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Abstract

Relatively few studies have examined the reasons older individuals participate in activities that 

may benefit cognition with aging. Personality traits, particularly, openness to experience, are likely 

to influence how activities are selected. Openness to experience has also reliably shown to relate to 

cognitive and intellectual capacities. The current study tested whether diversity in activity helped 

to explain the overlap between openness to experience and cognitive functioning in an older adult 

sample (n = 476, mean age: 72.5 years). Results suggest that openness is a better predictor of 

activity diversity than of time spent engaged in activities or time spent in cognitively challenging 

activities. Further, activity diversity explained significant variance in the relationship between 

openness and cognitive ability for most constructs examined. This relationship did not vary with 

age, but differed as a function of education level, such that participating in a more diverse array of 

activities was most beneficial for those with less formal education. These results suggest that 

engagement with a diverse behavioral repertoire in late life may compensate for lack of early life 

resources.
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Introdution

Declines in certain cognitive abilities are normative with aging. An interest in preventing or 

mitigating these declines has spurred much recent research focused on the possible benefits 

of adopting an active lifestyle that includes intellectual, physical, and social engagement 

(Hertzog, Kramer, Wilson & Lindenberger, 2009), all of which are associated with higher 

levels of cognitive functioning (Hultsch, Hertzog, Small, & Dixon, 1999; James, Wilson, 
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Barnes & Bennett, 2011; Jopp & Hertzog, 2007). However, research is needed to identify 

which older adults are more likely to seek an active lifestyle, and ultimately how these 

activities play a role in explaining associations between those indicators and cognitive 

functioning. Given evidence that personality traits influence the behaviors and situations that 

people seek out (Funder, 2006; Roberts & Jackson, 2008), we investigated how disposition 

can impact behavior as a pathway to enhancing cognition. One personality trait of particular 

interest in this regard is openness to experience. Individuals high in openness enjoy aesthetic 

and intellectually challenging experiences, and seek out novelty in their daily lives 

(DeYoung, 2014; John, Naumann, & Soto, 2008; McCrae & Sutin, 2009). Thus, individuals 

high in openness are more likely select into and engage in experiences that are likely to 

contribute to healthy cognitive aging (Chamorro-Premuzic & Furnham, 2004). In fact, a link 

between openness and cognitive ability is well-established (e.g., DeYoung et al., 2005; 

Hultsch et al., 1999; Parisi, Stine-Morrow, Noh, & Morrow, 2009; Schaie et al., 2004), 

however, the reasons for this relationship are unclear. The focus of the current study was to 

examine whether the relationship between openness to experience and cognitive ability may 

be explained by activity engagement.

The Relationship between Openness and Cognitive Ability

Two explanations for the relationship between openness and cognition have dominated the 

literature (Ackerman, 2009; Chamorro-Premuzic & Furnham, 2005; DeYoung, 2009). First, 

openness and cognitive ability may be related because they largely measure the same 

construct. According to this view, an open disposition and high levels of cognitive ability 

both index intellectual function. Thus, openness and cognitive ability are not related because 

potential mediating mechanisms, such as resources available to open individuals that 

safeguard against declines in cognitive functioning. Consistent with this view is the lack of 

evidence for openness as a predictor of changes in cognition (Gow, Whiteman, Pattie, & 

Deary, 2005; Sharp, Reynolds, Pedersen, & Gatz, 2010). In this vein, some theorists suggest 

that researchers should view openness and intellect as different manifestations of the same 

construct, and thus focus on identifying and measuring shared psychological and biological 

substrates (DeYoung et al., 2009).

In contrast, the second explanation for the link between openness and cognitive ability 

suggests that open individuals seek out intellectually stimulating experiences, which in turn 

predispose them towards gains (or provide safeguards against declines) in cognitive ability 

(Ackerman, 1996; Chamorro-Premuzic & Furnham, 2004; Gregory, Nettelbeck, & Wilson, 

2010). In other words, habitual selection into novel environments and engagement with 

cognitively challenging tasks could mitigate declines in cognitive ability by increasing 

knowledge and the efficiency of cognitive processing (Ackerman, 1996; Chamorro-Premuzic 

