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Abstract

Objectives: Drawing on insights from theorizing on cumulative dis/advantage (CDA), we aimed to advance understanding
of educational attainment as a protective factor for later-life cognition by examining whether associations between obtaining
a bachelor’s degree and later-life cognition differ according to individuals’ likelihood of completing college based on char-
acteristics in adolescence.

Methods: We conducted a propensity score analysis with data from the Wisconsin Longitudinal Study (WLS). Measures
to predict college completion were assessed prospectively in adolescence, and a global measure of later-life cognition was
based on cognitive assessments at age 635.

Results: College completion by age 25 (vs high school only) was associated with better later-life cognition for both men and
women. Among men specifically, associations were stronger for those who were less likely as adolescents to complete college.
Discussion: Results indicate the utility of a CDA perspective for investigating the implications of interconnected early life
risk and protective factors for later-life cognition, as well as ways in which college education can both contribute to, as well
as mitigate, processes of CDA.
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Studies have found that greater educational attainment
is associated with better cognition in later life (Lenehan,
Summers, Saunders, Summers, & Vickers, 2015), with re-
searchers generally conceptualizing sources of dis/advan-
tage before college as factors that require statistical control
to reduce bias in causal inferences (for a discussion, see
Fletcher & Frisvold, 2014). Nevertheless, there is growing
evidence within research on other adult outcomes that the
implications of postsecondary education might differ based
on individuals’ likelihood of completing college in the first
place (Hout, 2012). Our study addresses the need for re-
search on heterogeneous treatment effects of postsecondary

education on later-life cognition, given that obtaining a
bachelor’s degree is contingent upon a constellation of
interconnected individual, family, and social-structural con-
ditions (Kurlaender & Hibel, 2018), which also serve as risk
and protective factors for later-life cognition (see Greenfield
& Moorman, 2019, for a review).

Unique to a cumulative dis/advantage (CDA) perspec-
tive is the idea that inequitable exposures early in life serve
to sustain and increase inequality as members of a cohort
age (DiPrete & Eirich, 2006). (For a discussion on ways in
which processes of accumulation can entail both the ampli-
fication and stability of inequalities over time, see Ferraro
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& Morton, 2018.) Prior health-focused research on CDA
and education largely has examined the extent to which
associations between educational attainment and indi-
vidual health grow in size as cohorts progress throughout
adulthood (see Mirowsky & Ross, 2008, for a review). No
studies, to our knowledge, have used a CDA perspective to
examine how differential selection into obtaining a college
degree potentially influences the relationship between edu-
cational attainment and later-life cognition.

Schafer, Wilkinson, and Ferraro (2013) describe two
competing theoretical viewpoints on whether individ-
uals with greater dis/advantage before college benefit the
most, or least, from a college education. The “added pro-
tection” hypothesis posits a “Matthew effect,” which sug-
gests the amplification of dis/advantage over the course
of an individual’s life (Dannefer, 2018). Individuals
whose adolescent advantages make them most likely to
complete college might gain the most from graduating
college—being maximally situated to capitalize upon
the biopsychosocial advantages that college affords. On
the other hand, the “compensatory leveling” hypothesis
suggests that those who face the greatest disadvantage
in youth have the most to gain from college completion.
For example, obtaining a bachelor’s degree might be es-
pecially important for optimizing neurophysiological de-
velopment among individuals with poor access to such
resources through their parents, schools, and communi-
ties in adolescence (Seifan, Schelke, Obeng-Aduasare, &
Isaacson, 2015).

Using propensity score methods, we tested potential
heterogeneous treatment effects within associations be-
tween college completion and later-life cognition. We fur-
ther oriented to gender differences, given that especially
for contemporary cohorts of older adults, the meaning
of postsecondary education varied for men and women.
For example, shortly following World War II, men were
generally encouraged to obtain a college degree to estab-
lish their careers, whereas college was viewed as less rel-
evant for women’s long-term futures (Eisenmann, 2006).
Accordingly, we examined whether heterogeneous treat-
ment effects differed for men and women.

Methods

Data

The Wisconsin Longitudinal Study (WLS) is a random
sample of one-third of students who graduated from a
Wisconsin high school in 1957 (N = 10,317). Because
the original WLS sample included insufficient numbers
of persons of color for statistical analysis, participants
comprise a White sample (Herd, Carr, & Roan, 2014).
The analysis was limited to participants with no educa-
tional attainment past high school and those who gradu-
ated from college by the age of 25. Excluded analytic
groups included (a) 1,327 people who had missing data
on educational attainment; (b) 1,425 people who had
missing data on cognition at age 65 (mostly because the

WLS administered five of the six cognitive assessments to
only a random subset of participants; see Supplementary
Appendix A); (c¢) participants who attended college but
did not complete a four-year college degree (7 = 1,474);
and (d) participants who completed a four-year college
degree after the age of 25 (7 = 702). Our final analytic
sample was 5,389 participants, including 2,434 men and
2,955 women.

