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Patients with amnestic mild cognitive impairment (MCI) and Alzheimer's disease (AD)

often demonstrate high rates of false memories, leading to stressful and frustrating situ-

ations for both patients and caregivers in everyday life. Sometimes these false memories

are due to failures in monitoring the source of the information. In the current study, we

examined interventions aimed to enhance the use of the metacognitive “recall-to-reject”

memory strategy. Such interventions could improve source memory and decrease false

memory in patients with MCI. Because the picture superiority effect (better memory for

pictures compared to words) has been shown to be present in both patients with MCI and

healthy older controls, we investigated whether pictures could help patients with MCI use

a recall-to-reject strategy in a simulation of real-world source memory task. In this

experiment, patients with MCI and healthy older adults were asked to simulate preparing

for and then taking a trip to the market. Subjects first studied 30 pictures of items in their

“cupboard,” followed by a list of 30 words of items on their “shopping list.” At test, par-

ticipants saw 90 pictures (30 cupboard, 30 list, 30 new) organized as they would be if

walking down the market aisles, and are provided with either standard or metacognitive

instructions. With standard instructions, they were asked if they needed to buy the item.

With the metacognitive instructions, they were asked a series of questions to help guide

them through a recall-to-reject strategy to highlight the different sources of memories.

Results showed that the metacognitive instructions did significantly reduce the false

memory rates for patients with MCI. Further studies need to investigate how to best

implement these practical strategies into the everyday lives of patients.
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1. Introduction

Episodic memory is impaired early in amnestic mild cognitive

impairment (MCI), which has a high rate of conversion to

Alzheimer's disease (AD). Patients with MCI and mild AD de-

mentia show impairments in recognizing and recalling in-

formation compared to healthy older adults (Budson et al.,

2004; Budson, Wolk, Chong, & Waring, 2006; Budson et al.,

2007; Dalla Barba, Nedjam, & Dubois, 1999; Embree, Budson,

& Ally, 2012). Additionally, these patients show increased

rates of false memories (Balota et al., 1999; Budson, Daffner,

Desikan, & Schacter, 2000; Gallo et al., 2006; Hildebrandt,

Haldenwanger, & Eling, 2009; O'Connor et al., 2015), which

can create stressful and frustrating situations for patients and

caregivers, as well as limiting a patient's ability to live inde-

pendently. False memories are often due to failures in moni-

toring the source of the information. Potentially, false

memories in patients with MCI could be reduced and overall

memory improved if strategies could be identified that might

enhance source monitoring abilities. In the current study, we

examined the use of metacognitive instructions to encourage

the use of source monitoring techniques.

Patients with AD dementia have been shown to exhibit

higher rates of false recognition and recall relative to healthy

age- matched peers (Balota et al., 1999; Budson et al., 2000;

Gallo et al., 2006; O'Connor et al., 2015). In false memory

studies utilizing study lists of semantically related items (e.g.,

door, glass, pane, shade, etc.), patients are more likely to falsely

endorse strongly related but unstudied lure items in a mem-

ory test (e.g.,window) compared to healthy older adults. When

individuals study lists of related items, it strengthens gist in-

formation, that is, information regarding the common ele-

ments of a set of items. Healthy older adults are able to

combat gist by using item-specific recollection, or recollection

of specific unique details about studied items. In contrast,

patients with AD dementia are impaired in their use of item-

specific recollection and rely more heavily on gist, causing

them to endorse items they have not experienced previously.

Additionally, both patients with MCI and those with mild

AD dementia exhibit elevated false memories in more tradi-

tional memory tasks that do not use semantically related

study items (Ally, Gold, & Budson, 2009a, 2009b; Embree et al.,

2012). It has been suggested that patients with MCI and pa-

tients with AD dementia are impaired in their use of recollec-

tion and rely more on their sense of familiarity to inform their

recognition memory decisions. Dual process theories of

memory suggest that two independent processes contribute

to successful recognition memory (Yonelinas, 1994, 2002).

Recollection refers to the encoding and retrieval of rich,

context filled information of an item or an event. Familiarity

refers to the feeling of having encountered something before,

but lacking information regarding the context or specific de-

tails of where that information was originally encountered.

