High school quality is associated with cognition 58 years later
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ABSTRACT

Introduction: We examined whether attending higher quality schools is associated with

Qcognitive performance among older adults in the US.

= mmmmmm Methods: Participants were 2,289 older adults (mean age=74.8) in the Project Talent Aging
L Study who completed telephone neurocognitive testing. Six indicators of high school quality,

reported by principals at the time of schooling, were predictors of respondents’ cognitive

function 58 years later. To account for school-clustering, multilevel linear and logistic models

were applied.

Results: Attending schools with a higher number of teachers with graduate training was the
clearest predictor of later-life cognition, and school quality mattered especially for language
abilities. Importantly, Black respondents (n=239; 10.5%) were disproportionately exposed to

low quality high schools.

Discussion: Increased investment in schools, especially those that serve Black children,

could be a powerful strategy to improve later life cognitive health among older adults in the

c
x

MANUSCRIPT TEXT

1. INTRODUCTION

Education is an important predictor of later-life cognition and Alzheimer’s disease and
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related dementias (ADRD)[1-3]. Because many aspects of education are amenable to policy

change, its potential to impact later-life brain health has been elevated, even though
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educational systems and experiences are complex and may affect health in multitude of

ways[4].

During the 20" century, U.S. educational policies focused on duration of schooling
with introduction of laws regulating minimum entry age, minimum drop-out age, or
mandatory length of enrollment. But it is unclear if such policies causally affect
dementia[5,6]. Current educational policy has increased focus on quality of education with
legislation such as Every Student Succeeds Act[7]. However, the extant literature on school
quality and later life brain health is sparse[8,9]. Several studies leveraged the stark
differences in quality between schools serving Black and White children prior to Brown vs.
Board of Education. Most indicate that attending segregated schools predicts lower later-life
cognition among Black people[10-13]. School quality was also shown to contribute to racial
disparities in cognition[8]. Despite the landmark ruling of Brown vs. Board of Education in
1954 for school desegregation, the U.S. educational system continues to be racially
segregated and schools serving Black children continue to receive fewer resources[14] that
contribute to provision of high quality schooling[9]. Subsequently, racial inequalities in
school quality may contribute to persistent disparities in late-life cognitive outcomes for

future generations.

There is no agreement on how to operationalize school quality in health research.
Resource-driven school characteristics, such as teacher’s compensation or student-teacher
ratios, predict students’ abilities and achievement in the short run[15] especially for those
from disadvantaged backgrounds[16]. Historical administrative records of school

characteristics have been linked to cognition in later-life[17,18]. However, the extant
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literature on school quality and later-life brain health draws samples from schools in a single
state with mostly White respondents[18] or uses national samples with characterization of

school quality that is limited to the state level[19].
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The aim of this study was to examine the relationship of six indicators of school
quality and cognitive performance 58 years after high school. Studying multiple indicators
may be important for understanding the best targets for possible policy interventions. Studies

oposed that having the opportunity to attend higher quality schools is especially beneficial
for people from disadvantaged backgrounds, such as racial and ethnic groups that were
historically denied educational opportunities[8], people with fewer years of school[17], and
people who obtain lower scores on tests of academic achievement[18]. Therefore, we also
examined if the studied associations differed by factors that may influence who is positioned
to benefit from investments in schools: sex/gender, race and ethnicity, and region of
residence at the time of schooling[13,18,20]. We hypothesized that higher school quality
would be associated with better cognitive performance, and that NH Black older adults and
those living in the Southern region of the U.S. would especially benefit from high quality
education because they are less likely to have access to other structural resources[21].

throughout the life course that may compensate for lack of investment in schools.

