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What I Want to Do in This Talk 

• Nomenclature:  Explore meanings of “big data” and “data science” 
• The Information Age: Put information age in historical context
• Societal Change:  Describe Societal Change due to “Big Data” 
• Define Data Science:  Describe  the Basic Features of Data Science
• Examples of Data Science:  Provide some examples of Data Science 
• The Limits of Data Science: Explore the limits of Data Science   



NOMENCLATURE 



Words Related to The Area

• Big Data – Large collections of digitized data 
• Data Science – Methods of analyzing these collections 
• Machine Learning – A specific method 
• Robotics – Embodied use of big data and data science 

methods in mechanical/electronic form 
• Cyberinfrastructure – The computers, sensors, networks, 

software, and human resources to simplify human and 
scientific endeavors 



2005 National Science 
Foundation Report on 
Cyberinfrastructure

Analyzed the future of new 
technical innovations and 
the need for more and 
better cyberinfrastructure Francine Berman and Henry E. Brady



Findings of 2005 Workshop

• Impact on SBE [Social, Behavioral, and Economic Sciences]:  
Cyberinfrastructure can make it possible for the SBE sciences to 
make a giant step forward 

• SBE and Computer Scientists:  SBE scientists can help CISE 
[Computer & Information Science & Engineering] researchers design 
a functional and effective Cyberinfrastructure which achieves its full 
potential 

• Impact of Cyberinfrastructure on Society:  Together, SBE and CISE 
researchers can assess the impacts of Cyberinfrastructure on society 
and find ways to maximize the benefits of Cyberinfrastructure



THE INFORMATION AGE 



Transportation 
Revolution

1800—4-6 mph
1860—15 mph
1930—40 mph  
1970—550 mph

Innovations in:
New engines (steam, 
internal combustion, 
electric); 
Energy sources (coal, 
oil, & electricity); 
Networks of rails, 
roads, & rivers; 
New social norms 

Three 
Days 

Three 
Days 

Three 
Days 

Source of Maps:  https://www.mnn.com/green-tech/transportation/stories/
how-fast-could-you-travel-across-the-us-in-the-1800s

Changes in: 
World Markets & 
Trading; Migration; 
Cities with Suburbs; 
Industrial Production; 
and Warfare 



Information Inventions – 1840s to Present 
• Telegraph – 1840-1860s 
• Telephones – 1870-1890s 
• Phonographs – 1870-1890s
• Cinema – 1890 – 1920s
• Radio – 1900 – 1920s
• Television – 1940-1950s
• Mainframe Computers – 1940-1950s
• Personal Computers – 1970-1980s
• Internet and World Wide Web – 1980-2000s
• Cell Phones – 1980-2000s
• Smart Phones – 2000-Present 



The Information Age – Important Concepts  

• Analog versus digital (e.g., phonograph record versus digital 
music)  

• Mass media (movies, radio, television) and point-to-point
(telephone, e-mail, social media) 

• Increased computational power – Ability of computers to do 
calculations 



Trends:
-- Greater digitization

-- More point-to-point 
rather than mass media

-- More information 
than people can handle 



Four Features of Information  

• Volume – Increased enormously (e.g., all sorts of digital information 
such as the Internet, Videos, etc.) 

• Velocity – Increased enormously (e.g., transactions data) 
• Variety – Increased enormously – all sorts of information is now 

digitized such as cell phone video, podcasts, government data, 
transactions data such as Amazon, etc.

• Veracity – Increased opportunities for counterfeiting of data and 
information  



Four Trends 

• Datafication (Digitization) – (Recording) – Many events are now 
turned into digital data including e-mails, videos, commercial 
transactions, personal transactions, etc. 

• Connectedness – Events can be linked by name, face, government 
identification numbers, place of residence, web address 

• Networking – People have formed networks that are ways that 
groups can communicate and self-mediate their relationships –
somewhere between point-to-point and mass media 

• Authoring – Computers can “author” information as in answers to 
queries, computer aided design, video games, “bots,” etc.  



Big Data Defined  

• Challenge to existing technology because of so much data – not a 
good definition since technology keeps improving

• Best described by trends noted above:
• Datatification (digitization) 
• Connectedness
• Networking
• Authoring 

• “Immersive” data a better term – an environment suffused with data 
which changes our cognitive environment



SOCIETAL CHANGE IN 
THE  INFORMATION AGE 



Societal Change 

• Cyber Warfare
• Smart Cities
• Precision Medicine
• Media 
• Robots and Jobs 



Cyber Warfare –E.g. Stuxnet virus which destroyed 
Iranian centrifuges for making nuclear material 

Is it warfare when there are no 
deaths and there is no public 
declaration of war in order to 
achieve political advantage? 

