GNN Explanations that do not Explain and
How to Find Them

Steve Azzolin®, STEFANO TESO, BRUNO LEPRIY,
ANDREA PASSERINIT, SAGAR MALHOTRAS

T University of Trento
YBruno Kessler Foundation
§TU Wien

Explainable Al Seminars @ Imperial
May 2026



Background

ooa



Background - Graphs are Everywhere

0ooa



Background - Graphs are Everywhere

Heterogeneous graph

Relational database
»T 2
e ° 4 F

Medication

Prescription AEEEER
1 | 41 ! . —
EEE_[ EEEEEE 2 — e
. EEE ;i
Patient & 2
Pharmacy @&
(F]
[ T 11 1] EEEE
[ 1111 15 .
[ | ] ]| + O
Doctor . ':'°de l Node : a
ype feature .
Department .
EEEm Node ID
EEEE EEEN

00DO O 00oo00i0i0000 O000it0o000000 000 000 0000000l D000 DO00oI000 000000 00 0100 0000

oooa



Background - Graphs are Everywhere

0000 https://homes.cs.washington.edu/~ranjay/visualgenome/index.html
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V = fug:::upg is the set of nodes
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X 2 R"™ " are the node features
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Background

Graph Neural Networks (GNNs) are a flexible tool for learning over graphs

hg = Xq
hy = 000000 (hsL; 0000 (FFA L - v 2 N(u)gg))

I 0000 is a permutation-invariant function, like mean or sum
I 000000 is a permutation-equivariant function, like a Multi-Layer Perceptron

I (Many) variants exist -

“https://pytorch-geometric.readthedocs.io/en/latest/modules/nn.html
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Background

Graph Neural Networks (GNNs) are a flexible tool for learning over graphs

h(D) = X7
hy = 000000 (kg L; 0000° (FFA L - v 2 N(u)gg))
Node classification
yo = 000(hB)

Graph classification
y = 000(0000(FFAT : v 2 Vgg))

Edge classification
yo = 000(hS; he)
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Background

Graph Neural Networks (GNNs) are a flexible tool for learning over graphs

hg = Xg
hy = 000000° (hy~L; 0000 (FFA;2 - v 2 N(w)gg))

We focus on GNNs, but our insights carry to Graph Transformers and GFM
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Why Explainability

GNNSs are black-boxes

Consequences for:

I Human trust
I Model debugging
I Regulatory compliance
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