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Editor’s Note

Ronald M. Latanision (NAE) is a
senior fellow at Exponent, Inc. in
Natick, MA.

Foreword
Big Data affect the lives of every one of us. From governmental affairs to economic growth to personal privacy
concerns, the opportunities and challenges of Big Data
are universal in many respects. I want to thank Guest
Editor Yong Shi, director of the Key Research Laboratory on Big Data Mining and Knowledge Management
and executive deputy director of the Research Center
on Fictitious Economy and Data Science, both at the
Chinese Academy of Sciences, for assembling authors
from around the world to contribute to this issue. The
winter issue typically presents contributions from the
US Frontiers of Engineering (FOE) symposium, and we
are grateful to Janet Hunziker for agreeing to defer this
year’s FOE issue to accommodate the timely publication
of articles on this fast-moving topic.
This issue features the second of our interviews with
engineers who have broadly affected the culture of this
nation. An interview with poet engineer Richard Blanco appeared in the fall issue, and for this issue Managing
Editor Cameron Fletcher and I spoke with former New
Hampshire Governor and White House Chief of Staff
(in the administration of President George H.W. Bush)
John Sununu, who is also an MIT-educated mechanical engineering PhD and an NAE member. On the
day we spoke with him, he was about to leave for Kennebunkport to meet with President Bush about a book

that John is writing and for which a publisher’s deadline
was looming. I am grateful to him for taking the time
to speak with us. Our conversation ranged broadly and
included the path that led Dr. Sununu from academics to politics, his advice to engineers who may have
an interest in public office, and the role that his engineering education played in his life in public service. In
terms of the latter, we spoke about the Clean Air Act of
1990 and cap and trade policy.
We also talked about CO2, global climate change,
and the anomalous behavior of the ice caps in the Arctic and Antarctica, a conversation that I found exceedingly interesting. While there is documented evidence
of increases in global mean temperature and in the global average sea level as well as a decrease in the northern
hemisphere snow cover, Dr. Sununu pointed out that
the thickness of the ice cap in Antarctica is increasing. He challenged me to look into this, and I promised that I would. One of my colleagues, Professor Paige
Novak of the University of Minnesota, directed me to
an NSF study, by University of Washington oceanographer Jinlun Zhang, that suggests that stronger polar
winds lead to an increase in Antarctic sea ice thickness
despite a global warm-up.1 Whether all of this is typical
of the natural global climate oscillations or has been
accelerated by humans, it is important in terms of our
future on this planet for researchers and policymakers to
converge in terms of meaningful CO2 policy, and in my
view there is no good reason to delay such conversation.
The spring 2015 issue of the Bridge will feature
selected presentations from this year’s FOE symposium
sessions on Co-Robotics, Technologies for the Heart,
Battery Anxiety, and Shale Gas and Oil.
As always, I welcome feedback from our readers. Please send your comments directly to me at rlatanision@exponent.com.

1 Zhang

J. 2014. Modeling the impact of wind intensification on
Antarctic sea ice volume. Journal of Climate 27(1):202–214.
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Editor’s Note
Yong Shi is director of the Key
Research Laboratory on Big Data
Mining and Knowledge Management
and executive deputy director of
the Research Center on Fictitious
Economy and Data Science, both at
the Chinese Academy of Sciences.

A Global View of Big Data
Big Data evolved from two major developments in the
20th century. The creation of the computer in the 1940s
gradually provided tools for people to collect data, and
Big Data became a popular term to represent the collection, processing, and analysis of large quantities of data
(Tuitt 2012). Those quantities have grown exponentially in the past 7 decades. An IDC report estimated
that the world would generate 1.8 zettabytes of data
(1.8 × 1021 bytes) by 2011 (Gantz and Reinsel 2011).
By 2020, this figure will grow 50 times or more. The Big
Data era has arrived!
The term Big Data captures the data collection and
analysis that have evolved from database management
in the 1960s to data warehousing in the 1970s, knowledge discovery in databases (KDD) in the 1980s, enterprise resource planning and data mining in the 1990s,
and customer relationship management and business
analytics in the 2000s (Chen et al. 2012). The term Big
Data unifies all of these concepts so that most people
know what it means.
It is not possible to ignore the presence and impact
of Big Data in daily life. Among other things, such data
provide a very important opportunity to the business
world for increasing productivity (Shaw 2014). But Big
Data present significant challenges for the people who
analyze them because of their complex and mixed structure and lack of adequate technology.
For this issue I invited 14 authors and coauthors from
9 countries and regions—Australia, Brazil, China, Japan,
Hong Kong, Romania, Spain, the United Kingdom,
and the United States—to contribute the perspectives
of their country or region on Big Data development.

The issue’s articles cover the countries, political units,
or geographical regions of China, Japan, the European
Union, the Commonwealth, Latin America, and the
United States. The authors either chose a topic that
reflects the development of Big Data in general in their
country or described Big Data–related applications.
I set the stage in the first article by outlining the trends
of Big Data development from a science and engineering point of view (Shi 2014). Technologies are lacking
for efficient analysis of semi- and unstructured data. The
science of Big Data, called data science, remains almost
unknown. This paper calls for data scientists and engineers to work toward breakthroughs on three challenges: (1) transformation of semi- and unstructured data to
structured data; (2) advances in systematic modeling to
explore the explore the complexity and uncertainty of
Big Data; and (3) understanding of the relationship of
data heterogeneity, knowledge heterogeneity, and decision heterogeneity. The paper also calls for countries
around the world to open governmental data sources
so that people can access needed data to change and
improve their life.
In the second paper Tien (2014) provides a helpful
overview of Big Data and then reviews the state of Big
Data development in the United States. He explains
the components of Big Data (acquisition, access, analytics, and application), contrasts traditional and Big Data
methods, identifies potential applications of Big Data to
the Grand Challenges of the US National Academy of
Engineering, and presents “remarks” on issues specific
to each component that warrant attention. Big Data, he
concludes, “have to be regarded as a permanent disruptive innovation.”
Next, Li and colleagues (2014) look at the impact of
Big Data in the Chinese financial industry, which has
rapidly implemented data analysis and data mining in
recent years. The industry has about $24 trillion and
more than 10 petabytes of data. In addition, there has
been a boom in Internet companies, such as Alibaba
Group, which have stepped into the financial market.
The use of Big Data technologies in China not only
supports financial system innovation but also improves
financial risk management.
Tsumoto (2014) highlights a number of achievements of Big Data in Japan. He discusses the application
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of Big Data in economic development, the consumer
market, traffic flow control, and hospital management,
and cites educational programs to develop the needed
skills, knowledge, and practice. He also describes new
government funding programs for Big Data research in
areas such as agriculture and genomics.
Turning to the European Union, Filip and HerreraViedma (2014) report current strategies there to meet
the Big Data movement. Given the estimation that the
Big Data sector is likely to grow at a rate of 40 percent
per year, the European Union is not quite ready yet for
Big Data and should prepare to meet the challenge in
two ways. For industrial applications of Big Data, since
there are fewer Big Data companies in the European
Union than in the United States, EU businesses need
to transition to data-driven styles for better productivity. From the policymaking perspective, the European
Union needs to clearly identify its Big Data priorities,
objectives, and plans as well as obstacles and the regulations needed to protect privacy.
In the next article, He and colleagues (2014) provide
an assessment of current trends and plans for future Big
Data development in representative Commonwealth
countries—Australia, Canada, India, South Africa, and
the United Kingdom—on five continents. They focus
on four aspects relevant to Big Data capability: government strategy; algorithms, tools, and infrastructure to
store and analyze data; Big Data research and development, education, and human capital; and industrial
practice. In 2012 the Commonwealth’s nominal gross
domestic product (GDP) was $9.8 trillion—15 percent
of world GDP—so Big Data developments in these
countries will affect the world economy.
Gomes (2014) surveys the progress of Big Data
applications in Latin America, looking at the region’s
two largest economies, Brazil and Mexico, as well as
Argentina, Chile, Colombia, and Peru. There could be
$1.9 billion invested in the Big Data sector by 2018
in these Latin America countries. Some countries in
the region are already riding the wave of Big Data.
For example, the Brazilian market for Big Data (hardware, software, and service) is projected to grow from
$285 million in 2013 to $1 billion in 2017, and commercial banks and e-business will benefit substantially
from Big Data applications.

5

The purpose of this issue is to provide readers with
a snapshot of what is going on in Big Data around the
world. It is not—cannot be—comprehensive, but it is
informative of current trends and emerging developments. Big Data are rapidly changing the world, and
action is necessary to catch the wave and make the most
of Big Data for a better future.
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The efforts of scientists, engineers, and governments
around the world can ensure progress toward the
widespread and beneficial use of Big Data.

