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Motivation ACRE A Neuro-Symbolic Method

Future Work

The first query tests causal reasoning from direct evidence, as the gray cube is 
independently tested and always associated with an activated machine. The second 
query requires comparing the fourth and fifth trial to realize that the Blicket machine is 
activated by the cube, not the cylinder, based on indirect evidence. As such, we infer 
that the red and green cylinders in the sixth trial may not activate the machine because 
the purple cube can already do so; despite their association with an activated machine 
only, their Blicketness is backward-blocked in the interventional trial. The cyan cube is 
screened-off by the gray cube’s Blicketness from probabilistically activating it.

Performance of models on generalization splits

• How to learn the hidden causal relations beyond just 
capturing the covariation?

• What is the symbolic mechanism that leads to the 
reasoning in backward-blocking?

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

Context Trials

Independent Queries:
What would be the machine’s state given the object?

Interventional Queries on the Fourth Trial:
What would be the machine’s state given the intervention?
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<latexit sha1_base64="7FHxczjTT5XHWfyagjlhmlPgQK8="></latexit>

"machine": "activated",
"objects": {

{"shape": "cube",
"material": "rubber",
"color": "cyan",
"size": 0.6,
"bbox": [......],
"mask": [......]
},

......
}

<latexit sha1_base64="l8oELu81TBz3ug35qmZO535vtnc="></latexit>

"machine": "inactivated",
"objects": {

{"shape": "cube",
"material": "rubber",
"color": "cyan",
"size": 0.6,
"bbox": [......],
"mask": [......]
},

......
}

<latexit sha1_base64="DWzQONAwuAm/31zoiKOscwOsxHo="></latexit>

"objects": {
{"shape": "sphere",
"material": "rubber",
"color": "blue",
"size": 0.6,
"bbox": [......],
"mask": [......]

},
......
}

…

<latexit sha1_base64="xyd7I97TFvUBCyhq20iMpv+fYlg="></latexit>2
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<latexit sha1_base64="3NZGoMS7sfqA9Lo5U0E7fZBHcKQ=">AAAB6HicbZDJSgNBEIZr4hbHLerRS2MQPIUZQfQiBr14TMAskAyhp1OTtOlZ6O4RwpAn8OJBEa/6MN69iG9jZzlo4g8NH/9fRVeVnwiutON8W7ml5ZXVtfy6vbG5tb1T2N2rqziVDGssFrFs+lSh4BHWNNcCm4lEGvoCG/7gepw37lEqHke3epigF9JexAPOqDZWtdkpFJ2SMxFZBHcGxcsP+yJ5/7IrncJnuxuzNMRIM0GVarlOor2MSs2ZwJHdThUmlA1oD1sGIxqi8rLJoCNyZJwuCWJpXqTJxP3dkdFQqWHom8qQ6r6az8bmf1kr1cG5l/EoSTVGbPpRkAqiYzLemnS5RKbF0ABlkptZCetTSZk2t7HNEdz5lRehflJyT0tO1SmWr2CqPBzAIRyDC2dQhhuoQA0YIDzAEzxbd9aj9WK9Tktz1qxnH/7IevsBFqGQHQ==</latexit>

X

<latexit sha1_base64="2/PSiy0Rsv76P2bX5jlZ/MJlvD4=">AAACLXicbVDLSsNAFJ3Ud3xFXboZLIqrkgiiG2lRFy4VrC00pUwmt+3QySTMTMQS+jXu3PgZbkUQUcStv+H0gdTWAwcO59zLfQQJZ0q77ruVm5mdm19YXLKXV1bX1p2NzRsVp5JCmcY8ltWAKOBMQFkzzaGaSCBRwKESdM76eeUWpGKxuNbdBOoRaQnWZJRoYzWccz+AFhNZEBEt2V3PdvEe7tPnYazVuPBGLGLft30Q4W9Tw8m7BXcAPC28kcgXn+yT5P7Nvmw4L34Y0zQCoSknStU8N9H1jEjNKIee7acKEkI7pAU1IwWJQNWzwbU9vGucEDdjaSg0HrjjHRmJlOpGgak0+7XVZNY3/8tqqW4e1zMmklSDoMNBzZRjHeP+63DIJFDNu0YQKpnZFdM2kYRq82DbPMGbPHla3BwUvMOCe+XmS6doiEW0jXbQPvLQESqhC3SJyoiiB/SM3tGH9Wi9Wp/W17A0Z416ttAfWN8/pJanuw==</latexit>⇥
0 0 . . . . . . 1 1 ?