Measure of Later-Life Cognitive Function

At age 635, participants completed a battery of six cogni-
tive tests, including a similarities tasks, two fluency tasks,
two recall tests, and a digit ordering test. (For information
about these measures, refer to Supplementary Appendix
A.) We calculated the percent of maximum possible scores
(Cohen, Cohen, Aiken, & West, 1999) for each test, and
averaged the scores (o = 0.65).

Measures of Dis/Advantage Before College

Measures of dis/advantage before college included parental
socioeconomic status (mother’s and father’s highest level
of education as reported in 1957, father’s occupational
status based on tax filings, and household income averaged
across the participants’ high school years based on tax fil-
ings); whether participants did not live with both parents
most of the time until 1957; number of siblings in 1957;
geographic setting of the participant’s high school (rural,
urban, or suburban based on 1960 U.S. Census data); and
scholastic aptitude (based on the Wisconsin State Testing
Service’s administration of the Henmon-Nelson Test of
Mental Ability [Henmon & Nelson, 1954]). Additional
measures were necessary to model women’s likelihood
of college graduation, including parental encouragement
for college (assessed in 1957 regarding whether parents
wanted the participant to attend college), proximity to a
college (whether there was a college or university within
15 miles of the participant’s high school), and rank in high
school class (based on information that the high schools
provided to the WLS). Missing data on rank in class (7%
of the sample) were multiply-imputed by chained equations
(Rubin, 1987).

Analytic Approach

Our aim was to predict men’s and women’s cognitive per-
formance in older adulthood as a function of whether
they completed college. We calculated propensity scores
and used them in two ways: adjusted inverse probability
weighting (Glynn & Quinn, 2010) and heterogeneous treat-
ment effect analysis (Xie, Brand, & Jann, 2012). Adjusted
inverse probability weighting tested the hypothesis that col-
lege completion has similar effects on adult cognitive func-
tion regardless of social advantages that predispose one to
obtain a college degree. Heterogeneous treatment effect
analysis tested whether college completion yielded greater
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cognitive benefits to someone who already had precollege
advantages (Matthew effect) or to someone who lacked ad-
vantages (compensatory leveling effect). See Supplementary
Appendix B for additional information about our analytic
approach.

Results

Table 1 presents descriptive statistics, and Table 2 in-
cludes nine empirically derived strata of probabilities of
graduating from college, by gender and realized educa-
tional attainment. The results from adjusted inverse prob-
ability weighting appear in Model 1 of Tables 3 (for men)
and 4 (for women). The average estimated return to college
completion was an improvement of 10 percentage points
in later-life cognition scores (95% confidence interval [CI]:
7-12) for men, and 6 percentage points in later-life cogni-
tion scores (95% CI: 3-8) for women.

The results from heterogeneous treatment effect analysis
appear in Model 2 of Tables 3 (for men) and 4 (for women)
and are plotted against strata rank in Figures 1 and 2, re-
spectively. For men, returns to cognition were largest for
participants who completed college despite being less likely
to do so. The effect of completing college on later-life cog-
nition was statistically significant for all strata except the
two that had the highest likelihood of attending college.
There was a statistically significant negative linear trend to
the point estimates (-0.013, p < .05). For women, returns
to later-life cognition did not vary with propensity to ob-
tain a college degree. While the estimates for each stratum
were positive for women, ranging between 0.03 and 0.11,
only five out of nine were statistically significantly different
from zero (p < .05), and the point estimates did not form a
significant linear trend.

