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The Problem:

Being Lost in Space




Mankind’s Knowledge

Leonardo Da Vinci
(1452-1519)




Mankind’s Knowledge

Albert Einstein
(1879-1955)
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Mankind’s Knowledge




Humanity’s Knowledge




The Great Wave Off Kanagawa (Katsushika Hokusai, 1760-1849)




A Solution:

Science Maps




Cartography. of the Physicz

An mmmﬁhﬂmmmmmmwm
m&unwn@m&mm Meeting of the American Association:
of Geographers that i updated regulariy with new maps and exphinations.

Compare & Contrast Maps Connect

The Places &

Spaces exhibit has been created to
demonstrate the power of maps.

4n initial theme of this exhibit is to compare and
contrast first maps of our entire planet with the
first maps of all of science as we know it.

Come see with your own eyes the extent to which maps can be employed to help make
sense of the flood of information we are confronted with and how domain maps can be used
to locate comples and beautiful information.

This online part of the exhibit provides links to a selected series of maps and their makers
along with detailed explanations of why these maps work, The physical counterpart supports
the close inspection of high quality reproductions for display at conferences and education
centers. It is meant to inspire cross-disciplinary discussion on how to best track and
communicate human activity and scientific progress on a global scale.
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Places & Spaces: Mapping
Science

a science exhibit that introduces
people to maps of sciences,
their makers and users.

Exhibit Curators:
Dr. Katy Borner &
Deborah MacPherson




The Power of Maps

Four Early Maps of Our World
VERSUS

Six Early Maps of Science

(15t Lteration of Places & Spaces Exhibit - 2005)
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Madeleine de Scudéry (b. 1607-d. 1701), Clélie, histoire romaine, premiere partie, Paris, 1654.
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geography of the 3D role-playing adventure game EverQuest, by 989 Studios. Available at




How would a map of science look?

What metaphors would work best?




\ Imaging

Computer Scienc
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POSTAL BIOTERROR ATTACKS
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1950 1956 1962 1968

1974
DATE

1980 1986 1992 1998

toxin effect on macrophages
toxin review papers
{oxin-mediated delivery

toxin uptake/plus use for lumorfHIV treatment
toxin expression & purification
toxin research

protective antigen research
anthrax S-layer & capsule
anthrax genes

vaccines

toxin biological effects

early 3 part toxin research
vaccine

vaccine

Clostridium

adenylyl cyclase toxin
indeterminate

fieldflab studies of immunity
medical case studies/treatment
mutant strain study
identification of anthrax
inhalation anthrax

immunity studiesflab techniques
immunity studies/lab techniques
PA based immunity research
Smith/Keppie guinea pigs exp.
anthrax encapsulation/anthrax detection
detection/ ID of strains
comparisons of bacillus strains
comparisons of bacillus strains
bioterrorism/biowarfare

incident management

anthrax treatment

postal attacks



HUMAN PERCEFTION
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The Structure of Science

The Social Sciences are the smallest and
most diffuse of all the sclences. Psyc ¥
sarves as the link between Medical Sciences
(Psychiatry) and the Social Sciences.

serves as the lnk with Computer Science

is our starting poind, the purest of all sciences. I lies al the outer adge of the map.
and are apphed sciences that draw upon
knowledge in Mathematics and Physics. These three disciplines provide a good example of a
linaar progression from one pure science (Mathematics) to another (Physics) through multiple
disciplines. Although applied, these disciplines are highly concentrated with distinct bands of

We are all familiar with traditional maps that show the relationships between countries, provinces,
states,and cities, Similar relationships exist between the various disciplines and research topics in
science. This allows us to map the structure of science.

