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Authors claim “Most Published Research Findings are False” 

• Dramatic or important results are more likely to be false 

– Less dramatic results unpublished or in less prestigious journals 

• Why? 

– Competition for “original” contributions: Highly selected 
studies are overvalued and unrepresentative of true outcomes  

– Bias towards publishing positive results 

– Artificial scarcity; Best journals publish best (i.e., most 
dramatic) research; excuse for rejection 

• Solution: Provide basis for evaluating replicability 

– Publish all research that meets quality threshold 

Ioannidis (2005); Young, Ioannidis, Al-Ubaydli (2008), www.PloSmedicine.org 



Need for Replication 
(e.g., Hendrick, 1990; Park, 2004; Rosenbaum, 2001) 

• Essential for a cumulative and innovative science 

– “The fact that a theory has passed one test provides no 
evidence at all that it will pass a repetition of a test” 
(Miller,1980) 

– “The results in a single study are important primarily as 
one contribution to a mosaic of study effects” (APA Task Force on 

Statistical Inference, 1999) 

– “Successful replication provides the basis for further and 
deeper explanatory studies and theory” (Lindsay & Ehrenberg, 1993) 



Replication in Longitudinal Research 

• Replication of research based on observational longitudinal data 
necessary to protect against uncritical acceptance of empirical 
results. 
– Results from complex data structures and statistical models 

– Extant scientific evidence used to structure, justify and extend research.  

• Research findings and conclusions often vary across 
independent studies addressing the same topic. 
– No one study can control for all extraneous influences 

– Due to unique study characteristics (e.g., sampling, measures, design) 

– Noncomparable results based on different statistical analyses/models 

• Between-study variability points to the need for skepticism 
regarding a single instance of a result and to the importance of 
multiple replications in the evaluation of scientific findings.  





IALSA: Integrative Analysis of 
Longitudinal Studies on Aging  

• The IALSA network is currently comprised of over 35 
longitudinal studies on aging, spanning eight countries.  
– Mix of population representative, volunteer, and special population 

samples, aged from birth to 100 years (focus 50+), with birth cohorts 
ranging from 1880 to 1980, assessed during historical periods from 1946 
to the present. Between-occasion intervals range from 6 months to 17 
years (the majority 1-5 years), with up to 32 (typically 3-5) measurement 
occasions spanning 4 to 48 years of within-person assessment.  

 

• Primary goal: To facilitate new longitudinal research in ways 
that permit direct comparison of findings and cumulative 
knowledge from a within-person perspective 
• Direct involvement of PIs and research teams 

 



Harmonization 
• Goal: Obtain comparable answers to key questions 

• Levels of Harmonization 
– Research Questions  
– Statistical Models 
– Measurements 

• Harmonization permits synthesis of results 
– Account of how other variables/processes, country and other 

sampling differences, initial representativeness, attrition, 
historical period, age range sampled, etc. relate to differences 
across studies. 

 

IALSA Approach 





Coordinated Analysis 

• Interactive development of research protocol 
– Aim: Maximize data value from each study while making results as 

comparable as possible 

• Evaluation of alternative models  

• Complete reporting of results permits direct comparison 
across studies and variations in models 
– Analysis scripts and extended results available on IALSA site 

– Direct and interactive evaluation of complex hypotheses across 
longitudinal studies on aging 

– Emphasis on cross-culture, cross-study comparisons 

• Communication: Publication models 
– Joint authorship of single paper 

– Series of independent reports, submitted together or independently 
• Possible introduction and consensus paper 

• e.g., analysis of two studies using common statistical approach 



• Developing and established researchers 

• Methods & practice 

• Collaborative research & manuscript production 

2010 - 

• Four IALSA-affiliated studies with PIs 

• Coordinated analysis with focus on associations 
between activities (cognitive, physical, social) 
and change in cognitive abilities 

 

PI: Dan Mungas 



Longitudinal Studies & PIs 

• Origins of Variance in the Oldest-Old (OCTO-Twin) 

– Boo Johansson, Magnus Lindwall 

• Long Beach Longitudinal Study 

– Elizabeth Zelinski, Robert Kennison 

• Seattle Longitudinal Study  

– K. Warner Schaie, Sherry Willis 

• Victoria Longitudinal Study 

– Roger Dixon, Stuart MacDonald 

 



