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Abstract

Background: Individuals differ in how they remember the past: some richly re-experience specific details of past
episodes, whereas others recall only the gist of past events. Little research has examined how such trait mnemonics, or
lifelong individual differences in memory capacities, relate to cognitive aging. We specifically examined trait episodic
autobiographical memory (AM, the tendency to richly re-experience episodic details of past events) in relation to
complaints of everyday cognitive functioning, which are known to increase with age. Although one might predict that
individuals reporting higher trait-level episodic AM would be resistant to age-related decline in everyday function, we
made the opposite prediction. That is, we predicted that those with lower trait-level episodic AM would be better
equipped with compensatory strategies, practiced throughout the lifespan, to cope with age-related memory decline.
Those with higher trait-level episodic AM would have enhanced sensitivity to age-related cognitive changes due to
their tendency to rely on their perceived above-average memory function.

Methods: We tested these predictions in 959 older adults aged 50-93 using online subjective and objective measures
of memory and cognitive function. Our key measures of interest were the Survey of Autobiographical Memory, a
measure of autobiographical memory abilities; and the Cognitive Failures Questionnaire, a measure of everyday
cognitive function.

Results: In keeping with our prediction, we found that complaints of day-to-day memory slips and errors (normally
elevated with age) remained stable or even decreased with age among those reporting lower trait-level episodic AM,
whereas those reporting higher trait-level episodic AM reported the expected age-related increase in such errors. This
finding was specific to episodic AM and not observed for other autobiographical memory capacities (e.g., semantic,
spatial). It was further unaccounted for by response bias or objectively assessed cognitive abilities.

Conclusions: Congenitally low trait-level episodic AM may paradoxically confer a functional advantage in aging. This
could be due to well-developed non-episodic strategies not present in those with higher abilities, who are more
sensitive to age-related memory decline attributable to medial temporal lobe changes. Our findings emphasize the
importance of considering individual differences when studying cognitive aging trajectories.
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Background

Normal aging is accompanied by cognitive changes
across many domains, especially episodic memory, or
memory for details with specific spatiotemporal contexts
[1-3]. Given how essential healthy memory function is
to the completion of everyday tasks, episodic memory
impairments can translate directly into a decline in daily
function for older adults [4]. However, research in this
area has been hampered by two primary limitations: reli-
ance on laboratory-based tests of memory that do not
fully capture real-life memory abilities, and failure to
consider individual differences.

While many studies have focused on using stimuli
such as word lists to measure specific aspects of human
memory, performance on such tasks does not necessarily
generalize to memory use in the real world [5, 6]; as
such, researchers have increasingly turned their atten-
tion to the study of autobiographical memory (AM). AM
can be conceptualized as a system of knowledge related
to the self that interacts with active goals and self-image
in the act of remembering [7]. As such, AM encom-
passes both specific details from personally experienced
past events, as well as personal factual knowledge [8],
corresponding to Tulving’s [9] conceptualization of epi-
sodic and semantic memory respectively. Measures of
episodic memory typically show greater decreases in
aging than do measures of semantic memory [10-12].

However, much of the existing research examining age-
related episodic memory change aggregates across individ-
uals to assess memory performance, ignoring crucial indi-
vidual differences’ in cognitive aging trajectories [2, 13].
Trait AM, or the style in which individuals tend to process
AM, can be considered a congenital ability that remains
relatively stable throughout the lifetime [14], analogous to
traits such as personality or intelligence. We conceptualize
trait episodic AM as reflecting an individual’s long-
standing ability to recollect episodic details of past events
with an accompanying strong sense of autonoetic subject-
ive recollection [15]. Trait episodic AM may decouple
from episodic memory performance as measured by a
laboratory task, which is a snapshot of an individual’s pu-
tative episodic memory function at a moment in time. In-
dividuals with low trait episodic AM may be able to
produce episodic-like details without experiencing the
autonoetic awareness that is a hallmark of episodic re-
membering, or true episodic details about a few memor-
able events, but their ability to do so is limited and they
focus on gist-level analysis when spontaneously reflecting
on past events. Such individuals can perform normally on

"We use the term “individual differences” in this study to refer to
congenital differences between individuals that reflect stable traits,
rather than differences between individuals across the lifespan,
including aging.
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laboratory-based episodic memory tasks by using non-
episodic strategies such as relying on rehearsed cues or fa-
miliarity in the absence of recollection [16]. Like other
traits, self-reported AM traits are expected to be stable
with age, even as episodic memory performance declines.

Researchers have recently begun to investigate these
trait-level individual differences in AM capacity empiric-
ally [17], finding corresponding neural correlates in
medial temporal lobe (MTL) and prefrontal function
[18, 19]. These findings suggest that AM abilities may be
conceptualized as a continuum on which people differ at
the trait level [14]. Accordingly, individuals at both ex-
tremes of AM abilities have been identified: those with
Highly Superior Autobiographical Memory (HSAM) can
richly and accurately recall almost all personal past
events [20], whereas those with Severely Deficient Auto-
biographical Memory (SDAM) are unable to vividly re-
experience past events and have difficulty recalling
specific episodic details, despite normal learning and
memory for facts [16], a syndrome unaccounted for by
clinical pathology.

To our knowledge, no work has examined how trait-
level individual differences moderate age-related cogni-
tive change. Intuitively, one might expect that strong
trait episodic AM abilities pose a benefit in aging, as an
extensive body of work has documented the contribu-
tion of episodic memory processes to many other func-
tions in both younger and older adults [21-24]. As such,
one might expect that individuals who tend not to recall
past events with such detail may be at a disadvantage
with respect to everyday functioning.

However, much of the research focusing on the role of
episodic memory processes in other cognitive domains
assessed lab-based episodic memory task performance,
rather than trait-level individual differences in episodic
AM. We hypothesized that individuals with higher trait
episodic AM tend to rely more on episodic memory to
carry out daily tasks and will thus be more heavily im-
pacted should their episodic memory begin to decline
with age [14]. Individuals with lower trait episodic AM
and a lifetime of practice performing everyday tasks
without the use of strong episodic processes may find
that their daily function is relatively unimpacted by age-
related changes in episodic memory performance.
SDAM individuals demonstrate little evidence of func-
tional impairment in day-to-day life [16], suggesting that
they have developed non-episodic mnemonic strategies.
Individuals with low trait episodic AM may be better
able to recruit non-episodic processes in their daily func-
tion due to experience, innate differences in brain struc-
ture and function, or both—in other words, these
individuals may have better task processing efficiency or
a sort of cognitive reserve that allows them to maintain
daily function despite declining episodic memory
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performance [19, 25, 26]. Those reliant upon congeni-
tally strong episodic memory abilities may be relatively
lacking in these strategies and therefore must newly ad-
just to age-related changes in memory performance.

