
S1 Appendix. We define a measure of total variance σ2
tot. as the integral of the

circular variances σ2
j of heading estimates over heading angles θj , ranging between −π

and π. The circular variance for a stimulus with heading angle θj is defined as

σ2
j = 1− |ρj | (1)

where ρj is the first trigonometric moment, ρj = E
{
eiθj ; θj ∼ fVM (µ, κ)

}
, which is

calculated as

ρj =

∫ π

−π
eiθfVM (θ;µ, κ)dθ (1a)

where fVM is the von Mises probability density function. This equation reduces to

ρj =
eiµI1(κ)

I0(κ)
. (1b)

In is the modified Bessel function of order n. This equation implies that

|ρj | =
I1(κ)

I0(κ)
(1c)

We calculated the approximate integral of this measure over the range of j using the
trapezoidal method ’trapz’ in MATLAB (The MathWorks Inc., Natick, United States,
version 2014b):

σ2
tot. =

∫ π

−π

[
1− I1(κ(θj , γ0, γ1))

I0(κ(θj , γ0, γ1))

]
dθj (2)
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