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Case study: Topic modeling of NSF grants



Data

Number
M = 1.2 M$



Blei, Ng & Jordan: Latent Dirichlet Alocation, JMLR 3 (2003) 993-1022

Plate notation

Finding topics



Topic composition Number of awards > 5k 
Number of words > 1M

Topic 1: behavior social female male animal species individuals 

Topic 2: cell membrane protein transport molecular cellular biology 

Topic 3: fellowship biology animal training plan fellow include 

Topic 4: bacteria metabolism microbes production energy pathways cell 

Topic 5: cell development signaling protein gene molecular mechanisms 

Topic 6: data develop model methods tools computational biology 

Topic 7: researchers science network biology community scientific 

Topic 8: fungi soil plant microbes carbon ecosystem decomposition 

Topic 9: gene evolution species population variation different change 

Topic 10: pollen habitat bees plant pollination change sperm 

Topic 11: forest climate change ecosystem model tree data 

Topic 12: students program reu biology edu training pi 

Topic 13: gene dna chromatin epigene expression methylation 

Topic 14: biology model systems network develop program division 

Topic 15: species population plant diversity ecological effects

Topic 16: enzyme protein iron amino acid reaction function 

Topic 17: university state students researchers system center 

Topic 18: marine ecosystem ocean sea fish animal algae 

Topic 19: gene rna protein expression transcription regulatory 

Topic 20: cell imaging biology high resolution instrument develop 

Topic 21: protein structure molecular interactions binding function folding 

Topic 22: students undergraduate science school high graduate biology 

Topic 23: dna gene chromosome repair cell protein bacteria 

Topic 24: host disease pathogen pathogens immune bacteria plant 

Topic 25: species diversity evolution data life tree phylogene 

Topic 26: change environmental stress conditions climate responses  

Topic 27: plant gene crop arabidopsis growth development production 

Topic 28: brain neurons behavior neural animal system sensory 

Topic 29: collection data specimens change resource biology available 

Topic 30: nitrogen carbon stream nutrient water dioxide fixation

Biological Science 
Received after 2015
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M(21): ~600 k$

O(21,14): ~120 k$

M = 1.2 M$

O(21,22): ~400 k$

Topic 21: protein structure molecular interactions binding function folding 
Topic 22: students undergraduate science school high graduate biology 
Topic 14: biology model systems network develop program division 

Topic proportion for one doc: 
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Topic 1: behavior social female male animal species individuals 
Topic 2: cell membrane protein transport molecular cellular biology 
Topic 3: fellowship biology animal training plan fellow include 
Topic 4: bacteria metabolism microbes production energy pathways cell 
Topic 5: cell development signaling protein gene molecular mechanisms 
Topic 6: data develop model methods tools computational biology 
Topic 7: researchers science network biology community scientific 
Topic 8: fungi soil plant microbes carbon ecosystem decomposition 
Topic 9: gene evolution species population variation different change 
Topic 10: pollen habitat bees plant pollination change sperm 
Topic 11: forest climate change ecosystem model tree data 
Topic 12: students program reu biology edu training pi 
Topic 13: gene dna chromatin epigene expression methylation development 
Topic 14: biology model systems network develop program division 
Topic 15: species population plant diversity ecological effects communities 
Topic 16: enzyme protein iron amino acid reaction function 
Topic 17: university state students researchers system center california 
Topic 18: marine ecosystem ocean sea fish animal algae 
Topic 19: gene rna protein expression transcription regulatory regulation 
Topic 20: cell imaging biology high resolution instrument develop 
Topic 21: protein structure molecular interactions binding function folding 
Topic 22: students undergraduate science school high graduate biology 
Topic 23: dna gene chromosome repair cell protein bacteria 
Topic 24: host disease pathogen pathogens immune bacteria plant 
Topic 25: species diversity evolution data life tree phylogene 
Topic 26: change environmental stress conditions climate responses 
Topic 27: plant gene crop arabidopsis growth development production 
Topic 28: brain neurons behavior neural animal system sensory 
Topic 29: collection data specimens change resource biology available 
Topic 30: nitrogen carbon stream nutrient water dioxide fixation