The aim of the present study was to investigate how
trait AM moderates age-related decreases in older
adults’ everyday cognitive functioning. We tested our
hypothesis in a sample of almost one thousand
community-dwelling adults aged 50-93 tested online.
We measured trait AM with a validated questionnaire,
the Survey of Autobiographical Memory (SAM [17]).
Everyday cognitive function was assessed with the Cog-
nitive Failures Questionnaire (CFQ [27]). Our test bat-
tery was augmented by additional performance-based
measures of memory and cognition. We expected that
trait AM as assessed by the SAM would reflect stable in-
dividual differences in AM and would thus be unrelated
to age. Consistent with the body of work investigating
cognitive aging, we expected that age would be associ-
ated with a decline in performance on memory and cog-
nitive function as measured by objective tests. Finally,
and critically, we hypothesized that individual differences
in trait episodic AM would moderate the relationship
between aging and everyday cognitive function as
assessed by the CFQ, such that higher AM capacity
would be associated with greater evidence of age-related
decreases in everyday functioning—a prediction opposite
to expectation based on shared variance in self-report.
Such a finding would suggest that lower trait AM para-
doxically protects against the effects of age-related mem-
ory changes on everyday functioning, possibly through
the lifelong practice of strategies that bypass reliance on
the brain’s age-sensitive episodic memory system.

Methods

Participants

Participants were recruited online through the Canadian
Association of Retired Persons (CARP). Members of
CARP were invited via email to participate and compen-
sated with a $10 gift card. All participants gave written in-
formed consent at the start of the survey. The study
procedure was approved by the Baycrest Research Ethics
Board.

Exclusions

Two thousand six hundred twenty-six survey responses
were recorded. Six hundred twenty-nine responses were
blank in the fields of interest (i.e., only had data such as lo-
cation coordinates, but not for our questionnaires) and
were removed from the dataset. For multiple survey re-
sponses listed with the same email address, only the first
response was kept for analysis (155 emails were associated
with two or more responses). In addition, responses were
removed if they were completed in an implausibly short
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length of time (i.e, less than 3 min, # = 76). Participants
reporting fewer than 9 or greater than 26 years of educa-
tion were excluded (n = 25), as well as participants under
the age of 50 (n = 28).

We included 3 “catch” questions as part of the online
survey to ensure participants were paying attention and
were human (rather than bots), in which they were
asked to select a specific point on a Likert scale (e.g.,
“For this question, please select ‘Totally agree’.”). We
also included a text catch in which participants had to
answer “What is 3 plus seven” in a text box. Responses
that failed one or more of the catch questions were ex-
cluded from analyses (n = 519).

After these preliminary cleaning steps, any participants
who endorsed a history of major neurological conditions
were excluded from the data set (mild cognitive impair-
ment, n =61; dementia, n =7; transient ischemic attack
or stroke, n = 75; seizures, n = 29; multiple sclerosis, n =
9; moderate to severe traumatic brain injury, »=31;
brain tumour, # =12, brain surgery, n = 17; Parkinson’s,
n=>5; amnesia, n=2; brain aneurysm, n=3). Further-
more, participants who scored 20 or higher on the Geri-
atric Depression Scale (GDS [28]), indicating severe
depressive symptoms [29], were excluded (n=57). Fi-
nally, participants who were missing data in any of the
measures and questionnaires of interest to the present
study were excluded (n = 128).

After all exclusions, our sample comprised 959 older adults
aged 50-93years (M =6834, SD=7.09). On average, the
sample had 15.58 years of education (SD =2.59), and it in-
cluded 606 females, 351 males, and 2 individuals who indi-
cated “Other/Prefer not to answer” with respect to gender.

At the end of our online survey, participants were redir-
ected to Cambridge Brain Science’s (CBS) web-based
platform to complete four short neurocognitive tests. Four
hundred thirty-six participants completed this portion of
the study; thus, all reported analyses involving CBS tasks
include only this smaller sample. The sample comprised
272 females, 163 males, and 1 other gendered, with ages
ranging from 50 to 90 (M = 67.14, SD = 6.74) and an aver-
age of 15.68 years of education (SD = 2.54).

Although we did not formally screen for mental status
changes indicative of a neurodegenerative process, we
note that our test battery required significant interaction
with a computer interface and completion of moderately
complex timed tasks that, in our experience, could not
be successfully completed by someone with significant
cognitive impairment. That said, we cannot rule out the
presence of neurodegenerative or other pathological pro-
cesses in our sample.

Measures
All our online materials, except the face-name and CBS
tasks, can be found on the Open Science Framework
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(OSF [30]). Commercial versions of the CBS tasks are
publicly available online [31].

The SAM [17] is a validated self-report questionnaire
that assesses trait mnemonics in four domains: episodic
(e.g., “When I remember events, I remember a lot of de-
tails”), semantic (e.g., “I can learn and repeat facts easily,
even if I don’t remember where I learned them”), spatial
(e.g., “In general, my ability to navigate is better than
most of my family/friends”), and future (e.g., “When I
imagine an event in the future, the event generates vivid
mental images that are specific in time and place”). Total
scores on each of the four memory domains are derived
using a weighting algorithm on the raw item ratings, de-
veloped during the original validation of the SAM. Im-
portantly, SAM items are phrased to reflect general
abilities; with respect to the SAM-episodic items, partici-
pants are instructed to respond according to their mem-
ory for events in general, not any specific event. The
SAM episodic and semantic subscales relate to patterns
of resting-state functional connectivity in healthy adults,
suggesting that these subscales assess trait mnemonic
abilities that correspond to stable patterns of brain activ-
ity [19].

Memory test performance was assessed with a face-
name recognition memory task sensitive to age-related
deficits [32, 33]. Participants first saw a list of 20 face-
name pairs, and then they saw the same list again in a
different order. Then, participants saw another 24 face-
name pairs, and they judged whether each face and
name had been previously paired together or not. Eight
of these pairs were intact pairs that had been previously
seen; eight were recombined pairs, where both the face
and name had been previously seen but not paired with
each other; and eight were new pairs, where neither the
face nor the name had been previously seen. Participants
were required to endorse, ie., answer “yes” to, only the
intact pairs, and to answer “no” to both the recombined
and new pairs.

From these 24 trials, we obtained separate measures of
item and associative memory as per Troyer et al. [32];
see also [34]. Item memory scores were calculated as
[proportion of intact pairs correctly endorsed — propor-
tion of new pairs incorrectly endorsed], and they
reflected memory for individual faces and names without
respect to their pairings. Associative memory scores
were calculated as [proportion of intact pairs correctly
endorsed — proportion of recombined pairs incorrectly
endorsed], and they reflected memory for the pairings
between specific faces and names. All participants com-
pleted the face-name task.

