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What is Big Data Why is Big Deal
* Data * Government

* Analytics * Private Sector

* Industry *Science

* Solution * Social Science

Revolution
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* Volume ({5 K):

* How much data is really relevant to the problem solution? Cost of processing?
* So, can you really afford to store and process all that data?

* Velocity(38 3 1)
* Much data coming in at high speed
* Need for streaming versus block approach to data analysis
* So, how to analyze data in-flight and combine with data at-rest

* VarietyCGERI 2):
* A small fraction is structured formats, Relational, XML, etc.
* A fair amount is semi-structured, as web logs, etc.
* The rest of the data is unstructured text, photographs, etc.
* So, no single data model can currently handle the diversity

* Veracity(F SE):
* Accuracy, Precision, Reliability, Integrity
* So, what is it that you don’t know you don’t know about the data?
* Value(#M1E 51):
* How much value is created for each unit of data (whatever it is)?
* So, what is the contribution of subsets of the data to the problem solution?
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 Descriptive: A set of techniques for reviewing and examining the data set(s) to
understand the data and analyze business performance.

* Diagnostic: A set of techniques for determine what has happened and why

 Predictive: A set of techniques that analyze current and historical data to determine
what is most likely to (not) happen

 Prescriptive: A set of techniques for computationally developing and analyzing
alternatives that can become courses of action — either tactical or strategic — that
may discover the unexpected

* Decisive: A set of techniques for visualizing information and recommending courses
of action to facilitate human decision-making when presented with a set of
alternatives.
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6 kinds of Twitter social media networks

Polarized: two dense clusters with little

interconnection

In-group: few disconnected isolates,

many connections

Brand/Public Topic: many

disconnected isolates, some small groups

Bazaar: many medium sized groups, some

isolates

Broadcast: a hub which is retweeted by

many disconnected users

Support: a hub which replies to many

disconnected users
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The Fourth Paradigm: Data-Intensive Scientific

Discovery

Presenting the first broad look at the rapidly emerging field of data-intensive science

FOURTH

D ripic L

PARADIGM

' Increasingly, scientific breakthroughs will be powered by

advanced computing capabilities that help researchers
manipulate and explore massive datasets.

The speed at which any given scientific discipline advances will
depend on how well its researchers collaborate with one another,
and with technologists, in areas of eScience such as databases,
workflow management, visualization, and cloud computing

technologies.

In The Fourth Paradigm: Data-Intensive Scientific Discovery, the
collection of essays expands on the vision of pioneering
computer scientist Jim Gray for a new, fourth paradigm of
discovery based on data-intensive science and offers insights into

how it can be fully realized.

School of Social Sciences @ Tsinghua University

Download

= Full text, low resolution (& ME
= Full text, high resolution (93 1

= By chapter and essay

Purchase from Amazon.com

+ Paperback

+ Kindle version

In the news

= Sailing on an Ocean of 05 anc

Magazine)
+ A Deluge of Data Shapes a N

Comnntinn dewr Yark Timec)
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Table 1. Four paradigms of science.

Paradigm Mature Form When

First Experimental science Empiricism; describing natural phenomena pre-Renaissance
Second Theoretical science Modelling and generalization pre-computers
Third Computational science Simulation of complex phenomena pre-Big Dara
Fourth Exploratory science Data-intensive; satstical exploration and data mining Mow

Compiled from Hey et al. (2009).
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SOCIAL SCIENCE

Computational Social Science

Davil Lazer! Alox Pentlond,” Lado Ademic.” Sinan Aral,™ Albert-Lasclo Borabax,*

Al s emerging that leverages the
apacity 1o collact and analyze data »t a
scale that may reveal pattems of individus

and group behaviors

Deven Brower’ Nicholse Chrictakic,' Nochir Contracter.” Jameox Fowler! Myron Getmaen, ?
Toay Jebara,” Gary King,* Michael Macy,'* Deb Roy,? Marshall Van Al styne®™

‘ ’ rv: Iive e m the network. We check ORI EOTIC S SUCh) 28 T UUS. Naonad Seour
our c-muls regulardy, make mobile ity Agency. Compatubicoal socal science could

phone calls from almost any loca- | become the exclusive domamn of prvate com-
thon, swipe transit cands to use public rans- | panies and governmens agenc ies. Alwernatively,
portation, and make purchases with credt | there maght emerge a pnvileged set of aca-
cards, Our movementa in pablic places may be demic reacarchers presiding over pavate data
captured by video cameras, and our medical | rom wiach they produce papers that cannot be
records stored as digital files. We may post blog
entries accessible to anyone, or mamtam friend

shaps through onlion sovsal avtworks, LCach of

hese tarsactions enes diginal maces 1has can
be compiled into comprehensive pictures of
boeh individual and group behavior, with the
pential W rans fonm vur usdersinding of our

Fives orgrmizations sl sowcietiog

Thecapacity to collect and analyze massive
umounts of data bas transformed sach fields s -
biology and physics. Dux the emengence of a
data-drven "compuratonal socil science' hos
been much slower, Leading joumals in oco-
nooies, socotogy, and political science show
Hule evidence or this fiekl. B computational
vocual ecience ic cccuming  in Intemet campa

ries such as Google and Yahoo, and 1 govem-

"rtarvard Unreersity, Cambridge. MA, USA Mamechusett
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cnliued or rephcated. Nedber scerano wall
scrve the long Acrm public intereat of accunm
lating., verifvin g and disseminatineg knowledge
What value mighe a compusational social
scaence——ased 1 an open academac environ-
ment—offer socicty, by enhancing underatand -
g of individuals and collectives” What are the
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earning

Big Data and Social Analytics certificate course

9
® LAZER LAB

| — CONTACTUS ~ OPPORTUNITIES
- I B
HOME PEOPLE PROJECTS PUBLICATIONS DATA EVENTS

The IQSS Story 1)

=uﬂ HA ARD UNIVERSITY HARVARD.EDU

The Institute for Quantitative Social Science

About IQSS~¥  Activities¥ People News & Events

TOP NEWS

&

o VOLUNTEE
Helping social scientists understand and solve society's

< gum g gem
greatest challenges through activities in... ® .

