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Cognitive Predictors of Everyday Problem Solving across the 
Lifespan

Xi Chen,
Center for Vital Longevity, School of Behavioral and Brain Sciences, University of Texas at Dallas

Christopher Hertzog, and
School of Psychology, Georgia Institute of Technology

Denise C. Park
Center for Vital Longevity, School of Behavioral and Brain Sciences, University of Texas at Dallas

Abstract

Background—An important aspect of successful aging is maintaining the ability to solve 

everyday problems encountered in daily life. The limited evidence today suggests that everyday 

problem solving ability increases from young adulthood to middle age, but decreases in older age.

Objectives—The present study examined age differences in the relative contributions of fluid 

and crystallized abilities to solving problems on the Everyday Problems Test (EPT; [1]). We 

hypothesized that due to diminishing fluid resources available with advanced age, crystallized 

knowledge would become increasingly important in predicting everyday problem solving with 

greater age.

Method—Two hundred and twenty-one healthy adults from the Dallas Lifespan Brain Study, 

aged 24–93 years, completed a cognitive battery that included measures of fluid ability (i.e., 

processing speed, working memory, inductive reasoning) and crystallized ability (i.e., multiple 

measures of vocabulary). These measures were used to predict performance on the Everyday 

Problems Test.

Results—Everyday problem solving showed an increase in performance from young to early 

middle age, with performance beginning to decrease at about age of fifty. As hypothesized, fluid 

ability was the primary predictor of performance on everyday problem solving for young adults, 

but with increasing age, crystallized ability became the dominant predictor.

Conclusion—This study provides evidence that everyday problem solving ability differs with 

age, and, more importantly, that the processes underlying it differ with age as well. The findings 

indicate that older adults increasingly rely on knowledge to support everyday problem solving, 

whereas young adults rely almost exclusively on fluid intelligence.
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An important aspect of successful aging is maintaining the ability to solve everyday 

problems encountered in daily life. Instrumental Activities of Daily Living (IADLs) 

represent one important domain of these problems. IADLs are complex behaviors required 

for independent management of one’s life, including adherence to complex medical 

regimens, ability to use increasingly complex communication devices, and management of 

financial resources [2]. Other everyday problems involve situations where a conflict is 

present or a goal cannot be reached without some inferential reasoning [3]. Cross-sectional 

data show that the practical ability to solve everyday problems increases from young 

adulthood until middle age [4–6], but that older age is characterized by diminishing 

performance[5–8].

One reason for peak performance during middle adulthood in everyday problem solving may 

be that middle-aged adults have the ideal balance of fluid and crystallized resources needed 

for everyday problem solving. Crystallized ability represents accumulated experience and 

knowledge of the world, and is typically measured by vocabulary and general knowledge. It 

does not decline, and may even grow, well into late adulthood [9,10]. In contrast, fluid 

ability – the ability to abstract and perform efficient mental operations – shows consistent 

age-related decline beginning in the 20s [10], but nevertheless, performance is still relatively 

high in middle-aged adults [11]. Fluid ability is best measured by different types of inductive 

and deductive reasoning tasks, and is closely related to the construct of processing resources 

[12] as operationalized by working memory [13].

Previous studies have found fluid ability to be an important predictor of everyday problem 

solving in healthy older adults [7,8,14–18]. Gross et al. [16] found that although memory, 

reasoning and processing speed were all significant predictors for everyday functioning and 

everyday problem solving, inductive reasoning (measured by Letter Series, Word Series, and 

Letter Sets tasks) independently accounted for the most variance in everyday functioning 

(measured by Everyday Problems Test, the Observed Tasks of Daily Living, and the Timed 

Instrumental Activities of Daily Living test). Willis et al. [19] also showed that older adults 

who underwent reasoning training showed less functional decline in IADLs than an 

untrained control group, indicating the importance of reasoning for everyday problem 

solving.

