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emarkable national and international
Refforts have produced well over 40

major longitudinal studies of individu-
als age 50 and older with a significant cognitive
assessment component. It is widely recognized
that although longitudinal information is time
and effort intensive to collect, it is required to
address central questions in developmental
research relating to intraindividual change and
variation and to population inference condi-
tional on attrition and mortality. Given the pro-
found investment of time, energy, and funding
that these studies require, it is not uncommon
for them to be multidisciplinary in nature. These
existing longitudinal studies, therefore, repre-
sent an enormous wealth of information on
within-person changes in a variety of domains,
including cognition, health, personality, affect,
lifestyle, and well-being. These studies, coupled
with recent developments in statistical analysis
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and software for analysis of longitudinal data,
provide unprecedented opportunities for
describing and explaining aging-related changes
and cross-process dynamics and for identifying
influential factors associated with late life out-
comes. Longitudinal studiés permit the identifi-
cation of change from a within-person baseline,
thus' enabling the identification of characteris-
tics and antecedents that are potentially causally
related and amenable to intervention.

As currently practiced, developmental
science and theory are largely based on
between-person differences, particularly in later
adulthood. Given the requirements of data col-
lection in longitudinal research, long intervals
often pass until replication or cross-validation of
findings. Relative to research reports from
cross-sectional age-comparative studies, accu-
mulation of knowledge from longitudinal stud-
ies has progressed very slowly. Aggravating this
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slow process are the complex varieties of
measures, covariates, and statistical analyses
based on the many decisions that often differ
across published findings. The diversity of
research interests relative to the number of longi-
tudinal studies has also led to somewhat unique
analyses, evaluation of particular models, and
limited reporting of results, making comparison
of findings difficult. One of the most obvious
next steps in the developmental aging field is the
evaluation and extension of theoretical and
empirical findings in available within-person
data. We must maximize what can be leared
from existing data and make use of this informa-
tion in the design of new studies.

The potential knowledge gains from increased
coliaboration and coordinated analysis of longitu-
dinal data on aging are great. Recent major recom-
mendations for research (Bachrach & Abeles,
2004), including executive summaries published
by the National Research Council and commis-
sioned by the National Institute on Aging/National
Institutes of Health (NIH) and by the Office of
Behavioral and Social Sciences Research/NIH
(The Aging Mind: Opportunities for Cognitive
Research [National Research Council; 2000,
pp- 3-51; Preparing for an Aging World: The Case
for Cross-National Research [National Research
Council, 2001a, pp. 4-7]; New Horizons in Health:
An Integrative Approach [National Research
Council, 2001b, pp. 9-13]) have highlighted the
importance of such interdisciplinary, international,
and collaborative research making use of longitu-
dinal studies on aging. Butz and Torrey (2006), in
Science, similarly highlighted the importance of
longitudinal research, international replications,
and advances in statistical methods to progress in
the social sciences.

As we will describe in this chapter, numerous
calls have been made for increased collabora-
tion as a means to focus developmental research
on within-person processes. We highlight and
summarize some examples of collaborative and
coordinated research, and we elaborate on some
fundamental ideas for implementing strategies
for maximizing our understanding of within-
person aging-related changes.

We propose a collaborative system that
encourages the evaluation and report of both
parallgl and alternative models on the same data
as well as models incorporating individual- and

study-level characteristics to account for dispar-
ities across studies. We believe that direct and
immediate comparison and contrast of results
across independent studies, based on the open
availability of analysis protocol, scripts, and
results, will result in the most solid accumula-
tion of knowledge based on cross-validated evi-
dence. This is the most powerful way to build
our developmental science. ‘

FACILITATING RESEARCH ON
LONGITUDINAL STUDIES

Reviews of Longitedinal Research

One approach to encouraging collaboration
or cross-validation has been to produce a book or
review that brings together work from a number
of longitudinal studies. Mednick, Harway, and
Finello’s (1984a, 1984b) handbook of longitudi-
nal research includes an explicit call for collabo-
ration: “This handbook . . . is also presented to
encourage .scientists to consider collaborative
efforts in which new questions may be put to the
existing data banks” (Mednick, Harway, &
Finello, 1984b, p. ix). As part of the handbook
and central to this collaborative aim, extensive
coding of 380 studies was incorporated into a
computerized database, facilitating searches
according to sample age and selection criteria as
well as on antecedent and outcome variables.

Several recent reviews provide information
on the number and scope of longitudinal studies
on aging in existence with cognitive data. The
Canadian Review of Longitudinal Studies on
Aging (Health Canada, 2002) consists of a
Microsoft Access database with information on
55 studies from more than 11 countries as well
as a brief design description (initiation date,
sample characteristics, main objective), a more
detailed variable list for 51 of the studies (with
a brief list for 4 studies not formally reviewed),
and a short list of references for each of the
studies. Of the studies reviewed, 32 collected
both cognitive and objective health data, and an
additional 10 contain cognitive and self-
reported health. In 2006, Seematter-Bagnoud
and Santos-Eggimann reviewed 70 Ilarge
population-based longitudinal studies on health
in individuals age 50 and over, listing them in
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tabular format according to geographical region.
Although these studies more often focus solely
on medical issues (e.g., cancer, osteoporosis),
20 overlap with the Canadian review and almost
half collected cognitive measures. Seematter-
Bagnoud’s and Santos-Eggimann’s review also
includes 9 studies from outside of North
America and Europe, compared with the
Canadian list, which contains only 1 (which
appears in both). Both of these reviews include
extensive tables with information on sampling
of individuals and measures.

The National Institute on Aging and various
data archive (e.g., Inter-University Consortium for
Political and Social Research National Archive of
Computerized Data on Aging) and Web pages on
aging (e.g., AgeNet UK) are also good informa-
tion sources. AgeNet’s review of 55 mainly
British studies was conducted in 1999. In 2006,
Longview, an independent think tank promoting
longitudinal research in the United Kingdom,
posted a strategic review (J. Martin et al., 2006) of
92 British panel and cohort studies (many of them
social and economic) commissioned by the
Economic and Social Research Council. The
review discusses priorities, challenges, and
opportunities; summarizes the types of studies
available; and includes an appendix listing charac-
teristics of each study. One of their main projects
addresses “cognitive capital” across the life span,
with a recent series of seminars focusing on birth
cohort studies from 1946 and 1958.