Big Data

History, Current Status, and Challenges Going Forward
Yong Shi

The concept of Big Data comprises applications, engineering, and scienYong Shi is director of the
Key Research Laboratory
on Big Data Mining and
Knowledge Management
and executive deputy director of the Research Center
on Fictitious Economy
and Data Science, both at
the Chinese Academy of
Sciences.

tific aspects, but there is not yet a unified definition of Big Data; it varies
among academic and business communities. In some academic communities
the term refers to information technology applications for dealing with massive data problems in business, and the scientific components or research
aspects of Big Data are called data science. In some professional communities, the terms business intelligence and business analytics are used to mean Big
Data analytics or Big Data mining (Chen et al. 2012). The National Science
Foundation describes Big Data as “large, diverse, complex, longitudinal, and/
or distributed data sets generated from instruments, sensors, Internet transactions, email, video, click streams, and/or all other digital sources available
today and in the future” (NSF 2012).
In May 2013 a group of international scholars brainstormed two definitions of Big Data in a session (that I cochaired) on Data Science and Big
Data at the Xiangshan Science Conference (XSSC 2013) in Beijing. The
first definition, for academic and business communities, is “a collection of
data with complexity, diversity, heterogeneity, and high potential value that
are difficult to process and analyze in reasonable time,” and the second, for
policymakers, is “a new type of strategic resource in the digital era and the
key factor to drive innovation, which is changing the way of humans’ current
production and living.” In addition, “4Vs”—volume, velocity, variety, and
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veracity—are used to capture the main characteristics
of Big Data (Laney 2001).
In this paper I sketch the early beginnings of efforts
to analyze quantities of information and then review
current areas of professional and academic activity in
Big Data, including measures by international governments. There remain three particular challenges associated with Big Data; attention to these problems will
help to ensure progress toward the full use of Big Data
for all its social and economic benefits.

7

The key value of Big Data analytics or data mining is
to obtain intelligent knowledge.
Current State of Big Data

It is not easy to describe how Big Data are deeply and
quickly influencing the world. However, four recent
developments should be mentioned: Big Data associations, conferences, journals, and access to government
sources. In addition, Big Data account for a growing
share of countries’ economy.

Historic Events Related to Big Data

The history of data analysis can be traced back
250 years, to the early use of statistics to solve reallife problems. In the area of statistics, Bayes’ theorem
has played a key role in the development of probability theory and statistical applications. However, it was
Richard Price (1723–1791), the famous statistician,
who edited the theorem after Thomas Bayes’ death in
1761 (Bayes and Price 1763). Price was also one of the
scientists who initiated the use of statistics in analyzing
social and economic datasets.
In 1783 Price published the “Northampton Table,”
calculations of the probability of the duration of human
life in England based on his observations as an actuary.
The observations were shown in tables with rows for
records and columns for attributes as the basis of statistical analysis. Such tables are now commonly used
in data mining as multidimensional tables. Therefore,
from a historical point of view, the multidimensional
table should be called the “Richard Price Table” and
Price should be honored as a father of data analysis and
data mining.
Since the 1950s, as computing technology has gradually been used in commercial applications, many corporations have developed databases to store and analyze
collected data. Mathematical tools for handling data
sets have evolved from statistics to methods of artificial
intelligence, including neural networks and decision
trees. In the 1990s the database community started
using the term data mining, which is interchangeable
with the term knowledge discovery in databases (Fayyad
et al. 1996). Data mining, which intersects human
intervention, machine learning, mathematical modeling, and databases, is now the common approach to data
analysis. The investigation of theoretical components
of Big Data, or data science, calls for interdisciplinary
efforts from mathematics, sociology, economics, computational science, and management science.

The key value of
Big Data analytics or
data mining is to obtain
intelligent knowledge.
Associations, Conferences, and Journals

Academic and professional communities around the
world have established a number of Big Data–related
nonprofit organizations to exchange and disseminate
theoretical findings, practical experience, and case studies about Big Data as well as data science. These include
China’s Research Centers on Fictitious Economy and
Data Science and for Dataology and Data Science, the
Data Science Consortium in Japan, the International
Council for Science: Committee on Data for Science
and Technology (CODATA; based in France), and the
UK Data Science Institute. In the United States alone,
more than a dozen groups and institutes are located
across the country.
In 2013–2014 numerous Big Data conferences were
held around the world, organized by professional societies and universities to address Big Data writ large
and specific aspects such as technology, algorithms,
nonparametric statistics, and cloud computing. These
conferences have attracted thousands of scholars, engineers, and practitioners for their common interests in
Big Data problems.
There are two categories of Big Data–related academic journals: one addresses Big Data and the other data
science. They publish articles on research, business,
intelligence, and society. Most of the journals are new
and feature cutting-edge research findings and technological advances in Big Data areas.
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Role of Government

Governments play a key role in promoting Big Data
applications. In the United States President Barack
Obama has proposed to open governmental data sources
in order to increase citizen participation, collaboration,
and transparency in government; the website Data.gov
is part of this effort. At the June 2013 G-8 Summit the
countries agreed on an “open government plan” that
encourages governments to open their data to the public according to five principles: “open data by default,
quality and quantity, usable by all, releasing data for
improved governance, and releasing data for innovation” (Cabinet Office 2013). Other countries as well
have set up a data.gov-style website; for example, on
December 20, 2013, the Japanese government launched
data.go.jp. And on February 28, 2014, China announced
that President Xi Jinping would head China’s central
Internet security and information group, to demonstrate
the country’s resolve to build itself into a strong cyberpower. The open government project of China is part of
a broader agenda.

The complexity of semiand unstructured data
makes it difficult to
determine principles, basic
rules, and properties.
In addition to the G-8 countries, many more are
adopting open government initiatives, as shown in
Table 1. Big Data made available to the public by government agencies span a very wide range of categories
that include agriculture, infrastructure, climate and
weather, energy, jobs and employment, public safety
and security, science and technology, education, and
transportation.
Big Data in the International Market

According to an IDC report, as of 2012 the United States
had 32 percent of the international Big Data market,
western Europe had 19 percent, China 13 percent, India
4 percent, and the rest of the world 32 percent (Gantz
and Reinsel 2012). By 2020 the emerging markets will
account for 62 percent of the digital universe and China

alone will generate 21 percent of the Big Data in the
world. This prediction seems plausible given China’s
population of 1.3 billion, with 564 million Internet users
and 420 million cellular phone users. More people generate more data.
Big Data Challenges

There are many challenges for Big Data analytics (Tien
2014). The following three problems are urgent to solve
in order to gain benefits from the use of Big Data in science, engineering, and business applications:
• transformation of semi- and unstructured data to
structured data;
• complexity, uncertainty, and systematic modeling;
and
• understanding of the relationship of data heterogeneity, knowledge heterogeneity, and decision
heterogeneity.
Transformation of Semi- and Unstructured Data to
Structured Data

In the academic field of Big Data, the principles, basic
rules, and properties of data, especially semi- and
unstructured data, are yet to be elucidated because of
the complexity of such data. This complexity reflects
not only the variety of the objects that the data represent but also the fact that each dataset can present
only a partial image for a given object: although a dataset may accurately represent an aspect of the object, it
cannot convey the whole picture. Thus the relationship
between data representation and a real object is like
that of the blind men and the elephant: the resulting
perceived image will depend greatly on the particular
aspect viewed.
Thanks to recent advances, technologies such as
Hadoop and MapReduce make it possible to collect a
large amount of semistructured and unstructured data
in a reasonable amount of time. The key engineering
challenge is how to effectively analyze these data and
extract knowledge from them within a specific amount
of time. The likely first step is to transform the semiand/or unstructured data to structured data, and then
apply data mining algorithms developed for the structured data.
Once the data are structured, the known data mining algorithm can produce rough knowledge. This stage
of the process can be regarded as first-order mining.
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Open Data Categories of Selected Countries

Countries

AG

CLI

INF

NRG

Argentina
Austria

ENV MED

ü
ü

Australia
Belgium

ü

Brazil

ü

Canada

FIN

ü

ü
ü

ü

ü

ü

ü

ü

ü

ü

ü

ü

ü

ü

ü

ü

ü

ü

ü

ü

ü

Chile

ü

ü

Costa Rica

ü

ü

France

ü

ü

Germany

ü

ü

Greece

ü

India

ü

Italy

ü

Kenya

ü

ü

ü
ü

ü

ü

ü

ü
ü

ü

ü

ü

ü

ü

ü

ü

ü

ü

ü
ü

New Zealand

ü

ü

Portugal

ü

ü

ü

ü

Singapore

ü

ü

ü

ü

ü

ü

ü

ü

ü

ü

ü

ü

ü

ü

ü

ü

ü

ü

ü
ü

ü

ü

ü

ü

ü

ü

ü

ü

ü

ü

ü

ü

ü

ü
ü

ü

ü

ü

ü

ü

ü

ü

ü

ü

ü
ü

Switzerland

ü

ü

ü

ü

United Kingdom

ü

ü

ü

ü

ü

ü

ü

ü

ü
ü

ü
ü

ü

ü

ü
ü
ü

ü

ü
ü

ü

ü

ü
ü

ü

ü
ü

ü

ü

ü

ü

ü

ü

ü

ü

ü

ü

ü

ü

ü

ü

ü

ü

ü

ü
ü

ü

ü
ü

ü

ü

ü

ü

ü

ü

Uruguay

ü

ü

ü

ü

ü

ü

ü

ü

ü

ü

ü

ü

ü

ü

ü

ü

ü

ü

ü

United States

ü

TR

ü

ü

ü

Spain

ü

TO

ü

ü

ü

Russia

ü
ü

EDU SOC

ü

ü

ü

The Netherlands

ü

ü

ü

ü

Moldova
Morocco

ü

ü

ü

ü
ü

S&T

ü

ü

ü

SEC

ü

ü

ü

ü

JUS GOV LAW EMP

ü

ü
ü

ü

ü

Note: Agriculture (AG), climate and weather (CLI), infrastructure (INF), energy (NRG), finance and economy (FIN),
environment (ENV), health (MED), crime and justice (JUS), government and policy (GOV), law (LAW), jobs and employment
(EMP), public safety and security (SEC), science and technology (S&T), education (EDU), society and culture (SOC), tourism
(TO), and transportation (TR).