One of the first maps of science was developed at the Institme for Scientific Information over 30
years ago. It identified 41 areas of science from the citation patterns in 17,000 scientific papers.
That carly map was intriguing, but it didn't cover enough of science 1o accurately define its structure,

Things are different today. We have enormous computing power and advanced visualization
softwarc that make mapping of the structure of science possible. This galaxy-like map of science
{left) was generated at Sandia National Laboratories using an advanced graph layout routine (VxOrd
from the citation patterns in 800,000 scientific papers published in 2002. Each dot in the galaxy

and Mathematics_ research communities. thal link them. Bands indicale interdisciplinary research.

represents one of the 96,000 rescarch communities active in science in 2002, A rescarch community
is a group of papers (9 on average) that are written on the same research topic in a given year, Over
.‘ time, communities can be born, continue, split, merge, or die.
P, Research is highly concentrated in Physics and
s ¢ These disciplings have lew, but vary
; distinct, bands of research communities that link
them. The thickness of these bands indicates an
extensive amount of interdiscipnary research,
which suggests that the boundaries batween
Physics and Chemistry are nol as distinet as one
might assume.

The map of science can be used as a tool for science strategy. This is the terrain in which
organizations and instilutions locate their scientific capabilities. Additional information about the
seientific and economic impact of cach research community allows pelicy makers to decide which
areas lo explore, exploit, abandon, or ignore.

We also envision the map as an educational tool. For children, the theoretical relationship between
arcas of science can be replaced with a concrete map showing how math, physics, chemistry, bislogy
and social studies interact. For advanced students, arcas of interest can be located and neighboring
arcas can be explored.

Nanotechnology

Most research communities in
nanotechnology are concentrated in
and i

However, many disciplings
in the Life and Medical Sciences also
have nanotechnology applications

(2
Environment GeoScience
CRE e by

Biology

Proteomics

Research communilies in proleomics

are centered in Biochemisiry. In addition,
thera is a heavy focus in the tools section
of chemisiry, such as

The balance of the proleamics
communities are widely dispersed among
the Life and Medical Sciences,

a&%:cr@b:olugy
General
Medicine

. "‘-‘*f : -~ Oncology
Medical Treatments G

The Life Sciences, including Biclogy and

The Medical Sciences include broad therapeulic

studies and targeted areas of Treatment (e.g. ceniral
nErvous system, cardiclogy, gastroentarology. alc.)
Unlike Physics and Chemistry, the medical disciplines

are more spread oul, suggesting a more muilti-

disciplinary approach o research. The lransition inlo
Life Sciences (via Animal Science and Biechamistry)

is gradual.

. Immunclogy

Infectious Disease

Biochemistry, are less concenirated than
Chemistry or Physics, Bands of linking
rasaarch can be sean batwean the larger
areas in the Life Sciences; for instance
between Biclogy and Microbiclogy, and
betwaen Biology and Envino lal Science.
Biochemistry is very interesting in that it

i5 a lange disciphne that has visibla links

to disciplines in many areas of the map,
including Biology, Chemistry, Neurascienca,
and General Medicing, It is perhaps the

most interdisciplinary of the sciencas.

Pharmacogenomics

Pharmacogenomics is a relatively new
field with most of its activity in Medicine,
It also has many communities in
Biochemistry and two communities in
the Social Sciencas




The Power of Reference Systems

Four Existing Reference Systems
VERSUS
Six Potential Reference Systems of Science
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The Visual Elements Periodic Table
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The Big Dipper floots high in the ncrtheusl these early spring _
evenings, while Orion sinks low in the sout,hwesl These ﬁre}ust ]
few of the celestial sights you can find on lcuu.r cleargvening in .ﬁpni

using a sky map like lhe one shown here. . # .
-

- ‘o a
« April5=6 - | April 12-14

Shertly after dark = | Aronnd 10 p.m.

yieg Bupey
Facing West

* digiter

Progyon .
.

Looking very high towerd SW

Check the dotes and times at right. Toke your mop out under the night sky oround the
right time, and bring olong o flashiight to read it by, It helps to attach o piece of red
poper over the front or o use o Aashlight with red LEDs: the dim red light won't spoll

your night vision.

