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 Longitudinal data (N = 263) was used to investigate the bidirectional relationship 

between engagement (engaged lifestyle activities) and cognition (crystallized & fluid 

intelligence). Extroversion and openness to experience were also tested as moderators of the 

relationship between engagement and cognition. Results showed that the relationship between 

engagement at Wave 1 and cognition at Wave 2 did not differ from the relationship between 

cognition at Wave 1 and engagement at Wave 2. Testing for moderation with regression 

indicated that neither extroversion nor openness was moderating the relationship between 

engagement and cognition in either direction. Structural equation models provided further 

summary evidence that the relationships among engagement at Wave 1, extroversion, openness, 

and cognition at Wave 2 were not strong. However, a strong limitation to these results was the 

measurement error associated with a new measure of engagement. 
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CHAPTER 1 

 
INTRODUCTION 

 The United States Census Bureau (Day, 2008) estimates the median age of citizens will 

peak in 2035 after the last cohort of the Baby Boomer generation reaches 65 years of age in 

2029. Given these estimates of population growth and aging, the decline or stability of cognitive 

functioning as people age has become a leading issue. The current study has two purposes 

directed at the issue of cognition in later life. First, this project seeks to determine if longitudinal 

data support the theory that maintaining an engaged lifestyle promotes greater cognitive 

functioning or if the inverse is the case; greater cognitive functioning contributes to individuals 

seeking out and maintaining an engaged lifestyle. Second, the project explored the premise that 

personality factors (Neuroticism, Extroversion, Openness-Personality Inventory; NEO-PI; Costa 

& McCrae, 1992) moderate the relationship between cognition and engaged lifestyle.  

 Nelson and Dannefer’s (1992) analysis of 127 empirical gerontological studies revealed 

there is much variability in the aging process. Nelson and Dannefer’s analysis supports the fan 

effect (Neugarten, 1976) of increasing interpersonal variability or individual differences as age 

increases. Furthermore, research has shown that some individuals age well, while others do not. 

Whitbourne (1999) showed that although the popular culture believes physical functioning 

declines as one progresses across the life span, there is evidence to suggest physical functioning 

is subject to great variability. An individual’s ability to complete activities of daily living 

(ADLs) can increase or decrease as one ages. Carstensen, Isaacowitz, and Charles (1999) 

theorize that as people age their perception of time left in life influences the goals they pursue. 

Carstensen et al. believe that as people age their goals become more emotion oriented and the 

value placed on interpersonal relationships that are rewarding motivates selection of those 

 1



 

relationships which are more rewarding over those that are less rewarding. Carstensen et al. call 

this theory socioemotional selectivity and postulate that the theory further differentiates 

individuals’ functioning as they age. Other evidence supports the bidirectionality of cognitive 

change across the life span. A key distinction in the literature referring to the bidirectionality of 

cognitive change is the distinction between subjective change and objective change. Subjective 

change refers to the self-reported changes in cognitive functioning by participants across the life 

span. Objective change refers to the changes in standardized measurement of intellectual or 

cognitive functioning of participants across the life span. There is recognition among the 

literature of the confusion between objective change and subjective change in cognitive 

functioning among older adults (Crowe et al., 2006; Frerichs & Tuokko, 2006). This confusion is 

based on the likelihood of individuals’ self-reported cognitive change reflecting increasing recall 

of deficits rather than actual deficits.  

Schaie (2005) found that individuals’ cognitive functioning also gains variability across 

the life span. While many adults do experience cognitive decline, others do not, and moreover, 

some adults find ways of either enhancing or preventing further declines in such skills they have 

through selection, optimization, and compensation (SOC, Baltes & Baltes, 1990; Baltes & 

Carstensen, 1996). The SOC model reflects older persons’ selection of key skills, optimization of 

these skills through practice, so that they can compensate for declines in other skills or skill 

areas. These researchers, Schaie, Baltes, Carstensen, and colleagues, have found that cognitive 

and physical abilities can increase or decrease across the life span, because people use goals and 

practice strategies to improve or maintain skills or abilities they value.  

The determinants of such increases and decreases are complex, and likely covary with the 

interaction of early experience, cardiovascular status, and level of education. With respect to the 
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former, Snowden’s (2001) Nun Study established the importance of having created a more 

stimulating intellectual life early in life and susceptibility to/extent of impairment related to 

Alzheimer’s disease. Schaie (2005) and Zelinski, Crimmins, Reynolds, and Seeman (1998) 

demonstrated that persons in poorer cardiovascular health tend to have greater cognitive deficits 

as they age. In the context of the present project, the quality and quantity of everyday 

experiences is relevant to daily decisions older adults make to engage or not engage in activities 

which contribute to 1) feelings of enhanced intellectual vitality and 2) continued 

cognitive/intellectual functioning which is functionally adaptive and enhances the quality of life 

in late adulthood. 

 In light of the importance of environmental complexity (Schooler,1987), older persons 

might be expected to benefit differentially from experiences that are cognitively complex, 

demanding the greater use of/greater breadth of existing skills to cope with the requirements of a 

cognitively challenging environment. Some individuals might find job demands cognitively 

challenging, while for others who are retired, they might find a variety of everyday activities 

cognitively challenging. These everyday activities are likely ones they seek out to feel 

cognitively alive, competent, and socially engaged with everyday life. It is important to note here 

that many of these everyday activities are self-selected. Again, as mentioned above, researchers 

such as Cartensen, Schaie, Baltes and colleagues have focused on how self-directed choices can 

influence the direction of cognitive and physical ability change in later life. In this context, a 

great deal of attention has been devoted to not only developing ways of intervening in later life 

to enhance existing cognitive skills (see Hayslip & Maiden, 2005 for a review), but to also 

exploring the role of everyday experience in promoting enhanced cognitive functioning among 

older adults. From an intervention perspective, the literature suggests that incorporating 
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cognitively challenging activities into daily routine might improve the odds of maintaining 

cognitive functioning into very late life.  

Such work has embraced the notion of what has generally been termed engaged lifestyles, 

as might be indexed via more education, higher socioeconomic status, greater participation in 

leisure activities, or participation in activities that are cognitively challenging. Unfortunately, the 

literature examining the determinants of cognitive functioning in later life utilizing the use it or 

lose it hypothesis (that persons who are more actively involved in activities that require the use 

of their cognitive skills age better cognitively) is mixed with regard to the explicit role of mental 

engagement’s effect on cognitive aging. Salthouse (1991) characterizes the use or lose it theory 

as the disuse theory for explaining cognitive decline in individuals who do not maintain 

cognitive functioning throughout life by seeking cognitively challenging activities. Another 

problematic aspect of engagement is the subjective versus objective distinction, similar to that 

mentioned above for cognitive declines. Subjective engagement is analogous to self-report 

engagement in activities; and as such, when measured may contain social desirability biases. 

Objective engagement is the observed or directly measured frequency of engagement in 

activities. Practically speaking, objective engagement is much more difficult to measure, 

therefore, most studies of engagement include the added error associated with subjective 

engagement or self-reported engagement. As examples of the confusing and often conflicting 

literature concerning the role of mental engagement’s effect on cognitive functioning, consider 

the following studies.  

Positive Effects of Mental Engagement on Late Life Cognitive Ability 

Hultsch, Hertzog, Small and Dixon (1999) utilizing longitudinal data found evidence for 

the effect of mental engagement on cognition in later life. Using structural equation modeling, 
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Hultsch et al. found a significant positive relationship between intellectually stimulating 

activities and changes in cognitive function. Hultsch et al. did not find a significant relationship 

between physical and social activity and cognitive change. Hultsch et al. noted that some 

personality characteristics (i.e. NEO-PI; Costa & McCrae, 1992), e.g. agreeableness, 

conscientiousness, and neuroticism; and self reported health showed little influence on cognitive 

change. But, Hutsch et al. noted that extroversion and openness did show some limited positive 

influence on cognitive change. Furthermore, extroversion and openness were significantly 

positively related to intellectually stimulating activities.  

Bosma et al. (2002) found that individuals with high cognitive functioning early in life 

tended to engage in mentally, physically, and socially stimulating activities across the life span. 

Bosma et al. used longitudinal data to show that “persons participating in all three activities were 

particularly protected against longitudinal [cognitive] decline” (p. 575). Bosma et al. argue that 

the relationship between engaging activities and cognitive stability is reciprocal. “This reciprocal 

association is, first, based upon good cognitive function causing persons to increase their 

participation in leisure-time activities and, second, leisure-time activities being protective against 

cognitive deterioration” (Bosma et al., p. 578).  

Gold et al. (1995) studied World War II veterans’ intellectual stability across 40 years of 

adulthood. Gold et al. used verbal and nonverbal measures of intelligence as outcome variables. 

Gold et al. used the Eysenck Personality Inventory (EPI; Eysenck & Eysenck, 1968) to measure 

two dimensions of personality; neuroticism and introversion-extroversion. It is worth noting here 

that the EPI introversion-extroversion scale is not the same as the NEO-PI extroversion scale 

(Costa & McCrae, 1992). The EPI refers to the introversion-extroversion scale as assessing 

sociability versus introspection or as Gold et al. refer it, the frequency with which one reflects or 
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contemplates. Gold et al. found that for verbal intelligence; engaged lifestyle, introspection, and 

age were positive influences of later life intellectual functioning. Gold et al. found that for 

nonverbal intelligence; health, introspection, and age were positive predictors of later life 

intellectual functioning. However, Gold et al. found that early life scores of verbal and nonverbal 

intellectual functioning were the most predictive of later life intellectual functioning.  

Arbuckle, Maag, Pushkar, and Shaikelson (1998) also conducted a long term longitudinal 

study with male World War II veterans to determine the influence of self-reported health, 

engaged lifestyle, and introversion-extroversion (EPI; Eysenck & Eysenck, 1968) on intellectual 

stability across 45 years of adulthood. Arbuckle et al. reported that more engagement led to 

greater cognitive functioning in later life for most participants on most subtests. Engagement 

performed as more of a buffer against cognitive declines than better health and introversion-

extroversion on intellectual subtests similar to measures of crystallized and fluid intelligence.  

