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Abstract
The current study investigated the effect of education on retrospective metamemory accuracy in
143 healthy older adults and 143 early to moderate AD patients, using retrospective measures of
confidence in the accuracy of retrieval responses in an episodic odor recognition memory task.
Relative confidence accuracy was computed as the difference between confidence judgments for
correct and incorrect responses. In both AD patients and controls, individuals reporting 17 years of
education or more had significantly more accurate levels of confidence than individuals with 12
years or less. Thus, education was a significant predictor of retrospective metamemory accuracy in
healthy aging and AD.
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Declines in episodic memory are a key feature of both healthy and pathological aging
processes (Gallagher & Koh, 2011). However, patterns and trajectories of these declines are
heterogeneous (Reed et al., 2010).

An important factor potentially influencing the effects of healthy and pathological aging on
episodic memory is metamemory, i.e., the capacity to successfully monitor one’s memory
processes and the accuracy of these processes. Metamemory abilities include the use of
memory strategies and knowledge of memory capacity and limitations, and are important in
directing the use of memory processes in overall decision-making (Devolder, 1989; Marquie
& Huet, 2000; Pannu & Kaszniak, 2005).

Evidence from imaging studies suggests that the accuracy of metamemory judgments relies
on key brain areas within the frontal and medial temporal lobes, which are known to be
affected in both healthy aging and AD (Do Lam et al., 2012; Kao, Davis & Gabrielli, 2005;
Pannu & Kaszniak, 2005). Importantly however, reports on metamemory in healthy aging
and AD have varied, with many studies reporting that metamemory is preserved in aging
and AD, and other studies reporting significant metamemory declines in aging and AD. One
explanation for this variation could be the different aspects of metamemory being measured
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across studies, particularly because different types of metamemory judgments have been
shown to differ in the degree to which they rely on medial temporal vs. frontal regions.

For example, prospective metamemory, used when making predictive judgments about
future memory performance, tends to rely more heavily on medial temporal structures such
as the hippocampus, than frontal regions; whereas, retrospective metamemory, used when
making judgments about prior memory performance, has been shown to rely more heavily
on frontal regions such as the right and medial prefrontal cortex, than on medial temporal
structures (Do Lam et al., 2012; Kao, Davis & Gabrielli, 2005; Pannu & Kaszniak, 2005;
Chua, Schacter, & Sperling, 2009). These functional differences are particularly important in
AD where degeneration occurs in medial temporal regions much earlier than in frontal
regions (Braak & Braak, 1997), potentially allowing frontal-dependent retrospective
metamemory processes to remain relatively preserved despite marked medial temporal-
related declines in memory and prospective metamemory (Bäckman & Lapinska, 1993;
Souchay, Bacon, & Danion, 2006).

Support for this theory has come from research on the accuracy of retrospective confidence
judgments, which represent the level of confidence that an individual has in the accuracy of
their memory performance (Chua et al., 2009; Marquie & Huet, 2000). For example, studies
have reported that those with early to moderate AD report confidence judgments that are as
accurate as those of healthy older controls, despite having marked deficits in memory
compared to controls (Pappas et al., 1992). Moreover, studies have reported no age
differences in the accuracy of retrospective confidence judgments when comparing older
adults between the ages of 60–93 (Dahl, Allwood, & Hagberg, 2009), as well as when
comparing older adults to younger adults (Marquie & Huet, 2000; Moulin, James, Perfect, &
Jones, 2003). Notably however, contrary findings have also been reported suggesting that
retrospective confidence accuracy does decline in healthy aging and AD. For example,
healthy older adults have commonly been found to exhibit overall higher rates of high-
confidence false recognition than younger adults, and those with AD have been shown to
exhibit even higher rates of high-confidence false recognition than healthy older adults
(Chua et al., 2009; Jacoby & Rhodes, 2006; Cosentino, Metcalfe, Butterfield, & Stern,
2007). Thus, the precise differences between normally aging older adults and AD patients on
retrospective metamemory accuracy remain unclear.