 Money generated by each           
.topic over all the grants

Biological Science (BIO) after 2015, above 100 k$

Sum funded: 2.6 B$

~350 M$
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Topic 1: behavior social female male animal species individuals 
Topic 2: cell membrane protein transport molecular cellular biology 
Topic 3: fellowship biology animal training plan fellow include 
Topic 4: bacteria metabolism microbes production energy pathways cell 
Topic 5: cell development signaling protein gene molecular mechanisms 
Topic 6: data develop model methods tools computational biology 
Topic 7: researchers science network biology community scientific 
Topic 8: fungi soil plant microbes carbon ecosystem decomposition 
Topic 9: gene evolution species population variation different change 
Topic 10: pollen habitat bees plant pollination change sperm 
Topic 11: forest climate change ecosystem model tree data 
Topic 12: students program reu biology edu training pi 
Topic 13: gene dna chromatin epigene expression methylation development 
Topic 14: biology model systems network develop program division 
Topic 15: species population plant diversity ecological effects communities 
Topic 16: enzyme protein iron amino acid reaction function 
Topic 17: university state students researchers system center california 
Topic 18: marine ecosystem ocean sea fish animal algae 
Topic 19: gene rna protein expression transcription regulatory regulation 
Topic 20: cell imaging biology high resolution instrument develop 
Topic 21: protein structure molecular interactions binding function folding 
Topic 22: students undergraduate science school high graduate biology 
Topic 23: dna gene chromosome repair cell protein bacteria 
Topic 24: host disease pathogen pathogens immune bacteria plant 
Topic 25: species diversity evolution data life tree phylogene 
Topic 26: change environmental stress conditions climate responses 
Topic 27: plant gene crop arabidopsis growth development production 
Topic 28: brain neurons behavior neural animal system sensory 
Topic 29: collection data specimens change resource biology available 
Topic 30: nitrogen carbon stream nutrient water dioxide fixation

 Money generated by each           
.topic over all the grants

Biological Science (BIO) after 2015, above 100 k$

Sum funded: 2.6 B$

~100 M$



Top 10 topics generating money

Topic 22: “Education” 333 M$: students undergraduate science school high graduate biology  

Topic 9: “Genetics” 153 M$: gene evolution species population variation different change 

Topic 5: “Cell” 140 M$: cell development signaling protein gene molecular mechanisms 

Topic 25: “Evolution” 129 M$: species diversity evolution data life tree phylogene 

Topic 6: “Modelisation” 128 M$: data develop model methods tools computational biology 

Topic 15: “Ecology” 118 M$: species population plant diversity ecological effects communities 

Topic 21: “Protein” 105 M$:  protein structure molecular interactions binding function folding 

Topic 14: “General” 105 M$: biology model systems network develop program division 

Topic 27: “Plants” 95 M$: plant gene crop arabidopsis growth development production 

Topic 11: “Climate” 94 M$: forest climate change ecosystem model tree data



Circular plot to represent topics interaction

“Protein” has generated 105 M$  
and overlapped with: 
“Education” for 50 M$ 
“Modelisation” for 10 M$ 
“General” for 10 M$ 
“Cell” for 10M$

Each unit represents 100 M$ 
Only major flux are plotted. 1/ Find topics 

2/ Quantify money 
3/ High impact



Political Speech 
# Votes

Organization reports 
# Dollars

TV News 
# Viewers

“Data are everywhere and they are for everyone”

Youtube video 
# Views Blog & article 

# Likes

Any activity described by words and quantified by numbers.
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…

/predict
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Nod to the canon
NSF promotes the progress of science; advances the national health, prosperity, and welfare; secures the 
national defense; provides open access to data.  

Blei, Ng & Jordan: Latent Dirichlet Alocation, Journal of Machine Learning Research 3 (2003) 993-1022 

Python is powerful... and fast; plays well with others; runs everywhere; is friendly & easy to learn; is Open. 

Numpy the multi-dimensional container of generic data. 

Allen B. Riddell “Topic modeling with latent Dirichlet allocation in Python” 

Octave is a high-level interpreted language, primarily intended for numerical computations. It’ free. 

R is a language and environment for statistical computing and graphics.  It is open. Zuguang Gu (Circlize 
package). GJ Abel, N Sander “Quantifying global international migration flows”. – Science (2014), 343, 6178, p. 
1520. for the polar plots. 

Galvanize DSI. Everyone I saw since I started April 2016. 

Dav and Susan for their support. 



LDA Blei, Ng & Jordan: Latent Dirichlet Alocation, JMLR 3 (2003) 993-1022



plots from David Blei for KDD-2011

Dirichlet parameter



Input: Term document matrix
Document 1:  “The objective of this project is to investigate 
the protein-folding problem using single molecule studies. 
Protein folding, the mechanism by which the amino acid 
sequence directs the energy landscape of a protein (the 
structures, energies….” 

