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Personal Statement 
Science! always requires an exclamation point.  One rainy Thursday morning, about a decade 
ago, my physics teacher microwaved a tray of marshmallows and used it to show us how to 
calculate the speed of light.  That’s when I first discovered science’s exclamation point, 
pondering it on the wet walk home, and to this day I cannot utter “science” without the same 
excitement I felt eating the sticky remains of that marshmallow experiment.  In short order I 
went from devouring marshmallows to devouring science books – first the weird and popular 
(what high school boy could resist the lure of quantum physics?), followed by technical 
textbooks, and finally discovering scientific texts.  There is something inextricably magical about 
the first publication of a new theory, in finding the text that launched a thousand ships, whether it 
is Darwin’s Origin or Einstein’s Electrodynamics.  
            And I do mean magical.  I realized early on that the process of writing, of creating, of 
adopting new and fabulously far-fetched ideas that eventually paid off, these things were rarely 
logical and never occurred in a vacuum.  For Science! to work, it requires chance meetings, 
disparate collaborations, and inspiration from wherever one can find it.  This knowledge fueled 
my passion, pushing me to take science courses in college that were not required for my intended 
computer engineering degree.  Computer engineering managed to be the most engaging program 
to me, in part because I couldn’t decide which science I loved best, but also because it offered 
the ability to solve problems quickly and with the sort of control only software design allows. 
            Concurrently with my science studies, I began taking history of science courses my 
freshman year of college.  By the second semester I was a research assistant for Dr. Robert 
Hatch, digging my fingers into primary sources, tracking down and analyzing early modern 
scientific letters and entering my results into a growing database.  By my senior year, I had 
collected over 50,000 scientific correspondences and, using my background in computer 
programming, analyzed them for trends in the hopes of being able to fill in parts of the historical 
account that were not immediately apparent. It was at this point that I finally realized that my 
passion was not any particular science, but Science! in general.  I wanted to understand its 
intricacies, how scientists worked, how knowledge grew and spread and changed.  Thus, one 
semester before completing my engineering degree, I switched to History of Science. 
            Mid-way through my junior year, armed with the idea that science works best in 
collaboration with people of diverse intellectual and cultural backgrounds, I founded 
Sophosessions.  A group of two dozen that is still thriving at the University of Florida two years 
after I’ve left, Sophosessions brings together undergraduate and graduate students from nearly 
every discipline the university has to offer.  We gathered twice a month, and at each meeting 
three of us would give separate hour long presentations on a topic of our choice, from historical 
Chinese calligraphy to new theories of fractal geometry.  The interdisciplinary group fostered 
multiple collaborations, including two successful robotics projects and a neuroscience & music 
paper that may soon be published.  All of our lectures were recorded and put on the web for 
anyone to see, as we were all firm believers in open access to information and knowledge. 
            Access to and availability of knowledge are fundamental human rights, up there with 
freedom from tyranny and freedom of speech.  Beyond opening up my Sophosessions lectures to 
the public, I’ve strived to make all data I generate or collect open and available to the 
public.  Historical datasets are traditionally proprietary, guarded by publishers and special 
collections libraries, and I am currently working with the Scholarly Database Project at the 
Cyberinfrastructure for Network Science Center, IU to publish metadata from early modern 
correspondences on the web.  Negotiations are already underway to include similar efforts by Dr. 
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Hatch at the University of Florida, the Republic of Letters group at Stanford, and the CKCC in 
the Netherlands, with the ultimate goal being a free online repository of History of Science data.  
            Freedom of information, however, cannot end at availability; it must extend to access.  I 
have donated my time to making certain that students at public schools get the most accurate and 
up-to-date scientific information they can, combating political movements to teach creationism 
alongside the theory of evolution.  Access also extends to cyberinfrastructures, and my hope is 
that my online repository of historical scientific data will allow historians, philosophers, and 
sociologists of science, as well as the scientists themselves, to work together in creating a robust 
online collaboratory housing the vast stores of metascientific data.  The key to understanding 
science is to look at all of it, not merely its history or philosophy or any other one facet. 
 I’ve never been one to fit into traditional disciplinary boxes.  After pursuing computer 
engineering and history of science in my undergraduate years, I discovered Dr. Katy Borner and 
Dr. Colin Allen at Indiana University, who between them specialized in Information Science, 
Scientometrics, AI, Cognitive Science, and Philosophy of Science.  Still not quite sure exactly 
how I wanted to tackle my studies, they offered me the position to work as a liaison for a year 
between them.  The year of experience was invaluable, and beyond teaching me natural language 
processing and how to study modern science through citation and authorship patterns, it gave me 
the opportunity to collaborate with international scholars on the problem of studying the 
dynamics of science.  I spent a month in the Netherlands designing an interface for historians to 
understand the dynamics of early modern Dutch scientific letters, I co-wrote a paper with an 
international student on how to predict quickly growing scientific fields by text mining recent 
abstracts, and I was an invited participant at an Air Force workshop aiming to help them process 
the vast slew of information they handled on a daily basis. 
 The year of work behind me, I renewed my studies with a goal in sight.  Transcending 
disciplinary metascience studies, I want to understand science in all of its angles, from history to 
philosophy to modern bibliometric traces.  It is only through in depth understanding that we can 
hope to improve the process by which science works.  If the most fruitful science is 
interdisciplinary, for example, we can make sure to fund interdisciplinary projects.   

