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One skull, one number, 1968

1. A real human skull, in a head-shaped tank of electrolyte.
2. The same fluid fills the skull’s pores and surrounds it.
3. A probe measured the potential.

Half human skull Electrolyte

AC source (50-5000 Hz)Voltmeter

Probe

Redrawn after Rush & Driscoll (1968)



A number can be reproducible only if you can 
say what it is, how it was measured, and 
whether independent methods agree. 



What is conductivity?

Conductivity σ

How easily a material lets current flow

Unit: siemens per metre (S/m)

Resistivity  ρ = 1 / σ

How strongly a material resists current

Unit: ohm metres (Ω⋅m)

opposites

The number 80 compares the skull with the soft tissue around it:

ρ brain / scalp = 1 unit
ρ skull / brain = 80

Rush & Driscoll, 1968:

“an optimum effective isotropic resistivity for the skull tested”



The model: three nested conductors, and one number tuned to match the tank

Redrawn after Rush & Driscoll (1968)

• What it is
The head as three nested spheres (brain, skull, scalp), 
each a uniform conductor. The skull resists current 80 
times more than the other two.

• What goes in
Two scalp electrodes pass a 
known current: in at A, out at B.

• How it's calculated
Current spreads through each layer according to 
Laplace's equation.

• What comes out
How much current reaches the brain, and where it 
goes. 



The paper reported a range, then used one number

Rush & Blanchard (1966)



The paper reported a range, then used one number
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Rush & Blanchard (1966)
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The paper reported a range, then used one number

Rush & Driscoll (1968)

Rush & Blanchard (1966)



Pooled across studies: 17.9 to 290, weighted mean 50.4

!

10 living-head studies, 51 values, 47 participants

Most values lie below 80

Weighted mean 50.4 ± 39

Brain-to-skull conductivity ratio according to method



Software defaults today

SimNIBS



Summary slide

Predicted current at the 
brain's centre, relative to 

the 1968 value

Skull : brain resistivity ratio (log scale)



Demoulin et al., 2021

Real life consequences

20 epilepsy patients

When the assumed ratio changed from 1/40 to 1/80 
 

A parameter almost never reported 
in standard pipelines is worth 1.4 
cm of error in where a seizure focus 
gets placed clinically!

source-localization shifted by 5.3 mm; 
across the wider reported range, by 14.2 mm. 



Why this is a reproducibility problem?

1968 Later papers Re-estimations Today

Valid study. 
Reported 80 as 

the best fit 
within a range of 

50 to 300

Cited 80. A 
reasonable thing 

to do

Thorough 
measurements 
in living people

One figure, used 
inconsistently: 12.6, 

27.5, 79, 80

The number stayed. Its range and context wore away.

?



Two kinds of reproducibility

Lab A

 Code shared

 Analysis plan preregistered

 Sample size adequate

Assumed skull:brain ratio

17.9

+46%
Current density at brain centre 

relative to ratio 80

=
Same 

procedure

Lab B

 Code shared

 Analysis plan preregistered

 Sample size adequate

Assumed skull:brain ratio

80

0% (reference)
Current density at brain centre 

relative to ratio 80

Procedural checks agree, results don’t

Parametric here = about the input values a model assumes



Why sharing code can’t fix it
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Procedural measures improve the analysis, not the input

Ceiling set by the variability of the biological input

Shared code
Software 

containers Preregistration 

The input

Skull:brain 
ratio

17.9 to 290
And its variance did 

not travel with it



Three reforms



Thank you!



• Rush & Driscoll (1968)
• Rush & Blanchard (1966)
• McCann, Pisano & Beltrachini (2019)
• Zhang et al. (2006) and Lai et al. (2005), the paediatric values mentioned in the 

slide 9 notes
• Demoulin et al. (2021)
• Vorwerk et al. (2019)
• Craig & Taswell (2025)
• Taswell et al. (2021), "Truth in Science"
• Taswell et al. (2020), the hitchhiker's guide
• Taswell (2022), citational justice
• Steegen et al. (2016)
• Short et al. (2025), which is also where the CoScience 18 million pipelines 

figure comes from
• SimNIBS and FieldTrip, listed as software

Reference list
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