‘Q ‘ Volunteer Sciencel
® PRINCETON UNIVERSITY Volunteer Science offers people around the world to become l
involved in scientific projects on everything from... more

CENTER FOR WZB

\ STAT'ST'CS AND Berlin Social Science Center
MACHINE LEARNING

\ Home | Publications | WZB-Mitteilungen

=<' Publications [+]—]a]

PENNSTATE
=

Big Data in the social sciences

IGERT SoDA Rescarch Events ‘ People Connect

BIG DATA SOCIAL SCIENCE

Integrative Graduate Education and Research Traineeship at Pennsylvania State University

Alexandros Tokhi and Christian Rauh

Big Data has become an ubiquitous buzzword. Social networks, smartphones, and various
online applications and websites constantly produce and provide information on an
unprecedented scale and level of detail. Data storage is cheap and ever-improving analytical
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Big Data in Political Science

> SCAR ST

Validation: What Big Data Reveal about Survey Misreporting and the Real Electorate
Fightin' Words: Lexical Feature Selection and Evaluation for Identifying the Content of
Political Conflict

The Genealogy of Law

Finding Jumps in Otherwise Smooth Curves: Identifying Critical Events in Political Processes
> KAAR LI 5

Evaluating Online Labor Markets for Experimental Research: Amazon.com's Mechanical
Turk

> GIS5 2= [ 534t

Reaching Migrants in Survey Research: The Use of the Global Positioning System to Reduce
Coverage Bias in China

> W28 53 H

Inferential Network Analysis with Exponential Graph Models

> THENLE

An Introduction to Bayesian Inference via Variational Approximations

Improving Predictions Using Ensemble Bayesian Model Averaging

Bayesian Metric Multidimensional Scaling
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* Classification [Predictive] o I (UIM-H 432528
* Clustering [Descriptive] o kllfiT
* Association Rule Discovery NEINE
[Descriptive] o BXK
* Sequential Pattern Discovery
. e LDA
[Descriptive] 124 24
o X
* Regression [Predictive] f ’i _
o XHFmEAL

* Deviation Detection [Predictive]

o PRI

* Collaborative Filter [Predictive]
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Big Data in Political Science

> SCAR ST

Validation: What Big Data Reveal about Survey Misreporting and the Real Electorate
Fightin' Words: Lexical Feature Selection and Evaluation for Identifying the Content of
Political Conflict

The Genealogy of Law

Finding Jumps in Otherwise Smooth Curves: Identifying Critical Events in Political Processes
> KAAR LI 5

Evaluating Online Labor Markets for Experimental Research: Amazon.com's Mechanical
Turk

> GIS5 2= [ 534t

Reaching Migrants in Survey Research: The Use of the Global Positioning System to Reduce
Coverage Bias in China

> W28 53 H

Inferential Network Analysis with Exponential Graph Models

> THENLE

An Introduction to Bayesian Inference via Variational Approximations

Improving Predictions Using Ensemble Bayesian Model Averaging

Bayesian Metric Multidimensional Scaling
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Myworld

Segments Map
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. A good education

. Better job opportunities

. Better healthcare

. An honest and responsive government
Affordable and nutritious food
Access to clean water and sanitation

. Protection against crime and violence
Better transport and roads

. Support for people who can't work

. Political freedoms

. Reliable energy at home

. Equality between men and women

Freedom from discrimination and persecution
. Phone and internet access - - - - .

. Protecting forests, rivers and oceans

Action taken on climate change
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BIG DATA

> .
a The Parable of Google Flu:
Traps in Big Data Analysis

David Lazer,"** Ryan Kennedy,** Gary King,’ Alessandro Vespignani**’

n February 2013, Google Flu
I Trends (GFT) made headlines
but not for a reason that Google
executives or the creators of the flu
tracking system would have hoped
Nature reported that GFT was pre

portion of doctor visits for influ-
enza-like illness (ILI) than the Cen-
ters for Disease Control and Preven-
tion (CDC), which bases its esti-
mates on surveillance reports from
laboratories across the United
(1.2). This happened despite the fact
that GFT was built to predict CDC
reports. Given that GFT is often held
up as an exemplary use of big data
(3, 4), what lessons can we draw
from this error?

The problems we identify are
not limited to G
whether search or social media can
predict x has become common-

. Research on

Large errors in flu prediction were largely
avoidable, which offers lessons for the use
of big data

run ever since, with a few changes
announced in October 2013 (/0,
15)

Although not widely reported
until 2013, the new GFT has been
persistently overestimating flu
prevalence for a much longer time.
GFT also missed by a very large
margin in the 2011-2012 flu sea-
son and has missed high for 100 out
rting with August

2011 (see the graph). These errors
are not randomly distributed. For
example, last week's errors predict
this we: rrors (temporal auto-
correlation), and the direction and
magnitude of error varies with the
time of year (scasonality). These
patterns mean that GFT overlooks
considerable information that
could be extracted by traditional
statistical methods.

Even after GFT was updated
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