10

The structured rough knowledge may reflect new
properties that decision makers can use if it is then
upgraded to intelligent knowledge. This upgrade requires
analysts to draw on human knowledge such as experience, common sense, and subject matter expertise.
This stage is called second-order mining (Zhang et al.
2009). Because the knowledge changes with the individual and situation, the human-machine interface
(Big Data mining vs. human knowledge) plays a key
role in Big Data analytics.
Complexity, Uncertainty, and Systematic Modeling

As mentioned above, any data representation of a given
object is only a partial picture. The complexity of Big
Data is caused by the quantity and variety of the data,
and the uncertainty comes from changes in the nature
and variety of data representations.
When a certain analytical method is applied to Big
Data, the resulting knowledge is specific to that particular angle or aspect of the real object. Once the angle
is changed, by either the means of collection or the
analytical method, the knowledge is no longer as useful. For example, in petroleum exploration engineering,
which involves Big Data, data mining has been applied
to a spatial database generated from seismic tests and
well log data. The underground geological structure
itself is complicated. The nonlinear patterns of data are
changeable via different dimensions and angles. Thus
any results of data mining or analysis yield knowledge
only for the given surface. If the surface changes, the
result also changes. The challenge is to determine how
to derive meaningful knowledge from different surfaces
of spatial data (Ouyang and Shi 2011).
To address this challenge, systematic modeling of
the complexity and uncertainty of Big Data is needed.
It may be difficult to establish a comprehensive mathematical system that is broadly applicable to Big Data,
but by understanding the particular complexity or
uncertainty of given subjects or areas it may be possible
to create domain-based systematic modeling for specific Big Data representation. A series of such modeling
structures could simulate Big Data analytics for different
subjects or areas.
If engineers can determine some general approaches
to deal with the complexity and uncertainty of Big Data
in a certain field—say, the financial market (with data
stream and media news) or Internet shopping (images
and media evaluations)—this will be of great benefit
to societal and economic development. Many known
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techniques in engineering (e.g., optimization, utility theory, expectation analysis) can be used to measure how the rough knowledge gained from Big Data
is efficiently combined with human judgment in the
second-order mining process of eliciting the intelligent
knowledge needed for decision support.
Data Heterogeneity, Knowledge Heterogeneity, and
Decision Heterogeneity

Big Data present decision makers with problems of
data heterogeneity, knowledge heterogeneity, and decision heterogeneity. Decision making has traditionally
depended on knowledge learned from others and from
experience. Knowledge acquisition is now increasingly
based on data analysis and data mining.
Like the data, decision making can be classified as
structured, semistructured, or unstructured depending
on the allocation of responsibilities in an organization
(Laudon and Laudon 2012). The needs of decision makers for (quantitative) data or information and (qualitative) knowledge differ according to their level of
responsibility. Operational staff handling routine work
make structured decisions. Managers’ decisions are based
on a combination of subordinates’ reports (most of them
structured) and their own judgment and are thus semi
structured. Top-level managers or chief executive officers (CEOs) make final decisions that are unstructured.
Big Data are disruptively changing the decisionmaking process. Using Big Data analytics, the functions
of operational staff, managers, and CEOs can be combined for streamlined decision making. For instance,
a salesperson may use a real-time credit card approval
system based on Big Data mining technology to quickly
approve a credit limit for a customer without reporting
to a supervisor. Such a decision has almost zero risk. The
sales associate is the final decision maker, representing
both manager and CEO.
In a data mining process using structured data, the
rough knowledge normally is structured knowledge, given its numerical formats. In Big Data mining, although
rough knowledge in the first-order mining is derived
from heterogeneous data, it can be viewed as structured
knowledge since the data mining is carried out in a
structured data–like format. At the second-order mining stage, the structured knowledge is combined with
the semistructured or unstructured domain knowledge
of the manager or CEO and gradually upgraded to intelligent knowledge. Intelligent knowledge thus becomes
a representation of unstructured knowledge.
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If business operations involve only semistructured
and/or unstructured data, the result is either unstructured knowledge without data analysis or structured
knowledge from data mining. Such structured or
unstructured knowledge can affect semistructured or
unstructured decisions depending on the levels of management involved.
Based on rough knowledge from first-order mining,
searching for intelligent knowledge through secondorder mining is key to understanding the relationship
between data heterogeneity, knowledge heterogeneity,
and decision heterogeneity. Efforts to learn how decision making can be changed by Big Data require an
understanding of the relationships among the processing of heterogeneous data, Big Data mining, the domain
knowledge of decision makers, and their involvement in
decision making.
Conclusion

Theoretical contributions and engineering technological breakthroughs on the above three challenges can
enhance the application of Big Data. Such efforts will
involve interdisciplinary efforts from mathematics, sociology, economics, computational science, and management science. With such progress the use of Big Data
will spread widely from the field of information technology to multimedia, finance, insurance, education, and a
host of other areas for the formulation of new business
models—boosting investment, driving consumption,
improving production, and increasing productivity.
Data scientists and engineers can support such
efforts by identifying and addressing the challenges
and opportunities of Big Data. To that end, they need
to provide more theoretical findings and creative or
innovative techniques to support Big Data development into the future.
Looking around the world, Big Data development is
just beginning. Big Data are a treasure created by the
people and should be used to benefit the people. All
governments should develop strategic planning for Big
Data, allow public use of Big Data to improve productivity, and establish laws or regulations to push enterprises
to share their Big Data for better business applications.
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Big Data are poised to add greater value to businesses,
support efforts to solve science and engineering
problems, improve modern medicine, and enhance
national security.

Overview of Big Data
A US Perspective

James M. Tien

It is projected that about 5 zettabytes (or 10
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bits) of digital data are
being generated each year by everything from retail transactions to underground physics experiments to global positioning systems to the “Internet of
Things.” In the United States, public and private sector programs are being
funded to deal with Big Data in all five sectors of the economy—services,
manufacturing, construction, agriculture, and mining. This article presents
an overview and analysis of Big Data from a US perspective.
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The term Big Data applies to datasets whose size exceeds the capacity of
available tools to perform acquisition, access, analytics, and/or application
in a reasonable amount of time.
“Data rich, information poor” (DRIP) problems have been pervasive since
the advent of large-scale data collections or warehouses (Tien 2003), but
somewhat mitigated by the Big Data approach, which supports informed
(’though not necessarily defensible or valid) decisions or choices. Big Data
are useful for decision making only to the extent that they are analyzed or
processed to yield critical information.

Miami.

This article draws liberally from earlier papers by the author (Tien 2003, 2012; Tien and
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Thanks to technological and computing advances,
Big Data are poised to
• add greater value to businesses, which can plumb
their transactional data to detect patterns suggesting
the effectiveness of their pricing, marketing, and supply chain strategies;
• enhance understanding of planet Earth, which is
being extensively monitored on the ground, in the
air, and in the water;
• support efforts to solve science and engineering
problems, which increasingly require data-driven
solutions;
• support modern medicine, which is collecting and
mining large amounts of image scans and genetic
markers;
• enhance the World Wide Web, which is amassing
terabytes of textual, audio, and visual material made
available through search engines such as Google,
Yahoo, and Bing; and
• aid national security agencies, which are collecting
and mining satellite and thermal imagery, audio intercepts, and other readily available digital information.
Definitions and Origin of the Term Big Data

It is helpful to first define data: they are values of qualitative or quantitative variables, typically the result of
measurements, belonging to a set of items. They are
considered raw before they are processed; in fact, the
processed data from one stage may be the raw data for
the next stage. Metadata (sometimes referred to as data
about data) describe the content and context of a set or
file of data; for example, a photo file’s metadata would
identify the photographer, the camera settings, the date
taken, and so forth.
In this paper the definition of data includes measurements, raw values, processed values, and metavalues.
More specifically, the focus is on digital data, whose basic
unit of measurement is a bit, an abbreviation for a binary
digit that can be stored in a device and that has two
possible distinct values or levels (say, 0 and 1). A byte is
a basic unit of information containing 8 bits, which can
include 28, or 256 values (say, 0 to 255). Digital data can
be measured in kilobytes (10001 bits), megabytes (10002
bits), gigabytes (10003 bits), terabytes (10004 bits), petabytes (10005 bits), exabytes (10006 bits), zettabytes
(10007 bits), and, for now, up to yottabytes (10008 bits).
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Clearly, this assortment of data can add up very
quickly; the International Data Corporation estimates
that, on a worldwide basis, the total amount of digital
data created and replicated each year will grow exponentially from 1 zettabyte in 2010 to 35 zettabytes in
2020! Thus it is projected that about 5 zettabytes of
digital data are being generated in 2014.
According to the current version of Wikipedia
(accessed on October 15, 2014), the term Big Data “usually includes datasets with sizes beyond the ability of
commonly used software tools to capture, curate, manage, and process data within a tolerable elapsed time.”
Obviously, the definition of what constitutes Big Data is
shifting as software tools become more powerful; today,
depending on the nature and mix of the data, a dataset
is considered big if its contents range from a few terabytes to many petabytes.

