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Abstract
Both due to the cost required to run 
experiments, and the vastness of chemical 
space the available data for small molecule 
molecular properties are relatively scarce. 
This in turn makes active learning an 
attractive approach to allow researchers to 
intelligently select new molecules to label. 
However, most of the active learning 
methods are applicable to classification 
rather than regression tasks. Here we apply 
a state of the art active learning for 
regression framework to predicting small 
molecule pKa. We show that an optimal 
subset of molecules is sufficient to achieve 
maximal performance and that more 
research is needed as the method fails to 
outperform selecting molecules at random.

Background
In machine learning, active learning is a 
set of algorithms where the algorithm can 
query the labels of a new set of data points 
in order to boost model performance. The 
goal of these models is to effectively learn 
with fewer training examples, and are 
helpful when it is expensive to acquire the 
label for a new sample.

Historically the effort in active learning 
research has focused on classification 
tasks. Recently, Soleimany et al. proposed 
a framework for neural networks to facilitate 
active learning by regressing to a normal 
inverse gamma (NIG) distribution. 
Importantly, the NIG is a 4 parameter 
distribution (𝜇,𝜆,𝛼,𝛽) which can be used to 
model both the mean (𝜇) and variance 
(𝛽/[𝛼-1]) of our desired distribution. 

Additionally, Maziarka et al. introduced the 
Molecule Attention Transformer (MAT) to 
apply the successful transformer 
architecture to work on molecular graphs 
for property prediction. They provided a 
pre-trained model that was successful in a 
variety of molecular property prediction 
tasks.

Data Set
● OPERA pKa dataset

○ 5521 molecules
○ Clustered by MACCS Key

■ 0.8 similarity threshold
■ 1584 clusters

○ Cluster 0 or Clusters 0⋃2
■ Randomly split
■ Train (n=50)
■ Withheld (remaining)
■ Test (n=50)

1. Select Embedding
a. Morgan Fingerprint
b. MAT pretraining

2. Select Starting Data
a. Random Split
b. Cluster 0
c. Cluster 0+2

3. Run Active Learning Loop

Select the Next MoleculeTrain Model

Experimental Results

Discussion
We attempted to apply new active learning 
methods to small molecule pKa prediction. 
Our various approaches were unsuccessful, 
and subsequent experiments show that 
signal is present in the data. We next plan 
to try incorporating predicted label error into 
the active learning selection, and are open 
to new ideas.
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Embeddings
● Morgan Fingerprint

○ 2048 dimension
○ radius 2

● MAT pretrained

During training, model embeddings are fixed. The model outputs either 
1, or 4 numbers depending on which loss function is used, 
mean-squared-error, or regressing to NIGD respectively.

Add to Training DataModel Input

● Adam optimizer
● Select Epochs

○ 4
○ 40
○ 400

Active Learning Loop

● MSE
○ highest 5 model ensemble variance

● NIG Regression
○ highest expected variance

Principal Component Analysis

1) Initial experiment on 5 CCV folds – Fails

2) Data too noisy? Restrict to Largest Cluster – Fails

3) Is signal present? Greedy selection order on Fold0 – Yes

4) Add cluster 2 & train 400 epochs with NIG? – Fails 

5) MAT for new input representation? – Fails