& Furnham, 2004). Consistent with this theory, individuals with higher cognitive ability self-

report more frequent engagement in activities involving processing novel information and 

have a more active lifestyle, characterized as more frequent engagement in physical activity, 

social activity, and hobbies (Hultsch et al., 1999). Such activities are theoretically related to 

openness (McCrae & Sutton, 2009).
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Following this second hypothesis, one study tested whether behavioral engagement mediates 

the links between openness and cognitive ability, with a large sample of adults ranging in 

age from 19 to 86 years (Soubelet & Salthouse, 2010). Specifically, the investigators 

examined whether the links between openness and cognition, as measured by fluid 

intelligence, crystallized intelligence, processing speed, and memory, were mediated by the 

time spent engaging in (1) all activities assessed, (2) only those deemed to be cognitively 

engaging, or (3) only the activities most highly related to openness. While the study 

replicated the openness-cognition link, there was no evidence for mediation; in fact, the 

associations of activity measures with both openness and cognition were quite modest. 

Therefore, the authors concluded that the relationship between openness and cognitive 

functioning was not due to activity engagement. In other words, these findings are more 

consistent with the construct overlap explanation.

Behavioral Correlates of Openness

The failure to identify behaviors that help explain the openness-cognition link may be due to 

the way in which activity was (and has been) conceptualized and measured. Few studies 

have examined what individuals higher on trait openness do in their daily lives. Indeed, a 

similar claim could be made for most personality traits, as very few studies examine the 

daily behaviors or activities associated with specific personality traits beyond what is 

embedded in the questionnaire items (Funder, 2006; Furr, 2009). While an emerging 

literature is starting to link daily behaviors to specific personality traits, such as with 

conscientiousness (Jackson et al., 2010) or narcissism (Holtzman, Vazire & Mehl, 2010), of 

the Big Five traits, openness to experience is the least understood in terms of associated 

behaviors and activities (DeYoung et al., 2009). The limited research available has focused 

on intellectually stimulating activities. For example, open individuals are more likely to 

spend more years in education (Goldberg, et al., 1998) and choose artistic and creative 

majors and careers (McCrae & Sutin, 2008). Individuals high in openness are also more 

likely to spend their time engaged in intellectual pursuits, such as reading, writing, and 

performing crossword puzzles (e.g., Soubelet & Salthouse, 2010). Although these relations 

are significant, the overall effect size between openness and measures of engagement in 

specific activities tends to be relatively modest (e.g., r ~ .15 at best).

However, an alternative approach is to focus on how openness to experience involves, at its 

core, a preference for novelty. Earlier approaches focusing on time allocated to specific 

behaviors (e.g., reading a novel) may be missing a critical piece of the openness-cognition 

puzzle. Rather, openness may operate by increasing an individual’s overall behavioral 

repertoire, as measured by a diversity of behaviors. For example, though reading a novel or 

performing a crossword puzzle is associated with openness, any particular activity may not 

necessarily resonate with everyone. That is, given the numerous ways openness might 

manifest, it is unlikely that any one behavior would serve as a strong indicator of the trait. 

Consistent with this Repertoire Hypothesis, individuals high on openness listen to a more 

diverse array of music and have many different genres of books on their bookshelves 

(Gosling, Ko, Mannarelli, & Morris, 2002). Accordingly, open individuals may not spend 

more time on any one task (e.g., reading a novel), relative to individuals lower on openness, 

because enjoying a wide array of activities may preclude such investment.
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A lifestyle rich in many different activities may be favorable to cognitive functioning. For 

example, the day-to-day management of multiple activities is a nontrivial cognitive exercise 

in itself, especially in older adulthood. Planning and coordinating a schedule to afford a 

complex behavioral repertoire can exercise reasoning and memory. A busy life also requires 

one to be conscious of time so that activities often have to be completed within a certain 

timeframe, thereby exercising processing speed. Finally, the more activities in which a 

person engages, the more switching is required among tasks, requiring one to inhibit one 

task set to activate another. In fact, diversity in activity engagement has been shown to 

reduce the risk of cognitive impairment in a sample of urban-dwelling older women (Carlson 

et al., 2011). Collectively, there is good reason to suspect that a diverse behavioral repertoire 

is associated with both openness and cognitive ability and thus may be a critical mechanism 

for healthy cognitive aging.

Current Study

The aim of the current study was to examine the interrelationships between openness, 

activity engagement, and cognitive functioning, focusing on the benefits of activity diversity. 

We sought to address four questions in a cross-sectional sample of older adults. First, we 

examined the specific behaviors associated with openness as a benchmark of comparison 

with previous research that has shown a small association between activity and cognition (cf. 