Similarly, qualified evidence for the positive effects of mentally engaged lifestyle 

participation in later life has been reported by MacKinnon, Christensen, Hofer, Korten, and Jorm 

(2003) and by Kleigel, Zimprich, and Rott (2004). MacKinnon et al. found associations between 

activity levels, both mentally challenging and physically challenging, and cognitive speed, 

memory, crystallized intelligence and grip strength. These associations were such that a decline 

in activity levels corresponded to declines in the other variables. However, MacKinnon et al. also 

found that participants who showed no decline in activity levels also showed declines in 

cognitive functioning and self-reported health. Kliegel et al. studied 249 centenarians with the 

purpose of discovering the role of formal education, occupational status, and intellectual 

activities throughout life on very late life cognitive functioning. Kliegel et al. collected data from 

participants’ recollections of what they had done, in terms of education, occupations, and 
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intellectual activities, earlier in life and across the life span. Using multiple logistic regression, 

Kliegel et al. found that “both early education and the assessed intellectual activities, but not 

occupational status, had a strong and statistically significant effect on cognitive status in the 

sense that higher early education and the greater number of intellectual activities maintained 

acted as a buffer against becoming cognitively impaired” (p. 435).  

Lovden, Ghisletta, and Lindenberger (2005) used longitudinal data from the Berlin Aging 

Study to apply structural equation modeling for determining the direction of effects among social 

participation, perceptual speed, and active lifestyle activities while controlling for 

sociobiographical variables and prior performance on independent variables. Lovden et al. 

measured perceptual speed using two scales; one resembling the common digit symbol task and 

the other using a touch screen computer program where participants were required to select a 

picture that matched a presented target among several choices.  Lovden et al. found “higher 

levels of social participation precede and predict significant positive deviations from the 

population’s linear decline in perceptual speed—an effect more powerful than that of level of 

perceptual speed on decrease in social participation” (p. 430). Lovden et al. stated the clear 

implication of these results was that “an engaged and active lifestyle in old and very old age may 

mitigate decline in perceptual speed” (p. 430).  

Negative Effects of Mental Engagement on Late Life Cognitive Ability 

Pushkar, Arbuckle, Conway, Chaikelson, and Maag (1997) utilized cross-sectional data 

in two studies to explore the impact of everyday activities on cognitive, social, and emotional 

competence in older adults. The first study found that emotional competence was influenced by 

personality variables (NEO-PI; Costa & McCrae, 1992), mastery, and happiness (Memorial 

University of Newfoundland Scale of Happiness, MUNSH; Kozma & Stone, 1983, as cited in 
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Pushkar et al.). Cognitive competence was influenced by intelligence (Wechsler Adult 

Intelligence Scale-Revised, WAIS-R; Fantuzzo, Blakey, & Gorsuch, 1989 as cited in Pushkar et 

al.) and prose recall. Social competence was influenced by perception of being in control, 

awareness of emotional complexity in social interactions, and size of social network. The second 

study used all three competency domains and attempted to evaluate the impact on them by 

activity difficulty, activity importance, future intentions to continue activities and changes in 

activities. Pushkar et al. found that competence does influence age-related differences in activity 

levels, but found no support for a relationship between participation in cognitively challenging 

activities and better cognitive functioning in later life.  

Salthouse, Berish, and Miles (2002) found no evidence for the benefits of cognitive 

activity, such as cross word puzzles (Hambrick, Salthouse, & Meinz, 1999), as a hedge against 

age-related cognitive decline. Arsten, Smits, VanTilburg, Knipscheer, and Deeg (2002) found 

that social, experiential, and developmental everyday activities did not contribute to greater 

cognitive functioning in older adults after controlling for age, gender, level of education, and 

health across a 6 year longitudinal study. 

More recently, Van Dijk et al. (2008) found no evidence for the buffering effects of 

higher levels of education (which may predispose persons to remain more cognitively active or 

seek out more cognitively challenging activities), while Weatherbee and Allaire (2008) found 

that better performance on a measure of everyday cognition (assessing performance on 

cognitively challenging everyday problems such as medication use or financial management) 

predicted mortality over a 10-year period. Indeed, Salthouse (2006) contends that the empirical 

evidence argues against the positive effects of mental activity on the rate of cognitive decline in 
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later life, suggesting that support for the use it or lose it hypothesis of cognitive aging is much 

weaker than popular belief might suggest.  

Purposes of the Present Study 

In this context, the primary investigator has collected data from community-residing 

older adults examining the influences on engaged lifestyles, utilizing a range of activities which 

may be for some persons and not others, cognitively stimulating and therefore potentially 

beneficial in this respect. The importance of attending to variability in such activities is 

supported by data presented by Salthouse (2006) suggesting the cognitively challenging value of 

different everyday activities (e.g. reading, writing, shopping, doing housework, driving) and their 

frequency of participation varies across persons in adulthood.  

In the context of variability across persons, analyses of these data to date suggest 1) that 

there is considerable variability across 81 activities among older adults in both their participation 

and in their perceived mentally stimulating potential, 2) that attitudes toward engaging in 

cognitively stimulating activities could be reliably assessed and are factorially complex, and 3) 

that personality (openness to experience, extroversion) made the greatest unique contribution to 

predicting engaged lifestyle involvement, while measures of cognitive functioning did not 

uniquely predict such involvement, though they correlated with lifestyle activities (Anton, 

Hayslip, Maiden, & Halpin, 2008; Hayslip, Maiden, Anton, & Halpin, 2008; Maiden, Hayslip, 

Anton, & Halpin, 2008). In light of these preliminary findings, the current study formulated four 

hypotheses focused on the relationships between engaged lifestyle activities, cognition, and 

personality. The hypotheses were designed to tease out the strength and direction of relationships 

among these constructs so that a clear understanding of the impact of both engagement and 

personality could be established with respect to cognitive aging.  
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Hypotheses 

1. It was predicted that activities defining an engaged lifestyle longitudinally predicts 

cognitive functioning more so than cognitive functioning longitudinally predicts 

people participating in engaged lifestyle activities.  

2. As part of this primary hypothesis, it was also hypothesized that a strong positive 

longitudinal relationship exists between engaged activities and cognitive functioning, 

and a weaker but still positive longitudinal relationship exists between cognitive 

functioning and engaged activities.  

3. It was hypothesized that personality (i.e. openness to experience, extroversion) 

moderates the relationship between engaged lifestyle involvement and cognition over 

time. That is, persons who are more open to new experiences, or more extroverted, 

are more likely to seek out activities that stimulate them and therefore reap the 

cognitive benefits of such participation. Specifically, it was predicted that 

participation in engaged lifestyle activities would longitudinally predict greater 

cognitive functioning, and that greater extroversion scores and greater openness to 

experience scores would lead to greater cognitive benefits (i.e. higher cognition 

scores).  

4. Similarly, it was predicted that individuals scoring lower on extroversion and/or 

openness would function less well cognitively in later life.  

As discussed above, several researchers have found a positive influence of engaged 

lifestyle on later life cognitive abilities (Gold et al., 1995; Arbuckle et al., 1998; Hultch et al., 

1999; Bosma et al., 2002; Kliegal et al., 2004; Lovden et al., 2005) while several others have 

found no significant effect of engaged lifestyle on later life cognition (Puskar et al., 1997; Arsten 
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et al., 2002; Salthouse et al., 2002; Salthouse, 2006). In light of the inconclusive nature of the 

role of engaged lifestyle activities in promoting cognitive functioning in later life, these 

questions are key in explaining such a role if it exists. Importantly, the moderating roles of 

personality in engaged lifestyle and aging research has been largely ignored to date. In the 

current study, a unique set of analyses incorporating longitudinal data will allow for a powerful 

case to be made about the nature of the relationships between engaged lifestyle, personality, and 

later life cognitive abilities.  
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CHAPTER 2 

 
METHOD 

Participants 

 Wave 1 participants included 619 older adults, aged 49 to 92 years (M = 71.83, SD = 9.09 

years). The majority of participants reported being female (70%), having a low income (50% 

below $35,001 earned in the last 12 months), and most were married (54%), although, 30% of 

participants reported being widowed. Approximately 300 Wave 1 participants reported being 

willing to participate in future waves. Wave 2 participants included 263 older adults ranging in 

age from 50 to 93 years (M = 73.44, SD = 8.71 years).  

Wave 2 data was collected between 18 and 24 months after the completion of Wave 1 

data collection. The majority of participants reported being female (75%), having a low income 

(46% below $35,001 earned in the last 12 months), and most were married (50%), although 33% 

of participants reported being widowed. Funding for participant compensation at Wave 2 

included $5.00. Participants who returned surveys with incomplete data were not compensated 

and that data was not entered into the data file.  

Attrition analysis revealed no significant differences between participants who chose to 

participate in Wave 2 and those who did not on extroversion. Attrition analysis revealed 

significant differences at Wave 1 between participants who chose to participant in Wave 2 and 

those who did not on most variables under investigation. Those who participated in both waves 

scored higher (M = 27.99, SD = 5.74) than those who participated in Wave 1 only (M = 25.53, 

SD = 5.78) on the openness to experience scale, t(617) = 5.23, p < .001. Those who participated 

in both waves scored higher (M = 8.48, SD = 2.09) than those who participated in Wave 1 only 

(M = 7.79, SD = 2.30) on the common analogies scale, t(617) = 3.84, p < .001. Those who 
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participated in both waves scored higher (M = 9.46, SD = 2.42) than those who participated in 

Wave 1 only (M = 8.23, SD = 3.02) on the abstruse analogies scale, t(617) = 5.61, p < .001. 

Those who participated in both waves scored higher (M = 8.42, SD = 3.44) than those who 

participated in Wave 1 only (M = 6.92, SD = 4.04) on the letter series scale, t(617) = 4.96, p < 

.001. Those who participated in both waves scored higher (M = 4.85, SD = 2.75) than those who 

participated in Wave 1 only (M = 3.49, SD = 2.94) on the letter sets scale, t(617) = 5.90, p < 

.001. Those who participated in both waves scored higher (M = 13.00, SD = 2.33) than those 

who participated in Wave 1 only (M = 12.14, SD = 2.98) on the vocabulary scale, t(617) = 4.03, 

p < .001. Those who participated in both waves scored higher (M = 190.18, SD = 24.33) than 

those who participated in Wave 1 only (M = 177.99, SD = 25.93) on the engagement activities 

scale, t(617) = -5.93, p < .001. All of these differences revealed that participants who did not 

choose to participate at Wave 2 scored slightly lower on the variables under investigation. The 

pattern of total score correlations among key variables was also compared between those who 

participated in Wave 1 only and those who participated in both waves. Correlations between total 

engagement, crystallized intelligence, fluid intelligence, extroversion, and openness to 

experience were all similar in direction and significance between those who participated at Wave 

1 only and those who participated in both waves. Only one correlation notably different; the 

relationship between extroversion and openness was significant with participants who 

participated in both waves, while it was not significant with participants who participated at 

Wave 1 only (see Table 1 for all compared total score correlations).  