Questions 

1. Is baseline cognitive performance associated 
with cognitive, physical, or social activity? 

2. Are baseline cognitive, physical, or social 
activity  associated with subsequent 
cognitive changes? 

3. Are cognitive changes associated with 
changes in cognitive, physical, or social 
activity? 
 

 



Study Characteristics 

Study “Baseline” # Waves 
Intervals 
(years) 

Span 
(years) 

Mean 
Age  

Education 
(years) 

% 
Female 

OCTO-Twin 1991 5 2 8 83 7.2 65 

LBLS 1994* 4 3 9 74 13.7 51 

SLS 1984* 4 7 21 67 14.6 52 

VLS 1986 7 3 18 69 14.9 64 

Retention in Follow-up Waves 
  2 3 4 5 6 7 

OCTO-Twin 82 77 76 71 ― ― 

LBLS 52 49 70 ― ― ― 

SLS 56 48 41 ― ― ― 

VLS 73 79 72 69 72 57 

* To maximize similarity of measures 



Cognitive Performance Measures 
Reasoning Fluency Memory Semantic 

knowledge 

Octo-Twin WAIS Block 
design 

-- Prose recall WAIS information 
task 

LBLS STAMAT Letter 
and Word Series 

Word fluency 
for letter “s” 

Immediate 
recall of 20 
words studied 
for 3.5 min. 

Recognition 
Vocabulary of 50 
items 

SLS STAMAT Word 
Series 

Word fluency 
for letter “s” 
 

Immediate 
recall of 20 
words studied 
for 3.5 min. 

ETS Advanced 
Vocabulary of 36 
items in 4 min. 

VLS Letter Series Similar 
meaning as 
target words  
for 6 min. 
 

Immediate 
recall of 30 
words in 5 
semantic 
categories 

ETS Recognition 
Vocabulary of 54 
items 
 



Activity Measures 

Study Cognitive Physical Social 
OCTO-Twin Games, crosswords, 

reading, writing, research, 
other, and "train 
memory/keep mind 
active" 

Present/previous effort to 
train body/keep fit 

"How many people do 
you see?" 

LBLS Educational, reading, 
music, writing, games, 
cultural 

Walking, outdoor 
hobbies, fitness, sports 

Volunteering, cards, 
phone, visiting, dancing, 

partying 

SLS (same) (same) (same) 

VLS Communication (e.g., 
writing), Computation 
(e.g., balancing 
checkbook) & Conundrum 
(e.g., cross-words) factors 

Gardening, jogging, 
tennis, sailing 

restaurants, visit, give 
dinner party, attend 
church, club /service 

organization meetings 



Analytic Approach 

• Mixed effects models 
– Time varying covariates 

• Does change in activity predict change in cognition? 

• Covariates in level 1 of regression equation 

– Estimator: Restricted maximum likelihood (REML) 

– Random intercepts and slopes 
• Unrestricted covariance matrix 

 

• Models fit to each of the four cognitive measures 
and each of the studies 

 



Statistical Model 

• Model Covariates: 
– Linear Time (mean centered) 
– Baseline Age (mean centered) 
– Years of education (mean centered) 
– Sex (coded: 0 = male; 1 = female) 
– Baseline Activity  
– Activity change (time-varying covariate) 
– Two-way interactions 

 

• Final models included 12 terms 
– Original models included 19 terms 
– Non-significant terms obtained across the set of models were 

eliminated 
 





Results – Cognitive Activity 
Cognitive Outcome   OCTO LBLS SLS VLS 

Reasoning 

CogAct-> Cognitive Y N Y Y 

CogAct-> Cog Change N N N N/Y* 

CogAct Change -> Cog Change Y N Y Y 

Memory 

CogAct-> Cognitive Y N N Y 

CogAct-> Cog Change N N N N 

CogAct Change -> Cog Change Y Y Y Y/N~ 

Fluency 

CogAct-> Cognitive ― Y Y Y 

CogAct-> Cog Change ― N N N 

CogAct Change -> Cog Change ― N Y Y 

Semantic Knowledge 

CogAct-> Cognitive Y N Y Y 

CogAct-> Cog Change N N N N 

CogAct Change -> Cog Change   Y Y Y Y 

* Computation 

~ Conundrums 



Summary Cognitive Activity: 
Baseline Activity  

• Baseline activity level predicted baseline 
cognitive performance in all studies except 
LBLS reasoning and memory 