Soubelet & Salthouse, 2010). Second, we sought to add the construct of activity diversity to 

the discussion of openness, reasoning that repertoire size better captures the behavioral 

signature of the openness than does the quantity of any particular behavior. Third, we tested 

the Repertoire Hypothesis, that activity diversity would mediate the openness – cognition 

relationship. Finally, we examined whether age and education influenced the pathway 

between openness and cognitive ability. For example, activity engagement might be more 

beneficial for older and less educated individuals because it is thought to compensate for the 

lower cognitive functioning found in older and less educated individuals (Lachman, 

Agrigoroaei, Murphy, & Tun, 2010). Alternatively, it is plausible that activity diversity plays 

less of a role at older ages, as aging is often found to reduce plasticity – rendering the 

influence of activity engagement too little, too late (Lövdén, Bäckman, Lindenberger, 

Schaeffer, & Schmiedek, 2010).

Method

Participants

Four hundred seventy-six older adults (73% female) participated in the current study. 

Participants were recruited from the community to take part in a cognitive intervention 

(Stine-Morrow et al., 2014), but the current study made use of measures collected at pretest 

before participants were randomly assigned to a condition. For inclusion, participants had to 

demonstrate functional cognitive ability and have fewer than 15 hours a week scheduled for 

standing commitments (e.g., employment, volunteer activities, clubs). Participants ranged in 

age from 60 to 94 years (M = 72.5, SD = 7.8 years) with an average of 15.0 years of 

education (SD = 2.7).
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Personality and Activity Measures

Openness.—The Big Five personality dimension of openness was measured using 48 

items of the IPIP-AB5C openness measure (Goldberg, 1999). These 48 items measure 5 

lower-order facets that comprise openness: ingenuity (e.g., Am full of ideas), intellect (e.g., 

Enjoy thinking about things), quickness (e.g., Catch on to things quickly), creativity (e.g., 

Ask questions that nobody else does), and competence (e.g., Excel in what I do). 

Participants rated the items on a five-point scale from strongly disagree (1) to strongly agree 

(5) (Mean = 3.94, SD = .63). Omega reliabilities were all above .74 in the current sample.

Activity Questionnaire.—The Activity Questionnaire consisted of a list of 25 activities 

(see left column of Table 1). Participants were asked to think about their activities over the 

last couple of months and to estimate how many hours they engaged in each activity in a 

typical week. Activity Diversity was calculated for each participant as the number of 

activities for which a nonzero time estimate was provided (mean = 16.8; SD = 3.3; range 8 – 

25)1. After providing time estimates, participants were given the same list of activities again 

and asked to rate each one on a 5-point scale of perceived intellectual challenge for any 

activity on which they reported spending at least some time. Time spent in cognitively 
demanding activities was calculated by taking the top six activities rated as cognitively 

challenging across the entire sample (working, puzzles, computer, finances, books, hobby) 

and creating a composite of hours spent performing cognitively challenging activities (Mean 

= 4.1; SD = 3.0).

Cognitive Ability Measures

The battery of cognitive measures was administered to participants across two sessions, an 

individual and group-based testing session, lasting approximately four hours in total. All 

cognitive ability measures were standardized with a mean of 0 and a SD of 1 before creating 

composite measures.

Inductive reasoning.—Five instruments were used to assess inductive reasoning (α 
= .90): letter sets, number series, letter series, and word series tasks (Ekstrom et al., 1976), 

as well as the everyday problem-solving task (Marsiske & Willis, 1995). Collectively, these 

tasks require participants to identify patterns in a series of items and either generate the next 

item in the series or decide which item does not adhere to the pattern.

Divergent thinking.—Three measures were combined to assess divergent thinking (α 
= .70): ETS Different Uses, ETS Opposites Test (Ekstrom, French, & Harman, 1976), and 

the FAS phonemic fluency test (Benton & Hamsher, 1978). These tasks require ideational 

fluency in generating new exemplars from a stimulus item.

Processing speed.—Processing speed (α = .81) was measured with four measures: letter 

and pattern comparison tests (Salthouse & Babcock, 1991), and the identical pictures and 

1Calculating activity diversity as the number of activities spent as a proportion of the total number of hours engaged in activities 
during a week did not significantly change the results of the current study. Given the difficulties in interpreting this proportion we use 
the straightforward calculation of number of activities performed in a week.
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Finding A’s tests (Ekstrom et al., 1976). These tasks involve making speeded judgments to 

simple stimuli.