Although familiarity is not entirely spared in patients with

MCI and mild AD dementia, it is better preserved than recol-

lection (Ally et al., 2009a; Ally, McKeever, Waring, & Budson,

2009; Westerberg et al., 2006). Thus, false memories are, in

general, thought to be tied to the overreliance on familiarity

(which is directly related to gist).
1.1. Memory monitoring

Healthy individuals (both young and old) use specific details of

an item or event (via recollection) to engage in strategies to

enhance retrieval monitoringddetailed information that can be

used to strategically regulate the accuracy of responding in a

memory test (Dodson & Schacter, 2002; Gallo, Cotel, Moore, &

Schacter, 2007; Gallo,Weiss,& Schacter, 2004; Schacter, Israel,

& Racine, 1999). For instance, individuals can engage in diag-

nostic monitoring, whereby they reject an item based on the

failure of recollection to conform to a certain expectation (e.g.,

“I didn't see this item, because I would have remembered it

since it would've been a particularly unique picture.”). Addi-

tionally, healthy individuals can engage in disqualifying

monitoring, whereby they reject an item based on the recall of

logically inconsistent information (e.g., “I didn't see this item

as printed word because I specifically remember it studying it

as a picture.”)

Patients with mild AD dementia are impaired on the use of

these monitoring strategies compared to healthy older adults

(Budson, Dodson, Daffner, & Schacter, 2005; Budson, Sitarski,

Daffner, & Schacter, 2002; Gallo, Chen, Wiseman, Schacter,

& Budson, 2007). In a study examining one type of diagnostic

monitoring strategy (the distinctiveness heuristic), patients with

AD and healthy older adults studied sets of categorized pic-

tures or words (Budson et al., 2002). During the encoding

phase, half the items were presented as a visual word paired

with an auditory recording, while the other half were pre-

sented as a picture with an auditory recording. In the test

phase, items were presented as either pictures paired with

auditorywords or as only auditorywords. Results showed that

when pictures were used in the memory test, healthy older

adults had numerically lower false recognition compared to

when only auditory words were used. Healthy older adults

developed an expectation that test items should elicit vivid

perceptual recollection, and if it did not, they would reject the

item. In contrast, patients with mild AD dementia were less

likely to engage in this strategy, and were not able to reduce

their false recognitions. A follow-up study revealed that pa-

tients withmild AD dementia are aware of the distinctiveness

heuristic as a viable strategy, but are unable to selectively

apply it to new items to reduce their false recognitions

(Budson et al., 2005). Using a criterial recollection task

emphasizing the use of recollection, Gallo, Chen, Wiseman,

Schacter, and Budson (2007) also found that patients with

AD showed limited use of the distinctiveness heuristic when

compared to healthy older adults.

Patients with AD dementia have also demonstrated im-

pairments in using a disqualifying monitoring strategy. Gallo,

Sullivan, Daffner, Schacter, and Budson (2004) examined pa-

tients with mild AD dementia and healthy older adults on an

associative recognition task. In their experiment, participants

studied pairs of words, some of which were presented only

once, others three times. In the subsequent test phase, par-

ticipants were presented with pairs of words: intact pairs,

rearranged pairs, and new pairs. Of particular interest were

the rearranged pairs, in this condition both words are familiar

and so to correctly reject these pairs, participants need to be

able to recall the specific associations made during the study

http://dx.doi.org/10.1016/j.cortex.2017.01.022
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phase. Repetition increased false recognition of these rear-

ranged pairs for patients with AD, but it did not have an effect

on healthy older adults who were able to successfully use a

recollection-based recall-to-reject monitoring strategy.

1.2. Source monitoring and source memory

Source monitoring and its effect on false memory have also

been examined in patients with MCI and mild AD dementia.

Monitoring frameworks used to explain the reduction of false

memory have been derived from the more general source-

monitoring framework (Johnson, Hashtroudi, & Lindsay,

1993; Mitchell & Johnson, 2009). The source monitoring

framework provides an explanation of how individuals are

able to identify the origin (or “source”) of information. Details

may include perceptual (e.g., color), temporal, or spatial (e.g.,

location) characteristics. In turn, these details allow an indi-

vidual to more easily differentiate between potentially similar

memories. Thus, source memory can be thought to be closely

related to memorial recollection.