Another potential explanation for varying reports on retrospective metamemory in healthy
aging and AD might be the wide use of auditory-based memory tasks, such as word lists, to
assess retrospective metamemory accuracy. Stigmas associated with age-related declines in
hearing are prevalent and this may contribute to test anxiety and response bias among older
adults (Wallhagen, 2009). This can be particularly important to consider when analyzing
retrospective judgments of memory, as they involve a subjective component based on
feelings of certainty in one’s responses (Kennedy, 2001) which can be influenced by factors
such as test anxiety and response bias. Unlike auditory abilities, olfactory abilities are not
typically associated with aging stigmas, and studies have shown that performance on
olfactory tasks is not negatively influenced by factors like age-related stereotype priming.
For example, a study by Miller et al. (2013) on stereotype activation and olfactory function
found that while performance on auditory-based memory and motor tasks significantly
declined in a group primed for age-related memory and motor stereotypes, no significant
differences in olfactory performance occurred when the group was primed for age-related
olfactory stereotypes. Moreover, this effect held across various olfactory abilities and tasks,
including odor threshold detection, odor identification, hedonic ratings of odors, ratings of
odor familiarity, and odor reaction times.
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Another positive aspect of employing an olfactory task is that, with the exception of those in
certain professions involving chemosensory-related tasks, most individuals have not been
exposed to odor-based cognitive tasks. In fact, this relative lack of experience with olfactory
cognitive tasks is thought to be related to findings that odor processing is resistant to the
negative effects of aging stereotypes, as the strength of association between a construct and
a behavior is a key factor in stereotype activation and its effects on behavior and
performance (Miller et al., 2013). Therefore, the current study utilized an odor memory task
to analyze the accuracy of retrospective metamemory judgments.

Although certain non-modifiable risk factors like genetics play an undeniable role in the way
cognitive abilities decline with age, one important potential risk factor for age-related
cognitive decline is education level, which has been reported to influence the effects of
aging across various domains including processing speed, executive functioning, learning,
and memory (Le Carret et al., 2011). While the specific effects of education level vary
within cognitive domains, a number of studies have reported that that those with higher
levels of education show significantly less cognitive decline than those with lower levels of
education, whom a number of studies have reported to show the most severe cognitive
declines (Albert et al., 1995; Anstey & Christensen, 2000; Wilson, et al., 2009). Moreover,
higher levels of education have also been associated with delays in the onset of terminal
decline, a decreased risk of conversion from MCI to dementia, and an overall reduced risk of
Alzheimer’s disease (AD) and other dementias (Stern, Alexander, Prohovnik, & Mayeux,
1992; Allegri et al., 2010; Batterham, Mackinnon, & Christensen, 2011). Despite these
findings on the influence of education on episodic memory, the influence of education on
metamemory is largely unexplored in normally aging adults or in pathological aging.

A major theory regarding the role of education in age-related cognitive declines is the
cognitive reserve hypothesis, which holds that individual neurological differences allow
some individuals to cope better with brain damage and the neurophysiological effects of
aging than others (Stern, 2009). Accordingly, higher levels of education are theorized to
result in a higher neurological capacity for cognitive reserve which allows highly educated
individuals to compensate for normal and pathological age-related neurodegeneration
(Scarmeas, Albert, Manly, & Stern, 2006; Batterham, et al., 2011). Findings from imaging
research suggest that this compensatory ability may be due to a greater number of healthy
synapses or neurons, more efficient circuits of synaptic connectivity, or more efficient use of
alternative brain networks, which are thought to provide a buffer against various forms of
neurodegenerative decline (Springer, McIntosh, Winocur, & Grady, 2005).

A potential link between the effects of education level and metamemory on episodic
memory in healthy older adults and AD patients is found in research demonstrating that
higher levels of education are associated with fewer age-related effects on frontal-dependent
activities (Plumet, Gil, & Gaonac’h, 2005). For example, evidence from fMRI research
suggests that in older adults, higher levels of education are associated with increased frontal
activity, which in turn, has been linked to better memory performance (Springer et al.,
2005). Because retrospective metamemory abilities are frontal-dependent, it is implied that
higher levels of education would also result in better retrospective metamemory accuracy.
Interestingly, studies of patients with Multiple Sclerosis have found that patients with higher
levels of education report more accurate retrospective metamemory ratings (Plumet, et al.,
2005). However, to the authors’ knowledge, an influence of education level on metamemory
has not been reported in healthy older adults or AD patients.

