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Science & Technology Outlook: 2005-2055
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Impact of Communication and
Transportation Speeds
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Impact of Air Travel on Global Spread of Infectious Diseases - Vittoria Colizza, Alessandro Vespignani - 2007
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Part I: Foundations [ro———

1 An Introduction to Modeling Science: Basic Model Types, Key Inica sttt
Definitions, and a General Framework for the Comparison of Process Models Petervanden besslar Edtos
Borner, Boyack, Milojevic & Morris 'Moddso”ciemwwmi“

Encounters Between Complexity Theory
and Information Sciences

2 Mathematical Approaches to Modeling Science from an Algorithmic-
Historiography Perspective by Lucio-Arias & Scharnhorst

Part II: Exemplary Model Types

3 Knowledge Epidemics and Population Dynamics Models for Describing
Idea Diffusion by Vitanov & Ausloos

4 Agent-Based Models of Science by Payette

5 Evolutionary Game Theory and Complex Networks of Scientific Information by Hanauske
Part Ill: Exemplary Model Applications

6 Dynamic Scientific Co-Authorship Networks by Mali, Kronegger, Doreian & Ferligoj

7 Citation Networks by Radicchi, Fortunato & Vespignani

Part IV: Outlook

8 Science Policy and the Challenges for Modeling Science by van den Besselaar, Borner &
Scharnhorst
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An introduction to modeling science: Basic model types, key definitions,

and a general framework for the comparison of process models
Katy Borner, Kevin W. Boyack, Stasa Milojevié, Steven Morris. (2011) In Scharnborst, Andrea, Borner, van den
Besselaar (Eds) Models of Science Dynamics. Springer 1 erlag.

Modeling Process

1. Formulation of a scientific hypothesis about the identification of a specific structure or
dynamics. Often, this hypothesis is based on analysis of patterns found in empirical data.

2. Algorithm design and implementation using either tools (e.g., NetLogo, RePast) or
custom codes that attempt to mathematically desctibe the structure or dynamics of
interest.

3. Simulated data are calculated by running the algorithm and validated by comparison with
empirical data.

4. Resulting insights frequently inspire new scientific hypotheses, and the model is iteratively
refined or new models are developed.

Model Validation

Comparison of empirical
and simulated data

Model
Computer code
and parameters

Simulated Data

Calculated model
result

Empirical Data
e.g., all publications
for one nation

h 3

Iterative model refinement

Sample Model #1
PNAS Co-Evolving Author-Paper Networks (MESO)
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Modeling the Co-Evolving Author-Paper Networks
Birner, Katy, Maru, Jeegar & Goldstone, Robert. (2004). The Simultaneons Evolution of
Author and Paper Networks. PNAS. Vol 101Suppl. 1), 5266-5273.

The TARL Model (Topics, Aging, and Recursive Linking) incorporates
» A partitioning of authors and papers into topics,

» Aging, i.c., a bias for authors to cite recent papers, and

» A tendency for authors to cite papers cited by papers that they have read resulting in a rich get richer
effect.

The model attempts to capture the roles of authors and papers in the production, storage, and
dissemination of knowledge.

Model Assumptions

Co-author and paper-citation networks co-evolve.
Authors come and go.

Papers are forever.

Only authors that are 'alive' are able to co-author.
All existing (but no future) papers can be cited.

Information diffusion occurs directly via co-authorships and indirectly via the consumption of other
authors’ papers.

"V VVYYVY

> Preferential attachment is modeled as an emergent property of the elementary, local networking activity of
authors reading and citing papers, but also the references listed in papers.

Modeling the Co-Evolving Author-Paper Networks
Barner, Katy, Maru, Jeegar & Goldstone, Robert. (2004). The Simultaneons Evolution of
Author and Paper Networks. PNAS. Vol. 101Suppl. 1), 5266-5273.

/! Initialization
generate #_papers papers and assign a random topic to each paper;
generate #_authors authors and assign a random topic to each author;
randomly assign #_co-authors+1 authors to papers of the same topic;
/! Simulation
for each year do {
add #_new_authors new authors, deactivate authors older than #_author_age;
for each topic do {
randomly partition set of authors into author_groups of size #_co-authors+1;
for each author_group do {
for each new_paper to be produced, do {
generate new_paper;
randomly select #_read_ papers from existing papers;
get all references of read_ papers up to #_reference_path_length;
for each new_paper_reference do {
select a time_slice from (start year to curr_year-1) with probability given in aging_function;
randomly select a paper published or cited in this time_slice; as a new_paper_reference;
add the new_paper_reference to new_paper;

}

}
}
add all new papers to the set of existing papers;
add new links to author and paper information;

