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Part 1 — This session

1.1. Describe your main interest in this session.

Our main interest in this session is to learn the current state of the art in 1) large scale
knowledge mapping, and 2) the interface between the fields of ““knowledge domain mapping”
and ““visualization, geographic visualization, cartography” with a view towards interface
design.

1.2. Which major technical challenges do you see for Mapping Humanity's Knowledge and
Expertise in the Digital Domain, as laid out in the session description?
We see the following as near-term technical challenges related to large-scale mapping:

e Cleaning of dirty data (most real data is dirty),

e Effective linking of textual data,

e Efficient algorithms for calculation of similarity,

e Algorithms to extract and summarize text for purposes of labeling maps.
We no longer see graph layout or clustering for large maps (i.e. >1 million nodes) as major
technical challenges.

1.3. Which major non-technical challenges do you foresee?
We foresee the decision about what types of data to use, and the acquisition of appropriate data
for large scale maps of science or knowledge as key non-technical challenges.

1.4. Which major opportunities do you envision?
We see the long-term opportunity to understand the innovation process, which will allow
innovation to be more effectively managed in the future.

Part 2 — Your research

2.1. Project Name and Web Address

Our current project is titled “A Method of Evaluating Research Using New Innovation, Risk, and
Impact Indicators.” In brief, this project aims to create maps of current science with indicators
of innovation, risk, and impact at the single paper level. This will enable researchers to locate
and view indicators associated with their current or proposed work, and enable institutional
comparisons and identification of opportunity and vulnerability. To date, we have created maps
of science at the journal level (~7000 journals) for the purpose of selecting, testing, refining, and
validating the algorithms that we will use to generate paper-level maps of science. We have also
created our first paper-level map of science that locates 833k papers from the 2002 Science
(SCI) and Social Science Citation Indexes (SSCI). The papers cluster into nearly 100k separate



research communities, ranging in size from a few papers to several hundred papers each. Spot-
checking of the contents of these clusters shows that they are cohesive at the level of a research
question, and thus constitute current research fronts.

2.2. Project Members
Kevin W. Boyack, Sandia National Laboratories, Albuquerque, NM, and Richard Klavans,
Strategies for Science and Technology, Berwyn, PA

2.3. Targeted User Group
Staff members at Sandia National Laboratories

2.4. Supported User Tasks

Our project is currently in the research stage, thus we have not yet designed and constructed a
user interface to enable access to the results of the study. However, once we have fully tested our
maps and indicators, an interface will be built that will enable access to the maps and indicators
by staff at Sandia National Laboratories.

2.5. Data Sets Used
Our yearly maps are currently based on a combination of the SCI/SSCI, comprising
approximately 1.1M records (including roughly 900k articles and reviews) per year.

2.6. Algorithms Used

Similarity measures used include the Jaccard index, Pearson correlation, and a new normalized
co-citation measure, K50 [1]. Graph layouts are done using a special version of the VxInsight
ordination routine (VxOrd) whose data and memory structures have been modified to allow
calculation of large graphs (>1M nodes, 6M edges) on a PC with 2MB RAM. Clustering over
the ordination space is done using a new algorithm developed by Klavans.

2.7. Sample Maps
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Journal-level map (7k journals) Paper-level map (833k papers)



These two maps are both from manuscripts that are in preparation for publication. Please do not
distribute further.

2.8. Pros and Cons

Pro: Our maps are based on “all of science’ and thus do not suffer effects normally associated
with thresholding, or differences in citation practices between disciplines.

Con: As with all multidimensional data, some records will not be accurately placed during
reduction to 2-D maps. Some papers end up in clusters where they do not belong.

2.9. Planned Work

By the time of the Spring meeting we will have added ISI’s Conference Proceedings Database,
and possibly US patents to our maps. This will add a greater technology component to the maps,
which is very important to institutions like Sandia. We also plan to calculate maps for additional
years, link maps from multiple years, and develop an interface to allow staff at Sandia to use the
data to improve their own research.
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