These resources are similar in format to previ-
ous major inventories of longitudinal studies that
have listed studies focused on aging. The Social
Science Research Council Committee on Life-
Course Perspectives on Human Development
published an inventory covering middle and old
age (Migdal, Abeles, & Sherrod, 1981), listing
mainly American (49 of 73) studies. At the
request of the Social Science Research Council,
Young, Savola, and Phelps (1991) of the Murray
Research Center updated the inventory and com-
bined it with parallel documentation of longitudi-
nal studies of childhood and adolescence
{(Verdonik & Sherrod, 1984). The inventories pro-
vided up to several pages of summarized infor-
matiqn on the sample, participant attrition,
substantive topics, measurement instruments
used, representative references, contact informa-
tion, and current status of the study.

Similarly, Schneider and Edelstein (1990)
and a 1995 update (more a supplement, based
on its selection criteria) by Zentrum (formerly
Zentralstelle) fiir Psychologische Information
und Dokumentation der Universitit Trier have
focused on European behavioral and medical
studies. In these inventories, approXimately 30
(from eight countries, with many from Sweden)
include collection of data on cognitive function
in adults over 50, 6 have life span data, and
many also include measures of health. Given the
passage of time since publication, 15 additional
studies would now include adults over age 50 if
it were possible to reconnect with the partici-
pants. The information collected includes
name(s) of principal investigator(s), title of
study, name and address of contact person,
abstract, begin and end dates of data collection,
computerization of data, size and age range of
sample, and relevant publications.

These relatively comprehensive inventories,
however, apart from listing representative refer-
ences, do not describe the scientific contribu-
tions of these studies. Published results from
these studies currently are largely based on dif-
ferent analytic approaches, limited report of
resulis, and outcomes and covariates that differ
in measurement instrument or coding proce-
dure. Such differences hinder direct and quanti-
tative comparison of results across studies and
limit attempts to assess generalizability.

Reviews addressing the results from longitu-
dinal studies on aging do exist. For example,
Frazier, Hooker, and Siegler (1993) summarized
psychological and personality aspects of seven
multidisciplinary studies and a handful of addi-
tional longitudinal and epidemiological studies,
and Schaie and Hofer (2001; see also Hofer &
Piccinin, 2007) reviewed current studies that
emphasize psychological outcomes. It is inter-
esting to note that both reviews present results
from different research questions for each study
rather than any indication of consensus,
although from the available data comparisons
could often be made across studies if compara-
ble analyses were conducted. Anstey and
Christensen (2000) reviewed the impact of
education, activity, health, blood pressure, and
Apolipoprotein E as predictors of cognitive
change in older adults and found relatively con-
sistent evidence for education on Mini-Mental
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Status Examination (MMSE; Folstein, Folstein,
& McHugh, 1975). It is clear, however, that
beyond this screening measure it is relatively
difficult to find published work that allows
straightforward comparisons. Park, O’Connell,
and Thomson’s (2003) systematic review of
cognitive decline in the general elderly popula-
tion identified 5,990 abstracts, but their selec-
tion criteria reduced this number to only 19
articles describing community-based, prospec-
tive cohort studies with low attrition. Citing
population, country, measure, follow-ups
(length and number), and attrition differences,
they presented a narrative review rather than
their planned meta-analysis. It is also notewor-
thy that their conclusion—that cognitive decline
is almost universal-—stands in contrast to recent
literature emphasizing individual variability in
- rate of change and the relative stability of cog-
nitive function for many or most of the individ-
uals in the samples (e.g., Rubin et al., 1998;
Wilson et al., 2002).

Combining the utility of the inventory and
review formats, the Cognitive and Emotional
Health Project (CEHP), funded by the National
Institute on Aging, the National Institute of
Mental Health, and the National Institute of
Neurological Disorders and Stroke has created a
searchable database of 67 large-scale (N > 500)
multidisciplinary longitudinal and epidemiolog-
ical studies, 42 of which have longitudinal cog-
nitive data on adults age 55 years and older.
Queries based on a variety of study characteris-
tics provide a list of the relevant participating
studies. Links from this list led to each study’s
responses to dichotomous questions regarding
sample characteristics and construct measure-
ment. For this project, 26 of the studies were
~ selected for further review of findings, and these
were summarized, with a focus on risk factors
for change, by Hendrie et al. (2006). It is worth-
while to note their comment that aspects of the
review were limited by less than complete
reporting of the often-complex results. In partic-
ular, risk factors were sometimes included as
covariates, but the details regarding their impact
were not described.

Reflecting on the Herculean efforts devoted
to catalpguing, coding and, in the case of CEHP,
reviewing such large numbers of longitudinal
studies, it is worth considering the value of

ensuring that the details of these products are not
lost. This information and these search facilities
might best be maintained and disseminated—and
perhaps updated—under the aegis of a dedicated
centralized repository such as a data archive.

Data Archives

Another approach to encouraging greater use
of collected data has been to archive the informa-
tion in a system that facilitates access. Over the
past 60 years, a number of such efforts have been
made to increase the accessibility of data for
secondary analysis and encourage cross-
disciplinary collaborations.. The Roper Center is
credited as the first to assemble and make avail-
able results from polls and other surveys in the
1940s. In 1960, the Zentralarchiv fiir empirische
Sozialforschung was started in Europe (Cologne,
France), and over the next few years, the Inter-
University Consortium for Political and Social
Research (1962) and its National Archive of
Computerized Data on Aging (1978), which
focuses specifically on aging and health, and the
UK Data Archive (1967), were developed. The
Henry A. Murray Research Archive (now part of
the Harvard-MIT Data Center), a multidiscipli-
nary archive focused on longitudinal data sets,
started in 1976 and archives raw data in addition
to computerized records.

Also in 1976, an umbrella organization, the
Council of European Social Science. Data
Archives, was set up, with the main goals of
cooperation in data archiving and unrestricted
exchange of data. One year later, the International
Federation of Data Archives/Organizations for
the Social Science came into being. It is funded
by membership fees and project applications, but
some of the country-level archives have more
often been funded by national agencies (e.g.,
Administration on Aging, Economic and Social
Research Council, NIH), and in more recent
years these agencies have increased the pressure
to archive data by requiring investigators to begin
the archiving process in order to obtain continued
funding. ,

Data archives are unquestionably of value and

are the most secure method for ensuring that data

are not lost because of inadequate storage condi-
tions or other problems. The maintaining and
dissemination of data on such a large scale is not
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feasible for individual projects, particularly once
funding has ended. However, beyond the
straightforward archiving of data, an investigator
seeking to maximize a study’s data value might
also consider collaborative opportunities with
external investigators. In particular, such an
investigator might seek to work with others hold-
ing similar data. Although this might initially
appear to go against the competitive spirit that
seems to have a hold on everything, including
science, it opens up the possibility of building
a science based on explicit cross-validation of
results. Further advantages of such a cooperative
approach are distribution of the work involved,
immediate examination of alternative hypothe-
ses and statistical models, and analysis of data by
the individuals most familiar with them.