Dutside, you need to know which direction you're facing. (If you're unsure, just nate 0 . i :
: . 2 : s B . x -~ Early April: 10 pm {doylight-saving time)
where the Sun sets; thot's west.) Whichever woy you're focing. moke sure the 3 o
- « Late April; Dusk

corresponding yellow lobel along the curved edge of the mop is ot the bottom, right-
side up. -

This curved edge represents the horizan. The stars obave it on the mop match the
stors in front of you. The farther up from the mop's edge they oppear, the higher they'll
be im the sky.

The ce: of the mop is the zenith (stroight averhead), 5a o stor halfwoy from the
edge of the mop to the center will oppear holfwoy from stroight oheod to stroight up A couple of tips: Look for the brighiest stars ond constell first; light pollution or
Ignare all the parts of the map obove horizons you're nat facing moonlight moy wosh out the fainter ones, And remember thot Ltor patterns in the sky
will look a lot bigger thon they do here on paper.

Let's glve it @ try! Pretend you're focing the southwest b on (labeled “Foc o With o map like this, you con identify celestiol sights oll over the sky. Go out the next
Just o little way up (that is, o ltthe woy in from the edge of the map) ks 5 L cleor night and meke some starry friends!

brightest stor in the night sky, in the constellotion Canis Major. Farther up, nearly

[, . =
holfway overhead, Is the star Procyon in Conis Minor. Still farther up is the ringed Youw com cus 0 might-sky map for any time and ploce of SkyondTelescope.com,
planet Saturn. Go out of the right time, foce southwest, ond look up into the sky —
there they are!

& TELESCOPE




How would a reference system for all of

science look?

What dimensions would it have?




Reference Systems

Circular

Hierarchy Semantic Map




I'l their 1964 paper, Eugene Garfield and his colleague:

/}’/J:zy the ‘%fs*/(){y (_(/ Jcrernce

try t2 answer the question: Can a computer write the history of science!
ey selected a recent scientific breakthrough = the discovery of a structure for DMNA suggesting a
lished by Watson & Crick in 1953

$ QUESTION,
for its self-

They use lsaac Asimov's book The Genetic Code to identify forty milestane works that kead to the discovery as well as their

the citation dara, see also
provide a new modus
Today, their HistCite tool generates interactive cit

the citation linkages among those forty papers using the 1941 Soence Citation Index

ed comparison of both networks demanstrates a high degree of coincidence between Asimav's account of eve

T el e use of ciaton data o write the history of sclence
e, research administration, and the sociolegy of scier
omatically, see chart

o history of sci
ation graphs a.

operandi for the
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Impact

The United States Patent and Trademark Office does sclentists and
industry a great service by granting patents o protect inventions.
ane categoriped in that groups patents by indus-
try or wse, proximate function, effect or product, and structure. AL the
tiemei of thils writing there ane 160,523 categories in a hierarchy that can
get as deep s 15 levels. We display the first three bevels (13,529 catego-
ries) at right in what might be considered a textual map of inventions.

Patent applications are required 1o b unique and non-cbrious, partially
by revealing any previous patents that might be similar in nature or
provide 3 foundation for the curment invention, In this way we ¢an trace
the irmpact of & Singlhe patent. sesing how many patents and categories
it affects.

The patent on Gonetex—a lightweight, durable synthetic fiber—is an
example of one that has had significant impact. The box below enlarges
the section of the hierarchy whese it is filed, and the red lines (arranged
10 start adong 2 time bine from 1981 to 2006) point to the 130 categories
that contain 182 patents, from waterproof ckathing to surgical cosmetic
implanits, that mention Goretex as prior art.

US Patent Hierarchy

o

Prior Art

New patents aften build on older ideas from many categories. Here, blue
lines criginate in A1 ategorses th: in the patents cited
a5 price art for & patent on “gokd nanoshells” Gold nanoshells are 3 rew
inivention: iy sphetes iwith a diameter ten millson times smaller than a
human hair] that can be used to make tumors more visible in infrared
scans, and have even helped cause complete remission of Tumors in tests.
with sboratory mice, The biue lines thow that widely separated categories
peovided backgreewnd for this invention.

