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Abstract

Various psychological assets have been shown to protect against late-life cognitive impairment by 

promoting cognitive reserve. While factors such as educational attainment and IQ are well-

established contributors to cognitive reserve, non-cognitive factors, such as grit, have not been 

studied in this regard. We examined the contribution of adolescent grit, indexed by high school 

class rank controlling for IQ, to late-life cognition and its decline among approximately 4,000 

participants in the Wisconsin Longitudinal Study, a random sample of high school graduates 

followed from 1957 to 2011. Adolescent grit significantly predicted both immediate and delayed 

memory at ages 64 and 71, over and above the contribution of IQ. While the relative contributions 

of IQ and grit to immediate memory were comparable, grit was a stronger predictor of delayed 

memory. Cognitive reserve has non-cognitive, as well as cognitive, components.
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Many older individuals with dementia do not demonstrate the degree of cognitive 

impairment that would be predicted on the basis of brain pathology. Inconsistency between 

the amount of brain pathology observed and clinical presentation in Alzheimer’s disease 

(AD) has been explained by the concept of “cognitive reserve,” which refers to an 

individual’s capacity to withstand the effects of dementia pathology. Theories of cognitive 

reserve have sought to identify indicators of reserve to further clarify the source of the 

brain’s buffer against aging, damage, and disease. Although premorbid IQ and educational 

attainment have been identified as useful proxy measures, the precise mechanisms of how 

psychological assets evident prior to late life confer cognitive reserve remain unclear. In 

addition, the relations among premorbid intelligence, academic achievement, and rate of 

cognitive decline are poorly understood.
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Models of cognitive reserve explain the relation between brain pathology and cognitive 

impairment as a function of the efficiency, capacity, and flexibility of cognitive processes 

and brain networks (Stern, 2002; Stern, 2009). Neuroanatomically, cognitive reserve is 

defined as the efficient use of brain networks and ability to flexibly recruit alternate 

networks to optimize cognitive performance in the face of brain aging and pathology. This 

neuroanatomic variability is thought to underlie the use of compensatory cognitive 

strategies, which bolster performance on tasks of neuropsychological and everyday 

functioning (Stern, 2002; Tucker & Stern, 2011). Cognitive reserve models predict that the 

rate of cognitive decline in late adulthood will be slower in those with greater reserve, as 

they are more capable of engaging compensatory strategies to circumvent neuroanatomical 

degradation. However, longitudinal investigations of cognitive reserve have not consistently 

shown steeper declines among individuals with low reserve, suggesting that cognitive 

reserve may explain only life-long differences in cognitive ability, rather than differential 

rates of age-associated cognitive decline (Andel, Vigen, Mack, Clark, & Gatz, 2006; Manly, 

Touradji, Tang, & Stern, 2003; Tucker-Drob, Johnson, & Jones, 2009).

Cognitive reserve is measured indirectly using proxy variables such as childhood IQ, 

educational attainment, and physical, social, and mental activity throughout the lifespan. In 

particular, educational attainment and IQ have been found to impart reserve above and 

beyond other proxy measures (see Stern, 2009 for a review). Although childhood IQ predicts 

later cognitive outcomes, cognitive reserve continues to develop into early adulthood, largely 

as a function of educational attainment (Richards & Sacker, 2003). Research on literacy in 

relation to cognitive decline highlights the importance of capturing alternative aspects of the 

educational experience as it relates to cognitive reserve. Indeed, Manly and colleagues 

(2003; 2005) have found literacy to be a more robust predictor than years of education of 

cognitive decline among African-Americans. Proposed mechanisms through which 

education facilitates reserve include protracted neuronal activation (Friedland, 1993; Swaab 

et al., 1998) and the enhancement of cognitive processes through increased knowledge stores 

(Salthouse, 2003).

Most research on cognitive reserve has used conventional measures of intellectual 

performance or educational attainment. Investigations into non-cognitive indicators of 

reserve have revealed significant contributions of personality factors to risk of dementia 

(Wilson et al., 2003; Wilson et al., 2005; Wilson et al. 2006; Wilson, Schneider, Arnold, 

Bienias, & Bennett, 2007). Specifically, conscientiousness has been identified as a 

personality trait associated with a reduction in risk for dementia and age-related declines in 

global cognition and memory (Wilson et al., 2007). However, no direct comparison of 

standard cognitive reserve measures to non-cognitive predictors of dementia or age-related 

cognitive decline exists, and the specific contributions of IQ, education, and non-cognitive 

factors to cognitive reserve remain unclear.

