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If humans cannot keep up, machines must help!



Previous Work: Influence Search

*We implemented a machine reading system
focused on influence statements in children’s
health literature

1. Large-scale automated reading with Reach discovers new cancer driving mechanisms.
2. Swanson linking revisited: Accelerating literature-based discovery across domains using
a conceptual influence graph.



Influence Search

Influence Search Context
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diarrhoea increases malnutrition
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specified context directly are

Edge imported or created by Fan Luo:
diarrhoea increases malnutrition

PMID: 19902795 (1)

Furthermore , diarrhoea can cause malnutrition , leading to impaired
physical growth and cognitive development ( <CITATION> ) .

PMID: 22016708 (1)

Mechanisms by which diarrhoea and other infections causes malnutrition
include a decreased intake of food due to anorexia or withholding of food ,
reased nutrient absorption , increased metabolic requirements , and dire
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Motivation



Past vs. Future

* This system can only search past, published facts

* No information about what comes next in science...



Definition

*White spaces in science

+ Topics that are insufficiently studied, but

+ May lead to important scientific discoveries



Our Contributions

1. White space discovery = link prediction over the influence
graph

* Predict whether an influence link will be added to the graph

dietary reduces blood promotes [ paynaud’s

fish oil viscosity disease

* Binary classification task:

* positive, if the influence relation will be added to the
influence graph in the future;
* negative, otherwise

Swanson, D.R. Undiscovered public knowledge. The Library Quarterly, 56 (2), 1986.
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Our Contributions

1. White space discovery = link prediction over the influence
graph

* Predict whether an influence link will be added to the graph

dietary Reynaud’s

reduces

fish oil disease

* Binary classification task:

* positive, if the influence relation will be added to the
influence graph in the future;
* negative, otherwise

Swanson, D.R. Undiscovered public knowledge. The Library Quarterly, 56 (2), 1986.
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Our Contributions

2. Features from multiple graphs!

Citation graph (to understand
community overlap)

Influence graph (to understand

influence connectivity)

+Sahlins M D 1972
disease f Weiner Annette 1992
infection "
. Mahmood S 2005
\ . ) A@armA‘lQBﬁ
malnutrition iliness 9" g P19%0
Campylobacter .
#® Foucaut M 1891
diarrhea * L & Fabi T Giffora 1988 Wavey Devid 1989
. e - \
diarrhoea M99l Aopadural A 1990
infectious
diseases

14



Dataset



Complication: No "Back to the Future”




Dataset

“blood viscosity”

Concept

B 5

VRS 4

\ Sa
(\- es . Tl’
Concept ? >=t
A
“fish oil” “Raynaud’s disease”

[ Constructed through backtesting ]

17



Dataset
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Note: Transitivity Generally Not True!

Missing information impacts non-linear models!



Dataset

(e

Positive Negative

Examples = Examples
Training 3,011 164,551
Development 1,002 54,850

Testing 1,002 54,850



Features

* Extracted from two graphs

* Influence graph (influence relations between concepts)

* 1,564,748 distinct nodes
e Connected by 2,395,944 influence relations

e Citation graph (citations between papers)
* 119K papers
e 5,523,759 citation links



Feature groups

Feature Group Intuition From
Connectivity The more connected concepts are, the easier influence
features is to discover a relation between them graph
Community- The larger the intersection of communities citation
based features containing the two influence statements, the graph
easier it is to make the connection
Information The more distinct a concept or an influence papers
retrieval statement is, the harder it is to make a containing
features discovery around it influence

statements




Connectivity Features
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Community-based Features

The communities were detected using the Coda algorithm (Yang et al., 2014)



Community-based Features
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Information Retrieval Features

* Inverse document frequency (IDF) score of lemmas in concept A
* IDF score of lemmas in concept B
* IDF score of lemmas in concept C

* Number of papers that mention A—B
* Number of papers that mention B—C



Evaluation



Evaluation Metrics
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Results

Fl Precision Recall P@10 MAP

Baseline (random) 0.02 0.02

Baseline (all positive)

Neural Network
AdaBoost
Random Forest

0.536
0.244

0.178
0.216

0.9
0.5

0.681
0.309
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All Feature Groups Help

Full model 0.268
— Connectivity features 0.2 -0.246
— Community-based features 0.226 - 0.232

— Information retrieval features 0.216 - 0.248

F1 scores for feature ablation



What Does the System Predict?
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PMID: 16076403 (1)

The IL-12-induced IFN-gamma production is synergistically
enhanced by other cytokines such as TNF and IL-1 [ <CITATION> ]
, and IFN-gamma production can even be induced in macrophages
by co-stimulation with IL-18 [ <CITATION> ], a cytokine which by
itself does not possess major IFN-gamma-inducing capacity [
<CITATION> ] .

PMID: 19607696 (1)

Therefore , lower levels of this cytokine could profoundly impair
IFN-gamma production .

PMID: 20333242 (1)

Whereas the short-term peptide restimulation assay only queried the
immediate capability of Ag specific CTLs to make IFN-gamma in
response to TCR ligation , the precise contribution of TCR- and
cytokine driven IFN-gamma production during the longer parasite
restimulation assay is still unclear .

PMID: 20509949 (1)

CrLF-1 mRNA is up-regulated by inflammatory cytokines e.g. TNF-
alpha , IL-6 , and IFN-gamma which are elevated in post-ischemic
brain tissue [ <CITATION>] .
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Conclusions

* Novel strategy for the identification of white spaces in
scientific knowledge

e Operates over real-world graphs of influence relations and
citations

* F1 score of 27 points, and a mean average precision of 68%

* Important to
Researchers: “What should | research next?”
Program officers: “What should | fund next?”
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Thank you!

Resource Available:

e Data and code
https://github.com/clulab/releases/tree/master/textgraphs2018-discovery

* Influence search engine
http://influence.clulab.org/

Fan Luo, Marco Valenzuela-Escarcega, Gus Hahn-Powell, Mihai Surdeanu
{fanluo, marcov, hahnpowell, msurdeanu}@email.arizona.edu
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Appendix



t (year) positive negative

2017 - 998,586
2016 319 979,709
2015 1,706 881,689
2014 3,767 696,406
2013 5,208 481,671
2012 5,015 274,251
2011 3,741 151,460
2010 2,448 73,226

2009 1,521 36,839

2008 782 16,372

2007 R 7,843

Table 1: Total number of positive and negative examples for
different values of the threshold ¢.



All feature groups help

Removed Feature

Full model

— C' 4 .outdegree

— (' 4 .indegree

— C .outdegree

— C'¢.indegree

— Clinbetween-outdegree
— Clinbetween-indegree
— Cinbetween-avg-idf
— Tinbetween-aVg-SCCN
— shortest_path_count
— shortest_

—max P(pa— B.pB—c) (c=100)

— min P(pa_ B.pB— ) (c=100)
—avg P(pa— B.pB— ) (c=100)
— max P(pa— B.pB— ) (¢=300)
— min P(pa— B,p—c) (¢=300)
—avg P(pa— B.pB— ) (¢=300)

— Jaccard(p 5, _, g.PB_, )
— Inter-citation ratio

F1
0.268
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