Everyday problem solving is also related to other aspects of fluid ability that decline with 

age, especially working memory and processing speed. Importantly, age-related decreases in 

working memory, using traditional measures that include Reading Span, Computation Span, 

and Operation Span tasks, have been strongly associated with lower performance on 

everyday problem solving tasks [14,20]. Age-related slowing in processing speed has also 

been associated with decreased everyday problem solving [8,21]. Rebok and colleagues [22] 

reported evidence that older adults who had extensive training on processing speed in the 

ACTIVE trial reported less difficulty in performing IADL’s ten years after training, 

suggesting that such an intervention confers protection in later life. In sum, there is little 

doubt that fluid ability plays an important role in everyday problem solving.
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What is less certain is the role that crystallized ability and knowledge play in everyday 

problem solving. There have been a few studies that examined the joint contributions of both 

fluid ability and crystallized ability to everyday problem solving and all suggest an 

important role of fluid ability [7,14,15,17,21,23,24]. However, the importance of crystallized 

ability in everyday problem solving seems to be different depending on the age range of the 

sample included in the study. Three studies in older adults all found that both fluid and 

crystallized ability played very important roles in everyday problem solving. Diehl and 

colleagues [15] used structural equation modeling and found that both fluid and crystallized 

abilities had significant paths to everyday problem solving, measured by Observed Tasks of 

Daily Living (OTDL). In addition, the effects of memory and speed on OTDL were 

mediated by crystallized ability, indexed by vocabulary. Burton [21] used hierarchical 

regression and found that verbal ability, measured by verbal fluency and vocabulary tasks, 

predicted performance in Everyday Problems Test beyond the effect of fluid ability and 

demographic variables (e.g., age, education). Allaire and Marsiske [14] also found 

relationship between vocabulary and some domains of everyday problem solving, measured 

by Everyday Cognition Battery. However, studies including middle-aged adults yielded 

somewhat different conclusions on the role of crystallized ability in the relation to everyday 

problem solving. Kimbler [7] studied healthy middle-aged and older adults (age 50 to 92) 

and found no relationship between performance in vocabulary and Everyday Problems Test. 

Thornton and colleagues [24] reported that, although in a sample of healthy adults and 

chronic disease patients, crystallized ability (measured by ETS vocabulary) mediated age 

effects on performance in Everyday Problems Test, the relationship was not significant when 

the analysis was limited only to healthy adults.

These findings suggest that there is a discrepancy in the role of crystallized ability in 

predicting everyday problem solving across the adulthood lifespan. A potential explaination 

is that there may be an age-related shift in the contribution of fluid versus crystallized 

abilities in solving everyday problems. This shift can only be detected by using a lifespan 

sample with broader age range. We are aware of only two adult lifespan studies on the 

cognitive predictors of performance in everyday problem solving [6,23]. In both studies, the 

correlation of fluid and crystallized cognitive predictors to everyday problem solving 

(practical problem solving in [6]) was significant. However, when the effects of age and 

education on everyday problem solving were controlled, neither predictor was significant 

[6], limiting the understanding of their respective contribution. Moreover, we were unable to 

find any studies that include young, middle-age and older adults that examined how age 

affects the contribution of cognitive predictors to everyday problem solving. Therefore, the 

present study focuses on two important and unresolved issues. First, what are the strength of 

the contributions of fluid and crystallized abilities to everyday problem solving? And 

second, do these contributions shift in importance as a function of age?

Park has argued that older adults maintain performance on many cognitive tasks by 

increasingly relying on knowledge and experience to compensate for declines in fluid 

abilities [25]. Congruent with this perspective, Baltes also suggested that crystallized ability 

can compensate, to some extent, for age-related declines in processing efficiency with 

advanced age [26]. In support of this theorizing, Hedden et al. reported that performance on 

a verbal memory task was mediated by fluid abilities in young and middle-aged adults, but 

Chen et al. Page 3

Gerontology. Author manuscript; available in PMC 2018 March 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



that older adults relied more on vocabulary (an index of crystallized ability) for optimal 

performance [27]. In the present study, we determine whether such an age-related shift 

occurs for everyday problem solving in an adult lifespan sample. We predicted that young 

adults who are rich in cognitive resources such as speed, working memory and reasoning 

would rely on fluid processing for success; however, as age increased, crystallized ability 

would play an increasingly important role in everyday problem solving.

Method

Participants

A total of 221 healthy adults from the Dallas Lifespan Brain Study (DLBS; 148 women, 73 

men, age range: 24–93 years, Mini-Mental Status Examination scores ≥ 26, mean = 28.37) 

were recruited locally from the community. All participants were right-handed with normal 

or corrected to normal vision. Participants with any of following conditions were excluded: 

history of major psychiatric or neurological disorder, history of prescription drug abuse/

illegal drug use, and/or any head trauma. Participants were compensated fifteen dollars per 

hour for their participation. They completed two 2.5-hour sessions that are described below.