1/ Remove stop words & stemming 

2/  Add words to the term document matrix 

3/ Solve posterior using collapsed Gibbs sampling 

4/ Obtain: Topics composition  
             . & Topics proportion per document

objective project investigate protein folding …. bees pollen honey ….

Doc 1 1 5 1 12 5 …. 0 0 0 ….

⁞ ⁞ ⁞ ⁞ ⁞ ⁞ …. ⁞ ⁞ ⁞ ….

Doc 5284 1 0 0 0 0 …. 12 1 1 ….

Document 5284: “Each year honey bees contribute billions of 
dollars of value to the United States economy by pollinating 
food crops. During the past decade, North American honey bee 
populations have declined, primarily because of the death of 
colonies during winter…” 
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(~300 MB)



Output: List of topics & topic table (csv)

List of topics: 
Topic 1: behavior social female male animal species 
Topic 2: cell membrane protein transport molecular 
Topic 3: fellowship biology animal training plan  

Topic 29: collection data specimens change resource  
Topic 30: nitrogen carbon stream nutrient water

…

Topic 1 Topic 2 Topic 3 … Topic 29 Topic 30

Doc 1 0.2 0.1 0.02 … 0.1 0.5

⁞ ⁞ ⁞ ⁞ ⁞ ⁞ ⁞
Doc 5284 0.3 0.1 0.01 … 0.1 0.1

Topic table:

(~1.5 MB)
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Topic 1: behavior social female male animal species individuals 
Topic 2: cell membrane protein transport molecular cellular biology 
Topic 3: fellowship biology animal training plan fellow include 
Topic 4: bacteria metabolism microbes production energy pathways cell 
Topic 5: cell development signaling protein gene molecular mechanisms 
Topic 6: data develop model methods tools computational biology 
Topic 7: researchers science network biology community scientific 
Topic 8: fungi soil plant microbes carbon ecosystem decomposition 
Topic 9: gene evolution species population variation different change 
Topic 10: pollen habitat bees plant pollination change sperm 
Topic 11: forest climate change ecosystem model tree data 
Topic 12: students program reu biology edu training pi 
Topic 13: gene dna chromatin epigene expression methylation development 
Topic 14: biology model systems network develop program division 
Topic 15: species population plant diversity ecological effects communities 
Topic 16: enzyme protein iron amino acid reaction function 
Topic 17: university state students researchers system center california 
Topic 18: marine ecosystem ocean sea fish animal algae 
Topic 19: gene rna protein expression transcription regulatory regulation 
Topic 20: cell imaging biology high resolution instrument develop 
Topic 21: protein structure molecular interactions binding function folding 
Topic 22: students undergraduate science school high graduate biology 
Topic 23: dna gene chromosome repair cell protein bacteria 
Topic 24: host disease pathogen pathogens immune bacteria plant 
Topic 25: species diversity evolution data life tree phylogene 
Topic 26: change environmental stress conditions climate responses 
Topic 27: plant gene crop arabidopsis growth development production 
Topic 28: brain neurons behavior neural animal system sensory 
Topic 29: collection data specimens change resource biology available 
Topic 30: nitrogen carbon stream nutrient water dioxide fixation

 Money generated by each           
.topic over all the grants

Biological Science (BIO) after 2015, above 100 k$

Sum funded: 2.6 B$

~20 M$



Don’t believe it? Check the profiles
Human verification is an essential part in any probabilistic, non deterministic process.  
Topic 10 ranks 1st in 60 documents.



Don’t believe it? Check it in your browser

……

Human verification is an essential part in any probabilistic, non deterministic process.  
Topic 10 ranks 1st in 60 documents.



How do topics overlap?
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Topic 27: “Plants” has generated 95 M$ overlapped with:

Topic 22: “Education” for 44 M$  
Topic 5: “Cell” for 24 M$  
Topic 9: “Genetics” for  18 M$

 

For each documents we sum the overlapping (minimum) probability between the considered topic and all the 
other topics. We then sum over all the documents.

 

 

“Plants” 

…



Topics overlap

“Cell”    “Modelisation”   “Genetics”              “Climate”

“General”    “Ecology”    “Protein”   “Education”

“Evolution”    “Plants”   Topics overlap primary with 
“Education” and then between each 
other.