Collaborative Research Networks

How successful have prior calls for coopera-
tion been? Most of us would be hard pressed
to name many of them in the social sciences.
Collaborative endeavors do exist, however, and
are becoming more widespread in many areas
inside and outside (e.g., Wikipedia) of academe.
Among the successful scientific groups are the
Campbell (1999) and Cochrane (1993) collabo-
rations, both independent, not-for-profit, inter-
national organizations relying largely on
volunteer contributions to produce easily acces-
sible, up-to-date, systematic reviews of social
and health care interventions (respectively) and
to stimulate high-quality research. The reviews
make recommendations for future research;
however, data collection and analysis are not
part of the mission of these groups.

The MacArthur Foundation and the networks
it sponsors are also well known for interdiscipli-
nary work in a variety of areas, including
the MacArthur Study of Successful Aging
(1988~1996; Rowe & Kahn, 1997), which drew a
sample from the top third, based on a set of
cognitive and physical criteria, of three of the

Established Populations for Epidemiologic |

Studies of the Elderly programs. This productive
set of networks has made use of a range of
approaches: collaborative development of a
number *of related studies (Successful Midlife
Development: MIDMAC); implementation of a
series of distinct studies addressing key questions

(Early Experience and Brain Development,
Successful Pathways through Middle Childhood);
addition of measures and waves to ongoing lon-
gitudinal studies (Socioeconomic Status and
Health); and parallel analyses of data from com-
pleted or ongoing longitudinal studies of devel-
opment (Psychopathology and Development).

With an emphasis on aging, the AgeNet
project (1997-2000) aimed to stimulate collab-
orative, multidisciplinary research and linkages—
among academe, industry, and the National
Health Service—through a database on longitu-
dinal studies of aging and workshops on aging-
related topics. AgeNet and its 1999 workshop
on Longitudinal Studies of Aging were precur-
sors of the Longview project and of current
efforts for the development of a UK Birth
Cohort Collaboration (Kuh & The New
Dynamics of Ageing Preparatory Network,
2007). Similarly, CEHP, mentioned earlier, rec-
ommended the creation of consortia that would
conduct combined analyses across studies but
cautioned that this might be severely limited by
study compatibility (Hendrie et al., 2006)).

Collaboration becomes a topic in a heady
Nobel roundtable discussion on the future of
interdisciplinary research and training (Nobel
Round Table Discussions, 2006) and is also the
focus of the Science of Collaboratories (Wulf,
1993), a National Science Foundation—funded
project at the University of Michigan and Howard
University. The Science of Collaboratories has
ambitious goals of understanding the features
required for successful collaborations and ulti-
mately to have collaboration become part of the
common infrastructure of science.

Some of the critical tasks in such collabora-
tive research—and, we would argue, to advance
the field in the absence of such collaboration—
include harmonization of variables for maximal
comparability and identification of comparable
and noncomparable variables across studies.
This could be a role for a data archive as well as
a collaborative research network. Two examples
of the work involved in harmonization are the
Comparison of Longitudinal European Studies
on Aging (CLESA) and the Survey of Health,
Ageing and Retirement in Europe, which
demonstrate the harmonization process from two
extremes. CLESA investigators brought together
existing measures from independent studies and
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we describe, below, a variety of their solutions to
the obstacles they faced. The Survey of Health,
Ageing and Retirement in Europe, on the other
hand, started as a multisite study, developing a
central questionnaire that was then translated
and pretested in all member languages. Its
acronym (SHARE) aptly represents the interna-~
tional cooperation and the open data sharing that
are central to the project.

Various collaborations have been developed
with different structures and levels of linkage
among investigators and data. Table 27.1 pro-
vides a sampling of some of the main collabora-
tive models and is organized in terms of
multisite studies funded as collaborations from
the outset and networks of pre-existing studies.

There are clearly many benefits to coliabora-
tive endeavors related to longitudinal studies on
aging, most notably the opportunity for simul-
taneous evaluation of longitudinal data to test,
replicate, and extend prior findings on aging.
Given the key issue of cross-study comparison,
harmonization of variables and statistical mod-
els are critical aspects, as are the evaluation of
alternative models on the same data to permit
direct comparison of results across models and
the determination of why results might differ.
Longitudinal research by itself is challenging,
and coordinating analysis across studies is
more so given the diversity of study designs,
samples, and variables. These challenges are
not insurmountable, however, and there is great
promise for new collaborations that integrate
recent theoretical perspectives for within-
person aging (with emphasis on both health and
aging), developments in statistical analysis of
within-person data, and the remarkable number
of completed and ongoing longitudinal studies
on aging.

Theoretical, Measarement,
and Statistical Issues for
Collaborative Research on Aging

In aspiring to a collaborative and accumula-
tive developmental science, it is necessary to
consider issues related to comparisons across
studies. It is also worth visiting more general
issues related to developmental and nonex-
perimental research quality. We now discuss
the importance of addressing developmental

questions using within-person information as
well as a number of design-related and sample-
related issues in quasi-experimental research.

Emphasis on Within-Person
Change Related to Aging and Health

Although much previous research in cognitive
aging has been performed in the context of rela-
tively healthy aging, there is sufficient evidence in
the literature to indicate that changes in cognition
and health are related (e.g., Albert et al., 1995;
Brady, Spiro, & Gaziano, 2005; Brady, Spiro,
McGlinchey-Berroth, Milberg, & Gaziano, 2001;
Haan, Shemanski, Jagust, Manolio, & Kuller,
1999; Hassing et al., 2004; Knopman et al, 2001).
Theoretical explanations of cognitive aging, how-
ever, have rarely taken health into account, or they
do so by attempting to exclude major diagnoses
such as dementia and so assume that results are
based on individuals without health problems (but
see Sliwinski & Buschke, 1999). The next steps in
cognitive aging and health research are to exam-
ine what happens to people as they age by empha-
sizing the interplay between cognition and health
(e.g., Waldstein, 2000) from a multiple-process
orientation.

