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Knowledge can be public, yet 

undiscovered, if independently 

created fragments are logically 

related but never retrieved, 

brought together, and interpreted.

–Swanson, 1986
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▪ There’s a lot of research out there

▪ 90% of research is never cited1

▪ The readability of literature 

decreases over time2
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Rate of publication
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1 Eveleth R. Academics Write Papers Arguing Over How Many People Read (And Cite) Their Papers. Smithsonian website

http://www.smithsonianmag.com/smart-news/half-academic-studies-are-never-read-more-three-people-180950222/. Accessed Sep. 20, 2017.
2 Plaven-Sigray, et al. Research: The readability of scientific texts is decreasing over time. eLife Sciences website 2017;6:e27725 DOI: 10.7554/eLife.27725. 

Accessed Sep. 20, 2017.

Publications indexed by PubMed each year since 1995

http://www.smithsonianmag.com/smart-news/half-academic-studies-are-never-read-more-three-people-180950222/


▪ There are many independent yet related 

pieces of knowledge that are not being 

brought together to form new discoveries. 
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Missed opportunities
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Swanson D. Fish oil, Raynaud's syndrome, and undiscovered public knowledge. Perspectives in biology and medicine 30(1), pp. 7 – 18, 1986.

What if the necessary discoveries 

to solve problem X have already 

been made, but these puzzle 

pieces are scattered across the 

literature?



What if the necessary 

discoveries to solve 

problem X have already 

been made, but these 

puzzle pieces are 

scattered across the 

literature?

Source: Nelson, et al. Effects of poverty on 

interacting biological systems underlying child 

development. The Lancet Child & Adolescent Health

https://doi.org/10.1016/S2352-4642(17)30024-X 



Influence mechanism is a tool that helps make these new discoveries 
by applying machine reading to very large collections of literature
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Machine reading and assembly overview
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Reading Assembly Reasoning
(Predict, explain,

test, curate, etc.)

Literature



REACH (REading and Assembling Contextual and Holistic mechanisms)
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Machine reading: how it works
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Preprocessing



REACH (REading and Assembling Contextual and Holistic mechanisms)
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Machine reading: how it works
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Preprocessing

Entity extraction



REACH (REading and Assembling Contextual and Holistic mechanisms)
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Machine reading: how it works

Bill & Melinda Gates Foundation HBGDki-Global Good Reusable Asset

Preprocessing

Entity extraction

Simple event extraction



REACH (REading and Assembling Contextual and Holistic mechanisms)
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Machine reading: how it works
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REACH (REading and Assembling Contextual and Holistic mechanisms)
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Machine reading: how it works
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REACH (REading and Assembling Contextual and Holistic mechanisms)
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Machine reading: how it works
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REACH (REading and Assembling Contextual and Holistic mechanisms)
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Machine reading: how it works

Bill & Melinda Gates Foundation HBGDki-Global Good Reusable Asset

Preprocessing

Entity extraction

Simple event extraction

Nested event extraction

Polarity

Hedging

Coreference



REACH (REading and Assembling Contextual and Holistic mechanisms)
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Machine reading: how it works
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▪ Aggregation of findings is crucial to 

break the “silo nature of science”

▪ Performed using taxonomies (e.g., 

taxonomy of proteins) or using 

linguistic transformations, when 

such taxonomies do not exist
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Machine assembly: how it works
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Works across multiple domains and works with and without ontologies
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▪ Search for influence patterns rather than keywords

▪ Breaks the “silo nature of science” by aggregating findings across multiple domains

▪ Encourages sharing of models and collaborative model building

Machine reading and assembly summary
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Reading Assembly Reasoning
(Predict, explain,

test, curate, etc.)

Literature



115K PubMed Open Access full papers

▪ Relevant to children malnutrition and cognitive development

▪ +2M distinct entities

▪ +1.8M promotions, 0.8M inhibitions

+26M PubMed abstracts (all Open Access)

▪ +27M distinct entities

▪ +16M promotions, 8.5M inhibitions

In the future:

▪ Publications behind pay walls

▪ Emails, slides, etc.

▪ Implied knowledge
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Publications indexed
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Search boxes used to 

specify the desired cause

and/or effect, and the 

maximum number of 

hops connecting them.



Network graph view of the results, 

indicating influence relations between 

concepts.  Edge and node thickness 

corresponds to the evidence count.  

Orange edges indicate inhibition.  

Blue edges indicate promotion.



Table of results.  Each row 

corresponds to an edge in the graph.  

Results can be further filtered by 

applying searches to individual 

columns or globally.  Data can be 

exported to other  table formats. 

Results can sorted by amount of 

evidence, or by the likelihood of 

inter-disciplinary interest (work in 

progress)



Model-building workspace

Select which search results to 

import into a persistent workspace



Model-building workspace

Edit, save, and share your model!
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Live demo: The Influence Graph Explorer
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Model courtesy of: Lyn Powell.

▪ What are some direct causes of malnutrition?

▪ What are some direct effects of breastfeeding? 

▪ How are viruses indirectly linked to obesity?

Inhibition

Promotion



Live demo



▪ Ranking function that promotes multi-disciplinary discoveries

▪ Social network of science:

▪ Collaboratively build multi-disciplinary models

▪ Beyond paywalls:

▪ Work with publishers to integrate papers behind a paywall

▪ Integrate with other foundation tools

▪ Kikm, Data Journey

▪ Beyond textual causality

▪ Extract “associates with” relations
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Future Steps
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Thank you.
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