Keeping categosies understandable is an important part of maintaining
any Raonamy; including the patent hierarchy, Categories ane easier o
underitand, search, and maintain if they contain elements (patents in this
case) that fit well within the definition of the categary. The boux abowe
sheowrs a tiny bar chart, part of 2 “Taxonomy Validator™ that helps people
checidhe whether categories are good ones.

Categories can be redefined or comibined, and sometimes need 1o be split
whin they becomes tod large; a constant problem shared by many dlassifi-
cations systems in this information-rich century. But hew can we deter-
rine exactly where to split a category in two, for example ~if there are
hundreds of thousands of elements init?

The Taxonomy Valkdator measures a ‘destance to prototype:” how far each
element is from an idealized ‘prototype” element for each bucket. This can
bt b 0 statistics, computational comparisons of woeds, of even
hurman judgerment. A simple bar chart ¢an then show how good a category
. A good category has bots of small bars; a genevally ragged category is
one that might need sorutiny of recrganization; while one that has only
one or two tall bars may just mean that one of two elements don't belong,
Ever simphe izations like this can 5 by henwing
the eye much mone than can fit into memory as words; focusing people on
Just the right issues, and providing a vastly broader background to support
more infprmed judgements,
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Impact

The United States Patent and Trademark Office does scientists and

industry a great service by i 1o protect

are dina  that groups patents by indus-
try or use, proximate function, effect or product, and structure. At the
time of this writing th 160,523 ¢ iesina hierarchy that can

get as deep as 15 levels. We display the first three levels (13,529 catego-
ries) at right in what might be considered a textual map of inventions.

Patent applications are required to be unique and non-obvious, partially
by revealing any previous patents that might be similar in nature or
provide a found. for the current ion. In this way we can trace
the impact of a single patent, seeing how many patents and categories
it affects.

The patent on G -a lightweight, durable synthetic fiber—is an

example of one that has had significant impact. The box below enlarges
the section of the hierarchy where it is filed, and the red lines (arranged
to start along a time line from 1981 1o 2006) paint to the 130 categories
that contain 182 patents, from waterproof clathing to surgical cosmetic
implants, that mention Goretex as prior art.

Prior Art

Thermal, And ety

mﬂiﬂ. iui, i
b o

P T R gy

i
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New patents often bulld on older ideas from many categorles. Here, blue
lines ariginate in sixteen different categories that contain the patents cited
as prlor art for a patent on “gold nanoshells” Gold nancshells are a new
invention: tiny spheres (with a diameter ten million times smaller than a
human hair} that can be used to make tumors mare visible in infrared
scans, and have even helped ¢ F in tests
with laboratery mice. The blue lines show that widely separated categories
provided background for this invention,

Llannf

Keeping g Is an imp q
any including the patent hierarchy. C i easier to
understand, search, and maintain if they contain elements (patents in this
case] that fit well within the definition of the categary, The box above
shows a tiny bar chart, part of a “Taxonomy Validator” that helps people
decide whether cateqaries are good ones.

Catege can be or and ] need to be split
when they becomes too large; a constant problem shared by many classifi-
cations systems in this information-rich century. But how can we deter-
mine exactly where to split a category in two, for example--if there are
hundreds ar th 4 of al, it

3,

The: Validator a“distance to p how far each
element is from an idealized “prototype” element for each bucket. This can
be based on statistics, computational comparisons of words, or even
human judgement. A simple bar chart can then show how good a category
is. A good category has lots of small bars; a generally ragged category is
ane that might need scrutiny or reorganization; while one that has only
one of two tall bars may just mean that one or two elements don't belong,
Even simple visualizations like this can ease knawledge work by showing
the eye much more than can fit into memory as words; focusing people on
just the right issues, and providing a vastly broader background to support
more informed judgements.