We also included four tasks from the Cambridge Brain
Sciences (CBS) online battery [31]: Paired Associates,
Grammatical Reasoning, Rotations, and Odd One Out.
Four hundred thirty-six participants completed the CBS
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tasks. These are short, web-based tests derived from
traditional pen-and-paper tests, and they tap into short-
term episodic memory, verbal reasoning, mental rota-
tion, and deductive reasoning, respectively [35]. Except
for grammatical reasoning, these tests were adaptive
such that item difficulty increased or decreased depend-
ing on trial-by-trial performance.

In the paired associates task, participants were shown
items concealed behind boxes in different locations of
the screen, and then they had to click on the box corre-
sponding to each item. The outcome measure was the
maximum number of items that could be correctly
recalled. In the grammatical reasoning task, participants
evaluated a series of logical statements as true or false
(e.g., “Circle is not encapsulated by square”), given an
image of a circle and square. They were given 90 s to an-
swer as many items correctly as possible. The outcome
measure was the number of trials completed. In the ro-
tations task, participants were presented with two side-
by-side arrays of red and green squares and indicated
whether one could be rotated to look identical to the
other. They were given 90s to answer as many items
correctly as possible. The outcome measure was the
highest level achieved (max =20). In the odd one out
task, participants saw nine shapes in a 3 x 3 grid which
differed on various attributes (e.g., colour, size, shape)
and identified the one that did not fit with any of the
others. Participants were given 3 min to answer as many
items correctly as possible. The outcome measure was
the highest level achieved (max = 20).

The CFQ [27] is a 25-item questionnaire developed to
measure cognitive slips and perceived performance while
completing tasks important for everyday function that a
person normally should be able to complete without
error, such as keeping track of ongoing conversational
topics and navigating familiar environments. Higher
scores indicate more slips and thus lower function.
Scores on the CFQ have been used as a measure of sub-
jective cognitive function in older adults [36] and corres-
pond to age-related decreases in verbal memory
performance [37], lending support to its use as a meas-
ure of age-related changes in cognitive functioning in
daily life.

We also collected scores on the Big Five Inventory (BFI
[38, 39]), a 44-item questionnaire that assesses extraversion,
openness to experience, conscientiousness, neuroticism, and
agreeableness. In order to analyze whether the dispositional
tendency of individuals to attribute socially desirable charac-
teristics to themselves (halo effect [40]) played a role in the
relationships between age, memory abilities, and daily func-
tion, we calculated a “halo” score by taking the average of
each individual’s standardized scores on openness, extraver-
sion, conscientiousness, and agreeableness, and then sub-
tracting the standardized score on neuroticism.
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Statistical analysis

Data were analyzed using R version 3.6.2 [41]. Region of
significance analyses to probe interaction effects were
conducted using an online utility at quantpsy.org [42,
43]; this analysis is reported in more detail in the results.
Analyses involving repeated measures were conducted
with multilevel linear models with a random intercept
for participant, unstructured covariance matrices, and
restricted maximum-likelihood estimation using the
Imer function from the /me4 package (version 1.1-21
[44]), and we obtained Satterthwaite degrees of freedom
and Type III F tests using the [merTest package (version
3.1-1 [45]). Effect sizes are reported for general linear
models as standardized f coefficients, and for multilevel
linear models as semi-partial R”. Bayesian analyses were
conducted in JASP version 0.9.2 [46].

Given that we were only interested in normal aging for
this study, we also included scores on the GDS as a co-
variate in all of the following analyses to account for de-
pression. Although people with evidence of significant
depression were excluded, cognitive dysfunction associ-
ated with subclinical depressive symptoms [47] remained
a potential confound. Including GDS scores did not
change the interpretation of main effects and interac-
tions of interest; as such, we report the results of ana-
lyses that that did not include the GDS, for ease of
interpretation. All analysis outputs (including with GDS)
can be found at our OSF link.

Results

We first examined whether the SAM measures stable
trait-level individual differences in how people tend to
access AM, rather than differences in memory perform-
ance that may decline with age. As predicted, age did
not correlate with any of the SAM domains: episodic
(r=-0.03, p=.28, 95% CI [-0.10, 0.03]), semantic (r =
-0.01, p=.84, 95% CI [-0.07, 0.06]), spatial (r=-0.03,
p=.29,95% CI [-0.10, 0.03]), and future (r=-0.01, p =
.64, 95% CI [-0.08, 0.05]). Given our sample size it is
unlikely that this null finding is due to insufficient
power, but p-values nonetheless do not allow us to con-
clude whether statistical non-significance is due to a lack
of sensitivity in the data or to evidence supporting a lack
of relationship between the two variables [48]. As such,
we conducted Bayesian analyses for each of the SAM do-
mains, comparing two models: the null hypothesis (Hp)
that there is no correlation between age and SAM
scores, and the alternative hypothesis (H;) that age and
SAM are related. We used a weakly-informative prior,
assigning a stretched beta prior with a width of 0.5 to
the uniform distribution bounded by -1 and 1 to
account for an increased likelihood of values around
Pearson’s p =0. The estimate of the correlation coeffi-
cient p for the relationship between age and SAM-
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episodic scores was —.02, with a 95% credible interval of
- 0.07 to 0.04, indicating that we are 95% confident that
the true value of p is located within these bounds. BF;,
for this model was 15.82, indicating that the null model
was almost 16 times more likely than the alternative. Re-
sults were similar for the other SAM domains: SAM-
semantic p =-.01, 95% CI [-0.06, 0.04], BF,; = 18.04;
SAM-spatial p = -.01, 95% CI [- 0.07, 0.05], BF,; = 18.12;
SAM-future p = -.02, 95% CI [- 0.07, 0.04], BF,; = 14.96.
The SAM thus appears to measure stable trait-level indi-
vidual differences in how people tend to access AM, as
predicted, rather than differences in memory perform-
ance that may decline with age.

We next assessed the age-sensitivity of our mnemonic
and cognitive measures as a test of the validity of our
online assessment platform. Using a multilevel linear
model for the face-name task, we found that age was
negatively related to memory scores (F(1, 957) =53.47,
p<.001, R?>=.05), and associative and item scores did
not differ from each other (F(1, 957) = 3.06, p = .08, R =
.003). Age interacted with recognition type (associative
vs. item; F(1, 957)=28.50, p<.001, R?=.03); Fig. 1
shows that associative memory scores were more sensi-
tive to aging than were item memory scores, in line with
previous research [32, 33].

Aging was also negatively correlated with all four CBS
tasks: paired associates (r=-.28, p <.001, 95% CI [- 0.37,
-0.20]), grammatical reasoning (r=-10.36, p <.001, 95%
CI [-0.44, - 0.28]), rotations (r=-0.13, p =.005, 95% CI
[-0.22, — 0.04]), and odd one out (r=-0.21, p <.001, 95%
CI [-0.30, — 0.12]). Overall, these results demonstrate that
established findings related to aging and cognition were
successfully replicated using our online platform.

