
© 2015 SRI International 

Machine-Learning Based Classification of 
Research Grant Award Records 

Jeffrey Alexander, Ph.D. 

Christina Freyman, Ph.D. 
Center for Science, Technology & Economic Development 

John Byrnes, Ph.D. 
SRI Advanced Analytics 

 
5th Annual Global TechMining Conference 

16 September 2015 



© 2015 SRI International 

Acknowledgements 

• This research was supported under contract no. 
NSFDACS09C1350 issued by the National Center 
for Science & Engineering Statistics of the National 
Science Foundation 

 

• The authors gratefully acknowledge the substantial 
intellectual guidance and contributions of Jeri 
Mulrow and Darius Singpurwalla of NCSES, and 
Patrick Lambe of Straits Knowledge, Singapore 

 

 

Alexander, Byrnes & Freyman 2 



© 2015 SRI International 

Project Provenance 

• NCSES is the Federal Statistical 
Agency tasked with data 
collection & analysis regarding 
the U.S. science & engineering 
enterprise 

 

• Among its surveys, NCSES 
administers the annual Survey of 
Federal Funds for Research & 
Development 

 

• Classifying R&D by “Field of 
Science & Engineering” (FOSE) is 
very problematic for many 
agencies 
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H. R. 5116—26 
SEC. 505. NATIONAL CENTER FOR SCIENCE AND 

ENGINEERING STATISTICS. 

(a) ESTABLISHMENT .—There is established within the 

Foundation a National Center for Science and Engineering 

Statistics that shall serve as a central Federal 

clearinghouse for the collection, interpretation, analysis, 

and dissemination of objective data on science, 

engineering, technology, and research and development.  
(b) DUTIES .—In carrying out subsection (a) of this section, 

the Director, acting through the Center shall— 
(1) collect, acquire, analyze, report, and disseminate 

statistical data related to the science and engineering 

enterprise in the United States and other nations that 

is relevant and useful to practitioners, researchers, 

policymakers, and the public, including statistical 

data on— 
(A) research and development trends; 
(B) the science and engineering workforce; 
(C) United States competitiveness in science, 

engineering, technology, and research and 

development; 
and 
(D) the condition and progress of United States 

STEM education; 
(2) support research using the data it collects, and on 

methodologies in areas related to the work of the 

Center; and 
(3) support the education and training of researchers 

in the use of large-scale, nationally representative 

data sets. 
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Project Provenance 

• FOSE is mandated by OMB 
Directive 16, issued in 1978 

 

• Directive 16 has never been 
revised or reissued 

 

• Most agencies do not use 
FOSE as an internal 
classification 

 

• Therefore, reporting by FOSE 
is done using labor-intensive, 
bespoke processes that may 
be inconsistent across 
agencies and time periods 

Field	 Code	
Physical	Sciences	 	
	 Astronomy	.........................................................................................................	 11	
	 Chemistry	..........................................................................................................	 12	
	 Physics	................................................................................................................	 13	
	 Physical	sciences,	not	elsewhere	classified1.......................................	 19	
Mathematics	...................................................................................................................	 21	
Environmental	Sciences	(Terrestrial	and	Extraterrestrial)	 	
	 Atmospheric	sciences	...................................................................................	 31	
	 Geological	sciences	.........................................................................................	 32	
	 Oceanography	..................................................................................................	 33	
	 Environmental	sciences,	NEC1	......	..........................................................	 39	
Engineering	 	
	 Aeronautical	....................................................................................................	 41	
	 Astronautical	...................................................................................................	 42	
	 Chemical	............................................................................................................	 43	
	 Civil	......................................................................................................................	 44	
	 Electrical	............................................................................................................	 45	
	 Mechanical	........................................................................................................	 46	
	 Metallurgy	and	materials	............................................................................	 47	
	 Engineering,	NEC1	..........................................................................................	 49	
Life	Sciences	 	