Given strong associations between personality and cognitive outcomes, it may be necessary 

to expand the theoretical model of cognitive reserve to include non-cognitive factors that 

may contribute to reserve via factors related to motivation, perseverance, task-oriented 

coping, and goal pursuit (Cohan, Jang, & Stein, 2006; Duckworth, Peterson, Matthews, & 

Kelly, 2007; Friborg, Barlaug, Martinussen, Rosenvinge, & Hjemdal, 2005; Simeon et al., 
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2007). Grit, or “perseverance and passion for long-term goals,” has been identified as a 

powerful predictor of success and achievement across a variety of contexts, including 

educational attainment and occupational success (Duckworth et al., 2007, p. 1087). 

Importantly, grit has been found to be a better predictor of success and achievement 

outcomes compared to IQ and conscientiousness (Duckworth & Gross, 2014). Individual 

characteristics such as grit may enhance the relation between IQ and reduced dementia risk, 

as the sustained application of intellectual resources may increase exposure to enriched 

developmental contexts known to impart reserve. One potential measure of grit is academic 

achievement (e.g., class rank), which may reflect a combination of intellectual capability and 

tenacious goal pursuit (Kautz & Zanoni, 2015).

The purpose of the present study was to explore the independent contributions of adolescent 

IQ and grit to late-life cognition. Presumably, two individuals with comparable IQ scores but 

different levels of achievement within the same school differ in ways other than sheer 

intelligence. Our measure of grit—high school class rank controlling for IQ—is similar to 

ones used by economists interested in non-cognitive contributors to success in life (e.g., 

Borghans, Duckworth, Heckman, & ter Weel, 2008; Kautz & Zanoni, 2015). We predicted 

that both IQ and grit would be independently associated with better cognition in late life, but 

that grit would demonstrate a stronger predictive effect given similar findings for adolescents 

and young adults in domains of educational and occupational success (Duckworth et al., 

2007). Measures of immediate and delayed verbal recall were selected to evaluate late-life 

cognition based on previous literature demonstrating sensitivity to AD pathology and 

associations with non-cognitive factors assessed in adulthood, such as conscientiousness 

(Wilson et al., 2007; Wilson et al., 2005). We predicted that the relation between grit and 

late-life cognition would be significant for both immediate and delayed recall.

Method

Wisconsin Longitudinal Study

Data were obtained from the Wisconsin Longitudinal Study (WLS), a long-term study of a 

random sample of 10,317 individuals who graduated from Wisconsin high schools in 1957 

(Hauser, Sewell, & Herd, 2012; Herd, Carr, & Roan, 2014). The WLS cohort is composed 

almost exclusively of white, non-Hispanic Americans, consistent with the demographics of 

Wisconsin in 1957 (Gibson & Jung, 2002; Herd et al., 2014). Survey data were collected in 

1957, 1964, 1975, 1992, 2004, and 2011. Initial survey data included educational, career, 

social, family, health, and psychological variables, which have been supplemented by 

archival data, such as IQ scores from state records. Later follow-up surveys have collected 

additional information across a wide range of areas, including cognition. Data, 

documentation, publication lists, and additional materials are available from the Wisconsin 

Longitudinal Study, University of Wisconsin-Madison, 1180 Observatory Drive, Madison, 

Wisconsin 53706, http://www.ssc.wisc.edu/wlsresearch/.

Measures

Adolescent IQ—IQ was measured using the Henmon-Nelson Test of Mental Ability 

(Henmon, 1954), a 30-minute examination consisting of 90 multiple-choice questions that 
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include word problems, number problems, and graphical representation problems. Henmon-

Nelson raw scores have been shown to correlated strongly with standard intelligence 

measures, such as WAIS Full Scale IQ scores (Watson et al., 1992; Watson et al., 1981). 

Participants completed this test during high school, and scores were obtained from the 

Wisconsin State Testing Service. Most participants completed this test during their junior 

year; when junior year IQ scores were unavailable, freshman year scores were used. Age-

normed values were expressed as standard scores with a mean of 100 and SD of 15. IQ 

scores and other characteristics of the sample are presented in Table 1.