4/16/2014



4/16/2014

Table 3 Statistics for SIM data
Vear  ip a ar He  ahen
] TR+
2 00 S0 el 4
1983 1nis 90 21397 i
1984 1197 5983 10224 '
s w73 om
Model Parameters (0=without, l=with) 1986 6765 10590 1687 +
------- 1987 Te a0 3 4
0/1 Topics 1988 7550 48300 23816 '
0/1 Co-Authors 1989 7945 47670 219 i
/1 consider Refezences 1990 T
o Aging Function 1991 8728 2350 1634 '
1992 9120 34720 1431 4
T 1993 osi0 swe 16T 4
ode piERedization Welues 1994 9905 29430 1040 ’
"""""""""""""""""""""" 1995 0298 61770 767 '
2 # Years 1996 10685 o110 632 |
5 # Authors in Start Year 1997 11080 22 4
5 # Papers in Start Year 199% 1470 w4
2 # Papers Consumed (Referenced) per Paper 1999 nnB 65 |
Input
5 # mopics Seript 000 2529 12645 7S8T0 P
1 # Co-Author(s) per Author . . Total 37316 1070760 173883
1 # Levels References are Considered ™ Simple Statistics
Model 5 .
VAT Network Properties  runte 2. pNAS Suiisiics
N, <k>,1C,7 Yo m W e
e R T R T T
Aging function PNAS Data Set wn e s st i
w8 s 3 el 4
140000 .
120000 T 176
£ 100000 (] s
2 e o3 Model Validation "
o —4— b= . . 50
% o000 e The properties of the networks generated by this s
§ ‘oo & model are validated against a 20-year data set (1982-
2 g Y 20
20000 . : : N
. 2001) of documents of type article published in the wi 559
. . ) 2000
14T 013101822 2528 31 34 37 4D 43 4 Proceedings of the National Academy of Science we 1529 Se
Years Since Publiadon (PNAS) —about 106,000 unique authors, 472,000 co- e ' -
w2 o 12
author links, 45,120 papers cited within the set, and e 07761 648
114,000 citation references within the set. o o ] <
w0 s R
45120 S8 320469
20-Year PNAS Dataset (1982-2001)
Coverage in terms of time span, total number of papers, and complete author’s work
Papers citing
papers in X
Papers in X 1
Papers cited by
papers in X l
# papers Other
Publications
1982 2001
20

10



The TARL Model: The Effect of Parameters
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Sample Model #2
U.S. Funding Distribution (MESO)
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25
From funding agencies to scientific agency: Collective allocation of science
funding as an alternative to peer review
Bollen, Johan, David Crandall, Damion Junk, Ying Ding, and Katy Birner. 2014. EMBO Reports 15 (1): 1-121.
[_Congresa
Funding agencies & i e
L  A—d—d
Awards ) g
daids SRR
Reviewers
i 50
Proposals i
Aedatetoted, A L4
00 R Y,
Scientific community ‘ Scientific community
Existing (left) and proposed (right) funding systems. Reviewers in blue; investigators in red.
In the proposed system, all scientists are both investigators and reviewers: every scientist receives a fixed
amount of funding from the government and discretionary distributions from other scientists, but each is
required in turn to redistribute some fraction of the total they received to other investigators.
26
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From funding agencies to scientific agency: Collective allocation of science

funding as an alternative to peer review

Bollen, Johan, David Crandall, Damion Junk, Ying Ding, and Katy Birner. 2014. EMBO Reports 15 (1): 1-121.

Assume
Total funding budget in year y is ,

Number of qualified scientists is #

Each year,

the funding agency deposits a fixed amount into each account,
equal to the total funding budget divided by the total number of
scientists: tj/ 7

Each scientist must disttibute a fixed fraction of received funding
to other scientists (no self-funding, COIs respected).

Result

Scientists collectively assess each others’ merit based on different
criteria; they “fund-rank” scientists; highly ranked scientists have to
distribute more money.

[ Corgres |
®
v

 A-d-d

Py NI
RN S e 1
P B 5s !

Scientific community

27
From funding agencies to scientific agency: Collective allocation of science
funding as an alternative to peer review
Bollen, Johan, David Crandall, Damion Junk, Ying Ding, and Katy Birner. 2014. EMBO Reports 15 (1): 1-121.
Example:
Total funding budget in year is 2012 NSF budget | Congress |
Given the number of NSF funded scientists, each receives a C sj
$100,000 basic grant. *
Fraction is set to 50%
Y S 3.
In 2013, scientist S receives a basic grant of $100,000 plus ! 7 { \ 1 \
$200,000 from her peers, i.c., a total of $300,000. ‘ *‘\L — i‘ —*‘L
In 2013, § can spend 50% of that total sum, $150,000, on her own \ \ f
research program, but must donate 50% to other scientists for T ‘L{_.p L S \L/ 1‘
their 2014 budget. T d
_ ,_i{*\‘LJ\‘L,‘HL
Rather than submitting and reviewing project proposals, § donates
directly to other scientists by logging into a centralized website and \ § f__' [ /_+ i f
entering the names of the scientists to donate to and how much i ‘L * ‘L
each should receive. i
H Scientific community
28
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From funding agencies to scientific agency: Collective allocation of science

funding as an alternative to peer review

Bollen, Johan, David Crandall, Damion Junk, Ying Ding, and Katy Birner. 2014. EMBO Reports 15 (1): 1-121.