Episodic memory.—Three measures were used to assess verbal episodic memory (α 
= .64). The composite was made up from the sum of the number of correctly recalled words 

in the first 3 learning trials of the Hopkins verbal learning test (HVLT; Brandt, 1991; Brandt 

& Benedict, 2001), the recognition discrimination index (total number of true positives – 

total number of false positives) from the HVLT, and the number of propositions correctly 

recalled from a sentence memory task (Stine-Morrow, Milinder, Pullara, & Herman, 2001).

Visual-spatial processing.—Two measures were combined to create the visual-spatial 

processing composite (α = .72): the card rotation and hidden patterns tests (Ekstrom et al., 

1976). In these tasks participants identify visual patterns in an array in which spatial rotation 

and/or visual transformation is required.

Fluid ability composite.—Twelve instruments were combined to assess Gf (α = .92). 

Letter and pattern comparison; letter sets, number series, letter series and word series; 

everyday problem solving; ETS card rotation, ETS hidden patterns, ETS different uses, and 

ETS opposites test and the FAS verbal fluency test.

Crystallized composite.—Five instruments were combined to assess Gc (α = .90): North 

American Adult Reading test, ETS Advanced and Extended Range Vocabulary, Exposure to 

Print, and the Nelson-Denny Reading test.

Analyses

We conducted a series of correlations, multiple regressions and path models to test our 

hypotheses. All analyses were conducted in R using the lavaan package (Rosseel, 2012). To 

test whether correlations were significantly different from one another, correlations were 

transformed into Fisher z-scores using the psych package (Revelle, 2018). To examine 

whether indirect effect between openness and cognitive ability was mediated via activity 

diversity we used bootstrapped mediation tests with 5000 re-samples within lavaan. Effect 

sizes for indirect effects were calculated by taking the standardized indirect effects and 

dividing it by the standardized total effects pathway to provide a proportion of possible 

variance accounted for. Finally, we ran moderated mediation models to test whether age and 

education changed the indirect pathways (Preacher, Rucker, & Hayes, 2007). Specifically, 

we examined moderated pathway of activity diversity to cognitive ability (the b path in a 

standard mediation model). Missing data were handled with Full Information Maximum 

Likelihood (FIML) to account for missingness. Overall missingness was minimal with less 

than 2% missingness for all variables.

Results

Interrelationships among Openness, Activity, and Cognition

Correlations between openness and hours spent per week performing various activities are 

presented in Table 1. Openness was moderately associated with time spent in a number of 
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daily activities, such as writing, volunteering, reading magazines, and artistic pursuits (max r 
= .18). As seen in Table 1, the association between daily activities and openness was similar 

across each of the facets of openness, suggesting that no single aspect of openness is 

responsible for the association. Overall, the effect sizes were consistent with estimates found 

in past studies (Soubelet & Salthouse, 2010). To further explore the link between openness 

and cognitive activity, the six activities participants rated as the most cognitively demanding 

were combined (working, puzzles, hobbies, computer, finances, and reading books). 

Openness was related to time spent engaging in these cognitively demanding activities at a 

level similar to past research (r = 0.15, p < 0.05, Table 2; Soubelet & Salthouse, 2010). Thus, 

openness was a relatively modest predictor of time spent both in certain specific activities 

and in cognitively demanding activities, in line with our predictions. Table 1 also presents 

correlations between age and time spent in activities; these relationships were negligible.

Table 2 presents the relationships of metrics of activity (activity time, time spent in cognitive 

demanding activities and activity diversity) with age, openness, and cognitive measures. 

Notably, the associations between activity measures were minimal, suggesting they assess 

different constructs. Activity time correlated with both activity diversity and time spent in 

cognitively demanding activities, r = .14 p < .05 for each, which were also correlated with 

each other, r = .15, p <.05. Consistent with the Repertoire Hypothesis, openness was 

moderately associated with activity diversity (r = 0.30, p < 0.05). Indeed, the magnitude of 

the relationship between openness and activity diversity was significantly higher than that 

between openness and either total hours of activity (r = 0.10; z = 3.20, p < 0.05) or time 

spent performing cognitively demanding activities (r = .15; z = 2.42, p < 0.05). Thus, 

diversity in activity may better reflect what open individuals do in their day-to-day lives 

compared to measuring time spent in specific types of activities, total hours spent in 

activities, or time spent in self-defined cognitively engaging activities. Associations with 

activity diversity were similar across facets of openness, ranging from r = .18 for the 

competence facet, to r = .23 for the intellect, ingenuity, and quickness facets, and r = .21 for 

creativity.