Synthetic Resins or Natural Rubbe

lon-exchange Polymer or Process of Prepari

Process of Regenerating

Membrane or Process of Preparing

Previously Formed Solid lon-exchange Polymer Admixed With

Polymer Characterized By Defined 5ize or Shape Other than Bea

Chemically Treated Solid Polymer
Solid Polymer Derived From Ethylenically Unsaturated Reacta
Solid Polymer Derived From At Least One 1,2-epoxy Containir
Solid Polymer Derived From Aldehyde or Derivative

From Ethylenically Unsaturated Reactant Only

From Aldehyde or Derivative

Process of Treating Scrap or Waste Product |

Process of Treating Scrap or Waste Product Containing At Least
Treating Rubber (or Rubberlike Materials) or Polymer Derived
Treating Polymer Derived From A Monomer Containing Only
Treating Polymer Derived From Hydrocarbon Monomers Only

Treating Polysiloxane

Treating Polyester
Treating With Alcohol

Treating Polyurethane, Polyurea (excluding Urea-formaldehyde
Treating With Alcohol or Amine

Treating Polycarbonamide

Cellular Products or Processes of Preparing
Cellular Product Derived From Two or More Solid Polymers or Fr
At Least One Polymer Is Derived From Reactant Containing Tw

At Least One Polymer Is Derived From An Aldehyde or Derivat

At Least One Polymer Is Derived From A -n=c=x Reactant Whe
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Science can be thought of as containing themes and paradigms. Themes are areas of current

research, while paradigms comprise the dominant tool sets and existing knowledge that

are used by today's researchers. This map shows 776 major paradigms in science

along with the dominant relationships between these paradigms. Paradigms are

shown as circles; strong relationships between paradigms are indicated by the

lines connecting the circles. The map was created by recursively clustering

the 820,000 papers referenced most often in 2003. Clustering at each level

was done using VxOrd, a force-directed graph layout routine. These

papers formed 53,000 clusters, 6,100 higher-level clusters, and finally

the 776 paradigms. Although each paradigm contains, on average,
1,000 papers, some are larger and some are smaller, as shown by
different sized circles on the map.

B

The ring-like structure that is formed by scientific paradigms
is very robust. We find similar structures for different years,
and for maps generated from scientific journals. “The
Structure of Science”, a galaxy map shown in the first
iteration of Places & Spaces, is a map based on clustering
of scientific journals, with superimposition of papers

on the journal structure, whereas this map was gene-
rated directly from highly-cited papers. “The Structure
of Science” shows current science in a disciplinary
context, while this map can show the breadth of
disciplines that contribute to single paradigms.

C

/N 1 { Because of the robust nature of the structure of
2 science and its paradigms, we have placed our
776 scientific paradigms within a reference sys-

1 tem containing 12 radial slices and 6 rings. This
allows the position of each paradigm to be codified

and available for lookup; for instance Fluid

Mechanics paradigms are in grid B3.

Organic
Chemis

Earth
Sciences
/@

. We have also calculated and displayed the vitality
of each paradigm. Vitality is a measure of the

speed at which a group of researchers reaches
consensus about major improvements. Paradigms are
constantly being improved, but it usually takes years

to reach consensus about which improvements are

major. The white circles represent communities where
consensus is reached relatively slowly. This is a common
phenomenon in the social sciences, ecological sciences,
computer sciences, and mathematics disciplines. The

red circles represent communities of researchers where
consensus is reached relatively rapidly. This is more
common in physics, chemistry, biochemistry, and many medical
disciplines. Very dark circles (such as those in Astrophysics, L5-6)
represent communities where consensus is reached extremely quickly.

D

< Circle size = Paradigm size

tics Vitality Scale

Average or less
@ High
@ very high

The map of scientific paradigms and its reference system can be

used for multiple purposes. Countries, industries, companies, universities,

and individual researchers can all locate themselves within the map, either

as single points, or as a specific collection of paradigms. Various metrics, such as
vitality, can be overlayed on this reference system to highlight specific impacts.
Science education and personal discovery can also be enhanced by linking stories and
facts to the map that highlight scientific history, current advances and relationships
between scientific paradigms.

