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Appendix A - Reanalysis of the Golino redundancy framework

Here we analyze the datasets simulated in Christensen et al. (2020), Golino,

Christensen, et al. (2021), and Golino, Moulder, et al. (2021) with 2000 observations, three

latent factors (factor loadings = 0.4 and three variables per latent factor, without (c = 0, 1)

and with (c = 0.3, 2) correlation between factors. Only redundancy emerges from the

analysis with our framework.

Figure 1

Significant redundant multiplets when the factors are not correlated.

Figure 2

Significant redundant multiplets when the factors are correlated.
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Appendix B - A simple example of multiplicative interaction, resulting in a

synergistic triplet

.

The code below (in R syntax) shows how one can generate a set of three variables

according to a "higher order mechanism" such as a multiplicative interaction, which is

classified as a synergistic triplet by the approach presented here. Crucially, this synergistic

triplet would be indistinguishable from a triplet that one would obtain from Gaussian

variables with a given covariance structure (like those generated according to model 1) and

reported in the bottom right panel of figure ??.

# generate x1 and x2 , with c o r r e l a t i o n o f 0 . 2

N <− 2000

Sigma <− matrix ( c (1 , 0 . 2 , 0 . 2 , 1 ) , 2 , 2)

X <− MASS : : mvrnorm(n = N, Sigma = Sigma , mu = rep (0 , 2 ) )

# ex t r a c t x1 and x2

x1 <− X[ , 1 ]

x2 <− X[ , 2 ]

# c r e a t e t r i p l e t with NO i n t e r a c t i o n

y <− 0.2∗ x1 + 0.4∗ x2 + rnorm (N, sd = 1)

Data . no . i n t <− data . frame ( y = y , x1 = x1 , x2 = x2 )

# c o r r e l a t i o n f o r the t r i p l e t y/x1/x2 :

cor ( Data . no . i n t )

# c r e a t e two−way i n t e r a c t i o n term

x1 . x2 <− x1 ∗ x2

# c r e a t e y as a func t i on o f x1 , x2 AND x1 . x2

y <− 0.5∗ x1 + 0.7∗ x2 + 0.4∗ x1 . x2

# quadruplet Q conta in s a l l in fo rmat ion : y , x1 , x2 AND x1 . x2

Q <− data . frame ( y = y , x1 = x1 , x2 = x2 , x1 . x2 = x1 . x2 )

# t r i p l e t T that i s f ed to the O−in format ion a lgor i thm

T<−Data [ , c ( " y " , " x1 " , " x2 " ) ]
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