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The Unbearable 
Slowness of Being 
The limit of human behavior at 10 bits/s
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“human behaviors, including motor function, perception, and 
cognition, operate at a speed limit of 10 bit/s.”

Perception

Motor function

Cognition
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10 bits/s
Information theory (Shannon & Weaver, 1964)

Image Retina
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Brain Meaning
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10 bits/s
Information theory (Shannon & Weaver, 1964)
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The information rate of motor function
Example 1: Typing 

• 120 words per min (Dhakal 2018)


• 5 average characters per word 
(Shannon 1951)


• Random:  = 4.7 bits/character


• With structure: 1 bit per English 
character (Shannon 1951)

log2 26
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The information rate of motor function
Example 2: Fitts 1954 the capacity of the motor system

• Performance of motor tasks 
depends on


• Distance (A)


• Target size (W) 


• Timescale: 15-20s


• Information rate: 10-12 bits/
s
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The information rate of perception
Example 3: Blind-folded 3x3x3 Rubik Cube

• The number of permutations of 
the cube:


• bits


• Perception time: 5.5s


• Information rate: 11.8 bits/s

4.3 × 1016 ≈ 265 = 65
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https://www.youtube.com/watch?v=gdHPag6z2NY


The information rate of thinking
Example 4: “Twenty Questions”

• “Quick, think of a thing. Now I’ll 
guess that thing by asking you yes/
no questions.’’


• The information: bits


• Thinking time: 2-3 seconds


• The information rate (information 
divided by time): 10 bits/s or less

20 × 1

Semantic Scholar
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“human behaviors, including motor function, perception, and 
cognition, operate at a speed limit of 10 bit/s.”

Zheng and Meister, Neuron (2024)
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The scale of 10 bits/s

• Human behavior: 10 bits/s 

• Average Internet speed in California: 93 Mbps (~ bits/s)109
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The information rate of the nervous system

• Human behavior: 10 bits/s


• Retina:  cones x 20 Hz bandwidth x 8 bits SNR (~ bits/s)6 × 106 109
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The slowness of being
We can only think of one thing at a time

• A ‘‘psychological refractory period’’ 
occurs before the second task can 
be processed


• Serial processing at the “central 
bottleneck”


• The neural resources do not set the 
limit! 

Pashler 1994
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Why do we live at 10 bits/s?
A speculative answer

• One thing at a time — constrained by 
movement and gradient-based navigation


• Spatial navigation technique for memory: 
routing in a memory palace
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Giulio Camillo’s depiction of a memory palace (1511 AD)

A hydra



The speed of life across species

• A tethered fruit fly produces torque in 
response to virtual optic flow: ~0.63 bits/s 

• An experienced mouse solves the 9-hole 
Manhattan Maze in ~20 seconds: ~0.9 bits/s


• Different ecological niches might have different 
information rates.
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Theobald et al. 2010

Zheng et al. (In prep.)



The information output of Brain-Computer Interface Caps at 10s bits/s?
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Mineault et al. 2025



Conclusions

• Human behaviors, including motor function, perception, 
and cognition, operate at a speed limit of 10 bit/s.


• We can only think of one thing at a time, and that might 
be determined by our ecological niche. 

•  We do not yet understand the neural/mechanical 
constraints on the serial processing. 


• Different species may have different information rates 
of behavior outputs.
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What’s my 
information 

rate?

An American crow outside BBB, Caltech

Available in the next issue of the California Tech
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Meister Lab approaching 10 bits/s (skiing) 


