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General Outline

1. Classical vs. contemporary developmental research

2. Lifespan development

3. Longitudinal methodology

4. Meaning of “age”

5. Latent variable models of change

6. Linear latent curve models and linear mixed-effects models

7. Nonlinear mixed-effects models
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Assess interindividual differences to approximate intraindividual changes

Contributions from interindividual differences psychology to the study of 
development  (Cronbach, 1957; Baltes, 1987; Baltes & Nesselroade, 1979; de Ribaupierre, 
2003)

• Focus on individuals and processes, not on variables or functions

• Focus on variability (interindividual and intraindividual)

• Major interest for methods and statistical models, especially multivariate

• Use of multivariate data collection designs

1. Classical vs. Contemporary 
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Interindividual Differences vs. 
Intraindividual Changes
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Interindividual Differences vs. 
Intraindividual Changes
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Interindividual Differences vs. 
Intraindividual Changes
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Interindividual Differences vs. 
Intraindividual Changes
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Cattell’s Data Box: Classical Developmental Study
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Cattell’s Data Box: “Ideal” Developmental Study
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Cattell’s Data Box: Individual Differences Psychology
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Cattell’s Data Box: Individual Differences Psychology
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Cattell’s Data Box: Individual Differences 
Developmental Psychology
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Cattell’s Data Box: Individual Differences 
Developmental Psychology
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Cognitive aging is the field that most successfully implements 
methodological convergence (Schaie, Baltes)

French-speaking individual-differences psychologists in child development 
(Reuchlin, Lautrey, de Ribaupierre)

Developmental studies necessitate longitudinal methodologies

Methodological expertise is required in developmental psychology

The lifespan approach best reunites individual-difference approach and 
developmental psychology. Deep comprehension of the age variable and of 
longitudinal methodologies is necessary.

1. Classical vs. Contemporary: Conclusions 
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Baltes, P. B. (1987). Theoretical propositions of life-span developmental 
psychology :On the dynamics between growth and decline. Developmental 
Psychology, 23, 611-626

“Life-span developmental psychology involves the study of constancy and 
change in behavior throughout the life course (ontogenesis), from 
conception to death. The goal is to obtain knowledge about general 
principles of life-long development, about interindividual differences and 
similarities in development, as well as about the degree and conditions of 
individual plasticity or modifiability of development.” (p. 611)

“The most general orientation toward this subject matter is simply to view 
behavioral development as a lifelong process.” (p. 612)

For many researchers, the life-span orientation entails several prototypical 
beliefs that, in their weighting and coordination, form a family of perspectives 
that together specify a coherent metatheoretical view on the nature of 
development. (p. 612)

2. Lifespan Development
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1. Lifespan development: Ontogenetic development is a life-long process

2. Multidirectionality: Pluralism in directionality of change

3. Development as gain/loss: They jointly occur to shape development

4. Plasticity: within-person modifiability

5. Historical embededness: importance of historical-cultural conditions

6. Contextualism as paradigm: age-graded, history-graded, and 
nonnormative influences

7. Multidisciplinarity: human development not the exclusive field of 
developmental psychology

Propositions of Lifespan Development
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Multidimensionality and Multidirectionality
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Dynamics between Gains and Losses
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Plasticity
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Age, history, Nonnormative Influences

22

Baltes, P. B., & Nesselroade, J. R. (1979). History and rationale of longitudinal

research. In J. R. Nesselroade, & P. B. Baltes (Eds.), Longitudinal research in 
the study of behavior and development (pp. 1-39). New York, NY : Academic 
Press.

“The study of phenomena in their time-related constancy and change is the 
aim of longitudinal methodology” (p. 2).

Different kinds: panel studies, repeated measures, single-case studies, time 
series, “mini-longitudinal,” “shortitudinal,” etc.

3. Longitudinal Methodology
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1. Direct identification of intraindividual change

2. Direct identification of interindividual differences (similarity) in 
intraindividual change

3. Analysis of interrelationships in behavioral change

4. Analysis of causes (determinants) of intraindividual change

5. Analysis of causes (determinants) of interindividual differences in 
intraindividual change

Five Objectives
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Longitudinal studies as quasi-experimental or experimental, rather than pre-
experimental

• Need for control and complex designs

• Need to vary time lags, more than 2 waves

• Simulation studies

• Multivariate approach

• Analyses must handle non-independence of observations

Some serious threats to validity

• Retest effects

• Maturation

• Historical effects

• Selection / mortality

Methodological Challenges
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Wohlwill, J. F. (1970). The age variable in psychological research. 
Psychological Review, 77, 49-64.

“For the psychologist, age shares with sex the attraction of its great visibility 
as a dimension of individual variation in behavior, one which is not only 
readily measurable but accounts for a substantial portion of variance in a 
variety of behavioral measures” (p. 49).

“Considering the popularity of this variable in psychological research, there 
has been a notable reluctance on the part of psychologists to examine the 
question of scientific method, inference, and theory which arise when 
differences in behavior are related to age” (p. 49).