Consistent with earlier research (e.g., Hultsch et al., 1999), time spent in activity 

engagement was weakly predictive of cognitive measures, though this association was most 

consistent when only cognitively demanding activities were considered. Importantly, the 

correlations between cognitive ability and activity engagement were uniformly higher when 

activity was measured as diversity rather than time allocation.

Table 3 provides the correlations between openness and cognition. As expected, openness 

was associated with all measures of cognitive ability, replicating past research (Schaie et al., 

2004). Individuals higher in openness tended to be higher in fluid and crystallized 

composites, inductive reasoning, divergent thinking, processing speed, memory, and visual-

spatial processing.

Activity as a Mediator of Openness and Cognitive Ability

Total activity time reported did not significantly mediate the relationship between openness 

and any of our seven indices of cognitive ability, replicating previous findings (Soubelet & 

Salthouse, 2010). Using the time spent in cognitively demanding activities, however, there 
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were two cases in which activity engagement significantly mediated the openness-cognition 

link: speed (indirect effect b = 0.04, se = 0.01; proportion of variance explained: .09), and 

visual spatial ability (indirect effect b = 0.04, se = 0.01; proportion of variance 

explained: .10). These findings suggest that total time in activity does not explain the 

openness-cognition link but, rather, that allocating time to cognitively challenging activities 

may have small, isolated effects.

Results from the bootstrapped mediation tests for activity diversity are presented in Table 4, 

which reports betas for the direct effect of openness on cognition and the indirect effect 

through activity diversity. As expected, activity diversity partially mediated the pathway 

between openness and each measure of fluid ability, with the effect size for indirect effects 

ranging between 0.13 and 0.40. All of these effect sizes were larger than the isolated indirect 

effects associated with cognitively demanding activities. At the same time, a significant 

direct effect of openness remained for all cognitive outcomes, even after accounting for 

activity diversity. Note, however, that even though the crystallized composite was related to 

both activity diversity (Table 2) and openness (Table 3), the openness-crystallized ability 

link could not be explained by activity engagement. Overall, these findings suggest that 

participating in a diverse array of behaviors may partially be responsible for the association 

between openness and fluid cognitive ability in older adulthood.

Who Benefits from a Diverse Behavioral Repertoire?

Given that aging is often found to reduce plasticity (Lövdén, Bäckman, Lindenberger, 

Schaeffer, & Schmiedek, 2010), it was plausible that activity diversity would play less of a 

role in mediating the openness-cognition relationship with age. Consequently, age was 

examined as a potential moderator of the mediation of activity on openness and cognitive 

ability for all the significant indirect effects reported above. We found no evidence for such 

moderated mediation. Age did not significantly moderate the effect of openness on speed 

and visual-spatial ability when mediated by cognitive demanding activities. Similarly, age 

did not significantly moderate the indirect effect through activity diversity for any of the 

cognitive ability measures. For example, when fluid ability was the outcome, there was a 

significant indirect effect for individuals 1 standard deviation below the mean on age, around 

age 65 (b = 0.05, se = 0.02) and a significant indirect effect for individuals who were 1 

standard deviation above the mean, around age 80 (b = 0.06, se = 0.02). These findings 

suggest that activity diversity plays the same role at different ages and that its effects may be 

less constrained by the age-related limitations on plasticity often demonstrated in cognitive 

training studies.

Given recent findings that activity can serve a compensatory function in cognitive 

enhancement for those with lower levels of education (Lachman et al., 2010; Stine-Morrow 

et al., 2014), educational attainment was examined as a moderator of the mediation. Years of 

education did not significantly moderate any indirect path when cognitively demanding 

activities served as the mediator. A different story emerged when activity diversity was the 

mediator: years of education moderated every indirect effect except for the crystallized 

composite. To illustrate, Table 5 provides the indirect effects for individuals who completed 

college and for those that only completed high school (corresponding to roughly 1 SD above 
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and 1 SD below average education level). Across these cognitive ability measures, the 

indirect path was stronger for individuals who only completed high school (12 years of 

education) compared to those that completed college (16 years of education). For example, 

activity diversity only mediated the association between openness and fluid ability (b = 0.11, 

se = 0.05) among individuals with a high school education, but not for those with a college 

education (b = 0.01, se = 0.02). Overall, it appears that activity diversity has a stronger effect 

on cognition among those with lower levels of formal education and, in turn, serves as a 

better mediator of the openness-cognition link.

