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Abstract

We leveraged a unique school-based longitudinal cohort—the Project Talent Aging
Study—to examine whether attending higher quality schools is associated with cog-
nitive performance among older adults in the United States (mean age = 74.8).
Participants (n = 2,289) 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, multi-
level linear and logistic models were applied. We found that 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 percentage) were disproportionately exposed to low
quality high schools. Therefore, 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 United States.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any
medium, provided the original work is properly cited and is not used for commercial purposes.
© 2023 The Authors. Alzheimer’s & Dementia: Diagnosis, Assessment & Disease Monitoring published by Wiley Periodicals, LLC on behalf of Alzheimer’s Association.

Alzheimer’s Dement. 2023;15:€12424.
https://doi.org/10.1002/dad2.12424

wileyonlinelibrary.com/journal/dad2 | 10f 10


https://orcid.org/0000-0002-9481-7497
mailto:jjm71@cumc.columbia.edu
http://creativecommons.org/licenses/by-nc/4.0/
https://wileyonlinelibrary.com/journal/dad2
https://doi.org/10.1002/dad2.12424

20f10 Diagnosis, Assessment

SEBLOVAET AL.

Disease Monitoring

1 | INTRODUCTION

Education is an important predictor of later-life cognition and
Alzheimer’s disease and related dementias (ADRD).13 Because many
aspects of education are amenable to policy change, its potential to
impact later-life brain health has been elevated, even though educa-
tional systems and experiences are complex and may affect health in
multitude of ways.*

During the 20t century, U.S. educational policies focused on dura-
tion 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.>¢ Current edu-
cational policy has increased focus on quality of education with
legislation such as Every Student Succeeds Act’. However, the extant
literature on school quality and later life brain health is sparse.8?
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.’%-12 School quality was
also shown to contribute to racial disparities in cognition.® 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'* that contribute to provision of high qual-
ity schooling.” 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? especially for those from
disadvantaged backgrounds.’® Historical administrative records of
school characteristics have been linked to cognition in later-life.1617
However, the extant literature on school quality and later-life brain
health draws samples from schools in a single state with mostly White
respondents!’ or uses national samples with characterization of school
quality that is limited to the state level.®

The aim of this study was to examine the relationship of six indi-
cators of school quality and cognitive performance 58 years after
high school. Studying multiple indicators may be important for under-
standing the best targets for possible policy interventions. Studies
proposed 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 educa-
tional opportunities®, people with fewer years of school*¢, and people
who obtain lower scores on tests of academic achievement.!” There-
fore, 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.2>17:1? We hypothesized that higher school quality
would be associated with better cognitive performance, and that non-

Hispanic (NH) Black older adults and those living in the southern region

Research in Context

1. Systematic review: Education is an important predic-
tor 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 exam-
ining educational quality at the state level using historical
administrative records were used to inform hypotheses
and selection of indicators.

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

3. Future Directions: Studies are warranted to (a) corrob-
orate our findings among later-born cohorts, since our
participants attended high school in 1960; (b) examine
the mediating role of adult financial resources and later-
life health; (c) obtain longitudinal follow-up to under-
stand potential links to cognitive trajectory and incident

dementia.

of the United States would especially benefit from high quality edu-
cation because they are less likely to have access to other structural
resources?? 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 Tal-
ent Aging Study (PTAS), which encompasses schools from 42 states.
The cohort study builds on a 1960 Project Talent (PT60) data collec-
tion (n = 377,016) that included national probability sample of about
5% of U.S. high schools (n = 1,226).2! Students in the selected high
schools were enrolled in the 9-12th grade (~13-18 years old) and
completed a battery of tests and 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 obser-
vations without school identifier, leaving 2,289 observations from 599
schools. PTAS Stage 2 respondents had slightly higher abstract reason-
ing scores and higher parental socioeconomic status (SES) compared
to the PT60 respondents and were more likely to attend desegregated
schools (eTable 1).



SEBLOVAET AL.

Diagnosis, Assessment 30f 10

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 six indicators
of school quality based on the indicators currently used to measure

2223 previous literature®1¢17 and

school quality in the Unites States
internal validation (eTable 2). The six 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 per-
centage of boys/girls that entered 10t" 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 cate-
gories. 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 variable was grouped in 3 cate-
gories (180 <, 180 days, > 180). School size may be a proxy for school
quality since larger schools typically have more resources.?* We cre-
ated a school size indicator using the median number (341) of students
in PT60 schools to categorize small versus larger schools. In our sam-
ple, 91% of the larger schools were in urban settings; 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 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). Cor-
relation among other school quality indicators were modest (range
0.02t00.5).