	 Biological	...........................................................................................................	 51	
	 Clinical	medical	...............................................................................................	 52	
	 Other	medical	..................................................................................................	 53	
	 Life	sciences,	NEC1	.........................................................................................	 59	
Psychology	 	
	 Biological	aspects	...........................................................................................	 61	
	 Social	aspects	...................................................................................................	 62	
	 Psychological	sciences,	not	elsewhere	classified1	............................	 69	
Social	Sciences	 	
	 Anthropology	...................................................................................................	 71	
	 Economics	.........................................................................................................	 72	
	 History	................................................................................................................	 73	
	 Linguistics	.........................................................................................................	 74	
	 Political	science	..............................................................................................	 75	
	 Sociology	...........................................................................................................	 76	
	 Social	sciences,	NEC1	....................................................................................	 79	
Other	Sciences,	NEC2	..................................................................................................	 99	
1	To	be	used	for	multidisciplinary	projects	within	the	primary	field	and	for	single	
discipline	projects	for	which	a	separate	discipline	code	has	not	been	assigned.	
2	To	be	used	for	multidisciplinary	and	interdisciplinary	projects	which	cannot	be	
classified	within	a	primary	field.	
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Project Provenance 

• Is there a better way to collect these 
data that will: 

− Reduce respondent burden 

− Use existing administrative data records 

− Be implemented more consistently 

− Reflect to some extent changes in the nature 
of fields 

− Connect FOSE to outcomes of interest to 
policy 

 

• Thus, two objectives: 

− Improve classification using FOSE 

− Explore potential to create a replacement for 
FOSE (motivated by 2010 CNSTAT report 
recommendation on “tagging”) 
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Proposed Solution: Machine Classification based on 
Abstracts 

• Key constraints of statistical data collection 

− Consistency 

− Comparability 

− Maintain time series 

 

• Weaknesses of current classification methods 

− Classifying by organization/mission 

− Classifying by performer’s discipline 

− Keyword searching 

− SME-driven classification 

 

• Objective: a useful means of portfolio analysis 
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Machine-learning via text analytics: alternatives 

• Topic modeling (Blei et al., 2003) 

− Statistical assignment of document clusters to topics 
derived from document text 

− Polyhierarchical (same document appears in 
multiple topics) 

• Topic co-clustering (Ilgen & Rowher, 1998) 

− “Forces” documents into a single topic cluster 

− Documents and terms are assigned to topics 
separately 

• Common complaints 

− Variable outputs 

− Topics not human-interpretable 

− No clear alignment with external taxonomies 
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Association-Grounded Semantics: Concept 
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• The basic tenet:  the meaning of 
a data object is based on the 
associations in which the object 
participates.  

• Histograms count the number of 
times each of a given set of 
keywords was found within in 
some fixed proximity to the 
target words. 

• Similarity of meaning is 
captured by similarity of 
probability distribution 
(information geometric 
divergence measures – 
Kullback-Lieber divergence). 
− K-L is used to determine how similar 

two papers are. 
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For more information see: Brynes and Rohwer. “Test Modeling for Real-
Time Document Categorization.” IEEEAC paper #1375. 2004 
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Association-Grounded Semantics: Process 

• Select an external taxonomy with standardized 
classifications 

 

• For each term, build a “language model” with an 
existing corpus that describes each classification and 
its associations 

 

• Use topic co-clustering to place abstracts in a single 
topic cluster 

 

• Measure the statistical similarity between terms 
found in clusters in the test set and terms found in 
each language model 
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AGM: Illustration 
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• For each cluster (column), 

brightest square 

represents topic (row) 

with the best “fit” 

 

• Topics are associated with 

one or more disciplines 

based on statistical 

similarity 

 

• Can look at source project 

abstract to validate 

– Abstract is labeled as 

physics (even though the 

term “physics” appears 

only once in the abstract) 

 

• Ability to process 

thousands of documents 

simultaneously 
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Test Set: Abstracts of Awarded Grants from NSF 

