
Why doesn’t accuracy alone tell the whole story?

Seemingly accurate black-box models can produce correct predictions 
for the wrong reasons.

Shedding light on black-box models helps reveal their 

chemistry, limitations, and potential biases.
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From Predictions to Understanding: 
The Power of xAI in Chemistry

NNs accurately predict horse images 

based on their watermarks.
Reproduced from Nat. Commun. 2019, 10, 1096 
under CC BY 4.0 license.

Inaccurate features that models identified 

to detect COVID-19 in chest radiographs.
Reproduced from medRxiv preprint 
10.1101/2020.09.13.20193565 under CC BY 4.0 

license. See also Nat. Mach. Intell. 2021, 3, 610.

Sometimes, the results are shaped by more than just the models’ 

chemistry.
“…the machine learning 

algorithms exploit patterns 

within the underlying 

experimental design, 

instead of learning solely 

from meaningful chemical 

features…”
Science 2018, 360, 186.

The story isn’t over — “accurate” models have demonstrated 

poor performance in high-stakes decisions[1] and shown bias 
toward certain demographics[2].

Opening AI models and attempting to explain their decisions, and, in 

the best cases, interpret them, can increase confidence in the models 
and enhance chemical intuition. For example:

Counterfactual explanation investigates the minimal 

changes in the input space that lead to a change in the 

output (within a defined threshold).

Too specific?

XpertAI combines XAI and LLMs to generate interpretable, 

hypothesis-driven explanations of structure–property 

relationships, outperforming either approach alone.
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Limitations?

Reproduced from Chem. Sci. 2022, 13, 3697 
under CC BY license. See also J. Chem. 
Theory Comput. 2023, 19, 2149, and 

ChemRxiv preprint 10.26434/chemrxiv-2022-
v5p6m-v3.

What is still missing?

• What do models learn when trained on quantum-inspired data?
• Gaining substantial chemical insights through the exploration of 

complex QM properties.

• xAI-guided model development and dataset design.

LR k-NN SVM NN RF

Ahneman et al. R2 0.66 0.64 0.64 0.93 0.92

RMSE 15.6 16.1 16.1 7.0 7.5

Random features R2 0.65 0.57 0.63 0.92 0.91

RMSE 15.8 17.4 16.2 7.4 7.9

One-hot encoded R2 0.65 0.45 0.66 0.93 0.90

RMSE 15.8 19.8 15.5 7.1 8.6

Science 2018, 362, eaat8603.

Reproduced from Commun. Chem. 
2025, 8, 11 under CC BY 4.0 license.


	Slide 1