Discussion

The current study contributes to our understanding of the relationship between openness and 

cognitive ability through a close examination of activity engagement. First, we sought to 

capture what people high in openness do in their day-to-day lives by using the concept of 

behavioral diversity, which proved a strong correlate of both openness and cognitive ability. 

Second, we found that activity diversity helped explain the relationship between openness 

and cognitive ability, which is consistent with the Repertoire Hypothesis that one advantage 

an open disposition confers on cognition is a disposition toward engagement in a broad 

selection of activities in daily life. Moreover, the benefit of activity diversity was strongest 

for individuals with fewer years of education. Together, these findings suggest a process-

oriented relationship between openness and cognitive ability in older adulthood.

Openness and Activity Diversity

Previous studies examining the outcomes and experiences associated with openness often 

involved younger adults. Testing these relationships in older adulthood provides novel 

insights insofar that, as in the current sample, older adults are often retired, and thus have 

free range on the type of activities they can perform throughout the day. Given our 

recruitment, we also had an advantage in having data from the low range of activity. Older 

adults who volunteer for research tend to be active so that typical samples may 

underestimate the range of activity level (and diversity). It is worth noting that the 

correlations between openness and frequency of any specific activity were relatively modest 

in magnitude, similar to past studies (Hogan et al., 2012; Soubelet & Salthouse, 2010; 

Stephan et al., 2014). Such modest correlations suggest the difficulty inherent in identifying 

specific behaviors related to openness. These findings indicate that activity diversity may be 

a better marker of the daily lives of open individuals than hours spent in specific activities.

A number of important consequences arise from the finding that openness is closely related 

to activity diversity. For instance, our study lends credence to the argument that openness 

remains perhaps the most difficult Big Five trait to define, given that individuals high in 

openness perform many different activities and thus tend to spend less time in any specific 

activity. Instead of focusing on specific activities when assessing openness (e.g., “enjoy 

discussing literature”; Goldberg, 1999), it may be beneficial to also assess the desire for new 

experiences or past reports of a multitude of experiences. To our knowledge no broad 

assessment of openness currently employs this approach. Moreover, given associations 

between openness and important outcomes such as divorce (Roberts et al., 2007; Solomon & 
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Jackson, 2014) and health (e.g., Jackson et al., 2014; Turiano et al., 2012; Weston, Hill & 

Jackson, 2014), research into understanding the processes involved might benefit from 

utilizing the construct of activity diversity. Compared to the traits of neuroticism and 

conscientiousness – which have well identified physiological and behavior pathways 

connecting the trait with life outcomes (e.g., Hill & Roberts, 2011) – the pathway for 

openness is mostly unknown.

Activity Diversity and the Association with Openness and Cognitive Ability

Past studies examining the association between activity engagement and cognitive 

functioning (Aschwanden, Luchetti, & Allemand, 2018; Hogan et al., 2012; Soubelet & 

Salthouse, 2010), or between activity engagement and changes in cognitive ability (Bielak, 

Anstey, Christensen, & Windsor, 2012), do not always find that activity engagement plays a 

role in healthy cognitive aging. The current study suggests that one reason for these non-

significant findings is the way in which activity engagement is operationalized and 

measured. That is, we raise the question of what aspects of activity engagement are 

psychologically important and what are the best ways to meaningfully assess this construct? 

Time spent in certain activities might not be meaningful in capturing the beneficial aspects 

of activity engagement. Detecting the link between activity engagement and successful 

aging may require different approaches to how we conceptualize and operationalize activity 

engagement (Bielak, 2010; 2019; Carlson et al., 2011; Stephan et al., 2014). Currently the 

standard practice is to self-report frequency on an ordinal scale or to add up hours within a 

certain time frame or only examine activities that are a priori deemed cognitively engaging. 

Given our results, the more macro-level profile of the repertoire of activities may be 

profitably considered.