• Public abstract database as of January 2014 

− Total of over 500,000 abstracts 

 

• Extract awards for which we can establish some form of 
“ground truth” 

− External validation that machine classification seems “accurate” 

 

• Run AGM routine to measure pointwise mutual 
information between terms in external taxonomy & 
terms in abstracts 

− Clusters of abstracts are derived from calculating a probability 
distribution over term clusters (topics) 

− Use Hellinger divergence metric to identify CIP term most 
closely related to a given abstract cluster 
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Machine Classification for Two Facets 

Classification by Scientific 
Discipline 

Classification by Socio-Economic 
Objective (SEO) 

External 
taxonomy 

Classification of Instructional 
Programs (NCES) 

Nomenclature for Analysis & 
Comparison of Scientific Programmes 

& Budgets (OECD) + 
Australia-New Zealand Standard 
Research Classification SEO facet 

Validation term 
set 

NSF funding organization Field of application (subset) 

Data set with 
validation 

278,000 awards 143,536 awards 

Key caveats 

• Combine awarding division & 
program to derive discipline 

• CIP is an instructional 
classification, not a research 
classification 

• Field of application terms are NOT 
standardized, and usage is 
inconsistent across awards 

• SEO termsets were very sparse 
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Validation Metrics 

• Recall 

− Machine classification matches what is found in the 
validation data 

− Measures ability of method to produce true positives 

 

• Precision 

− Machine classification matches ONLY what was 
found in the validation data 

− Measures ability of method to avoid producing false 
positives 
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Sample Set: Classification by Discipline 
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Program	 	 Number	of	awards	

Algebra,	Number	Theory	 	 2897	
Archaeology	 	 1917	
Marine	Geology	and	

Geophysics	

	

2363	
Plant	Genome	Research	Project	 	 451	
Political	Science	 	 1309	
Social	Psychology	 	 558	
Elementary	Particle	Accel	User	 	 517	
Synthesis	 	 373	

Total	 	 10385	

	

Program	 Most	relevant	term	from	CIP	

Algebra,	Number	Theory	
Statistics;		
Mathematics	

Archaeology	 Archeology	

Marine	Geology	And	Geophysics	
Marine	Sciences;		
Geological	and	Earth	Sciences/Geosciences	

Plant	Genome	Research	Project	
Plant	Sciences;		
Genetics	

Political	Science	 Political	Science	and	Government	

Social	Psychology	 Research	and	Experimental	Psychology	

Elementary	Particle	Accelerator	User	 Physics	

Synthesis	 Chemistry	
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Results: Classification by Discipline 
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Program	 Precision	 Recall	

Algebra,	Number	Theory	 100%	 99%	

Archaeology	 100%	 97%	

Marine	Geology	and	Geophysics	 99%	 95%	

Plant	Genome	Research	Project	 98%	 88%	

Political	Science	 99%	 73%	

Social	Psychology	 94%	 72%	

Elementary	Particle	Accelerator	User	 98%	 89%	

Synthesis	 93%	 85%	
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Sample Set:  Classification by SEO 
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Application	field	 Number	of	awards	

Agriculture	 1284	

Climate	related	activities	 709	

Law	 248	

Health	 3346	

Total	 5587	
	Field	of	Application	 SEO-based	category	mapped	to	

Agriculture	

Forestry;	Horticultural	Crops;		
Summer	Grains	and	Oilseeds;		

Winter	Grains	and	Oilseeds;		
Harvesting	and	Packing	of	Plant	Products;	

Environmentally	Sustainable	Plant	Production	

Climate	related	activities	

Climate	and	Climate	Change;		

Renewable	Energy;	
Air	Quality;		
Energy	Conservation	and	Efficiency;		

Preparation	and	Production	of	Energy	Sources	

Law	
Government	and	Politics;		

Justice	and	the	Law	

Health	
Clinical	Health;	Health	and	Support	Services;	

