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How sociocultural contexts shape individual functioning is of prime interest for psychological inquiry.
Secular increases favoring later-born cohorts in fluid intelligence measures are widely documented for
young adults. In the current study, we quantified such trends in old age using data from highly
comparable participants living in a narrowly defined geographical area and examined whether these
trends would generalize to quality-of-life indicators. To do so, we compared data obtained 20 years apart
in the Berlin Aging Study (in 1990 –1993) and the Berlin Aging Study II (in 2013–2014), applied a
case-matched control design (per cohort, n ⫽ 161, Mage ⫽ 75), quantified sample selection using a
nationally representative sample as the reference, and controlled for number of physical diseases. The
later cohort performed better on the fluid intelligence measure (d ⫽ .85) and reported higher morale, less
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negative affect, and more positive affect (ds ⬎ .39) than the earlier cohort. We concluded that secular
advances have resulted in better cognitive performance and perceived quality of life among older adults
and discuss when and how advantages of later cohorts reach their limits.
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Life-span psychological and life-course sociological researchers
have long been interested in understanding how the historical
times people live in shape individual development (Baltes, Cornelius, & Nesselroade, 1979; Bronfenbrenner, 1986; Elder, 1974;
Riley, 1973; Rosow, 1978; Ryder, 1965; Schaie, 1965). Secular
increases favoring later-born cohorts in performance of adolescents and young adults on fluid intelligence measures have been
widely documented (Flynn, 1999; Trahan, Stuebing, Fletcher, &
Hiscock, 2014). Empirical studies have repeatedly shown that
positive secular trends persist into late adulthood (Bowles, Grimm,
& McArdle, 2005; Christensen et al., 2013; Finkel, Reynolds,
McArdle, & Pedersen, 2007; Langa et al., 2008; Rönnlund &
Nilsson, 2008; Schaie, Willis, & Pennak, 2005), but not up to the
final years of old age (Gerstorf, Ram, Hoppmann, Willis, &
Schaie, 2011; Hülür, Infurna, Ram, & Gerstorf, 2013). Adding to
this body of research, with the current study, we have provided a
comprehensive quantification of the nature and size of such trends
in old age using data from participants residing in a narrowly
defined geographical area. It is also an open question whether
historical trends exist in quality-of-life indicators. Ratings of wellbeing condense self-evaluations of how people function across
multiple domains, including health and cognition (Diener, 1984).
If well-being ratings of people in their early 70s nowadays would
indeed be higher than those of 70-year olds several decades ago,
then this would indicate that (the perception of) people’s quality of
life has improved historically and that people are now living more
joyful and satisfying lives. Some studies have indicated that laterborn cohorts report higher well-being (Sutin et al., 2013), whereas
others have indicated that later cohorts report lower well-being
(Blanchflower & Oswald, 2004; Schilling, 2005). In this study, we
compared data obtained about 20 years apart in the Berlin Aging
Study (BASE, in 1990 –1993) and the Berlin Aging Study II
(BASE-II, in 2013–14) to examine whether and how older adults’
levels of cognitive performance and well-being have changed over
recent decades.

Cohort Differences in Factors Shaping Cognition
and Well-Being
Factors that shape cognitive performance and well-being are
known to differ across cohorts. To begin with, years of schooling
have increased significantly over the last century (e.g., by about
5.5 years for cohorts born between 1889 and 1973: Schaie et al.,
2005). Because schooling is central for cognitive development
(Ceci, 1991; Cahan & Cohen, 1989), increases in educational
attainments are considered one major reason for historical increases in cognitive performance. Education also relates to wellbeing, with better educated individuals typically reporting higher
well-being (Blanchflower & Oswald, 2004). More educated people
often do better economically, and higher socioeconomic status is
often associated with better cognitive performance (Stern, 2002)
and well-being (Pinquart & Sörensen, 2000). We thus expected

that historical increases in education would lead to better cognition
and higher well-being among later cohorts.
Health also shapes individual development, particularly in old
age, when poor health and functional limitations become frequent
and severe (Gerstorf & Ram, 2013). Health conditions such as
cardiovascular diseases, heart disease, or stroke are known to
undermine cognitive functioning (Spiro & Brady, 2008). Similarly,
health–well-being associations have long been documented (DeNeve & Cooper, 1998). However, findings on historical trends in
health are mixed (see Crimmins & Beltran-Sanchez, 2011; Christensen, Doblhammer, Rau, & Vaupel, 2009). Physical functioning
of older adults has improved from the 1980s onward, and common
diseases such as arthritis have become less disabling. In contrast,
prevalence rates of chronic health conditions (e.g., cardiovascular
diseases, cancer) and multimorbidity, both associated with compromised well-being (Charles, 2010), are higher among later-born
cohorts. In light of these conflicting findings, indicators of health
should be taken into account when examining secular trends in
cognition and well-being.