Or is it “just” sabotage, 
espionage, and subversion? 

Will warfare in the future involve 
robots?  (We already have 
drones.)  

Source:  US Army, https://images.idgesg.net/images/article/2017/06/cyberwarfare-defense-illustration-100727705-large.jpg 



Cyber Sabotage – Russian ads about Hillary Clinton 

Issues:  

-- How do we find out if an ad is fake? 

-- Who can “police” the Internet?  

-- How does this interact with
free speech? 

Source: https://www.washingtonpost.com/graphics/2017/business/russian-ads-facebook-targeting/?noredirect=on&utm_term=.d1730e6ddc34



Smart Cities Three Types of Data:

-- Digitized administrative datasets 
on people and places (records of 
services for people, taxes paid, land 
transactions, police encounters) 

-- Sensors, wireless networks, 
video cameras, etc. can monitor 
people and things throughout a 
city and the “Internet of Things”
makes it possible to control things. 

-- Internet data such as Google 
Street View, Zillow (real-estate), 
Yelp (reviews of retailers)   

Source:  https://d2mpqlmtgl1znu.cloudfront.net/AcuCustom/Sitename/DAM/007/news-gov-mar17-MOOC_rm.jpg 



Smart Cities 

Issues:  

-- What about people’s privacy?

-- Can we optimize the systems?

-- Who controls the systems? 

-- What happens when systems fail? 

Source:  https://d2mpqlmtgl1znu.cloudfront.net/AcuCustom/Sitename/DAM/007/news-gov-mar17-MOOC_rm.jpg 



Precision Medicine 

Issues:  

-- What about people’s privacy?

-- Can we optimize the systems?

-- Who controls the systems? 

-- What happens when systems fail? 

Source: https://www.slideshare.net/atulbutte/intro-california-initiative-to-advance-precision-medicine-workshop/4



Media and Politics 

What is the Role of the Internet? 

-- Sort people into homogenous groups 

-- Discourage preference falsification 
by providing alternative opinions

-- Overcome costs of collective action

-- Provide erroneous information 
without any editorial review

Source: https://encrypted-tbn0.gstatic.com/images?q=tbn:ANd9GcTnNgyaBKsO9lYFOuTtErcheGwNU4l5iPhpTPAzLODa1a13nc_G



Robots and Jobs 

Issues:  

-- What about people’s jobs? 

-- Who owns the robots?  

-- Who controls the systems? 

-- What happens when systems fail?

-- Can robots really do things beyond 
sophisticated pattern recognition?   

Source: https://cdn-images-1.medium.com/max/2000/1*Y8U9_XwuHJOLGatnzltJ1g.jpeg
https://3c1703fe8d.site.internapcdn.net/newman/gfx/news/hires/2016/arerobotstak.jpg

https://cdn-images-1.medium.com/max/2000/1*Y8U9_XwuHJOLGatnzltJ1g.jpeg


The Many Innovations of the Information Age 
• High speed and high capacity digital telecommunications 
• Semiconductors, Integrated Circuits, Lasers
• Computers and Specialized Chips 
• Databases, methods of storing and retrieving information
• Programming languages, operating systems, 
• Sensors, satellites, RADAR, LIDAR, sensing methods 
• The Internet, World Wide Web, and Internet of Things  
• Artificial intelligence, machine learning, data science 
• Social media, Facebook, Amazon, Netflix, Google, Twitter, Blockchain

What should we call all of this?  