2. METHODS

2.1.Study population

We leveraged a school-based longitudinal cohort called the Project Talent Aging Study
(PTAS), which encompasses schools from 42 states. The cohort study builds on a 1960
Project Talent (PT60) data collection (n=377,016) that included national probability sample
of about 5% of U.S. high schools (n=1,226)[22]. Students in the selected high schools were

enrolled in the 9-12th grade (~13-18 years old) and completed a battery of tests and
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questionnaires over a 2-day period. In 2018-2019, 22,584 participants from 856 schools were
invited to join the PTAS. Present analyses leverage the PTAS Stage 2 sample to which 2,353

individuals responded (eFigure 1). We excluded 64 observations without school identifier,
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leaving 2,289 observations from 599 schools. PTAS Stage 2 respondents had slightly higher

abstract reasoning scores and higher parental SES compared to 1960 PT respondents and

: were more likely to attend desegregated schools (eTable 1).

W — 2.2. Indicators of school quality

Principals at each school responded to a survey of over 100 questions regarding school
characteristics from which we selected 6 indicators of school quality based on the indicators
currently used to measure school quality in the US[23,24], previous literature[8,17,18], and
internal validation (eTable 2). The 6 selected independent exposures were: 1) dropout among
girls, 2) dropout among boys, 3) number of teachers with graduate training, 4) teacher
salaries, 5) term length and 6) school size. Original categories were collapsed in a data-driven

manner due to small sample sizes. The dropout measures capture a percentage of boys/girls

dNuSCr

that entered 10™ grade but dropped out before graduation. The original six categories were
collapsed into four (0-9%, 10-19%, 20-29% and =>30%) by combing the three highest
categories. Ten categories corresponding to number of full-time teachers with some graduate
training in their main area were collapsed into four (0-5, 6-14, 15-23 and =>24). Three
categories (<=$2999, $3000-3499, $4000=>) were created from original ten to capture the
annual starting salary for teacher with a bachelor’s degree and no experience. Nearly 38% of

schools reported having exactly 180 days in their school year, hence term length continuous

-
O
e
H variable was grouped in 3 categories (180<, 180 days, >180). School size may be a proxy for
: school quality since larger schools typically have more resources[25]. We created a school
size indicator using the median number (341) of students in PT 1960 schools to categorize
< small versus larger schools. In our sample, 91% of the larger schools were in urban settings

and thus school size was not independent of the differences in resources that are afforded to

schools in rural vs. urban settings. Polychoric correlations indicated a strong relationship
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between the two dropout measures (correlation coefficient =0.88) and between school size
and number of teachers with graduate training (correlation coefficient=0.84) (eTable 3).

Correlation among other school quality indicators were modest (range 0.02 to 0.5).
Q We conducted an internal validation of school quality indicators in which we
s examined the association of each indicator with post-high school educational attainment. We
hypothesized that indicators of school quality would predict post-high school educational

attainment, which was self-reported in PTAS. On average, the selected indicators were

SC

associated with 0.2 additional years (range: 0.01 to 0.61 years) of educational attainment

: (eTable 2).

2.3. Cognitive measures

dll

Performance on tests of language, memory, and attention was measured via telephone
assessment. Immediate recall was measured by a CERAD 10-word list recall[26] across 3
trials and scores from each trial were summed (score range: 0-30). After at least S-minutes, a
delayed recall trial was conducted. We calculated a delayed recall savings score as the
proportion of words recalled after the delay compared to the last immediate recall trial (score
range: 0-1). Language ability was measured by animal (semantic)[26] and phonemic
fluency[27], where participants were asked to name animals for 45 seconds and words
starting with the letter F for 60 seconds. Immediate recall and language ability measures were
normally distributed. For all abilities, we converted the raw scores to z-scores using the
sample mean and standard deviation. In serial sevens the participants were asked five times to

subtract the number seven starting at 100. The serial sevens scores had low variation with

Author

sixty percent of respondents correctly completing all five subtractions. We created a binary

indicator of poor serial seven performance indicating at least one incorrect subtraction.

This article is protected by copyright. All rights reserved.