Rather than IV [behavior = f(age)], consider age as DV 

 which characteristics determine or mediate age effects on behavior?

4. Meaning of age

26

Developmental Function vs. Uninteresting H0
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Sliwinski et al. (2003)
Sliwinski, M. J., Hofer, S. M., Hall, C., Buschke, H., & Lipton, R. B. (2003). 
Modeling memory decline in older adults : The importance of preclinical 
dementia, attrition, and chronological age. Psychology and Aging, 18, 658-
671.

This longitudinal study examined memory loss in a sample of 391 initially 
nondemented older adults. Analyses decomposed observed memory loss 
into decline associated with preclinical dementia, study attrition, terminal 
decline, and chronological age. Measuring memory as a function of only 
chronological age failed to provide an adequate representation of cognitive 
change. Disease progression accounted for virtually all of the memory loss in 
the 25% of the sample that developed diagnosable dementia. In the 
remainder of the sample, both chronological age and study attrition 
contributed to observed memory loss. These results suggest that much of 
memory loss in aging adults may be attributable to the progression of 
preclinical dementia and other nonnormative aging processes that are not 
captured by chronological age.

28

Sliwinski et al. (2003)
We argue here that representing cognition as a function of chronological age 
can obscure identification and modeling of important causes of cognitive 
change, such as the progression of preclinical dementia. Alternative 
representations of cognitive change are required to understand such 
nonnormative influences on cognition. (p. 658)

Wohwill (1970, p. 49) has argued that chronological age “be incorporated into 
the dependent variable in developmental studies” by defining it in terms of 
parameters of functional change. Modern approaches to longitudinal data 
analyses (i.e., multilevel modeling) have in some sense met Wohlwill’s
demand. (p. 658)
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Sample Data
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Description of Group Differences
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Statistical Modeling
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Results for Entire Sample
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Results for Preclinical Cases
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Expected Trajectories for Preclinical Cases
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Expected Trajectories for Noncase Dropouts
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Gerstorf et al. (2013)
Gerstorf, D., Ram, N., Lindenberger, U., & Smith, J. (2013). Age and time-to-death 
trajectories of change in indicators of cognitive, sensory, physical, health, social, and 
self-related functions. Developmental Psychology, 49, 1805-1821.

Relatively little is known about what aspects of late-life functioning are prone to 
“attacks” from mortality-related processes and what factors contribute to end-of-life 
decline. We use longitudinal data from the Berlin Aging Study to examine the 
multidimensional nature of late-life change. To broadly represent central 
characteristics of individual functioning, we selected six domains and well-
established indicators thereof from the measurement battery of the BASE. We pursue 
two sets of goals. First, we apply growth models to characterize late-life change 
trajectories in key indicators of cognitive, sensory, physical, health, social, and self-
related functions across chronological age and time-to-death to determine whether 
mortality-related processes do indeed generalize across multiple domains of function. 
Second, we explore the role of sociodemographic characteristics and proxies of 
pathologies as correlates of mortality-related decline.
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Descriptive Data
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Statistical Modeling



20

39

Observed and Expected Trajectories
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Observed and Expected Trajectories
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Observed and Expected Trajectories
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Observed and Expected Trajectories
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Observed and Expected Trajectories
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Observed and Expected Trajectories
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Role of Covariates
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McArdle, J. J. (2009). Latent variable modeling of differences and changes 
with longitudinal data. Annual Review of Psychology, 60, 577-605.

5. Latent Variable Models of Change
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Univariate Latent Change Score Model
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Raz et al. (2008)
Raz, N., Lindenberger, U., Ghisletta, P., Rodrigue, K. M., Kennedy, K. M., & Acker, J. D. 
(2008). Neuroanatomical correlates of fluid intelligence in healthy adults and persons 
with vascular risk factors. Cerebral Cortex, 18, 718-726.

The main objective of this study was to examine the effects of regional brain changes 
on cognitive decline and the modifying influence of vascular risk (VR) factors. We 
present latent difference score analyses of associations among 5-year changes in 12 
regional brain volumes and age-sensitive cognitive functions in 87 adults (32 with 
identifiable VR factors). We found reliable individual differences in volume change for 
11 of the 12 brain regions but not in the cognitive measures that showed average 
longitudinal decline. Thus, associations between rates of change in fluid intelligence 
and brain volumes could not be assessed. We observed, however, that lower levels of 
fluid intelligence were associated with smaller prefrontal and hippocampal volumes. 
Lower fluid intelligence scores were also linked to greater longitudinal shrinkage of 
the entorhinal cortex (EC). After accounting for the effects of age, sex, and VR factors, 
the orbitofrontal cortex and the prefrontal white matter (PFw) volumes as well as the 
5-year change in the EC volume predicted fluid intelligence level. VR was 
independently associated with smaller prefrontal volumes and lower fluid intelligence. 
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Multivariate Latent Change Score Model
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General Results

Gf: average change, but no variance in change

Associations between volumes of LPFC, OFC, PFw, HE, EC and Gf

Volume change in HC and EC correlate with Gf

Greater age associated with 

• lower Gf performance

• smaller LPFC, OFC, PFw, HC volume

• Greater PFw and EC shrinkage

No sex or cardio-vascular effects
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6. Latent Curve Model
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Main Features of LCM

ML MCL C
1

VL

CL,C

VC

ML, MC: Mean of level, change

VL, VC: Variance of level, change

CL,C : Covariance level-change

t: function of change

Vr: residual variance
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Latent Curve Model / Linear Mixed Effects Model

Under several conditions, the two approaches are equivalent.