Before investigating whether episodic AM as assessed
by the SAM moderated the relationship between age
and daily cognitive function as measured by the CFQ,
we examined the direct relationship between age and the
CEQ. Aging was not correlated with scores on the CFQ
(r=.02, p=.63,95% CI [- 0.05, 0.08]). A Bayesian correl-
ation analysis with the same weakly-informed prior
described above indicated an estimated p =.001, 95% CI
[- 0.05, 0.06], BF,; = 19.15.

Our main analysis of interest involved age as the focal
predictor in a linear regression with total scores on the
CFQ as the outcome variable, and scores on the episodic
domain of the SAM as a moderator of this relationship.
The resulting model had an adjusted multiple R* of .18,
and standardized regression parameters are shown in
Table 1. SAM-episodic scores were negatively related to
CFQ scores, such that higher episodic memory abilities
were generally associated with better everyday function.
Critically, however, we observed an interaction between
age and SAM-episodic scores, indicating that the rela-
tionship between age and function depended on episodic


http://quantpsy.org

Fan et al. BMC Geriatrics (2020) 20:308 Page 6 of 12
g
1.0
0.54 0000000000000 o006
o
8 ° 0000000000000000 000 ©
n
> © ec00000000000000 °
o
GE.) X ] [ XX [ ] [ X}
=
0.0 e oo ®
(]
-0.54
50 60 70 80 90
Age

\

Recognition type == associative

Fig. 1 Scatterplot of age and item and associative memory scores on the face-name task

item

memory abilities. We formally probed this interaction
while preserving the continuous nature of SAM-episodic
scores by calculating the region of significance using the
online utility at quantpsy.org/interact [43]. The region of
significance defines the specific value of a moderator
variable (in this case, SAM-episodic scores) at which the
regression of an outcome variable (CFQ scores) on a
focal predictor variable (age) moves from statistically
non-significant to significant at a =.05 [42]. The upper
and lower bounds of the region of significance corre-
sponded to SAM-episodic scores of 104.62 and 78.16 re-
spectively, with the regression of CFQ scores on age
being statistically significant only outside of this range.
At the upper bound SAM-episodic score, the simple

Table 1 Regression parameters for model of age and SAM-
episodic scores in predicting scores on the Cognitive Failures
Questionnaire (CFQ)

B SE t p
Age 0.02 0.03 0.55 .58
SAM-episodic -023 0.03 —744 <.001*
Age x SAM-episodic 0.09 0.03 273 .006*

Note. SAM Survey of Autobiographical Memory. *p < .05. Beta weights
are standardized

slope of CFQ on age was positive (0.08), such that aging
was associated with increased difficulty with cognitive
function in daily life; but at the lower bound SAM-
episodic score the simple slope was negative (- 0.10), in-
dicating that older participants reported better function.
As seen in the supplemental material (Table S9 and Fig-
ure S1), this finding was not altered by the inclusion of
gender in the model.

Given the symmetry of predictors in a forced-entry re-
gression analysis, we can also interpret the interaction
between age and SAM-episodic scores by treating age as
a moderator in the regression of CFQ scores on SAM-
episodic scores. We found a region of significance with
upper and lower bounds corresponding to ages of 57.77
and 73.05, with the relationship between SAM-episodic
and CFQ being statistically significant for ages outside
this range. To visualize this interaction, we split partici-
pants into high (n = 222), low (r =98), and mid (n = 639)
SAM-episodic groups based on the region of significance
bounds, and we plotted the relationship between age
and subjective cognitive functioning in the low and high
groups (Fig. 2).

To confirm that episodic, but not semantic, memory
capacities moderated the relationship between aging and
function, we ran a regression with SAM-semantic scores
instead of SAM-episodic as the moderating variable in
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the relationship between age and the CFQ (see supple-
mental material, Table S1, for full regression results).
There was a direct relationship between SAM-semantic
scores and the CFQ such that higher semantic memory
abilities were associated with better everyday function,
but there was no interaction between age and SAM-
semantic scores, suggesting that the relationship be-
tween age and function did not depend on individual
differences in semantic memory abilities. Similar results
were obtained when we tested SAM-spatial and SAM-
future scores as moderators (see supplemental material,
Tables S2 and S3).

Halo scores, reflecting a tendency toward positive self-
appraisal, correlated positively with SAM-episodic scores
(r=.17, p<.001, 95% CI [0.10, 0.23]) and negatively with
CFQ scores (r=-.44, p<.001, 95% CI [-0.49, - 0.39]),
indicating that individuals who saw their personalities in
a more positive light also tended to report higher epi-
sodic memory abilities and better day-to-day cognitive
functioning. To assess whether this effect influenced the
interaction between age and trait AM in predicting func-
tion, we ran a linear regression with halo, age, SAM-

episodic, and the interaction between age and SAM-
episodic as predictors of CFQ scores. The resulting
model had an adjusted multiple R of .23, and standard-
ized regression parameters are shown in Table 2.
Although individuals who perceived themselves in a
more positive light tended to report better memory
and function on both the SAM-episodic subscale and
the CFQ, the interaction between age and episodic
memory abilities remained over and above this effect.

Table 2 Regression parameters for model of age and SAM-
episodic scores in predicting scores on the Cognitive Failures
Questionnaire (CFQ), controlling for halo effects

B SE t p
Halo -0.30 0.02 —-14.57 <.001*
Age 0.07 0.03 242 02*
SAM-episodic -0.16 0.03 —561 <.001*
Age X SAM-episodic 0.08 0.03 2.73 .006*

Note. SAM Survey of Autobiographical Memory. Halo scores were calculated
based on responses on the Big Five Inventory and reflect a global bias
towards positive self-appraisal. *p <.05. Beta weights are standardized
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If our findings simply reflected a globally positive or
negative response bias, then those with high SAM-
episodic scores should also have higher CFQ scores.
This is not what we found; rather, the interaction be-
tween SAM-episodic score and age indicates that in-
dividuals reporting higher episodic memory capacity
reported lower everyday functioning with age, while
lower trait episodic AM individuals did not.

A possible alternative explanation for the lack of age-
related functional complaints among those with lower
trait AM is that these individuals simply did not recall
and therefore were not aware of problems in daily func-
tion. In healthy older adults, awareness of cognitive
errors is intact [49]. Nonetheless, we explored whether
individuals reporting low episodic AM performed worse
relative to high-episodic AM individuals on our ob-
jective measures of memory and cognitive perform-
ance (i.e., face-name and CBS tasks). These analyses
(see supplemental material, Tables S4, S5, S6, S7, and
S8, for full regression results) revealed that SAM-
episodic scores did not directly relate to cognitive
performance, nor did they interact with age, indicat-
ing that low trait episodic AM as measured by the
SAM was not reflective of cognitive impairment that
might lead to a lack of awareness of deficits.