Similar to recollection, source memory has been shown to

be impaired in both patients with MCI and patients with mild

AD dementia. In general, patients are less able to determine

the source of memories. Relative to healthy older adults, pa-

tients are less likely to remember if they read or self-generated

a sentence they were supposed to remember (Multhaup &

Balota, 1997), what room they studied an item in (Pierce,

Waring, Schacter, & Budson, 2008), whether they performed

an action or if they only imagined performing an action (Dalla

Barba et al., 1999; O'Connor et al., 2015), or whether or not they

intentionally remembered or intentionally forgot a study item

(El Haj, Fasotti, & Allain, 2014).

Given the nature of their cognitive impairment, it is not

surprising that patients with mild AD dementia perform

poorly on tasks of source memory. Accurate source memory

retrieval relies on several cortical areas (Mitchell & Johnson,

2009). Areas of the medial temporal lobes (e.g., the hippo-

campus) are responsible for the binding of item-specific and

contextual episodic information. The anterior prefrontal cor-

tex is thought to help monitor and differentiate between

sources of information, while the dorsolateral prefrontal cor-

tex (DLPFC) is involved with more organizational processes.

The AD pathophysiological process is thought to initially

cause destruction to the medial temporal lobes along with

other areas of the temporo-parietal region. As AD patients

progress fromMCI to very mild, mild, andmoderate dementia

stages, the disease causes increased destruction to lateral

temporal, parietal, and later, frontal lobes (Apostolova et al.,

2006; Braskie, Toga, & Thompson, 2013; Scahill, Schott,

Stevens, Rossor, & Fox, 2002; Whitwell, 2010; Whitwell et al.,

2007). Based on this pathological progression and prior find-

ings that executive functioning is less impaired in MCI

compared to AD (Carter, Caine, Burns, Herholz, & Lambon

Ralph, 2012), patients with MCI may be more able to use

strategies to boost source memory compared to individuals

with more advanced disease.

Although patients with MCI and AD dementia have sig-

nificantmemory impairments, evidence has shown that these

patients may have relatively intact meta-memory abilities,

and can use explicit instructional information to modify their
performance inmemory tasks. For example, patients changed

the nature of their responding when told the proportions of

old and new items in a memory test. In a study by Waring,

Chong, Wolk, and Budson (2008), participants were pre-

sented with a recognition memory test composed of 50% old

and 50% newwords, but participants were told that either 30%

or 70% of thewordswere old. Patients and healthy older adults

became more conservative in their responding and also

reduced their rate of false recognition in the 30% condition.

Other studies have shown that patients with AD and controls

perform similarly on various measure of meta-memory

(B€ackman & Lipinska, 1993; Gallo, Cramer, Wong, & Bennett,

2012; Moulin, Perfect, & Jones, 2000; Schmitter-Edgecombe &

Seelye, 2011). Thus, leveraging meta-memory may provide an

avenue to help patients improve their performance in mem-

ory tasks.

In the current study, we were interested in examining how

meta-memorial/meta-cognitive processes can help patients

with MCI improve memory monitoring and, in turn, improve

their overall memory. In the current experiment, healthy

older adults and patients with MCI went through two study-

test phases in which they were to imagine themselves pre-

paring and then going on a trip to the grocery store. We

wanted to create an experimental task that reflected a real

world activity of daily living for older adults in order to

examine how the introduction of a strategy might be benefi-

cial. In both study phases, participants viewed a set of words

(their grocery list) and a set of pictures (items already in their

kitchen). In the subsequent test phase, they were to imagine

going to the store to buy the items on their list. Participants

made simple yes/no decisions aboutwhether to buy an item in

the standard test instructions, whereas in the metacognitive

instruction condition participants were asked a series of

questions that served to highlight and encourage the use of

metacognitive retrieval monitoring strategies. In particular,

the first question, “Is this item familiar to you?” should result

in an initial memory retrieval attempt. An item should be

familiar both in the list and the cupboard condition. The goal

of the second question, “Was this item in your cupboard?” is to

try to get the participants to use salient information from

pictures to engage in additionalmonitoring, effectively to help

them successfully reject items that they do not need to buy.