2.4. Covariates

Participant demographic characteristics included attained age (years and months), sex/gender
and race/ethnicity. Self-reported sex (male/female) variable, collected in PT60, was used as

indicator for sex/gender. Race/ethnicity was self-reported in PTAS and categorized as:
Non-Hispanic White, Non-Hispanic Black, Hispanic, Asian and all other racial groups
(American Indian/Alaskan Native, Middle Eastern/North African, Native Hawaiian/Other
Pacific Islander or other race/ethnicity). Early-life factors could confound the association of
school quality and later-life cognitive ability. Thus, we included highest parental education,
collected in PT60, as an indicator of childhood socioeconomic background. If mothers and
fathers’ education differed, the higher one was used. For examination of regional
heterogeneity, we used an indicator of Southern region using the U.S. Census Bureau
definition. Our interest was to capture the total effect (i.e., both direct and indirect pathways)
of school quality hence we chose not to include covariates that are downstream from school
quality, such as length of education or midlife cardiovascular disease[4,28,29], and would
mediate the studied relationship[30]. One exception was adolescent cognitive aptitude that we
considered a confounder and a possible mediator. While adolescent cognitive aptitude can
result from attending high quality schooling and influence the school a child attends, it also is
an important predictor of later-life cognitive ability[31]. To operationalize adolescent
cognitive aptitude (mean 0; SD 1) we used scores on abstract reasoning task (15 items) from
1960[31]. This non-verbal, multiple-choice test required examination of complex elements

that have a logical relationship or pattern, and selection of an option that fits a missing piece

uthor Manuscri

of each pattern.

2.5. Statistical analyses

First, we summarized baseline sample characteristics. Second, for our main analysis we fit a

multilevel linear or logistic model for every outcome and school quality indicator, adjusting
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for age, sex/gender, and parental education and including a random intercept at the school-
level. Third, additional set of models added adolescent abstract reasoning scores[31]. To
examine if the studied associations differed, we used models that included an interaction

tween school quality indicator and sex/gender, race and ethnicity, or region of residence at
the time of schooling, respectively. When examining race/ethnicity differences, we included
only NH White and NH Black people because few respondents identified with other
racial/ethnic groups and these participants were clustered in few schools. We used multiple
imputation employing Markov chain Monte Carlo method with 10 imputations to account for
missing values (range 0.7%-4.3%). We also examined percent variance at the school-level

(eMethods 1). All analyses were conducted using the SAS/STAT software, version 9.4.

3. RESULTS

Table 1 lists sample characteristics. Most of the respondents (n=2,289; mean age 74.8)
described themselves as NH White (80.4%), followed by NH Black (10.5%). NH Black
people had parents with lower education, lower adolescent and later-life cognitive scores, and
were more likely to attend school in the South of U.S. (Table 1). Exposure to lower quality
schools was unequally distributed. A higher proportion of NH Black people and those living
in the South attended smaller schools and schools with higher dropout rates, fewer teachers
with graduate training, and lower teacher’s compensation (Table 2).

INSERT TABLES 1 & 2

3.1. School level indicators and later-life cognitive abilities

The main models (Table 3), adjusted for age, sex/gender, and parental education, indicated
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that attending schools with fewer teachers with graduate training was associated with scores
on two language tests and one memory test ( range across abilities: -0.3 to -0.08SD).

Specifically, the models indicated that attending schools with only 0-5 or 6-14 teachers with
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graduate training compared to =>24 teachers was associated with lower phonemic fluency
scores (f=-0.24 [95% CI=-0.37, -0.11] & p=-0.30 [95% CI=-0.42; -0.18] respectively),
animal fluency (B=-0.22 [95% CI=-0.35; -0.089] & p=-0.12 [95% CI=-0.24; -0.004]
Qrespectively), and immediate recall (f=-0.20 [95% CI=-0.32; -0.081] & B=-0.12 [95% CI=-
N