Historical Trends in Cognitive Performance
and Well-Being in Old Age
Evidence is accumulating that historical increases in cognitive
performance among adolescents and young adults (Flynn, 1999;
Trahan et al., 2014) persist into old age (Dodge, Zhu, Lee, Chang,
& Ganguli, 2014; Zelinski & Kennison, 2007). For example,
Danish 90-year olds and older born later (1915) reached higher
cognitive test scores than approximately same-aged individuals
born earlier (1905; Christensen et al., 2013). Similarly, 75-year
olds and older in Great Britain in 2008 –2011 had lower prevalence
rates of dementia than the parallel cohort in 1989 –1994 (Matthews
et al., 2013). However, initial evidence has indicated that these
historical improvements do not persist into the last years of life
(Hülür et al., 2013). For example, Gerstorf and colleagues (2011)
demonstrated that differences between ages 50 and 80 years favoring later-born cohorts (1914 –1948, M ⫽ 1921) over earlierborn cohorts (1883–1913, M ⫽ 1904) in the Seattle Longitudinal
Study were not present anymore in the very last years of life,
probably resulting from population selection (e.g., Lindenberger,
Singer, & Baltes, 2002; see also Christensen, McGue, Petersen,
Jeune, & Vaupel, 2008). Because of increases in life expectancy,
a larger portion of lower-functioning population segments have
reached old age among later-born cohorts than among earlier-born
cohorts.
Studies examining historical trends in well-being have revealed
inconclusive results. Sutin and colleagues (2013) indicated that,
for example, 75-year olds born later (1925) reported higher wellbeing than same-aged cohorts born earlier (1905). In contrast,
other studies did not find evidence for historical increases in
well-being and even report lower well-being among later cohorts
(Blanchflower & Oswald, 2004; Schilling, 2005). It remains un-
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clear whether cohort differences reported in other domains generalize to well-being as a central quality of life indicator in old age.
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The Present Study
We examined cohort differences in two central psychological
domains, cognition and well-being. Cognition functions as a resource people draw on when facing obstacles, and constitutes a key
component of successful aging (Rowe & Kahn, 1987). We used
test scores on the Digit Symbol subtest of the Wechsler Adult
Intelligence Test (WAIS; Wechsler, 1955) to index cognitive performance (cf. Hoyer, Stawski, Wasylyshyn, & Verhaeghen, 2004).
In longitudinal work, tests of perceptual speed have been found to
be valid and reliable indicators of cognitive decline in old age (e.g.,
Ghisletta & Lindenberger, 2003; Lindenberger & Ghisletta, 2009;
Tucker-Drob et al., 2014). Well-being represents a summary measure of how people perceive their functioning across multiple
domains of life (Diener, 1984). To cover a broad construct space,
we include measures of morale as well as two emotional facets that
tap into the frequency with which people had experienced positive
affect and negative affect. To control for differences in relevant
sociodemographic characteristics and for sampling differences between studies, we used propensity score matching (Coffman, 2011;
Jackson, Thoemmes, Jonkmann, Lüdtke, & Trautwein, 2012) and
identified case-matched controls in both cohorts based on age,
gender, and education. In follow-up analyses, we also covaried
number of physical diseases a person was suffering from.

Method
In this report, we used data from the BASE (obtained 1990 –93)
and the BASE-II (obtained 2013–14). Detailed descriptions of
participants, variables, and procedures can be found in previous
publications (for the BASE, see Baltes & Mayer, 1999; for the
BASE-II, see Bertram et al., 2014). Select details relevant to this
report are given below.