Measures 

Both Wave 1 and Wave 2 older adults provided data regarding the extent of their 

participation in 81 everyday activities. These everyday activities (Maiden et al., 2008) were 
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compiled from previous literature (Arbuckle et al., 1998; Hultsch et al., 1999; Bosma et al., 

2002) and were considered mentally stimulating (e.g. household tasks, writing, driving, playing a 

musical instrument, doing crossword puzzles, managing one’s medication, doing one’s own 

taxes, playing bingo; alpha = .87). On the basis of Wave 1 factor analysis with these 81 items, 72 

items produced 12 factors describing the structure of everyday activities which were used in 

subsequent analysis. Inter-item correlations for these 72 items ranged from -.189 to .812, with a 

mean inter-item correlation of .092. 

Participants also completed measures of fluid (letter series, letter sets, common 

analogies) and crystallized (vocabulary, abstruse analogies) intelligence (15 items each, all 

scored as 1 = correct, 0 = incorrect, alphas > .80; Hayslip, 1977, 1979-1980; Hayslip & Sterns, 

1979). Fluid intelligence is related to process oriented aspects of the verbal and performance 

subtests of the Wechsler Adult Intelligence Scale-Revised (WAIS-R), while crystallized 

intelligence is more related to verbal oriented content of the WAIS-R (Horn, 1978a; Horn, 

1978b; Cattell & Horn, 1978). Research suggests fluid intelligence, the ability to solve problems, 

puzzles, and abstract reasoning, tends to decline throughout adulthood, while crystallized 

intelligence; the accumulated knowledge of learning (both formal and informal) does not 

decrease until later life, after approximately age 60 (Kaufman & Horn, 1996). Newer research 

suggests that previously identified age related declines in fluid intelligence can be nullified with 

gaining expertise, particularly intensive practice (Masunaga & Horn, 2001).  

Participants also completed measures of extroversion and openness to experience (12 

items each) derived from the Neuroticism, Extroversion, Openness-Personality Inventory (NEO-

PI; Costa & McCrae, 1992). The NEO-PI is a well established self-report personality inventory 

which has five central traits for assessing normal personality; neuroticism (N; alpha = 93) 
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extroversion (E; alpha = .87), openness to experience (O; alpha = .89), agreeableness (A; alpha = 

.76), and conscientiousness (C; alpha = .86). Sixty rationally constructed test items each have a 

five point Likert scale response format from 0 = disagree strongly to 4 = agree strongly. Siegler 

and Brummett (2000) have found that psychological well-being was negatively related to N, 

positively related to E, and positively related to C. Weiss et al. (2005) have found that only A 

distinguishes between old-old and young or young-old participants, with old-old participants 

scoring significantly higher. More recently, Terracciano, McCrae, Brant, and Costa (2005) have 

found “gradual personality changes in adulthood: a decline in N up to age 80, stability and then 

decline in E, decline in O, increase in A, and increase in C up to age 70” (p. 493). However, 

Terracciano et al. admit these changes are modest and required a notably large sample and a 

substantial amount of longitudinal data collection (i.e. time). Some limited data has been 

collected speaking to relationships between some NEO factors and mortality. For example, 

Wilson, Mendes de Leon, Bienias, Evans, and Bennett (2004) have found significantly increased 

rates of mortality among longitudinally followed elders who scored high for N and low in C. 

Wilson et al. did notice a significant relationship between mortality rates and E, with lower E 

related to higher mortality. However, Wilson et al. also recognize that the participants in their 

study who died tended to be older and have lower levels of health status and functioning.  

Each of these measures of cognitive functioning and personality has established 

reliability and validity, and have respectively, been utilized in many published studies of 

intellectual functioning (see above, as well as  Hayslip, 1988, 1989, Hayslip, Maloy, & Kohl, 

1995), as well as personality and aging (see Costa & McCrae, 1992; Mroczek, Spiro, & Griffin, 

2006). These measures were administered through postal mail for the current project.  
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CHAPTER 3 

 
RESULTS 

Initial Data Analysis 

 First, all items in both Wave 1 and Wave 2 that required reverse coding were recoded 

(e.g. Openness Item 1, Openness Item 2, Extroversion Item 3, etc.). Next, missing data was 

evaluated using frequency distributions and counting/computing the number of missing values 

for each case across each item in a given scale of interest (i.e. Items 1 – 12 for extroversion 

scale). Each case that displayed more than one missing value across all scales was evaluated 

further to determine if data was missing at random or missing in a systematic fashion. All cases 

that displayed missing values were deemed to be missing at random due to the infrequency and 

sporadic nature of each missing value (i.e. no participant was missing multiple values in close 

proximity and very few participants were missing multiple values on a given scale). Missing data 

was not a concern with cognitive scales (i.e. common analogies, letter series, letter sets, etc.) 

because all of those items were scored dichotomously (1 = correct, 0 = incorrect) and therefore, 

failure to answer a given item was treated as an incorrect answer. Maximum likelihood 

imputation was used for items contributing to variables of interest (i.e. Items 1 – 12 for 

extroversion) to retain as many cases as possible given the sample size of the Wave 2 data. 

Maximum likelihood imputation makes fewer demands of the data in terms of statistical 

assumptions, is generally considered superior to imputation by multiple regression, and is now 

the most common method of imputation (Garson, 2009). Maximum likelihood imputation is a 

method of multiple imputation and estimates the mean and covariances by summarizing a 

likelihood function which has been averaged over a predictive distribution for the missing values 

(Little & Rubin, 1983; Little & Rubin, 1987).  
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 Next, Wave 1 and Wave 2 data were merged using code numbers for each participant to 

identify their data at each wave. The resulting data file contained 263 participants with complete 

Wave 1 and Wave 2 data. Total scores were computed for each variable of interest at each wave 

(i.e. Wave 1 extroversion, Wave 2 extroversion, Wave 1 openness, Wave 2 openness, Wave 1 

abstruse analogies, Wave 2 abstruse analogies, Wave 1 vocabulary, etc.). Evaluation of the 

distribution of total scores for relevant variables revealed nearly normal distributions for most 

variables on both waves. Common analogies, abstruse analogies, and vocabulary total scores all 

showed negatively skewed distributions in both waves.  

Factor Analysis of Wave 1 Engagement Activities 

 Principle components (PC) analysis was used to identify the underlying structure of the 

original 81 engagement items administered to Wave 1 participants (N = 619). Unfortunately, 

during initial data analysis it was discovered that the majority of participants (60 – 80%) 

responded to 9 items with the response ‘I never do this activity’ and therefore; those 9 items 

were dropped prior to analysis. This left 72 items for analysis.  

 The first PC analysis yielded 22 factors with eigenvalues greater than 1 (Kaiser, 1960) 

and a scree plot that suggested between 20 and 22 factors (Cattell, 1966). However, as Zwick 

and Velicer (1986) have suggested, Horn’s (1965) parallel analysis tends to be more precise in 

determining the number of reliable factors. Therefore, the parallel analysis engine (Patil, Singh, 

Mishra, & Donavan, 2007), was used and indicated the presence of 12 factors.  

 Multiple subsequent PC analysis using both oblique (direct oblimin) and orthogonal 

(varimax) rotation of the 12 factors revealed that correlations between factors were low (i.e. 

ranging from .02 to .08 between factors). The varimax rotation was selected for final analysis.  
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 Final PC analysis was run extracting 12 factors and applying varimax rotation. The 

resulting solution converged in 24 iterations and reproduced 45.70% of the variance in the 

original item correlation matrix. Communalities ranged from .25 to .79 with an average 

communality of .46, and only four items displaying communalities below .30. Factor loadings 

ranged from |.26| to |.85| with an average loading of |.52| and only six items loading less than 

|.32|. The current goal was to retain all the items, however; it is recognized that these 6 items 

may need to be removed upon revision of the measure. Table 2 displays each factor, the items 

each contains, their loadings, and their communalities. Each of the 72 items was assumed to 

belong to the factor for which it had the highest absolute value loading. Although some of those 

loadings were quite small, the items were assigned to the factor with which they loaded best.  

 Factor 1 consisted of 11 items dealing with a wide range of culturally stimulating 

activities and was named Cultural. Factor 1 accounted for 11.39% of the variance in the item 

correlation matrix. Factor 1 displayed an average item loading of .49 with loadings ranging from 

.27 to .69 and only one item (Item 7) loading less than .32. Factor 2 contained 7 items dealing 

primarily with the use of a personal computer and was named Computer use. Factor 2 accounted 

for 4.90% of the variance. Factor 2 displayed an average item loading of .64 with loadings 

ranging from .38 to .85. Factor 3 consisted of 9 items inquiring about different games one might 

play (i.e. crossword puzzles, board games such as chess, knowledge games such as Trivial 

Pursuit, etc.) and was thus named Games. Factor 3 accounted for 4.47% of the variance and had 

an average item loading of .53. Item loadings ranged from .44 to .65. Factor 4 was made up of 7 

items, most of which dealt with household finance and it was therefore named Home Economics. 

Factor 4 accounted for 3.78% of the variance. Factor 4 items displayed loadings ranging from .39 

to .74, with an average loading of .57.  
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 Factor 5 contained only 6 items dealing with household management and planning, so it 

was named Home Management. Factor 5 accounted for 3.57% of the variance in the item 

correlation matrix. Factor 5 items loaded between .49 and .63 with an average loading of .55. 

Factor 6 contained 7 items. Factor 6 was named Educational, because most of the Factor 6 items 

dealt with personal educational development. Factor 6 accounted for 3.11% of the variance. 

Factor 6 items had an average loading of .44, with loadings ranging from .36 to .51. Factor 7 

contained 6 items primarily concerning household hobbies or crafts, so Factor 7 was named 

Home Hobbies. Factor 7 accounted for 2.88% of the variance. Factor 7 items had an average 

loading of .53, with a range of .29 to .76; with only one item loading less than .32 (Item 33). Item 

33 may need to be removed in further revisions of this measure. Factor 8 consisted of only 3 

items, however, these items were related to religious practices and so Factor 8 was named 

Religion. Factor 8 accounted for 2.64% of the variance. Factor 8 items displayed loadings of .41, 

.82, and .83; with an average loading of .69.  