L 0.23; -0.013]). For context, one year of age was associated with -0.1SD lower cognitive
scores, therefore attending schools with fewer teachers with graduate training corresponds to
O 0.8 to 3 years (=-0.08/0.1 to -0.3/0.1) difference in cognitive test scores (Figure 1A).
Adjusting for abstract reasoning scores in adolescence (eTable 6) attenuated the associations
by 13-33% (calculated as: (Bmodel2 = Pmodell/ Pmodet1)*100). Point estimates and their 95%
confidence intervals for four out of the six highlighted associations did not include the null.
Thus, attending schools with 0-5 teachers compared to schools with 24 or more teachers with
graduate training, was associated with later-life phonemic fluency, animal fluency and
immediate recall even when adjusting for adolescent cognitive ability ( range across
abilities: -0.15 to -0.18SD; eTable 6). Because of correlation between school size and number
of teachers with graduate training, we conducted a post-hoc sensitivity analysis stratifying
our models by school size (results upon request). The association between number of teachers
with graduate training and animal fluency was larger for those attending smaller schools
(<=median size = 341 students) and reliable for all contrasts (range: 0.5 to 0.6SD higher
scores). The association between teacher training and immediate word recall was driven by

those attending smaller schools. Phonemic fluency results did not vary by school size.
Attending schools that had lower teachers’ salaries (<=$2999 vs. =>$4000) was

reliably associated with lower letter animal fluency (B=-0.23 [95% CI: -0.40; -0.057]) and
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phonemic fluency (Figure 1B, Table 3). Post-hoc analyses showed that these result remained
unaltered after controlling for educational attainment. Attending smaller schools was

associated with lower phonemic fluency and immediate recall (f=-0.15 [95% CI=-0.24; -
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0.0478] & p=-0.10 [95% CI= -0.19; -0.013] respectively). Attending schools with high
dropout rates for boys (30%=> vs. 0-9%) was associated with lower cognitive scores on all
abilities and these associations were reliable from for animal fluency (B=-0.18 [95% CI=-
0.34; -0.024]), delayed recall savings (B=-0.18 [95% CI=-0.33; -0.024]), and poor serial
sevens (OR=1.43 [95% CI=1.04; 1.97]. Term length indicator displayed mixed results.
Attending schools with term length of less than (p=-0.15 [95% CI= -0.27; -0.036]) or exactly
equal to (B =-0.15 [95% CI=-0.26; -0.045]) 180 days was associated with lower scores on
phonemic fluency but higher delayed recall savings (f=0.092 [95% CI=-0.015; 0.20] & B
=0.13 [95% CI: 0.030; 0.23]). After adjusting for adolescent abstract reasoning scores the
highlighted associations were attenuated by 7-67% (eTable 6). The largest attenuation
occurred for the teacher salary indicator. The point estimates and 95% confidence intervals
for association of term length with phonemic fluency, school size with phonemic fluency and
delayed recall, and boys dropout with delayed recall did not include the null even after
adjustment.
INSERT TABLE 3

INSERT FIGURE 1 HERE

3.2. Exploratory differences across sex/gender, race and ethnicity, and region of
schooling

Examination of heterogeneity of estimates were imprecise, and for most of the associations
we did not see clear differences (Supplementary eTables 7-9). The association of teacher
salary with fluency seemed to be driven by women. Among NH Black respondents, attending

schools with a high number of teachers with graduate training (15-23 vs. =>24) was
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associated with lower phonemic fluency scores, while among NH White respondents,
attending schools with few teachers with graduate training predicted lower phonemic fluency

scores (Figure 2C). The effect of attending small schools on lower animal fluency and
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immediate recall was also stronger among women than men (Figure 2A). Attending smaller
schools was associated with higher phonemic fluency for those residing in the Southern
region of U.S. but lower scores for those in other regions (Figure 2B). In contrast, the
negative relationship of attending smaller schools on delayed recall savings was driven by
those residing in the southern region of U.S. (Figure 2B).

INSERT FIGURE 2 HERE

4. DISCUSSION

We investigated the association of school quality with cognitive ability 58 years later. We
found that attending schools with a higher number of teachers with graduate training was the
most consistent predictor of later-life cognition (0.1 to 0.3SD higher scores) among six
examined school indicators. High school quality mattered especially for performance on

language tests, where findings remained robust to control for adolescent cognitive scores.