A dataset is considered big if
its contents range from a few
terabytes to many petabytes.
Who coined the term Big Data? Mayer-Schönberger
and Cukier (2013) credit computer scientist Oren Etzioni with having the foresight to see the world as a series
of Big Data problems before the concept of Big Data was
even introduced. Etzioni received his bachelor’s degree
in computer science from Harvard University in 1986
and his PhD from Carnegie Mellon University in 1991.
In 1994 he helped build one of the Web’s first search
engines, MetaCrawler, and later he cofounded Netbot,
the first major Web shopping site as well as ClearForest (for abstracting meaning from text documents) and
Farecast (a predictive model for airline and other fares).
Mayer-Schönberger and Cukier (2013) provide not
only a historical perspective on the birth and evolution of Big Data but also a persuasive argument about
its importance, with insights about “what” is in the data
(not necessarily about the “whys” behind the insights).
In short, they consider Big Data a revolution that can
transform how people live, work, and think.
Evolution of the Impacts and Uses of Big Data

At the beginning of the 21st century the growing volumes of data presented a seemingly insoluble problem;
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storage and central processing unit (CPU) technologies
were overwhelmed by the terabytes of data being generated. Fortunately, Moore’s law came to the rescue and
helped to make storage and CPUs larger, faster, smarter,
and cheaper.
Today, Big Data are no longer a technical problem:
they are a competitive advantage. As indicated earlier,
enterprises are developing and using Big Data tools to
explore their data troughs, to discover insights that
could help them develop better relationships with their
customers, to identify new areas for business opportunities, and to better manage their supply chains, all in
an increasingly competitive business environment. Big
Data critically affect decisions, risk, informatics, services, goods, and customization or personalization. In short,
Big Data can be used to improve services, products, and
processes, especially by supporting timely decisions.
The next section details the four major components
of Big Data—acquisition, access, analytics, and application—and the final section offers critical observations
about benefits and concerns associated with Big Data.
Components

It is helpful to begin by comparing the Big Data approach
with the traditional data processing approach (Table 1),
as there are major differences between the two in the
four steps, or components, of data processing:
• acquisition (including data capture);
• access (including data indexing, storage, sharing, and
archiving);
TABLE 1
Components
Acquisition

Access

Analytics

Application

• analytics (including data analysis and manipulation);
and
• application (including data publication).
In particular, in contrast to the traditional, mostly
statistical, approach, Big Data seek to unleash information in a manner that can support informed decisions by
compensating for data quality issues with data quantity,
data access restrictions with on-demand cloud computing, causative analysis with correlative data analytics,
and model-driven with evidence-driven applications.
This somewhat expedient (but not necessarily valid)
approach can result in further problems or concerns,
which are discussed in the concluding section.
On the other hand, the feasibility (or “good enough”)
focus of Big Data is usually more realistic than the optimality focus of traditional, operations research methods. In fact, the steady-state assumption that underpins
optimality is, for the most part, unrealistic, especially in
real-time environments where values are changing and
agent-negotiated solutions are indeed messy and at best
only feasible.
No matter what the purpose of processing or analyzing
data, it is critical that the data contain the insights or
answers being sought; otherwise, the exercise involves
no more than “garbage in, garbage out.” Metadata can
therefore play an important role in ascertaining the
scope, validity, and viability of the data.
The following sections present the current particulars of each component (e.g., associated terms, providers, recent developments, and projections) as well as

Data processing: Traditional versus Big Data approaches
Elements

Traditional Approach

Big Data Approach

Focus

Problem-oriented

Data-oriented

Emphasis

Data quality

Data quantity

Scope

Representative sample

Complete sample

Focus

On-supply, local computing

On-demand, cloud computing

Emphasis

Over-time accessibility

Real-time accessibility

Scope

Personal-security

Cybersecurity

Focus

Analytical elegance

Analytical messiness

Emphasis

Causative relationship

Correlative relationship

Scope

Data-rich, information-poor (DRIP)

Data-rich, information-unleashed (DRIU)

Focus

Steady-state optimality

Real-time feasibility

Emphasis

Model-driven

Evidence-driven

Scope

Objective findings

Subjective findings
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remarks about the astounding growth in each area that
warrant consideration, concern, and/or further research.
Acquisition

Advances in digital sensors, communications, computation, and storage have yielded zettabytes of data—from
customer order transactions, emails, radio frequency
identification (RFID) sensors, smartphones, films, video recordings, audio recordings (including ecosystem
recordings; e.g., from crickets and rainstorms), genetic
sequences, and the Internet of Things (both the Internet of Things and its data are proliferating because of
the 2012 Internet Protocol, which allows for trillions of
devices to be connected to the Web).
Methods of data capture include such stealth
approaches as keystroke loggers and clickstreams (both
of which can provide real-time insights into consumer
behavior); smart sensors (which are becoming ubiquitous in devices, products, buildings, and even cities);
health monitors (for both humans and animals in the
monitoring of body temperature, blood pressure, etc.);
and drones (including wing-flapping ornithopters and
stamp-sized Memoto cameras).
Remarks about the astounding growth in Big Data
acquisition:
• In order to become truly smart in, say, a smart city
sense, all the sensors must be connected or electronically fused on to a common platform that can
streamline both the data gathering and the resultant
analyses.
• Inasmuch as all sensors must communicate—and
they do, mostly in a wireless manner—the question
remains: What is the potential health effect from
long-term exposure to radio frequency (RF) energy
emitted by these sensors? At present, there is no longterm health study that can provide a definitive answer.
• The speed of data acquisition is accelerating; for
example, when the human genome was first being
decoded in 2003, it required almost a decade to
sequence one person’s 3.2 billion base pairs; today, a
single facility can sequence an individual’s complete
genome in a day!
• Both the acquisition and use of personal data raise a
number of privacy issues, from misuse to abuse; yet,
these same data can save lives or at least help to make
lives better, if not safer. Clearly, there are tradeoffs to
be considered.
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Access

In regard to data service, platform as a service (PaaS)
consists of a computing platform and a solution stack
as a service; together with software as a service (SaaS)
and infrastructure as a service (IaaS), it is now typically
associated with cloud computing.
In this service schema, the consumer creates the software using tools and/or libraries from the provider and
is also able to control software deployment and configuration settings. Powerhouses such as Google, VMware,
Amazon, Microsoft, HP, and Oracle provide the networks, servers, storage, and related services. Thus, as an
example, Netflix uses Amazon to stream its on-demand
videos and movies to more than 35 million subscribers
in North and South America, the Caribbean, and several countries in Europe; indeed, on a typical weeknight
Netflix movies account for about one-third of all downstream Internet traffic in North America.

Enterprises are increasingly
dependent on the
cloud for their growth,
system efficiencies, and
new product processes.
Cloud computing—provided by companies such as
Microsoft, Google, OpenStack, Amazon, and Rackspace—is growing in size as technical and security issues
are being resolved and enterprises become dependent
on the cloud for their growth, system efficiencies, and
new product processes. It is projected that by 2015
more than 2.5 billion users and 15 billion devices will
be accessing cloud services.
Remarks about the astounding growth in Big Data
access:
• Big media firms are worried that broadband access
may cause greater video piracy, as was the case in
South Korea where the home entertainment industry was decimated by digital piracy that was supposedly enabled by the widely available high-speed
Internet. Obviously, piracy must be prevented, most
likely by a technological solution that is yet to be
developed.
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• There remains a policy question regarding cybersecurity and whether the US government is responsible
for protecting commerce (especially financial businesses) from cyberattacks, just as the US military
is responsible for defending the homeland from an
invasion.
• As with Big Data acquisition, Big Data access is
subject to the same privacy and confidentiality
concerns.
Analytics

Analysis of Big Data necessarily involves the computer,
resulting in data analytics, the application of computer
technology, operational research, and statistics to solve
problems in business and industry. Analytics is carried
out in a computer-based information system; of course,
mathematics underpins the methods and algorithms
used in analytics, and the science of analytics is concerned with extracting useful insights or properties of
the data using computable functions. In addition to
a decision-driven focus that permeates business and
engineering, Big Data analytics has been used to gain
scientific insights concerning, say, the laws of nature,
genomics, and human behavior.