Thus, the main aim of the current study was to investigate the effect of education level on
retrospective metamemory accuracy in healthy older individuals and those with early to
moderate AD using retrospective measures of confidence in the accuracy of retrieval
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responses in an episodic recognition memory task. We hypothesized that regardless of
diagnosis, those with higher levels of education would demonstrate more accurate
metamemory than those with lower levels of education. Because retrospective metamemory
abilities are frontal-dependent we did not hypothesize an education by diagnosis interaction.

Method
Participants

A retrospective study was conducted on participants (n = 286) who were volunteers in a
longitudinal study at the Alzheimer’s Disease Research Center (ADRC) at the University of
California, San Diego. Data were included from 143 patients who met the NINCDS/
ADRDA (National Institute on Communicative Disorders and Stroke—Alzheimer’s Disease
and Related Disorders Association) criterion for probable AD (McKhann et al., 1984), and
were compared with data from 143 non-demented controls. Controls were members of the
community who had responded to advertisements for participation in studies at the ADRC,
and included family members and spouses of participants. All participants in the present
study were recruited while at the ADRC, and the test battery was administered either at the
participant’s residence, the ADRC, or at the Lifespan Human Senses Lab at San Diego State
University. Participants were treated in accordance with the “Ethical Principles of
Psychologists and Code of Conduct” (American Psychological Association, 1992).

A diagnosis for all participants was made by two independent neurologists from the ADRC,
and multiple examinations were conducted in order to rule out all other possible causes of
dementia. Cognitive areas examined included attention, abstraction/problem solving, motor,
verbal/language, perceptual/constructional, memory, and orientation (for tests details see
Weintraub et al., 2009). EEGs, CT scans, MRIs, EKGs and tests of cerebrospinal fluid were
performed when necessary to aid in making a diagnosis of Alzheimer’s disease.

Participants ranged from 60 to 92 years of age (M = 73.7, SD = 6.72). Both males (N = 136)
and females (N = 150) were included. Exclusionary demographic criteria included age less
than 60 years, a diagnosis other than Alzheimer’s disease (i.e. vascular dementia, dementia
with Lewy Bodies, Parkinson’s disease, etc.), and a total score lower than 95 on the
Dementia Rating Scale (DRS) thus limiting our AD sample to those with only mild to
moderate levels of dementia (Murphy, Nordin, & Jinich, 1999). After limiting our sample
based on demographic criteria, as well as excluding participants who did not complete all
portions of the odor threshold and/or odor recognition memory task, there were more AD
subjects than control subjects in the sample. Thus, random selection was used to reduce the
number of AD subjects to match the number of controls (N = 143 per group).

Independent samples t-tests revealed that diagnostic groups differed significantly on the
DRS (t = 26.16, p < .001), the MMSE (t = 20.11, p < .001), and on odor threshold (t = 4.39,
p < .001), all of which are in line with previous findings (Murphy et al., 1999; Dulay &
Murphy, 2002; Gilbert, Barr, & Murphy, 2004; Davidson & Murphy, 1997). No significant
differences in gender, age or education level were found between diagnosis groups (p > .05).

Education level was measured in number of years of education, and ranged from four to
twenty years with an average education level of 14.36 years (SD = 3.33).

Procedures
Recognition Memory Task—We used a task previously developed by Murphy, Cain,
Gilmore, & Skinner (1991) to assess odor recognition memory. The olfactory stimuli
included 15 common household odors presented in amber-colored glass jars (e.g., cinnamon,
peppermint, etc.). Odor stimuli were embedded in a context of visual stimuli (faces of US
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presidents and vice presidents and abstract engineering symbols). Ten odors were randomly
selected and presented one at a time, embedded in the sequence of odor, face, symbol.
Visual stimuli are not a focus of this study and will be discussed elsewhere.

Familiarity Phase: From each stimulus set 10 items were randomly selected and presented
one at a time, in the sequence of odor, face, symbol. For olfactory stimuli, participants were
instructed to close their eyes while the jar containing the odorant was presented by the
experimenter directly beneath the nose of the participant. Each stimulus was presented for 5
seconds with a 10 second interval between stimuli, so that at least 45 seconds had passed
between each olfactory stimulus to prevent adaptation to the olfactory stimuli. After the
presentation of each item, participants were asked to provide a retrospective rating of the
item’s familiarity using a 160mm bipolar, visual-analog scale ranging from not familiar to
very familiar. The rating scale chosen for this study was selected for its simplicity, in order
to avoid confounding due to the process of cognitive estimation (Cosentino & Stern, 2005).
Participants were informed that identification of the item was not necessary in order to rate
the item as familiar, and they were not informed that a recognition memory test would
follow.

