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sta-tis-tics

Origin of STATISTICS

German Statistik study of political facts and figures, from
Mew Latin statisticus of politics, from Latin status state

Politics




A quick review:

How did we get to
where we are today?
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Early Study of Statistics - Census

Recorded history as early as
the Roman Empire and the
Han Dynasty in China

Sweden in 1749, according to
Professor Hans Rosling

Image of power
Tax collection
Military draft

Governance
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Evolution to Today’s Statistics

1895. Anders Nicholai Kiaer
proposed the concept of
random sampling in ISI ¢ o I51

1935. First statistics
department in a college of
arts and sciences in the U.S.

M THE GEORGE
58 WASHINGTON
UNIVERSITY

AN WASHINGTON, DC

1940. First nationwide

random survey conducted in
the U.S.

United States”

& Census

oassss—— B ureau
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Today’s Statistics

* Descriptive Statistics

RandOm « Mathematical Statistics

* Inferential Statistics

Samples » Asymptotic Theories

« Completeness

(@S - Quality

* Confidentiality Protection




Today’s Statistics

The subject of probability
theory is the foundation upon
which all of statistics is built,

Statistical Inference
G. Casella & R. Berger
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What is Statistics? 452

Statistics i the science of learning from data, and of measuring,
controlling, a nicatin rty; and it thereby provides

the navigation essential for controlling the course of scientific and
societal advances (Davidian, M. and Louis, T. A.,
10.1126/science.1218685).

Statisticians apply statistical thinking and methods to a wide variety of
scientific, social, and business endeavors in such areas as astronomy,
biology, education, economics, engineering, genetics, marketing,
medicine, psychology, public health, sports, among many. "The best
thing about being a statistician is that you get to play in everyone else's
backyard." (John Tukey, Bell Labs, Princeton University)

Many economic, social, political, and military decisions cannot be
made without statistical techniques, such as the design of experiments
to gain federal approval of a newly manufactured drug.
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Arrival of the Big Data era

THE WORLD'S CAPACITY TO STORE INFORMATION

This chart shows the world's growth in storage capacity for both
analog data (books, newspapers, videotapes, etc.) and digital
(CDs, DVDs, computer hard drives, smartphone drives, etc.)

In gigabytes or estimated equivalent

1986 1993
ANALOG

2.62 billion

ANALOG STORAGE DIGITAL

DIGITAL
0.02 billion

Source: Researchers at the University of Southern California took four years -- 1986, 1993, 2000 and 2007 -- and extrapolated numbers from roughly 1,100 sources of information.
Credit: Todd Lindeman and Brian Vastag/ The Washington Post
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In the name of Big Data

Statisticians will be the
sexy job for the next 10
years

Hal Varian
2009
Ehe New HJork Times
2 Technology
WORLD uUs N.Y./ REGION BUSINESS TECHNOLOGY SCIENCE HEALTH SPORTS OPINION

Search Technology Inside Technology

Internet  Start-Ups Business Computing Companies

For Today’s Graduate, Just One Word: Statistics

STEVE LOHR
W TWITTER

But the end is near!?
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BEEN GREATLY

EXAGGERATED.

Mark Twain

American Author and Humorist
(1835-1910)
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But statistics has big problems

His 5 observations:

the current Census Difficulties of measuring
Bureaa survey and Increasing demands for
census methods are  gtatistics

not sustainable... New technologies

New digital data sources

Robert Groves (2011) Flat or declining
Former Director, Census Bureau government budgets

Citation of blog is not available due to government shutdown
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An iconic example

“This is not a scientific survey.
[t is a random survey.’

U.S. Congressman (2012)
on Congressional vote to terminate

the American Community Survey
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Another glaring weakness

[gnorance and apathy
towards non-randomly
collected data



Other challenges

Government used to be the primary data
supplier; now it is Internet and commercial
companies

Target of study used to be groups and
populations; now it is individuals or populations
of one

Problems and studies used to be hypotheses-
driven; now they are data-driven

Tolerable time for results used to be years and
months; now it is days and minutes
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Other challenges

Data used to be collected by design with
structure; Big Data now are mostly
unstructured

Many past studies used to be cross-
sectional; tracking and longitudinal studies
are now needed

Statistical inference used to be multi-
resolution; it is now also multi-phase and
multi-source (courtesy of Xiao-Li Meng)

Emphasis of statistics used to be for making
inference; it is now also for story-telling
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Reaction to Big Data
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Statistics 2.0: The science of studying data

Small
Sample

Large
Sample

Total

Population

Randomly Non-randomly
Collected Data Collected Data

( | Limited Value |

Descriptive statistics

Mathematical B ceaiccs

Statistics escriptive Statistics
Inferential statistics Blg Data
Asymptotic theories |

Census
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~ Statistics 2.0: The science of studying data

Small
Sample

Large
Sample

Total

Population

Randomly Non-randomly
Collected Data Collected Data

/

| Limited Value |

Descriptive statistics )

Mathematical |

Statistics Descriptive Statistics
Inferential statistics B lg D ata
Asymptotic theories |

Census
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1. Visualization

Expansion of Descriptive Statistics and
Exploratory Data Analysis
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Informative story-telling and fun!
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2. Bias and sample size

A 5% random sample is “better”
than a 5% non-random sample

A non-random sample contains
selection or estimation bias

However, a 100% sample or a census
does not contain bias

At what level would a non-random
sample be “better” than a 5%
random sample? 50%, 75%, 95%?
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- 3. Dynamic Frames

Longitudinal

Worker : { Employer

Multi-source

Data Source A Data Source |

Data Source B Data Source I

Data Source C Data Source Il

Data Source ... Data Source ...
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National Longitudinal Frames

Makes use of multiple data sources that
already exist, including censuses, surveys,
and administrative records

Links and merges records to build
integrated data system

Covers 98%-+ of 140 million workers and
over 10 million employers in the U.S.

Generates innovative products; offers
potential real-time analyses; serves as a
traditional frame for sampling
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Additional integrations

| Longitudinal Data System on Education :
ﬂ

| Pre-kintergarten = K-12 9 College @ Post Graduate |

- |
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Vision of the future

“Blending together multiple available data sources
(administrative and other records) with traditional
surveys and censuses (using paper, internet,
telephone, face-to-face interviewing) to create high
quality, timely statistics that tell a coherent story of
economic, social and environmental progress must
become a major focus of central government
statistical agencies.”

Robert Groves (2012)
Former Director, Census Bureau
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~ Statistics 2.0: The science of studying data
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Other innovations

Record linkage and Statistical computation
merging and scaling

Missing values and Visualization and
imputation interactive mapping
Confidentiality protection Standardization of terms
and security and concepts

Noise infusion and System design and quality
synthetic data management

New statistical thinking and methods

And many more...
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References/Developments

Developments

Personal blogs Frontiers in Massive Data

Analysis, National Research

p) st ntur isti 1 . 1
1®t Century Statistical Systems Gl

Statistics 2.0: Dynamic Frames. Big Data and the Role of

Statistics, American Statistical

: e Association.
The essentials of Identification 'y

Codes.

Big Data Statistics Theory and
Practice Conference, Fuzhou,
China. November 15-18, 2013.
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Summary

Statistics is the science of studying data, no
matter how big or small the data are

Bigness in data is a relative concept, not an
absolute one

Solving 21-st century statistical problems with
20-th century practices is doomed for failure

Embrace Big Data as a new branch of statistics
because it offers many new opportunities

Hopefully it will NOT take 30+ years to develop
and be accepted
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Thank You!