Prior evidence in patients with MCI has shown that memory

for pictures is generally more robust than memory for words,

and we believe this may facilitate the use of additional

memorymonitoringmechanisms (Ally, 2012; Ally et al., 2009b;

Deason, Flannery, Hussey, & Ally, 2015; Deason, Hussey,

Budson, & Ally, 2012). We predicted that both groups would

benefit from themetacognitive instructions andwould show a

reduction in false memories compared to the standard in-

struction condition.
2. Material and methods

2.1. Participants

Twenty-one healthy older adults (OCs; 6 male) and 19 pa-

tients with MCI (15 male) were recruited for this study.

Healthy older adults were recruited through online postings

http://dx.doi.org/10.1016/j.cortex.2017.01.022
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and community postings in the Boston community. Patients

with MCI met criteria described by the National Institute on

Aging and Alzheimer's Association (NIA-AA) workgroup

criteria (Albert et al., 2011) and were recruited from the

Boston University Alzheimer's Disease Center (BU ADC).

These patients were each assessed and diagnosed by a

neurologist and neuropsychologist according to national

ADC criteria and were otherwise healthy. Participants were

screened for clinically significant depression, alcohol or drug

use, past stroke, traumatic brain injury, or other neurologic

disorder. All participants were native English speakers and

had normal or corrected to normal vision. The study was

approved by the human studies committees of VA Boston

Healthcare System, Boston, MA, the Edith Nourse Rogers

Memorial Veterans Hospital, Bedford, MA, and Boston Uni-

versity, Boston, MA. Written informed consents were ob-

tained from all participants. Participants were paid $10/h for

their participation.

Healthy older adults and patients were administered a

battery of neuropsychological tests in order to determine their

eligibility for participation in the study. This battery included

the MMSE (Folstein, Folstein, & McHugh, 1975), CERAD Word

List Memory Test (Morris et al., 1989), Trail Making Test Part B

(Adjutant General's Office, 1944), Verbal fluency to letters and

categories (Monsch et al., 1992), and the short form Boston

Naming Test (Mack, Freed, Williams, & Henderson, 1992).

Table 1 presents demographic and neuropsychological data

for the participants.

2.2. Materials and design

The stimuli were 180 common objects that could be found in a

grocery store. The stimuli were selected from the updated

version of the Battig and Montague (1969) norms (Van

Overschelde, Rawson, & Dunlosky, 2004). The stimuli were

divided into 6 lists of 30 items, which were matched on word
Table 1 e Demographic and neuropsychological data for
participant groups.

Test Older adults
mean (SD)

n ¼ 21

Patients with
MCI mean (SD)

n ¼ 19

Age 75.62 (8.67) 77.89 (6.1)

Years of education 16.01 (2.15) 15.37 (2.97)

MMSE 29.38 (.74) 27.68 (1.57)a

CERAD Word List

Immediate 20.71 (4.95) 13.89 (3.13)a

Delayed 7.43 (1.75) 3.32 (1.77)a

Recognition 9.86 (.48) 8.42 (1.22)a

Trails-B 77.81 (27.19) 136.16 (77.87)a

Trails-A 33.7 (12.6) 44.0 (18.07)a

FAS 49.05 (11.26) 37.16 (13.45)a

CAT 46.10 (12.94) 33.11 (10.9)a

BNT-15

No cue 14.71 (.64) 13.21 (2.44)a

Semantic cue .05 (.22) .0 (0)

Phonemic cue .29 (.64) .95 (1.47)b

a Significant difference between the two groups at p < .05.
b Marginal difference between the two groups at p ¼ .069.
length and word frequency (Ku�cera & Francis, 1967). Assign-

ment of lists to experimental conditions was counterbalanced

across participants. The study was programmed using E-

Prime 2.0 Professional software (Psychology Software Tools,

Pittsburgh, PA) and run on PC laptops. The stimuli were pre-

sented in the center of the screen on a white background.

Color pictures were all resized to 450 pixels by 450 pixels and

words were presented in 32 point black Courier font.

2.3. Procedure

Each participant was administered two separate study/test

phases. During each study section, participants were asked to

imagine a scenario where they were preparing to go grocery

shopping. In this scenario, participants were instructed that

before they went to the store, they were going to prepare by

examining their grocery list as well as items they already had

in their cupboards. Participants were then presented with 30

items in their ‘cupboard’ (pictures) followed by 30 items on

their ‘grocery list’ (words), with each item presented for 3 sec.