Discussion

Our analyses replicate associations between adolescent dis/
advantage and likelihood of college completion (Elman &
O’Rand, 2007), as well as between college completion and
better later-life cognition (Lenehan et al., 2015). Moreover,
we found that men with lower propensity to complete col-
lege demonstrated larger later-life cognitive gains from
college completion compared to men in the highest pro-
pensity groups. These results suggest that, for this cohort of
White high school graduates, college completion was espe-
cially important for enhancing later-life cognitive function
among men who were the least likely to complete college.
These men’s higher levels of cognition at age 65 suggest
that college completion is a long-term source of cognitive
reserve, or ability to withstand age-related threats to neuro-
physiology and cognition (Stern, 2003), likely helping them
to preserve functional abilities as they progress in age.
Overall, our findings are consistent with a “chains of
risk” perspective on how inequalities at one point in the
life course are part of sequences of dis/advantages that
extend across the life course (Pavalko & Caputo, 2013).
However, we did not find evidence of a “Matthew Effect,”
whereby college completion would be the most advanta-
geous for the later-life cognition of those who were the
most likely to complete college. Instead, results implicated
a compensatory mechanism for men: Men who were
the least likely as adolescents to complete college dem-
onstrated the greatest long-term cognitive advantages of
obtaining a bachelor’s degree. These results are consistent
with a growing number of studies using propensity score
analysis to examine other adult outcomes—including
heart disease, hypertension, mortality, depression, fertility,
income, and volunteerism (Bauldry, 2014; Brand, 2010;
Brand & Davis, 2011; Brand & Xie, 2010; Schafer et al.,

Table 1. Descriptive Statistics for High School and College Graduates by Gender

Men Women

High school College High school College

graduates graduates graduates graduates

(n=1,665) (n=769) (n=2,365) (n=590)
Global cognition at age 65 0.43 0.56 0.49 0.61 a, b
Measures from Adolescence
Scholastic aptitude -0.36 0.84 -0.19 0.86 a, b
Parental socioeconomic status -0.32 0.57 -0.24 0.75 a,b
Did not live with both parents most of the time until 1957 (%) 10.3 5.7 10.6 6.9 a,b
Number of siblings 3.3 2.4 3.3 2.2 a, b
Rural residence (%) 61.3 44.3 55.0 39.8 a,b
College within 15 miles (%) 43.3 55.8 a, b
Parents encouraged college (%) 29.5 91.5 a,b
High school rank (percentile) 51.9 80.4 a,b

Note: Data are from the Wisconsin Longitudinal Study. Cognition scores are percent of maximum possible scores, and scholastic aptitude and parental socioeco-

nomic status are standardized.
aDifferences by education are statistically significant among men, p < .0S.
"Differences by education are statistically significant among women, p < .05.
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Table 2. Number of Cases by Degree Completion and
Propensity Score Stratum

Table 4. Effects of Completing a College Degree on Age 65
Global Cognition among Women

Men Women

High school ~ College High school ~ College

graduates graduates  graduates graduates
Propensity score
0,.05) 547 21 1,462 22
(.05,.1) 204 17 245 11
(.1,.15) 172 12 137 15
(.15,.2) 140 26 86 17
(.2,.3) 202 53 121 38
(.3,.4) 124 71 66 53
(.4, .6) 163 159 136 115
(.6,.8) 77 182 80 198
(8,1) 20 223 17 119

Note: Data are from the Wisconsin Longitudinal Study. Propensity score for
college graduation was estimated by a logistic regression model accounting
for parental socioeconomic status, living in a two-parent family, number of
siblings, rural residence in adolescence, and adolescent scholastic aptitude for
both sexes, and also parental encouragement for college, proximity to a col-
lege, and high school rank among women.

Table 3. Effects of Completing a College Degree on Age 65
Global Cognition among Men

Adjusted Inverse
Probability Weighting Treatment Effects
Model 1 Model 2

Heterogeneous

Average predicted
global cognition
for high school /. (0,44, 0.46)
graduates (percent
of maximum
possible)

Average treatment

effect (ATE) of ~ 0.10* (0.07,0.12)

college completion

Propensity score ATE within stratum

strata rank
1-1(0,.05) 0.12* (0.06,0.17)
2-(.05,.1) 0.11* (0.05,0.18)
3-(.1,.15) 0.20* (0.13,0.27)
4-(.15,.2) 0.08* (0.04,0.14)
5-(2,.3) 0.07* (0.03,0.12)
6-(.3,.4) 0.09* (0.05,0.13)
7 -(.4,.6) 0.07* (0.05,0.10)
8-(.6,.8) 0.03 (-0.01, 0.06)
9-(.8,1) 0.04 (-0.02.0.09)

Linear trend of ATEs by strata rank
Slope -0.01* (-0.02,-0.01)
Constant 0.15* (0.12,0.20)

Note: Data are from the Wisconsin Longitudinal Study. Numbers in paren-
thesis are 95% confidence intervals.

*p < .0S.