Discussion

Memory is fundamental in our day-to-day lives, and age-
related memory changes can impact older adults—but
there is a lack of research assessing naturalistic memory
at the trait level and its relationship to everyday func-
tion. We collected data online from almost one thou-
sand community-dwelling older adults to address the
role of trait mnemonics in predicting everyday function.
We found that individual differences in trait episodic
AM moderated the relationship between aging and de-
clines in everyday cognitive performance: higher trait
episodic AM was associated with greater levels of per-
ceived cognitive dysfunction with advancing age. This
runs counter to the intuition that having good episodic
AM would be protective in aging.

The tendency to vividly re-experience past events is
associated with increased connectivity between the
MTLs and posterior brain regions; by contrast, the ten-
dency to remember autobiographical events through a
fact-based, semantic lens, rather than by retrieving spe-
cific episodic details, is associated with increased con-
nectivity between the MTLs and prefrontal cortical
regions [19], corresponding to a more gist-based,
conceptually integrated framework (see also [18]). We
reason that people with lower trait-level episodic AM
have developed such non-episodic strategies over their
lifetimes, and they are thus less affected by changes in
brain systems supporting memory, even if they have a
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higher baseline rate of everyday complaints in middle
age. On the other hand, those who have generally relied
on high episodic AM abilities may be accustomed to
relying on episodic memory to carry out everyday tasks
and thus have difficulty adjusting to age-related brain
changes affecting memory function, such as reductions
in MTL grey matter [50-52], MTL white matter [53,
54], and changes in the function of the AM network
[55, 56]. These individuals may therefore experience
greater declines in everyday cognitive functioning with
age. Accordingly, our region of significance analysis
showed that those with higher trait episodic AM re-
ported that everyday functional complaints increased
with age. In individuals with lower trait episodic AM,
endorsement of such complaints actually decreased
with age; however, relatively few individuals in our
sample had episodic AM abilities below the cut-off
score for the region of significance, so this effect war-
rants further follow-up study. Overall, our findings are
consistent with the cognitive reserve hypothesis that in-
dividual variability in task processing efficiency may re-
late to differences in susceptibility to neuropathology
that disrupts cognitive performance in old age [26, 57].

Because individuals with low trait episodic AM have
less ability to richly re-experience past events, they
rely more on gist when spontaneously recalling mem-
ories from their lives [19]. However, they may be able
to perform some episodic memory tasks well when
prompted [16]—by analogy, an individual low in the
trait of extraversion may tend not to engage with the
outer world of people and things in general, yet they
may appear to be successfully outgoing and gregari-
ous when required to in certain social situations.
However, the introverted person would be less able to
sustain this style of interaction than an extraverted
person would, and the introvert’s propensity to keep
to themselves reflects this lower ability. Likewise, low-
episodic-AM individuals’ inclination toward less epi-
sodic styles of remembering is linked to their reduced
episodic ability.

Individuals with low trait episodic AM may also
accomplish putatively episodic tasks in the lab using
non-episodic strategies (e.g., familiarity, logistic infer-
ence), or they may produce seemingly episodic details
without the accompanying sense of episodic re-
experiencing. Accordingly, low SAM-episodic scores do
not necessarily correspond to low episodic memory per-
formance as measured by traditional laboratory tasks, or
even some autobiographical memory tasks that can be
completed via non-episodic processes [16, 58]. Indeed, a
key innovation and purpose of the SAM is to tap into in-
dividual differences in naturalistic AM abilities at the
trait level, which do not necessarily map onto lab-based
episodic memory measures [5, 6].
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We considered the possibility that individuals with
lower trait episodic AM were simply unaware or am-
nesic for cognitive errors in daily life. Since we screened
for major psychiatric or neurological conditions, aware-
ness of cognitive errors is expected to be intact in our
sample of community-dwelling older adults [49], al-
though we acknowledge that we cannot rule out the pos-
sibility of unreported cognitive decline. However, those
with low trait episodic AM reported more functional
complaints than did those with high trait episodic AM
(irrespective of age), and trait episodic AM as measured
by the SAM was neither related to age nor to perform-
ance on our memory and cognitive tasks, reinforcing the
fact that lower trait episodic memory is not a form of
cognitive dysfunction. Previous research shows that
those at the extremes of trait AM (HSAM and SDAM)
do not show corresponding extreme scores on labora-
tory tasks, even when those tasks assess memory [16,
20]. Given that both trait AM and everyday cognitive
function were based on self-report, we cannot rule out
that subtle changes in self-appraisal with age contributed
to our results; future research using objective or other-
rated measures of everyday functioning can address this.
On the other hand, accounting for the effect of response
bias as measured by the tendency to endorse positive
personality traits (i.e., the halo effect [40]) did not alter
our conclusions.

To counteract issues arising from lack of supervision
[59, 60] we conducted extensive cleaning and exclusion
procedures to ensure that our sample comprised only
older adults with reliable and valid data. Accordingly, we
found that aging was negatively related to our online
measures of memory and cognitive performance, repli-
cating research demonstrating age-related cognitive de-
cline [51, 61]. This supports the validity of our online
testing platform and thus the interpretation of our other
results. While it may be argued that our data cleaning
criteria resulted in a sample of older adults with better-
than-average daily function, our sample is much larger
and no less representative than the samples of healthy
older adults reported in the literature who are able to
come into a laboratory for testing.

AM includes both rich episodic re-experiencing of past
events, as well as semantic factual knowledge associated
with the self [8]. The fact that AM abilities as measured
by the SAM were not related to age supports the con-
struct of trait AM that reflects individual differences in
memory processing [14, 19]. While there is a well-
established literature documenting age-related impair-
ments in long-term memory [3, 11], we consider under-
lying trait mnemonics as separate from the changes in
memory performance that occur with age. This hypoth-
esis must be tested with longitudinal assessment. None-
theless, our main finding—that higher trait AM is
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associated with lower everyday function with age—op-
poses predictions based on shared variance of self-
report, and this finding is not dependent on age-
invariance of trait AM.

The moderating effect of trait AM on predicting every-
day function in older adults was specific to episodic
memory. Semantic memory capacity as measured by the
SAM was related to cognitive functioning, but the rela-
tionship between age and everyday cognitive function
was constant across the range of trait semantic memory.
Similar results were obtained for SAM subscales asses-
sing spatial memory and future thinking. These results
help shed further light on how different memory func-
tions are impacted with age, and point toward the speci-
ficity of the construct of episodic AM.