Understanding cognitive aging requires the
identification of aging-related changes due
to disease processes (morbidity, comorbidity)
and mortality (see chap. 16, this volume).
Pathological processes (i.e., disease) may be
considered distinct but not independent of non-
pathological processes of aging (Busse, 1969;
Fozard, Metter, & Brant, 1990; Siegler, 1989).
In terms of effects on cognition, health can have
both direct and indirect effects on cognitive
decline. The link between health and cognition
may be indirect in that consequences of disease
(frailty, level of arousal) impact the level of cog-
nitive reserve, affecting older adults more
because of their lower reserve thresholds. Direct
effects of health on cognition are those related
to pathological changes in the integrity of the
neurological, cardiovascular, and cerebrovascu-
lar systems. The challenge is to understand
aging-related changes in cognition in the con-
text of morbidity and comorbidity and in terms
of population inference conditional on survival.
Broader changes, such as physical disablement
and mental health functioning, also are relevant.
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Assuming that aging is a highly complex,
dynamic, and multidimensional process, influ-
ences that affect the aging rate of multiple sys-
tems may differ across individuals, implying that
there will be different patterns of biological and
psychological aging. Indeed, a useful distinction
can be made between common cause and com-
mon outcome, because it is entirely possible that
a common cause can lead to different outcomes
and that different causes can lead to common out-
comes. For example, different aging-related
and/or disease-related processes may influence
multiple systems within an individual. Age-
related environmental influences or health-
related changes may be unique to each
individual, although different causative “aging”
influences may appear to have a common out-
come in the population (e.g., Almeida & Horn,
2004; Hofer, Berg, & Era, 2003; Sliwinski,
Hofer, & Hall, 2003). This heterogeneity, and
increasing disease risk with age, is perhaps the
main source of difficulty in differentiating aging-
related changes from changes associated with
disease processes. In addition, changes in health
may result from a complex interaction of life
span influences, including education; occupation;
and behavioral, health, and genetic risk factors.

Recent work has demonstrated that some of
what were once considered normative cognitive
aging effects is actually attributable to non-
normative processes (e.g., preclinical dementia;
Sliwinski, Lipton, Buschke, & Stewart, 1996).
Non-normative processes might be very important
determinants of cognitive aging, especially in
very old age (> 80 years), because recent longitu-
dinal evidence has shown that cognitive loss is
strongly linked to disease onset in the case of pre-
clinical Alzheimer’s disease and that cognitive
function is relatively stable prior to that time
(Hall, Lipton, Sliwinski, & Stewart, 2000; Rubin
et al., 1998; Sliwinski et al., 2003). Haan et al.
(1999) showed that cognitive decline tends to
occur primarily in individuals at risk for disease
(e.g., Alzheimer’s disease, cardiovascular disease)
and that cognition is relatively stable in individu-
als without such diseases. In all of these studies,
disease was studied in its preclinical state-—meaning
that afflicted individuals were ostensibly asymp-
tomatic dyring the initial study period.

By definition, a normative cause of cognitive
loss occurs in most individuals as they age
(e.g., Bédckman et al., 2000). However, there is

compelling evidence for the operation of
processes that cause cognitive loss in a restricted
(but not trivial) subset of aging individuals.
The development of preclinical dementia (Haan
et al., 1999; Hall et al., 2000; Rubin et al., 1998;
Sliwinski et al., 2003), and the progression of
subclinical cardiovascular disease (Haan et al.,
1999) and respiratory dysfunction (Albert et al.,
1995) have all been demonstrated to substantially
impact estimated rates of cognitive decline.
Moreover, these processes, though increasing in
prevalence and severity with age, are not strongly
correlated with chronological age in cross-
sectional analysis. The identification of norma-
tive changes may depend on the identification of
non-normative changes.

Statistical and Inferential Issues
Associated With Sampling
Populations, Variables, and Time

The challenges we face in developmental and
aging research are ftraditional ones, involving
trade-offs and solutions that are less than optimal.
Many of these represent barriers to progress and
synthesis in the current literature. Cooperative
efforts based on currently available data provide
an opportunity to move beyond these limitations.

Sampling People

Generalizations to defined populations of
aging individuals must be conditional on histori-
cal (birth cohort) and cultural differences. Several
major longitudinal studies have obtained multiple
sequential cohort samples that permit compar-
isons across birth cohorts, cross-sectionally and
longitudinally (e.g., the Seattle Longitudinal
Study). More generally, longitudinal studies on
aging often differ from one another in terms of
birth cohort or nationality, permitting a basis for
historical and cultural comparisons. The issue of
population representativeness is also critical to
address (see chap. 4, this volume), but there are
trade-offs here as well. It may be that we can
learn a great deal about basic psychological
processes even when our samples are not suffi-
ciently representative (or are of unknown repre-
sentation) of a population of aging individuals,
particularly if we can demonstrate generalizabil-
ity across studies differing in sampling character-
istics (e.g., country, race/ethnicity).
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One often-overlooked aspect of inference to
defined populations relates to mortality selection.
Numerous studies have demonsirated a relatively
strong link among age-related outcomes, partici-
pant nonresponse, and survival. Studies limited
to between-person age differences must gener-
ally ignore important population processes asso-
ciated with attrition and mortality selection.
Longitudinal studies with follow-up to age at
death, however, permit direct inference to popu-
lations defined by both age and survival (Hare],
Hofer, Hoffman, Pedersen, & Johansson, 2007;
Hofer & Hoffman, 2007). The mortality selection
dynamic cannot be understood by single-occasion
sampling of different age groups in which selec-
tion has already occurred to different degrees and
possibly for different reasons. Analyses of longi-
tudinal data provide the opportunity to directly
address attrition and mortality selection, which
are essential for understanding aging-related
changes in health and cognitive outcomes.

A related issue is inappropriate aggregation
in the analysis of age-heterogeneous data. The
analysis of within-person variability and
covariation requites that higher-order levels of
between-person differences and within-person
change be fully accounted for (i.e., modeled)
because unmodeled functions will produce
spurious associations. In age-heterogeneous
cross-sectional studies, associations among age-
dependent processes may arise due to average
population age differences and not necessarily
from associations between individual “rates of
change” (see Hofer, Flaherty, & Hoffman, 2006,
Hofer & Sliwinski, 2001, for derivation of cross-
sectional covariances from a linear change
model). This is one probable reason why
between-person estimates of association across
age-dependent variables differ from associations
based on within-person rates of change. Analysis
of age-heterogeneous longitudinal studies may
also show upwardly biased correlations among
rates of change due to age-based periods of
relatively greater change unless between-person
age is included in the model (Hofer et al., 2003;
Hofer, Sliwinski, & Flaherty, 2002).

