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Outline 

Statistics revisited 

Arrival of Big Data era 

Challenges in 21-st century 

Statistics 2.0 

2 



3 

Politics 
State, 

Nation 
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A quick review: 
 
How did we get to 
where we are today? 



Early Study of Statistics - Census 

 Recorded history as early as 
the Roman Empire and the 
Han Dynasty in China 
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Image of power 
Tax collection 
Military draft 
Governance 

 Sweden in 1749, according to 
Professor Hans Rosling 
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Early on, 
Statistics 
did not 
enjoy the 
best of 
reputations 



Evolution to Today’s Statistics 

 1895. Anders Nicholai Kiaer 
proposed the concept of 
random sampling in ISI 
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 1940.  First nationwide 
random survey conducted in 
the U.S. 

 1935. First statistics 
department in a college of 
arts and sciences in the U.S. 
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• Descriptive Statistics 
 

• Mathematical Statistics 

• Inferential Statistics 

• Asymptotic Theories 

 

Random 
Samples 

• Completeness 

• Quality 

• Confidentiality Protection 
Census 

Today’s Statistics 



Today’s Statistics 

The subject of probability 
theory is the foundation upon 
which all of statistics is built, 
providing a means for modeling populations, 
experiments, or almost anything else that could 
be considered a random phenomenon… 
 

Statistical Inference 
G. Casella & R. Berger 
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What is Statistics? 
 Statistics is the science of learning from data, and of measuring, 

controlling, and communicating uncertainty; 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 
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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 



In the name of Big Data 
Statisticians will be the 
sexy job for the next 10 
years 

Hal Varian 

2009 

 

 

But the end is near!? 
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But statistics has big problems 
Combining these five observations 
leads to a profound conclusion: 

the current Census 
Bureau survey and 
census methods are 
not sustainable… 
 

Robert Groves (2011) 

Former Director, Census Bureau 

His 5 observations: 
 

 Difficulties of measuring 

 Increasing demands for 
statistics 

 New technologies 

 New digital data sources 

 Flat or declining 
government budgets 
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Citation of blog is not available due to government shutdown 



An iconic example 

“This is not a scientific survey.  
It is a random survey.” 
 

 

U.S. Congressman (2012) 

on Congressional vote to terminate  

the American Community Survey 
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Another glaring weakness 

Ignorance and apathy 
towards non-randomly 
collected data 
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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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Census 

Descriptive statistics 

Mathematical 
Statistics 

Inferential statistics 
Asymptotic theories 

Descriptive Statistics 

Big Data  

Limited Value Small 
Sample  

Large 
Sample  

Total 
Population 

Randomly 
Collected Data 

Non-randomly 
Collected Data 

Statistics 2.0: The science of studying data 
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Census 

Descriptive statistics 

Mathematical 
Statistics 

Inferential statistics 
Asymptotic theories 

Descriptive Statistics 

Big Data  

Limited Value Small 
Sample  

Large 
Sample  

Total 
Population 

Randomly 
Collected Data 

Non-randomly 
Collected Data 

Statistics 2.0: The science of studying data 



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 
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time 

Multi-source 

Longitudinal 



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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Longitudinal Data System on Employment 

 
Entry to Workforce   Retirement 

 

 
Longitudinal Data System on Education 

 
Pre-kintergarten    K-12   College  Post Graduate  
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Additional integrations 



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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Census 

Descriptive statistics 

Mathematical 
Statistics 

Inferential statistics 
Asymptotic theories 

Descriptive Statistics 

Big Data  

Limited Value Small 
Sample  

Large 
Sample  

Total 
Population 

Randomly 
Collected Data 

Non-randomly 
Collected Data 

Statistics 2.0: The science of studying data 



Other innovations 

 Record linkage and 
merging 

 Missing values and 
imputation 

 Confidentiality protection 
and security 

 Noise infusion and 
synthetic data 

 Statistical computation 
and scaling 

 Visualization and 
interactive mapping 

 Standardization of terms 
and concepts 

 System design and quality 
management 
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 New statistical thinking and methods 

 And many more… 
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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! 


