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Motivation

Context Causal Reasoning

Context Trials

“There 1s something fascinating about science. One

Neural Perception

We ground the problem 1n the context of Blicket
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* How to learn the hidden causal relations beyond just

capturing the covariation?

* What 1s the symbolic mechanism that leads to the
reasoning 1n backward-blocking?

* How to combine learning and reasoning in a unified
framework to address the problem?

detection: Blicketness of an object can be solved via
covariation in the direct and indirect case, but needs
reasoning beyond covariation 1n the screening-off
and backward-blocking case.

Screen-off
19.87%

[ [
. [ [
gets such wholesale returns of conjecture out of such |, : E.O‘O !'1 ] w55 0000 ()
- R°Al T minimize = ) . 719
. . . ’9 . I | - . 9:95,Yj€[n] n £4j
a trifling investment of fact.” — Mark Twain | | z =0 S i etto h(W(g) =0
: I Query % ) )f ‘
I I 2
=
[ . ] . . . 1. [ — [0.0‘ ...... ,, ?] minimize %ng(Xﬁgj([le—ﬂXn]))
 Independent Queries: Interventional Queries on the Fourth Trial: B 0 e i = e v
1 What would be the machine’s state given the object? What would be the machine’s state given the intervention? I Xim_1 X, -
[ [
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: , Performance of models on generalization splits
| | ~ Method | MXGNet LEN CNN-MLP WReN CNN.LSTM ResNetMLP CNN-BERT | NSRW NS-PC _ NS-Opt
I I 1p | Qv | 3301% 3808% 40.86% 40.39%  A191% 12.00% 1356% | 46.61% 59.26% 66.29%
I direct indirect backward-blocking ORI | Pro. | 100%  2.05%  3.25%  230% 3.60% 3.35% 3.50% 6.45% 21.15% 27.00%
. P A: s P ¢ macrivared R R S o B RV A
| . . . . | gy | Qu-| 3343% B61I% 37.45%  30.60%  37.10% 37.71% 39.93% | 42.18% 62.63% 67.44%
Edmond Halley Joseph Thomson Gregor Mendel I The ﬁI‘St qllel’y t€StS Causal I'eaSOIllIlg fI’Om dlI/'QC‘t eVldenCG, dS the gl‘ay CUbe 1S I Pro. | 0.60% L.90% 2.55% L.90% L85% LT5% L-90% 100% _ 29-20%  29.55%
, > . 1. . . . : | :
Halley’s comet Electron Mendelian inheritance | 1ndependently tested and always associated with an activated machine. The second . A detailed look on each query type
: : : : : : : Method | MXGNet LEN CNN-MLP WReN CNN-LSTM ResNetMLP CNN-BERT | NS.RW NS-PC _ NS-Opt
At what level do current visual reasoning systems : query requires comparing the fourth and fifth trial to realize that the Blicket machine 1s : ——
: : .. : : ID. | 20.63% 45.11%  56.31%  41.04%  36.76% 48.37% 44.50% | 99.29% 29.33%  69.25%
induce causal relationships? , activated by the cube, not the cylinder, based on indirect evidence. As such, we infer 1 " |30 | o s use mme mawowmr s o pan s
P> | that th d d lind n th 1xth trial t activate th hi b | DR | 3603% AT58%  5TS0%  55.09%  56.55% 62700 SL0T% | 017A% S9.50% 92.50%
direct screening-off : d C 1cd and grecn Cylnders 1n e sixih irial may not activate the machine becausc : Comp. | 1D | B5.99%  5251%  64.38%  66.91%  65.10% 70.01% 46.88% | 99.80% 28.66%  76.05%
PR PEN-IETE ' the purple cube can already do so; despite their association with an activated machine | bh | 5208 3030 i5o0n  mes  20mt%  sswr os7en | oord oot 13at
N L /X / : : : : : : : : S DR. | 15.24% 46.22%  70.79%  53.56%  42.57% 65.10% 55.97% | 92.44% 89.76% 94.73%
— Ol’lly, their Blicketness 1s backward-blocked 1n the interventional trial. The cyan cube 1S S ILD. | 5.42%  47.90%  87.61%  71.35%  37.61% 85.07% 63.25% | 99.89% 57.08%  88.38%
I , . L . . . I Y 1's0. | 4258% 30.91%  11.57%  16.80%  63.28% 9.57% 0.00% 0.20%  73.93% 82.76%
P e backward-blocking | screened-off by the gray cube’s Blicketness from probabilistically activating it. | BB. | 56.38% 24.80%  3.60%  SL62%  8TO%  1338%  45.59% | 046% 24.88% 16.06%
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I.I.D.
Same distributions

Systematicity
Different patterns of activations

Compositionality
Different compositions of attributes



http://wellyzhang.github.io/project/acre.html