Materials

Each participant completed a battery of cognitive tests as well as the Everyday Problems 

Test (EPT) [1]. This comprehensive battery included both paper-and-pencil and 

computerized tasks. The cognitive constructs assessed and the tasks associated with each 

construct included the following:

Processing speed was measured by Digit Comparison [28], WAIS-III Digit Symbol [29] and 

Pattern Comparison task taken from NIH Toolbox Cognition Battery (NIHTB-CB) [30].

Working memory was measured by the Spatial Working Memory (SWM) task of Cambridge 

Neuropsychological Test Automated Battery (CANTAB) [31], WAIS-III Letter-Number 

Sequencing [29] and NIHTB-CB List Sorting [30].

Inductive reasoning was measured by Educational Testing Service (ETS) Letter Sets [32], 

Raven’s Progressive Matrices [33], and Stockings of Cambridge (SOC) of CANTAB [31].

Crystallized ability was measured by NIHTB-CB Picture Vocabulary [30], NIHTB-CB Oral 

Reading Recognition [30] and the ETS Advanced Vocabulary Scale [32]. Although the ETS 

Vocabulary task was timed, we made sure that no participants failed to complete the task 

because of the time limit so the performance on this task was not affected by their speed.

Everyday problem solving ability was measured by the Everyday Problems Test (EPT) [1]. 

It is a paper-pencil task that has 42 questions, which assesses the ability to solve tasks that 

are important to live independently in our society. The EPT is comprised of seven scales that 

include problems from domains of Health/Medications, Meal Preparation/Nutrition, Phone 

Usage, Consumer/Shopping, Financial Management, Household Management, and 

Transportation. For each of these seven scales, participants are presented with three sample 

stimuli (e.g., prescription drug label, bus schedule, catalog order form) and two questions 
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about each stimulus. Figure 1 is an example of one EPT stimulus with two questions based 

on the stimulus. The performance on this task is measured as the total number of correct 

answers to the 42 questions. Compared to other neuropsychological tasks that assessed 

traditional problem solving ability, everyday problems test (EPT) was designed to be a better 

indicator of problem solving performance in real-life. Schmitter-Edgecombe and colleagues 

[34] found that EPT was strongly associated with directly observed everyday functioning 

performance in real world, and therefore considered to be a valid and useful measure for 

assessing everyday functioning in cognitively healthy older population.

Data Analyses

Altogether, there were 13 tasks subjected to analyses: three measures each for processing 

speed, working memory, inductive reasoning, crystallized ability, and a single measure of 

everyday problem solving. We created standard scores for the 12 cognitive measures that 

were used for further analyses. A confirmatory factor analyses (CFA) validated the expected 

factor structure of cognitive measures, Χ2 (60) = 147.941, p < .001, CFI = .953, RMSEA = .

081, SRMR = .076 (see Figure 2). The standardized scores for each crystallized and fluid 

test were averaged to produce composite crystallized and fluid scores in a standard-score (z-

score) metric in the aggregate cross-sectional sample.

To test the hypothesis that crystallized intelligence would be a more potent predictor of 

everyday problem solving for older adults, relative to earlier ages, we conducted a 

hierarchical moderated regression analysis with age, fluid ability, and crystallized ability as 

predictors, using product variables to capture interactions. Prior to evaluating the interaction 

effects, we introduced quadratic age effects to test for possible curvilinearity in the relation 

of age and the variables to the EPT score. This approach was taken because curvilinear age 

relations were expected in abilities [35] and everyday problem solving performance, and 

because methodological studies have shown that failing to account for curvilinear relations 

of predictors to dependent variables in the context of moderated regression can create 

spurious product variable effects that are an artifact of curvilinear relations of both 

predictors to the dependent variable [36]. To foreshadow our results, we did detect 

curvilinear relations of age and abilities to EPS tests, requiring that moderated regression 

tests for age × ability interaction effects include quadratic terms for each predictor variable.

Linear predictor terms were first centered at the sample mean, and then squared predictors 

were computed to reduce collinearity issues in the multiple regression. Significant 

moderated regression effects were decomposed by computing simple slopes at the mean and 

at ± 1 SD of the predictor variables.