Adolescent grit—Grit in adolescence was operationalized as high school class rank 

controlling for intelligence (Borghans, Golsteyn, Heckman, & Humphries, 2011; Kautz & 

Zanoni, 2015). Class rank was based on the mean of all grades earned throughout high 

school and adjusted for class size. Grades and class size were obtained from high school 

records. Percentile class rank for each participant was calculated as [100 − (class rank/class 

size × 100)], then converted to a standard score (mean = 100, SD = 15) based on the normal 

distribution, with higher values indicating better performance. For example, a participant 

whose grades ranked 30th in a class of 100 would rank at the 70th percentile and have a 

normalized class rank of 108.

Memory in late life—In 2004 and 2011, when participants were approximately 64 and 71 

years of age, respectively, they were administered the Telephone Interview for Cognitive 

Status that included a word list memory task (Brandt, Spencer, & Folstein, 1988). 

Participants were asked to remember an orally presented ten-word list. The number of 

correct words recalled immediately and after a 12-minute delay constituted the immediate 

recall and delayed recall measures. Given our interest in the effects of aging and education 

on cognition, raw scores were used rather than normative scores that would correct for 

demographic factors such as age and education.

Statistical Analysis

Analyses were conducted using SPSS (IBM). Immediate and delayed recall measures were 

examined in separate multiple linear regression analyses. To examine the effect of grit on the 

level of late-life memory, high school class rank and adolescent IQ were entered as 

predictors of immediate or delayed recall at age 64 and of immediate or delayed recall at age 

71. Finally, to examine the effect of grit on change in late-life memory, high school class 

rank and adolescent IQ were entered as predictors of immediate or delayed recall at age 71, 

controlling for immediate or delayed recall at age 64. IQ, class rank, and the memory 

measures were significantly correlated (see Table 2). However, values of the variance 

inflation factor fell between 1.54 and 1.56, well within acceptable limits, indicating that 

multicollinearity was not a concern when interpreting the results of the regression analyses.

The present sample consisted of a subset of 3,826 WLS participants with available data for 

all measures of interest. Of the 10,317 WLS respondents, 693 (7%) did not have data for 

class rank, 4,933 (48%) for immediate recall in 2004, 5,745 (56%) for delayed recall in 

2004, 5,095 (49%) for immediate recall in 2011, and 5,751 (56%) for delayed recall in 2011. 

A total of 3,052 WLS respondents did not complete the 2004 interview due to death (n = 
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1287), loss to follow-up (n = 279), inability (n = 39), refusal (n = 956), request for data 

deletion after participation (n = 3), or administrative reasons (n = 38), or because their 

participation was not fielded for other reasons, predominantly nonparticipation in prior 

waves (n = 450). Of the 7,265 respondents who did participate the 2004 wave, 5,665 were 

randomly selected to complete the memory task, 281 of whom did not complete the 

immediate recall task due to refusal (n = 220) or administrative reasons (n = 61), and 543 of 

whom did not complete the delayed recall task due to refusal (n = 137), administrative 

reasons (n = 79), or completion of the interview over multiple sessions (n = 227).

A total of 4,349 WLS respondents did not complete the 2011 interview due to death (n = 

1587), loss to follow-up since the 2004 wave (n = 104), inability (n = 21), refusal (n = 1091), 

request for data deletion after participation (n = 2), data loss (n = 1), or administrative 

reasons (n = 4), or because their participation was not fielded for other reasons, 

predominantly nonparticipation in prior waves (n = 1539). Of the 5,968 respondents who did 

participate the 2011 wave, 4,661 were randomly selected to complete the memory task, 52 of 

whom did not complete one or both portions of the memory task due to refusal (n = 17), 

administrative reasons (n = 11), or completion of the interview over multiple sessions (n = 

2), or completion of the interview by a proxy respondent (n = 22). For more information on 

the WLS cohorts and data collection, see http://www.ssc.wisc.edu/wlsresearch/.