Recognition Phase: The recognition phase immediately followed the initial presentation
session. The participant was again presented with ten items from each stimulus set, however
for this phase, five stimuli in each set were randomly selected from the stimuli presented
during the familiarity phase, and the remaining five stimuli were distracters randomly
selected from the stimuli not previously presented to the participant. For each item,
participants were instructed to respond “yes” if the stimulus had been previously presented
during the familiarity phase, and “no” if it had not, and then to rate their level of confidence
in the accuracy of their response along a 160mm-bipolar visual-analog scale ranging from
not confident to very confident, similar to the scale used to rate familiarity.

The number of hits (response of “yes” to a previously presented stimulus), misses (response
of “no” to a previously presented stimulus), correct rejections (response of “no” to a
stimulus that had not been presented), and false alarms (response of “yes” to a stimulus that
had not been presented) were recorded for each participant. The proportion-correct
responses (PC; Murphy et al., 1999) were calculated for each participant and stimulus
modality as a performance measure of recognition memory: PC = (hits + correct rejections)/
n; where n represents the sum of possible hits and correct rejections (n = 10). Thus, a PC
score could range from 0 to 1, with chance level at .5.

Odor Threshold—Because our focus was on metamemory for performance in an odor
recognition memory task, odor thresholds were obtained for all participants, and any
participant with an average threshold score below 1 was excluded from the sample in order
to exclude anosmic individuals. Odor thresholds for the left and right nostril were measured
using a two alternative (odorant and blank), forced choice ascending method of limits test
with butanol as the stimulus (Cain, 1989; Murphy, Gilmore, Seery, Salmon, & Lasker,
1990). On each trial, the participant was presented with a blank bottle (containing the
distilled water) and an odorant bottle (containing a dilution step of butanol), and instructed
to select which of the two bottles contained the odorant. A 45s inter-trial interval was used
to avoid adaptation (Ekman, Berglund, Berglund, & Lindvall, 1967; Murphy et al., 1990). A
threshold score was obtained for each nostril and the two were averaged to yield a single
score.

Metamemory Accuracy—The accuracy of metamemory is typically measured by the
level of correspondence between metamemory judgments and actual memory performance,
which for this task, means that high levels of confidence should be given to correct
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responses and lower levels of confidence should be given to incorrect responses. Participants
who reported low confidence in accurate recognition (i.e. underestimated performance) were
considered just as unaware of their memory ability as those who reported high confidence in
inaccurate recognition (i.e. overestimated performance).

Confidence judgments were analyzed for relative accuracy, which refers to the difference
between confidence judgments for correct and incorrect responses. To calculate the relative
accuracy of confidence judgments (hereby referred to as “confidence accuracy”), an average
level of confidence was computed for each response type (hit, miss, correct rejection, and
false alarm) and confidence level averages were calculated for correct (hits + correct
rejections/2 = Confidence-correct) and incorrect (misses + false alarms/2 = Confidence-
incorrect) responses. Finally, the average confidence level for incorrect responses was
subtracted from the average confidence level for correct responses (Confidence-correct -
Confidence-incorrect = confidence accuracy), resulting in an index of confidence accuracy.
A positive score indicates that confidence judgments appropriately discriminated between
correct and incorrect responses, assigning higher confidence levels to correct responses than
to incorrect responses, while a negative score or a score of zero indicates that confidence
judgments showed inaccurate or no discrimination between correct and incorrect responses,
assigning lower confidence levels to correct responses than to incorrect responses or
assigning the same confidence levels to both correct and incorrect responses.

