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From Trees to Webs

Uprooting Knowledge through Visualization
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SUBSTANCE (A genus)

/N

Thinking Extended (Two differentiae of the
genus substance)

(Extended substance is
;‘JD{ the species body)
Inanimate Animate (Two differentiae of the
/ genus body)
ANIMAL {Animate body is the

species animal)

/N

Irrational Rational (Two differentiae of the

/ genus animal)

HUMAN (Rational animal is the

/ \ species human)

Thi That (Two differentiae of the
IS

genus human)
/ (Plato is a particular individual

PLATO and no longer either a genus or a
species.)

Porphyrian Tree in Augustinus de Ancona Manuscript, 1503 | @scott bot
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The Seven Arts in Hortus Deliciarum, 12t century | @scott_bot
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Dichotomy of Scientia and Virtus, 14t century | @scott bot
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A. Philosophical Disciplines Listed by Henricus Paxmannus (1556)

. metaphysica = philosophia prima = theologia

theoretica { physica

mathematica

ethica speciatum dicta
philosophia-{ ethica ¢ oeconomica
politica

grammatica
logica § dialectica
. rhetorica

B. Philosophy and the Arts According to Georgius Clainerus S.J. (1610-1611)

metaphysica
speculativa € Physica
mathematica
philosophia
moralis

practica i i
rationalis

physicae
purae: geometria; arithmetica

mathematica i Lo . i i
mixta: astronomia sive astrologia; perspectiva; musica;

cosmographia; geographia; typographia

naturalis = metaphysica
theologia

theoreticae

divinae <—— ius canonicum

artes

ethica

agentes { o¢conomica [uris civilis prudentia

politica «— . ..
magna pars luris Canonici

practicae
grammatica
historia

fici rhetorica «=——«—— 1
efficientes {poems

misc. artes serviles

anizations of Philosophy and Boo

C. The Organization of the Library Catalog of the
Jesuit Academy in Trier (1586)

1. Scripturam et Hebraeos; 2. Patres; 3. Expositores scripturae;
4. Cathechsimos; 5. Scholasticos; 6. Controversias; 7. Concionatores:
8. Historiographos sacros; 9. concilia, decreta, casus conscientiae

10. Spiritualia

Metaphysicos ] = primus
Prior continet £ Physicos = secundus  (ordines)

Medicos = tertius

y
Theologica

facultates § phjlosophica Logicos = primus
Itres sunt 1 fcuius duae | posterior 4 Ethicos } = secundus} (ordines)

biblio- ' .
thecae classes] | [continet] | Mathematicos | = tertius

facultates]

4. Historicorum; 5. Dictionarionum; 6. Grammaticorum

Humaniorum literarum } |- Graecorum; 2. Oratorum; 3. Poetarum
h [6 classes ... quarum]

D. Academic / Professional Subject-Matters as Classified in a Bookseller's
Catalog Published by Simon Paullus (1671)

'Classisl: Theologici [divided into sub-categories|
Classis II: Juridici [divided into sub-categories]

Classis I11: Medici [divided into sub-categories)

Gnostologici, Noologici & Metaphysici, ut &

FI Philosophici Pneumatici quique de Theologia Naturalis
S Physica
Historia
literarin Ethici; Politici; Oeconomici
2. Philosophici § Miscellanei, Ut sunt praecipue Emblemata,
practici Adagia, Proverbia & his similes
Critici; Grammatici & Lexicographi;
3. Philologici ¢ Poetici & Satyrici; Rhetorici & Oratores;
Classis 1V: Miscellanea Epistographici; Logici
\ 4. Historici [divided into sub-categories|

1. Universales et mixti; 2. Arithmetici;
3. Geometrici & Geodactici; 4. Cosmographici;
5. Mathe- § 5- Astronomici & Astrologici; 6. Chronologici;
7. Geographici; 8. Musici; 9. Optici & de Per-
tici | spectivis; 10. Statici & Machinarum Scriptores
11.-12. De Architectura Civili / Militaris
13. Pyrotechnici & Pyrobolici; 14. Sphaeropoetici

6. Gymnastici & Mechanici

& 17 centuries
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BUT, "It will be here neceffary to carry on the Divifion of Knowledge a lictle further ; and make a precife
Partition of the Body thereof, in the more formal Way of Analyfis: The rather, as an Analyfis, by fhewing
the Origin and Denvation of the feveral Parts, and the Relation in which they ftand to their common Stock
and to each other ; will affit in reftoring *em to their proper Places, and conneling *em together,

MeTEOROLOGY ¥,

reenfible ; confifting in the Perception of Phxno. SR eoov>

mena, or External Objetsmm—called PHysioroGy, s
or Nartunat Hisvory; and which according to ;’)::“_:‘o‘:gz‘f‘: 1
the different Kinds of fuch Objefts, divides into T ooLoatS: %

T " Their Powers and Properties—called Puysicks, and Naturat Partosorny o,
I, » .
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= 1 which fubdivides into—— (TuROLOGY %, oOr REVELATION.
o
S q O [ Internal 5 employ'din difcovering their Agreement and Difagreement; or their Relationsinrefpe of Truth—call'd Loczcs™.
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A CHART ILLUSTRATING SOME OF
THE RELATIONS BETWEEN THE BRANCHES OF NATURAL SCIENCE AND TECHNOLOGY
HJ.T. LII'ngh am. 1948.
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Francis Narin’s history of the tape recorder, 1968 | @scott bot
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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

B 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.

e ntum

e Yo

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.
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. Fluid - = d
@ ( Mechanics

Because of the robust nature of the structure of
science and its paradigms, we have placed our

776 scientific paradigms within a reference sys-
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.

Eacth

Ecology . Scienices
> . 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

D 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

Plant| Sciences

S Circle size = Paradigm size . . .
ics - consensus is reached relatively slowly. This is a common
Vitality Scale phenomenon in the social sciences, ecological sciences,
Average or less computer sciences, and mathematics disciplines. The
@ High red circles represent communities of researchers where
@ Vvery high 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.

E 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.

Boyack & Klavans’ Map of Science, 2006 | @scott bot
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This donut chart shows the distribution of
the nine UDC categories (inner ring) and
the 43 top Wikipedia categories (outer
ring). Wikipedia categories are further
assigned to corresponding UDC classes,
and colored accordingly. About 72% of
UDC categories belong to Sciences
(22% Natural Sciences and 50% Applied
Sciences). Wikipedia's 43 top categories,
however, are distributed in 8 much more
balanced fashion, with many categories

found under Arts, Entertainment & Sports,

followed by Science, Knowledge,
Organization, and Social Sciences. A large
part, 17%, of Wikipedia categories are
tagged as ‘ambiguous’
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From Trees to Webs

Uprooting Knowledge through Visualization

Thank you.

High resolution images can be found at
scottbot.net, and full citations are available in the
proceedings.
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