E



Nanotechnology

This overlay shows the distribution
of nanotechnology within the para-
digms of science. The majority of
current work in nanotechnology
takes places in physics, chemistry,
and materials science, at the upper
right portion of the map. However,
an increasing amount of nanotech-
nology is being applied in the bio-
logical and medical sciences, at the
lower right.

Nanotechnology

Science on the tiny
scale of molecules
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The Power of Forecasts

Four Existing Forecasts
VERSUS
Six Potential Science ‘Weathet’ Forecasts

t .

(3" Iteration of Places & Spaces Exchibit - 2007)
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To view local information, select area of interest and click on the image helow.
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A Potential Future:

Science Maps in Action




KIDS first ...

All maps of science & the video are on sale via
http:/ /vw.indiana.edu/places&spaces




The Structure of Science

The Social Sciences are the smallest and
most diffuse of all the sclences. Psyc ¥
sarves as the link between Medical Sciences
(Psychiatry) and the Social Sciences.

serves as the lnk with Computer Science

is our starting poind, the purest of all sciences. I lies al the outer adge of the map.
and are apphed sciences that draw upon
knowledge in Mathematics and Physics. These three disciplines provide a good example of a
linaar progression from one pure science (Mathematics) to another (Physics) through multiple
disciplines. Although applied, these disciplines are highly concentrated with distinct bands of

We are all familiar with traditional maps that show the relationships between countries, provinces,
states,and cities, Similar relationships exist between the various disciplines and research topics in
science. This allows us to map the structure of science.

One of the first maps of science was developed at the Institme for Scientific Information over 30
years ago. It identified 41 areas of science from the citation patterns in 17,000 scientific papers.
That carly map was intriguing, but it didn't cover enough of science 1o accurately define its structure,

Things are different today. We have enormous computing power and advanced visualization
softwarc that make mapping of the structure of science possible. This galaxy-like map of science
{left) was generated at Sandia National Laboratories using an advanced graph layout routine (VxOrd
from the citation patterns in 800,000 scientific papers published in 2002. Each dot in the galaxy

and Mathematics_ research communities. thal link them. Bands indicale interdisciplinary research.

represents one of the 96,000 rescarch communities active in science in 2002, A rescarch community
is a group of papers (9 on average) that are written on the same research topic in a given year, Over
.‘ time, communities can be born, continue, split, merge, or die.
P, Research is highly concentrated in Physics and
s ¢ These disciplings have lew, but vary
; distinct, bands of research communities that link
them. The thickness of these bands indicates an
extensive amount of interdiscipnary research,
which suggests that the boundaries batween
Physics and Chemistry are nol as distinet as one
might assume.

The map of science can be used as a tool for science strategy. This is the terrain in which
organizations and instilutions locate their scientific capabilities. Additional information about the
seientific and economic impact of cach research community allows pelicy makers to decide which
areas lo explore, exploit, abandon, or ignore.

We also envision the map as an educational tool. For children, the theoretical relationship between
arcas of science can be replaced with a concrete map showing how math, physics, chemistry, bislogy
and social studies interact. For advanced students, arcas of interest can be located and neighboring
arcas can be explored.

Nanotechnology

Most research communities in
nanotechnology are concentrated in
and i

However, many disciplings
in the Life and Medical Sciences also
have nanotechnology applications

(2
Environment GeoScience
CRE e by

Biology

Proteomics

Research communilies in proleomics

are centered in Biochemisiry. In addition,
thera is a heavy focus in the tools section
of chemisiry, such as

The balance of the proleamics
communities are widely dispersed among
the Life and Medical Sciences,

a&%:cr@b:olugy
General
Medicine

. "‘-‘*f : -~ Oncology
Medical Treatments G

The Life Sciences, including Biclogy and

The Medical Sciences include broad therapeulic

studies and targeted areas of Treatment (e.g. ceniral
nErvous system, cardiclogy, gastroentarology. alc.)
Unlike Physics and Chemistry, the medical disciplines

are more spread oul, suggesting a more muilti-

disciplinary approach o research. The lransition inlo
Life Sciences (via Animal Science and Biechamistry)

is gradual.