We conducted an internal validation of school quality indicators in
which we 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 associated with 0.2 additional years (range: 0.01 to 0.61 years) of

educational attainment (eTable 2).

2.3 | Cognitive measures

Performance on tests of language, memory, and attention was mea-
sured via telephone assessment. Immediate recall was measured by
a CERAD 10-word list recall®® across 3 trials and scores from each
trial were summed (score range: 0-30). After at least 5-minutes, a
delayed recall trial was conducted. We calculated a delayed recall
savings score as the proportion of words recalled after the delay com-
pared to the last immediate recall trial (score range: 0-1). Language
ability was measured by animal (semantic)?> and phonemic fluency?¢,
where participants were asked to name animals for 45 seconds and

words starting with the letter F for 60 seconds. Immediate recall and

Disease Monitoring

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 7 starting at 100. The serial sevens scores
had low variation with 60% of respondents correctly completing all
five subtractions. We created a binary indicator of poor serial seven
performance indicating at least one incorrect subtraction.

24 | 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 an 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 East-
ern/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 heterogene-
ity, 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*27-28,
and would mediate the studied relationship.2? 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.%°
To operationalize adolescent cognitive aptitude (mean O; SD 1), we
used scores on abstract reasoning task (15 items) from 1960.3° 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 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 out-
come and school quality indicator, adjusting for age, sex/gender, and
parental education and included arandom intercept at the school-level.
Third, additional set of models added adolescent abstract reasoning
scores3C. To examine if the studied associations differed, we used
models that included an interaction between school quality indica-
tor and sex/gender, race and ethnicity, or region of residence at the
time of schooling, respectively. When examining race/ethnicity differ-
ences, we included only NH White and NH Black people because few
respondents identified with other racial/ethnic groups and these par-

ticipants were clustered in few schools. We used multiple imputation
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TABLE 1 Descriptive statistics for the overall sample in Stage 2 analyses, as well as across race/ethnicity, sex/gender, and region of schooling.

Overall NH Whites NH Blacks Men Women Non-Southern Southern
(n=2,289) (n=1,839) (n=242) (n=1,086) (n=1,203) (n=1,654) (n=625)
Age, mean (SD), year 74.8(1.2) 74.8(1.2) 75.0(1.3) 74.8(1.2) 74.8(1.2) 74.8(1.2) 74.9 (1.9)
Adolescent abstract reasoning, 9.4(2.9) 9.8(2.7) 6.6 (3.0) 9.6(2.8) 9.3(2.9) 9.7 (2.8) 8.8(3.1)
mean (SD)
Cognitive tests scores
Animal Fluency (n=2,273) 16.7 (4.9) 17.0(4.9) 14.7 (4.6) 17.0(5.0) 16.4(4.9) 16.8(4.9) 16.4(5.0)
Letter F Fluency (n = 2,265) 11.7 (5.0) 11.9(5.0) 11.0(5.3) 11.5(5.1) 11.9(5.0) 11.9(5.0) 11.2(5.0)
Immediate recall (h = 2,270) 20.5(4.4) 20.6 (4.5) 20.0(4.3) 19.2 (4.4) 21.5(4.2) 20.5(4.4) 20.5(4.6)
Delayed Recall Savings (n=2,236) 0.78(0.19) 0.78(0.18) 0.76(0.21) 0.74(0.2) 0.81(0.17) 0.77 (0.18) 0.79(0.19)
Poor Serial 7 (binary), no. (%) 933(40.7%)  692(37.6%) 139(57.4%)  362(33.3%)  571(47.5%) 665 (40.0%) 268 (42.9%)
Women, no. (%) 1203 (52.6%) 942 (51.5%) 144 (60.3%)
Parental education
Unknown or less than grade 514(22.5%) 331(18.0%) 92 (38.0%) 262 (24.1%) 252 (21.0%) 357(21.45%) 157 (25.1%)
school
At least some high school 935(40.9%) 759 (41.3%) 100(41.3%)  437(40.2%)  498(41.4%) 674 (40.5%) 261(41.8%)
Higher than high school 840(36.7%) 749 (40.7%) 50(20.7%)  387(35.6%)  453(37.7%) 633(38.0%) 207 (33.1%)
Southern region, no. (%) 625 (27.3%) 492 (26.8%) 116 (47.9%) 278 (44.5%) 347 (55.5%)
Race/ethnicity, no. (%)
Non-Hispanic White 1839 (80.3%) 893(82.2%) 946 (78.6%) 1347 (81.0%) 492 (78.7%)
Non-Hispanic Black 242 (10.6%) 96 (8.8%) 146 (12.2%) 126 (7.6%) 116 (18.6%)
Hispanic 75 (3.3%) 37 (3.4%) 38(3.2%) 67 (4.0%) 8(1.3%)
Asian 103 (4.5%) 49 (4.5%) 4 (4.5%) 100 (6.0%) 3(0.5%)
Other 30 (1.3%) 11(1.1%) 19 (1.6%) 24 (1.4%) 6(1.0%)