– Higher levels of cognitive activity associated with 
better cognitive performance 

• Baseline activity did not predict change in 
cognitive performance, with one exception: 

– VLS computation reasoning 



Summary Cognitive Activity: 
Activity Change  

• Change in activity level predicted change in 
cognitive performance, except: 

– LBLS reasoning and fluency; VLS conundrums 
reasoning and memory 

• Steeper declines in activity level were 
associated with steeper declines in cognitive 
performance 





Results – Physical Activity 

Cognitive Outcome   OCTO LBLS SLS VLS 

Reasoning 

PhysAct-> Cognitive Y N N N 

PhysAct-> Cog Change N N N N 

PhysAct Change -> Cog Change Y Y Y Y 

Memory 

PhysAct-> Cognitive Y N N Y 
PhysAct-> Cog Change N N N N 

PhysAct Change -> Cog Change Y N N Y 

Fluency 

PhysAct-> Cognitive ― N Y N 

PhysAct-> Cog Change ― N Y Y 

PhysAct Change -> Cog Change ― N Y Y 

Semantic Knowledge 

PhysAct-> Cognitive N N N N 

PhysAct-> Cog Change N N N N 

PhysAct Change -> Cog Change   Y N N N 



Summary Physical Activity: 
Baseline Activity  

• Higher physical activity at baseline associated 
with higher scores on reasoning in OCTO-Twin,  
memory in OCTO-Twin and VLS and fluency in 
SLS.  

• For semantic knowledge in LBLS and SLS, the 
association with physical activity at baseline was 
stronger for people with less education 

• Baseline activity did not predict change in 
cognitive performance, with two exceptions: 
– Fluency in VLS and SLS 



Summary Physical Activity:  
Activity Change  

• Change in activity level predicted change in 
cognitive performance in:  

(a) reasoning in all four studies; 

(b) fluency in two (VLS and SLS) of three studies; 

(c) memory in two studies (OCTO-Twin and VLS); 

(d) semantic knowledge in one study (OCTO-Twin). 

• Steeper declines in activity level were associated 
with steeper declines in cognitive performance 





Results – Social Activity 
Cognitive Outcome OCTO LBLS SLS VLS 

Reasoning 

SocAct-> Cognitive Y N N Y 

SocAct-> Cog Change N N Y N 

SocAct Change -> Cog Change Y N Y Y 

Memory 

SocAct-> Cognitive Y N Y Y 

SocAct-> Cog Change N N N N 

SocAct Change -> Cog Change Y N Y Y 

Fluency 

SocAct-> Cognitive ― Y N N 

SocAct-> Cog Change ― N N N 

SocAct Change -> Cog Change ― Y N Y 

Semantic Knowledge 

SocAct-> Cognitive Y N Y N 

SocAct-> Cog Change N N Y N 

SocAct Change -> Cog Change Y N N N 



Conclusions / Implications 

• Between-person differences in baseline activity not 
“protective” against subsequent decline 

• Within-person changes more important than 
between person differences 

Whether activity level changed was more important than 
how active someone was relative to others 



Issues: Causal Inference 

• Direction of influence? 

–Activity  Cognition: 
• Isolation, lack of stimulation/challenge; fitness 

– Cognition  Activity: 
• Inability to exercise due to health issues that also affect 

cognition 
• Withdrawal from activity due to memory loss 

 

• Causation? 

– Experimental v Observational 
 



Experimental/interventions studies are needed 

Randomly assign people to “improved” network versus 
... current network conditions. 

Sufficient to capture long-term nature of causal effect? 

(2009) 



IALSA Approach 
• Evaluate evidence and refine theory from within-

person change perspective 
– Integrate health, psychosocial and demographic factors in 

models of aging-related changes in cognitive and functional 
outcomes, personality, and emotional well-being. 

• Evaluate result sensitivity to measurement and 
analysis/modeling decisions 
– Evaluate and report alternative models on same data 

• Accumulate knowledge from replicated evidence 
– Open, direct and immediate comparison and contrast of 

results across independent studies 
– Availability of analysis protocol, scripts, and results 



Spirduso WW, Poon LW, Chodzko-Zajko W. Using resources and reserves in an exercise-cognition 

model. In: Spirduso WW, Poon LW, Chodzko-Zajko WJ, eds. Exercise and its mediating effects on 

cognition Champaign, IL, US: Human Kinetics, 2008:3-11. 
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