Sampligg Variables

It is difficult to gauge differences across stud-
ies with samples from different birth cohorts or

different countries, in large part becanse the
measurements themselves differ. Certainly, mea-
surements used 30 or 40 years ago may not be
the ones used today. However, although different
studies use different variables to identify partic-
ular constructs, most studies permit comparison
of constructs at the primary factor level.

A major step in comparing results across
studies involves identifying comparable vari-
ables or harmonizing the data. The similarity of
a measure can vary at a number of levels, and
within a single nation large operational differ-
ences can be found (e.g., Weiner, Hanley, Clark,
& Van Nostrand, 1990). When considering
cross-cultural or cross-national data sets these
differences can be magnified: Regardless of
whether the same measure has been used, differ-
ences are inevitably introduced due to language,
administration, and item relevance. Further-
more, sampling characteristics can be strikingly
different such that results from different studies
may reflect different sections of the population.
A balance must be found between optimal sim-
ilarity of administration, similarity of meaning,
and significance of meaning—avoiding unrea-
sonable loss of information or lack of depth.
These challenges must clearly be addressed in
a collaborative endeavor, but in fact they are
also critical to general development of the
field, because without some means for compar-
ison, research findings lack validation. Recall
the common theme in the literature reviews dis-
cussed above.

For collaborating studies, the opportunity
arises to reach a consensus regarding measure-
ment comparability before, rather than after, the
research process, or at least prior to analysis. Two
classic methods for harmonizing are use of
national or international standards and finding
a “common denominator.” For example, in
CLESA, commercial medication names were
converted to generic names and, under supervi-
sion of qualified experts, coded according to the
Anatomical Therapeutic Chemical classification
system. Cause of mortality was coded according
to the International Classification of Disease—9
(World Health Organization, 1977). Addressing
the issue of common information, self-reported
medical conditions were included if they
appeared in at least three of the six countries
involved in the project (Minicuci et al., 2003).
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CLESA investigator working groups made
extensive use of common denominators to har-
monize their variables, including the use of algo-
rithms to create comparable variables. Cognitive
and depression scores, which were based on dif-
ferent measures or parts of measures in the
different studies, were rescored as proportion of
total possible score (e.g., see Cohen, Cohen,
Aiken, & West, 1999). Challenging situations
inevitably arise, and a system for dealing with
exceptions must be developed. In CLESA, some
levels of a variable were coded as “not applica-
ble” and presumably treated as zero or as missing
in analysis (e.g., difficulty in falling asleep
“sometimes” was coded “na” [not applicable] for
the country that had not provided that response
option). Similarly, CLESA investigators coded
instrumental activities of daily living according
to a single common variable based on the three
items held in common across the six countries,
each recoded dichotomously in terms of indepen-
dence. To avoid relying solely on this very sim-
plified coding, however, three further activity
variables and a global disability item available in

four of the countries were included in the data-

base. The latter could then be used in analyses
of the subset of studies with available data
(Minicuci et al., 2003).

Continuing with CLESA, which should be
commended for provision of excellent detail
regarding the harmonization process, it is clear
that there will be limits to any such process. For
several sociodemographic variables such as
occupation category, although a common format
was established, the researchers acknowledged
that the large cross-country differences reflected
unavoidable cultural- and sample-related differ-
ences (Minicuci et al.,, 2003). Although these
difficulties might be reduced in collaborations
initiated prior to data collection, Nordic
Research on Aging investigators have cautioned
that “linguistic equivalence does not guarantee
semantic equivalence” (Oden, Viidik, &
Heikkinen, 2002). CLESA social network and
support variables were similarly a challenge to
harmonize, because of both wording and cate-
gorizing differences in the already collected
data (Zunzunegui et al., 2006). As a result, only
variabless available in at least three countries
were harmonized. It is relevant to note, however,
that the process of harmonization itself provides

valuable insight into study differences that must
be considered when comparing results. These
can also provide excellent material for follow-
up hypotheses in a meta-analytic framework.

In contrast to CLESA, which relied on inves-
tigator working groups for the harmonization
process, the Collaborative Alcohol-Related
Longitudinal Project harmonization was carried
out by a core staff and was assessed and refined
by the collaborating investigators (Johnstone
et al., 1991). The Asia Pacific Cohort Studies
Collaboration (APCSC) relies on statistical
analysis, writing, and executive committees that
interact with principal collaborators in the par-
ticipating studies.

For studies with ongoing data collection,.
investigators might agree to add variables that
their studies would then hold in common.
Members of the European Birth-Lifecourse-
Studies project, for example, have handled cohort
differences by changing questions where content
is culturally dependent (e.g., those regarding
types of food eaten) for future waves. Similarly,
they, among others, have discussed the addition
of items to strengthen their ability to address
common outcomes. In the case of data and sam-
pling differences across studies that are difficult
to reconcile, new extensions to meta-analysis,
which we discuss below, provide exciting possi-
bilities for maximal use of all available data.

Sampling Time

The temporal characteristics of change and
variation must be taken into account, because dif-
ferent sampling intervals will likely lead to differ-
ent results requiring different interpretations for
both within- and between-person processes
(Boker & Nesselroade, 2002; M. Martin & Hofer,
2004). For example, correlations of change in
two variables over time will likely be quite differ-
ent for short temporal intervals (minutes, hours,
days, or weeks), in contrast to change across
many years, as is the case for many of the longi-
tudinal studies on aging. Measurement interval is
similarly critical for the prediction of outcome
variables and for establishing evidence regarding
leading versus lagging indicators (Gollob &
Reichardt, 1987, 1991).

The selection of intervals between measure-
ments is also critical for separating effects - of
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repeated testing (i.e., learning) from those of
development/aging over longer periods of time.
Estimates of longitudinal change may be attenu-
ated due to gains occurring as a result of repeated
testing, potentially persisting over long intervals
(e.g., Willis & Schaie, 1994). Complicating mat-
ters is the potential for improvement to occur dif-
ferentially, which could be related to ability level,
age, or task difficulty and which may be due
to any number of related influences, inciuding
warm-up effects; initial anxiety; and test-specific
learning, such as learning content and strategies
for improving performance. Differential retest
gains such as these confound the identification of
differential age-related changes (i.e., in older
adults, retest effects may be manifest not as an
increase in performance but as an attenuated
decrease in performance). In most studies, retest
effects are perfectly confounded with age
changes and do not permit decomposition
of effects at an individual level (see chap. 17,
this volume; Thorvaldsson, Hofer, Berg, &
Johansson, 2006). Intensive study designs, such
as those involving measurement bursts with
. widely spaced sets of intensive measurements,
are required to distingnish short-term learning
gains from long-term aging-related changes (e.g.,
change in asymptotic performance; Sliwinski,
Hofer, & Hoffman, 2006).