Adjusted Inverse Heterogeneous
Probability Weighting  Treatment Effects

Model 1 Model 2

Average predicted
global cognition

for high school
O MERSCAOOL 5 s1% (0.50,0.51)
graduates (percent

of maximum

possible)

Average treatment

effect (ATE) of  0.06* (0.03,0.08)

college completion

Propensity score ATE within stratum

strata rank
1-1(0,.05) 0.05  (-0.01,0.10)
2-(.05,.1) 0.11* (0.02,0.19)
3-(.1,.15) 0.05  (-0.01,0.13)
4-(.15,.2) 0.10*  (0.03,0.16)
5-1(2,.3) 0.03  (-0.01,0.07)
6—(.3,.4) 0.08% (0.04,0.13)
7 —(.4,.6) 0.03* (0.01, 0.07)
8-(.6,.8) 0.03  (-0.01,0.05)
9-(.8,1) 0.06* (0.01,0.13)

Linear trend of ATEs by strata rank
Slope -0.01  (-0.01,0.00)
Constant 0.07* (0.03,0.12)

Note: Data are from the Wisconsin Longitudinal Study. Numbers in paren-
thesis are 95% confidence intervals.
*p < .0S.
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Figure 1. Among men, effects of completing a college degree on
age 65 global cognition by propensity of completing college, with
stratum 1 indicating the lowest probability of completing college and
stratum 9 indicating the highest probability of completing college
(Cl = Confidence Interval; TE = Treatment Effect).
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Figure 2. Among women, effects of completing a college degree on
age 65 global cognition by propensity of completing college, with
stratum 1 indicating the lowest probability of completing college and
stratum 9 indicating the highest probability of completing college
(Cl = Confidence Interval; TE = Treatment Effect).

2013)—which generally have found that college comple-
tion is associated with more favorable outcomes among
people the least likely to obtain a bachelor’s degree. It also
is congruent with research on child development, sug-
gesting that children from disadvantaged backgrounds
generally have poorer access to additional schooling, but
demonstrate larger benefits when such schooling is at-
tained (van Huizen & Plantega, 2018).

It is important to note that heterogeneous treatment
effects were specific to men: Associations between college
completion and later-life cognition did not differ by propen-
sity stratum for women. We interpret these differences from
a gendered perspective on the life course, which orients to
“men’s and women’s different locations in the social fabric
of roles and relationships at different life stages” (Moen,
2001, p. 179). The experience and sequelae of obtaining a
college degree might have been qualitatively different for
men and women of this cohort, with men more consist-
ently benefiting from postsecondary education alone and
women’s benefits perhaps being more conditional on other
social roles throughout the life course (e.g., those within
families and employment opportunities). Overall, these
findings suggest continued attention to how CDA processes
might operate differently based on individuals’ social posi-
tions beyond socioeconomic status, with particular atten-
tion to how education, health, and CDA differ for men
versus women (e.g., Leopold & Leopold, 2018).

Several methodological features limit the interpretation
of results. First, the WLS sample consists only of White in-
dividuals from a single cohort who completed high school
in Wisconsin. The “rising importance” hypothesis, which
posits that education is becoming a more powerful influ-
ence on later-life health over historical time, suggests the
need for future research with more recent birth cohorts
(Mirowksy & Ross, 2008). Such studies are especially

important in light of evidence regarding growing inequal-
ities that influence young people’s transition to adulthood
(Dannefer & Huang, 2017), as well as growing inequalities
among successive cohorts of older adults (Crystal, Shea, &
Reyes, 2017). Moreover, given evidence that college educa-
tion might yield more robust, long-term health benefits for
White Americans in contrast to Black (Shuey & Wilson,
2008), future studies using data from other racial/ethnic
groups in the United States are necessary. Also, it is impor-
tant to note that associations reported in this study are cor-
relational, which limit causal interpretations. It is possible,
for example, that men who were the least likely to complete
college, but who still did so, constitute an especially hardy
group of people, which accounts for their better later-life
cognition as opposed to college completion per se.

Despite these limitations, results affirm a seeming par-
adox that college education might both contribute to, and
mitigate, processes of CDA. Although obtaining a bachelor’s
degree is more likely among individuals with greater ad-
vantage as adolescents, our results contribute to a growing
body of empirical evidence that college completion is an
especially important asset for individuals who faced rela-
tively greater disadvantage in youth. Overall, such findings
support the importance of attention not only to “old age”
policies that aim to address inequalities resulting from past
CDA processes, but also to policies for youth, such as those
related to education, which could affect subsequent CDA
processes for future cohorts of older adults.

Supplementary Material

Supplementary data is available at The Journals of
Gerontology, Series B: Psychological Sciences and Social
Sciences online.
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