The finding that lower trait AM appears to be protect-
ive in cognitive aging raises the question of whether it
might also confer other seemingly paradoxical advan-
tages. Sheldon et al. [62] demonstrated that susceptibility
to visual interference effects was inversely related to vis-
ual imagery abilities: those with lower imagery were rela-
tively unaffected by visual interference on a spatial
memory task, suggesting the use of alternate strategies
to achieve the same performance. Vivid episodic remem-
bering, while promoting retention of specific details and
distinctions between episodes, may inhibit the ability to
extract conceptual similarities across episodes, a process
necessary for generalization or making inferences [63].
As such, we speculate that lower trait episodic AM may
promote generalization across episodes, one benefit of
which may be protection against age-related decline.
This may also speak to the nature of hypothesized com-
pensatory strategies implemented by low trait episodic
AM individuals; while our present data cannot address
the specific processes underlying these strategies, it is
possible that people who are less apt to use episodic
memory in daily life may instead have better inferential
reasoning or executive processing abilities [18].

When we examined the direct relationship between
age and everyday functioning without accounting for in-
dividual differences in AM, no clear association
emerged. We also found no direct relationship between
aging and SAM scores, and we interpreted this to reflect
the fact that the SAM measures age-invariant, trait-level
AM abilities. The CFQ, on the other hand, is known to
measure everyday cognitive performance that does
change with age [36, 37]. When we accounted for trait-
level differences in AM in examining the relationship be-
tween age and CFQ scores, we found that a predicted
age-related decrease in daily function did emerge, em-
phasizing the importance of accounting for individual
differences when examining age-related changes in
memory and function, and in researching memory more
broadly [2, 13]. This also addresses the concern that
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SAM-episodic scores were not correlated with age due
to insensitivity. This measure was generally sensitive to
individual differences in everyday function at younger
ages in the expected direction (i.e., lower SAM-episodic
scores were associated with more everyday memory
problems), and of course it was sensitive to the hypothe-
sized interaction with increasing age. Though re-
searchers are beginning to explore individual differences
in AM by studying the extreme ends of HSAM and
SDAM [16, 20], there is a need for work considering
how normal variations in trait mnemonics may also in-
fluence cognition in daily life.

A key limitation of the present study is its cross-
sectional nature. Our hypothesis that lower trait episodic
AM confers protection against age-related mnemonic
changes fundamentally requires a longitudinal perspec-
tive, as it concerns a question of change over time. The
present data provide support for our hypothesis none-
theless, and follow-up studies in this sample will help
determine whether the pattern we observed reflects indi-
vidual aging trajectories.

Conclusion

Our findings underscore the need for behavioural and
neuroimaging research to examine the mechanisms
underpinning individual differences in AM abilities and
associated differences in cognitive aging and declines in
everyday functioning. The main outcome of interest here
was function in day-to-day life, yet individual differences
in AM abilities may also translate to differences in more
specific areas, such as decision making or problem solv-
ing. Uncovering how variability in AM across individuals
relates to age-related cognitive and functional declines
will improve understanding of both AM and cognitive
aging. Our findings emphasize the importance of consid-
ering individual differences when studying cognitive
aging trajectories.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/512877-020-01720-7.

Additional file 1. Supplemental Material. Results of supplemental data
analyses.

Abbreviations

AM: Autobiographical memory; BFI: Big Five Inventory; CFQ: Cognitive
Failures Questionnaire; CBS: Cambridge Brain Sciences; GDS: Geriatric
Depression Scale; HSAM: Highly Superior Autobiographical Memory;
MTL: Medial temporal lobe; SAM: Survey of Autobiographical Memory;
SDAM: Severely Deficient Autobiographical Memory

Acknowledgements

We thank Laura Oliva and Laryssa Levesque for their assistance in setting up
the online questionnaires, recruiting and compensating participants, and
cleaning the data; Raluca Petrican for guidance with statistical analyses; and
Rosanna Olsen and Morris Moscovitch for helpful comments on earlier

Page 10 of 12

versions of this paper. We also thank the Canadian Association of Retired
Persons (CARP) for their assistance in participant recruitment.

Authors’ contributions

KR and BL designed the study. CLF analyzed the data and wrote the
manuscript, and BL was a major contributor in writing the manuscript. All
authors read and approved the final manuscript.

Funding

This work was supported by the Canadian Institutes of Health Research
(grant number MOP-148940 to BL) and a doctoral Alexander Graham Bell
Canada Graduate Scholarship from the Natural Sciences and Engineering Re-
search Council of Canada to CLF. These funding bodies had no role in de-
sign of the study; collection, analysis, and interpretation of data; nor writing
the manuscript.

Availability of data and materials

The datasets generated and/or analysed during the current study are not
publicly available due to restrictions from our ethics approval, but are
available from the corresponding author on reasonable request. All our
online testing materials, except the face-name and CBS tasks, and all our ana-
lysis scripts and outputs can be found at https.//doi.org/10.17605/0SF.I0/
7Z3WS. Commercial versions of the CBS tasks are publicly available at www.
CambridgeBrainSciences.com.

Ethics approval and consent to participate

This study was approved by the Research Ethics Board at Baycrest, REB #10-
19. All participants gave written informed consent prior to completing the
study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Psychology, University of Toronto, 4th floor, Sidney Smith
Hall, 100 St. George Street, Toronto, ON M5S 3G3, Canada. 2Rotman Research
Institute, Baycrest, 9th floor, Kimel Family Building, 3560 Bathurst Street,
Toronto, ON M6A 2E1, Canada. 3’Departr‘nem of Medicine (Neurology),
University of Toronto, 27 King's College Circle Toronto, Toronto, ON M5S
1A1, Canada.

Received: 13 August 2019 Accepted: 19 August 2020
Published online: 26 August 2020

References

1. Dekhtyar M, Papp KV, Buckley R, Jacobs HIL, Schultz AP, Johnson KA, et al.
Neuroimaging markers associated with maintenance of optimal memory
performance in late-life. Neuropsychologia. 2017;100:164-70.

2. Fandakova Y, Lindenberger U, Shing YL. Episodic memory across the
lifespan: general trajectories and modifiers. In: The Wiley Handbook on the
Cognitive Neuroscience of Memory; 2015. p. 309-25.

3. Grady CL. Cognitive neuroscience of aging. Ann N'Y Acad Sci. 2008;1124(1):
127-44.

4. Tomaszewski Farias S, Cahn-Weiner DA, Harvey DJ, Reed BR, Mungas D,
Kramer JH, et al. Longitudinal changes in memory and executive
functioning are associated with longitudinal change in instrumental
activities of daily living in older adults. Clin Neuropsychol. 2009;23(3):446-61.

5. Gilboa A. Autobiographical and episodic memory—one and the same?
Neuropsychologia. 2004;42(10):1336-49.

6. McDermott KB, Szpunar KK, Christ SE. Laboratory-based and
autobiographical retrieval tasks differ substantially in their neural substrates.
Neuropsychologia. 2009;47(11):2290-8.