Big Data analytics has
been used to gain scientific
insights about the laws
of nature, genomics, and
human behavior.
With the advent of Big Data analytics, a number of
niche analytics have been developed—in retail sales,
financial services, risk and credit, marketing, buying
behavior, loan collections, fraud, pricing, telecommunications, supply chain, demand chain, transportation,
and visualization. Early efforts at risk management were
focused on risk avoidance; however, lost opportunities
should also be factored into such efforts.
To process Big Data within tolerable elapsed times,
Manyika and colleagues (2011) suggest a variety of
technologies: association rule learning, classification,
cluster analysis, crowdsourcing, data fusion and integration, ensemble learning, genetic algorithms, machine

learning, natural language processing, neural networks,
pattern recognition, predictive modeling, regression,
sentiment analysis, signal processing, supervised and
unsupervised learning, simulation, time series analysis,
and visualization.
Additional technologies being applied to Big Data
include massively parallel processing databases, searchbased applications, data mining grids, distributed file
systems, distributed databases, cloud computing platforms, the Internet, and scalable storage systems.
Remarks about the astounding growth in Big Data
analytics:
• There is a concern that modeling or design support software (e.g., Ansys and SolidWorks) may
undermine the need for young engineers to engage
in hands-on activities; on the other hand, such support may provide more time for aspiring engineers to
become more involved in understanding the physical
complexities of their software-supported designs.
• A similar concern is that powerful machines such as
IBM’s Watson might displace human workers, but
machines that can satisfy the Turing (1950) test of
artificial intelligence are yet to be built; in the meantime, existing machines are, for the most part, only
doing the drudge work that humans dislike, including searching, mining, and matching. In fact, the
new Watson Engagement Advisor will give customer
service transactions a layer of cognitive computing
help, leveraging Watson’s unique skills to semantically answer questions.
• It is appropriate to assess the usefulness or impact of
Big Data analytics. Table 2 presents the author’s ranking of the potential impact of Big Data in regard to
the 14 Grand Challenges (promulgated by the US
National Academy of Engineering and conveniently
grouped into three categories: health care and technobiology, informatics and risk, and sustainable and
smart systems; www.engineeringchallenges.org)—
resulting in an overall impact valuation of 1.9 (medium on a 3-point scale).
• As with acquisition and access, Big Data analytics
is subject to the same privacy and confidentiality
concerns.
Application

It is, of course, difficult to separate Big Data analytics from its applications; nevertheless, it is helpful to
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Potential impact of Big Data on US NAE Grand Challenges

Category

Grand Challenges

Focus

Impact

Health care and
technobiology

1. Advance health informatics

Detect, track, and mitigate hazards

High (3)

2. Engineer better medicines

Develop personalized treatment

Medium (2)

3. Reverse-engineer the brain

Allow machines to learn and think

High (3)

4. Secure cyberspace

Enhance privacy and security

High (3)

5. Enhance virtual reality

Test design and ergonomics schemes

High (3)

6. Advance personal learning

Allow anytime, anywhere learning

High (3)

7. Engineer discovery tools

Experiment, create, design, and build

Medium (2)

8. Prevent nuclear terror

Identify and secure nuclear material

Low (1)

9. Make solar energy economical

Improve solar cell efficiency

Low (1)

10. Provide energy from fusion

Improve fusion control and safety

Low (1)

11. Develop sequestration methods

Improve carbon dioxide storage

Low (1)

12. Manage the nitrogen cycle

Create nitrogen, not nitrogen oxide

Low (1)

13. Provide access to clean water

Improve decontamination/desalination

Low (1)

14. Improve urban infrastructure

Restore road, sewer, energy, etc. grids

Medium (2)

Informatics and risk

Sustainable and
smart systems

Average impact

Medium (1.9)

identify applications in terms of enterprises that use Big
Data techniques in their day-to-day activities, as shown
in Table 3.
Among established companies, IBM (with its artificially intelligent Watson computer system) is credited
with coining the term smarter planet; Google (with its
wearable Glass and head-mounted display) is supporting augmented reality and cognition, yielding a range
of data-driven technologies; and Microsoft (with its
HDInsight) is empowering organizations with new
insights on previously unstructured data.
Among growing companies, Cloudera uses Apache
Hadoop to extract the most value from data, presumably
TABLE 3

at the least cost; Splunk provides a platform for realtime operational intelligence; and MongoDB Inc. is an
open source, NoSQL database system.
Among academic institutes and within the past
few years, the Simons Foundation selected the University of California, Berkeley, to host an ambitious $60 million Simons Institute for the Theory of
Computing, where an interdisciplinary team of scientists and engineers is tackling problems in fields
as diverse as health care, astrophysics, genetics, and
economics; Boston University received $15 million
to establish the Rafik B. Hariri Institute for Computing and Computational Science and Engineering; and

Examples of US enterprises that extensively use Big Data techniques

Scope

Name

Focus

Established
companies

IBM (Watson)

Provides deep, sophisticated analytics integral to enterprises in a “smarter planet”

Google (Glass)

Applies Big Data to identify insights ranging from flu trends to driverless cars

Microsoft (HDInsight)

Mines data for actionable business insights

Cloudera

Uses Apache Hadoop to extract the most value from data at the least cost

Splunk

Provides leading platform for real-time operational intelligence

MongoDB Inc.

Provides an open source, NoSQL document database system for backend software

UC Berkeley

Simons Institute for the Theory of Computing

Boston University

Rafik B. Hariri Institute for Computational Science and Engineering

University of Rochester

Institute for Data Science

Growing
companies

Academic
institutes
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the University of Rochester is investing $100 million in its Institute for Data Science to support datainformed, personalized medicine, national security, and
online commerce.
Remarks about the astounding growth in Big Data
application:
• There is a concern that some smart innovations (e.g.,
smart power grids) are compromising privacy and
raising costs.
• A similar concern is that smart innovations such as
robots and driverless cars will be difficult to accept.
It should be noted, however, that robots, airplanes,
and bullet trains are all subject to autonomous control—accidents may still happen but their occurrence
is much less frequent.
• McAfee and Brynjolfsson (2012) caution that an
enterprise’s decision-making culture must change
before the benefits of Big Data can revolutionize
company management and performance. Thus as
more local, state, and federal agencies make their
data public or digitally available, more new Big Data–
related businesses will flourish (e.g., car navigation,
precision farming, property valuation, or matching suppliers and consumers). Recent research by
Pentland (2014), for example, has found that social
or group incentives are much more effective than
individual incentives to motivate disruptive changes
in behavior.

TABLE 4

Conclusion

It is helpful to briefly consider the benefits and concerns
associated with Big Data. With respect to benefits, Big
Data allow for
• better integration or fusion and subsequent analysis of
both quantitative and qualitative data;
• better observation of rare but great impact events or
“black swans” (Taleb 2010);
• greater system and system-of-systems efficiency and
effectiveness;
• better evidence-based—“data rich, information
unleashed” (DRIU)—decisions that can overcome
the prejudices of the unconscious mind; and
• messier findings that are nonetheless good enough to
support informed decisions.
Table 4 presents a summary of potential concerns
about the focus, emphasis, and scope of the four data
processing components: acquisition, access, analytics,
and application. Other concerns include surveillance
by autocratic governments and the processing of data in
an increasingly unfocused, unproductive, and generally
“shallow manner” (Carr 2010). Even Google’s vaunted
flu prediction algorithm, which in 2009 was able to
predict and locate the H1N1 flu spread on a near realtime basis, failed in 2012, when it predicted more than
double the proportion of doctor visits for influenzalike illness than the Centers for Disease Control and

Potential concerns about Big Data

Components

Elements

Potential concerns

Acquisition

Focus

Big Data do not imply big/complete understanding of underlying problem

Emphasis

Quantity does not imply quality

Scope

Sample may not be representative or even complete

Focus

On-demand accessibility may create privacy or Big Brother concerns

Emphasis

Real-time abilities may obscure past and future concerns

Scope

Cybersecurity concerns may overlook personal security concerns

Focus

Inherent messiness may obscure underlying statistical relationships

Emphasis

Correlational finding may result in an unintended causal consequence

Scope

Unleashing of information may obscure underlying truths

Focus

Feasible explanations may obscure more probable explanations

Emphasis

Evidence-driven findings may obscure underlying factual knowledge

Scope

Subjective, consumer-centric findings may obscure simpler objective findings

Access

Analytics

Application
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Prevention (which bases its estimates on a survey of
clinics located throughout the United States). Lazer
and colleagues (2014) blame this failure on Big Data
hubris and algorithm dynamics.
Of course, potential Big Data concerns or problems can be mitigated with thoughtful and effective
approaches and practices; for example, legislation could
be passed to forbid the invasion of privacy and to impose
severe sanctions on those who break the law or knowingly publish false findings. Alternatively, a watchdog
organization can be created to discover such findings,
much like the recently established METRICS (MetaResearch Innovation Center at Stanford), whose mission is “identifying and minimizing persistent threats to
medical research quality.”
Finally, as suggested throughout this article, Big Data
have to be regarded as a permanent disruptive innovation or transformation. That is, data must be constantly
acquired, accessed, analyzed, and applied, resulting
in new—and changing—insights that might be disruptive in nature. To profit from Big Data, one must
accept uncertainty and change as a permanent state of
affairs, as part of any enterprise’s DNA. Indeed, some
companies invite such changes by adopting processes
that enable variation, not eliminate it, and by valuing
disruptions over the relentless pursuit of a single vision
(e.g., efficiency). As an example, Google encourages
some of its workers to spend 20 percent of their time on
projects of their own choosing and provides additional
resources to those with the most merit.
In short, change is the only constant; companies that
do not embrace it will face the same demise as Kodak,
Digital Equipment Corporation, and Atari. On the
other hand, those—such as GE, IBM, and Intel—that
allow for disruptive innovations have not only survived
but thrived.
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Big Data have brought an innovation boom to the
Chinese financial industry.

