
A Web-based Literature Identification Platform 
for the ECOTOXicology Knowledgebase, Powered 
by Deep Learning

Brian E Howard (Sciome)
Christopher Norman (Sciome)
Arpit Tandon (Sciome)
Ruchir Shah (Sciome)
Jennifer Olker (EPA)
Colleen Elonen (EPA)
Dale Hoff (EPA)









Active Screener can reduce required 
screening by 50% on most projects with 

more than 1,000 references



Unique EcoTox Review Process: Unique 
Challenges/Opportunities

• The same type of review is conducted 
repeatedly (same questions, same process)

• Significant accumulation of manually 
annotated datasets

• Excluded items need to be documented with a 
reason for exclusion



Two Main Goals

Use available data to:

1. Predict which articles to exclude (improved prioritization)

2. Predict why each article should be excluded (exclusion 
reason detection)



Existing Datasets

Each reference in the libraries was 
annotated with one of four 
statuses:

Excluded 65,553
Not Acceptable 3,028
Acceptable 19,181
Unreviewed 1,138

Total: 88,900

Exclusion Reason



Existing Datasets

Exclusion Reason Refs Percentage
HUMAN HEALTH 19609 30.41%
CHEM METHODS 16745 25.97%
NO TOXICANT 8074 12.52%
FATE 5184 8.04%
BACTERIA 2961 4.59%
REVIEW 2251 3.49%
SURVEY 1696 2.63%
MIXTURE 1101 1.71%
NON-ENGLISH 1003 1.56%
ABSTRACT 939 1.46%
IN VITRO 805 1.25%
OTHER 701 1.09%
…….. …….. ……..
BIOLOGICAL TOXICANT 105 0.16%

64,480

•Excluded articles also were 
associated with a reason for 
exclusion. 

•The top 20 reasons make up 
over 95% of the data.  The 
remaining terms were combined 
as an "Other" category.  



Howard and Ruder, 2018

1. ULMFit Classifier (Howard and Ruder, 2018)

Deep Learning

2. BERT (Devlin, et al, 2019)
Various “Flavors”
• BioBERT
• SciBERT
• DistillBERT

3. XLNet (Yang, et al, 2019)



“Attention” in neural networks





Results: Acceptable / Not 
Acceptable
Evaluated whether machine learning can be 
used to classify documents as Acceptable vs 
Not Acceptable / Excluded and found that:

– Using Active Screener can save users 
50% of screening effort for many 
datasets.

– Augmenting standard model with 
pretrained model via transfer learning 
provides additional benefits (mean 
improvement of 9.5% WSS over the 
standard Active Screener prioritization 
model, but several datasets had 
significantly larger gains). 



Recall Estimation

For Active Screener 
estimate of 95% 
recall, the distribution 
of actual recall looks 
like this…

(Measured over 79 
distinct datasets)

In other words, in approximately 95% of our test 
cases, the obtained recall would have exceeded 

94.8% if screening were to have stopped at 95% 
estimate; furthermore, more than half of these test 

cases would have actually achieved 100% recall



EcoTox Project

**Active Screener for EcoTox**
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**Active Screener for EcoTox**

1. Improved prioritization with Deep 
Learning / Transfer Learning

2. Customized EcoTox Forms

3. Automatic Detection of Exclusion 
Reason

4. Exclusion Reason Keyword Highlighting

EcoTox Project



Summary

 Standard Active Screener application saves users 50% screening 
time

 EcoTox Active Screener uses Deep Learning to:

o Save an additional 9.5+% screening time

o Accurately predict exclusion reasons

o Explain its predictions using attention-highlighting



Next Steps

“Phase III” of the project…

– Manuscript about results so far

– Field testing and iterative refinements

– Automatic highlighting of phrases in the relevant articles

– Ways to incorporate new data and ongoing model improvements

– Natural language processing to automate extraction



More info about Sciome and 
Active Screener at our 

website:

www.sciome.com
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