There are several reasons why access to well trained and well-paid teachers - the
strongest predictors in our study - may affect later-life cognition. Instruction provided by
more experienced and knowledgeable teachers might be more cognitively stimulating and
thus may provide additional neural or cognitive benefits of time in the classroom. Those
attending relatively smaller schools benefitted more from the presence of highly qualified
teachers, where student-teacher interaction may be more intensive. Prior studies that observed
that attending schools where teachers have graduate training in the subject matter predicted
student achievement in the short run[32,33] align with our results. Attending higher quality
schools may also impact students’ life trajectory. Attending higher quality schools has been

associated with obtaining further education in several studies[24,34,35], including ours
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(eTable 2). Continued schooling may confer benefits through obtaining important credentials,
better occupation, and higher income[34,35]. In line with this mechanism, a previous

study[18] found that the protective effect of school advantage was mediated via midlife
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socioeconomic status, suggesting that attending higher quality school leads to cumulative

advantages.

Like prior research examining school quality[8,11,18] and other social and structural
eterminants, the strongest associations were for language ability compared to other cognitive
domains. Measures of later-life language ability assume familiarity with stimuli and rely on
the assumption that schools introduced, allowed for practice of, and reinforced experience
with similar tasks. The extent to which schools in 1960 conferred this familiarity is probably

correlated with the indicators of school quality that we used in this study.

Importantly, the population impact of poor school quality is expected to be larger for
Black children because of the lower investment in schools that serve Black children. Further,
Black students were more likely to attend smaller schools where exposure to teachers with
graduate training was rarer, yet associations with later life cognition were of larger
magnitude. Our results are aligned with previous research[13,18,35] and show that structural
racism and de jure segregation restricted access to high quality schooling for Black children
(Table 2). This is a contemporary issue because racial equity in school quality has never been
achieved in the United States and school racial segregation has grown more extreme in recent
decades[14]. For example, based on 2016 Civil Right Collection data, schools that were
attended by non-White students had twice as high number of inexperienced teachers as[36]
schools attended by predominantly White students[23] and unequal access to high-quality
teachers is among the contributors to the contemporary achievement gap between non-White
and White students[36]. Our study highlights how this lack of investment is one systemic tool

that contributes to and perpetuates inequalities in cognitive function among older Black

Author Manuscript

adults.

4.1. Strengths and limitations
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Leveraging a sample with national coverage, studying school quality indicators reported by
principals using a standard questionnaire across all schools, availability of adolescent
cognitive scores at the time of schooling, and inclusion of respondents from marginalized

pulations (19.6%) are some of the unique features of our study.

Several limitations are worth noting. First, while a standard questionnaire across all
schools was used to obtain school quality indicators, majority of the questions allowed only
categorical operationalization of variables, which may reduce power, and options provided
for each question may not have been sensitive to key variation in the measured constructs.
For example, a large proportion of schools (40.7%) reported that their teachers have $4000-
4499 as a starting salary, and this category could not be broken down further. For several key
items on the survey, we had to collapse categories due to small sample sizes, which may
obscure important variation. Second, our approach does not account for correlation between
school quality indicators, thus additive or even multiplicative effects of school quality may be
underestimated. Yet, the correlation among most indicators was modest (0.02 to 0.5). Third,
we were only able to formally compare NH Black and White respondents due to insufficient
sample sizes for Latinx, Asian, and American Indian participants. Fourth, as eTable 1 shows
there were some differences in the characteristics of the 1960 PT sample, those targeted for
PTAS, and PTAS Stage 2 respondents. Because a primary sampling goal for PTAS was
overrepresentation of participants from marginalized backgrounds, they are more likely than
the 1960 PT to have lower SES, to have attended desegregated schools, and to have attended
schools that primarily serve Black children. We repeated our main analyses using inverse

probability weights to adjust for sampling and response bias, which did not change our
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results. Additionally, selective survival may have occurred, but it would likely bias the main
associations toward the null due to survival of the most resilient individuals. Our