Statistical Analysis
Consistent with education categories utilized in previous studies of healthy aging and AD
that found significant differences in memory performance between low and highly educated
individuals (e.g., Economou, 2009; Grabe, Kamhawi & Yegiyan, 2009; and Vermeiren et
al., 2013), participants were stratified into three groups based on education level: those
reporting twelve years of education or less, here referred to as the high school level, or HS,
group (N = 101), those reporting between thirteen and sixteen years of education, here
referred to as the Associates-Bachelor’s level, or AB, group (N = 112), and those reporting
greater than sixteen years of education, here referred to as the graduate level, or Grad group
(N = 73). Chi squared tests indicated that education level groups did not significantly differ
on age or gender distribution (p > .05). See Table 1 for a breakdown of education levels by
diagnosis, and Table 2 for Mean (+SE) for Dementia Rating Scale (DRS) scores, recognition
memory accuracy scores (percent correct), and confidence accuracy scores grouped by
education level and diagnosis.

Data were initially tested for violations against the assumptions of analysis of covariance
(ANCOVA), and to analyze descriptive characteristics of the variables. The effects of
diagnostic condition and education level on memory and confidence accuracy were
examined with both ANCOVA and analysis of variance (ANOVA) models. Any significant
effects of education level were then analyzed using Newman-Keuls post hoc analyses. All
analyses were conducted using SPSS version 18.0.

Results
The control group performed significantly better (Mean PC = .700, SE = .02; 95%
confidence interval, .67–.73) on the episodic recognition memory task than AD group (Mean
PC = .615, SE = .02; 95% confidence interval, .59–.65), F(1, 203) = 14.95, MSE = .34, p < .
001, η2 = .07. However, there was no significant effect of education, F(2, 203) = 1.16, MSE
= .03, p >.30, or of the diagnosis by education interaction, F(2,203) = .35, MSE = .01, p >.
70, on odor recognition memory accuracy.
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In terms of relative confidence accuracy, 52% of the overall sample reported confidence
levels that either failed to discriminate between correct and incorrect responses (i.e. had an
index of confidence accuracy near zero), or assigned higher confidence levels to incorrect
responses than to correct responses (N = 103).

In order to investigate the possible existence of covariate effects, an analysis of covariance
(ANCOVA) was used to analyze the effects of diagnosis and education level on the relative
confidence accuracy index, with age and odor threshold included as the covariates. There
were no significant effects of age or odor threshold (p > .05), and the main effect of
education level was significant even after inclusion of the covariates, thus we report the
results of a simple ANOVA model, without age and threshold included as covariates.

Analysis of variance (ANOVA) was conducted to examine the effects of diagnosis and
education level on the relative confidence accuracy index. Because Levene’s test of the
homogeneity of variance was significant, Brown & Forsythe’s F test was conducted. It
indicated that the ANOVA was robust to the violation of the assumption of homogeneity of
variances. Results of the ANOVA revealed no significant effect of diagnosis, F (1, 191) =
2.27, MSE = 2225.70, p > .05, or the diagnosis by education level interaction, F (2, 191) = .
06, MSE = .61.54, p >.05; however, there was a significant main effect of education level, F
(2, 191) = 3.18, MSE = 3116.87, p < .05, η2 = .03. For the main effect of education level,
Newman Keuls post hoc tests revealed that the Grad group had a significantly higher level
of relative confidence accuracy (M = 18.96) than both the AB (M = 5.96) and HS (M = 5.75)
groups, which did not significantly differ from each other (see Figure 1). This indicates that
those with higher education levels were better able to discriminate between correct and
incorrect responses with their confidence levels.

In order to further investigate the effects of diagnosis and education level on relative
confidence accuracy, separate ANOVAs were conducted on average confidence levels for
correct responses and average confidence levels for incorrect responses. For both confidence
in correct and incorrect responses, Levene’s Test of Equality of Error Variances was not
significant (Correct: p = .23; Incorrect: p = .24), indicating that the assumption of
homogeneity of variance was met.

Results of the ANOVA revealed no significant effects of diagnosis, F (1, 198) = 2.24, MSE
= 1442.05, p > .13 .05, or education level on confidence levels for correct responses, F (2,
198) = 1.03, MSE = 664.35, p >.35. On the other hand, education level emerged as a
significant predictor of confidence levels for incorrect responses, F (2, 191) = 3.46, MSE =
3442.41, p < .05, η2 = .04 (Although no significant effect of diagnosis was found, F (1, 198)
= .12, MSE = 119.84, p >.73). For the main effect of education on confidence levels for
incorrect responses, Newman Keuls post hoc tests revealed that the HS group had
significantly higher average confidence levels for incorrect responses (M = 106.41, SE =
3.85) than the Grad group (M = 90.77, SE = 4.53), but that the BA group (M = 99.89, SE =
3.57) did not significantly differ from either the HS or Grad groups. This indicates that the
Grad group was more accurate at judging when they were incorrect than the HS group, as
those in the Grad group assigned significantly lower levels of confidence to incorrect
responses than the HS group (see Figure 2).