 Factor 9 consisted of 6 items dealing with social engagement and doctor visits. Factor 9 

was named Social. Factor 9 accounted for 2.64% of the variance. Factor 9 items loaded between 

.34 and .68 with an average loading of .48. Factor 10 only contained 4 items and only two of 

them loaded greater than |.32|. The two key items dealt with playing music and therefore, the 

factor was named Playing Music. Item 2 loaded -.31 and Item 51 loaded .31; Items 14 and 15 

both had a loading of .76. As stated previously, one goal of this research was to retain all items; 

however, in future revisions of this measure Item 2 and Item 51 may need to be dropped. Factor 

10 only accounted for 2.18% of the variance in the original item correlation matrix. Factor 11 

only contained 4 items, and again two of those items loaded less than |.32|. Factor 11 was named 

Solitary Activities, because it dealt with activities surrounding the individual. Factor 11 
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accounted for only 2.17% of the variance. Item 76 loaded on Factor 11 higher than all other 

factors, but only had a loading of -.26 on Factor 11. Likewise, Item 64 only displayed a loading 

of .30 on Factor 11. Items 18 and 54 showed loadings of .49 and -.38 on Factor 11 respectively. 

Items 76 and 64 may need to be removed or edited in future versions of this measure. Factor 12 

only accounted for 1.97% of the variance and only contained 2 items. Factor 12 was named 

Television because both items dealt with that appliance. Item 52 displayed a loading of .52 and 

Item 75 displayed a loading of .43 on Factor 12.  

 In conclusion, it appears the engagement activities measure needs further revision. 

Although common convention accepts deletion of items which load less than |.45|, it was the goal 

of this study to retain all items. It was also the perspective of the author that a loading of |.32| 

represents 10% of the variance, which is often meaningful. Therefore, it is recommended that all 

72 items be retained in future development, but many more items need to be developed to 

support the existing factors, new factors, or replacement factors. It is believed that while the 

current factor structure may be valid, many of those factors do not have enough items to support 

them. As an example, consider Factor 8 which contains only 3 items. Two of the Factor 8 items 

directly mention religious activity. Religious activity is an important aspect of life for a great 

many people; two items therefore may not be sufficient to measure the level of engagement for 

people who are religiously active. If a few more religious items were added, the strength of that 

factor would be greatly increased and the measurement error associated with that factor would be 

drastically reduced. Many of the other factors appear to suffer the same problem; it is not that the 

items are necessarily bad, but there are not enough items to account for an acceptable level of 

variance in the original correlation matrix (i.e. total or cumulative variance explained by all the 

factors). 
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Correlations 

 First, bivariate correlations were reviewed for each pair of variables of interest; see Table 

3 for total score correlations. Of particular interest were the total score relationships between 

engagement at Wave 1 and crystallized intelligence at Wave 2 (r = .172, p = .005), engagement 

at Wave 1 and fluid intelligence at Wave 2 (r = .157, p = .011), as well as crystallized 

intelligence at Wave 1 and engagement at Wave 2 (r = .071, p = .250) and fluid intelligence at 

Wave 1 and engagement at Wave 2 (r = .107, p = .084). Partial correlations for the relationships 

just mentioned were reviewed for each of the pairs, while controlling for Wave 1 scores. Three 

of those four relationships decreased once Wave 1 scores were controlled. The relationship 

between engagement at Wave 1 and crystallized intelligence at Wave 2 was even smaller once 

crystallized intelligence at Wave 1 was controlled (r = .108, p = .082). The relationship between 

engagement at Wave 1 and fluid intelligence at Wave 2 decreased once fluid intelligence at 

Wave 1 was controlled (r = .037, p = .553). Oddly, the relationship between crystallized 

intelligence at Wave 1 and engagement at Wave 2 increased slightly once engagement at Wave 1 

was controlled (r = -.114, p = .066). The relationship between fluid intelligence at Wave 1 and 

engagement at Wave 2 decreased once engagement at Wave 1 was controlled (r = -.066, p = 

.291).  

Second, canonical correlation analysis was used to examine four models of relationship. 

The relationship between engagement at Wave 1 and crystallized intelligence at Wave 2 was 

termed Model 1a. Model 1a used 12 subscale scores of engagement (12 factors) to create the 

canonical variate engagement at Wave 1 and 2 subscale scores (abstruse analogies & vocabulary) 

to create the canonical variate crystallized intelligence at Wave 2. The canonical correlation for 

Model 1a was significant (rc = .361, Wilks’ Λ = .812, χ² [24] = 52.90, p = .001), indicting that 
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only 13% of the variance of the canonical variate crystallized intelligence at Wave 2 was 

accounted for by the canonical variate engagement at Wave 1. See Table 4 for complete 

canonical correlation results of Model 1a with coefficients and loadings. 

The relationship between engagement at Wave 1 and fluid intelligence at Wave 2 was 

termed Model 1b. Model 1b used 12 subscale scores of engagement (12 factors) to create the 

canonical variate engagement at Wave 1 and 3 subscale scores (common analogies, letter series, 

& letter sets) to create the canonical variate fluid intelligence at Wave 2. The canonical 

correlation for Model 1b was significant (rc = .319, Wilks’ Λ = .802, χ² [36] = 56.01, p = .018), 

indicting that only 10% of the variance of the canonical variate fluid intelligence at Wave 2 was 

accounted for by the canonical variate engagement at Wave 1. See Table 5 for complete 

canonical correlation results of Model 1b with coefficients and loadings. 

 The relationship between crystallized intelligence at Wave 1 and engagement at Wave 2 

was termed Model 2a. Model 2a used 2 subscale scores (abstruse analogies & vocabulary) to 

create the canonical variate crystallized intelligence at Wave 1 and 12 subscale score of 

engagement to create the canonical variate engagement at Wave 2. The canonical correlation for 

Model 2a was not significant (rc = .291, Wilks’ Λ = .870, χ² [24] = 35.46, p = .062), indicting 

that only 8% of the variance of the canonical variate engagement at time 2 was accounted for by 

the canonical variate crystallized intelligence at Wave 1. See Table 6 for complete canonical 

correlation results of Model 2a with coefficients and loadings.  

The relationship between fluid intelligence at Wave 1 and engagement at Wave 2 was 

termed Model 2b. Model 2b used 3 subscale scores (common analogies, letter series, & letter 

sets) to create the canonical variate fluid intelligence at Wave 1 and 12 subscale score of 

engagement to create the canonical variate engagement at Wave 2. The canonical correlation for 
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Model 2b was significant (rc = .322, Wilks’ Λ = .803, χ² [36] = 55.61, p = .019), indicting that 

only 10% of the variance of the canonical variate engagement at time 2 was accounted for by the 

canonical variate fluid intelligence at Wave 1. See Table 7 for complete canonical correlation 

results of Model 2b with coefficients and loadings.  

Moderation and Regression 

 Evaluation of the moderating effects of personality on the relationships between 

engagement and cognition necessitated modification of the previous four models into three 

models. Model 1a and Model 1b from above remained unchanged for moderation evaluation 

using crystallized intelligence at Wave 2 and fluid intelligence at Wave 2 as separate dependent 

or outcome variables. Model 2a and Model 2b from above were combined because both 

crystallized and fluid intelligence at Wave 1 could be used as independent or predictor variables 

in evaluating moderation. In each of the three regression models, demographic variables at Wave 

1 were controlled. These demographic variables included: age, gender (dummy coded), years of 

education, income, and self-reported health. Furthermore, for each model below, independent 

and moderating variables were centered prior to creation of the product/interaction terms to 

eliminate multicollinearity problems (Baron & Kenny, 1986; Frazier, Tix, & Baron, 2004; 

Garson, 2009). For each model, control variables were entered in the first block (to remove the 

influence of demographic variables and isolate the main effects and interaction/moderation 

effects), then main effects (centered predictors & centered moderators) in the second block, and 

in the third and final block, the product/interaction terms were entered (the products of the 

centered predictors & centered moderators).  

 Model 1a consisted of total engagement scores at Wave 1 (the sum of 12 factors) 

predicting crystallized intelligence at Wave 2 (the sum of 2 factors) while controlling for 
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demographic variables and evaluating the moderating effects of extroversion and openness at 

Wave 1. Model 1a was significant at each block according to model summary statistics; Block 1 

entered demographics, F(5, 262) = 5.24, p < .001; Block 2 entered predictors and moderators, 

F(8, 262) = 4.27, p < .001; and Block 3 entered product/interaction terms F(10, 262) = 3.49, p < 

.001. However, the amount of variance accounted for at each block was small and changed little, 

and significant moderation was not found. Gender was a significant negative predictor at all 

three blocks. Education was a significant positive predictor at Block 1. Openness was a 

significant positive predictor at Blocks 2 and 3. However, all standardized coefficients were less 

than |.20|. See Table 8 for complete Model 1a summary including coefficients.  

 Model 1b consisted of total engagement scores at Wave 1 (the sum of 12 factors) 

predicting fluid intelligences at Wave 2 (the sum of 3 factors) while controlling for demographic 

variables and evaluating the moderating effects of extroversion and openness at Wave 1. Like 

Model 1a, Model 1b was significant at each block according to model summary statistics; Block 

1 entered demographics, F(5, 262) = 10.52, p < .001; Block 2 entered predictors & moderators, 

F(8, 262) = 6.76, p < .001; and Block 3 entered product/interaction terms F(10, 262) = 5.45, p < 

.001. However, the amount of variance accounted for at each block was small and changed little, 

and as was the case in the previous model, moderation was not present. Age, education, and 

income were the only significant predictors and all three were significant at each of the three 

blocks. Only education displayed a standardized coefficient of greater than |.20|, which it did at 

all three blocks; but, at each block the standardized coefficient was less than |.30|. See Table 9 

for complete Model 1b summary including coefficients.  

