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Overwhelming Scientific Productivity

Articles indexed for PubMed — per year (!)
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Problem: How to keep track of scientific discourse?

Definition:
Discourse

“a mode of
organizing
knowledge,
Ideas, or
experiences
that is rooted
In language

*»

and its B = ._ ’ #

Y POERNE o
J“ >

concrete
contexts”

(Merriam-Webster: Dictionary [Internet] [Cited: 2016/02/08])
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Goal

- Automatic, data driven support for discourse analysis

* Requirements:

..Identify relevance of topics based on bibliometric measures
..Analyze temporal evolution of topic relevance

..Identify similarly evolving topics (trends)
..Visualize temporal patterns of relevance
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Related Work: Bibliometric Approaches

- Citation networks (e.g. citation impact)
» Collaboration diagrams (co-authorship)

* Topic identification based on term statistics
 Latent Semantic Indexing (LSI)
« Latent Dirichlet Allocation (LDA)
* Author Topic Modelling (ATM) Inference of thematic fields
* Dynamic Topic Modelling (DTM)

Bibliographic and/or full-text data
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Approach: Bibliometric Analysis of Co-ocurrence Graphs

Data MeSH-Keyword Betweenness  Analytics
Co-ocurrence Centrality (BC)

Heatmaps
Time vs. BC

Visualization
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Network Based Analysis: Betweenness Centrality (BC)

Rationale: Keywords connecting the field of discourse considered relevant

Shortest paths between
each pair of nodes

BC: Fraction of paths, which
include evaluated node

[,j EV(g),i#j#n
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Text Visualization Approaches

Overview e.g.: http://textvis.Inu.se/
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« Suitable for extensive data exploration
* Well-understood in biomedical domain
* Visualization of quantitative data
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Processing steps of discourse analysis

Bibliographic Fetch PubMed datasets via API

Data Acquisition

Generate co-occurence graph
Preprocessing

Data/Network Calculate BC
Analysis

Data

Generate BC-heatmaps Visualization
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Implementation: Processing pipeline

Data management: KNIME analytics platform (v3.1.0)
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Analytics & Visualization: R Project for Statistical Computing

Bibliographic ,

Preprocessing

Network Analysis

Data Acquisition &
Hetwork Creator . . .
- Visualization
Graph initialization
Document Viewer Object Inserter Edge Table] TabletoR  HNetwork Analysis
— B I I — .-_- P M S —
-e R =
o - o - Meta-Mode
Viewer Graph creation Adapter R-Interface
PubMed Data
Document Grabber Extractor Row Filter MeSH-Analyzer
R El > gf e > %»-
- Meta-Mode - Meta-Mode
Data Acquisition Adapter
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Case study

* Motivation: Renaissance of Al in medical decision making (?)

* PubMed-Query: ,Decision Support Systems, Clinical [MeSH Terms]"
* Filter: Publication date: 2000 to 2016

* Retrieved : 5,094 datasets
« Generated co-occurence graph: 174,663 inter-keyword links (weighted)
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Power law of keyword occurence - revisited
Frequency Keyword occurrence Cumulative Density Function
©
4000 O
3000
2000
1000 () Best fitting power law .
i Xmin= 48
0 — A =219
Keywords Goodness-of-fit test: .037

mm) Power law plausible
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Results for ,,Decision Support Systems, Clinical“
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Sensitivity and Specificity
Guideline Adherence
Child
Primary Health Care
Medication Errors .
Drug Therapy, Computer Assisted
Adolescent .
Decision Making .
Computer Simulation
Telemedicine .
Intensive Care Units
uality of Health Care
oung Adult .
Prospective Studies
Prognosis
Pilot Projects
Clinical Competence
Predictive Value of Tests .
Decision Making, Computer Assisted
Attitude to Computers
Diffusion of Innovation
Point of Care Systems
Safety Management )
Information Storage and Retrieval
German
Expert Systems
Systems’Integration
Hospital Information Systems
Databases, Factual
Reminder Systems. )
Surveys and Questionnaires
8ual|ty Assurance, Health Care
utcome Assessment (Health Care)
Risk Assessment
Reproducibility of Results
Decision Support Techniques
Medical Order Entry Systems
Treatment Outcomeé ~ .
Practice Patterns, Physicians'
Evidence Based Medicine
Attitude of Health Personnel
Risk Factors
Time Factors
Medical Informatics
Retrospective Studies
Aged, 30 and over
Artificial Intelligence .
Diagnosis, Computer Assisted .
Medical Records Systems, Computerized
thc(ijle Aged

ge

Adult

United States | .
Practice Guidelines as Topic
User Computer Interface
Internet

Software

Electronic Health Records
Algorithms

Compensation of

power law distribution:
Non-linear color-scale
applied after clustering
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Results for ,,Decision Support Systems, Clinical*

Expert Systems
Systems Integration _
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Limitations

 Performance bottleneck: KNIME-to-R-integration
* Pure R implementation (finished)

« BC as measure of relevance
* Plausible, but not exclusive

» Use of MeSH-keywords instead of full text/abstract
 Strength: Exploits precise semantic aggregation
* Weakness: Reduced data base compared to text mining
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Conclusion

- Data driven and network based discourse analysis feasible
- Efficient processing pipeline

* Reveals expected effects of known causes

* Visualization of trends
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