Incorrect response types were also analyzed using average confidence in false alarms and
average confidence in misses as the dependent variables for two separate ANOVAs. Results
of the ANOVAs revealed no significant effects of diagnosis on confidence in misses, F
(1,116) = .83, MSE = 1511.86, p > .36, or false alarms, F (1, 178) = 1.00, MSE = 966.34, p
> .31; or of education level on confidence levels for misses, F (1,116) = 1.31, MSE =
2401.94, p > .27. However, education level significantly predicted confidence levels in false
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alarms, F (2, 178) = 3.33, MSE = 3203.19, p < .05, η2 = .04. Newman Keuls post hoc tests,
however, were not significant (p > .05).

Finally, the relationship between the relative confidence accuracy index, education level,
and percent correct on the episodic memory task was analyzed using bivariate correlation
analyses (Pearson’s r). Separate correlations were conducted to analyze the continuous
relationships between years of education and percent correct, and between years of
education, percent correct, and the variables: relative confidence accuracy, confidence in
correct responses, confidence in incorrect responses, and confidence in false alarms. The
correlation between years of education and percent correct on the memory task was not
significant, r = .05, p > .05. Years of education was negatively associated with confidence in
incorrect responses, r = −.14, p < .05. None of the other confidence measures were
significantly correlated with either education or percent correct on the recognition memory
task (p > .05) (See Table 3). Partial correlations were also conducted between percent
correct and the difference confidence measures controlling for education level, however, no
significant correlations were found (p > .05). This indicates that no linear relationships were
detected between relative confidence accuracy, education level, and performance on the
recognition memory task in the present study.

Discussion
The primary aim of the present study was to investigate the effects of AD and education
level on retrospective metamemory accuracy using an odor recognition memory task in
healthy older adults and patients with early to moderate AD. As expected, AD patients
performed significantly worse than healthy older adults on the recognition memory task,
though no significant differences were found between diagnostic groups in terms of relative
confidence accuracy. Overall, the majority of participants in both diagnostic groups reported
levels of confidence that failed to accurately differentiate between correct and incorrect
responses; supporting findings that retrospective confidence accuracy is impaired in both
healthy aging and AD. However, in line with our main hypothesis, those with higher
education levels were better able to monitor the accuracy of their responses and
appropriately adjust their confidence levels according to their performance on the
recognition memory task, despite the fact that education level did not significantly affect
performance on the actual memory task.

In particular, across diagnostic group, participants reporting at least seventeen years of
education reported more accurate relative confidence levels and more accurate levels of
confidence in their incorrect responses than those with twelve years of education or less.
This suggests that education beyond the number of years typically required to obtain a
bachelor’s degree positively affects retrospective metamemory in both healthy aging and
early to moderate AD, even when education level does not influence actual memory
performance. These results are in accordance with past research showing that education
level and other variables associated with cognitive reserve are positively related to frontal
functioning in aging populations (Plumet et al., 2005). Because frontal functioning is more
important to metacognitive judgment and monitoring abilities such as metamemory than it is
to temporal-lobe dependent memory abilities, it signifies that education level would exert a
more powerful influence over metamemory accuracy than it would over memory.

Many studies have examined linear effects of years of education, and several have also
categorized participants into education level groups including primary education, secondary
education, and post-secondary education, however, to the authors’ knowledge, no study to
date has investigated differences that may exist within levels of post-secondary education.
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While effect sizes for the main effects of education level are relatively small, it is important
to note that the variance explained by education likely reflected the large amount of variance
in confidence levels and accuracy among those with less than seventeen years of education.

A potential explanation for the positive effect of education level on relative confidence
accuracy is the sustained cognitive activity that research has associated with higher levels of
education. For example, numerous studies have found education level to be moderately
correlated with both past and current cognitive activity levels among older adults (Wilson et
al., 2007; Wilson et al., 2012). Moreover, a meta-analysis by Anstey (1999) on the
importance of cognitive activity indicated that a significant amount of the positive
relationship between cognitive activity and cognition can be explained by education.