In addition to sampling time within individu-
als there are numerous ways to conceptualize
and model change over time, and the choice of
time process models is critical for the interpre-
tation and understanding of change processes
(Hofer & Sliwinski, 2006). Change models typ-
ically are based on age, or on time in study with
chronological age included as a covariate, mak-
ing level and rate of change conditional on age.
Age- and time-based models are equivalent in
single or narrow age cohort samples, but in age-
heterogeneous samples the use of age-based
models may not be appropriate without tests of
the convergence of between-person age differ-
ences and within-person age changes (e.g., eval-
uated in the age-based model by including
between-person age at Time 1 as a covariate, as
in the time-in-study metric). However, time is
better treated more flexibly and directly in terms
of other evolving time-dependent processes,
such as disease progression (e.g., time prior to
or since diagnosis of dementia; Sliwinski et al.,

2003; chap. 28, this volume), measured physio.-
logical changes, mortality (see chap. 17, thig
volume), or events such as retirement or widow.
hood to understand the effects of stress and psy-
chosocial functions on cognitive outcomes,
Such models provide a useful perspective for
describing and explaining average change and
individual variation in change relative to partic-
ular theoretical models for intraindividual
change—essentially aligning individuals with
common, possibly causal, processes.

Comparing Results Across
Studies: Coordinated Analysis,
Meta-Analysis, and Evidence Synthesis

Science typically proceeds sequentially, with
replication of results often taking years to
complete. A key component of collaborative
approaches is the potential for immediate cross-
validation of research findings. This can be
achieved through parallel analysis or reanalysis
of data from multiple studies.

Parallel Analysis

In addition to the use of similar measures, the
implementation of parallel and of pooled analy-
ses also facilitates comparison of results from
unrelated studies. Parallel analyses providing
parameter estimates based on the same statisti-
cal model (i.e., same method, covariates, control
variables, etc.) can more straightforwardly be
included in a meta-analytic comparison frame-
work. Such parallel analyses can be conducted
independently or can be conducted in a more
centralized way by a designated group. For
example, Thorvaldsson, Hofer, Skoog, and
Johansson (2007) used data from the
Gothenburg H-70 study to explicitly replicate
terminal decline findings of Sliwinski, Stawski,
Katz, Verghese, and Lipton (2006) in Bronx
Aging Study data. Using the Sliwinski manu-
script as a guide, they found gratifying similar
results. In contrast, core staff from the
Collaborative Alcohol Project conducted paral-
lel analyses of primary data from relevant sub-

sets of the 39 affiliated studies and combined

the results using meta-analysis (Fillmore et al.,
1991). Similarly, the APCSC researchers have
reported pooled analyses while paying careful
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attention to participant characteristic differences
(e.g., age, gender) across studies.

Independent Versus Centralized Analyses

Having a data analysis core to implement
the parallel analyses ensures the availability of
resources for implementation of the agreed-
upon models, but individual studies can also be
encouraged to run their own parallel models. To
reduce the impact of constraints and data loss
through common denominator problems, each
study can also be encouraged to conduct more
extensive analyses on the core research ques-
tions, making use of more elaborated versions
of the key variables and adding relevant vari-
ables that might be unique to their own project.
In this way, both maximally comparable and
maximally rich methods can be applied to each
research question.

There are advantages to centralized as well as to
distributed approaches to parallel analysis.

Whereas centralized analyses facilitate careful -

scrutiny of sarpling and measurement differences
across studies, distributed analyses may better pro-
tect against capitalizing on chance and overmanip-
ulation of data. As in many situations, a
combination of both approaches may be most pro-
ductive. Centralized analysis, as in the
Collaborative Alcohol project, allows the clearest
view of the individual study differences, because a
single set or group of eyes becomes familiar with
the sampling and other idiosyncrasies of each data
set. This represents a strength in terms of identify-
ing specific differences that might be due to sam-
pling or other factors and would lead naturally into
tests of hypotheses regarding the source of diver-
gent results. It is an open question whether this can
be equally well attained if everyone conducted the
same exploratory data analysis and a smaller group
assembled and evaluated the results. Keeping the
analyses completely independent, as did Sliwinski,
Stawski, et al. (2006) and Thorvaldsson et al.
(2007), may, on the one hand, provide a more pow-
erful cross-validation but may, on the other hand,
be more limited in terms of testing hypotheses
regarding differences if one has not first taken an
interim realigning or harmonizing step.

Althaugh the literature does not cuwrently
contain the information necessary to conduct
meta-analyses of within-person questions, these

methods can be used to evaluate the consistency
of the findings produced in such parallel analy-
ses. As in Fillmore’s (e.g., Fillmore et al., 1988,
1991; Johnstone et al., 1991) alcobol work, and the
APCSC’s medical research, it would be possible to
estimate average effect sizes, identify inconsisten-
cies across studies, and evaluate the impact of
specific cross-study differences (at group and indi-
vidual levels) on these inconsistencies.

Meta-Analysis and Research Synthesis

The terms meta-analysis and evidence synthe-
sis refer to approaches for combining data sets
and evaluating models. Where parallel analyses
of sufficiently similar variables aré available,
meta-analytic methods can be used to summarize
findings and to identify and address variability
across studies (Higgins & Thompson, 2002).
Differences across studies can be due to study-
level (e.g., design features or inclusion criteria) or
to individual-level (e.g., education level or age)
effects. Pooled raw data analyses, as opposed to
pooling of summaries, are required to address
questions related to individual-level effects
(Stewart & Parmar, 1993).

Comparison of parameters based on models
estimated on different variables, different mea-
surement intervals, and different population and
sampling characteristics presents another chal-
lenge, however. This challenge can be addressed
with new methods in which well-developed
meta-analytic methods are being extended to
permit statistical synthesis of evidence from
qualitatively different types of data. For
example, various extensions of the basic meta-
analysis framework have been used to combine
multiple indirect sources of evidence on treat-
ment or exposure effects in what is sometimes
termed a chain of evidence (Ades, 2003).
Bayesian hierarchical models also form the basis
of methods for combining data from different
types of study (Spiegelhalter, Abrams, & Myles,
2004). This is sometimes termed generalized
evidence synthesis and requires careful consider-
ation of the relationships between parameters
across data sets (Spiegelhalter & Best, 2003).
Such ideas extend naturally to the combined
analysis of different longitudinal studies on
aging with analysis across domains of health,
cognition, and personality/affect. Analyses
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gauging sensitivity to different assumptions
about the relationships between parameters
across data sets and the likely size and direction
of any biases can also be carried out to assess
robustness of inference. Bayesian graphical
models provide a natural framework for combin-
ing a series of local submodels, informed by dif-
ferent data sources, into a coherent global
analysis. This approach can be used to carry out
analyses that formally combine information from
multiple data sets available within a network.