Participants and Procedure
Berlin Aging Study (BASE). The initial BASE longitudinal
sample consisted of 516 residents of former West Berlin districts
(age, M ⫽ 84.92, SD ⫽ 8.66, range ⫽ 70 –103; 50% women),
identified through an obligatory city registry, recruited and tested
from 1990 –1993. Participants were stratified by age and gender
into six age brackets (70 –74, 75–79, 80 – 84, 85– 89, 90 –94, and
95⫹ years). Here, we included data from the 447 participants (age,
M ⫽ 83.91, SD ⫽ 8.44, range ⫽ 70 –102; 49% women; education,
M ⫽ 10.98 years, SD ⫽ 2.04, range ⫽ 7–18) who had provided
information on the speed tasks (which required functional visual
acuity), the three well-being indicators, and the sociodemographic
variables (age, gender, education). Testing took place at the participants’ places of residence (i.e., private household or institution)
and was carried out in individual face-to-face sessions by trained
research assistants. Sessions required an average of 90 min, and
when necessary, were split into shorter units of assessment. Participants were allowed corrective visual aids (most frequently
glasses).
Berlin Aging Study II (BASE-II). The BASE-II sample included residents of the greater metropolitan area of Berlin. Poten-
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tial participants were recruited via a participant pool at the Max
Planck Institute for Human Development (Berlin, Germany) and
via advertisements in local newspapers and the public transportation system. We used a case-matched control design (see below) to
minimize the effects of differences in sampling strategy between
BASE and BASE-II. In this study, we included data from the 708
participants in the older subgroup of BASE-II (age, M ⫽ 70.39,
SD ⫽ 3.73, range ⫽ 61– 88; 51% women; education, M ⫽ 14.41,
SD ⫽ 2.85, range ⫽ 7–18) who had provided valid information on
the outcome and the sociodemographic variables. The cognitive
test used here was administered as part of a comprehensive cognitive test battery and was carried out by trained interviewers in
group sessions of three to six participants. The well-being measures were obtained as part of a take-home questionnaire. The
younger subgroup of BASE-II (aged 20 –35) was not considered
here.

Measures
Cognitive performance. In both studies, cognitive performance was operationally defined by performance on the same
version of the Digit Symbol test (Wechsler, 1955). The test consists of a code box with nine digit–symbol pairs, where each digit
is paired with a corresponding symbol, and rows of double boxes,
each with a digit in the top box and an empty lower box. Participants are asked to fill in as many corresponding symbols as
possible in 90 s. The score indicates the number of correctly filled
boxes, with penalty for wrong answers (score ⫽ correct – wrong).
The Digit Symbol test was the only cognitive test administered in
both BASE studies in a comparable fashion.
Well-being. Well-being was indicated by three variables, morale, positive affect, and negative affect. Morale was assessed with
three items selected from the Philadelphia Geriatric Center Morale
Scale (PGCMS; Lawton, 1975) rated on a scale from 1 (strongly
disagree) to 5 (strongly agree). The responses to the items
(“I sometimes feel that life isn’t worth living,” “I have a lot to be
sad about,” “I take things hard”) were reverse-coded so that higher
scores indicated higher morale (and higher well-being). Positive
affect and negative affect were assessed with four items each from
the Positive and Negative Affect Schedule (PANAS; Watson,
Clark, & Tellegen, 1988). Participants were asked to rate how
often they experienced a given affect (positive affect: attentive,
inspired, active, and determined; negative affect: nervous, upset,
jittery, and distressed) over the last year on a scale from 1 (not at
all) to 5 (very often). We acknowledge that these brief scales are
not optimal for adequately measuring the constructs represented.
Sociodemographic variables. Three sociodemographic variables known to be associated with cognitive performance and
well-being were used to pair BASE and BASE-II participants
using propensity score-matching procedures. Age was calculated
as the difference between the date the Digit Symbol test was
administered and a participant’s date of birth and scaled in years.
Gender was indicated by a binary variable (0 ⫽ men; 1 ⫽ women).
Education was measured as the number of years the individual had
spent in formal schooling. Because educational levels have been
increasing over recent decades (Schaie et al., 2005), we note that
the same level of formal education could be associated with a
different standing in the socioeconomic distribution across cohorts.
For example, a person with a high school degree (which was not
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common in the earlier-born cohort) might have been more successful in finding employment in the earlier-born cohort than the
later-born cohort, for whom many jobs have required a college
degree. To control for such confounds, we standardized the years
of education variable using population means and standard deviations separately for each cohort using reference data drawn from
the German Socio-Economic Panel study (SOEP; Headey,
Muffels, & Wagner, 2010). The reference population was 70⫹
year olds in 1990 for the BASE sample (mean ⫽ 10.69 years of
education, SD ⫽ 2.06) and 60⫹ year olds in 2010 for the BASE-II
sample (mean ⫽ 11.83 years of education, SD ⫽ 2.72).
In follow-up analyses, we also covaried the number of physical
diseases. Based on participant-reported and physician-observed
medical diagnoses of moderate to severe, mostly chronic illnesses,
we computed a morbidity index largely based on the categories of
the Charlson index (Charlson, Pompei, Ales, & MacKenzie, 1987)
that represents a weighted classification scheme of common conditions, including cancer (e.g., leukemia), cardiovascular (e.g.,
congestive heart failure) and metabolic diseases (e.g., diabetes
mellitus). In both BASE studies, participant reports and clinical
examinations determined the diagnoses and were supported by additional blood-laboratory assessments (for details, see BASE:
Steinhagen-Thiessen & Borchelt, 1999; BASE-II: Bertram et al.,
2014).