Impacts of Big Data in the
Chinese Financial Industry
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ig Data are now viewed as the core asset of major Chinese financial
institutions, central to the innovation of financial products and services as
well as risk management.
With the rise of the concept of Big Data in 2011, practitioners in the
Chinese financial industry began in 2012 to explore ways to gather the best
Big Data, and in 2013 launched numerous Big Data projects (2013 is the first
year of both Big Data and Internet finance in China). Since then there have
been dramatic changes in the Chinese financial industry, which has been
actively addressing the challenges and enjoying the opportunities associated
with Big Data.
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Development associated with Big Data is considered
the future direction of the Chinese financial industry.
According to a survey of trends published by the China
Computer Federation (CCF), use of Big Data in the
financial industry is in second place, after e-commerce
(CCF 2013a). The sheer size of the Chinese economy
and population implies the largest databases in the
world, which means more channels and a greater possibility to develop and use Big Data.
China’s economic transformation is at a critical crossroad. Information consumption is expected to become
the new engine for domestic demand, and the financial
industry will play a key role in integration and innovation in network information technology and service
patterns (SCPRC 2013). The Chinese financial industry is rapidly moving toward Big Data as almost every
sector (e.g., banking, securities, and insurance) is undertaking Big Data projects, and the industry is improving operational and structural efficiency to fully realize
China’s economic transformation.
Background

The Chinese government has shown great interest in
and support for the development and innovative use of
Big Data in the financial industry. The 18th National
Congress of the Communist Party of China (CPC) has
proposed to promote financial innovation and improve
the competitiveness of banking, securities, insurance,
and other industries (Hu 2012), and in August 2013
the State Council approved the Interministerial Joint
Coordination Conference System led by the People’s
Bank of China for financial regulations.
In November 2013 the third Plenary Session of the
18th CPC Central Committee decided to boost financial
innovation and construction of multilayer financial markets (NPC 2013). Also that month, China’s National
Bureau of Statistics signed a strategic cooperation agreement with eleven domestic companies—in e-commerce,
the Internet, telecommunications, and other areas—for
jointly developing and utilizing Big Data. Most recently,
the China Government Work Report proposes that Big
Data be a leading industry in the country’s national economic development (Li 2014).
Online Financial and Insurance Services
and Data

Large banks in China are transforming into Big Data
companies, using data mining technology to explore
the business value of the data and develop a data value
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chain. The highly regulated Chinese financial industry,
with assets worth more than 150 trillion yuan ($24 trillion1), has more than 100 terabytes (TB) (IDC 2012)
of both structured and, increasingly, unstructured data.
As of March 2014 the Industrial and Commercial
Bank of China (ICBC) had more than 4.9 petabytes
(PB) of stored data. The annual structured and unstructured data of the Agricultural Bank of China (ABC)
are 100 TB and 1 PB, respectively (ABC 2014). The
Bank of Communications (BOCOM) handles about
600 gigabytes (GB) of data daily, with a storage capacity of more than 70 TB (BOCOM 2014).

Large banks in China
are transforming into Big
Data companies, using
data mining to explore the
business value of the data.
The Chinese insurance industry also has massive
amounts of information, which have radically transformed the industry’s business model. For example,
Zhongan Online Inc., an insurance and Internet
finance company founded in September 2013, bypasses
traditional branch offices to sell on the Internet. Many
companies have established their own process and data
centers, and some have achieved interoperability of customer databases.
The Chinese securities market was among the earliest to adopt electronic trading, and more than 200 million investors now generate more than 60,000 orders
per minute on average. The online system of the China
Securities and Regulatory Commission (CSRC) and
stock exchanges performs semantic analysis to detect
more than 100 million social media data daily (SSE
2014; SZSE 2013)—and in December 2013 detected
“rat trading” in Shanghai through this online monitoring
system. Some brokers have begun to study the relationship between Internet information, social media (e.g.,
Weibo) activity, and stock market performance to identify stock market trends through public opinion analysis.
1 Converted

2014).

at the rate of 1 yuan = 0.16 US dollar (October 14,
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In 2013 the financial division of Alibaba Group
Holding Ltd. created an entirely new model for tapping
into the financial industry as an e-commerce giant,
offering services involving the mining of Big Data.
Yu’e Bao, for example, is a monetary fund colaunched
by Alipay under Alibaba and Beijing-based Tianhong
Asset Management Co.; it now has more than 81 million customers and total funds of more than 350 billion yuan (Tianhong Asset Management Co. 2014). As
of December 31, 2013, Yu’e Bao had revenue of 1.79
billion yuan (Tianhong Asset Management Co. 2014).
Similarly, Sina, Inc. obtained a third-party payment
license and has launched Weibo Wallet; JD.com has
announced plans to establish a financial conglomerate;
and Rong360.com Inc. has launched a financing package of $3 billion. Internet service platforms for Big Data
can be divided into the business model (represented by
Alibaba Financial and 360buy) and the financial supply
chain model (represented by Suning Appliance Company Limited). Chinese mobile Internet finance promises
greater action, including the launch of creative services
and other financial uses of Big Data, and more advances
in 2014.

In 2013 mobile banking
in China had 458 million
individual customers,
with annual growth of
55.5 percent.
With Big Data, companies at all levels have opportunities to develop themselves in the Chinese financial
industry. Industry leaders expect to make full use of this
resource to compete in the worldwide market. While
small and medium enterprises (SMEs) aim to achieve
greater breakthroughs, Internet-based companies will
surmount financial barriers by relying on their own
technology. Thus the competition for Big Data in the
Chinese financial industry is growing.
Innovations in the Chinese Financial Industry

In the context of intensified competition, marketbased reform of interest rates, increased regulation,

and growing financial pressure, Big Data have brought
an innovation boom to the Chinese financial industry.
Financial institutions are using Big Data technology
to improve products and services, and Internet companies are using disruptive innovations to challenge traditional financial institutions.
Banks are funding companies through online banking, third-party payment companies, and e-commerce
platforms. They expect to realize seamless docking
among consumption, working capital management, and
financial value-added services, thereby connecting consumers, investment, and credit card payments.
According to the latest data of the China Banking Regulatory Commission (CBRC), in 2013 mobile
payment service accounted for 1.668 billion transactions, aggregate mobile payments amounted to 9.64
trillion yuan, and mobile banking had 458 million individual customers, with annual growth of 55.5 percent
(CBRC 2014).
At the end of 2013 microchannel payments of Tencent, Inc. were extended from online to offline. On
the first day of a financial product of Baidu, Inc., sales
volume was 1 billion yuan, three times that of Yu’e Bao
on its first day (Baidu 2014). NetEase, Inc. launched a
financial product with an annual interest rate as high
as 10 percent, and in the first quarter of 2014 new
Internet finance products known as Bao-Baos also did
well2; WeiChat Li-cai-tong of Tencent, Inc. topped
the list with 152.667 yuan revenue per 10,000 yuan
and Yu’e Bao ranked second with 145.58 yuan (Sina
Finance 2014).
With updated regulations, the Chinese government
is working to improve the information disclosure system
and formulate new regulatory norms for the financial
industry. Companies are required, for example, to state
the goal of their financial innovation, the probability
distribution of risk exposure, measures of risk avoidance,
and rights and liabilities.
Improvements in Risk Management

The CCF holds the view that Big Data will have a profound impact on two principal concerns of the Chinese
financial industry: risk and credit (CCF 2013b). Deep
data mining and value analysis based on Big Data can
enhance the ability to manage financial risk.
2 Bao-Baos are innovative Internet finance products concentrated

in microfinance and produced by Internet financial companies.
The most representative one is Yu’e Bao of Alipay.
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The Credit Reference Center of the People’s Bank
of China (CRCPBC) collects data reported by commercial banks and other social agencies (and verified by the Identity Authentication Center). As
of end-November 2013 its data represented more
than 830 million individuals and nearly 20 million
businesses or other organizations; of these, approximately 300 million people have borrowing records in
banks or other financial institutions (CRCPBC 2013).
The credit system is fully built and accessible to the
public, greatly contributing to transparency and the
availability of credit information.
From January to November 2013 the trading volume
of the ICBC was 335 trillion yuan, 80 percent of which
was accounted for by online trading. The ICBC applied
these data for risk control and significantly reduced the
daily workload of manual data entry from 8.99 million
to 54,000 transactions (ICBC 2014).
As the pioneer of Internet finance, Alibaba has
been constantly improving its risk control through Big
Data analysis. It has its own closed credit ratings and
risk control models based on payment and e-commerce
transaction information, and eight approved patents on
risk control. In 2013 Alibaba purchased 18 percent of
Sina Weibo shares to acquire social Big Data, further
enriching its database and strengthening its risk control.
As of mid-February 2014 the company had made loans
worth more than 170 billion yuan and served more than
700,000 SMEs. Its nonperforming loan ratio is less than
1 percent (Paidai 2014).
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supply chain model or a finance platform, the challenge for financial institutions is to make it understandable and accessible to satisfy customer needs and
ensure effective management. Internet finance and
traditional finance will need to find a balance in data
collection, sources, styles, and technologies.
• The lifecycles of financial products are shrinking,
from a year or month to a day or even an hour.
Short-term financial products are gaining popularity
in the market and financial institutions are updating
products in relatively short periods.
• Financial institutions have customer, research, and
capital advantages, while Internet companies have
technology, data, and innovation advantages. Leaders
in Internet finance are growing through two channels:
(1) financial institutions formulate Internet-based
business models both independently and in cooperation with technology entrepreneurs to improve the
customer experience; or (2) Internet companies enter
the financial services industry on their own.
Technological and regulatory changes have prompted financial companies to compete with cross-industry
potential competitors as well as other financial companies both domestic and international. Competitive
enterprises are expanding rapidly, and other companies
are being eliminated or are struggling to differentiate
their services and products from those of their competitors. Eventually, these factors will drive greater competition and efficiency in the financial industry.

