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Abstract
Cognitive reserve (CR) is a well-known indicator of resilience to cognitive decline in older adulthood. Although
higher education is the most widely-recognized contributor to CR, research suggests that the personality trait
Openness to Experience might also contribute to reserve in later life. The purpose of this study was to examine
whether the personality trait Openness contributes uniquely and independently to CR (above and beyond education).
72 adults (M=70.46 years old, SD=6.82) completed the WAIS-III Information subtest (measuring CR), the NEO
Personality Inventory-Revised (measuring Openness), and the Dementia Rating Scale-2 (measuring global cognitive
status and used in validity analyses confirming Information as a CR proxy). Openness accounted for unique variance
in Information above and beyond demographics and education, with some evidence of a greater effect at fewer
years of education. These results provide preliminary evidence supporting the association between Openness to
Experience and CR, a known indicator of resilience to cognitive decline in older adulthood.
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Cognitive decline and dementia pose a serious health concern for the
aging U.S. population. Alzheimer’s Disease (AD) alone affects roughly
2.4 million older Americans and yields health care costs of $80-100
billion annually [1]. Epidemiologic research has identified demographic
and lifestyle factors that are associated with greater resilience to the
development of dementing illnesses. For example, research has shown
that lower rates of dementia (or behavioral manifestations of dementia)
are associated with greater educational attainment [2,3], greater social
engagement [4,5], and certain personality characteristics [6-8]. For
example, high levels of Neuroticism and low levels of Conscientiousness
in middle adulthood have been associated with highly increased risk for
developing Alzheimer’s disease in late life [9]. However, research has yet
to examine the unique and overlapping associations of such factors with
cognitive underpinnings of resilience to neurodegenerative disease.
The principal cognitive indicator of relative resilience to the
effects of neurodegenerative diseases is Cognitive Reserve (CR),
which is associated with less neuropathology in old age, as well as
less than expected cognitive impairment when neuropathology does
occur [10,11]. CR refers to the ability to efficiently use existing neural
networks [12] to solve problems, retrieve information, and perform
other cognitively-demanding tasks in spite of brain insult. CR has
traditionally been viewed as synonymous with one’s general fund of
knowledge; clear positive relationships between fund of knowledge
and resilience to the effects of brain insult over the lifespan have
been demonstrated [13,14]. Therefore, CR is traditionally estimated
by performance on tests of crystallized intelligence, such as reading
ability, general knowledge, and vocabulary [13,15]. Importantly,
because performance on tests of crystallized intelligence is relatively
unaffected by early neurodegenerative changes, it can also be used
to estimate a person’s life-long (or premorbid) level of CR [12,16].
Although CR is apparently determined in part by genetics [17,18],
there is evidence to suggest that the neurological basis for CR can also
be influenced by environment and lifestyle [19]. In animal models,
enriched environments facilitate synapse maturation [20] and increase
brain-derived neurotrophic factor, which promotes neurogenesis in
areas of the brain important for memory [21]. Importantly, enriched
environments also decrease behavioral manifestations of brain
lesions [22]. In humans, enriched environments, most commonly
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operationalized as educational attainment, are also related to CR
[23-25]. For example, educational attainment is highly correlated
with general fund of knowledge/crystallized intelligence [16,2628], and, as mentioned earlier, educational success is associated with
apparent resilience to the development of dementia [2,3]. In addition
to educational attainment, personality traits may also play a role in
CR development insofar as they contribute to cognitive flexibility
[29] and complex mental activity across the lifespan [30]. Specifically,
there appear to be reliable associations between Five Factor Model
personality traits1, indices of CR (e.g., crystallized intelligence), known
correlates of CR (e.g., education), and indicators of dementia. For
example, low Extraversion and high Openness to Experience (i.e.,
Openness) are associated with high crystallized intelligence (i.e. CR)
[31,32] and academic success [33], and moderate levels of Neuroticism
are also associated with higher crystallized intelligence [31] and higher
educational attainment [34]. However, some studies have found that
Openness is the only personality factor positively correlated with both
fluid and crystallized intelligence [35]. Thus, whereas high intelligence
and academic success are associated with several personality factors
(low Extraversion, moderate Neuroticism, and high Openness),
Openness may have a particularly prominent relationship with the
development and maintenance of CR.
The Five Factor Model of personality includes Openness to Experience (with
higher scores reflecting greater intellectual curiosity and comfort with novel
experiences), Conscientiousness (with higher scores reflecting greater efficiency,
organization, and achievement striving), Extraversion (with higher scores reflecting
an outgoing interpersonal style and high activity level), Agreeableness (with higher
scores reflecting greater compassion, cooperation, and conflict avoidance), and
Neuroticism (with higher scores reflecting greater propensity to negative affect) [41].
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Importantly, although the studies outlined above have demonstrated
linear and univariate associations between personality, educational
attainment, and CR, some studies have begun to examine more complex
multivariate and non-linear associations. For example, the association
between CR and Openness appears to be moderated by levels of fluid
intelligence [36]. Associations between academic performance and
Openness appear to be moderated by a number of factors, including
academic level (such that high levels of Openness become less related
to academic performance in tertiary education) and age (such that the
relationship between Openness and academic performance decreases
with age) [37]. Additionally, in some studies, Openness does not appear
to cotribute to education above and beyond intelligence [38], whereas in
others both constructs contribute independently [39]. Taken together,
findings suggest complex relationships among correlates of CR, and
examination of moderation effects has been recommended [37].
In summary, it appears that both educational attainment and
personality characteristics are associated with greater resilience to
dementia in the context of underlying neuropathology, possibly via
promotion of CR. However, the literature also shows that personality and
educational success are themselves related to each other [33,40,41], or
may interact with one another in their effect on CR [37]. Consequently, it
is unclear whether personality and education contribute independently
to CR, whether they interact in their contribution to CR, or whether
they represent two measurements of a single underlying contributing
factor. The purpose of the current study is to further elucidate the
interrelationships among personality, educational attainment, and CR.
The current study aims to (1) examine the association between CR
(operationalized as crystallized intelligence) and the Five Factor Model
personality factors as well as (2) test the hypothesis that personality
accounts for variance in CR above and beyond education alone.