Model Run and Validation:
Model is presented in http://arxiv.org/abs/1304.1067

It uses citations as a proxy for how each scientist might distribute

funds in the proposed system.

Using 37M articles from TR 1992 to 2010 Web of Science (WoS)
database, we extracted 770M citations. From the same WoS data,
we also determined 4,195,734 unique author names and we took

the 867,872 names who had authored at least one paper per year
in any five years of the period 2000-2010.

For each pair of authors we determined the number of times one
had cited the other in each year of our citation data (1992-2010).

NIH and NSF funding tecords from IU’s Scholatly Database
provided 347,364 grant amounts for 109,919 unique scientists for
that time period.

Simulation run begins in year 2000, in which every scientist was
given a fixed budget of B = $100k. In subsequent years, scientists
distribute their funding in proportion to their citations over the
prior 5 years.

The model yields funding patterns similar to existing NIH and
NSF distributions.

®
v

Y S S

P SN IS |
RN S LD
st S e

Scientific community

0%8,

Simulated, F=0.01
Simulated, F=0.25
+— Simulated, F=0.5
Simulated, F=0.75
Simulated, F=0.99
—— Actual NSF+ NIH
9% 10M 10%2 1043 10% 10°5
Rank

Total funding in dollars, 2000-2010
5 =]
i &

Simulated funding (total of 2000-2010)

.l 10%8 1
Actual NSF+NIH funding (total of 2000-2008)

Fig. 2: Results of the distributed funding system simulation for 2000-2010. (a): The general shape

of the funding distribution is similar to that of actual historical NSF and NIH funding distribution.

The shape of the distribution can be controlled by adjusting F', the fraction of funds that scien-

tists must give away each year. (b): On a per-scientist basis, simulated funding from our system

(with F'=0.5) is correlated with actual NSF and NIH funding (Pearson R = 0.2683 and Spearman

p = 0.2999).
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From funding agencies to scientific agency: Collective alloca
funding as an alternative to peer review

tion of science

Bollen, Johan, David Crandall, Damion Junk, Ying Ding, and Katy Birner. 2014. EMBO Reports 15 (1): 1-121.

Model Efficiency:

Using data from the Taulbee Survey of Salaries Computer Science

(bttp:/ [ cra.org/ resonrces/ taunlbee ) and the National Science /s)
Foundation (NSF) the following calculation is illuminating: 3

If four professors work four weeks full-time on a proposal o

submission, labor costs are about $30k. With typical funding rates b - - |
below 20%, about five submission-review cycles might be needed i dL & i

lting in a total ted lab t of $150k. ) :
resulting in a total expected labor cost o i *f——i‘gﬁ\i{—-&\dL

The average NSF grant is $128k per year.

about $86k.

X —>

U.S. universities charge about 50% overhead (ca. $42k), leaving : 1\ g f_*\ 7 f { f
tda ﬁ“L

research time by obtaining a grant to perform the research.

In other words, the four professors lose $150k-$86k=$64k of paid = /_*\ \ _5 /_’ 0
T 3 W %

That is, U.S. universities should forbid professors to apply for

grants—if they can afford to forgo the indirect dollars. \ dL"" 4 — i‘f

To add: Time spent by researchers to review proposals. In 2012
alone, NSF convened more than 17,000 scientists to review 53,556
proposals.

Scientific community
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Information Visualization MOOC INDIANA UNIVERSITY

Overview

This course provides an overview about the state of the art
in information visualization. It teaches the process of
producing effective visualizations that take the needs of
Plug-and-Play
users into account. B Macroscopes

Among other topics, the course covers:

Data analysis algorithms that enable extraction of
relationships in data

Major visualization and interaction techniques
Discussions of systems that drive research and
development.

A certificate will be issued upon successful completion.

Please watch the intreduction video to get better acquainted
with the course. Sign Up For The Course

Katy Bérner, Ph.D.
Indiana University

Register for free at http://ivmooc.cns.iu.edu. Class restarted on Jan 28, 2014.

Searcn
clients to provide
custom-made data,
visualization, and
software solutions
B Research B Latest News B upcoming Events
Open Dataand Open | EECHEESMNESE Pyt your money Katy Borner attends.
Code for Big Science m—m » where your citations PIUG 2013 Northeast
B of Science Studies H are: a proposal for a Conference
= new Vundwg System 1013 Katy Barner presents Mapping
(webshe accessed St
A=ns 10.15  Ted Poliey & Google Te
; . o
B Development B Outreach el
Behind the scenes of ee some of the most
the design and fascinating data B
development of alizations
AcademyScope B in the world.
B Videos B Teaching B Our Products
R ] B Watch Katy Borner’s Successful YMOOC We work closely with
full presentation from will be offered again { \ dlients to provide
TEDxBloomington in January of 2014 custom-made data.
w visualization, and
software solutions
All papers, maps, tools, talks, press are linked from http://cns.iu.edu
CNS Facebook: http://www.facebook.com/cnscenter
Mapping Science Exhibit Facebook: http://www.facebook.com/mappingscience
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