 Model 2 consisted of total crystallized intelligence scores at Wave 1 (the sum of 2 

factors) and total fluid intelligence scores at Wave 1 (the sum of 3 factors) predicting total 
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engagement scores at Wave 2 (the sum of 12 factors) while controlling for demographic 

variables and evaluating the moderating effects of extroversion and openness at Wave 1. Model 

2 was significant at each block according to model summary statistics; Block 1 entered 

demographics, F(5, 262) = 5.63, p < .001; Block 2 entered predictors & moderators, F(9, 262) = 

6.60, p < .001; and Block 3 entered product/interaction terms F(13, 262) = 5.12, p < .001. Block 

1 results revealed that 10% of the variance in engagement at Wave 2 was accounted for by the 

demographic variables (R = .314, R² = .099, Adj. R² = .081, p < .001). Block 2 results revealed 

that 19% of the variance in engagement at Wave 2 was accounted for by the addition of the main 

effects (i.e. centered predictors & centered moderators; R = .436, R² = .190, Adj. R² = .161, ∆R² 

= .092, p < .001). Block 3 results revealed that 21% of the variance in engagement at Wave 2 

was accounted for by the addition of the product/interaction terms (R = .459, R² = .211, Adj. R² = 

.170, ∆R² = .021, p = .164). Openness and extroversion displayed significant standardized 

coefficients at Block 2 and Block 3; reinforcing the strong positive relationships seen in the 

bivariate correlations between openness and extroversion, and engagement at Wave 2. Openness 

did display a small but significant moderating effect between fluid intelligence at Wave 1 and 

engagement at Wave 2 (β = -.147, t = -2.17, p = .031). See Table 10 for a complete summary of 

Model 2 with coefficients.  

Structural Equation Modeling 

 Structural equation modeling (SEM) was used to test the theoretical causal relationship 

between the latent variable engagement at Wave 1 and the latent variable cognition at Wave 2 

using each latent’s measured variables or indicator factors, and then subsequently testing the 

theoretical moderators (extroversion at Wave 1 & openness at Wave 1). Use of SEM followed 

Anderson and Gerbing’s (1988) two step approach, in which the first step verifies the 
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measurement model (confirmatory factor analysis) and the second step tests the structural model 

(proposed theoretical causal model). Once the structural model was established, moderating 

effects could be explored by comparing the unstandardized path coefficients from the moderation 

models to those from the structural model. Four moderation models were tested because each 

moderator variable was split into two groups based on participants scoring at or below the mean 

and participants scoring above the mean. Use of the mean as a cutoff point was chosen so that 

each group would reflect high or low scores of a given variable. Each group of each of the two 

moderator variables had roughly the same number of participants scoring high and low. 

Generally it is recommended that interval/ratio variables not be converted to categorical or 

dichotomous variables because of the loss of measurement precision or variation contained in the 

interval/ratio scale of measurement. However, in the current study the low number of 

participants necessitated minimizing the number of comparison (i.e. moderation) models and the 

splitting of each moderator so that each comparison model would converge and be 

overidentified; as is a requirement of structural equation modeling.  

 Table 11 contains correlations and standard deviations for variables in the measurement 

model and the structural model. Common goodness of fit indices are shown in Table 12 for each 

model: the measurement model, the structural model (Model 3), the moderation model using 

only participants who scored at or below the mean for extroversion (Model 3a), the moderation 

model using only participants who scored above the mean for extroversion (Model 3b), the 

moderation model using only participants who scored at or below the mean for openness (Model 

3c), and the moderation model using only participants who scored above the mean for openness 

(Model 3d).  
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Table 12 shows that for all models, the values for the non-normed fit index (NNFI) and 

comparative fit index (CFI) were below .9; which indicates poor fit for all models. Furthermore, 

all models showed values for the root mean square error of approximation (RMSEA) of greater 

than .05; further indicating poor fit for all models. Chi-square for the measurement and structural 

models was significant, χ² (116) = 227.29, p = .001 which indicates poor fit; however chi-square 

is often not relied upon due to the large sample sizes necessary for SEM. Review of modification 

indices showed that only one parameter was recommended to be dropped for improving model 

fit. The Wald test indicated that the factor loading between abstruse analogies and the latent 

factor crystallized intelligence could be dropped from the model and fit would be improved. 

However, that would leave only one indicator (vocabulary) for crystallized intelligence and the 

chi-square would only improve by 2.10, which would not be sufficient to justify removal. 

Review of the Lagrange multipliers (in gamma) indicated additional paths would have changed 

model fit as indicated by chi-square. The largest change was indicated by the recommendation of 

inserting a path between the indicator common analogies and the latent crystallized intelligence; 

however, the resulting change in chi-square was only estimated at 10.87, which would not be a 

substantive difference compared to the current model chi-square, χ² (116) = 227.29, p = .001. All 

other recommended changes based on the Lagrange multipliers were smaller in magnitude and 

thus, not justified.  

 Table 13 shows the standardized loadings, t scores (for unstandardized loadings), 

standard errors, and reliability estimates (standardized loading squared) for each indicator in the 

measurement model. The obtained t values for all loadings range from 3.52 to 14.46 which 

indicate that all factor loadings were significant (p < .001). However, three indicators of 

engagement displayed reliabilities of less than .10 (V8, V10, & V12), which indicates that these 
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three indicator variables each have less than 10% of their variance accounted for by the latent 

factor engagement.  

 Standardized path coefficients, disturbance terms, and exogenous variable correlations 

for each theoretical model are presented in Table 14. The structural model is displayed in Figure 

1. The structural model column of table 13 shows that the predicted causal relationship between 

engagement (F1) and crystallized intelligence (F2) was significant (p < .05), but not strong. Also, 

the predicted causal relationship between engagement (F1) and fluid intelligence (F3) was 

significant (p < .05), but not strong. The correlations between crystallized and fluid intelligence 

were strong, with the exception of Model 3b (including only participants who scored above the 

mean on extroversion). With regard to the moderation models (3a, 3b, 3c, & 3d), no significant 

moderation was detected, based on poor fit indices (Table 12) and a comparison of the 

unstandardized path coefficients between engagement and crystallized intelligence, and between 

engagement and fluid intelligence. For instance, the unstandardized path coefficient between 

engagement and fluid intelligence for Model 3c (participants with low scores on openness) was 

.071, while the same coefficient for Model 3d (participants with high scores on openness) was 

.077. The difference between the two coefficients in the models testing for moderation of 

openness between engagement and fluid intelligence was negligible, which indicates no 

moderation effect. Furthermore, both path coefficients were not significantly different from zero 

(t scores; p > .05). This pattern of results was observed for both extroversion (Models 3a & 3b) 

and openness (Models 3c & 3d) across both relationships; engagement predicting crystallized 

intelligence, and engagement predicting fluid intelligence.  
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CHAPTER 4 

 
DISCUSSION 

Hypotheses 

 There were four hypotheses for the current study. Several analyses were performed to test 

these hypotheses and results showed limited support for them. First, activities defining an 

engaged lifestyle longitudinally predicts cognitive functioning more so than cognitive 

functioning longitudinally predicts people participating in engaged lifestyle activities. The first 

hypothesis was partially supported by bivariate and canonical correlations. Second, and 

subordinate to the first hypothesis, it was hypothesized that a strong positive longitudinal 

relationship existed between engaged lifestyle involvement and cognitive functioning, and a 

weaker but still positive longitudinal relationship existed between cognitive functioning and 

engaged activities. This second hypothesis was partially supported by bivariate correlations, but 

not canonical correlations. Third, personality (i.e. openness to experience & extroversion) 

moderates the relationship between engaged lifestyle and cognition over time. Virtually no 

support was found for this hypothesis, except that openness was found to be a slight moderator 

between fluid intelligence at Wave 1 and engagement at Wave 2. Fourth, individuals scoring 

lower on extroversion and/or openness would function less well cognitively later in life. Based 

on correlation analysis, there was very little support for the relationship(s) between personality 

and cognition in later life.  

 First, bivariate correlations among variable total scores were used in an attempt to 

establish the necessary relationships to support the first and second hypotheses, that engagement 

at Wave 1 was significantly, positively related to cognition at Wave 2. Specifically, engagement 

at Wave 1 was significantly, positively related to crystallized and fluid intelligence at Wave 2. 
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These results suggest that participants who are more actively engaged are more likely to have 

greater crystallized and fluid intelligence later in life. The reverse was not the case. Both 

crystallized and fluid intelligence at Wave 1 were not significantly related to engagement at 

Wave 2. Support for the third and fourth hypotheses was completely lacking for extroversion, but 

not openness. Extroversion was not significantly related to either crystallized or fluid intelligence 

at Wave 1 or at Wave 2. Openness was significantly related to both crystallized and fluid 

intelligence at Wave 1. Openness was significantly related to crystallized intelligence at Wave 2, 

but not fluid intelligence at Wave 2; indicating that individuals who are more open to experience 

tend to have higher scores of crystallized intelligence later in life.  

 Second, canonical correlations provided mixed support for the first and second 

hypotheses. Engagement at Wave 1, when supported by all 12 factors, was significantly 

positively related to crystallized intelligence at Wave 2, when supported by both of its 

established factors. Also, engagement at Wave 1, when supported by all 12 factors, was 

significantly positively related to fluid intelligence at Wave 2, when supported by all 3 of its 

factors. These results further suggest support for the first hypothesis, that engagement was 

longitudinally related to cognition; meaning that individuals who maintain an engaged lifestyle 

tend to have greater crystallized and fluid intelligence. The reverse was only partially shown. 

Crystallized intelligence was not longitudinally related to engagement; however, fluid 

intelligence was longitudinally related to engagement in a significant positive way. These results 

suggest that individuals high in fluid intelligence tend to be more engaged in later life and 

indicate only partial support for the second hypothesis.  

 Third, multiple regression showed virtually no support for hypotheses 1 and 2, and very 

little support for hypotheses 3 and 4. In Model 1a, with engagement at Wave 1 predicting 
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crystallized intelligence at Wave 2; more education and gender (i.e. being female) were 

significant predictors from the first block. Education remained a significant predictor in Blocks 2 

and 3. Main effects; engagement, extroversion, and openness, were added in the second block. 

Openness was the only significant main effect. However, the magnitude of openness’ coefficient 

suggested it was not a strong predictor of crystallized intelligence. Furthermore, moderation 

effects (i.e. interaction terms) added at Block 3 for both extroversion and openness were not 

significant. The results of Model 1a contradict the correlation analyses; but are reasonable 

considering the statistical control of demographic variables in the regression model. Model 1a 

results indicate that once the contributions of education and gender were accounted for, there 

really was no further contribution made by engagement in the longitudinal prediction of 

crystallized intelligence. These results are unfortunate, but not wholly surprising given the 

definition of crystallized intelligence as the accumulated knowledge of both formal and informal 

learning; it seems reasonable to expect education to be influential in predicting crystallized 

intelligence. It was hoped that a stronger relationship between engagement at Wave 1 and 

crystallized intelligence at Wave 2 would be shown and maintain enough strength to remain 

influential after demographic variables were controlled. However, that was not the case and 

model 1a did not support either hypothesis.  