Method
Participants
Participants (n=72; 61% female) were Caucasian, right-handed,
older adults living independently in the community. Participants
ranged in age from 60 to 87 years (M=70.46, SD=6.82) with between
10 and 22 years of education (M=14.65, SD=2.60). Education was
normally distributed, with a median of 14.0 years and skewness of.519
(SE=.283). Participants’ Dementia Rating Scale–Second Edition (DRS–
2) [42] total raw scores ranged from 117 to 144 (M=137.81, SD=5.05).
On the Geriatric Depression Scale (GDS) [43], participants endorsed
between 0 and 26 depressive symptoms out of a possible 30 (M=5.08,
SD=5.20), with the majority of the sample falling in the mild/normal
range (0-9; n=64). All participants were recruited from the community
via advertisements and senior health fairs. Exclusion criteria included
left-handedness, diagnosed dementia, moderate/severe chronic illness,
and vision, hearing, or motor problems (e.g., paralysis, severe arthritis,
etc.) that would preclude participants from completing surveys or tasks
requiring motor control.

Procedure
After an initial telephone screening, participants were scheduled for
testing in the researchers’ lab space in the Department of Psychology at
the University of Utah. Participants underwent standard IRB-approved
informed consent procedures. As part of a larger study, participants
were administered a battery of cognitive and psychological measures
by trained study personnel, who were unfamiliar with hypotheses
associated with this portion of the larger study. The entire session lasted
approximately 3 hours. Participants were reimbursed at the rate of $30
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per session and were provided brief feedback regarding the results of
cognitive and depression screening measures. All procedures were
in compliance with institutional standards for research with human
participants (in compliance with the University of Utah IRB).