The only way to understand science is via an interdisciplinary approach.  The task seems 
insurmountable, but data is the key.  Like the 50,000 letters I cataloged, there are pockets of 
scientific metadata all over the world, and if we can bring it all together and use it as our 
empirical evidence against which we can create models of scientific dynamics, we will finally 
understand science-as-a-process well enough to improve the system.  When we find why the 
most fruitful periods of scientific research occur, we can attempt to reproduce their effects. 

Unfortunately, in my goal to become interdisciplinary to study interdisciplinarity, I’ve 
discovered a wall.  Apparently there’s no way to get a PhD in everything (I’m doing the next 
best thing by pursuing two degrees at once), and local funding is scarce for people who don’t fit 
in well-defined departmental boxes.  Further, the sort of data one needs to create thorough 
models is still either invisible (offline) or non-existent, and without the funding to put the time 
into tracking it all down or creating more resources like the one I made at Florida, the real task of 
analyzing and modeling it all could never get off the ground.   

With the financial support of an NSF Research Fellowship along with the legitimacy it 
bestows, using my experience collecting data, performing network analysis, and creating 
computational models, backed by the labs I already work with, I will finally be able to create a 
system to study Science! scientifically, collaboratively, and on the large scale that is required to 
draw general inferences. 
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Previous Research Experience 
 My research has taken me through various labs and disciplines over the years, and each 
experience has added to the skills I require for analyzing, understanding, and modeling science 
on a large scale from many disciplinary angles. An understanding of scientific progress will pave 
the way for positive changes in the scientific system, and allow for easier teaching of science and 
its interrelatedness through visualizations and data-driven conceptualizations. 
 
Dr. Robert Hatch – History of Science 
 The four years I worked with Dr. Hatch did more to shape my interests and goals than 
any other experience in my life.  Under his guidance and tutelage, I was introduced to primary 
texts through careful readings and transcriptions of early modern scientific letters in many 
languages.  Within a year, I designed and populated a database of these letters, including easily 
accessible metadata as well as information about the content and provenance of the letters 
themselves.  By the end of the four years I had collected over 50,000 letters, the largest 
collection of scientific letter metadata in the United States.   
 Informed by historical and philosophical knowledge I learned from Dr. Hatch, I began 
statistically analyzing the networks formed by scientists through the letters they sent.  This 
process integrated my education in history of science and computer engineering, as well as 
personal research into graph theory and network analysis.  I then used the data to test an 
economist’s mathematical model of innovation and knowledge dispersion, and presented my 
results at the NSF/JSMF Workshop on Mapping the History and Philosophy of Science as the 
only undergraduate at the workshop.  The model turned out to be accurate in the case of the 
scientific revolution, suggesting that great scientists required connecting nodes, facilitators, to 
keep the scientific output as productive as possible. 
 
Indiana Philosophy Ontology Project – Philosophy of Science 
 I began work on the NEH-funded InPhO Project under Dr. Colin Allen in August 2009.  
The project aims to use machine learning to generate a semi-supervised ontology of 
philosophical concepts, giving both experts and novices a thorough understanding of the 
relationship between philosophical concepts, thinkers, and journals.  In the year and a half I have 
worked on this project, I’ve been responsible for creating visualizations to make navigating the 
ontology more intuitive for students and non-experts (making philosophy accessible to anyone), I 
have learned and implemented latent variable modeling in order to teach the computer to 
“understand” philosophical texts and encyclopedia entries, and I have worked with other a team 
of other programmers and other universities to create an API which would allow anyone to 
access and manipulate our data analysis and generated ontology. 
 This research has provided invaluable experience in text analysis and semi-supervised 
machine learning processes where expert feedback is built into the system.  My research will 
require the ability to augment automated data analysis with pre-existing historical and 
philosophical knowledge, which work on the InPhO project has taught me how to accomplish. 
  