“Cognitive activity” in this context generally refers to activities considered to be mentally
stimulating, such as reading the newspaper, or playing cards. More frequent engagement in
cognitive activity has been associated with a reduced risk for developing dementia, as well
as slower trajectories of cognitive decline in normal aging, and is also associated with higher
levels of cognitive reserve (Wilson et al., 2007; Reed et al., 2011). The present findings
suggest that continued cognitive activity and other variables related to education level and
cognitive reserve may have a positive impact on age- and AD-related decline in
metamemory as well.

The current results also indicated that across diagnostic groups, individuals with at least
seventeen years of education were significantly more accurate when assigning confidence
levels to incorrect responses than those with twelve years of education or less, particularly
when rating confidence in false alarms. These findings are particularly noteworthy
considering the large number of findings reporting age- and AD- related increases in high-
confidence false alarms, consistent across task type and stimulus modality (Jacoby &
Rhodes, 2006; Thomas & Dubois, 2011; Royet et al., 2011). One potential explanation for
this phenomenon is that when older adults lack strong cue–target associative signals, they
may instead base their confidence decisions on information related to the cue, such as cue
familiarity and ease of processing the cue. Using cue-related factors to assess confidence can
lead to higher confidence levels that are unrelated to actual memory accuracy, causing older
adults to report higher confidence levels in their incorrect responses (Busey, Tunnicliff,
Loftus, & Loftus, 2000; Chua et al., 2009). The present results suggest that higher levels of
education are associated with better retrospective memory monitoring, and specifically in
fewer inappropriate high-confidence memory errors.

A complement to the hypothesis of cognitive reserve is the hypothesis of cognitive reserve
capacity (Mortimer, 1988), which states that highly educated individuals have a greater
capacity for cognitive reserve than those with lower educational levels. It is thought that due
to this greater capacity for cognitive reserve, highly educated individuals are able to delay
the appearance of clinical symptoms of AD by compensating for the AD-related
neuropathology so that the patient’s impairment is masked in the early stages of disease.
Thus, the neurodegeneration associated with AD is proposed to have later expression among
highly educated individuals than those with lower levels of education.

On the other hand, evidence also suggests that individuals, particularly individuals with A,
who benefit from higher levels of education are also likely to see sharper cognitive declines
during older ages than those with lower levels of education when they do develop dementia
(Proust-Lima et al., 2008; Borroni, Alberici, Agosti, Premi, & Padovani, 2008). Theories on
this phenomenon typically hold that the delay of the clinical expression of AD causes
clinical diagnoses of AD to be made during the later stages of the disease’s pathological
progression. Therefore, when AD is diagnosed in highly educated individuals they may be
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more advanced in the disease’s pathology, resulting in the more rapid declines reported in
individuals with high levels of education (Albert et al., 1995; Le Carret et al., 2005; Allegri
et al., 2010; Tucker & Stern, 2011).

Despite some evidence for highly educated individuals experiencing sharper declines in
older age however, no effects of age (range = 60–92 yrs) were found in the current study.
Thus, exploratory analyses were conducted using only those in the graduate level group (age
range = 62–89 yrs), in order to examine the potential effects of age on metamemory among
highly educated older individuals. Interestingly, no correlation between age and relative
confidence accuracy was found (p > .05), either across or within diagnostic groups.
Moreover, average relative confidence levels were in the accurate range for the control
group regardless of age, and in the AD group only those that were 75 years or older
demonstrated non-discriminatory, but not inaccurate, levels of confidence. These findings
further support the hypothesis that retrospective metamemory abilities may not suffer the
same sharp declines that other areas of cognition have been shown to undergo among highly
educated individuals in the later stages of aging and AD, and are in line with research
linking higher education levels with fewer declines in frontal-dependent functioning in older
adults and AD patients (Plumet et al., 2005).