Data Preparation
To minimize possible confounds and equate the cohort samples
as closely as possible on age, gender, and education, we used
propensity score-matching procedures (Coffman, 2011; Foster,
2010; McCaffrey, Ridgeway, & Morral, 2004; Thoemmes & Kim,
2011). Calculating a logistic regression, we used 1:1 matching
methods to select for each participant from the BASE cohort (n ⫽
447) a “twin” participant from the BASE-II cohort (n ⫽ 708) who
was the same age (or as similar as possible) at baseline, same
gender, and same cohort-normed education. To calculate a
between-groups distance matrix, the propensity score was logittransformed as recommended in the propensity score-matching
literature (e.g., Rosenbaum & Rubin, 1985). We matched nearest
neighbors with a caliper-matching algorithm. The caliper (maximum allowable distance between matched participants) was continuously increased by steps of 0.01 until cohort differences in the
matching variables were no longer reliably different from 0 at p ⬍
.05. Each participant in BASE was allocated the nearest neighbor
from BASE-II only if the neighbor fell within the caliper distance.
With a caliper of c ⫽ 0.18 SD, the matched BASE and BASE-II
cohorts no longer differed in age, gender, and cohort-normed years
of formal education. A suitable neighbor in BASE-II could be
identified for 161 BASE participants. Figure 1 shows cohort differences in the matching variables before and after the propensity
score-matching procedures. Descriptive statistics for study measures
are given in Table 1 separately for the matched cohorts. The propensity score procedure was particularly successful for the covariates.
For example, while the original age ranges of the BASE and BASE
II studies vary considerably (70 –103 vs. 61– 88 years), the selected
subsamples of either study resulted in a final, common age range
of 65– 89 years. We note that the large majority of participants in
the matched samples were between ages 70 and 80 years. None of
the BASE participants and only very few BASE-II participants

Figure 1. Illustrating standardized mean differences between the Berlin
Aging Study (BASE) and Berlin Aging Study-II (BASE-II) cohorts in
sociodemographic variables. Negative (positive) numbers signify greater
scores for BASE (BASE-II) participants. After the matching, the cohort
differences were small and not reliably different from 0 at p ⬍ .05.

were younger than age 70 years. We also note that the East Berlin
versus West Berlin and the physical disease covariates that we examined in follow-up analyses could have alternatively been included as
part of the propensity score-matching procedure. However, we faced
a considerable trade-off between the number of variables included in
the matching and the resulting sample size. Balancing the need for
statistically controlling covariates with statistical power considerations based on sample size, we selected in an iterative fashion those
variables and criteria for matching that simultaneously reduced group
differences and secured moderate group sizes.

Results
Cohort Differences in Cognitive Performance
and Well-Being
Table 1 also presents the standardized mean differences between
cohorts in the Digit Symbol test and the three indicators of wellbeing. One-factor ANOVAs with cohort membership (BASE vs.
BASE-II) as the independent variable and the Digit Symbol and
each of the three indicators of well-being, respectively, as the
dependent variables showed that these cohort differences were
reliably different from 0, F(1, 320) ⫽ 58.25, p ⬍ .001 for the Digit
Symbol test; F(1, 320) ⫽ 12.49, p ⬍ .001 for the PGCMS; F(1,
320) ⫽ 32.68, p ⬍ .001 for positive affect; and F(1, 320) ⫽ 12.50,
p ⬍ .001 for negative affect. The standardized mean difference
between BASE and BASE-II cohorts in Digit Symbol-test performance amounted to more than 80% of a SD unit (d ⫽ 0.85). On
average, BASE-II participants correctly scored 9.02 items more
than BASE participants. A meta-analysis by Hoyer et al. (2004)
had estimated the average decline of the Digit Symbol score
at ⫺0.46 items per year of chronological age. Based on this
estimate, the cognitive performance of BASE-II participants was,
on average, 19.61 years “younger” than the BASE cohort. Moderately sized effects were found for indicators of well-being, with the
BASE-II cohort reporting higher morale as measured with the
PGCMS items (d ⫽ 0.39), more positive affect (d ⫽ 0.64), and less
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Table 1
Descriptive Statistics and Cohort Differences in Study Measures
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BASE
(n ⫽ 161)