. Immunclogy

Infectious Disease

Biochemistry, are less concenirated than
Chemistry or Physics, Bands of linking
rasaarch can be sean batwean the larger
areas in the Life Sciences; for instance
between Biclogy and Microbiclogy, and
betwaen Biology and Envino lal Science.
Biochemistry is very interesting in that it

i5 a lange disciphne that has visibla links

to disciplines in many areas of the map,
including Biology, Chemistry, Neurascienca,
and General Medicing, It is perhaps the

most interdisciplinary of the sciencas.

Pharmacogenomics

Pharmacogenomics is a relatively new
field with most of its activity in Medicine,
It also has many communities in
Biochemistry and two communities in
the Social Sciencas
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There are seven main fields of
science. They are...

|K“_
My Science Story

z

1

social science, mathematics, physics,
chemistry, earth science, medicine,
and psychology. I like to study earth
science.

Color earth science green.

For mone information obout the map of science for kids or this
exerciss, please confoct Katy Bormer (katy@imdigna.edu) or
Mikki Roberg (nroberg@indicna.edu) ot the School of Library
amd Information Scierce, Indiana Uiniversity.

These materiols were compiled by Mikki Roberg in 2006,

Activities:
Solve the puzzle.
Navigate to ‘Earth Science’.
Identify major inventions.
Place major inventors.
Find your dream job on the map.
Why is mathematics important?

Earth scientists study the weather,
plants and trees, marine life, insects,
and much more.

Sl e "-.'"

Marine Biology

Metearology

Earth Science

I like insects. They are interest-
ing to look at and study.

Color in the insect.

quadrimaculatus

There are many types of insects in
the world. Bees, butterflies, and
beetles are just a few.

I want to be an entomoelogist when I
grow up. Then I can study insects
all the fime.




... my SPONSORS next ...




Latest ‘Base Map’ of Science
Kevin W. Boyack & Richard Klavans, unpublished work.

» Uses combined SCI/SSCI
from 2002

* 1.07M papers, 24.5M
references, 7,300 journals
* Bibliographic coupling of
papers, aggregated to
journals
» Initial ordination and

clustering of journals gave 671
clusters

» Coupling counts wete
reaggregated at the journal
cluster level to calculate the

* (x,y) positions for each
journal cluster

* by association, (X,y)
positions for each journal




Science map applications: Identifying core competency
Kevin W. Boyack & Richard Klavans, unpublished work.
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... then SCIENTISTS ...
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... and INDUSTRY too.




Examining the Evolution and Distribution of Patent Classifications

anted Over the Last 2

2ars

Top Classes 1978 - 1982

Top Claksas 199 - 2002
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Electrical and Electronic
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Drugs and Medical

Slow Growth Domains
1983 - 1987 / 1998 - 2002
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-
Chemical

Others

Showen 15 3 comparison of the patent class space for 1983 to 1987 and 1998 10 2002, There k a predominance of growth inthe
1998 to 2002 patent space, which correlates to the increase in patent grants during this period. By comparing the growth in cat-

egarios, ane can distinguish between domaing that have been roceiving a larger amoant of patent grants,
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Kutz, Daniel 0. Examining the Evolution and Distribution of Patent Classifications.
Accepted for the Information Visualization Conference, London, UK, July 2004,

@ @

Depicted above is how Apple Computers' porttolio has
dlined in yedrly inuenments froen 1980 10 2002,

Lemelsan's patent hoddings below show a mare even
distribution cver multiple classes, Mo class dominates over &
majority of the years for granted patents; instead they are
distributed more broadly over the intellzctual space.

In the United States, cach patent gets assigned to one out of more than 450 dasses covering broad application
domalns. An exarmination of the size and growth of patent classes provides insight aboat patenting trends.