Measures
Personality: All participants completed the NEO Personality
Inventory-Revised (NEO PI-R), a 240-item self-report measure
designed to assess the domains of the Five Factor Model of personality.
The NEO PI-R includes higher order factors (i.e., Neuroticism,
Extraversion, Openness, Agreeableness, and Conscientiousness) that
have been demonstrated to have high internal consistency, convergent
and discriminate validity and reliabilities ranging from.86 to.91 [41].
Cognitive Reserve: Participants completed the Wechsler Adult
Intelligence Scale-Third Edition (WAIS-III) [44] Information subtest,
a measure of crystallized intelligence that is considered an appropriate
proxy for CR [45]. Information has long been known as a highly reliable
estimate of premorbid intelligence [46,47], is strongly related to years
of education [48], and is highly correlated with the WAIS Vocabulary
subtest, another measure of pre-morbid intellectual functioning that
has been used as a proxy measure of CR in previous studies [49,50]
while featuring a shorter administration time. Reported reliabilities
are excellent, ranging from.93 to.95 for ages 55 to 89 in the normative
sample [44]. Because Information measures crystallized intelligence, it
tends to be relatively unaffected by many types of neurological damage
[51-53].
Mood and General Cognition: As a means of characterizing the
sample, participants completed the Geriatric Depression Scale (GDS)
[43] which is a self-report screening measure of depression, and the
Dementia Rating Scale Second Edition (DRS-2) [42], which is a
screening measure of dementia. In contrast to Information, the DRS-2
measures those aspects of cognition that are prone to decline with old
age or as a result of neuropathology.

Results
Preliminary Analyses
Zero order correlations and validity check: Zero order correlations
were used to examine the relationships between the five personality
factors, educational attainment, and crystallized intelligence (see Table
1). As expected, Openness (including 4 of its 6 facets) was significantly
correlated with both educational attainment (r =.459) and Information
scores (r =.405). Openness and Agreeableness were also significantly
associated with younger age ( r=-.268; r=-.254). However, the remaining
personality factors were not related to either education or Information
scores (despite a similar range of normally-distributed scores observed
on all personality factors in this sample; see Table 1 for sex-corrected
T scores). Additionally, as expected, Education and Information
scores were significantly correlated with each other (r =.530). Lastly, as
expected, age was significantly correlated with current cognitive status,
as assessed via the DRS-2 (r=-.391), but not with Information scores or
levels of education. The association of age with the DRS-2 scores is to
be expected, due to the known increases in brain neuropathology with
increasing age [54] (Table 1).
Next, as a validity check, we wanted to determine whether
Information scores served as a valid measure of CR in this sample. To
that end, we divided the group based on a median split of Information
raw scores and examined the association between age and DRS-2
scores in both groups. Recall that whereas Information scores tend to
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Openness

r Education

r Cognitive Reserve

r
Age

.459

.405

**

-.268

-.198

**

*

Mean

Standard Deviation

Range

50.56

11.04

28-77

20-72

Fantasy

.297*

.280*

Aesthetics

.361**

.344**

-.115

Feelings

.343**

.208

-.290*

Actions

.241*

.152

-.173

Ideas

.377**

.422**

-.105

Values

.298*

.259*

-.258*

Conscientiousness

.005

.064

-.053

45.29

11.10

Extraversion

.080

.008

-.099

47.97

9.33

25-72

Agreeableness

-.128

-.127

-.254*

49.14

9.50

26-70

Neuroticism

-.068

-.045

.042

49.92

10.55

29-80

Note. r= Pearson’s r; Education= years of education completed; Cognitive Reserve= total raw Information score; Openness= NEO-PI-R Openness subscale T score; Fantasy,
Aesthetics, Feelings, Actions, Ideas, Values= facets of the Openness subscale; Conscientiousness= NEO-PI-R Conscientiousness subscale T score; Extraversion= NEOPI-R Extraversion subscale T score; Agreeableness= NEO-PI-R Agreeableness subscale T score; Neuroticism= NEO-PI-R Neuroticism subscale T score. *p > .05, **p > .01.
Table 1: Zero-Order Correlations and Descriptive Statistics for the NEO-PI-R Factors.
Step

Predictor

R²

Adjusted R²

R² ∆

F∆

df

p value

1

Age, Gender

.124

.098

2

Education

.329

.299

.124

4.877

2, 69

.010

.299

20.747

1,68

3

Openness

.401

.000

.365

.072

8.102

1,67

.006

2

Openness

3

Education

.332

.302

.208

21.165

1,68

.000

.401

.365

.069

7.751

1,67

4

OxE

.007

.415

.371

.014

1.609

1,66

.209

Model 1

Model 2

Note. Italicized numbers in the R² ∆ column reflect unique variance contributions; Step 1 values for F ∆ represent F, as they are the values for the base model; Education=
years of education completed; Openness=NEO-PI-R Openness subscale raw score; O x E=product of Openness and Education (i.e., the interaction term).
Table 2: Summary of Hierarchical Regressions: Contributions of Demographics, Openness, and the Interaction Between Education and Openness to a Measure of
Crystallized Intelligence.