1ntegrative Analysis of
Lengitudinal Studies on Aging

Any question can be approached in a variety of
ways. An ongoing challenge is to make optimal
use of current data resources, while acknowledg-
ing their particular strengths and limitations and
integrating and synthesizing knowledge based on
different designs and approaches, particularly
when they are contradictory. It is time to reflect on
what we know and how we have come to know it.
We must learn as much as possible from existing
longitudinal studies, many of which were initiated
20 to 50 years ago and are still actively collecting
data. What we learn from these studies should
also inform the design new studies, ideally per-
mitting direct comparison across birth cohorts.

We have been working to develop a collabora-
tive research infrastructure for coordinated inter-
disciplinary, cross-national research aimed at the
integrative understanding of within-person aging-
related changes in health and cognition. The
Integrative Analysis of Longitudinal Studies on
Aging (IALSA) project is an open research net-
work currently comprising 25 major longitudinal
studies on aging. It serves as a resource for the
application of best statistical methods for infer-
ence to aging individuals and defined populations.
It will encourage the exploration of cross-cultural
and cross-cohort effects and direct cross-validation
of research findings across independent studies.
We use the term integrative in several ways: refer-
ring to the integration of domains of study (i.e.,
health, cognition, personality, well-being) that,
with notable exceptions, have generally been
studied in isolation of one another, as well as to
the mtegr'ation of information across studies and
across alternative statistical models. This program
of research focuses primarily on explaining

aging-related changes in the context of health
(i.e., morbidity, comorbidity) and health-related
change. We seek explanations that integrate cross-
domain information on changes in cognition,
health, personality (broadly defined to include
well-being), and that also consider the impact of
psychosocial characteristics, and contextual fac-
tors including sociodemographic characteristics,
differences across nations, life events, and stres-
sors. These important issues require macro-level
theory and integrative science featuring the analy-
sis of empirical studies that follow individuals
over critical life periods.

Studies Involved in the Integrative Analysis
of Longitudinal Studies on Aging Network

JALSA membership initially represented,
mainly, investigators in the area of cognition
and aging with whom we were already collabo-
rating, or at least familiar. For the most part,
their studies had a major focus on cognitive
aging but also included varying amounts of
information on physical and mental health as
well as social and demographic variables. This
selection strategy admittedly differs from that
of, for example, CEHP, which focused on NIH-
supported studies and set size, age, and con-
struct criteria. However, we believed that a
strong collaborative network could benefit from
relying to some extent on existing links.

The 25 studies currently involved in the
IALSA network span eight countries and
include a total sample size of approximately
70,000. They represent a mix of representative,
volunteer, and special population (e.g., veterans,
college students, health maintenance organiza-
tion) samples. Within the network, data have
been collected on individuals aged 18 (from
birth in one study) to over 100, with birth
cohorts ranging from 1880 to 1980 and histori-
cal periods from 1946 to the present. Between-
occasion intervals range from 6 months to 17
years (the majority are 1-5 years), with between
2 and 32 (mainly 3-5) measurement occasions
spanning 4 to 48 years. Education levels vary
from samples in which a sizable number have
only elementary level education to those report-
ing mainly high school and beyond. All except
one include data on both men and women. Three
studies have single-age samples.
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~ Common Outcomes and Predictors

For cross-study analysis and comparison, we
consider three levels of linkage: (1) broad con-
struct, (2) narrow construct, and (3) identical
indicator. Across most studies, broad conceptual
replication (e.g., comparing different measures
of verbal ability across studies) is possible in
almost all of the domains considered here. In
many of the studies, replication on more similar
variables—for example, comparing memory for
different word lists across studies—is possible.
On a smaller subset of studies, opportunities are
available for direct comparison of identical mea-
sures. Given the generally greater strength of
conceptual replications, we consider exact repli-
cation necessary mainly because it will allow a
more straightforward consideration of country-
level differences (although language differences
will remain for some comparisons). The types of
variables, organized by domain, available in the
longitudinal studies on aging that are currently
part of the IALSA network are shown in Table 27.3,
and we provide additional detail regarding the
cognitive measures in this text. This information
is available in a searchable database developed
for the network.

General Mental Status. The MMSE is used in
12 of the affiliated data sets and will be evalu-
ated in cross-study analysis, with some prelimi-
nary details provided here. Because it is a
screening device, this measure does not provide
good specificity compared with other cognitive
assessments (e.g., Royall & Chiodo, 2004).
However, analysis of the MMSE in large cross-
national surveys will provide important details
regarding sensitivity to hypertension-related
changes and relative to other cognitive and
memory measures. It is also commonly used in
medical and epidemiological studies that might
not have other cognitive measures and so will
provide a good link to this literature.

Verbal/Crystallized Knowledge. Many of the
studies use at least one of the Wechsler Adult
Intelligence Scales (e.g., Wechsler Adult
Intelligence Scale—Revised [WAIS-R]; Wechsler,
1981) Verpal measures, with Vocabulary (seven
studies), Synonyms (five studies) and Simil-
arities (eight studies, plus two with AH4 [Heim,

Integrative Analysis of Longitudinal Studies on Aging « 463

19707) the most common. In at least three stud-
ies, however, idiosyncratic or short forms (e.g.,
three items) of the measures were used. The
National Adult Reading Test (NART; Nelson &
Willison, 1991; five studies) and the Mill Hill
Vocabulary Scale (Raven & Raven, 1988) are
also used.

Reasoning. The WAIS Block Design subtest (in
eight studies) is the most commonly used
measure of reasoning. Factor-level similarities
among matrices tests such as the Cattell Culture
Fair Test (Cattell, 1963), the Raven Progressive
Matrices (Raven, Raven, & Court, 1958), other
matrices tests, and rotation tests such as
Thurstone Primary Mental Abilities Spatial
Orientation (Thurstone, 1948) (each available
in three or fewer studies) will permit conceptual
replication of general patterns. Differences
between visual-spatial loaded tests and word
series measures with a verbal basis can be
expected, with the latter showing greater stability.