⇤

<latexit sha1_base64="l8Gi8uFwD/BNpvMKtazIp/w0lyQ=">AAAB8HicbVC7SgNBFL0bXzG+opY2o0GIhWFXEMUqaGMZwTwkWcLsZDYZMjO7zMwKYck3WNhYKGLrZ/gJdn6IvZNHoYkHLhzOuZd77wlizrRx3S8ns7C4tLySXc2trW9sbuW3d2o6ShShVRLxSDUCrClnklYNM5w2YkWxCDitB/2rkV+/p0qzSN6aQUx9gbuShYxgY6W7Rjv1LuSxN2znC27JHQPNE29KCuX94vfHQ+uo0s5/tjoRSQSVhnCsddNzY+OnWBlGOB3mWommMSZ93KVNSyUWVPvp+OAhOrRKB4WRsiUNGqu/J1IstB6IwHYKbHp61huJ/3nNxITnfspknBgqyWRRmHBkIjT6HnWYosTwgSWYKGZvRaSHFSbGZpSzIXizL8+T2knJOy25NzaNS5ggC3twAEXw4AzKcA0VqAIBAY/wDC+Ocp6cV+dt0ppxpjO78AfO+w9CpJMO</latexit>

X1:n�1
<latexit sha1_base64="bI5IbhGXQKwEPy6JcHv7OTX3/Xw=">AAAB7HicbVA9SwNBEJ3zM8avqGBjsxgEq3AniJYhNpYJeEkgOcLeZpIs2ds7dveEcOQ32FgoYmvnv/AX2Nn4W9x8FJr4YODx3gwz88JEcG1c98tZWV1b39jMbeW3d3b39gsHh3Udp4qhz2IRq2ZINQou0TfcCGwmCmkUCmyEw5uJ37hHpXks78wowSCifcl7nFFjJb/ZyeS4Uyi6JXcKsky8OSmWj2vf/L3yUe0UPtvdmKURSsME1brluYkJMqoMZwLH+XaqMaFsSPvYslTSCHWQTY8dkzOrdEkvVrakIVP190RGI61HUWg7I2oGetGbiP95rdT0roOMyyQ1KNlsUS8VxMRk8jnpcoXMiJEllClubyVsQBVlxuaTtyF4iy8vk/pFybssuTWbRgVmyMEJnMI5eHAFZbiFKvjAgMMDPMGzI51H58V5nbWuOPOZI/gD5+0H2/GSag==</latexit>

Xn

<latexit sha1_base64="j3H8Vw9VHk+sm5zLUzWHNkcweKI=">AAAB9HicbVBNS8NAEJ3Ur1q/qp7ES7AInkoiSMVT0YvHCrYW0lA2m0m7dLOJu5tCCf0XghcPinj1x3jz37j9OGjrg4HHezPMzAtSzpR2nG+rsLK6tr5R3Cxtbe/s7pX3D1oqySTFJk14ItsBUciZwKZmmmM7lUjigONDMLiZ+A9DlIol4l6PUvRj0hMsYpRoI/mdTIQoA0ko5uNuueJUnSnsZeLOSaV+dfTk8RppdMtfnTChWYxCU06U8lwn1X5OpGaU47jUyRSmhA5IDz1DBYlR+fn06LF9apTQjhJpSmh7qv6eyEms1CgOTGdMdF8tehPxP8/LdHTp50ykmUZBZ4uijNs6sScJ2CGTSDUfGUKoZOZWm/aJiUCbnEomBHfx5WXSOq+6F1XnzqRxDTMU4RhO4AxcqEEdbqEBTaDwCM/wCm/W0Hqx3q2PWWvBms8cwh9Ynz+tCpTx</latexit>|{z}

