
S1 Appendix: Joint likelihood for causal models in the reactive
mode

For causal models describing reverse causality between M and Y, that is, the reactive models θ = (θa, θb =
∗, θc), the roles of M and Y are switched relative to the other models, so that the conditional joint likelihood
p(y,m|θ) in these case is

m|y, θa, θb = ∗, µm,αααm,βββa, βb, σm ∼ N(µm1 + Zmαααm + θaXβββa + yβb, σ
2
mW−1

m ),

y|θb = ∗, θc, µy,αααy,βββc, σy ∼ N(µy1 + Zyαααy + θcXβββc, σ
2
yW−1

y ),

where βb is now the scalar effect of y on m. Prior distributions for all variables are unchanged (except for
θθθ). When θb = ∗, the marginal joint likelihood function is given by:

m|y, θa, θb = ∗ ∼ tκm(0, λm[W−1 + XmVmX Tm])

y|θb = ∗, θc ∼ tκy(0, λy[W−1 + XyVyX Ty ])

Xm =
[
1 Zm θaX y

]
Vm =


τ2µ 0 0 0
0 τ2ZI 0 0
0 0 φ2aI 0
0 0 0 φ2b


Xy =

[
1 Zy θcX

]
Vy =

τ2µ 0 0
0 τ2ZI 0
0 0 φ2cI


Hyperparameters for κκκ,λλλ,τττµ, τττZ, and φφφ2 are unchanged.