7. Conway MA. Memory and the self. J Mem Lang. 2005;53(4):594-628.

8. Renoult L, Davidson PSR, Palombo DJ, Moscovitch M, Levine B. Personal
semantics: at the crossroads of semantic and episodic memory. Trends
Cogn Sci. 2012;16(11):550-8.


https://doi.org/10.1186/s12877-020-01720-7
https://doi.org/10.1186/s12877-020-01720-7
https://doi.org/10.17605/OSF.IO/7Z3WS
https://doi.org/10.17605/OSF.IO/7Z3WS
http://www.cambridgebrainsciences.com
http://www.cambridgebrainsciences.com

Fan et al. BMC Geriatrics

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

33.

(2020) 20:308

Tulving E. Episodic and Semantic Memory. In: Tulving E, Donaldson W,
editors. Organization of memory. New York and London: Academic Press;
1972. p. 381-402.

Balota DA, Dolan PO, Duchek JM. Memory Changes in Healthy Older Adults.
In: Tulving E, editor. The Oxford Handbook of Memory. Oxford: Oxford
University Press; 2000. p. 395-410.

Levine B, Svoboda E, Hay JF, Winocur G, Moscovitch M. Aging and
autobiographical memory: dissociating episodic from semantic retrieval.
Psychol Aging. 2002;17(4):677-89.

Wang W-C, Daselaar SM, Cabeza R. Episodic Memory Decline and Healthy
Aging. In: Byrne JH, editor. Learning and Memory: A Comprehensive
Reference (Second Edition). Oxford: Academic Press; 2017. p. 475-97. [cited
2019 Oct 7] Available from: http://www.sciencedirect.com/science/article/
pii/B9780128093245210936.

Hedden T, Gabrieli JDE. Insights into the ageing mind: a view from
cognitive neuroscience. Nat Rev Neurosci. 2004;5(2):87-96.

Palombo DJ, Sheldon S, Levine B. Individual differences in autobiographical
memory. Trends Cogn Sci. 2018;22(7):583-97.

Tulving E. Episodic memory: from mind to brain. Annu Rev Psychol. 2002;
53(1):1-25.

Palombo DJ, Alain C, Soéderlund H, Khuu W, Levine B. Severely deficient
autobiographical memory (SDAM) in healthy adults: a new mnemonic
syndrome. Neuropsychologia. 2015;72:105-18.

Palombo DJ, Williams LJ, Abdi H, Levine B. The survey of autobiographical
memory (SAM): a novel measure of trait mnemonics in everyday life. Cortex.
2013;49(6):1526-40.

Petrican R, Palombo DJ, Sheldon S, Levine B. The Neural Dynamics of
Individual Differences in Episodic Autobiographical Memory. eNeuro. 2020;
[cited 2020 Apr 3]; Available from: https.//www.eneuro.org/content/early/2
020/02/10/ENEURO.0531-19.2020.

Sheldon S, Farb N, Palombo DJ, Levine B. Intrinsic medial temporal lobe
connectivity relates to individual differences in episodic autobiographical
remembering. Cortex. 2016;74:206-16.

LePort AKR, Mattfeld AT, Dickinson-Anson H, Fallon JH, Stark CEL, Kruggel F,
et al. Behavioral and neuroanatomical investigation of highly superior
autobiographical memory (HSAM). Neurobiol Learn Mem. 2012;98(1):78-92.
Buckner RL. The role of the Hippocampus in prediction and imagination.
Annu Rev Psychol. 2010,61(1):27-48.

Madore KP, Addis DR, Schacter DL. Creativity and memory: effects of an Episodic-
specificity induction on divergent thinking. Psychol Sci. 2015,26(9):1461-8.

Madore KP, Schacter DL. An episodic specificity induction enhances means-
end problem solving in young and older adults. Psychol Aging. 2014;29(4):
913-24.

Sheldon S, Vandermorris S, Al-Haj M, Cohen S, Winocur G, Moscovitch M. Ill-
defined problem solving in amnestic mild cognitive impairment: linking
episodic memory to effective solution generation. Neuropsychologia. 2015;
68:168-75.

Nyberg L, Lévdén M, Riklund K, Lindenberger U, Backman L. Memory aging
and brain maintenance. Trends Cogn Sci. 2012;16(5):292-305.

Stern Y. The concept of cognitive reserve: a catalyst for research. J Clin Exp
Neuropsychol. 2003;25(5):589-93.

Broadbent DE, Cooper PF, FitzGerald P, Parkes KR. The cognitive failures
questionnaire (CFQ) and its correlates. Br J Clin Psychol. 1982,21(1):1-16.
Brink TL, Yesavage JA, Lum O, Heersema PH, Adey M, Rose TL. Screening
tests for geriatric depression. Clin Gerontol. 1982;1(1):37-43.

Marty MA, Pepin R, June A, Segal DL. Geriatric Depression Scale. In: Abou-
Saleh MT, Katona C, Kumar A, editors. Principles and Practice of Geriatric
Psychiatry. 1st ed: Wiley; 2010. p. 152-6. [cited 2020 Mar 2]. Available from:
https://onlinelibrary.wiley.com/doi/abs/10.1002/9780470669600.ch29.

Fan C. Older adults with lower autobiographical memory abilities report less
age-related decline in everyday cognitive function: OSF; 2018. [cited 2020
Aug 18]. Available from: https://osf.io/7z3ws/.

Online Cognitive Assessment Platform | Cambridge Brain Sciences [Internet]. [cited
2020 Aug 18]. Available from: https//www.cambridgebrainsciencescom.

Troyer AK, D'Souza NA*, Vandermorris S, Murphy KJ. Age-related differences
in associative memory depend on the types of associations that are formed.
Aging Neuropsychol Cogn. 2011;18(3):340-52.

Troyer AK, Murphy KJ, Anderson ND, Craik FIM, Moscovitch M, Maione A, et al.
Associative recognition in mild cognitive impairment: relationship to hippocampal
volume and apolipoprotein E. Neuropsychologia. 2012,50(14):3721-8.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.
47.

48.

49.

50.

52.

53.

54.

55.

56.

57.

58.

Page 11 of 12

Jacoby LL. A process dissociation framework: separating automatic from
intentional uses of memory. J Mem Lang. 1991;30(5):513-41.

Hampshire A, Highfield RR, Parkin BL, Owen AM. Fractionating human
intelligence. Neuron. 2012;76(6):1225-37.

Jeste DV, Savla GN, Thompson WK, Vahia IV, Glorioso DK, Martin AS, et al.
Association between older age and more successful aging: critical role of
resilience and depression. Am J Psychiatry. 2013;170(2):188-96.

Hohman TJ, Beason-Held LL, Lamar M, Resnick SM. Subjective cognitive
complaints and longitudinal changes in memory and brain function.
Neuropsychology. 2011;25(1):125-30.