To further understand age differences in the predictive utility of fluid and crystallized 

abilities for everyday problem solving, we used bootstrapping to examine the regression 

coefficients for each of the three age groups (young, middle-aged, older). Finally, to assess 

the stability of the observed effects across individual problem solving domains, we 

examined the contributions of fluid and crystallized abilitites for each of the seven domains 

in everyday problem solving for young, middle-aged, and older adults.
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Results

Demographic Data and Age-related Differences

Demographic data are presented in Table 1, broken down by 3 age groups (Young: 24–49 

years old; Middle: 50–69 years old; Old: 70–93 years old). The three age groups differed on 

years of formal education, F(2, 218) = 6.16, p =.002, with young adults having somewhat 

higher levels than the other two age groups. Means and standard deviations of cognitive 

measures and EPT scores are also presented in Table 1. For descriptive purposes, we 

presented age effects associated with fluid ability, crystallized ability and everyday problem 

solving score in scatter plots (Figure 3). Figure 3a portrays a significant linear age-related 

decrease in fluid ability, R2 = .626, R2
adjusted = 625, F(1, 212) = 355.312, p < .001, and the 

quadratic relationship was also statistically significant, R2 = .64, R2
adjusted = .637, F(2, 211) 

= 187.72, p < .001. In contrast, crystallized ability (Figure 3b) did not have a significant 

linear relationship with age, p = .628. However, there was a significant quadratic relationship 

between crystallized ability and age, R2 = .038, R2
adjusted = .029, F(2, 217) = 4.258, p = .

015, with increasing performance until about age 59. We also examined both linear and 

quadratic relationships between everyday problem solving ability and age. While the simple 

linear relationship showed significance, R2 = .237, R2
adjusted = .234, F(1, 219) = 68.091, p 

< .001, adding age2 significantly improved the model, ΔR2 = .105, ΔF = 34.810, p <.001, 

suggesting a quadratic relation with age was a better fit for everyday problem solving ability 

(Figure 3c), R2 = .342, R2
adjusted = .336, F(2, 218) = 56.707, p < .001, with the peak 

performance at 47.2 years of age.

Cognitive Predictors Across the Lifespan

We used hierarchical multiple regression to examine the role that fluid and crystallized 

abilities play in solving everyday problems. In the first model, we included years of 

education and linear and quadratic components for age. Then in the second model, we added 

fluid ability and crystallized ability as cognitive predictors. In the third model, we included 

quadratic components (crystallized2 and fluid2) to examine if there was a curvilinear 

relationship between cognitive predictors and everyday problem solving. In the fourth 

model, we added interactions among fluid ability, crystallized ability and age. Each of 

aforementioned steps improved the fit of the overall model significantly (Table 2). We also 

examined a further model that included interactions between cognitive ability and age2, and 

found that it did not improve the model significantly. Therefore, the fourth model was 

chosen as the final model depicting the relationship between cognitive predictors and 

everyday problem solving across the lifespan. As shown in Table 2, Model 4 explained a 

substantial amount of variance in everyday problem solving, R2 = .683, R2
Adjusted = 666. 

There was a main effect of age, age2, fluid ability, and crystallized ability on everyday 

problem solving. Although the quadratic terms of fluid ability and crystallized ability were 

not each statistically significant in the final model, adding quadratic terms of these 

predictors significantly improved the fit of the model. The partial residual plots of 

crystallized ability (Figure 4a) and fluid ability (Figure 4b) showed that these two predictors 

both evidenced a similar curvilinear pattern to everyday problem solving. Curvilinearity 

occurred because for lower ability participants compared to those of higher ability, cognitive 

ability had a stronger relationship to everyday problem solving.
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Critically, we also found a significant Age × Crystallized ability interaction, b = 0.046, SEb 
= 0.016, t(201) = 2.943, β = .152, p = .004, 95% CI = [0.015, 0.076], indicating the 

relationship between crystallized ability and everyday problem solving differed across the 

lifespan. In order to better interpret the significant interaction, simple slopes (displayed in 

Figure 5) for the relationship between crystallized ability and everyday problem solving 

were tested for younger age (−1 SD below the mean), middle age (mean), and older age (+1 