 The second regression model (Model 1b) used engagement at Wave 1 to predict fluid 

intelligence at Wave 2. Model 1b showed no support for any of the hypotheses. The only 

significant predictors of fluid intelligence at Wave 2 were age, education, and income—all three 

of which remained significant predictors in Block 1, Block 2, and Block 3. The results of Model 

1b are perhaps most damaging to the theory that an engaged lifestyle helps defend against 

cognitive declines in later life. Fluid intelligence; the ability to solve problems, puzzles, and 
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abstract reasoning, is generally thought to decline in later life. Therefore, it was hoped that the 

first hypothesis would be supported here by finding that engagement was a significant positive 

predictor of fluid intelligence after controlling for demographic influences. Unfortunately, the 

results suggest that younger age, more education, and a higher income contribute to fluid 

intelligence in later life and that engagement does not.  

 The third regression model (Model 2) used both crystallized and fluid intelligence at 

Wave 1 to predict engagement at Wave 2. Model 2 showed some support for the second 

hypothesis and very limited support for the third and fourth hypotheses. Recall, that the first 

hypothesis posited that engagement would predict cognition more so than cognition would 

predict engagement. Model 2 showed that crystallized and fluid intelligence at Wave 1 were not 

significant main effect predictors for engagement at Wave 2. Education, gender, and health were 

significant predictors of engagement in Block 1, with health remaining a significant predictor in 

Block 2. What was most surprising about these results was that the coefficients for health were 

negative, indicating that poorer health was related to greater engagement; which seems counter 

intuitive. One possible explanation may be that those individuals who have had health problems 

value being engaged as a way of maximizing quality of life in the face of declining expected 

quantity of life (Cicirelli, 1997; 1998). Model 2 also showed significant main effects for 

extroversion and openness in Blocks 2 and 3. These main effects were not surprising, given the 

strong correlations between engagement and both personality variables. Model 2 results did 

show partial minor support for hypotheses 3 and 4. The interaction of openness and fluid 

intelligence was a significant predictor of engagement. The interactions of extroversion and 

crystallized; as well as fluid, intelligence were not significant, nor was the interaction of 

openness and crystallized intelligence, in predicting engagement at Wave 2. Although the 
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regression results as a whole were disappointing, they tended to follow what was expected based 

on the pattern of bivariate total score correlations; namely that extroversion was not related to 

crystallized or fluid intelligence and openness was, for the most part, related to both crystallized 

and fluid intelligence. Furthermore, both extroversion and openness were strongly positively 

related to engagement at both Wave 1 and Wave 2.  

 The results of both the correlation and regression analysis above indicated that the 

structural equation modeling (SEM) analyses were not necessary. However, they were conducted 

as a summation of previous analyses and although general fit was poor; the pattern of path 

coefficients indicated that previous results were supported. The paths between engagement at 

Wave 1 and both crystallized and fluid intelligence were significant, but moderation for both 

personality variables was not indicated. These results support the first hypothesis, but not the 

third and fourth. The SEM results do offer a unique insight into the pattern of results discovered. 

SEM allows estimation of measurement error among the indicator variables. A review of the 

measurement model loadings for the indicators of engagement reveals that most indicators did a 

poor job of assessing the latent variable engagement. These results are consistent with the factor 

analysis finding and may have implications for why the hypotheses were not more firmly 

supported in this study.  

Literature 

 Unfortunately, the results of the current study appear to offer less clarification than was 

expected in terms of fitting in with the literature. Instead, the current results offer mixed support 

for prior literature reviewed above. In terms of prior research, if anything; the current results 

offer support for the idea that the relationships studied are complex and often difficult to 

document, similar to the findings of Salthouse (2006). Salthouse found that although openness to 
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experience was related to cognitive variables, it did not moderate the relationship between 

cognition and aging. The current study’s results also show that openness to experience was 

related to cognitive variables and openness did show some moderating effects between fluid 

intelligence and engagement; but openness did not show a moderating effect among other 

variables tested. The current results are partially consistent with Hultsch et al. (1999), in finding 

support for the longitudinal relationship between engagement and later life cognition. In the case 

of Hultsch et al., they found a positive relationship between mentally stimulating activities and 

later life cognition, but they did not find support for social and physical activities being related to 

later life cognition. Furthermore, the current results are consistent with Hultsch et al.’s findings 

that extroversion and openness are related to engagement, but not necessarily later life cognition.  

 The current results offer less support for Bosma et al. (2002) who found that cognition 

longitudinally predicts engagement. The current results offered very little support for this 

direction of relationship between cognition and engagement. However, Bosma et al. also found 

evidence for a reciprocal relationship between the two primary variables. The current results 

offer some support (correlations) for this reciprocal association. The current regression results 

did not support the bidirectional aspect of Bosma et al.’s results.  

 The current study offered very similar (correlation & partial correlation) results to Gold 

et al. (1995). Gold et al. found that although engagement was related to and a positive predictor 

of later life intellectual functioning, they showed that early life intellectual scores tend to be the 

best predictors of later life intellectual scores. Furthermore, Gold et al. found that, like the 

current study; age and other demographic variables tend to be most predictive of both verbal and 

non-verbal intelligence in later life. The current regression results reinforce those findings, 
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because demographic/control variables often outperformed main effects and 

interaction/moderation effects in the current study.  

 Arbuckle et al. (1998) found that engagement was more predictive of intellectual subtests 

similar to crystallized and fluid intelligence than personality or self-rated health. Again, the 

current results offer mixed support here. The correlation and regression results suggest that 

engagement is only slightly related to cognition once Wave 1 scores and demographic variables 

were controlled, while extroversion was not related to later life crystallized and fluid 

intelligence. However, current results suggest openness did have some influence over both 

crystallized and fluid intelligence.  

 MacKinnon et al. (2003) found that declines in activity levels corresponded to declines in 

crystallized intelligence, which is consistent with the current results; however, MacKinnon et al. 

also found that among participants who showed no decline in activity levels, they too showed 

declines in crystallized intelligence. The current results showed that crystallized intelligence was 

not related to age and remained intact in later life, which is consistent with Kaufman and Horn 

(1996). Fluid intelligence was significantly related to age in the current study and did show 

declines in later life, which is consistent with Kaufmann and Horn. These findings are in part 

inconsistent with Masunaga and Horn (2001) who found that declines in fluid intelligence can be 

guarded against with gaining expertise and practice. In the current study, engagement; which 

may be regarded as gaining expertise and/or practice did not show a relationship to fluid 

intelligence, once prior fluid intelligence was controlled, which would be contrary to a practice-

related hypothesis linking practice and fluid intelligence.   
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Limitations 

 Sampling error. The limitations of any study can generally be classified as belonging to 

three different types of error; sampling error, measurement error, and model specification error. 

The sample for the current study was small, and surely contributed error in each analysis by not 

being large enough to be representative of the general population. Longitudinal study typically 

involves attrition and attrition was present in this study. The Wave 1 sample was modestly large, 

but only approximately half of the Wave 1 participants indicated willingness for further 

participation and even fewer provided complete Wave 2 data. However, the fairly normal 

distribution of the variables tends to lend credibility to the conclusions of those analyses by 

providing the range and variance necessary for most correlation based procedures. One other 

limitation based on the sample was the threat to validity posed by the possibility of participants 

seeking help within the home for cognitive measures. The unsupervised method of survey 

research and self-report data as a whole carries with it the threat of dishonest responses from 

participants. However, given the difficulty in recruiting older adults for the current investigation, 

it was decided that postal mail surveys offered the most pragmatic solution and were used 

despite the possibility of dishonesty. Another limiting factor of the sample was the amount of 

time between Wave 1 and Wave 2 data collection. Typically longitudinal study involves long 

periods of time between data collection, collecting data across decades at lengthy intervals. The 

interval between data collections for the current study was 18 to 24 months and could be 

classified more as test-retest than longitudinal.  

 Model specification error. Model specification error is much more difficult to document 

without intensive, repeated study of the phenomena of interest. Prior research literature is the 

best guide to accurately specifying models and that process was followed in this study. As 
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discussed in the literature review at the beginning of this document, the literature is often 

confusing and conflicting with respect to the relationships studied here. Approximately half of 

the literature reviewed above supports the hypotheses of this study and half do not; as often 

happens with complex phenomena studied longitudinally. It is believed that the current models 

are valid and deserve further attention, because most of the undesirable results found in this 

study are likely linked to the third type of error; measurement error.  

 Measurement error. As stated elsewhere in this document, the engagement measure was 

new and likely needs further revision based on the results of factor analysis and SEM. It is 

believed that the current factor structure may be valid, however many of those factors do not 

have enough strong items to support them. As an example, consider Factor 8 which contains only 

3 items. Two of the Factor 8 items directly mention religious activity. Religious activity is an 

important aspect of life for a great many people, two items are not sufficient to measure the level 

of engagement for people who are religiously active. If a few more religious items were added, 

the strength of that factor would be greatly increased and the measurement error associated with 

that factor would be drastically reduced. Many of the other factors appear to suffer the same 

problem; not that the items are necessarily bad, but there are not enough strong items to support 

all the factors and there are enough different facets of engagement to warrant more than a few 

factors. Measurement error such as this tends to distort findings from any analysis that uses such 

a measure and obscures true effects, which makes model testing ambiguous at best. The current 

study contains such measurement error which likely masks the validity of the models tested.  

Future Research Recommendations 

 Although measurement error is the most likely culprit for the undesirable findings here, 

there were some lessons to be learned for future research on these variables and their 
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relationships. First, with respect to the measurement of engagement; it should be mentioned that 

originally engagement was measured with both the frequency of activities performed and the 

amount of stimulation gained by performing those activities. The former was used in this study, 

while the latter was discarded because the majority of participants did not respond to any of the 

items. The most likely explanation for this lack of response was the arrangement of response 

choices along the right marginal edge of the survey. It seems likely, in hindsight, that the 

participants simply obscured these response choices with their right arm as they responded to the 

choices of frequency for the engagement activities (listed directly to the right of each activity 

item, in the center of the page). In doing so, they simply did not realize that they were required to 

provide both types of response to each activity, even though the instructions clearly stated such. 

If that information had been obtained, alternative variables (i.e. level of stimulation received 

from performing engagement activities) could have been included in the model and may have 

provided additional insight to the relationship(s) among key variables.  