<latexit sha1_base64="Hm63fGnsUiuywgjLVSV+vOAns/4="></latexit>

minimize
Xn

1
n

P
j `(Xj , gj([X1:n�1|Xn]))

subject to 0 � Xn � 1

<latexit sha1_base64="9xjD5sTZDrkYMgMa/DeYoxg+rx8="></latexit>

minimize
g:gj ,8j2[n]

1
n

P
j `(Xj , gj(X))

subject to h(W (g)) = 0
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<latexit sha1_base64="k0/vmUDT2pMlV2lmIm6iDbIKZU8="></latexit>

Method MXGNet LEN CNN-MLP WReN CNN-LSTM ResNet-MLP CNN-BERT NS-RW NS-PC NS-Opt

I.I.D. Qry. 33.01% 38.08% 40.86% 40.39% 41.91% 42.00% 43.56% 46.61% 59.26% 66.29%
Pro. 1.00% 2.05% 3.25% 2.30% 3.60% 3.35% 3.50% 6.45% 21.15% 27.00%

Comp. Qry. 35.56% 38.45% 41.97% 41.90% 42.80% 42.80% 43.79% 50.69% 61.83% 69.04%
Pro. 1.55% 2.10% 2.90% 2.65% 2.80% 2.60% 2.40% 8.10% 22.00% 31.20%

Sys. Qry. 33.43% 36.11% 37.45% 39.60% 37.19% 37.71% 39.93% 42.18% 62.63% 67.44%
Pro. 0.60% 1.90% 2.55% 1.90% 1.85% 1.75% 1.90% 4.00% 29.20% 29.55%

<latexit sha1_base64="mfSajGF1k8aM/iAH+Quz6c+owNE="></latexit>

Method MXGNet LEN CNN-MLP WReN CNN-LSTM ResNet-MLP CNN-BERT NS-RW NS-PC NS-Opt

I.I.D.

D.R. 27.73% 49.07% 55.56% 51.04% 48.20% 54.87% 52.24% 88.88% 84.46% 91.64%
I.D. 29.63% 45.11% 56.31% 41.04% 36.76% 48.37% 44.50% 99.29% 29.33% 69.25%
S.O. 14.88% 33.68% 44.88% 29.75% 53.23% 42.29% 42.59% 7.21% 78.31% 85.37%
B.B. 59.09% 23.91% 9.71% 35.61% 24.91% 21.12% 32.15% 1.66% 20.50% 11.98%

Comp.

D.R. 36.93% 47.58% 57.59% 55.29% 56.58% 62.79% 54.07% 91.74% 89.50% 92.50%
I.D. 55.99% 52.51% 64.38% 66.94% 65.10% 70.01% 46.88% 99.80% 28.66% 76.05%
S.O. 0.00% 18.01% 31.66% 8.44% 19.69% 30.52% 40.57% 4.07% 85.28% 88.33%
B.B. 52.35% 33.63% 15.26% 35.99% 29.27% 8.54% 28.79% 0.67% 15.21% 13.48%

Sys.

D.R. 15.24% 46.22% 70.79% 53.56% 42.57% 65.19% 55.97% 92.44% 89.76% 94.73%
I.D. 5.42% 47.90% 87.61% 71.35% 37.61% 85.07% 68.25% 99.89% 57.08% 88.38%
S.O. 42.58% 30.91% 11.57% 16.80% 63.28% 9.57% 0.00% 0.20% 73.93% 82.76%
B.B. 56.38% 24.89% 3.60% 31.62% 8.70% 13.38% 45.59% 0.46% 24.88% 16.06%

“There is something fascinating about science. One 
gets such wholesale returns of conjecture out of such 
a trifling investment of fact.” – Mark Twain 

At what level do current visual reasoning systems 
induce causal relationships? 

Edmond Halley
Halley’s comet

Joseph Thomson
Electron

Gregor Mendel
Mendelian inheritance

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

Dataset Statistics in Generalization Splits

I.I.D.
Same distributions

Compositionality
Different compositions of attributes

Systematicity
Different patterns of activations

Benchmarking

A detailed look on each query type

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