They were told to remember the items for later as they would

need to buy the items on their grocery list. In the subsequent

test phase, participants were to imagine they were at the

grocery store going through the aisles. As they viewed each

picture of an item on the grocery aisle, participants needed to

decide whether they needed to buy the item or not. They

were also explicitly told not to make any new/impulse buys,

to discourage buying unnecessary items. There were a total of

90 pictures. These pictures included 30 pictures of items that

had been on the grocery list (need to buy), 30 pictures of items

that had been in the cupboard (do not need to buy), and 30

pictures of items not encountered in the study phase (do not

need to buy). All test items were presented as pictures and

appeared on the screen until the participant made a yes/no

buy response. Each individual study/test phase corresponded

to two different testing conditions, the Standard Instruction

test condition, and the Metacognitive Instructions test

condition.

In the Standard Instructions test condition, participants

were only asked one question after each of the 90 pictures was

presented: “Do you need to buy this item?” At the conclusion

of the first study-test session, the subjects had a short break

andwere told that the next study-test sessionwould use novel

items and explicitly told to not recall any objects from the first

study-test session. No items were repeated between the two

study-test sessions. The items in the two study-test sessions

were counterbalanced between participants.

In the Metacognitive Instruction test condition, partici-

pants were again told to simulate going through the grocery

store aisles and were discouraged from making impulse/new

item purchases. However, the participants were now pre-

sented with three questions for every item. When each pic-

ture was shown, the participants first answered the question,

“Is this item familiar to you?” Once they answered this

question, the next question appeared on the screen, “Was

this item in your cupboard?” Finally, they answered the same

question asked in the simple test session, “Do you need to

buy this item?” The participant made responses to these

three questions for each of the 90 pictures presented during

the test.

http://dx.doi.org/10.1016/j.cortex.2017.01.022
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3. Results

3.1. Hit and false alarm rates

A repeated-measures Analysis of Variance (ANOVA) was

conducted using a between-subjects factor of Group (healthy

older adults vs patients with MCI) and Gender (male, female)

and the within-subjects factor of Instruction Type (standard,

metacognitive) and Item Type (hits, false alarms) for hit rate

and false alarm rate. In this analysis, the total false alarm rate

was used, which included both false alarms to new items as

well as “buy” responses to items that had been in the

cupboard. No main effects of Group or Gender were observed

[Group: F(1, 36)¼ 1.123, p¼ .30, hp
2 ¼ .030; Gender: F(1, 36)¼ .54,

p ¼ .47, hp
2 ¼ .015]. There was a main effect of Instruction with

higher “buy” response rates for the Standard compared to the

Metacognitive Instruction condition [F(1, 36) ¼ 4.48, p < .05,

hp
2 ¼ .111] as well as a main effect of Item Type with higher

rates for hits than false alarms [F(1, 36) ¼ 36.92, p < .01,

hp
2 ¼ .506, see Table 2 and Fig. 1]. There was an interaction

between Group and Item Type [F(1, 36) ¼ 4.31, p < .05,

hp
2 ¼ .107], as there was no difference between groups in

overall hit rates [t(39)< 1], butMCI patients had increased false

alarm rates compared to healthy older adults [t(39) ¼ 7.99,

p < .01]. There was also a three-way interaction between In-

struction Type, Item Type, and Group [F(1, 36) ¼ 4.83, p < .05,

hp
2 ¼ .118].

To follow-up on the three-way interaction, repeated-

measures ANOVAs were conducted separately on hit rates

and false alarm rates. There were no significant main effects

or interactions found with hit rates. Similarly, a repeated-

measures ANOVA was also conducted on false alarm rates,

also including type of false alarm (cupboard vs new) as an

additional within subjects factor. There was a main effect of

Instruction Type [F(1, 36) ¼ 7.03, p < .05, hp
2 ¼ .163]. Total false

alarm rates were higher when participants had been given the

standard instruction compared to the metacognitive instruc-

tion (Standard: M ¼ .31, Metacognitive: M ¼ .23). There was

also a main effect of Group with MCI patients making more

false alarms than healthy older adults [F(1, 36) ¼ 4.65, p < .05,

hp
2 ¼ .114; OC: M ¼ .20, MCI: M ¼ .35]. There was a marginal

interaction between Instruction Type and Group [F(1,

36) ¼ 3.52, p ¼ .069, hp
2 ¼ .085]. Follow-up t-tests showed that
Fig. 1 e Hit rates and false alarm rates for instruction

conditions for healthy older adults and patients with MCI.