Cyberinfrastructure for Network Science Center - Scientometrics 
 When I was still doing network analysis on early modern scientific letters with Dr. Hatch 
at the University of Florida, I had no idea that scientometrics existed.  Dr. Katy Börner quickly 
taught me how to analyze vast networks of modern scientists and scientific institutions through 
studying the tracks they leave: co-authorships, citations, funding trails, written words, and so 
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forth.  In Dr. Börner’s lab, I learned how to use this methodology to find relevant and related 
authors or texts to a particular search, to find and predict growing trends in scientific research, 
and to create “maps of science,” visualizations and analyses which allow us to look at the 
interrelatedness of various disciplines across space, time, or topic.  Preliminary research shows 
these maps to be extremely beneficial in teaching children and non-experts how to quickly 
conceptualize the structure of science, such as which disciplines rely on which others.   
 My capacity in the lab is two-fold: work with other lab members to produce original 
research, and create tutorials and give workshops on software we develop to make network 
analysis easy and reproducible.  In the first capacity, I recently finished a paper with a visiting 
Chinese scholar and Dr. Börner that got accepted in Scientometrics on predicting areas of 
scientific growth.  By finding keywords that sharply increase in use and seeing the number of 
new authors who use it, as well as by looking at how interdisciplinary sets of references in a 
paper are that use those keywords, we found we could predict which keywords would be 
representative of new and long-lasting disciplines.  I am also the first author on a 200 page 
tutorial on using our network analysis tool to create meaningful scientific results with no 
previous experience, and have taught several workshops on the software for humanists and 
scientists alike.  I also work on the Scholarly Database, which provides open or academic access 
to over 25 million of metascientific records from the NSF, NIH, USPTO, and Medline. 
 
CKCC – History of Science 

The Royal Library of the Netherlands in collaboration with the Virtual Knowledge Studio 
and the Huygens Instituut recently contracted me for a two month project: to create a project that 
would computationally analyze 80,000 scientific letters from the Dutch Golden Age and create a 
web and visual interface that historians could use to navigate and contribute to the analysis. The 
project included network and text analysis, and was recently successfully presented as part of the 
European Framework Programme.   
 
Dr. Cassidy Sugimoto – Information Science 
 I am currently working with Dr. Cassidy Sugimoto on a publication on the nature of 
disciplinarity.  Interdisciplinarity is, rightly or wrongly, widely accepted as an indicator of good 
scientific research.  We are first performing a literature review to see what scholars think a 
discipline is – it varies widely – followed by a critical analysis of the utility of disciplinary and 
departmental distinctions in an age of collaboratories and multi-disciplinary labs.  Understanding 
this, we can make normative claims on how funding agencies ought to proceed to encourage the 
most fruitful scientific research. 
Publications, Presentations, and Workshops 
S. Weingart, H.Guo, K. Börner, K.W. Boyack, M.W. Linnemeier, R.J. Duhon, P.A. Phillips, C. Tank, and J. 

Biberstine (2010). Science of Science (Sci2) Tool User Manual. Cyberinfrastructure for Network Science 
Center, SLIS, Indiana University, Bloomington. 

H. Guo, S. Weingart, K. Borner. Mixed Indicators Model for Identifying Emerging Research Areas.  Scientometrics. 
Fitting Agent-Based Models to Historical Networks, NSF/JSMF Workshop on Mapping the History and Philosophy 

of Science, Indiana University, June 2009 
The Perils of Mapping Science, Int'l Republic of Letters, Indiana University, December 2009 
Mapping Scientific Networks, Visualization, Wright-Patterson Air Force Base, April 2010 
Preparing, Analyzing and Visualizing Humanities Data, Networks and Network Analysis for the Humanities: An 

NEH Institute for Advanced Topics in Digital Humanities, August 2010  
Successful Network Analysis in the Humanities, Invited Presentation, Cyberinfrastructure for Network Science 

Center, Indiana University, October 2010 
Performing Bibliometric Analyses using the Sci2 Tool (accepted), International Sunbelt Conference, February 2011 
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Proposal: Effects of Communication Technology and Distribution on Scientific Research 
 
Introduction: It is a common thesis that communication revolutions beget scientific ones.  Much 
has been said, for example, on the transition from scribal to print culture.  Adrian Johns1, 
Elizabeth Eiseinstein2, and Marshall McLuhan3 have all thrown their hats in the ring, suggesting 
alternatively that the creation of print culture simultaneously helped legitimize both science and 
print, that the ability to make near-perfect reproductions of scientific texts in print versus the 
corruption of manuscripts over time helped assist the shift in cultural sentiment from one of 
regress to one of progress, and that the advent of print culture led almost directly to democracy, 
both of politics and of knowledge.  More recent commentators like Michael Nielsen4 draw 
parallels to the rise of the Internet, suggesting it will cause a further and just as marked shift in 
scientific research. 
 Communication revolutions can occur in shifts of technology, as with script-to-print, or 
they occur in distribution systems, as with the rise of the Republic of Letters in early modern 
Europe.  Robert Hatch5 has written much on the importance of this system to the free flow of 
information and collaboration between scientists of the period.  A number of modern historians 
and philosophers of science have stressed the importance of the social structures (and by proxy 
the communication and training structures associated with them) of science to its study, 
innovation, and dissemination.6,7,8  