No respondents were missing data for adolescent IQ. Junior year IQ scores were available 

for 93% (n = 3562) of the present sample, while freshman year scores were used for the 

remainder (7%; n = 264); in a subset of the present sample who had both junior and 

freshman year scores available (n = 2476), scores were very strongly correlated (r = .83, p 

< .001). In comparison with the rest of the WLS sample, participants in the present sample 

were significantly more likely to be women (54% vs. 50%, p < .001), scored approximately 

4 points higher (i.e., approximately 1/3 of a standard deviation) in adolescent IQ (p = .019) 

and class rank (p = .018), and recalled 0.1–0.3 additional words in each memory measure 

(age 64 immediate recall, p = .003, delayed recall, p = .001; age 71 immediate recall, p = .

009, delayed recall, p = .005). Effect sizes for these differences ranged from trivial (η2
p = .

001 to .009 for memory) to small (η2
p = .02 for IQ and class rank), however. Nevertheless, 

results should be interpreted with the caveat that data were not missing at random.

Results

Class Rank and IQ Predicting Immediate Recall

When examined simultaneously, higher high school class rank and higher adolescent IQ 

both predicted better immediate recall of a ten-word list at age 64, with rank a stronger 

predictor than IQ (Table 3). Each additional SD in rank was associated with 0.25 more 

words recalled, whereas each additional SD in IQ was associated with 0.19 more words 

recalled.

Higher class rank and higher IQ also both predicted better immediate recall at age 71, with 

IQ a stronger predictor than rank. Each additional SD in rank was associated with 0.21 more 

words recalled at age 71, while each additional SD in IQ was associated with 0.28 more 

words recalled.
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Controlling for immediate recall at age 64, higher class rank and higher IQ both predicted 

better immediate recall at age 71, with IQ a stronger predictor of change in recall between 

these two ages than class rank. Each additional SD in rank was associated with a gain of 

0.15 more words recalled, while each additional SD in IQ was associated with a gain of 0.24 

more words recalled.

Class Rank and IQ Predicting Delayed Recall

When examined simultaneously, higher high school class rank, but not adolescent IQ, was 

associated with better delayed recall at age 64 (Table 4). Each additional SD in rank was 

associated with 0.33 more words recalled.

Higher class rank and higher IQ both predicted better delayed recall at age 71, with 

comparable effect sizes. Each additional SD in rank was associated with 0.27 more words 

recalled, while each additional SD in IQ was associated with 0.25 more words recalled.

Controlling for delayed recall at age 64, higher class rank and higher IQ were both 

associated with better delayed recall at age 71, with IQ a slightly stronger predictor of 

improvement than rank. Each additional SD in rank was associated with a gain of 0.18 more 

words recalled, while each additional SD in IQ was associated with a gain of 0.23 more 

words recalled.

Discussion

In a sample of over 3,000 older adults, we explored the relations between IQ and academic 

achievement in adolescence and late-life cognition. Both IQ and high school class rank were 

predictive of late-life cognition, such that individuals with higher IQ scores and class ranks 

performed better on tests of immediate and delayed verbal recall in later adulthood. IQ and 

class rank were both predictive of immediate recall; class rank was marginally more 

predictive of task performance at age 64 and IQ was marginally more predictive of 

performance at age 71. Class rank was the sole predictor of delayed recall performance at 

age 64; at age 71 both class rank and IQ predicted delayed recall performance.

These results suggest that grit, as measured by adolescent academic achievement adjusted 

for IQ, is a non-cognitive predictor of late-life cognitive functioning that is equally, if not 

more, significant than a standard, well-established measure of cognitive reserve. The 

identification of grit in adolescence as a trait with protective influence on late-life memory 

functioning underscores the utility of conceptualizing cognitive reserve as a multifactorial 

construct with non-cognitive indicators (Satz, Cole, Hardy, & Rassovsky, 2011). The 

stronger contribution of grit to the prediction of delayed recall at age 64, compared to 

immediate recall, highlights the potential role of non-cognitive factors in episodic memory, a 

sensitive indicator of pathological aging (Backman, Small, & Fratiglioni, 2001; Wilson, 

Bienias, Berry-Kravis, Evans, & Bennett, 2002). The finding that grit, but not IQ, is 

predictive of delayed recall performance at age 64, while both grit and IQ are predictive of 

delayed recall at age 71 and change over time suggests that traditional components of 

cognitive reserve (i.e. intellectual functioning) may become particularly important over time 
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as age-related cognitive changes warrant the use of more cognitively demanding 

compensatory strategies.