Public	Health;		
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Results: Classification by SEO 
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Field	of	Application	 Precision	 Recall	

Agriculture	 37%	 90%	
Climate	related	activities	 77%	 93%	
Law	 96%	 90%	
Health	 79%	 52%	
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Summary of Findings—Classification by Discipline 

• Machine learning approach performed well in 
classifying abstracts by discipline 

− CIP provides a rich language model for disciplines 

− Note that we had to be selective in use CIP terms, as 
it includes terms for training and not research (e.g., 
computer technician) 

− Interest in ability to show multiple disciplines 
associated with a given set of abstracts 

• Can be used as a measure of interdisciplinarity 

• Can also highlight unusual combinations of disciplines, 
which MAY be indicative of potentially transformative 
research 
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Summary of Findings: Classification by SEO 

• Machine learning performance was fairly poor in 
classifying abstracts by SEO 

− Poor quality of language models—too sparse and 
non-specific 

− ‘Field of application’ terms (validation termset) 
aligns poorly with SEO terms 

− ‘Field of application’ labeled by NSF program officer, 
perhaps arbitrarily 

− May reflect difficulty in associating SEO (broader 
impact) with topics in fundamental research 

 

• Results may be much better if we used expert 
judgment for validation, rather than metadata 
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Caveats and Future Research 

• Classification by discipline may be especially 
effective due to the nature of the NSF research 
portfolio 

− Primarily funds academic research, which is 
organized by discipline 

− Predominantly funds more fundamental science, 
which is rooted strongly in specific disciplines 
relative to more applied research 
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Division	
					Machine-classified	disciplinary	term																																						Percentage	of	org’s	awards	

Division	of	Chemistry		

Chemistry	 49%	

Physics	 19%	

Biochemistry,	Biophysics	and	Molecular	Biology	 18%	

Division	of	Electrical,	Communications	and	Cyber	Systems		

Electrical,	Electronics	and	Communications	Engineering	 18%	

Materials	Sciences	 16%	

Physics	 11%	

Division	of	Environmental	Biology		

Ecology,	Evolution,	Systematics,	and	Population	Biology	 56%	

Plant	Sciences	 14%	

Genetics	 9%	

Division	of	Experimental	&	Integrative	Activities		

Computer	Software	and	Media	Applications	 22%	

Computer	Engineering	 13%	

Computer	Systems	Analysis	 11%	

Rehabilitation	and	Therapeutic	Professions	 6%	

Division	of	Polar	Programs		

Atmospheric	Sciences	and	Meteorology	 31%	

Geological	and	Earth	Sciences/Geosciences	 24%	

Ecology,	Evolution,	Systematics,	and	Population	Biology	 12%	

Division	of	Information	&	Intelligent	Systems		 	

Computer	Software	and	Media	Applications	 23%	

Rehabilitation	and	Therapeutic	Professions	 12%	

Health	and	Medical	Administrative	Services	 9%	

Division	of	Ocean	Sciences		 	

Geological	and	Earth	Sciences/Geosciences	 37%	

Atmospheric	Sciences	and	Meteorology	 16%	

Ecology,	Evolution,	Systematics,	and	Population	Biology	 14%	

Division	of	Integrative	Organismal	Systems		 	

Genetics	 32%	

Neurobiology	and	Neurosciences	 29%	

Zoology/Animal	Biology	 14%	

Emerging	Frontiers		 	

Ecology,	Evolution,	Systematics,	and	Population	Biology	 32%	

Genetics	 21%	

Museology/Museum	Studies	 15%	
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Caveats and Future Research 

• Planning to run similar experiment on NASA 
abstracts 

− Projects are much more applied, interdisciplinary 

− Access to appropriate admin data records will be 
crucial 

 

• Describing of a “Classification of R&D Activities” 
system and toolkit 

− How to use machine-generated tags as part of an 
integrated classification system with multiple facets 

− E.g., disciplines, related technologies, SEOs, 
character of work, application areas 
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