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, eTable4 and 5). 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 educa-
tion, lower adolescent and later-life cognitive scores, and were more
likely to attend school in the U.S. South (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 compensation (Table 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 that attending schools with fewer teachers with

graduate training was associated with scores on two language tests and
one memory test (8 range across abilities: —0.3 to —0.08SD). Specif-
ically, the models indicated that attending schools with only 0-5 or
6-14 teachers with graduate training compared to = > 24 teachers
was associated with lower phonemic fluency scores (8 = —0.24 [95%
Cl=-0.37,-0.11] & 3= -0.30[95% Cl = —0.42; —0.18] respectively),
animal fluency (8 = —0.22[95% Cl = —0.35; —0.089] & 8 = —0.12[95%
Cl = —0.24; —0.004] respectively), and immediate recall (3 = —0.20
[95% Cl = —0.32; —0.081] & 8 = —0.12 [95% CI| = —0.23; —0.013]).
For context, 1 year of age was associated with —0.1 SD lower cog-
nitive scores; therefore, attending schools with fewer teachers with
graduate training corresponds to 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 - Bmodel1/ Bmoder1) 100).
Point estimates and their 95% confidence intervals for four out of
the six highlighted associations did not include the null. Thus, attend-
ing schools with 0-5 teachers compared to schools with 24 or more
teachers with graduate training, was associated with later-life phone-
mic fluency, animal fluency, and immediate recall even when adjusting
for adolescent cognitive ability (3 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
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TABLE 2 Distribution of the school quality predictors overall and across race/ethnicity, sex/gender, and region of schooling.

Overall NH Whites NH Blacks Men Women Non-Southern Southern
(n=2,289) (n=1,839) (n=239) (n=1,086) (n=1,203) (n=1,654) (n=625)

Dropout boys

0-9% 1264 (57.4%) 1028 (58.1%) 6(36.1%)  592(56.2%)  671(58.5%) 989 (62.6%) 275 (44.%)

10-19% 525(23.8%)  443(25.1%) 9(29.6%)  234(22.2%)  291(15.3%) 282(17.9%) 243(38.9%)

20-29% 201(9.1%) 152 (8.6%) 5(14.8%)  113(10.7%) 88(7.7%) 116 (7.4%) 85(13.6%)

=>30% 213(9.7%) 145 (8.2%) 6(19.5%) 115(10.9%) 98 (8.5%) 192(12.2%) 21(3.4%)

Dropout girls

0-9% 1393(63.4%) 1170(66.2%)  74(32.0%)  658(65.0%) 735(62.0%) 1068 (67.8%) 325 (52.3%)

10-19% 469 (21.4%)  384(21.7%)  71(30.7%)  210(20.8%)  259(21.9%) 258(16.4%) 211(34.0%)

20-29% 205 (9.3%) 132(7.5%) 52(22.5%) 92 (9.1%) 113(9.5%) 139 (8.8%) 66 (10.6%)

=>30% 130 (5.9%) 82 (4.6%) 34 (14.7%) 52(5.1%) 78 (6.6%) 111(7.0%) 19 (3.1%)

No. of teachers with graduate training

0-5 345(15.1%)  286(15.6%) 0(20.7%)  151(13.9%)  194(16.1%) 163(9.8%)  182(29.1%)

6-14 451(19.7%)  386(20.9%) 3(22.9%)  216(19.9%)  235(19.5%) 315(18.9%) 136(21.8%)

