings than
controls in their source identification judgments. These results are
consistent with their subjective recollection hypothesis that the
parietal lobes contribute to the recovery and assessment of details
that contribute to recollective experience – and, which in turn con-
tribute to confidence ratings for recollective judgments. However,
Simons et al.’s observations of diminished confidence on the source
identification task that accompanies bilateral parietal damage is the
opposite of what we have observed in our AD patients: in contrast
to diminished confidence, our AD patients show excessive high
confidence errors on the nearly identical source recollection task.

With respect to our Remembrance–Evaluation model, the Simons
et al. study suggests that the bilateral parietal patients show pre-
served evaluation processes – which account for their preserved
monitoring performance on the recognition task – but an impaired
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nd diminished remembrance process that accounts for their
educed confidence ratings on the source task.

While, to our knowledge, there are no studies involving
atients with frontal lobe damage that have used a combined
ecognition/source-identification and confidence task, there is
rowing evidence from other tasks that suggests the involvement of
he frontal lobes in metamemorial judgments. For instance, frontal
atients are worse than matched controls at providing accurate
eeling of knowing (FOK) judgments about the likelihood of recog-
izing a not-recalled answer on an episodic cued-recall task (e.g.,

anowsky, Shimamura, & Squire, 1989; Schnyer et al., 2004). Inter-
stingly, the worse monitoring performance by the frontal lobe
atients tends to occur because of overconfidence. For instance,

anowsky et al. observed that frontal patients were less likely than
ontrols to correctly recognize unrecalled items when both groups
ere either moderately or highly confident that they would be able

o correctly recognize the item. This pattern of overconfidence is
imilar to the overconfidence that we have observed in our AD
atients. By contrast, patients with medial temporal lobe damage
re no different from matched controls in the accuracy of their FOK
udgments (see Pannu & Kaszniak, 2005 for review).

Overall, then, there are multiple ways that the frontal lobes
ould contribute to malfunctioning Remembrance and Evalua-
ion processes. According to Schacter and colleagues’ constructive

emory framework, the frontal lobes contribute both to retrieval-
ue specification (i.e., focusing) processes and to evaluation
rocesses (Schacter et al., 1998). Poor cue specification can acti-
ate memories that are either not appropriate for the target task
r are inappropriately vague. In addition, inappropriate evalua-
ion criteria when judging memories have been used to explain
he pathologically high false recognition rates by frontal patients
e.g., Schacter, Curran, Galluccio, Milberg, & Bates, 1996). Both of
hese processes can explain our findings. AD patients may  not be
pecifying the appropriate retrieval cues, which may  cause them to
isremember past events – thus leading to high-confidence errors

n the source task. Moreover, a malfunctioning evaluation process
ay  cause the AD patients to inappropriately use the confidence

ating scale on both recognition and source judgment tasks. The
D patients’ frontal lobe pathology likely explains much of our
ndings.

The malfunctioning of the Evaluation stage of the
emembrance–Evaluation model may  also help to explain the
bnormally liberal recognition response bias seen in patients with
D. It has been shown previously that AD patients exhibit a more

iberal response bias compared with healthy older adults (Budson
t al., 2006), although the patients are able to shift to a more con-
ervative bias when given an instructional manipulation (such as
eing told that only 30% of test items have been studied) (Waring,
hong, Wolk, & Budson, 2008). Importantly for the present study,
udson et al. (2006) found that the recognition response bias
f AD patients remained more liberal than that of healthy older
dults even when their recognition memory performance was
quated by varying the length of study and test lists. Although the
actors that contribute to recognition response bias presumably
nvolve both conscious evaluation and unconscious processes, that
atients with AD showed impaired evaluation of their memory in
he present experiment may  provide an important clue as to why
atients with AD show an abnormally liberal response bias. We
ound that both groups of AD patients were comparably confident
bout the accuracy of both their correct and incorrect recognition
esponses to studied items, in contrast to the control groups which
ach showed higher rates of confidence for their correct than

or their incorrect responses. Future studies can work towards
xamining both memorial confidence and recognition response
ias to better understand the relationship between these processes

n patients with AD.
ogia 49 (2011) 2609– 2618

It is important to note that the monitoring results from our
recognition judgment (i.e., worse monitoring performance by the
AD patients than older controls) conflict with the findings of Moulin
et al. (2003) who observed that AD patients were no different
from healthy older adults in monitoring the accuracy of recognition
judgments. However, a fundamental difference between our recog-
nition task and that of Moulin et al. is that they used a 2 alternative,
forced-choice procedure in which participants were presented
simultaneously with an old event and a new event. It likely is easier
to assess the accuracy of a recognition judgment when one is eval-
uating a previously encountered event in relation to a novel event
that is simultaneously present on the screen. That is, one’s confi-
dence that a recognition judgment is correct can be determined by
both the certainty that one event is old as well as the certainty that
the other event is novel – a quasi-triangulation method for deter-
mining the likely accuracy of a recognition judgment. By contrast,
fewer cues are available for making this monitoring judgment in
our recognition procedure in which a single event is presented and
participants endorse the event as old or new and then assess the
likely accuracy of this judgment. Thus, this difference in recogni-
tion results between our study and Moulin et al. suggests that the
evaluation stage on the part of AD patients can be facilitated by pro-
viding additional cues or support at retrieval for making a memory
judgment, as in Moulin et al.’s study.