be relatively unaffected by many types of neurological damage [51-53],
the DRS-2 test is, by design, highly sensitive to detecting early cognitive
decline secondary to neurodegenerative processes [42,55,56]. We
reasoned that if Information scores served as a valid measure of CR
in this sample, then individuals with better Information performance
should show a smaller effect of age on their DRS-2 scores. This was in
fact the case. In examining the relationship between age and the DRS-2
scores, we plotted regression lines for individuals in the low and the high
Information groups separately. Consistent with prior research showing
a nonlinear relationship between age and cognitive decline (such that
rates of decline increase with age) [57-60], we applied a quadratic model
to the relationship between DRS-2 performance and age. Consistent
with expectation, only the low Information group (indicating low CR)
showed a significant association between age and the DRS-2 scores
[F(2, 38) =14.51, p<.001], with age accounting for 43.3% of variance in
cognitive status. In contrast, age accounted for non-significant variance
in cognitive status (11.1%) among the high Information (i.e., high CR)
group. These analyses confirmed the validity of Information scores as a
proxy for CR in this sample.

for demographic factors related to crystallized intelligence. Next, we
entered educational attainment (in years) and Openness raw scores
on Steps 2 and 3, respectively. In a separate analysis, we reversed Steps
2 and 3 in order to determine the amount of unique and overlapping
variance accounted for by Openness and education. Summaries of
analyses are presented in Steps 1 through 3 in Table 2, with the italicized
numbers in the R² ∆ column reflecting unique variance contributed by
each variable. As can be seen in the Table, Openness and education
together accounted for 27.7% of variance above and beyond age and
gender (i.e., total variance, or.401, minus the age and gender variance,
or.124). Importantly, whereas 13.6% of the variance accounted for was
shared between Openness and education (i.e.,.277 minus the sum of
the unique variances, or the italicized numbers in the R² ∆ column),
the table shows that 7.2% and 6.9% of the variance represented
unique, non-overlapping contributions by Openness and education,
respectively. In a non-hierarchical linear regression model, Openness
(b =.072, t=2.846, p<.05) and education (b =.533, t=2.784, p<.05) also
each contributed significantly to the model (F [4, 67]=11.218, p<.001),
consistent with their unique contributions.

Principal analyses

Interaction between Openness and Education: Lastly, as
recommended by Poropat [37], we examined the possibility that an
interaction between education and Openness also contributed to the
model. We repeated the above analyses, adding the interaction terms
on Step 4 (see Table 2, Step 4). Results showed that the interaction term
did not contribute significantly above and beyond the other variables.
However, in an exploratory examination of simple effects, we also

Unpacking the Associations between CR, Education, and
Openness: To examine whether personality and educational attainment
represent unique or overlapping predictors of CR, we conducted a series
of hierarchical regressions using Information raw score as the criterion
variable. Age and gender were entered as predictors on Step 1 to control
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Theoretical Implications

15

14

13.81
13.5

13
High Openness
12

Low Openness

12

11

10.76

10
Low Education

High Education

Figure 1: Information scaled scores for individuals with low and high levels of
openness and education. Scaled scores reflect how raw Information scores
compare to a normative sample (based on test manual), such that normative
sample mean is 10 and standard deviation is 13. Groups were created by
median split; High education >3 years of college completed; Low education <3
years of college completed; High openness > 112 (raw score); Low Openness
<112 (raw score). Standard errors are represented in the figure by error bars
attached to each data point.

conducted a series of simple slope analyses. The regression model was
restructured on high and low values (one standard deviation above
and below the mean) of education [61]. In these analyses, Openness
was significantly associated with CR at low (b=.072, t=2.867, p=.006)
levels of education. However, the association was non-significant at
high (b=.044, t=1.293, p=.20) and average (b=.229, t=1.815, p=.074)
levels of education. These results suggest that Openness might play an
increasingly independent role in building CR at lower levels of formal
education. Findings are illustrated in Figure 1 (mean Information scaled
scores for individuals with low versus high education, divided into high
versus low Openness groups). Because educational attainment was
normally distributed (see above) and the mean level of education in
this sample was comparable to that in large samples of older adults in
recent aging research [62,63], the sample was divided into high and low
education groups based on a median split to illustrate the results of our
simple slope analyses (Figure 1).
In sum, the present findings indicate an association between
Openness and CR (i.e., crystallized intelligence), with Openness
contributing to crystallized intelligence beyond education and
demographic factors alone. Although the interaction between Openness
and education did not reach significance in the current sample, simple
slope analyses suggested that Openness may be more significantly
associated with CR among individuals with fewer years of education.