15-23 290(12.6%)  237(12.9%) 1(12.8%)  135(12.4%)  155(12.9%) 194(11.7%)  96(15.4%)

=>24 1203 (52.6%) 930(50.6%) 108 (44.6%) 584 (53.8%) 619 (51.5%) 992(59.6%) 211(33.8%)
Teacher’s salary

<=2999% 11(7.3%) 93(5.3%) 63(26.7%) 61(5.9%) 100 (8.7%) 43(2.7%)  118(19.4%)

$3000-3499 626(28.6%)  540(30.8%)  66(28.0%) 295(28.3%)  331(28.7%) 188(11.9%) 438 (72.0%)

=> $4000 1406 (64.1%) 1118(63.9%) 107(45.3%)  685(65.8%)  721(62.6%)  1354(85.4%) 51(8.6%)
Term length

< 180 days 627 (27.4%) 535(29.1%) 50(20.7%) 274(25.2%) 353(29.3%) 349(21.0%) 278 (44.5%)

180 days 793(34.6%)  634(34.5%) 89(36.8%)  377(34.7%) 416 (34.6%) 502(30.2%) 291(46.6%)

> 180 days 869(38.0%)  670(36.4%) 103(42.6%)  435(40.1%)  434(36.1%) 813(48.9%)  56(9.0%)
School size

< = median size 675(29.5%)  545(29.6%) 109(45.0%) 310(28.5%) 365 (30.3%) 398(23.9%) 277 (44.3%)

> median size 1614 (70.5%) 1294(70.4%) 133(55.0%) 776 (71.5%) 838(69.7%)  1266(76.1%) 348(55.7%)

request). The association between number of teachers with gradu-
ate 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 that had
salaries (< = $2999 vs. = > $4000) was reliably associated with
lower letter animal fluency (8 = —0.23 [95% CI: —0.40; —0.057]) and
phonemic fluency (Figure 1B, Table 3). Post-hoc analyses showed

schools lower teachers’

that these result remained unaltered after controlling for educational
attainment. Attending smaller schools was associated with lower
phonemic fluency and immediate recall (8 = —0.15 [95% CI = —0.24;
—0.0478] &8 =-0.10[95% Cl = —0.19; —0.013], respectively). Attend-
ing schools with high dropout rates for boys (30% = > vs. 0-9%) was
associated with lower cognitive scores on all abilities and these asso-
ciations were reliable for animal fluency (8 = —0.18 [95% Cl = —0.34;
—0.024]), delayed recall savings (3 = —0.18 [95% Cl = —0.33; —0.024]),
and poor serial sevens (OR = 1.43 [95% Cl = 1.04; 1.97]. Term length

indicator displayed mixed results. Attending schools with term length
of less than (8 = —0.15 [95% CI = —0.27; —0.036]) or exactly equal
to (B = —0.15 [95% Cl = —0.26; —0.045]) 180 days was associated
with lower scores on phonemic fluency but higher delayed recall
savings (8 =0.092[95% Cl = —0.015; 0.20] & 8 =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 for abstract reasoning.

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
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TABLE 3 Pooled estimates from multiple imputation models examining association of individual school measures with level of cognitive
functioning for language and memory domains (continuous) and indicator of impaired serial 7 score (binary), adjusted for age, sex, and parental

education.

Dropout boys
0-9%
10-19%
20-29%

=>30%

Dropout girls
0-9%
10-19%
20-29%

=>30%

Letter F fluency
B (95%Cl)

Ref.

—0.036 (-0.15;0.076)
—0.15(-0.32;0.017)
—0.12(-0.28;0.043)

Ref.

—0.070(-0.19; 0.046)
—0.038(-0.20;0.13)
—0.032(-0.23;0.17)

No. of teachers with graduate training

0-5

6-14

15-23

=>24
Teacher’s salary

<=$2999

$3000-3999

=> $4000
Term length

< 180 days

180 days

> 180 days
School size

< =median size

> median size

—-0.24(-0.37;-0.11)

—0.30(-0.42; -0.18)
—0.099 (—0.24;0.043)
Ref.

—0.16(—0.33;0.014)
—0.084 (-0.19;0.020)
Ref.

—0.15(-0.27; -0.036)
—0.15(-0.26; —0.045)

Ref.

—0.15 (—0.24; —0.048)

Ref.

