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Boston College

(Salthouse, 2004)

Q: How well does fluid/crystalized dichotomy 
account for wide range of cognitive tasks?

• Classic distinction between 
early-peaking “fluid 
intelligence” and late-peaking 
“crystalized intelligence” [1, 2]

performance for adults in their early 20s was near the 75th percentile

in the population, whereas the average for adults in their early 70s was

near the 20th percentile.

Fourth, the relations between age and the speed, reasoning, and

memory variables are primarily linear. This observation is relevant to

potential interpretations of the effects because the absence of obvious

discontinuities in the functions suggests that transitions such as re-

tirement, or menopause for women, are probably not responsible for

much, if any, of the effects.

Fifth, the data in the figure indicate that age-related effects are

clearly apparent before age 50. For some variables, there may be an

acceleration of the influences at older ages, but age-related differ-

ences are evident in early adulthood for each variable.

And sixth, the age-related declines in these samples are not ac-

companied by increases in between-person variability. One way to

express the relation between age and between-person variability is in

terms of the correlation between age and the between-person standard

deviation for the individuals in each 5-year age group. For the data in

Figure 1, these correlations were !.18 for vocabulary, !.80 for

speed, !.74 for reasoning, and .13 for memory. If anything, therefore,

the trend in these data is for increased age to be associated with a

smaller range of scores. Instead of a pattern of increased variability

that might be attributable to some people maintaining high levels of

performance and others experiencing large declines, the data show a

nearly constant variability that is more consistent with a downward

shift of the entire distribution of speed, reasoning, and memory scores

with increased age.

Many of the patterns apparent in Figure 1 have been reported in a

number of individual studies (see the earlier citations), and are also

evident in data from nationally representative samples used to es-

tablish norms for standardized tests such as the third edition of the

Wechsler Adult Intelligence Scale (Wechsler, 1997) and the Wood-

cock-Johnson III Tests of Cognitive Abilities (Woodcock, McGrew, &

Mather, 2001). Results such as these suggest the following answers to

the questions of the what and when of cognitive aging. With respect to

what, many different types of cognitive variables are affected by in-

creased age, and with respect to when, age-related differences appear

to begin in early adulthood, probably in the 20s.

WHY ARE THE EFFECTS NOT MORE NOTICEABLE IN

EVERYDAY LIFE?

The research I have summarized suggests that age-related cognitive

declines are fairly broad, begin early in adulthood, and are cumulative

across the life span. A question frequently raised when findings such

as these are mentioned is, why are there not greater negative conse-

quences of the age-related cognitive declines? I suspect that there are

at least four reasons.

First, cognitive ability is only one factor contributing to successful

functioning in most activities. Other factors such as motivation, per-

sistence, and various personality characteristics are also important,

and they either may be unrelated to age or may follow different age

trajectories than measures of cognitive functioning.
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Fig. 1. Means (and standard errors) of performance in four cognitive tests as a function of age. Each data point is based on between 52
and 156 adults.
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• BUT based on limited range of tasks

• More recent findings that don’t fit dichotomy [3-6]

Background

Present Study 

Data: Massive online experiments [3,5,7-10]
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Step 1: Calculate ages of significant change

Bayesian spline

regression

age age

Speeded Processing 
Digit Symbol Coding 1 (ask me/Google) (N=10,484)

Digit Symbol Coding 2 (ask me/Google) (N=10,219) 
Simple RT (Quick response) (N=60,653)

Choice RT (Quick conditional response) (N=33,258)

Trails A (Quick connect-the-dots) (N=22,928)

Trails B (Quick complex connect-the-dots) (N=21,452)

Left/Right (Quick identify allocentric directions) (N=408,938)


Classic “Crystalized” 
Vocab 1 (identify synonym) (N=10,484)

Vocab 2 (same) (N=6,072)

Vocab 3 (same) (N=35,887) 
Matrix Reasoning (~Raven’s) (N=25,655)

Cognitive Control 
Flanker Task (N=13,448) 
Simon Task (N=9,585) 
Stroop Task (N=9,576) 
Gradual Onset Continuous Performance (N=4,201)


Working Memory

Forward Digit Span 1 (N=379,325)

Forward Digit Span 2 (N=10,484)

Forward Digit Span 3 (N=18,889)

Backward Digit Span (N=6,629)

Complex Span (N=379,325)

Visual WM (N=10,484)

Visual Pattern WM (N=392,381)

Color/Shape/Location (report all 3) (N=408,938)


Other

Weber Fraction (Numerosity detection) (N=18,024)

Syntax learning (N=929,078)

Long-Term Memory

Delayed Recall (N=408,938)

Verbal Paired Associates (N=12,340)

Visual Paired Associates (N=9,706) 
Prospective Memory (N=408,938)

Social Cognition

Emotional Quotient (social skills) (N=6,072)

Mind-in-Eyes (Visual emotion recognition) (N=11,604)

Multiracial Mind-in-Eyes (same) (N=14,314)

Multiracial Emotion ID (similar) (N=22,407)

Schelling Coordination Games (N=6,072) 
Scalar Implicature (Pragmatics task) (N=6,072)

Relevance Implicature (Pragmatics task) (N=6,072)

Understanding Politeness (N=6,072)

age

method

results

Step 1: Identifying patterns with clustering
method (modified k-means algorithm) + +

+
• Cluster “change charts” from Step 1 to identify k “mean” 

change charts

• Enforce smoothness constraint (infrequent changes of direction)

• No “young adult controls” — dev continues after 18 for some abilities 

• Fluid/Crystalized dichotomy is overly coarse-grained

• Q: Can results be explained by classic two-factor model (speed & 

experience), or are more factors required?

• Note: Standard factor analysis models are not appropriate for lifespan 

data (they assume no ceiling or floor effects, no compensation)

Summary & Discussion 

Example of k-means clustering 
in 2-D space, where k=3

Forward Digit Span 2 
Forward Digit Span 3 
Gradual Onset Cont. Performance 

Vocab 1 
Vocab 2 
Vocab 3 

Syntax 
Simple RT 

Emotional Quotient 
Simon Task 
Scalar Implicature 
Multiracial Mind-in_eyes 

Matrix Reasoning 
Flanker Task 
Forward Digit Span 1 
Delayed Recall 

Multiracial Emotion ID 
Left/Right 
Verbal Paired Associates 
Visual Paired Associates 
Weber

Schelling Coordination Games 
Stroop Task 
Relevant Impliacture 
Mind-in_eyes 

Prospective Memory 
Politeness 
Backwards Digit Span 

Color/Shape/Location 
Choice RT 
Complex Span 
Digit Symbol Coding 2

Digit Symbol Coding 1  
Visual Pattern WM 
Trails A 
Trails B