Discussion
Key findings
The present study investigated links between cognitive reserve (CR;
operationalized as crystallized intelligence, assessed via the Information
subtest of the WAIS-III) and Five Factor Model personality traits in a
sample of community-dwelling older adults. Key findings are that
(a) Openness was positively correlated with CR and accounted for
variance in CR above and beyond educational attainment, and (b) the
relationship between Openness and CR may differ based on level of
education, such that Openness plays a more central role in CR among
individuals completing fewer years of education. No associations were
found between education or Information scores and Conscientiousness,
Extraversion, Agreeableness, or Neuroticism.
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Shared variance among Openness, education and CR: Consistent
with previous research, these results demonstrate a positive correlation
between Openness and education. This relationship could be explained
by a tendency for individuals high on Openness to pursue higher
education [64]. Or, it might be the case that higher education is
Openness-promoting, fostering high levels of intellectual engagement
and curiosity [65]. Individuals with high educational attainment are
exposed to broader cultural, economic, and geographic diversity, both
via classroom instruction and subsequent occupational pursuits. This
increased exposure likely promotes increased openness to diverse
experiences, and undoubtedly contributes to life-long knowledge
acquisition (i.e., CR). Consequently, the reciprocal relationship between
Openness and education is likely reflected in the variance that the three
variables (i.e., Openness, CR, and education) share in common. A
potential interaction between Openness and education would suggest
that the CR-promoting properties of these two factors are at least
partially reflective of a single, underlying effect of engagement with the
world.
Unique contribution of Openness and education to CR:
These results also show that education and Openness each uniquely
contribute to CR. For those completing more years of education, formal
schooling may be the predominant pathway toward the accumulation
of knowledge. Although, as stated above, these individuals tend to be
higher on Openness in general, Openness may be unnecessary for their
knowledge to be well developed. As illustrated in Figure 1, individuals
who completed more years of education exhibited above average
crystallized intelligence (i.e., scaled scores between 13 and 14, more
than 1 S.D. above the normative sample), regardless of their level of
Openness.
On the other hand, for those completing fewer years of education,
Openness may be an important factor in the development of CR.
As Figure 1 shows, less-educated individuals who were also low on
Openness exhibited approximately average crystallized knowledge (i.e.,
scaled score=10.76), whereas those who were more Open exhibited
crystallized knowledge in the high average range (i.e., scaled score=12,
or 2/3 S.D. above the normative sample). In other words, although
individuals completing fewer years of formal education in this sample
tended to be lower on Openness in general, those who were more Open
tended to accumulate greater CR than their similarly-educated but lessOpen peers. This suggests that high Openness may be associated less
with formal schooling and more with intellectual curiosity, preference
for new experiences, and a broad range of interests in this group [66].
Therefore, Openness likely builds crystallized knowledge beyond
the classroom via exposure to new people, places, and situations.
Interestingly, most people in the high Openness/lower education
group were women (84.6%); some of these women may have been
college-bound and interrupted studies to have families. Alternatively,
as suggested by Poropat [37], it may be the case that personality is
a somewhat less-important contributor to academic success (and
development of CR) in post-secondary education. Because most
primary and secondary education is structured in a relatively standard
way, individual differences contributing to success (including high
levels of Openness) may be more obvious in this setting. However, in
college and beyond, students make more individualized choices about
programs of study and other aspects of learning environment that may
mask the effect of underlying individual differences in trait Openness
and other personality characteristics.
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However, empirical support for these proposed mechanisms is
currently lacking, and the interaction between education and Openness
predicting CR did not reach significance in this sample. Occupation,
socioeconomic status, and level of engagement in knowledge-enhancing
activities (e.g. reading, games, travel, etc.) may modify the relationship
between trait levels of Openness and crystallized intelligence. Future
studies should examine these variables in order to pinpoint the
mechanisms by which personality influences cognitive reserve. The
present results provide some indication of a particular association
between Openness and CR for individuals who have completed fewer
years of formal education based on apparent differences in CR between
less and more Open individuals among those completing fewer years
of education. However, these are based on exploratory analyses; a
continuous interaction between Openness and education did not
significantly contribute to CR in this sample.
Openness as a buffer against dementia: The above-described
mechanisms offer an explanation of how Openness may contribute to
CR, which in turn is thought to delay cognitive decline in individuals
who exhibit neurodegenerative changes in the brain. However,
diagnostic criteria for dementia require both a decline in cognition
and a decline in daily functioning. We recently reported that Openness
is associated with better ability to engage in instrumental activities of
daily living [8]. This may mean that the experience-seeking component
of Openness [66] builds a procedural aspect of reserve by increasing
comfort with novel situations and creating a large array of templates on
which to build responses to new problems.
Lastly, Openness is defined not only by engagement with the world,
but also by willingness to explore one’s internal states [66]. Thus, highlyOpen individuals may be more willing to face their own cognitive or
functional difficulties and more willing to adopt novel compensatory
strategies. This notion is consistent with research showing that higher
education is associated with greater cognitive complaints prior to the
onset of dementia [67], suggesting earlier insight into cognitive change.
Similarly, we have recently found that higher crystallized intelligence
is also associated with better insight into functional limitations [8].
Given that Openness is associated with cognitive flexibility [35], it
likely increases the probability that a person will respond flexibly
(with new strategies) both before and after experiencing cognitive and
functional decline. In sum, it appears that lower levels of dementia seen
in individuals high in Openness [6] may on the one hand reflect a more
versatile set of templates utilized for daily functionality, and on the
other a greater self-knowledge and flexibility relevant to recognizing
and adapting to cognitive decline.