Also with regard to specification of the models of the relationship between engagement 

and cognition, again in hindsight; it seems likely that a self-efficacy measure might be beneficial 

when included as a predictor of engagement and/or cognition in later life. Self-efficacy might 

also function as a moderating variable on the relationship between engagement and cognition; as 

self-efficacy is likely to contribute significantly in the individuals’ decision to engage in a 

particular activity. As mentioned above, engagement in activities is self-directed behavior and 

self-efficacy surely plays a role in seeking out and performing engaged activities. Self-efficacy 

might also longitudinally predict cognition (particularly crystallized intelligence) in later life, 

because self-efficacy is likely to also figure in the decision to seek out knowledge across the 

lifespan.  
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Recommended future research is warranted by the strong, positive relationship between 

engagement and personality. It came as no surprise that extroversion and openness were strongly 

related to engagement and even with better measurement of engagement it is expected that those 

relationships will remain strong. However, it may be beneficial to include other aspects of 

normal personality; neuroticism, agreeableness, and conscientiousness. It is expected that 

neuroticism is likely to be negatively related to engagement, while agreeableness and 

conscientiousness would be positively related to engagement. Agreeableness might be expected 

to be very strongly related to social aspects of engagement. Conscientiousness might also be 

related to cognition. This may be especially true of crystallized intelligence given the link 

between crystallized intelligence and education; and the relation between conscientiousness and 

continued education and knowledge seeking.  

Conclusion 

 In conclusion, the current study lends partial support for the hypothesized rudimentary 

(i.e. bivariate, but not multivariate) positive-longitudinal relationship between engagement and 

cognition. The current study provides less evidence for the reverse; that cognition positively 

predicts engagement, though that relationship likely exists simply with less strength. However, 

testing hypothesized models necessitates more precise measure of engagement and therefore, the 

current study offers very little conclusive evidence for, or against, the core relationships between 

engagement and cognition or between cognition and engagement. Measures used to assess 

crystallized and fluid intelligence, as well as those used to assess extroversion and openness were 

established in the literature by lengthy prior research. However, the current study offers very 

little strong support for the moderating effects of personality on the relationships mentioned 

above.  
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Table 1 

Comparison of Total Score Correlations between Participants of Both Waves and Wave 1 Only   

Participants of Wave 1 only (N = 356) 

Variable  1  2  3  4  5  

Engagement  - 

Crystallized  .267**  - 

Fluid   .304**   .601**  - 

Extroversion  .247**  -.023  .027  - 

Openness  .379**   .303**  .376**  .032  - 

Participants of both Waves (N = 263) 

Variable  1  2  3  4  5  

Engagement  - 

Crystallized  .182**  - 

Fluid   .189**  .577**  - 

Extroversion  .344**  .057  .027  - 

   Openness  .336**  .242**  .254**  .186**  -  

** p < .01 (two tailed) 
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Table 2 

Factor Structure of Engagement Activities Measure with 72 Items (N = 619)   

Factor and Items      Loading  Communality 
 
Factor 1: 11 items 
LS7 (Working out)      .272*   .302 
LS13 (Cultural activities)     .684   .636 
LS16 (Taking an academic course)    .489   .366 
LS17 (Taking a non-academic course)    .508   .350 
LS25 (Foreign travel)       .584   .391 
LS26 (Domestic travel)      .372   .308 
LS49 (Attending a lecture)      .476   .522 
LS57 (Listening to live music)     .341   .270^ 
LS58 (Going to concerts)      .689   .599 
LS70 (Dancing)       .385   .279^ 
LS81 (Going to the movies)      .577   .478 
 
Factor 2: 7 items
LS39 (Playing games on the computer)    .558   .540 
LS40 (Using internet for education)     .760   .708 
LS45 (Using computer send/receive email)    .841   .747 
LS46 (Using computer gain new knowledge)   .849   .785 
LS47 (Using computer online shopping)    .667   .522 
LS61 (Photography)       .380   .394 
LS74 (Programming your cell phone)    .428   .468 
 
Factor 3: 9 items 
LS28 (Doing crossword puzzles)     .557   .511 
LS29 (Playing board games chess)     .652   .500 
LS30 (Playing knowledge games Trivial Pursuit)   .568   .433 
LS31 (Playing card games bridge/poker)    .534   .467 
LS42 (Watching TV that challenges/Jeopardy)   .437   .418 
LS43 (Solving riddles)      .513   .430 
LS44 (Solving word problems/Sudoku)    .485   .465 
LS59 (Doing jigsaw puzzles)      .619   .438 
LS78 (Playing bingo)       .437   .350 
 
Factor 4: 7 items
LS6 (Managing personal finances)     .438   .388 
LS36 (Comparing insurance policies)    .405   .330 
LS65 (Being able to understand utility bill)    .717   .551 
LS66 (Being able to do your own taxes)    .654   .495 
LS67 (Being able to understand an insurance contract)  .737   .574 

(table continues) 
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Table 2 (continued). 

Factor and Items      Loading  Communality 
 
Factor 4: continued 
LS72 (Keeping a budget)      .385   .351 
LS73 (Understanding your bank statement)    .632   .471 
 
Factor 5: 6 items
LS1 (Household activities)      .630   .521 
LS3 (Going to the grocery)      .509   .515 
LS34 (Planning a meal based on nutrition)    .591   .450 
LS35 (Planning shopping trip based on deals)   .493   .493 
LS55 (Decorating my home)      .523   .463 
LS56 (Arranging flowers)      .562   .522 
 
Factor 6: 7 items
LS19 (Reading technical/professional journals)   .509   .372 
LS20 (Reading political articles/editorials)    .496   .473 
LS21 (Watching educational TV—History/Discovery)  .397   .349 
LS22 (Listening to talk radio/NPR)     .431   .302 
LS32 (Using a rhyme to learn/remember)    .355   .391 
LS37 (Learning new words to increase vocabulary)   .505   .464 
LS71 (Teaching others a skill)     .409   .373 
 
Factor 7: 6 items 
LS11 (Gardening)       .431   .442 
LS12 (Hobbies/crafts)      .402   .455 
LS33 (Reading a road map/atlas)     .286*   .329 
LS63 (Doing car repairs/upkeep)     .581   .433 
LS68 (Woodworking)      .750   .633 
LS69 (Making household repairs)     .756   .628 
 
Factor 8: 3 items
LS23 (Religious activities)      .834   .745 
LS24 (Volunteer work)      .407   .456 
LS50 (Listening to a sermon)     .820   .703 
 
Factor 9: 6 items
LS4 (Planning doctor’s visits)     .360   .342 
LS8 (Talking with friends on phone)     .599   .403 
LS9 (Attending social events/gatherings)    .531   .542 
LS10 (Writing letters)      .383   .426 
LS41 (Managing your prescriptions)     .342   .334 
LS53 (Visiting with friends in person)    .678   .512 

(table continues) 
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Table 2 (continued). 

Factor and Items      Loading  Communality 
 
Factor 10: 4 items
LS2 (Driving)                 -.312*   .435 
LS14 (Playing a musical instrument)     .775   .727 
LS15 (Learning a new song – instrument)    .760   .686 
LS51 (Keeping a logbook/diary)     .306*   .259^ 
  
Factor 11: 4 items 
LS18 (Reading fiction)      .487   .414 
LS54 (Attending family activities)              -.379   .310 
LS64 (Being able to make change)     .298*   .250^ 
LS76 (Painting a picture)               -.264*   .317 
 
Factor 12: 2 items  
LS52 (Watching the news on TV)     .520   .336 
LS75 (Programming your VCR)     .432   .356 
              
 
*Loading below |.32|. ^Communality below .30.  
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Table 3 

Bivariate Correlations among Total Scores (N = 263)       

     Variable  M   SD  1 2 3 4 5 6 7 

W1 Engagement 190.18   24.33  - 

W2 Engagement 188.52   24.66  .777** - 

W1 Extroversion   29.03    5.81  .344** .302** - 

W1 Openness    27.99    5.74  .336** .292** .186** - 

W1 Crystallized   22.46    4.26  .182** .071 .057 .242** - 

W1 Fluid    21.75    6.88  .189** .107 .027 .254** .577** - 

W2 Crystallized   22.67    4.19  .172** .204** .057 .205** .418** .380** - 

W2 Fluid    21.69    7.14  .157* .206** .058 .089 .319** .693** .505**  

** p < .01 (two tailed), *p < .05 (two tailed) 
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Table 4 

Canonical Correlation Summary for Model 1a (N = 263)       

        Canonical Coefficients 

Variable   Standardized  Raw   Canonical Loadings 

Engagement Wave 1 

Factor 1    .831    .129    .756 

 Factor 2    .140    .022    .317 

 Factor 3   -.286   -.079    .039 

 Factor 4    .005    .001    .190 

 Factor 5    .524    .117    .527 

 Factor 6    .021    .006    .197 

 Factor 7    .247    .075    .281 

 Factor 8    .021    .007    .224 

 Factor 9    .126    .046    .240 

 Factor 10   -.157   -.068    .114 

 Factor 11   -.213   -.142   -.027 

 Factor 12   -.243   -.044    .143 

Crystallized Intelligence Wave 2 

 Abstruse  1.140    .512    .961 

 Vocabulary   -.330   -.130    .288    

rc = .361, r²c = .130, Wilks’ Λ = .812, χ² [24] = 52.90, p = .001. 
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Table 5 

Canonical Correlation Summary for Model 1b (N = 263)       

        Canonical Coefficients 

Variable   Standardized  Raw   Canonical Loadings 

Engagement Wave 1 

Factor 1   -.661   -.103   -.617 

 Factor 2   -.091   -.014   -.197 

 Factor 3    .526    .146    .191 

 Factor 4    .062    .017   -.029 

 Factor 5   -.002    .000   -.069 

 Factor 6   -.468   -.126   -.495 

 Factor 7   -.191   -.058   -.201 

 Factor 8    .211    .067    .065 

 Factor 9   -.311   -.113   -.451 

 Factor 10    .176    .077    .067 

 Factor 11   -.008   -.005   -.083 

 Factor 12   -.135   -.024   -.286 

Fluid Intelligence Wave 2 

 Common    .225     .119   -.415 

 Letter Series  -1.152    -.322   -.980 

 Letter Sets     .067     .022   -.539    

rc = .319, r²c = .102, Wilks’ Λ = .802, χ² [36] = 56.01, p = .018. 
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Table 6 

Canonical Correlation Summary for Model 2a (N = 263)       