Generally speaking, the LCM approach is more flexible, allows more 
extensions, but also requires a greater understanding.

Computationally speaking, the LMEM approach is more efficient (especially 
with sparse data)
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Singer et al. (2003)
Singer, T., Verhaeghen, P., Ghisletta, P., Lindenberger, U., & Baltes, P. B. (2003). The 
fate of cognition in very old age : Six-year longitudinal findings in the Berlin Aging 
Study (BASE). Psychology and Aging, 18, 318-331.

The authors report full-information longitudinal age gradients in 4 intellectual abilities 
on the basis of 6-year longitudinal changes in 132 individuals (mean age at T 1 = 
78.27, age range = 70–100) from the Berlin Aging Study. Relative to the cross-
sectional parent sample (N=516, mean age at T 1 = 84.92 years), this sample was 
positively selected because of differential mortality and experimental attrition. 
Perceptual speed, memory, and fluency declined with age. In contrast, knowledge 
remained stable up to age 90, with evidence for decline thereafter. Age gradients were 
more negative in old old (n = 66, mean age at T 1 = 83.04) than in old (n = 66, mean age 
at T 1 = 73.77) participants. Rates of decline did not differ reliably between men and 
women or between participants with high versus low life-history status. They 
conclude that intellectual development after age 70 varies by distance to death, age, 
and intellectual ability domain.
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Sample Data
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Results: Expected Trajectories
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Results : Expected Trajectories
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Results : Sex and Life-History Effects
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Results : Sex and Life-History Effects
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Multivariate Latent Curve Model

Rather than analyzing change in only one variable, consider multiple 
variables.

Allows investigating interrelationships in change.

For each variable, apply the LCM and estimate properties of each variable’s 
level and change component.

Consider correlations among the various levels and changes.
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Stoolmiller (1994)
Stoolmiller, M. (1994). Antisocial behavior, delinquent peer association, and 
unsupervised wandering for boys : Growth and change from childhood to early 
adolescence. Multivariate Behavioral Research, 29, 263-288.

Latent  growth  curve analysis was  used to  study  individual  differences  in  initial  
status and growth rates of antisocial behavior, delinquent peer association, and 
unsupervised  wandering during the  transition  from  childhood  to  early  
adolescence for  a  sample  of 206,  primarily working-class, European-American  
boys.  All three constructs showed significant individual differences in initial status at 
Grade 4 and growth rates from Grade 4 to Grade 8.  Wandering and delinquent peer 
association showed positive mean trends.  Linear growth curves adequately 
described  growth  for  delinquent  peer  association  and  antisocial  behavior.  
Growth  on wandering was linear up  to Grade 7 and then showed positive  
acceleration  from Grade 7 to Grade 8.  All three constructs were highly related at the 
initial assessment point.  Individual differences in growth rates were highly correlated 
on all three constructs.  The findings were discussed in terms of the trait-confluence  
model  for peer influence on antisocial behavior. 
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Descriptive Statistics of the Data
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Descriptive Statistics of the Data
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Results: Interrelationships of levels and changes
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Multiple Indicator Latent Curve Model
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7. Nonlinear Mixed Effects Model

Why implement nonlinear functions of change?

1. Limitations of polynomials

2. Difficult interpretation of transformed outcomes

3. Several outcomes follow nonlinear functions of change
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Nonlinear Mixed Effects Model
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Ghisletta et al. (2010)
Ghisletta, P., Kennedy, K. M., Rodrigue, K. M., Lindenberger, U., & Raz, N. (2010). 
Adult age differences and the role of cognitive resources in perceptual-motor skill 
acquisition: Application of a multilevel negative exponential model. Journal of 
Gerontology: Psychological Sciences, 65, 163–173.
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Nonlinear Change Function

• : initial performance

• : asymptotic performance

• : rate of improvement

• : rate of decline
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Results
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Results
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Results
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8. Conclusions

• Lifespan developmental psychology has come a long way

• Many theoretical concepts of lifespan psychology have been 
operationalized with advanced methodologies and statistical 
models

• Many theoretical, methodological, and statistical advances 
have taken place, mutually feeding each other

• Nevertheless, lifespan developmental psychology has still a 
long way to go!!

• There is no need to be a sect! Any developmental field can 
become lifespan – actually, any field of research in 
psychology!

• Go for it!
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