With overarching theories of theory change becoming more unpopular as they are shown 
to be increasingly infeasible,9 the question remains what exactly these communication 
revolutions are changing in the scientific discourse and how can we understand the effects of 
these changes without treating science as separate and special entity, unchanging for centuries.  
The first step must be to understand specifically how scientists communicate within and across 
disciplines, how disciplinary norms affect their communication, and how those structures change 
over time with creation of new communication technologies or distribution systems.  Careful 
attention must be paid to the particulars in the historical account: how certain disciplines or 
groups react differently to others across space and time. 
Hypothesis: Changes in communication structures fundamentally affect scientific discourse and 
innovation, in many cases temporarily increasing the rate of scientific output and diversifying the 
scientific landscape.  This diversification occurs as early adopters work with one another across 
traditional disciplinary boundaries and in so doing borrow non-traditional knowledge and 
methodologies.  There is a correlation between increased connectivity of previously disconnected 
scientists and increased output and social impact, both across scientific fields of research and 
throughout the broader social landscape. 
Data Collection: The scope of this project is extremely wide and requires large and 
representative volumes of data for several points of inflection of communications in scientific 
research.  I have already personally created or worked with metadata or digitized full texts of 
over 130,000 scientific letters in early modern Europe, spanning from 1500 to 1750.  The web-
based Jordanus Database catalogs information on nearly 14,000 medieval scientific manuscripts 
between 500 and 1500.  I have access to the two largest modern bibliometric datasets, Scopus 
and ISI Web of Knowledge, which contain information on authorship, citations, and content of 
papers and proceedings.  Dr. Johan Bollen, a new faculty member in our lab, has access and 
download statistics for many of the web distribution systems for scientific papers.  Dr. Cassidy 
Sugimoto, another member of our lab, has developed a database of mentor/student relationships 
from thesis records and will continue to populate it with data from the late 19th century onward.  
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This data will need to be augmented with further personally generated databases on historical 
university and departmental affiliations, publication and distribution statistics, and earlier citation 
counts than are currently available.  The Royal Library of the Netherlands has already made 
significant strides collecting similar data, and I will work closely with them to fill my database. 

Data collection is expected to take up nearly half to two-thirds of the duration of the 
grant, but data availability and consolidation is vital to any large scale analysis of 
communication patterns.  Any data I collect personally will be freely distributed through either 
the Scholarly Database at Indiana University or through a planned History of Science Data 
Commons in order for future scholars to replicate my results or use in experiments of their own.  
I will also seek permission from all other data sources to distribute their data in the same way. 
Analysis & Testing: Once all of the data is collected, cleaned, and consolidated into one 
database, I will use my research with Dr. Sugimoto and prior experience studying the history of 
science to assign disciplinary, temporal, and geographic facets to the data in order to introduce 
pre-existing research of communication structures into the system.  For example, many modern 
scientometric “Maps of Science” rely journal paper citation or authorship patterns, however 
certain sciences rely much more heavily on conference proceedings or monographs.  These 
distinct customs must inform the analysis.   
 Network analysis will allow me to make structural claims about scientific communication 
across time, geography, discipline, and communicative technology/distribution system.  By 
seeing how those structures change or persist during or directly after large scale communication 
changes, I can test my initial hypothesis that these communication changes fundamentally affect 
science’s social structure.  I can further test the notion that these result in increased or more 
varied scientific output using a combination of publication statistics, temporally sensitive impact 
measures for publications in particular years, and pre-existing history of science research on 
revolutions and periods of high productivity.  From this network analysis, I will create agent-
based models that fit the historical record. 
Broader Impact: A deeper understanding of science’s kinematics – and through modeling, 
philosophical, and historical research, its dynamics – is essential to shaping its future.  With 
models of how changes in communication structure and disciplinary connectivity affect scientific 
output, policy makers and funding agencies can make increasingly informed decisions on how 
best to shape tomorrow’s scientific agenda.   

By making my data publically available and creating a History of Science Data 
Commons to support similar endeavors, my project can promote others to build upon and 
improve it.  When data becomes available from a multitude of sources, not merely historians, we 
could feasibly begin to model the creation and dissemination of ideas in general. 
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