BASE-II
(n ⫽ 161)

Variable

M

SD

M

SD

Cohen’s d

Age (65–89)a
Gender (0 ⫽ men; 1 ⫽ women)
Cohort-normed education (⫺1.78–3.55)
Digit Symbol test (0–66)
Morale (1–5)
Positive affect (1–5)
Negative affect (1–5)

75.12
0.49
0.42
31.51
3.69
3.51
2.78

3.43
0.50
1.12
9.39
0.80
0.62
0.68

74.43
0.46
0.36
40.53
4.02
3.89
2.50

3.19
0.50
0.95
11.69
0.87
0.57
0.75

⫺0.21
⫺0.06
⫺0.06
0.85ⴱ
0.39ⴱ
0.64ⴱ
⫺0.39ⴱ

Note. BASE ⫽ Berlin Aging Study (1990 –1993); BASE-II ⫽ Berlin Aging Study-II (2013–2014). Positive
values of Cohen’s d indicate differences in favor of the BASE-II cohort. Participants in the matched earlier-born
BASE cohort were born 1901 through 1922 (M ⫽ 1916; SD ⫽ 3.53 years) and those in the matched later-born
BASE-II cohort 1925 through 1948 (M ⫽ 1939; SD ⫽ 3.22 years).
a
Please note that the large majority of participants in the matched samples were between the ages of 70 and 80
years. None of the BASE participants and only very few BASE-II participants were younger than age 70 years.

negative affect (d ⫽ ⫺0.39) than the BASE cohort. Figure 2 illustrates both average cohort differences and the considerable individual
differences in the four major outcomes under study. Taken together,
these findings support notions of substantial historical improvements
in cognitive performance and well-being in old age.

Follow-Up Analyses
To substantiate our results, we conducted four sets of follow-up
analyses. First, BASE participants had resided in districts of former West Berlin in 1990 –1993, whereas BASE-II participants
were residents of the entire Berlin metropolitan area in 2013–2014,
including districts of East Berlin located in the former German
Democratic Republic (GDR) prior to German reunification in
1989. To control for this potential confound, we excluded BASE-II
participants from our sample who had resided at least for one year
in the former GDR prior to 1989. We applied the above propensity
score-matching procedures to this smaller subsample (n ⫽ 120 in
each cohort) and corroborated the earlier reported cohort differences with similar effect sizes: Relative to the earlier-born BASE
sample, later-born BASE-II participants performed better on the
Digit Symbol (d ⫽ 1.02), and reported higher morale (d ⫽ 0.57),
more positive affect (d ⫽ 0.86), and less negative affect
(d ⫽ ⫺0.55).
Second, the BASE-II was conducted at multiple institutions and
another Digit Symbol test performance had already been obtained
for 609 out of 708 BASE-II participants an average of 2 years
before. Thus, those BASE-II respondents had already been
“trained” when the cognitive test under consideration was performed. In follow-up analyses, we used this earlier Digit Symbol
score when available and redefined age accordingly. In these
analyses, participants were 1.92 years younger, on average,
thereby reducing the number of BASE-II participants who could
be matched with the initially older BASE participants (n ⫽ 133 in
each cohort). Despite reduction in sample size, we replicated the
cohort difference in Digit Symbol performance with this subsample and found an even larger effect size (d ⫽ 1.21) in favor of
the BASE-II cohort, thereby ruling out the confounding effect of
retest.