Recent studies have found that conventional measures of cognitive reserve primarily reflect 

only mean differences in cognitive abilities, not differential rates of cognitive decline 

(Tucker-Drob et al., 2009; Zahodne et al., 2011). In the present study, however, adolescent 

IQ and grit predicted both the rate of cognitive decline as well as mean levels in cognitive 

performance. Our finding that high IQ in adolescence predicts attenuated cognitive decline 

in a nonclinical (i.e., community-based, non-treatment seeking) sample suggests that 

intelligence may have a greater impact on the rate of cognitive change than previously 

suspected. This could be due to the use of early measures of intelligence. Previous research 

has relied on education level of measures of intellectual functioning taken during mid- or 

late-life, which may be confounded by common cognitive difficulties observed in aging. 

Intellectual functioning measured during adolescence may be a more useful indicator of 

future decline, as it is less likely to be impacted by cognitive aging. Class rank was also 

predictive of reduced decline in immediate and delayed recall, suggesting that grit measured 

in adolescence has a protective influence on late-life cognitive change. This is consistent 

with active models of cognitive reserve, which posit that reserve mitigates cognitive decline 

by allowing individuals to cope more effectively with age-related changes in brain pathology 

(Stern, 2002). Although grit has been shown to increase with age, less is known about the 

role of grit in successful and cognitive aging (Duckworth & Quinn, 2009).

Our findings raise the question of precisely how grit and other non-cognitive factors 

measured in adolescence come to influence cognition in late life. One possibility concerns 

the ability to adapt to cognitive aging through the use of novel strategies, which may reflect 

the neural flexibility and compensation described by Stern (2002) as a component of 

cognitive reserve. Deliberate practice has been identified as a behavioral mechanism 

underlying the association between grit and achievement in younger samples (Duckworth & 

Quinn, 2009). Grittier older adults may engage in cognitive exercises more frequently or 

seek more difficult cognitive challenges that combat age-related cognitive decline. Grit has 

also been associated with the capacity to delay gratification, which may play a role in 

reducing common risk factors for late-life cognitive decline (i.e., smoking, substance abuse, 

cardiovascular disease; Robertson-Kraft & Duckworth, 2013). Personality factors may 

additionally contribute to the relation between grit and late-life cognition, as grit is 

positively associated with conscientiousness, a personality trait that has been associated with 

reduced cognitive decline in aging (Wilson et al., 2007). An alternative hypothesis is that grit 

enhances early academic success, which subsequently increases the likelihood of exposure 

to enriched developmental contexts that impart reserve. The relation documented in the 

present study between grit and late-life cognitive outcomes begs further exploration. 

Determining the mechanism of this effect has clinical implications, as interventions designed 

to increase grit in educational settings may also be effective in preventing age-related 

cognitive decline.

Previous research on educational attainment as a proxy for cognitive reserve has been 

limited by the skewed distribution of education level (Tucker-Drob et al., 2009; Zahodne, 

Stern, & Manly, 2015). Studies of IQ as a proxy measure for cognitive reserve have relied 

Rhodes et al. Page 7

Neuropsychol Dev Cogn B Aging Neuropsychol Cogn. Author manuscript; available in PMC 2018 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



heavily on cross-sectional designs, which utilize IQ scores measured in late life (Alexander 

et al., 1997; Stern, Alexander, Prohovnik, & Mayeux, 1992; Stern et al., 1994). Our findings 

are enhanced by the use of longitudinal data to directly compare IQ and class rank measured 

in adolescence to cognitive performance measured in late life. Furthermore, our findings add 

to the literature by using continuous, domain-specific cognitive outcome variables. Much of 

the existing research on cognitive reserve has relied on dichotomous outcome variables and 

global measures of cognition (Scarmeas et al., 2001; Stern et al., 1994), which makes it hard 

to detect effects due to reduced statistical power compared to continuous, performance-

based measures.