Trestrnapsy, o spae [illing techmiguee developd in the HC Lol at e University of Maryland, dare wed e
communlcate major results. Treemaps represent a tree structure as nested rectangles with each

rectangle representing a node. A rectangular area is first allocated to hold the representation of the tree, and this
area s then subdivided Into 3 set of rectangles that represent the top level of the tree, |his process continues
recursively an the resulting rectangles to represent each lower level of the tree. The parent-child relationship is
indicated by enclosing the child rectangle by its parent rectangle, Typically, the size of cach rectangle comesponds
to the size of the node. Additional Information about a node, 2.g. Its age or value, can be representad by the colos
oif thee respective rectandgle

Apple Ct}r‘r\;im[z—?‘ll

ag == eo R I I
114 % 3

Legand:

Lireen = Inerease in number af patent grants in particudar class.

fied = Decrease in number of patent grants In particular class.
— No patents granted in that class in the past five years.

Lize = Number of patent grants In a partioular class.

| PR

Jerome Lemelson

The material is bazed upon work supported bythe Mational
Science Foundation under Grant No. I15-02382617, @

For more Information, contact Katy Bomer at katyo
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How to Make a Science Map

DATA, LIMIT OF NWEASLIRES LAYOUT (often one code does bath sirnilarity and ordination steps) DISPLAY
EXTRACTION ARALYEIS
sIMILARITY [ ORDINATION
BEARCHES CONMOM COUNTS/FREQUEMCIES  SCALAR (unit by unt rratriz) DIMENSIOMALITY REDUGTION INTERACTION
[=l CHOICES Atributes g, terms) Direct citation Eigenvector! Eigenvalue solutions Browse
INSPEC Journal Author citations Co-atation Fador Analysis (FA) and Fan
Eng Inclex Docurment Co-gtations Corrbined linkage Frincipal Cormponents Analysis (PCAY  Zoom
M line Author By year Co-word ! coderm hulti-dirnensional scaling (WDS) Fiter
Fesearchindex Term o-dassfication LSA Gery
Paterits THRESHOLD S Pathfinder networ ks (PFMet) Detail on dermand
et By counts WECTOR. {unit by attribute matriz) self-organizing maps (500
YWector space rodel fvordsterrs) indudes 30N ET-rmaps, stc. AMALY SIS
BROADENIMG Latent Serrantic Analys s (wordsters)
By citation ind . Snoular Walue Decorrp (S CLUSTER AMALYSIE
By terms

CORRELATION (i desired)
Pearson's B on any of above

SCALAR
Triangulation
Force-directed placermert (FOF)




Comparison of Similarity Metrics

Raw

Cosine

Jaccard

IC
Pearson

IC
RFavg

CcC
Raw

cC
Pearson

Boyack, Kevin W., Klavans, R. and
Bdrner, Katy. (2005). Mapping the
Backbone of Science. Scientometrics. 64(3),
351-374.




— B - |IC Raw

- -& - |IC Cosine
—&— |C Jaccard
—@®— |C Pearson
---%-- |C RFavg
-—-1—-- CC Raw
—<_— CC K50

— -O— CC Pearson

Boyack, Kevin W., Klavans, R. and Birner, Katy. (2005).
Mapping the Backbone of Science. Scientometrics. 64(3), 351-374.




A ‘Backbone’ Map of Science & Social Science
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Cyberinirastructure

The InfoVis CyberInfrastructure provides access to data, software code and learning
modules as well as computing resources in support of the analysis, modeling An open sour
and visualization of diverse data sets. fadliate the

vis Lak, 5c s ma ’ .
|r! ) Infovis Lal i @

CAREER: Visualizing Knowledge Domains. NSF 11S-0238261 award
(Katy Borner, §440,000) Sept. 03-Aug. 08.

A Workbench for Netwark Scientists

_ SEI: Network Workbench: A Large-Scale Network Analysis, Modeling and
Lf :L @ >/ Visnalization Toolkit for Biomedical, Social Science and Physics Research. NSF
o i 11S-0513650 award (Katy Borner, Albert-Laszlo Barabasi, Santiago Schnell,
HPNA Alessandro Vespignani & Stanley Wasserman, Craig Stewart (Senior Personnel),
AR R el oo $1,120,926) Sept. 05 - Aug. 08.