Third, attempting to account for individual and cohort differences in health, we calculated follow-up analyses that covaried for
physical diseases. For participants with valid medical information
(missing data: n ⫽ 15 in BASE, n ⫽ 14 in BASE-II), the physical
disease status did not reliably differ across cohorts (M ⫽ 0.78,
SD ⫽ 0.85 in BASE, M ⫽ 0.74, SD ⫽ 1.25 in BASE-II, p ⫽ .75).
However, as one would expect, the earlier-born BASE cohort was
more often suffering from, for example, myocardial infarction,
13% in BASE, 3% in BASE-II, 2(1, 315) ⫽ 11.7, p ⬍ .001, and
diabetes, 29% in BASE, 14% in BASE-II, 2(1, 311) ⫽ 9.6, p ⬍
.001, than the later-born BASE-II cohort. We applied the above
propensity score-matching procedures to this smaller subsample
(n ⫽ 147 in each cohort) and again corroborated the earlier
reported cohort differences with similar effect sizes. Relative to the
earlier-born BASE sample, later-born BASE-II participants performed better on the Digit Symbol test (d ⫽ 0.94), and reported
higher morale (d ⫽ 0.47), more positive affect (d ⫽ 0.62), and less
negative affect (d ⫽ ⫺0.44). Based on these findings, we conclude
that cohort differences in physical health cannot explain the observed differences in indicators of cognitive performance and
well-being. At the same time, we do not exclude the possible role
of other health factors that were not included in our analyses.
Finally, we examined the extent of selectivity of each BASE
sample relative to the larger populations from which they were
drawn, in a first step with the larger BASE and BASE-II samples
and in a second step with the propensity-matched samples. Again,
data obtained from participants aged 70⫹ in the nationally representative SOEP study in 1990 served as the reference for the
BASE sample and SOEP data obtained from participants aged
60⫹ in 2010 served as the reference for the BASE-II sample. In
particular, we first generated a variable indicating sample of origin
(e.g., BASE vs. SOEP) and then estimated (separate) logistic
regression analyses of education and household income on sample
of origin (see Sassenroth, Kroh, & Wagner, 2013). Results for the
larger BASE and BASE-II samples revealed that higher education
(BASE: OR ⫽ 1.07, 95% CI [1.01–1.13], p ⬍ .05; BASE-II: OR ⫽
1.24, CI [1.21–1.27], p ⬍ .001) and higher income (BASE: OR ⫽
3.15, CI [2.28 –4.33], p ⬍ .001; BASE-II: OR ⫽ 1.37, CI
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Figure 2. Illustrating average cohort differences and individual differences in cognitive performance (A: Digit
Symbol test) and indicators of well-being (B: morale; C: positive affect; D: negative affect). The dots are raw data
from participants in the matched BASE (n ⫽ 161; open circles) and BASE-II (n ⫽ 161, closed gray circles) samples.
Sample means and standard errors for each cohort are displayed separately. Participants in the BASE-II cohort (data
obtained in 2013–2014) showed higher levels of cognitive performance and well-being compared to the BASE cohort
(data obtained in 1990 –1993). BASE ⫽ Berlin Aging Study; BASE-II ⫽ Berlin Aging Study-II.

[1.15–1.64], p ⬍ .001) were each associated with participation in
the BASE studies. This suggests that both BASE samples represented positive selections of the larger populations from which
they were each drawn (for in-depth analyses of selection effects in
BASE, see Lindenberger et al., 1999). Most important for our
research question is that the amount of selection on education was
relatively comparable across the BASE studies, though the nonoverlapping confidence intervals indicate that the later-born
BASE-II cohort sample was slightly more select on education than
the earlier-born BASE cohort. In contrast, the earlier-born BASE
cohort was considerably more select on income than the later-born
BASE-II cohort sample. With our design, which compared casematched controls for education (as well as age and gender), we
controlled for the slightly more positive selection of the BASE-II
sample on education. Accordingly, the propensity-matched BASE
sample remained positively select on education (OR ⫽ 1.11, CI ⫽
1.02–1.21, p ⫽ .013), whereas the matched BASE-II sample was
highly comparable with the national reference (OR ⫽ 1.05, CI ⫽

0.99 –1.11, p ⫽ .096). In a similar vein, the matched BASE sample
remained positively select on income (OR ⫽ 3.24, CI ⫽ 2.11–
4.98, p ⬍ .001), whereas the matched BASE-II sample was highly
comparable with the national reference (OR ⫽ 1.08, CI ⫽ 0.75–
1.55, p ⬍ .6). These selectivity analyses suggest that our casematched control design represented a fair, if not conservative, test
of cohort differences.