John OP, Donahue EM, Kentle RL. The big five inventory—uversions 4a and
54. Berkeley: University of California, Berkeley, Institute of Personality and
Social Research; 1991.

John OP, Naumann LP, Soto CJ. Paradigm shift to the integrative big five
trait taxonomy: history, measurement, and conceptual issues. In: Handbook
of personality: theory and research. 3rd ed. New Yor: Guilford Press; 2008. p.
114-58.

Anusic |, Schimmack U, Pinkus RT, Lockwood P. The nature and structure of
correlations among big five ratings: the halo-alpha-beta model. J Pers Soc
Psychol. 2009,97(6):1142-56.

R Core Team. R: a language and environment for statistical computing.
Vienna: R Foundation for Statistical Computing; 2019. Available from:
https.//www.R-project.org/.

Preacher KJ, Curran PJ, Bauer DJ. Computational tools for probing
interactions in multiple linear regression, multilevel modeling, and latent
curve analysis. J Educ Behav Stat. 2006;31(4):437-48.

Interaction Effects in MLR, LCA, and HLM [Internet]. [cited 2020 Aug 18].
Available from: http://quantpsy.org/interact/.

Bates D, Machler M, Bolker B, Walker S. Fitting Linear Mixed-Effects Models
Using Ime4. J Stat Softw. 2015,67(1) [cited 2020 Mar 2] Available from:
http://www jstatsoft.org/v67/i01/.

Kuznetsova A, Brockhoff PB, Christensen RHB. ImerTest Package: Tests in
Linear Mixed Effects Models. J Stat Softw. 2017;82(13) [cited 2020 Mar 2]
Available from: http://www jstatsoft.org/v82/i13/.

JASP Team. JASP (Version 0.9). 2018. Available from: https://jasp-stats.org/.
Chodosh J, Kado DM, Seeman TE, Karlamangla AS. Depressive symptoms as
a predictor of cognitive decline: MacArthur studies of successful aging. Am
J Geriatr Psychiatry. 2007 May;15(5):406-15.

Quintana DS, Williams DR. Bayesian alternatives for common null-hypothesis
significance tests in psychiatry: a non-technical guide using JASP. BMC
Psychiatry. 2018;18(1):178.

Burgess PW, Alderman N, Evans J, Emslie H, Wilson BA. The ecological validity
of tests of executive function. J Int Neuropsychol Soc. 1998:4(6):547-58.
Dickerson BC, Feczko E, Augustinack JC, Pacheco J, Morris JC, Fischl B, et al.
Differential effects of aging and Alzheimer's disease on medial temporal
lobe cortical thickness and surface area. Neurobiol Aging. 2009;30(3):432-40.
Head D, Rodrigue KM, Kennedy KM, Raz N. Neuroanatomical and cognitive
mediators of age-related differences in episodic memory. Neuropsychology.
2008;22(4):491-507.

Wolk DA, Dunfee KL, Dickerson BC, Aizenstein HJ, DeKosky ST. A medial
temporal lobe division of labor: insights from memory in aging and early
Alzheimer disease. Hippocampus. 2011,21(5):461-6.

Witter MP. The perforant path: projections from the entorhinal cortex
to the dentate gyrus. In: Scharfman HE, editor. Progress in Brain
Research: Elsevier; 2007. p. 43-61. [cited 2019 Oct 7] (The Dentate
Gyrus: A Comprehensive Guide to Structure, Function, and Clinical
Implications; vol. 163). Available from: http://www.sciencedirect.com/
science/article/pii/S0079612307630039.

Yassa MA, Muftuler LT, Stark CEL. Ultrahigh-resolution microstructural
diffusion tensor imaging reveals perforant path degradation in aged
humans in vivo. Proc Natl Acad Sci. 2010;107(28):12687-91.

Grady CL. The cognitive neuroscience of ageing. Nat Rev Neurosci. 2012;
13(7):491-505.

Spreng RN, Lockrow AW, DuPre E, Setton R, Spreng KAP, Turner GR.
Semanticized autobiographical memory and the default — executive
coupling hypothesis of aging. Neuropsychologia. 2018;110:37-43.

Stern Y, Scarmeas N, Habeck C. Imaging cognitive reserve. Int J Psychol.
2004;39(1):18-26.

Levine B, Svoboda E, Turner GR, Mandic M, Mackey A. Behavioral and
functional neuroanatomical correlates of anterograde autobiographical


http://www.sciencedirect.com/science/article/pii/B9780128093245210936
http://www.sciencedirect.com/science/article/pii/B9780128093245210936
https://www.eneuro.org/content/early/2020/02/10/ENEURO.0531-19.2020
https://www.eneuro.org/content/early/2020/02/10/ENEURO.0531-19.2020
https://onlinelibrary.wiley.com/doi/abs/10.1002/9780470669600.ch29
https://osf.io/7z3ws/
https://www.cambridgebrainsciences.com/
https://www.r-project.org/
http://quantpsy.org/interact/
http://www.jstatsoft.org/v67/i01/
http://www.jstatsoft.org/v82/i13/
https://jasp-stats.org/
http://www.sciencedirect.com/science/article/pii/S0079612307630039
http://www.sciencedirect.com/science/article/pii/S0079612307630039

Fan et al. BMC Geriatrics (2020) 20:308 Page 12 of 12

memory in isolated retrograde amnesic patient M.L. Neuropsychologia.
200947(11):2188-96.

59. Crump MJC, McDonnell JV, Gureckis TM. Evaluating Amazon's Mechanical
Turk as a Tool for Experimental Behavioral Research. PLoS ONE. 2013;8(3):
€57410 Gilbert S, editor.

60. Ipeirotis PG, Provost F, Wang J. Quality management on Amazon
Mechanical Turk. In: Proceedings of the ACM SIGKDD Workshop on Human
Computation - HCOMP "10. Washington DC: ACM Press; 2010. p. 64. [cited
2020 Mar 2]. Available from: http://portal.acm.org/citation.cfm?doid=183
7885.1837906.

61. Glisky E. Changes in cognitive function in human aging. In: Riddle D, editor.
Brain aging: models, methods, and mechanisms. Boca Raton: CRC Press;
2007. p. 1-10.

62. Sheldon S, Amaral R, Levine B. Individual differences in visual imagery
determine how event information is remembered. Memory. 2017;25(3):360-9.

63. Richards BA, Frankland PW. The persistence and transience of memory.
Neuron. 2017,94(6):1071-84.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions k BMC



http://portal.acm.org/citation.cfm?doid=1837885.1837906
http://portal.acm.org/citation.cfm?doid=1837885.1837906

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Participants
	Exclusions

	Measures
	Statistical analysis

	Results
	Discussion
	Conclusion
	Supplementary information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