Error bars are standard errors.
there was no significant difference between instruction con-

ditions for total false alarm rates in healthy older adults

[t(20) ¼ 1.25, p ¼ .23], but there was a significant difference for

total false alarm rates between the Standard (M ¼ 41%) and

Metacognitive (M ¼ 28%) Instructions in patients with MCI

[t(18) ¼ 2.61, p < .05]. There was also a main effect of false

alarm type with both groups having increased false alarm

rates for the new items compared to cupboard items [F(1,

36) ¼ 5.98, p < .05, hp
2 ¼ .142].

3.2. Response bias (Br)

We also examined response bias using the traditional signal

detection theory parameter, C (Snodgrass & Corwin, 1988).

Response bias, measured by C, can be either conservative (less

likely to respond old; indicated by positive values) or liberal

(more likely to respond old; indicated by negative values). To

examine response bias performance, a repeated-measures

ANOVA was conducted using a between-subjects factors of

Group (healthy older adults vs patients with MCI) and Gender

(male, female) and the within-subjects factor of Instruction

type (standard, metacognitive) for Br [false alarm rate/(1� (hit

rate � false alarm rate)); Snodgrass & Corwin, 1988]. Both

participant groups demonstrated a more conservative

response bias when presented with the Metacognitive In-

structions than the Standard Instructions [F(1, 36) ¼ 5.05,

p < .05, hp
2 ¼ .14; see Table 2 and Fig. 2]. Healthy older adults

showed a trend toward a more conservative response bias

than patients with MCI [F(1, 36) ¼ 3.38, p ¼ .074, hp
2 ¼ .086].
4. Discussion

Patients with MCI showed improved memory performance in

this experiment when given instructions encouraging the use

of retrievalmonitoring strategies. The current results revealed

that patients with MCI were able to reduce their false alarm

rates when provided with guiding metacognitive instructions

compared to when they received standard recognition mem-

ory instructions. Patients with MCI demonstrated a higher
Instruction
type

Healthy
older adults

Patients
with MCI

Hit rate Standard .65 (.19) .57 (.24)

Metacognitive .51 (.23) .53 (.17)

False alarm rate Standard

Cupboard .13 (.21) .37 (.39)

New .30 (.36) .45 (.36)

Total .21 (.20) .41 (.18)

Metacognitive

Cupboard .19 (.24) .20 (.23)

New .17 (.23) .37 (.29)

Total .18 (.18) .28 (.19)

Discrimination

(hit rate � false

alarm rate)

Standard .44 (.25) .16 (.33)

Metacognitive .32 (.33) .24 (.20)

Response bias (Br) Standard .34 (.27) .49 (.19)

Metacognitive .22 (.18) .36 (.23)

http://dx.doi.org/10.1016/j.cortex.2017.01.022
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Fig. 2 e Response bias (Br) for both groups. Error bars are

standard errors.
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rate of false alarms than healthy older adults in general,

although there were no group differences in hit rates. Unlike

the patient group, healthy older adults did not show a signif-

icant reduction in false alarms with the Metacognitive In-

structions. Hit rates were also not significantly impacted by

instruction condition in either group. Response bias was

influenced by instruction condition as both groups showed

more conservative response biases in the Metacognitive In-

struction condition than in the Standard condition. Overall,

patients with MCI seemed to benefit from explicit meta-

cognitive instructions, particularly reflected in their reduced

false alarm rates and more conservative response bias.

In the current study, patients had to be able to separate

Grocery List items, Cupboard items, and new items. This task

essentially required efficient source monitoring for accurate

performance. These findings indicate that patients with MCI

benefited from the Metacognitive Instruction condition. One

possible explanation was that they weremore likely to engage

in memory monitoring strategies (such as recall-to-reject) to

reduce false alarms when they were provided with a series of

guiding questions. The reduction of false alarms may be due

to the combination of two factors: 1) the use of pictures during

study for Cupboard items may have increased the saliency of

these items; and 2) the increased saliency afforded by pictures

may have enabled the use of different monitoring strategies,

such as the distinctiveness heuristic and recall-to-reject.