Negative Findings
The lack of association between education, CR, and any other
personality factor in this sample is somewhat inconsistent with
previous research. Although some research has demonstrated that
moderate Neuroticism, low Extraversion, and high Conscientiousness
are associated with higher crystallized intelligence and with academic
success [31-34,37], these traits were unrelated to education or
Information scores in the current study. However, given that other
studies have found either an exclusive relationship between Openness
and crystallized intelligence [35] or smaller effect sizes for the
relationships between the other four traits and crystallized intelligence
[32], a larger sample may be needed for all possible relationships to
reach significance (see Table 1). However, it should be noted that
average T scores for all five personality factors in this sample were
normally-distributed and similar to those observed in the Baltimore
Longitudinal Study of Aging, which examined age-related trends in the
Aging Sci
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NEO-PI factors in a large sample of older adults [63]. This indicates that
our negative findings were likely not due to a restricted range or skewed
distribution of personality factors in this sample. Additionally, previous
studies relied either on a younger sample [31] or a wider age range
[32,33]. Because some change is observed in relationships between
personality factors and crystallized intelligence across the lifespan [32],
the older age of our sample might have contributed to the null findings
for other personality factors.
The interaction between Openness and education was also
non-significant in this sample. It is possible that these analyses were
underpowered in a sample of this size, or that a potential moderating
effect between Openness and educational attainment is incomplete
without taking additional demographic, socioeconomic, and other
lifestyle factors into account. However, because recent research
supports examining possible moderation effects of level of education
on the relationship between personality traits and academic success (a
contributor to CR) [37], exploratory analyses of a potential interaction
are included in this study. Although the simple slopes analyses should
be interpreted with caution, they provide preliminary support for a
differentially significant role of Openness with fewer years of education
completed. The potential interaction between Openness and education
should be examined in future studies with a larger sample and inclusion
of demographic, socioeconomic, and other lifestyle factors to further
characterize the complex relationships among contributing factors to
CR.

Implications for Future Research
As the personal and public health toll of neurodegenerative
diseases continues to rise [1], it is important to determine the degree
to which cognitive and personality factors are associated with risk for
the development of dementia. These results suggest that in addition to
the known protective factor of higher education, Openness may also be
associated with CR in late life. While associations between personality
factors and both educational attainment and crystalized intelligence
have been established, a direct link between personality traits and
resilience to neurodegeneration has been largely overlooked in the
cognitive aging literature. These results support the utility of including
measures of personality in future research on the nature of CR.
Additionally, to the extent that Openness represents an engaged lifestyle,
researchers may also wish to consider other methods of measuring level
of engagement with new knowledge and experiences across the lifespan
other than level of formal education as well as how this engagement
confers cognitive benefit in old age. Future research should also focus
on incorporating known correlates of CR into the development of
screening measures to identify adults at risk for cognitive decline.
Additionally, future research should employ longitudinal designs to
examine the utility of CR correlates in predicting the approximate age
of onset of cognitive decline among individuals with an early diagnosis
of a neurodegenerative process.