        Canonical Coefficients 

Variable   Standardized  Raw   Canonical Loadings 

Crystallized Intelligence Wave 1 

 Abstruse  -1.229   -.507   -.904 

 Vocabulary     .537    .231   -.205 

Engagement Wave 2 

Factor 1   -.349   -.057   -.352 

 Factor 2   -.107   -.017   -.259 

 Factor 3     .065    .018   -.008 

 Factor 4     .590    .157    .336 

 Factor 5   -.611   -.132   -.478 

 Factor 6   -.386   -.107   -.456 

 Factor 7   -.211   -.064   -.140 

 Factor 8    .260    .084    .136 

 Factor 9    .212    .074    .143 

 Factor 10   -.294   -.132   -.259 

 Factor 11   -.048   -.033   -.171 

 Factor 12     .254    .048    .016    

rc = .291, r²c = .085, Wilks’ Λ = .870, χ² [24] = 35.46, p = .062. 
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Table 7 

Canonical Correlation Summary for Model 2b (N = 263)       

        Canonical Coefficients 

Variable   Standardized  Raw   Canonical Loadings 

Fluid Intelligence Wave 1 

 Common   -.283    -.135   -.576 

 Letter Series  -1.032    -.300   -.782 

 Letter Sets     .736     .267    .040    

Engagement Wave 2 

Factor 1   -.703   -.116   -.639 

 Factor 2    .280    .043    .013 

 Factor 3    .209    .057    .147 

 Factor 4    .565    .150    .405 

 Factor 5    .266    .058    .219 

 Factor 6   -.200   -.055   -.199 

 Factor 7    .007    .002    .063 

 Factor 8    .215    .069    .214 

 Factor 9   -.125   -.044   -.142 

 Factor 10   -.346   -.156   -.182 

 Factor 11   -.228   -.159   -.176 

 Factor 12   -.224   -.043   -.095    

rc = .322, r²c = .104, Wilks’ Λ = .803, χ² [36] = 55.61, p = .019. 
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Table 8 

Regression Model 1a: Engagement Wave 1 Predicting Crystallized Wave 2 (N = 263)   

 Variable  B   SE B   β  

Block 1 
 Age    -.037   .027   -.082 
 Education     .215   .095    .147* 

 Gender   -1.195   .602   -.198** 

 Health    -.220   .156   -.086 
 Income    .173   .092    .126 
Block 2 
 Age    -.038   .027   -.085 
 Education     .151   .098    .103 
 Gender   -1.663   .609   -.172**

 Health     -.248   .166   -.097 
 Income     .159   .092    .115 
 Engagement     .013   .011    .076 
 Extroversion   -.049   .049   -.068 
 Openness    .098   .047    .134*

Block 3 
 Age    -.039   .027   -.087 
 Education     .149   .098    .101 
 Gender   -1.636   .614   -.168**

 Health     -.252   .167   -.099 
 Income     .162   .092    .118 
 Engagement     .014   .012    .081 
 Extroversion    -.059   .050   -.082 
 Openness     .104   .048    .142*

 Interaction Extro  -.002   .002   -.053 
 Interaction Open    .001   .002    .029    
 
R² = .093 for Block 1; R² = .118, ∆R² = .026 for Block 2; R² = .122, ∆R² = .003 for Block 3.  

*p < .05. **p < .01. 
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Table 9 

Regression Model 1b: Engagement Wave 1 Predicting Fluid Wave 2 (N = 263)    

 Variable  B   SE B   β  

Block 1 
 Age    -.125   .044   -.163** 
 Education     .616   .155     .246** 

 Gender   -1.758   .982   -.106
 Health    -.226   .255   -.052 
 Income    .424   .150     .181** 
Block 2 
 Age    -.121    .044   -.157** 
 Education     .605    .161     .242** 
 Gender   -1.674   1.004   -.101 
 Health     -.230    .273   -.053 
 Income     .418    .152     .178** 
 Engagement     .024    .019     .082 
 Extroversion   -.046    .080   -.038 
 Openness   -.026    .078   -.021 
Block 3 
 Age    -.121    .045   -.158** 
 Education     .598    .161     .239** 
 Gender   -1.699   1.013   -.103 
 Health     -.220    .276   -.051 
 Income     .424    .152     .181** 
 Engagement     .025    .019     .085 
 Extroversion    -.055    .082   -.044 
 Openness    -.021    .079     .017 
 Interaction Extro  -.003    .003   -.048 
 Interaction Open    .000    .003   -.009    

R² = .170 for Block 1; R² = .175, ∆R² = .006 for Block 2; R² = .178, ∆R² = .002 for Block 3.  

*p < .05. **p < .01. 
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Table 10 

Regression Model 2: Crystallized & Fluid Wave 1 Predicting Engagement Wave 2 (N = 263)  

 Variable      B   SE B   β  

Block 1 
 Age     -.204   .159   -.077 
 Education    1.141   .559    .132*
 Gender    -8.249   3.534   -.145*
 Health    -2.884   .918   -.192** 
 Income      .621   .539    .077 
Block 2 
 Age     -.230   .155   -.087 
 Education      .857   .570    .099 
 Gender    -5.619   3.508   -.098 
 Health     -1.888   .942   -.126* 
 Income       .325   .531    .040 
 Crystallized     -.237   .418   -.041 
 Fluid     -.054   .274   -.015 
 Extroversion      .830   .267    .195** 
 Openness      .974   .263    .227** 
Block 3 
 Age     -.237    .156   -.089 
 Education      .873    .572    .101 
 Gender    -5.690   3.500   -.100 
 Health    -1.628   .949   -.109 
 Income      .310   .533     .038 
 Crystallized     -.192   .438   -.033 
 Fluid      -.113   .276   -.032 
 Extroversion      .851   .267     .200** 
 Openness     1.079   .270     .251** 
 Interaction Crystal/Extro   .019   .086     .012 
 Interaction Fluid/Extro  -.037   .044   -.057 
 Interaction Crystal/Open   .099   .085     .081 
 Interaction Fluid/Open   -.099   .046   -.147*   

R² = .099 for Block 1; R² = .190, ∆R² = .092** for Block 2; R² = .211, ∆R² = .021 for Block 3.  

*p < .05. **p < .01. 

 

 

 

 51



 

Table 11 

Intercorrelations for the Measurement Model and Structural Model (N = 263)    

 SD V1 V2 V3 V4 V4 V6 V7 V8 V9 V10 V11 

V1 5.527   - 

V2 6.424 .225*   - 

V3 6.480 .245* .289*   - 

V4 3.599 .181* .285*  .271*   - 

V5 3.670 .250* .122*  .115  .205*   - 

V6 4.473 .307* .121  .258*   .248* .318*   - 

V7 3.703 .151* .195*  .207*  .263* .272* .191*   - 

V8 3.290 .271* .010  .033  .007 .126* .162* -.043   - 

V9 3.135 .367* .214*  .219*  .176* .331* .291*  .069 .202*   - 

V10 2.749 .242* .147*  .093  .172* .080 .161*  .180* .177*  .083   - 

V11 2.292 .178* .218*  .318*  .187* .191* .215*  .115 .098  .287* .030   - 

V12 1.506 .119 .179*  .188*  .190* .016 .122* -.002 .032  .171* .198*  .038 

V13 2.540 .089 .016  .042  .020 .120 .197* -.059 .005  .020 .078  .031 

V14 2.226 .071 .244*  .113  .018 .095 .224*  .045 .091  .077 .099  .045 

V15 1.898 .068 .141* -.033 -.033 .077 .073  .027 .098  .057 .013  .019 

V16 3.575 .100 .206*  .051 -.058 .029 .035  .143* .083 -.004 .136* -.019 

V17 2.967 .139* .129*  .051  .025 .106 .035  .013 .146*  .051 .149* -.073 

 

 

 
(table continues) 
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Table 11 (continued). 

Intercorrelations for the Measurement Model and Structural Model (N = 263)    

 SD V12 V13 V14 V15 V16 V17      

V13 2.540 -.015   - 

V14 2.226 -.013 .543*   - 

V15 1.898  .008 .284* .520*   - 

V16 3.575  .030 .301* .466* .581*   - 

V17 2.967  .102 .316* .411* .437* .611*   -       

*p < .05. 
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Table 12 

Goodness of Fit Indices for all Structural Equation Models       

Model    N Chi-square df NFI NNFI CFI RMSEA  

Independence/Null Model 263 964.860 136   -   -   -   - 

Measurement Model  263 227.292 116 .764 .843 .866 .061 

Structural Model (3)  263 227.292 116 .764 .843 .866 .061 

Moderation Model (3a) 141 172.669 116 .713 .857 .878 .059 

Moderation Model (3b) 122 168.374 116 .613 .794 .825 .061 

Moderation Model (3c) 124 277.637 116 .531 .584 .645 .106 

Moderation Model (3d) 139 167.687 116 .707 .861 .881 .057   

NFI = normed-fit index; NNFI = non-normed fit index; CFI = comparative fit index; RMSEA = 

root mean square error of approximation. 
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Table 13 

Properties of the Measurement Model         

       Indicator       Standardized Loading  t-value  Std. Error Reliability  

Engagement (F1) 

 V1   .550   8.309  .366  .303 

 V2   .437   6.412  .437  .191 

 V3   .487   7.228  .436  .237 

 V4   .452   6.657  .244  .204 

 V5   .459   6.780  .249  .211 

 V6   .543   8.174  .297  .294 

 V7   .346   4.990  .257  .120 

 V8   .247   3.517  .231  .061 

 V9   .538   8.102  .208  .290 

 V10   .304   4.362  .192  .093 

 V11   .422   6.170  .157  .178 

 V12   .256   3.645  .106  .066 

Crystallized Intelligence (F2) 

 V13   .589   8.859  .169  .347 

 V14   .922   12.670  .162  .850 

Fluid Intelligence (F3) 

 V15   .704   11.844  .113  .496 

 V16   .829   14.460  .205  .687 

 V17   .699   11.735  .177  .488   
All t test values were significant at p < .001 (t > 3.291). 
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Table 14 

Standardized Path Coefficients, Disturbance Terms, and Exogenous Variable Correlations  

Latent    Structural      Extroversion         Openness 
Variables   Model (3) (3a)  (3b)  (3c)  (3d) 

Engagement (F1) 

 Crystallized (F2) .239*  .228  .143  .057  .241 

 Disturbance (D2) .971  .974  .990  .998  .971 

 Fluid (F3)  .160*  .160  .097  .202  .120 

 Disturbance (D3) .987  .987  .995  .979  .993 

Crystallized (F2) 

 Fluid (F3)  .651*  .728*  .324  .591*  .767*  

* p < .05 
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Figure 1. The structural model (3); N = 263; *p < .05; ** p < .01. 
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