SD above the mean). Simple slope tests showed that the relationship of crystallized ability to 

everyday problem solving at a younger age was not significant, b = 0.708, SEb = 0.433, 

t(201) = 1.636, β = .125, p = .103, 95% CI = [−0.146, 1.562]. However, both the middle age 

model, b = 1.576, SEb = 0.292, t(201) = 5.391, β = .279, p < .001, 95% CI = [0.999, 2.152], 

and the older age model, b = 2.44, SEb = 0.397, t(201) = 6.141, β = .432, p < .001, 95% CI 

= [1.656, 3.223], revealed a significant positive association between crystallized ability and 

everyday problem solving. We then tested the difference between regression coefficients 

across models, and found that the effect of crystallized ability was stronger for both old (z = 

−3.027, p = .001) and middle age (z = −1.719, p = .043) compared to young, and that the 

effect was even stronger for the old age compared to middle, (z = −1.753, p = .04), 

suggesting that crystallized ability played a continuously increasingly important role in 

solving everyday problems as age increased. Note that the interaction between fluid and 

crystallized ability was not significant (p = .351), suggesting that the contribution of 

crystallized ability did not change across people with different fluid ability, after age-related 

effects taken into account.

Comparing Cognitive Predictors in Three Age-groups

To further examine which cognitive predictor – fluid or crystallized ability – was more 

important for everyday problem solving at different stages of the lifespan, we generated 

bootstrapped standard errors for regression coefficients in three age subgroups: younger 

adults (24–49 years old), middle-aged adults (50–69 years old), and older adults (70–93 

years old). In each multiple regression, the predictor variables were age, fluid ability, 

crystallized ability, fluid2, crystallized2 and the fluid × crystallized interaction. This model 

was derived from Model 4 used for the whole sample with first order age-related effects 

removed since this analysis was on each age group. We generated 95% confidence intervals 

(CI) using bias-corrected and accelerated (BCa) bootstrap (with 1000 iterations in each 

group) as presented in Table 3. We then compared the BCa CI using a conservative rule by 

examining the overlap of confidence intervals [37]. Put simply, the rule assesses whether the 

95% confidence intervals have less than 50% proportion overlap, expressed as a proportion 

of average margin of error. If the result is affirmative, the two estimates are significantly 

different (p < .05). As shown in Figure 6, for the young group, the lower end of 95% CI of 

the crystallized ability parameter was below zero, confirming its non-significance and that 

only the fluid ability value was predictive, as we found in simple slope analysis. For the 

middle age, the 95% CIs of fluid and crystallized abilities overlapped more than 50%, 

suggesting that both were predictive but not significantly different in middle-aged adults. 

Finally, for the older group, the predictive utility of crystallized ability was significantly 

larger than fluid ability, with the proportion overlap = 42.8%, p < .05. Hence, in middle-aged 

and older adults, everyday problem solving was associated with both fluid and crystallized 
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abilities. Importantly for older adults, crystallized ability was a significantly stronger 

predictor compared to fluid ability (see Figure 6).

We also note that we found no evidence for a Fluid × Crystallized interaction within any age 

group. The absence of the interaction suggests that fluid and crystallized ability made 

independent contributions to everyday problem solving, regardless of level of performance 

on either ability.

In a final analysis, we assessed the stability of the effects of fluid and crystallized ability for 

each of the seven problem-solving domains, within each age group, using the same 

bootstrapping approach. The main finding was that for older adults, crystallized ability 

played an important role for all EPT domains except meal preparation, which was 

marginally significant. In addition, fluid ability was significant for shopping, finance and 

meal preparation in older adults (see Table 4). Table 4 also shows that for young adults, fluid 

ability was significant for finance, household and transportation, and for finance, medication 
and transportation in middle-aged adults. Crystallized ability played no significant role for 

young adults, and significantly predicted only shopping in middle age.

Discussion

The main goal of this study was to understand how fluid and crystallized ability differ across 

the lifespan in predicting everyday problem solving. We hypothesized that due to diminished 

fluid resources with age, crystallized knowledge would become increasingly important in 

predicting everyday problem solving as a function of age. Congruent with this hypothesis, 

crystallized ability (measured by verbal knowledge in this study) played a more important 

role in predicting everyday problem solving as age increased. In contrast, fluid ability 

(measured by speed, working memory, and inductive reasoning) consistently explained 

variance for all age groups. This pattern of findings suggests that older adults are relying 

more on crystallized knowledge to solve everyday problems, whereas young adults rely 

more heavily on the efficiency of basic cognitive-mechanisms (e.g., processing speed, 

working memory, inductive reasoning) that comprise fluid ability.