DEFINING DATA SCIENCE 



Source: http://drewconway.com/zia/2013/3/26/the-data-science-venn-diagram



Data Science – Elements
• Data Gathering Preparation and Exploration
• Data Representation and Transformation
• Computing with Data
• Data Modeling 
• Data Visualization and Presentation 
• Data Archiving, Indexing, and Search and Data Governance
• Science about Data Science 

Some Primary Sources:   John Tukey, 1962, “The Future of Data Analysis”; William Cleveland, 
2001, “Data Science”; Jim Gray, 2007, “The Fourth Paradigm”;  David Donoho, 2017, “50 Years 
of Data Science” 



Data Science -- Elements
• Data Gathering Preparation and Exploration  -- Substantive fields 
• Data Representation and Transformation – Computer Science
• Computing with Data – Computer Science
• Data Modeling – Statistics 
• Data Visualization and Presentation – Media Laboratories 
• Data Archiving, Indexing, Search, and Governance – Library & I-Schools 
• Science about Data Science 



EXAMPLES OF DATA SCIENCE 



Types of Data and Strengths and Weaknesses 
• Administrative Data 

• Good:  Data of record; complete populations; sensitive hard-to-get data  
• Bad:  Lack of denominator data; lack of demographics; low quality of some 

data; complexities of linkage; problems of privacy  
• Internet Data

• Good:  Network data; dynamic data; unobtrusive measure of culturally 
disapproved topics 

• Bad:  Self-selection into platforms; missing data; problems of privacy  
• Textual Data 

• Good:  Much faster than human coding; large bodies of data 
• Bad:  “Bag of words” paradigm; complicated and “touchy” estimation 

methods; requires excellent training sets 
• Sensor, Audio, and Video

• Good:  Often real time; geographically broad coverage; very detailed  
• Bad:  Difficulty of processing—especially video; Modifiable areal unit 

problem; problems of privacy   



Source:  Brady et al, 2002, “Access and Confidentiality Issues with Administrative Data” 

Linking Data Across Government Social Programs 



Voting Systems in Southern California in 2004-2005: 
Five Counties, Five Systems

County Type Voting System

Kern Optical scan Diebold OS

Los Angeles Optical Scan InkaVote

Orange DRE Hart E-slate 

San 
Bernardino

DRE Sequoia Pacific 
AVC Edge

Ventura Punch Card DataVote



Look at 
Precincts on 
Borders 





Darker Colors Mean Higher Residual Vote Rates 



Entire Area

Los Angeles

San Bernardino

Orange 

Ventura



Focus on LA-Ventura

Los AngelesVentura



Further magnification:  Ventura-LA Border 
Darker Colors Higher Rates 

Ventura

Los Angeles



THE LIMITS OF DATA SCIENCE 



What do Data Science Methods Do? 

• Form Concepts and Provide Measures of Them (e.g., poverty, 
ethnicity) 

• Description – E.g., Census data about areas 
• Causal Analysis – Showing that A causes B – E.g, a medicine will make 

you better. 
• Prediction – Showing that A will cause B in the future – What would 

happen if we changed the economy in some way?   



What do Data Science Methods Do? 
• Form Concepts and Provide Measures of Them 

• Good:  AI methods, like factor or cluster analysis, can help; new data sources 
provide new measures (e.g., inflation)  

• Bad:  Basic problems remain of defining concepts inductively or deductively, 
phenomenologically or ontologically, or pragmatically or theoretically; concept 
formation involves “gestalts” (e.g., quantum theory, plate tectonics, evolution) 

• Description 
• Good:  New data sources can help provide in-depth views of phenomenon; 

visualization methods cut through data and summarize high-dimensional datasets
• Bad:  Lots of data do not equate to being representative; Hard to really know data 

when there is so much of it; dangers of noisy and unrepresentative data    



Prediction and Causation 
• Some Beliefs:    

• Lots of data and correlations can substitute for careful causal analysis; 
• Machine learning can divine causal relationships
• Causal inference is hard so we should focus on prediction 

• Prediction – Sometimes prediction is good enough; Sometimes we 
just want to find the best match for some observation; or see if one 
measure (e.g., Facebook likes) substitutes for another (Big 5 
personality traits); or see who is most likely to benefit from surgery.  
But prediction based upon past experience can lead to ethical issues.   

• Causality – But if we want to identify an underlying behavioral model, 
we have to think about identification strategies.  I don’t see any way 
in which new data science methods have solved that problem. 



CONCLUSIONS 



Conclusions 

• Cyberinfrastructure is changing the way we do science 
• Cyberinfrastructure is changing the world that is studied by social 

scientists 
• Social scientists (and other domain scientists) have to be part of the 

data science revolution because they bring skills and talents that are 
fundamental to the effort – the world will not be saved by algorithms 
alone.  

• Social scientists can increasingly become designers of new social 
mechanisms as they work with Internet companies or government to 
think about how to use cyberinfrastructure in a way that respects 
people’s participation, rights, and welfare.  



Thank-You!
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