Challenges and Trends

Changes in the Structure of the Financial Industry

In the Chinese financial industry, Big Data are significantly affecting the needs of consumers and businesses
in direct and indirect ways. In the next several years,
changes in the structure of the industry will be reflected
in the following aspects:
• Mixed management between companies and cross
integration between industries are becoming hot
spots of financial innovation. Products such as Yu’e
Bao, WeiChat financing, Mobile Wallet, and Quick
Response Code mobile payment have been created
with the aid of mixed management and cross integration and improved with greater use of Big Data.
• With the continuous evolution of financial services
and technology, disruptive innovations are appearing
in Internet finance. Whether such innovation is a

New standards and platforms
are needed for semi- and
unstructured pools of data
that are of different types and
often fragmented.
Need for Big Data Standards and Platforms

The Chinese financial industry has seen the emergence
of semi- and unstructured pools of data that are of different types and often fragmented, without any apparent patterns, such that traditional data warehousing
is of only limited utility and relevance. The quantity
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and mix of data create difficulties in both operations
and analysis for major commercial banks and insurance
companies.
The value of mixed data for business intelligence analysis depends on their unification and standardization
(Mayer-Schönberger and Cukier 2013). Standardization
can promote the communication, exchange, and comparison of data, facilitating data applications and technology extension. For example, the emergence of the
Semantic Web (www.w3.org/standards/semanticweb/)
paved the way to combine ontology with standards to
enhance understanding of concepts, methods, purposes,
and examples of Big Data (Lanier 2013).
Financial data standards can also guide the creation
of Big Data platforms to help connect data islands in
various areas (Hubbard 2010). Supported by improved
standards and platforms, financial institutions will be
able to offer the threefold capacity of online payment
+ Big Data + e-commerce to respond to the tide and
challenges of Internet finance. Such a development
will be of great strategic significance for innovation,
refinement of management, and efficient decision
support.

New financial regulatory and
compliance requirements
place greater emphasis on
governance, risk disclosure,
and deeper and more
transparent data analysis.
China CITIC Bank, for example, has formed an
Internet platform supported by Big Data, with an
online “mall” for e-commerce, mobile banking, and
online payments. By the end of 2013 the CITIC online
bank had more than 10 million customers, 3.4 million of whom used mobile banking. The total trading volume is more than 33 trillion yuan, with annual
growth of 33.87 percent (China CITIC Bank 2014).
Some banks have built their own Big Data platforms
(e.g., E-mall of BOCOM, Cloud Shopping of Bank
of China, and Rong e-Shopping of ICBC); others are
seeking cooperation with e-commerce companies to
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platforms.
Further recognizing the utility of Big Data, in January
2014 China Insurance Information Technology Management Co., Ltd. was established to provide a platform
for data sharing not only between insurance companies
but also between insurance and other sectors.
For online finance and financial data service providers, the Internet has already made their platforms relatively comprehensive. But they need to further integrate
data structures and explore the deeper value of standards
to ensure and enhance the value of financial data.
Improved Analytical and Processing Techniques

With the increasing integration of e-commerce and
social media, the challenges of storing, processing,
indexing, and integrating data from different sources
and with differing patterns are increasing (Shiller
2009). Furthermore, Chinese financial data analyses are
now based largely on offline historical data, as the ability to analyze high-frequency and real-time data remains
limited. Such analytical capacity will be an important
development direction for Big Data techniques (MayerSchönberger and Cukier 2013).
In addition, financial data analyses mainly focus on
structured data, which account for only about 15 percent of total data. Improvements to Big Data techniques
on both semi- and unstructured data will help to break
down data boundaries and enhance the transparency of
financial industry operations.
ABC cooperates with Huawei Technologies Co., Ltd.
and expects to use Big Data techniques to process annual
data greater than 1.1 PB. However, the software it currently uses (and to which it was a significant contributor), Hadoop, is an open source software.3 The creation
of a closed commercial version of Hadoop and the addition of peripheral technology applications, particularly
migration, are very difficult for commercial banks (Turkington 2013). Huawei therefore undertook an in-depth
study of the demand for a Big Data processing platform
and provided a distributed parallel computing cluster
based on the Huawei RH2288 V2 server for testing.
Huawei RH2288 V2 server clusters can complete 85 GB
original data loading or 50 million accounts on a regular basis, with batch processing in 10 minutes. In terms
of the average response time for 200 million pieces of
3 Hadoop is a distributed system infrastructure developed by
Apache. It is popular for use with Big Data.
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trading details and 600 concurrent random queries, test
results are under 40 ms, far better than expected. ABC
recently announced that 200 Huawei RH2288 V2 servers will be used on the Hadoop data processing platform
in a formal production environment (ABC 2014).
New financial regulatory and compliance requirements place greater emphasis on governance, risk disclosure, and transparent data analysis. New regulations
should improve data collection capability, analytical
skills, and the ability to translate a large quantity of
archived data to accessible regulatory information. It is
also critical to implement dynamic monitoring, process
regulation, and real-time supervision to improve regulatory effectiveness.
Security and Privacy

With the growth of Big Data in the Chinese financial
industry, security and privacy concerns have become
more and more prominent. The collection, storage,
management, and use of data still lack adequate technologies, software, and programming as well as regulatory supervision. These problems drive the need for
more sophisticated data processing algorithms, stricter
access control, and significant upgrades to existing
systems. Although the Chinese financial industry has
invested much in these areas, other factors, such as
the elongated business chain, the popularity of cloud
computing, the complexity of upgrading systems, and
improper use of data, have increased the risk exposure
of financial Big Data.
Princeton University computer scientist Arvind Narayanan has observed that, as long as there is a reasonable
incentive to promote commercial data mining, any form
of privacy is “algorithmically impossible” (Patrick 2013).
Indeed, tens of millions of customer information leaks
occur at home and abroad, raising doubts about security and privacy among both managers and customers.
Financial institutions can and must reduce this number
by strengthening their technical and other protective
measures to improve data security and customer privacy.
As the role of Big Data in the economic and financial world steadily increases, it is critical for China to
improve its data analysis systems and reinforce the security of its financial networks. Huawei has helped the
State Administration of Foreign Exchange (SAFE) use
virtualization technology to ensure data protection and
enhance business stability. The Chinese government
and regulatory institutions should further strengthen
cooperation—for example, in technology develop-
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ment, information sharing, and system maintenance—
between domestic Big Data technology companies and
financial institutions to ensure the security of national
financial data.
Conclusion

In the Chinese financial industry reliance on Big Data
has developed rapidly, together with a boom in financial
innovation that has seen the emergence of new financial products and business models. Deep data mining
and value analysis based on Big Data have the capacity to enhance financial risk management. Competitive
enterprises that can adapt to these changes will expand
rapidly, while others will be eliminated or differentiate
themselves from the competition.
Similarly, a new pattern will develop in the Chinese
financial industry based on the use of Big Data in data
processing and regulation. The creation of a platform
and unified set of standards for Big Data will bring dramatic changes to data collection and integration. But
these advances come with much greater security and
privacy challenges that will require financial institutions to strengthen technical and protective measures.
Big Data have promoted the development and structural improvement of the Chinese financial industry, but
they also retain imperfections and carry risks. The use of
Big Data in the Chinese financial industry is still in the
initial stages and requires sustained efforts to improve
utility and security. With such improvements China
may take advantage of this important opportunity to
establish a world-class financial data analysis system.
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Japan has launched education and research initiatives
to capitalize on the social and economic innovation and
development opportunities of Big Data.
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his article briefly outlines progress in Big Data education and training,
research, and applications in Japan. Several universities have developed
advanced programs and internships to prepare students to use and analyze Big Data in real-world settings. At the national level, a Data Scientist
Training Network was established earlier this year to prepare researchers,
consultants, and managers in this rapidly growing area. Two new research
funding programs support collaboration and innovation in the use of Big
Data to address social and economic challenges. In all these initiatives, the
focus is on the practical application of Big Data, in areas such e-commerce,
traffic flow control, hospital management, agriculture, genome sequencing,
and disaster mitigation. Big Data are changing the social life and economic
development of Japan.
Educational Programs

A master’s degree program in Human Resource Development for Big Data
Innovation was developed in 2013 at the graduate schools of Keio University. Students are required to take one of three classes on Big Data tools during
their first year, a course on Practical Big Data during their second year, and
three of eight classes related to technologies for Big Data to complete their
degree. Through practice the students develop skills and knowledge in Big
Data management and analysis. The program features a unique curriculum
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in which students and professors work with Big Data
providers Hadoop, MongoDB, and Mahout to tackle
real Big Data problems in the following five application areas: e-commerce, life science, administration,
traffic flow, and crowd control. Three of these areas are
described in the following sections.

three major enzymes: gamma-polyglutamic acid, nattokinase, and elastase. The first is used in skin moisturizers,
the latter two are used in products for the prevention of
arteriosclerosis and vessel occlusion. Data analytics can
thus increase knowledge of enzymes and lead to innovation in chemical products.

