Robust heterogeneity in cognitive development: A large-scale investigation

a Background

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

J

2-Score

entile of Population

Perc

10 0 50 e
Chronological Age

BUT based on limited range of tasks

70 %

(Salthouse, 2004)

& More recent findings that don’t fit dichotomy [3-6] J
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Present Study

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

Data: Massive online experiments [3,5,7-10]
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Classic “Crystalized”

Vocab 1 (identify synonym) (N=10,484)
Vocab 2 (same) (N=6,0

Vocab 3 (same) (N=35;; 887

(~Raven’s) (N=25,655)

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

- Digit Sy

P,
Prosp

bol 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)

W Trails B (Quick complex connect-the-dots) (N=21,452)
\rwover- ww Left/Right (Quick identify allocentric directions) (N=408,938)

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

Working Memory

w Forward Digit Span 1 (N=379,325)
Forward Digit Span 2 (N=10,484)

™ ; Forward Digit Span 3 (N=18,889)

d Digit Span (N=6,629)

C lex Span (N=379,325)

Visual WM (N=10,484)

ww Visual Pattern WM (N=392,381)

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

Long-Term Memory

B Delayed Recall (N=408,938)

" Verbal Paired Associates (N=12,340)
wwwm' Visual Paired Associates (N=9,706)

Memory (N=408,938)

Social Cognition

Emotional Quotient (social skills) (N=6,072)
Mind-in-Eyes (Vlsual emotion recognmon) (N=11,604)
Multiracial Mind-in-Eyes (same) (N=14,314)

- v— - Multiracial Emotion ID (similar) (N=22, 407)
Schelllng Coordlnatuon Games (N=6,072)
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Weber Fraction (Numerosity detection) (N=18,024)
Syntax learning (N=929,078)

e (Pragmatics task) (N=6,072)
e (Pragmatics task) (N=6,072)
Understandlng Pollteness (N=6,072)
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change charts
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Relevant Impliacture

k Mind-in_eyes

Schelling Coordination Games
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Step 1: Identifying patterns with clustering
method (modified k-means algorithm)
e Cluster “change charts” from Step 1 to identify k “mean”

e Enforce smoothness constraint (infrequent changes of direction)  in 2-D space, where k=3
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Gummary & Discussion
¢ No “young adult controls”

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

— dev continues after 18 for some abilities
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