Interestingly, activity diversity mediated the openness-cognition link for fluid abilities but 

not for crystallized ability. This finding is somewhat counterintuitive because openness is 

more strongly related with verbal processes and crystallized measures of intelligence during 

younger adulthood (Ackerman & Heggestad, 1997; Ashton et al., 2000; DeYoung et al., 

2005). This overlap has led to the hypothesis that the association between openness and 

cognitive ability occurs because openness is associated with a motivation to learn 

(Chamorro-Premuzic & Furnham, 2005). One way of interpreting the present findings 

within the context of this hypothesis is that activities may play a dual role depending on the 

stage in the lifespan. Earlier in adulthood, open individuals are more likely to engage in 

activities that engender growth in knowledge and crystallized ability (which is relatively 

well preserved with aging), whereas in older adulthood, a diverse activity repertoire is easier 

to accomplish because of fewer time commitments. Another interpretation of our results 

concerns age trajectories in cognitive ability. If activity engagement serves to mitigate 

declines in cognitive abilities (e.g., Crowe et al., 2003; Schooler & Mulatu, 2001), then 

engagement should be better associated with fluid abilities given that crystallized abilities 

show far less decline in older adulthood than do fluid abilities. That is, the biggest benefits 

of engagement would likely come with respect to those cognitive abilities most subject to 

decline in adulthood.
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One important question is what the mechanisms are through which a diverse repertoire of 

activities would be likely to impact cognitive ability. First, there is considerable evidence 

from the training literature that experience affects cognitive ability in very specific ways 

(Ball et al., 2002; Stine-Morrow & Basak, 2011; Willis et al., 2006), such that a lifestyle 

marked by a diverse array of activities may be more likely to provide practice with a wider 

range of experiences that can impact cognition.

Another account, as alluded to in the introduction, is that a life filled with many different 

activities requires some management. In laboratory paradigms, older adults often show 

deficits in global task-switching, task coordination, and certain aspects of executive control 

(Braver & West, 2008; Verhaeghen, 2011). Seeing as open individuals take part in a greater 

variety of activities, they must hold varied goals and subgoals in mind and update the goal 

structure in response to what has been accomplished, as well as to environmental demands 

such as calendar changes. Individuals with more activities are also more like to find 

themselves actively switching between different task sets. Thus, a diverse behavioral 

repertoire may enhance cognition not only because it affords practice with a wider array of 

cognitive skills in different contexts, but also because the habit of switching between 

activities may help sustain executive control functions in older adulthood.

Our results suggest that the cognitive benefits of activity diversity were strongest for 

individuals with lower levels of educational attainment. Poor educational attainment is a 

major risk factor for cognitive declines with aging, as well as age-related cognitive 

pathology (Andel et al., 2006; Livingston et al., 2017). Higher levels of education – and the 

enriched socioeconomic experiences that go along with higher levels of education – are 

thought to be protective against age-related deficits because of “cognitive reserve” (Stern, 

2002, 2012; Tucker-Drob et al., 2009). The cognitive reserve hypothesis suggests that 

diversity in activity may not be particularly beneficial for individuals with high levels of 

educational attainment because they already possess a cognitive reserve. On the other hand, 

our results suggest that those with lower levels of education may be able to overcome the 

lack of a cognitive reserve by participating in a diverse array of activities. This pattern is 

consistent with a previous study where frequent cognitive activity compensated for the 

disadvantages that lower levels of education confer (Lachman et al., 2010).

Limitations and Conclusion

Despite the strengths of the study, there were nonetheless limitations that must be taken into 

consideration. First, the design was cross-sectional, which limits the ability to isolate the 

direction of causation (Hofer & Sliwinski, 2003; Lindenberger et al., 2011). The 

interrelationships among openness, activity diversity and cognitive ability are likely more 

complex than the pathway tested. For example, it may be that relationships are bidirectional 

such that high cognitive functioning allows one to engage in a greater number of activities 

(Salthouse, 2006), which in turn could influence levels of openness (Jackson et al., 2012). 