An alternate explanation of the reduced false alarms in the

Metacognitive Instruction condition is that these instructions

encouraged adoption of a stricter criterion for responding

“buy” to an item. Along with the reduction in false alarms, the

Metacognitive Instruction condition led both healthy older

adults and patients with MCI to adopt a more conservative

response bias. Patients with MCI and AD dementia typically

demonstrate an abnormally liberal response bias, or increased

tendency to respond “old” in an old/new recognition memory

test, when compared to healthy older adults (Balota, Burgess,

Cortese,& Adams, 2002; Bartok et al., 1997; Budson et al., 2006;

Deason et al., 2012; Snodgrass & Corwin, 1988). Potentially,

patients with AD could improve their memory and reduce

false recognition by shifting to a more conservative response

bias. Waring et al. (2008) showed that it was possible for pa-

tients to shift their response bias upon explicit instruction

about the ratio of old to new items in the test phase. InWaring
et al. (2008), patients were given incorrect information about

the distribution of old versus new items that altered their

response bias. Providing false information is not a practical

strategy to implement in real life situations to alter patients'
response bias. The current experiment successfully shifted

patients with MCI to a more conservative response bias by

encouraging a different type of strategy by the use of guided

questions highlighting important differences in source infor-

mation in the Metacognitive Instruction condition.

Although healthy older adults also showed a shift to amore

conservative response bias in the Metacognitive Instruction

condition, they did not show the corresponding significant

reduction in their false alarm rates. This lack of change in

either hit rates or false alarm rates between instruction con-

ditions suggests that the strategy encouraged by the Meta-

cognitive Instruction condition may not be useful for healthy

older adults. We initially predicted that both healthy older

adults and patients with MCI would have shown a reduction

in false alarm rates. One explanation for this finding might be

that healthy older adults were already employing retrieval

monitoring strategies in the standard instruction condition

and the explicit questions in the Metacognitive Instruction

condition made no difference or even complicated their

memory retrieval process. Potentially, healthy older adults'
shift to a more conservative response bias resulted in the

requirement for a strong recollected experience to endorse an

item as one needed to buy. Theymay have ended up requiring

a stronger memory to be retrieved than in the Standard In-

struction condition as a result of the pattern of questions.

Since healthy older adults showed a similar shift to a

conservative response bias but not a reduction in false

memories, this suggests potentially that patients with MCI

benefited more from the change in instructions because they

started out with a more liberal response bias or because the

patients with MCI began utilizing retrieval-monitoring stra-

tegies that they had not been using in the Standard Instruc-

tion condition. Future studies will be necessary to examine

the separate contribution of these two factors.

4.1. Neural correlates associated with monitoring

Efficient retrieval monitoring is thought to be reliant on intact

frontal lobe functioning. As reviewed earlier, the AD patho-

physiological process can cause the degeneration of the

frontal lobes, especially towards the later stages of the dis-

ease. Several studies have linked impaired retrieval moni-

toring with impaired frontal functioning in patients with focal

frontal lesions (Curran, Schacter, Norman, & Galluccio, 1997;

Parkin, Bindschaedler, Harsent, & Metzler, 1996) or with ac-

tivity in the frontal regions in young adults (Gallo,

Mcdonough, & Scimeca, 2009). Not surprisingly, patients

with lesions in these areas are less able to accurately perform

source memory tasks (for a review, see Mitchell & Johnson,

2009). Degeneration to these areas may explain poor source

memory performance in patients with mild AD dementia.

These frontal regionsmay bemore intact in patients with MCI

compared to patients with mild AD dementia.

Electrophysiological evidence has been used to show that

patients with MCI may have some preservation of frontal

memorial functioning, at least for certain stimuli. Ally et al.
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(2009) examined the neural correlates of successful recogni-

tion memory in patients with MCI using event-related po-

tentials (ERP). Their results suggested that for picture

recognition, the old/new ERP effect related to recollection was

diminished in patients with MCI compared to healthy older

adults, but there was no difference in the FN400 familiarity

old/new effect or in a later frontal component potentially

related to executive retrieval monitoring (Allan & Rugg, 1997;

Ranganath, Heller, & Wilding, 2007; Wilding & Rugg, 1996).