Speed. Substitution coding (e.g., WAIS Digit
Symbol [six studies], Symbol-Digit [two stud-
ies], Symbol-Letter Modalities [two studies],
and Alphabet Coding [two studies]) and reac-
tion time measures dominate the speed domain.

Memory. With the great interest in age-related
memory changes, this domain is well repre-
sented in virtually all studies, but with this
importance to the research community comes a
great variety of measures. Although many of the
studies use standard measures such as the WAIS
Digit Span subtests (9 studies), the Wechsler
Memory Scale Logical Memory Test (Wechsler,
1945, 4 studies), or the memory items from the
MMSE, virtually all of the immediate and
delayed word list recall tests (12 studies) are
based on different words and different numbers
of stimuli and exposures. This cross-study
mix of similar and different measures, how-
ever, will allow us to make best use of the

" strengths of both conceptual and exact replica-

tion approaches.

Attention/Working Memory. WAIS Digit Span
Backward (eight studies) and Serial 7s from the
MMSE are the most common measures that can
be considered to measure working memory.
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Word Fluency. This domain, which does not fit
clearly into either verbal ability or memory, is
measured mainly by category (seven studies,
some using different categories) and first letter
(FAS) word fluency (three studies). Category
word fluency has also been used as a measure of
executive function.

Coordinated Research Process

The coordinated research process begins
with a project proposal that delineates the prob-
lem, briefly cites relevant research, and details a
preliminary protocol for analysis and structure
of results.

1. The searchable database is used to identify
studies with targeted variables and characteris-
tics that permit implementation of the analysis.
Investigators on these studies are alerted to the
proposal and collaborate on developing the
protocol in terms of available variables (coding
differences) and plans for analysis.

2. Preliminary anatyses begin by finalizing a proto-
col for harmonizing variables and development
of statistical analysis by the leading project.

3. Parallel analyses will then be performed inde-
pendently by each group of researchers (or in
some cases by the Statistics Core or a single
research team) and reported in common format.

4. Results will be combined in tables and figures
to identify differences and to permit the dis-
cussion of alternative models and follow-up
analyses, including pooled, meta-analysis, and
evidence synthesis.

5. The process is completed by submission for
publication of each study’s findings and a sum-
mary paper describing the cross-study compar-
ison of results.

Exemplar Analysis

Seven members of the IALSA network have
contribyted to initial analyses addressing the
within-person changes in MMSE with age
(Piccinin et al., 2006). Remarkable similarity
was found in the rate of change in scores of the
MMSE. On average, at age 80 years (85 for the
Gothenburg “H-70” study), individuals scored

between 25 and 27 on the MMSE and, assuming
a linear trend, declined about 0.3 points per
year. Consistent with this, older individuals
tended to score lower initially (0.1-0.2 point per
year) and decline at a faster rate (0.01-0.08
more decline per year). Marked country and
birth cohort differences in educational attain-
ment range from an average of 6 or less years in
the 1900 birth cohorts in Sweden to 12 in the
more recent U.S. birth cohorts. Focusing on
studies with similarly coded education, more
highly educated participants have higher initial
scores (0.2 to 0.4 point) and show less decline
(0.02-0.09). Figures 27.1 and 27.2 show
expected trajectories for men and women,
respectively, of several representative ages (e.g.,
75, 80, 85), for the studies with similarly coded
education, based on the parameter estimates
from the independent analyses.

The FALSA network takes a coordinated and
collaborative approach to the integrative under-
standing of aging, with particular focus on
changes in health, cognition, and personality. This
approach permits the identification and reconcili-
ation of differences found across studies in terms
of measurement; sampling; and demographic,
social, and health indicators. The collaboration is
broad, with extensive multidisciplinary expertise
and interdisciplinary interests. The diversity of
perspectives is maintained in the decision-making
process and analysis protocol development,
ensuring generalizability of results and evaluation
of result sensitivity to decisions regarding harmo-
nization of measurements, statistical analysis, and
choice of theoretical models. The findings from
this program of research will provide a basis for
prevention and intervention efforts and inform
health policy by identifying premorbid and subse-
quent changes associated with morbidity and
comorbidity as well as the sociodemographic and
psychosocial moderators of these changes.

OPTIMIZING FUTURE
RESEARCH ON COGNITIVE AGING

What are the possible ouicomes of the collabo-
rative research described and proposed here? In
addition to the clear potential to make confident
strides in knowledge about the aging of cogni-
tive capabilities, the collaborative nature of the

s e« ——.
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work may facilitate the future application of
what is learned—in terms of both substantive
and methodological advances. Focused commu-
nications among investigators from different
countries will increase the likelihood of the
development of sensitive measures of within-
person changes, optimally designed for trans-
latability across languages and cultures. In
addition, careful scrutiny of the variety of mea-
surement intervals and sampling characteristics
may lead to priucipled design recommendations
for future longitudinal studies. The interdiscipli-
nary nature of the work will contribute to the
development of concrete and more elaborated
public health recommendations.

Among the strengths of the proposed net-
work model is the focus on progress of the field
rather than individual careers, acceleration of
the accumulative research process, and greater
ability to study rare events. The benefits of coor-
dinated, collaborative models for the analysis of
existing longitudinal studies are many, and
include the following:

1. Accelerated generation of knowledge from
within-person studies on aging

2. Immediate replication and cross-validation of
central hypotheses for development of theories
of aging-related changes from a within-person
perspective

3. Implementation of advanced statistical models
across major studies

4. Training of individuals for state-of-the-art sta-
tistical modeling of longitudinal data

5. Opportunities for generalized evidence synthe-
sis making optimal use of available study data
and joining studies in ways that will advance
knowledge further than possible in any partic-
ular study

6. Optimized comparison of measurements and
of results from particular studies through har-
monization of variables

7. Identification of measures for use in the next
assessments or future studies to permit better
comparative analysis

8. Cross-national comparison stratified by
socioeconomic status, education, and health
services

The major challenge in such endeavorg
remains the balancing of collaborative and com-
petitive forces. Although language, cultural,
demographic, design, and measurement differ-
ences across studies might also be seen as chal-
lenges, these exist in the current literature
regardless and so can hardly be seen as a chal-
lenge to collaboration, only ‘to cumulative
science and understanding. Collaboration is in
fact the most powerful tool with which to
address the challenge of understanding aging
from a within-person perspective.
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