Despite these strengths, the present study is limited by a lack of information about rates of 

dementia in this sample. A measure of incident dementia would have allowed for the 

development of more clinically relevant conclusions. Additionally, the sample was limited in 

terms of ethnic diversity, with nearly all participants identifying as Caucasian. In light of 

previous findings on ethnic differences in predictors of late-life cognitive functioning within 

demographically diverse samples, it is critically important to expand the investigation of 

non-cognitive contributions to late-life cognition and dementia risk to include greater 

representation of racial and ethnic minorities (Manly, et al., 2003; Manly, et al., 2005). In 

comparison with the rest of the WLS sample, participants in the present study had better IQ 

scores and school performance in high school and better memory performance in late life, 

suggesting the possibility of attrition bias; although these differences were trivial to small 

and therefore may have limited practical significance, future investigations should include 

greater representation of persons with lower levels of IQ, achievement, and late-life 

cognitive abilities. Additionally, our measurement of grit is likely not devoid of cognitive 

influence, as the brief intelligence assessment may not have sufficiently captured all of the 

cognitive variance that explains academic rank. Further investigation combining 

comprehensive cognitive assessments, objective measures of achievement, and validated 

self-assessments (i.e., the Short Grit Scale [GRIT-S]) is warranted (Duckworth & Quinn, 

2009).

The current study provides considerable evidence of the significant influence of non-

cognitive factors across the lifespan for late-life cognitive performance. Our findings 

highlight the need to expand the theoretical models and measurement of cognitive reserve to 

include proxy variables that capture non-cognitive constructs, such as grit. We propose that 

these factors are as important as cognitive factors in explaining cognitive aging. However, 

further research is necessary to clarify the specific path through which cognitive functioning 

in late life is associated with cognitive and non-cognitive factors in adolescence. Additional 

longitudinal research on early predictors of cognitive functioning in healthy and pathological 

aging is needed to specify the causal components of these relations. Future research should 

also explore relations between concurrent grit and cognitive aging in older adults, as varying 

levels of grit over the lifespan may clarify the nature of this protective effect.
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Table 1

Participant characteristics (N = 3,826)

% Women 54

High school class rank (normalized) 102.95 (14.51)

Adolescent IQ 103.11 (14.61)

Age in 2004 64.30 (0.66)

Immediate recall in 2004* 6.20 (1.73)

Delayed recall in 2004* 4.13 (2.12)

Age in 2011 71.19 (0.91)

Immediate recall in 2011* 5.52 (1.42)

Delayed recall in 2011* 3.50 (1.77)

Note. Results are presented as M (SD) unless otherwise noted.

*
Total words recalled out of 10.
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Table 3

Immediate Recall as a Function of Class Rank and IQ (N = 3,826)

B (SE) β t

Predictors of immediate recall at age 64a

  Class rank .016 (.002) 0.14 7.02*

  Adolescent IQ .012 (.002) 0.10 5.32*

Predictors of immediate recall at age 71b

  Class rank .014 (.002) 0.14 7.27*

  Adolescent IQ .019 (.002) 0.19 10.05*

Predictors of change in immediate recallc

  Class rank .010 (.002) 0.11 5.62*

  Adolescent IQ .016 (.002) 0.17 8.96*

Note. Model summary:

a
F (2, 3823) = 93.81*, R2 = 0.05;

b
F (2, 3823) = 185.34*, R2 = 0.09;

c
F (3, 3822) = 221.49*, R2 = 0.15; effect of immediate recall at age 64: β = .25, t = 16.37*.

*
p < .001.

Neuropsychol Dev Cogn B Aging Neuropsychol Cogn. Author manuscript; available in PMC 2018 May 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Rhodes et al. Page 15

Table 4

Delayed Recall as a Function of Class Rank and IQ (N = 3,826)

B (SE) β t

Predictors of delayed recall at age 64a

  Class rank .022 (.003) 0.15 7.53*

  Adolescent IQ .005 (.003) 0.03 1.63^

Predictors of delayed recall at age 71b

  Class rank .018 (.002) 0.15 7.68*

  Adolescent IQ .017 (.002) 0.14 7.22*

Predictors of change in delayed recallc

  Class rank .012 (.002) 0.10 5.45*

  Adolescent IQ .016 (.002) 0.13 7.08*

Note. Model summary statistics:

a
F (2, 3823) = 56.99*, R2 = 0.03;

b
F (2, 3823) = 136.36*, R2 = 0.07;

c
F (3, 3822) = 260.42*, R2 = 0.17; effect of delayed recall at age 64: β = .33, t = 21.79*.

*
p < .001,

^
p = .103.
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