Past studies have been inconclusive about the relative roles of crystallized versus fluid 

abilities in everyday problem solving at different ages, because none that have examined this 

issue have included a lifespan sample. The inclusion of the entire adult lifespan was an 

important feature of the present study, as it allowed us to begin to clarify when in the 

lifespan crystallized knowledge assumes importance in everyday problem solving. We began 

to observe a small contribution of crystallized ability to everyday problem solving in middle 

age, with a large contribution at older ages. The present findings provide clear evidence for 

the importance of including middle-aged samples in studies.

We also note that the present findings replicate a pattern reported by Hedden et al. [27] for a 

very different task—a verbal cued recall task that required participants to memorize 

associations between paired cues and target words. Hedden et al [27] used crystallized and 

fluid ability to predict performance on the verbal recall task. Just as reported in the present 

study, they found that crystallized ability (vocabulary scores) explained more variance for 
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older compared to middle-aged and young adults. The similarity of the findings for these 

two very different tasks suggests that increasing reliance on crystallized ability may be a 

general characteristic of aging. Buttressing this conclusion, was the finding that crystallized 

ability accounted for significant variance in older adults in six of the seven EPT domains, 

suggesting that the breadth of the effect was reliable across domains. Moreover, the 

crystallized ability effect was nearly absent in the young and middle-aged adults, with only 

one significant effect for shopping in the middle-aged.

The notion that age differentially affects the type of cognitive ability drawn upon to perform 

everyday cognitive tasks has not received much attention in the literature. The present 

findings suggest that crystallized knowledge may help older adults maintain cognitive 

function in the face of declining fluid ability. Other studies of problem-solving support this 

interpretation. For example, older adults actually showed better problem-solving abilities 

than young and middle-aged adults when they were presented with problems associated with 

social conflict and interpersonal conflict. The solution to these types of problems rely more 

on wisdom and a broad range of social experiences rather than fluid ability [38]. Similarly, 

there is evidence that older adults develop adaptive, experience-based heuristics for solving 

everyday problems and make decisions that minimize the need to rely on fluid reasoning 

[39]. Conversely, there are also domains where crystallized ability makes a scant 

contribution, even for older adults. We suggest that these would be domains that require 

extensive on-line processing, such as constantly switching and updating information of 

different ingredients and procedures when cooking.

It is also important to recognize that everyday problem solving ability is a crucial skill that 

greatly affects older adults’ life quality, but few studies have examined the predictive utility 

of respondent-based, laboratory problem solivng tasks (such as the EPT) in the real world. In 

support of the use of such laboratory measures, there is a small body of evidence suggesting 

that the EPT explains substantial variance in every day functioning [17,34,40]; but much 

more research is needed. Moreover, the EPT consists of sets of questions that address well 

defined, but relatively narrow everyday problems. Real world problems are typically more 

complex, are more open-ended (ill-defined), and are comprised of many smaller interrelated 

problems that require different aspects of knowledge, skills and abilities. Thus, the EPT may 

not adequately mirror the complexity of real world problems. Additional investigation of 

ability predictors of everyday problem solving tasks would help to address this concern.

A limitation of this study is that crystallized ability was measured by vocabulary tasks, 

which have been traditionally considered as a proxy of knowledge and experience in 

cognitive psychology studies and everyday problem solving research. However, we 

acknowledge that a broader assessment of crystallized ability would incorporate experience 

and other types of world knowledge. Future research with more comprehensive assessment 

of knowledge and experience beyond measures of vocabulary may help to understand the 

individual differences in people’s utilization of cognition in solving everyday problems. One 

option might be to assess expertise and familiarity participants have in each problem solving 

domain in an effort to understand how life experiences asset problem solving. Similar 

strategies could be adapted to different problem solving paradigms.
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We also recognize that it would be ideal to have longitudinal data on both cognitive and 

everyday problem solving so that the changing relationship between cognitive measures and 

everyday performance could be assessed as people grow and age. Cross-sectional designs 

are vulnerable to cohort differences and age × selection confounds. Finally, the 

compensatory role of crystallized ability may be maximized in high-functioning samples of 

older adults. Participants in this study were well-educated (mean years of education = 16.6); 

individuals with lower levels of educational attainment may not show the same degree of 

compensatory benefit (although we found no evidence of fluid × crystallized interactions in 

predicting EPS performance). It would therefore be useful to evaluate these relationships in 

a more representative sample of the population that included low-education individuals.