While the causal direction of the relationship between activities and cognitive functioning is 

not fully clear (Hertzog et al., 2009), our findings were consistent with the idea that a key 

component in the relationship between openness and cognitive ability is activity engagement 

(von Strum, Chamorro-Premuzic & Ackerman, 2011).
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Second, activity engagement was self-reported and may be subject to certain memory biases 

or differences in interpretation across groups. Future research would benefit from informant 

reports of both activities and openness. Third, our inclusion criteria resulted in a sample of 

older adults who were relatively inactive in terms of not having jobs or major volunteering 

commitments. Whether or not these findings extend to working older adults or younger 

adults needs to be followed up in future work. Fourth, there are likely other characteristics 

related to activity diversity beyond openness. We also examined other Big Five measures 

and found that extraversion was the only other personality trait associated with activity 

diversity (though at lower levels than openness). However, extraversion was only weakly and 

not significantly associated with cognitive ability measures, suggesting that the link between 

activity diversity and cognitive ability is uniquely through openness to experience2.

The current findings provide a valuable step forward in not only our conceptualization of the 

behavioral signature of openness, but also in underlining potential processes that link 

openness to cognitive functioning in older adulthood. Diversity in activity was more strongly 

associated with openness and cognitive ability than time spent in cognitively engaging 

activities. These results are in accordance with the Repertoire Hypothesis such that one 

advantage an open disposition confers on cognition is a disposition toward engagement in a 

variety of activities in daily life.
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Table 1.

Correlations of Activity Hours with Age and Openness

Openness Facets

Activity Age Openness Total Intellect Ingenuity Competence Quickness Creativity

Commute −.11 −.07 −.10 .00 −.09 −.07 −.05

Work −.07 .08 .05 .08 .07 .06 .10

Shop −.10 .01 .02 .04 −.05 .02 −.02

Housework −.04 −.09 −.06 −.07 −.09 −.06 −.12

Meals −.03 −.01 .03 .00 −.02 −.01 −.04

Nap −.00 .00 .02 .01 −.01 −.04 .00

Social −.06 .06 .03 .10 .02 .08 .04

Computer −.19 .11 .09 .10 .07 .14 .10

Writing −.09 .13 .13 .12 .05 .12 .14

Exercise .05 .11 .11 .10 .07 .10 .08

Volunteer .02 .13 .11 .13 .11 .12 .09

Clubs −.05 .16 .10 .21 .12 .14 .13

Pray −.04 −.10 −.10 −.04 −.08 −.09 −.11

Books −.04 .09 .14 .05 −.01 .10 .09

Magazine .13 .12 .11 .13 .02 .13 .11

Newspaper .18 .06 .07 .03 .06 .05 .04

TV −.05 −.07 −.05 −.07 −.02 −.08 −.06

Finances .00 .08 .06 .09 .07 .06 .07

Lectures −.05 .16 .11 .18 .09 .13 .17

Artistic −.02 .18 .16 .18 .12 .15 .17

Hobby −.02 .03 −.01 .05 .07 .03 −.01

Puzzle −.04 .04 .07 .03 .01 .04 .01

Card games −.03 .03 .01 .03 .03 .03 .03

Board games −.03 .02 .03 .01 .01 .03 .00

Other .04 .04 .03 .05 .06 .01 .01

Note. N = 470; All bold numbers are statistically significant at p < 0.05
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Table 4.

Parameter Estimates for Models of Activity Diversity Mediating the Effect of Openness on Cognitive 

Composites

Direct Indirect 95% CI Effect Size

Gf .33 (.06) .06 (.02) [.02, .09] .17

Gc .61 (.08) .02 (.02) [−.02, .07] .04

Inductive reasoning .30 (.07) .08 (.02) [.04, .13] .28

Divergent thinking .52 (.07) .07 (.03) [.02, .12] .13

Speed .22 (.07) .09 (.02) [.05, .13] .40

Memory .27 (.07) .06 (.02) [.02, .11] .23

Visual Spatial .25 (.08) .04 (.02) [.00, .09] .17

Note. N = 470. All bold numbers are statistically significant at p < 0.05. CI reflects the confidence interval for the indirect effect. Effect size 
estimates are the proportion of variance accounted for by the mediator.
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Table 5.

Indirect Effect of Diversity Mediating the Effect of Openness on Cognitive Abilities at Different Levels of 

Educational Attainment

Education Gf Gc Inductive reasoning Divergent thinking Speed Memory Visual Spatial

High school .11 (.05) .01 (.03) .08 (.04) .11 (.04) .15 (.04) .08 (.04) .05 (.03)

College .01 (.02) −.01 (.02) .04 (.02) .02 (.02) .04 (.02) .03 (.02) .01 (.02)

Note. N = 470. All bold numbers are statistically significant at p < 0.05.
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