understanding is also restricted by limitations in data and sample size to examine interactions
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of racialized group with skin tone, ethnicity, immigration experiences, native language, and
other features of identity, including gender and SES. An additional data limitation includes
lack of interim data and clinical cognitive status of our respondents. Differences in adolescent

stract reasoning scores between Black and White respondents raise concerns about
assessment bias and construct validity of the measures. Especially relevant to the current
research question, racially stratified exposure to for example higher quality schools earlier in
life may teach the skills needed for the high school test [37]. Nevertheless, our main findings
remained after adjustment for adolescent cognitive aptitude. Finally, while we account for
some confounders, such as parental education and adolescent cognitive aptitude, we cannot
rule out that residual confounding, for example by quality of elementary and middle schools’

environment, biases our findings.

4.2. Unanswered questions and future directions

We were not able to address the role of school quality across the entire educational
experience. We examined school quality in high school, but did not have measures of school
quality earlier in life. Quality of primary and secondary schools attended by a child are likely
to be associated and our findings may partly reflect a cumulative advantage of attending
higher quality schools throughout the educational career. Effects of school quality across the
educational career may be synergistic. For example, previous research showed that attending
high-quality kindergarten programs was associated with better elementary school outcomes
only for children that were able to attend high-quality elementary schools[38]. Future studies

should examine the role of school quality across multiple time points.
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Attending higher quality high school may impact students’ life trajectory — such as
attending university, the type of job one has, or midlife health and health behaviors. For
example, attending higher-quality high schools is predictive of college success[35], earnings,

This article is protected by copyright. All rights reserved.
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and employment[34]. Research shows these midlife socioeconomic factors are in turn linked
to other risk factors for cognitive decline[39]. Our study provides the first step by
establishing the link between high quality education and later-life cognition. Future research

irections include evaluating the mechanisms linking high-quality education and later-life

cognition.

Prior research among NH Black older adults living in Chicago indicates that those
who attended desegregated schools in the Southern region of U.S. had lower cognitive scores
than those who attended segregated Southern schools and schools in the North[13]. We were
unable to examine school quality and segregation of schools within Black participants
because of our small sample sizes. Additionally, the role and importance of individual school
quality predictors may be influenced by contextual factors, such as rurality or area level

SES[20], yet we were unable to examine these interactions due to data limitations.

While we were able to examine multiple school quality indicators that are relevant for
high school students today[23,24], there may be other relevant school quality metrics we
were not able to operationalize. Thus, future studies should explore the role of additional

aspects of school quality, such as class size.

4.3. Conclusions & implications

This study suggests that school quality contributes to level of cognitive function in older age.
Since Black people were disproportionately exposed to low quality schooling due to
educational segregation and structural racism — and such inequalities persist today - increased

investment in schools, especially those that serve Black children, could be a powerful
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strategy to improve cognitive health among older adults in the US.
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Figure 1B. The predicted relationship of age and letter F fluency for respondents attending
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Figure 2. Estimates from models examining associations of various school factors with z-
scores of cognitive abilities based on interaction of the school factor with: A. sex/gender; B.
region; or C. race and ethnicity.
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Research in Context

Systematic review: Education is an important predictor of cognitive performance during the
life-course. Few studies examined the role of educational quality, and none that measure
school quality at a local level, at the time of schooling and include diverse population.
Studies examining educational quality at the state level using historical administrative records

were used to inform hypotheses and selection of indicators.

Interpretation: Our findings are the first to show association between several indicators of
school quality with cognitive ability almost 6 decades later. Racial and ethnic differences in
school quality (e.g., investment in teachers, term length) may contribute to disparities in later-

life cognition.

Future directions: Studies are warranted to a) corroborate our findings among later-born

cohorts, since our participants attended high school in 1960; b) examine the mediating role of
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adult financial resources and later-life health; c) obtain longitudinal follow-up to understand

potential links to cognitive trajectory and incident dementia.
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