Crystallized intelligence as a measure of CR
The present study builds on the assumption that crystallized
intelligence (assessed via general knowledge) can serve as an index
of CR [45]. Tests of word knowledge (i.e., crystallized intelligence)
are widely-used measures of CR [68,69], and some studies show a
relationship between these traditional CR indices and measures of
neural reserve [70]. Nevertheless, the association between biological
and cognitive indices of reserve has been under-studied [71], calling
for systematic examination of the validity of such indices [30]. The
neural reserve construct explains resilience to neuropathology in
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more direct neurobiological terms: by the flexibility of neural systems
underlying cognitive abilities [72] as measured by synaptic connectivity
[73], neural network complexity [74], neural efficiency [45], and premorbid brain volume [75,76]. However, neural reserve and CR are by
no means incompatible, and may reflect differing measurements of
the same underlying construct (i.e. the strength/flexibility of neural
networks and cognitive abilities and their corresponding resilience to
neuropathology) [30].
In the present study, we conducted a validity check, examining
whether higher Information scores are in fact associated with less
age-related decline in cognition. Our findings showed that whereas
individuals with high Information scores were relatively unaffected
by age in terms of their general neurocognitive status assessed by the
DRS-2, those with low Information scores showed expected age-related
decline. This is consistent with literature supporting links between
higher intelligence [17], higher education [77], and delayed onset
and/or progression of cognitive decline in dementia. However, we are
unaware of any research providing support for the specific association
shown here between higher crystallized intelligence and relative stability
on a measure of global cognitive ability with age. Future studies using
measures of crystallized intelligence as a proxy for CR should conduct
validity checks and add to the sparse existing literature on their utility
in measuring protection against cognitive decline.

Limitations
The present study has several limitations. First, it examined a
relatively modest sample (n=72) of older adults. Although there is some
evidence to support the resilience of personality [78] and WAIS verbal
performance (i.e. crystallized intelligence) [79] to neurologic injury,
there is also evidence supporting changes in both domains post-injury
[80,81]. Future studies should systematically examine the relationships
between Openness, education, and crystallized intelligence in
neurologic populations. Additionally, the sample was highly educated
and included only Caucasians. Consequently, these results need to be
replicated in a larger, demographically-diverse sample before they can
be reliably applied to the general population of older adults.
Second, we relied on a single measure of CR (Information raw
scores), operationally defining CR as crystallized intelligence. Recent
research emphasizes the importance of multiple indicators for the
validation of the reserve construct [30], and at the level of the individual
case, it is well understood that reliability is improved by combining
multiple measures (e.g. including Vocabulary or Similarities subtests
from the WAIS-III). Nevertheless, validity analyses in this sample
support the utility of Information as a stable measure of crystallized
abilities (as opposed to DRS-2 scores, which showed a significant
negative relationship with age). In addition, the known reliability
of the Information subtest is quite high (.93 -.95 for the age groups
included in this sample) [40]. Future studies should also examine the
universal utility of crystallized intelligence as an index of CR. Indeed,
recent research calls for the investigation of multiple possible factors
underlying the CR construct (e.g. general intelligence, complex mental
activity, processing resources, and executive functions [30], some of
which are more closely related to crystallized intelligence than others.
While crystallized intelligence is generally considered an appropriate
proxy for CR [41], interaction effects may be present based on level of
education. Perhaps crystallized intelligence captures CR well in highly
educated individuals, but does not serve as an ideal index of CR among
those who have completed fewer years of formal education.
Finally, we relied on a single self-report measure of personality.
Aging Sci
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The use of informant reports or additional personality measures may
have offered additional information about the relationships between
personality, education, and CR. For instance, Duchek et al. [7] found
that informant reports of increased Neuroticism and decreased
Conscientiousness on the NEO Five Factor Inventory [41] were sensitive
to differences between healthy controls and early-stage DAT. However,
they also noted good agreement between self-report and informant
ratings across all five personality traits [7], suggesting that informant
reports may offer relatively small incremental utility above and beyond
both self-reports and cognitive testing in categorizing participants into
healthy control and early dementia groups.
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