In conclusion, the present study suggests that young adults may solve everyday problems 

based on cognitive resources and mechanisms that are traditionally associated with effective 

problem solving. However, crystallized knowledge becomes a more predominant influence 

on everyday problem solving in older adults.
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Figure 1. 
Example questions of the Everyday Problems Test.
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Figure 2. 
Confirmatory Factor Analysis of cognitive tasks, after controlling for age. Χ2 (60)= 147.941, 

p < .001, CFI = .953, RMSEA = .081, SRMR = .076.
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Figure 3. 
a. Age-related differences in fluid ability. Fluid ability is comprised of the measures on 

processing speed, working memory and inductive reasoning. b. Age-related differences in 

crystallized ability. Crystallized ability is comprised of ETS Advanced Vocabulary Scale, 

NIHTB-CB Picture Vocabulary and NIHTB-CB Oral Reading Recognition. Figure 3c. Age-

related differences in everyday problem solving. Everyday problem solving is measured by 

number of correct answers on the Everyday Problems Test (EPT).
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Figure 4. 
a. Partial residual plot of crystallized ability. b. Partial residual plot of fluid ability. For both 

cognitive predictors, the effect of crystallized and fluid ability follows a similar curvilinear 

pattern regardless of age and the other cognitive level: for people who have lower cognitive 

ability, the level of cognitive ability has a strong effect on everyday problem solving, while 

for people who have high cognitive ability, higher cognitive ability does not affect everyday 

problem solving as much.
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Figure 5. 
Simple slopes of Age × Crystallized ability. Simple slope was not significantly different 

from 0 at Age = 40 (1SD below mean), but was significant at Age = 59 (mean age) and Age 

= 78 (1SD above mean). Based on comparison using z-tests, the effect of crystallized ability 

was stronger at older age (z = −3.027, p = .001) and middle age (z = −1.719, p = .043), than 

at a younger age, and the effect was even stronger at a older age than middle, (z = −1.753, p 
= .04).
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Figure 6. 
95% BCa CI for fluid and crystallized regression coefficients. In older adults, everyday 

problem solving was predicted more by crystallized ability than fluid ability, proportion 

overlap = 42.8%, p <.05.
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Table 1

Demographic and descriptive data.

Young Middle Older

Demographic

 N (Total=221) 72 73 76

 Age Range 24–49 50–69 70–93

 Gender
49 Female

23 Male
49 Female

24 Male
50 Female

26 Male

 Years of Education (SD) 17.29 (2.26) 16.53 (2.01) 15.95 (2.7)

 MMSE (SD) 28.79 (1.13) 28.58 (1.10) 27.76 (1.29)

Descriptive: Mean (SD)

 EPT Score 37.36 (3.98) 37.23 (3.08) 31.24 (6.68)

 Fluid Ability 0.67 (0.46) 0.12 (0.49) −0.74 (0.53)

  Digit Comparison 72.68 (11.75) 63.45 (10.91) 48.64 (11.87)

  Digit Symbol 65.13 (9.65) 55.71 (10.42) 39.47 (10.93)

  NIH Processing Speed 103.61 (12.44) 95.15 (9.11) 85.91 (8.94)

  Letter Number Sequencing 13.39 (2.74) 11.95 (2.69) 9.42 (2.68)

  SWM Total Errors 10.96 (15.89) 26.38 (19.21) 42.79 (20.14)

  NIH Working Memory 112.89 (10.79) 106.72 (10.45) 95.17 (10.97)

  SOC Problems Solved 10.03 (1.84) 8.93 (1.92) 7.74 (1.79)

  ETS Letter Sets 22.41 (4.67) 19.94 (4.56) 12.88 (5.71)

  Raven’s Progressive Matrices 21.75 (1.87) 20.51 (2.60) 16.71 (4.01)

 Crystallized Ability −0.13 (0.85) 0.16 (0.76) −0.04 (1.02)

  NIH Picture Vocabulary 114.78 (8.78) 119.12 (8.06) 116.15 (9.48)

  NIH Oral Reading 112.65 (4.52) 112.63 (4.00) 110.67 (6.35)

  ETS Vocabulary 17.80 (6.54) 20.78 (6.07) 21.17 (7.52)
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