This late right frontal ERP effect has been shown to be

increased when memory retrieval is more difficult (Wolk,

Gold, Signoff, & Budson, 2009) and may potentially serve as a

compensatory mechanism when memory is impaired (Ally

et al., 2009). These findings suggest that the neural corre-

lates of familiarity for pictures as well as some monitoring

abilitiesmight bemore preserved in these patients and thus, a

promising avenue for rehabilitative techniques. As these re-

gions are more affected as AD progresses, one might predict

that strategies relying on preserved monitoring abilities may

be less effective in patients with more advanced Alzheimer's
disease.

4.2. Improving source memory in patients with AD
dementia

In the current study, the picture superiority effect was lever-

aged to improve the encoding of contextual and perceptual

details for each item in an effort to reduce false memories at

retrieval. This idea has been supported in other studies in

healthy younger and older adults that have examined the

utility of encoding strategies that emphasize the storage of

detailed, item-specific information (termed item-specific

encoding). In these studies, individuals are asked to name a

unique characteristic for each study item they encounter.

Item-specific encoding is thought to improve source differ-

entiation and has been show to improve overall memory

discrimination in healthy younger and older adults (Huff &

Bodner, 2013; Thomas & McDaniel, 2013). Improvement in

source differentiation, in turn, can facilitate the usage of

retrieval strategies, such as the recall-to-reject or the

distinctiveness heuristic. Specifically, enhanced perceptual or

contextual information is more readily accessible for in-

dividuals to engage in retrieval strategies. In a recent study in

patients with MCI and AD (Tat et al., 2016), healthy older

adults and patients with MCI were able to improve their

overall memory discrimination when engaging in an item-

specific encoding strategy, relative to a more semantically-

based, relational strategy. Patients with AD were less likely

to improve memory discrimination using an item-specific

strategy. This suggests that enhancing perceptual and/or

conceptual details serves to improve source differentiation in

patients that are less cognitively impaired (e.g., patients with

MCI). Several other studies have examined potential expla-

nations and also compensation mechanisms for impaired

source memory in patients with AD (Rosa, Deason, Budson, &

Gutchess, 2015, 2016). In Rosa et al. (2016), they examined how

the relation to self might improve source memory perfor-

mance in patients with MCI due to AD. Patients were asked to

pack items in a basket or suitcase while relating each item to
the self or to another individual. Sourcememory data revealed

that although self-referencing did not improve overall source

memory accuracy, it did reduce source misattributions they

made to themselves, and they were more likely to attribute

the source of information to other individuals. When retrieval

monitoring strategies, such as the one used in the current

study, are paired with manipulations that enhance detail

oriented information (e.g., item-specific encoding or the pic-

ture superiority effect) or relation to self, memory may be

further improved. Future studies should aim to examine the

use of encoding strategies, reference to self, and retrieval in-

struction manipulations in conjunction with each other.

The results of this study provide additional information

regarding interventions that can be used to facilitate retrieval

monitoring. The current data revealed when patients are

provided with step-by-step metacognitive instructions, they

are able to better engage in retrieval monitoring, and in turn,

reduce false memories. Further examination of retrieval

monitoring strategies, especially in the context of real life

scenarios, is important for translating these strategies into

successful interventions. These interventions would enable

patients to live more independent and fulfilling lives.
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Appendix

A repeated-measures ANOVA was conducted using a

between-subjects factors of Group (healthy older adults vs

patients with MCI) and Gender (male, female) and the within-

subjects factor of Instruction type (standard, metacognitive)

for Pr (hit rate� false alarm rate; Snodgrass&Corwin, 1988). In

this analysis, the total false alarm rate used included both

false alarms to new items as well as “buy” responses to items

that had been in the cupboard. There was a main effect of

Group [F(1, 36) ¼ 4.31, p < .05, hp
2 ¼ .107] as well as an inter-

action between Instruction type X Group [F(1, 36) ¼ 4.83,

p < .05, hp
2 ¼ .118]. Healthy older adults showed a higher

discrimination rate than patients with MCI (OC: M ¼ .38, MCI:

M ¼ .20). Follow-up t-tests showed that there was a marginal

difference between standard (M ¼ .44) and metacognitive in-

struction conditions for healthy older adults [M ¼ .32;

t(20) ¼ 1.92, p ¼ .069]. For the patients with MCI, the Pr values

went the opposite direction numerically even though this

difference was not significant [Standard: M ¼ .16, Meta-

cognitive: M ¼ .24; t(18) ¼ 1.15, p ¼ .27].
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