Discussion
Our major objective in this study was to examine cohort differences in cognitive performance and well-being in old age. To do
so, we compared case-matched control samples of cohorts of
participants who were assessed either in 1990 –1993 or in 2013–
2014. Results revealed that the later-born BASE-II cohort showed
higher levels of cognitive performance and reported higher wellbeing. To put our findings in perspective, we discuss possible
factors underlying these results and suggest that culture-based
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efforts (beyond more formal education) have been successful in
improving cognitive performance and well-being in old age. Following Baltes and Smith (2003), we define culture very broadly as
encompassing material and economic environments, medical practice, educational and media systems, as well as psychological
resources such as reading, writing, and computer literacy. We also
consider potential confounds and debate whether advantages for
later-born cohorts may decrease in the future.
Our findings of cohort differences in cognitive performance add
to previous reports by showing substantial historical increases
(d ⫽ 0.85) in an established cognitive measure among people
residing in a narrowly defined geographic area. Average increases
in well-being (ds from 0.39 to 0.64) were smaller, presumably
reflecting the subjective nature of well-being ratings. Cohorts may
not only differ in their living conditions, but also in the standards
used to evaluate these conditions (Idler, 1993). For example, later
cohorts may have higher standards for evaluating their current
situation because they spent their earlier lives under more favorable living conditions than earlier cohorts. Following this reasoning, the moderate increase in well-being within only 20 years of
historical time is striking.
Before discussing potential mechanisms, we note that causal
conclusions, of course, cannot be inferred from our correlational,
albeit quasi-experiment with respect to age, gender, and education.
Although historical increases in education are one central reason
for improved cognitive performance over the last century (Schaie
et al., 2005), we found differences in cognition and well-being also
after matching cohorts on years spent in formal education. However, we could only control for the quantity of education relative
to one’s cohort, not for its quality. The later-born BASE-II cohort
probably benefitted from higher-quality education by, for example,
elementary mathematics curricula being shifted from less flexible
forms of learning, such as rote memorization, to cognitively demanding mathematical tasks emphasizing fluid skills (Blair, Gamson, Thorne, & Baker, 2005). It would also be instrumental if
future studies would explore how further mechanisms, including
self-regulation or working memory (see Jaeggi, Buschkuehl,
Jonides, & Perrig, 2008), may have changed across cohorts, particularly in old age. Follow-up analyses also showed that health
differences in number of medically diagnosed physical illnesses
(primarily those that predict mortality directly) did not explain our
findings. However, we could not consider cohort differences in
other aspects of compromised health, such as the severity of
illnesses, diagnostic criteria, treatment options, or (chronic) limitations in physical functioning. For example, common ailments
such as arthritis have become less disabling over recent decades
and fewer individuals are nowadays transitioning from less to
more severe forms of disability (Crimmins & Beltran-Sanchez,
2011).
To reconcile our findings with reports that secular advantages
for later cohorts do not carry into late life (Gerstorf et al., 2011;
Hülür et al., 2013), we heuristically sketch three scenarios for how
cohort differences manifest in old age (Fries, 1980; Olshansky,
Hayflick, & Carnes, 2002; Vaupel, 2010). The scenarios conjointly
assume that (a) later-born cohorts live longer than earlier-born
cohorts, (b) death late in life is preceded by a period of steep
deterioration, and (c) average functioning at the time of death has
not changed historically (i.e., people die at older ages, but are
neither healthier nor sicker at death than before). The scenarios
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differ in the supposed historical changes in the onset of decline in
a given domain and the rate of decline. In Scenario 1, the age at
onset of decline remained stable historically, but later cohorts
experienced shallower rates of decline. Thus, people are aging
longer and more slowly nowadays. In Scenario 2, the onset of
decline is postponed to later ages in later cohorts, but the rate of
decline remains invariant historically. Thus, aging processes set in
later nowadays, but once started, they proceed at a similar rate. In
Scenario 3, the onset of decline is postponed even further into late
life, but late-life decline is steeper among later cohorts. Thus,
late-life deteriorations are “compressed” into a relatively short
time window nowadays, but decrements are exacerbated (see
Cheng, 2014). Of course, combinations of scenarios are possible
and our cross-sectional data do not allow drawing firm conclusions. However, we would argue that the moderate to large effect
sizes observed in the present study suggest that Scenario 1 is by far
the least likely of the three. Cohort differences in performance
levels notwithstanding (Flynn, 1999), it is difficult to imagine how
a gain of 19 years of age in average cognitive performance per 20
years of historical time can be attained by decline that is merely
slowed rather than postponed to later ages. Instead, and in line with
other reports and conceptual considerations (Lindenberger, 2014;
Small, Dixon, & McArdle, 2011; Vaupel, 2010; Wilson et al.,
2011), it appears that the onset of decline has shifted to older ages.
To spawn scientific inquiry and societal debate, we borrowed from
the title of Laura Carstensen’s 2011 book on the future of aging, A
Long Bright Future, and added for consideration that the end of life
following this future may actually turn out to be short and brisk. At
the same time, we note that independent replications and longitudinal extensions of our initial findings are needed to empirically
test the three scenarios against one another.