There are a couple of potential limitations to our study and
points to consider for future research. First, there are a small num-
ber of items that each individual contributes to the overall data (i.e.,
only 30 items presented at encoding to each participant). Although
the small number of items is a limitation, it should be noted that our
central effects were replicated within each AD group and within
each older adult group, which testifies to the reliability of these
effects. Second, we  used different matching procedures in our AD-
m group (i.e., extra repetitions of the study material) and in our
Older-m adult group (i.e., adding a large number of filler items at
encoding to increase study list length) in order to match accu-
racy and thus remove differences in accuracy as a confounding
explanation for differences in monitoring performance. However,
is it possible that these matching manipulations have introduced a
confound by changing the cognitive processes associated with the
monitoring judgment? In answer to this question it is critical to
point out that the older group that received a matching manipula-
tion showed a pattern of monitoring performance that was  nearly
identical to the pattern shown by the older adult group that did
not receive a matching manipulation. The same observation holds
for the AD-m and the AD group. Because the same pattern of mon-
itoring performance occurs within each group of older adults and
within each group of AD patients, it is reasonable to conclude that
the difference in monitoring ability between both groups of AD
patients and both groups of older adults is caused by some variable
related to Alzheimer’s disease and is not caused either (1) by dif-
ferences in memory strength since accuracy was  equated or (2) by
the matching manipulations.

A point to consider in future research is the effect of our instruc-
tions to participants to try to use the entire scale of confidence
ratings over the course of the experiment. This instruction is com-
mon  in confidence-rating studies because it is intended to orient
participants to use and interpret the confidence rating scale in a
similar manner and thus to minimize biases to either use one end
of the scale or the middle points only or the end-points only, etc. Our
analyses of the distribution of confidence ratings for each judgment
– regardless of accuracy – suggest that there were no differences
in the overall use of the scale between our AD patients and the

healthy older adults. However, it is a question for future research
whether AD patients would show better confidence–accuracy cor-
respondence when they are not given these instructions to ‘use the
entire scale.’
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Finally, our neuropsychological tests showed that the individu-
ls in the AD-m group appeared less impaired than those in the
D group, as the AD-m individuals showed significantly better
MSE  and TMT-B scores and were numerically better on all of the

ther neuropsychological tests. We  suggest that there are impor-
ant theoretical implications to this group difference to the extent
hat it is the case that this reduced cognitive impairment is due
o the AD-m individuals, on average, showing an earlier stage of
he disease. Despite experiencing an earlier stage of the disease,
he AD-m individuals show a devastating monitoring impairment
hat in many ways is just as severe as the monitoring impairment
y the AD group. Given (1) that overall objective memory perfor-
ance is matched between the AD-m and the Older-m group and

2) the apparent early stage of the disease, we therefore suggest that
he episodic memory monitoring impairment that we have docu-

ented may  manifest itself in AD patients before a corresponding
mpairment in memory performance (see Galeone, Pappalardo,
hieffi, Iavarone, & Carlomagno, 2011 for a related argument).

In conclusion, we observed a dissociation between AD patients’
ecognition and source accuracy on the one hand, and their ability
o monitor and assess the likely accuracy of their recognition and
ource judgments on the other. Strikingly, the AD patients’ mon-
toring impairment persists even when their memory accuracy is
oosted to that of a healthy older group which indicates that the
D’s monitoring difficulties are not caused by difficulties remem-
ering the information. There are serious practical consequences to
his kind of monitoring impairment. Our finding that AD patients
re prone to make high-confidence source errors indicates that they
ay  be particularly vulnerable to disrupted medication regimens in
hich they either fail to take or repeatedly take medication because

hey are highly confident in the accuracy of the memory that sup-
orts this action. Similarly, patients may  be highly confident in their
emory that they have already turned the stove off when they

ave not. In addition, we speculate that the high-confidence source
rrors that we have observed on the part of our AD patients are
imilar to the confabulatory responses that are exhibited by these
ndividuals and that consequently there may  be a common mecha-
ism underlying both behaviors. We  are hopeful that studies such
s ours that evaluate memorial confidence can lead to future behav-
oral and pharmacological interventions that may  lead to patients’
mproved ability to question and probe their own memories prior
o acting. Such interventions may  be able to improve the lives of
atients and their families.
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