Animal Fluency

B(95%Cl)

Ref.

—0.001(-0.11;0.11)
—0.10(-0.27;0.064)
—0.18 (—0.34; —0.024)

Ref.

—0.081 (-0.20; 0.034)
—0.069 (—0.23;0.093)
—0.004 (-0.20; 0.20)

—0.22(-0.35; —0.089)

—0.12 (-0.24; —0.004)
—0.076(-0.21;0.063)
Ref.

—0.23 (—0.40; —0.057)
0.006 (—0.096; 0.11)
Ref.

0.015(-0.10;0.13)
—0.042 (-0.15;0.066)
Ref.

—0.073(-0.17;0.024)
Ref.

(A) 0.50

0.25
0.00

-0.25
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FIGURE 1 The predicted relationship of age and cognitive scores in older age when attending schools with (A) different number of teachers
with graduate training in the main area, and (B) different levels of teachers’ salaries. Figures were derived from one model, not multiple

imputations.
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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.

(Supplementary eTables 7-9). The association of teacher salary with
fluency seemed to be driven by women. Among NH Black respon-
dents, attending schools with a high number of teachers with graduate
training (15-23 vs. = > 24) was associated with lower phonemic flu-
ency 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 immediate recall was also stronger among
women than men (Figure 2A). Attending smaller schools was associ-
ated with higher phonemic fluency for those residing in the southern
region of the United States 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 the United States (Figure 2B).

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 perfor-
mance 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 knowledge-
able 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 interac-
tion 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 run332 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?33334  including ours
(eTable 2). Continued schooling may confer benefits through obtain-
ing important credentials, better occupation, and higher income.33:34
In line with this mechanism, a previous study!’ found that the pro-
tective effect of school advantage was mediated via midlife SES,
suggesting that attending higher quality school leads to cumulative

advantages.
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Like prior research examining school quality®1%17 and other social
and structural determinants, the strongest associations were for lan-
guage 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 invest-
ment 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 cogni-
tion were of larger magnitude. Our results are aligned with previous
research?317:34 and show that structural racism and de jure segre-
gation 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.* 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®> schools attended by predominantly White students?2
and unequal access to high-quality teachers is among the contributors
to the contemporary achievement gap between non-White and White
students.3> Our study highlights how this lack of investment is one sys-
temic tool that contributes to and perpetuates inequalities in cognitive

function among older Black adults.

41 | Strengths and limitations

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

Several limitations are worth noting. First, while a standard ques-
tionnaire across all schools was used to obtain school quality indi-
cators, the majority of the questions allowed only categorical oper-
ationalization of variables, which may reduce power, and options
provided for each question may not have been sensitive to key vari-
ation 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 qual-
ity may be underestimated. Yet, the correlation among most indicators
was modest (0.02 to 0.5). Third, we were only able to formally com-
pare 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

PT60 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 PT60 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 results. Addi-
tionally, 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 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 abstract reasoning scores
between Black and White respondents raise concerns about assess-
ment bias and construct validity of the measures. Especially relevant to
the current research question, racially stratified exposure to, for exam-
ple, higher quality schools earlier in life may teach the skills needed
for the high school test3¢. Nevertheless, our main findings remained
after adjustment for adolescent cognitive aptitude. Finally, while we
account for some confounders, such as parental education and adoles-
cent 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 asso-
ciated 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 synergis-
tic. 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 ele-
mentary schools®”. Future studies should examine the role of school
quality across multiple time points.

Attending higher quality high school may impact students’ life tra-
jectory - 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®*

, earnings, and
employment.3 Research shows these midlife socioeconomic factors
areinturn linked to other risk factors for cognitive decline.® Our study
provides the first step by establishing the link between high quality
education and later-life cognition. Future research directions include
evaluating the mechanisms linking high-quality education and later-life
cognition.

Prior research among NH Black older adults living in Chicago indi-

cates that those who attended desegregated schools in the southern
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region of United States had lower cognitive scores than those who
attended segregated southern schools and schools in the North.!3
We were unable to examine school quality and segregation of schools
within Black participants because of our small sample sizes. Addition-
ally, the role and importance of individual school quality predictors
may be influenced by contextual factors, such as rurality or area level
SES!?, 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?223, there may be
other relevant school quality metrics we were not able to operational-
ize. 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 cogni-
tive 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 strategy to improve cognitive health among older adults
in the United States.
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