Limitations and Outlook
We note several limitations of our study. First, our case-matched
control design, which was necessary to ensure samples’ comparability on three crucial demographic variables, reduced but did not
eliminate the effects of sampling differences between studies
(registry-based vs. convenience sample). Acknowledging that differences in study design hamper direct comparability of results
obtained in the two studies, we attempted to quantify selectivity of
both BASE samples using data that were obtained during the same
time frame in the nationally representative SOEP study (i.e., 1990
and 2010). These selectivity analyses revealed that, although
BASE started with a random draw from the city registry (N ⫽
1908), participants in the final sample (N ⫽ 516) were about as
positively selected as is known from other studies of older adults,
including BASE-II. By applying the propensity-score procedure to
education (as well as to age and gender), we controlled for the
slightly more positive selection of the larger BASE-II study on
education. In the matched sample, however, BASE participants
were, relative to the SOEP sample, more positively selected than
BASE-II participants were on both education and income. Despite
the fact that we were comparing more (educated and) affluent
(relative to their same aged-peers) BASE participants with less
(educated and) affluent (relative to their same aged-peers)
BASE-II participants, considerable cohort differences emerged in
favor of the latter. Although less positively select, the later-born
BASE-II cohort performed better on the fluid intelligence measure
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and also reported higher well-being than the more positively select
BASE cohort. As a consequence, the effect sizes reported here can
be interpreted to represent a lower bound estimate of the true
cohort difference. In a related way, the limited age range of our
matched sample (65– 89 years of age, average age of 75 years,
standard deviation of less than 4 years) and the sparse data below
age 70 and above age 80 limit the generalizability of our findings.
It was thus also not possible to examine whether historical increases in old age reported here generalize to very old age and late
life when broad-based dysfunctionalities prevail (Gerstorf & Ram,
2013). Based on our preceding considerations, we would expect
smaller effects in very old age. It would also be instructive to
investigate in detail how secular trends were modulated by
whether and at what age members of each of the two cohorts lived
through one or both world wars.
Second, the studies also differed in the cognitive testing situation (individual vs. group tests). We are not aware of reports
documenting sizable advantages of group testing, but if factors that
undermine performances of older adults (e.g., test anxiety) were
reduced in a group setting, the test situation would have favored
the later cohort. We also acknowledge that our “solution” to the
identifiability problem of age–period– cohort effects (Schaie,
1965) was to largely ignore differences attributable to the period of
testing (e.g., the 1990s vs. 2010s). Independent replication of our
findings is thus needed before firm conclusions are warranted.
Finally, we note that previous studies have criticized the Flynn
effect (Rodgers, 1998; Russell, 2007; Sundet, Barlaug, & Torjussen, 2004; Teasdale & Owen, 2008). For example, Wicherts et al.
(2004) have argued that metric invariance does not hold across
cohorts. Although we acknowledge the points raised, from our
perspective, the argument does not fully apply to our study because
we have been working with a single and reliable test. Unfortunately, the Digit Symbol subtest of the WAIS (Wechsler, 1955)
was the only cognitive test in the two BASE studies that was
administered in exactly the same way in the two cohorts. As a
consequence, we cannot draw strong inferences about the extent to
which the observed advantage for later-born cohorts on one cognitive test generalizes to the level of underlying cognitive abilities,
particularly to those who are less susceptible to individual and
cohort differences in physical health and education. Thus, the
present study does not provide a definite answer to the question of
whether the Flynn effect operates at the level of abilities or at the
level of individual tests. However, given that the Digit Symbol
subtest loads highly on a factor of general intelligence and is
highly sensitive to cognitive decline (e.g., Tucker-Drob et al.,
2014), it is at least conceivable that some portion of the cohort
difference observed in the present study generalizes to the level of
cognitive abilities.

Conclusion
We examined cohort differences in cognitive performance and
well-being. Relative to the earlier-born BASE cohort (assessed
1990 –1993), the later-born BASE-II cohort (assessed 2013–2014)
showed better cognitive performance and reported higher wellbeing, presumably due to culture-based advances in the course of
the past century. Our results suggest that historical trends favoring
later-born cohorts in cognitive performance (as widely documented for early life) carry into old age, constitute strong effects

at age 75, and generalize to multiple key indicators of perceived
quality of life (well-being). Future research should address the
underlying mechanisms and explore in detail when and how advantages of later cohorts reach their limits.
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