In general, the finding that higher levels of education predict more accurate retrospective
metamemory has significant implications and applications for multiple settings. For
example, research suggests age and AD-related declines in metamemory can be improved
through techniques like cognitive strategy training, highlighting the potential for therapeutic
and neuropsychological intervention to aid older individuals in preserving and utilizing
retrospective metamemory processes (Miller et al., 2012). Preserving and enhancing aging
metamemory is important, particularly because knowledge about tasks and the ways they
can be accomplished using alternative procedures can be used to select cognitive strategies
helpful in surmounting the physiological effects of aging (Devolder & Pressley, 1989).
Moreover, studies have shown that older adults with higher metamemory scores are more
likely to report active lifestyles, have more frequent contacts in their social network, and
have a higher internal locus of control, indicating that accurate metamemory is associated
with a better quality of life in older age (Stevens, Kaplan, Ponds, & Jolles, 2001).

On the other hand, poor awareness of memory ability can produce serious day-to-day
consequences for both the individual and those they interact with, negatively affecting
judgment and decision-making abilities. This is especially true as the degree of confidence
that an individual expresses in a memory plays a critical role in how an outsider evaluates
the verity of that memory (Chua et al., 2009), and deficits in confidence accuracy may lead
older individuals to express inflated confidence in false memories, causing them to mislead
or misinform others. Concern may also arise in situations such as eyewitness testimony,
where a large amount of weight is given to the confidence an individual holds in the
accuracy of their own memories (Dodson, Bawa, & Kreuger, 2007). For individuals with
early to mild AD in particular, unawareness of one’s deficits has great potential to hinder
early identification efforts, pose obstacles to treatment compliance, and decrease the
likelihood of effective therapeutic and neuropsychological intervention (Consentino and
Stern, 2007). Likewise, healthy older adults may not realize a need to compensate for
normal age-related cognitive declines if they cannot accurately assess their own memory
abilities (Wong, Cramer, & Gallo, 2012).

A consideration to note about the present findings is that the sample was obtained from a
clinic in a high SES area. Accordingly, there are more highly-educated participants in the
sample than might be expected in a population sample of normally aging adults. Future
studies may wish to examine the role of education and metamemory accuracy on episodic
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memory performance in a population with a larger number of individuals reporting fewer
than twelve years of education.

It should also be noted that the current study did not measure prospective metamemory, thus
these findings apply solely to retrospective metamemory, which may differ from prospective
metamemory in the degree to which it is affected by AD. Future studies may which to
compare retrospective and prospective metamemory among healthy older adults and older
adults with mild to moderate AD, as the literature suggests that there may be an interaction
between diagnosis and type of metamemory (retrospective vs. prospective).

The current study employed an odor recognition memory task in order to assess the accuracy
of retrospective metamemory judgments. While other studies have investigated the accuracy
of prospective metamemory judgments within the context of olfactory tasks (Jönsson &
Olsson, 2003; Jönsson et al., 2005), to the authors’ knowledge this is the first study to
investigate the accuracy of retrospective confidence judgments using an odor memory task.

We speculate that an odor memory task may provide an assessment of metamemory abilities
in aging populations that may be freer of age-related stereotype priming than a task
conducted in a modality that has been associated with age-related stigma and associated
anxiety, thus contributing to our understanding of the variability seen across previous
studies. However, because this study did not compare the olfactory task with one in another
modality, this view is speculative and warrants additional investigation. Further, episodic
memory retrieval has been shown to rely not only on memory areas, but also on areas
activated during initial encoding, thus, olfactory memory processing involves different
regions than memory processing in other modalities. Since such differences may potentially
impact metamemory, and affect the generalizability of the current study, this should be
explored in future research in multiple modalities. Finally, future studies may also wish to
directly compare levels of task-related anxiety across different modalities.
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Figure 1.
Effect of education level on relative confidence accuracy across diagnosis groups.
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Figure 2.
Effect of education level on confidence in incorrect responses.
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Table 1

Mean (+MSE) Years of Education for Control and AD Groups

N Mean Years of Education Mean Standard Error

Control 143 14.83 .27

AD 143 13.90 .28

Total 286 14.35 .20
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Table 3

Pearson’s r Bivariate Correlation Analyses for the Variables: Years of Education, Percent Correct

Years of Education Percent Correct

Years of Education - .053

Percent Correct - -

Confidence Correct −.043 .067

Confidence Incorrect −.140* .083

Confidence False Alarms −.118 .098

Relative Confidence Accuracy .113 −.049

Note.

*
p < .05; other correlations were n.s.
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