E-commerce

Traffic Flow Control

For the program’s unit on e-commerce, Rakuten, which
manages a major e-commerce site, is planning to serve
as a data provider. The company makes recommendations for customers by using patterns extracted from
Big Data analytics, especially temporal patterns. For
example, purchases of commodities such as rice, mineral water, pet food, and alcoholic drinks have their own
periodicity for each customer. If data analytics shows
that over the past several months a customer purchased
a particular product every 28 to 32 days, then as the
next timeframe for buying the product approaches the
site will prompt the client.
Data can also yield useful information about collective behavior. Hay fever, mainly due to the pollen of
cedar trees, affects more than 20 million people in Japan
from February to April each year, and a large number of
Japanese customers seek pills or other healthcare products for the prevention or relief of allergic reactions during this period. The specific seasonal effect is detected
through tracking of an online search on the keyword
“hay fever”; analysis of these and related data may
enable new service recommendations for customers.
Rakuten is planning to open its Big Data to this program to support new joint projects with Keio University
to train data scientists.

Traffic jams are a major problem in developed countries.
In Japan, image processing devices and ultrasonic detectors are set above the traffic on major roads to monitor
traffic flow and provide real-time information to drivers
about traffic jams. The Ministry of Land, Infrastructure,
Transport, and Tourism uses the Big Data generated for
each road to assess and improve traffic flow. The results
of data produced by about 60 sensors in the Shinjuku
area of Tokyo are shown in Figure 1.
The ministry is planning to further analyze the data
and combine them with GPS information. These and
other types of related Big Data will be distributed to the
students for analysis.

Life Sciences: Genome Sequencing

The availability of genomic data is expanding at an
extraordinary rate thanks to technological advances in
genome sequencing. Rapid progress in bioinformatics
has made it possible to analyze these Big Data, yielding
a significant amount of knowledge just since the beginning of this century.
In this component of the master’s program the focus
is on genomic analysis of Bacillus subtilis natto, which
is used for a traditional Japanese food made from fermented soybeans. Although the bacteria is very small,
the genomic data are very rich and their analysis has
produced the following information: the length of the
genome is more than 4 million base pairs and the number of gene types is 4,429, which includes the genes for

Data Scientist Training Network

This joint program of the Japanese Institute of Statistical Mathematics and the University of Tokyo, supported by the Japan DataScientist Society, was established
in March 2014. The Society defines three types of data
scientists: specialists in information technology/engineering who analyze data for their research, consultants
who analyze data for their customers, and managers who
use data for business management decisions (Figure 2).
Since the integration of the three types of characteristics in a single person is very rare, project teams should
be coordinated to include all three types. Crowdsourcing may facilitate such coordination.
In an internship program designed to train data scientists, selected companies invite students who have
studied data analytics in physics, information science,
statistics, or management science. The program offers
three types of experience for the interns, in which
they (1) deeply analyze data focusing on a specific
domain, (2) learn the total process of Big Data analytics (as shown in the upper left portion of Figure 2), and
(3) work with managers who make decisions based on
data analytics.
Research Programs

In 2013 two research funding programs were started
by the Japan Science and Technology Agency (JST).
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FIGURE 1 Visualization of 5 Minutes of Traffic Flow Data in the Shinjuku Area of Tokyo. The horizontal axis denotes the amount of
traffic flow (number of vehicles), and the vertical axis the average speed (km/hour). The upper and lower plots correspond to the left
and right lanes, respectively; the results show that the left lanes are congested by heavy traffic, whereas the right lanes have stable traffic
flow. Reprinted with permission from NILIM (2014).

FIGURE 2 Schematic showing the skills and knowledge that data scientists need in data analytics, information technology (IT)/
engineering, and business/problem solving. Adapted from a figure of the Japan DataScientist Society.
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“Advanced Core Technologies for Big Data Integration”
supports the creation, advancement, and systematization
of innovative information technologies and their underlying mathematical methods for obtaining new knowledge and insight from the use of Big Data across different
fields. It is supervised by Prof. Masaru Kitsuregawa, director general of the National Institute of Informatics. The
other program, “Advanced Application Technologies to
Boost Big Data Utilization for Multiple-Field Scientific
Discovery and Social Problem Solving,” focuses on the
application of Big Data technologies. It is supervised by
Prof. Yuzuru Tanaka in the Graduate School of Information Science and Technology at Hokkaido University.
Competition for grants is very high and only four proposals for the first program and two for the second were
approved for funding last year.
Advanced Core Technologies for Big Data Integration

Program Description
This program supports (1) the creation, advancement,
and systematization of next generation core technology to solve challenges common to a number of data
domains and (2) integrated analysis of Big Data in a
variety of fields. Specific development targets include
technology for the stable operation of large-scale data
management systems that compress, transfer, and store
Big Data; technology for efficiently retrieving necessary
knowledge by means of search, comparison, and visualization across diverse information; and the mathematical methods and algorithms that enable such services.
Accepted Proposals
The following four proposals have been accepted for
funding under this program.
• Establishment of Knowledge-Intensive Structural
NLP [Natural Language Processing] and Construction of Knowledge Infrastructure: Sadao Kurohashi,
professor, Graduate School of Informatics, Kyoto
University
• Privacy-Preserving Data Collection and Analytics with Guarantee of Information Control and Its
Application to Personalized Medicine and Genetic
Epidemiology: Jun Sakuma, associate professor, Graduate School of Systems and Information Engineering,
University of Tsukuba
• Extreme Big Data—Convergence of Big Data and
HPC for Yottabyte Processing: Satoshi Matsuoka,

professor, Global Scientific Information and Computing Center, Tokyo Institute of Technology
• Discovering Deep Knowledge from Complex Data
and Its Value Creation: Kenji Yamanishi, professor,
Graduate School of Information Science and Technology, University of Tokyo
Advanced Application Technologies to Boost
Big Data Utilization for Multiple-Field Scientific
Discovery and Social Problem Solving

Program Description
This program supports collaborative projects and research
in which the use of Big Data can bring about great social
impact by solving challenging social and economic problems and achieving innovative value creation. Specific
areas of interest are the life sciences, materials science,
health and medical care, society and the economy, urban
infrastructure systems, disaster prevention and mitigation, agriculture, forestry and fisheries industry, outer
space, and the Earth’s environment. The long-term aims
are new empirical creation and enhanced sophistication
of next-generation application technologies necessary
for achieving the objectives, and the establishment of
comprehensive and integrated Big Data analytics system
technology for use in a variety of areas.
Accepted Proposals
The following two proposals have been accepted for
funding under this program.
• Development of a Knowledge-Generating Platform
Driven by Big Data in Drug Discovery through
Production Processes: Kimito Funatsu, professor,
Laboratory of Chemoinformatics, Department of
Chemical System Engineering, Graduate School of
Engineering, University of Tokyo. Although massive
amounts of quantitative data are accumulated from
a drug candidate’s initial discovery through its production process, data analysis for each of the discovery and production processes remains isolated. The
aim of this project is to establish a platform enabling
unification of the data and to advance research that
will optimize systems to approach pharmaceutical
development from a comprehensive, correlated, and
high-level perspective. The research will be driven
by Big Data, beginning with the identification of
patterns for directions in lead molecule development based on large volumes of compound and protein data. These patterns will be combined with a
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virtually generated compound library and identification of targets for the compounds, with candidate
compounds further evaluated for their synthetic and
production feasibility. Massive quantities of production-related data will also drive the development
of methods for assessing the safe operation of production plants to ensure that they are adequately
equipped. The ultimate goal is the establishment of
enhanced models for risk assessment, risk management, and quality control.
• Innovating Big Data Assimilation Technology for
Revolutionizing Very-Short-Range Severe Weather
Prediction: Dr. Takemasa Miyoshi, Data Assimilation Research Team, RIKEN Advanced Institute for
Computational Science. This research aims to innovate assimilation technology to fully take advantage
of Big Data from Japanese next-generation technologies such as the phased array weather radar, the geostationary weather satellite, and the world’s leading
10-Petaflops K computer. An innovative 30-second
super-rapid-update numerical weather prediction
system for 30-minute severe weather forecasting
will be developed, aiding disaster prevention and
mitigation while effecting a scientific breakthrough
in meteorology.
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Current Practical Applications

Agriculture

Japan is facing a sharp drop in birth rate, which is associated not only with an aging society but also the loss
of traditions of craftsmanship and agricultural practice.
A decrease in the farming population is of particular
concern as it will directly influence food supply. Various
kinds of sensors are being used to collect data on the
behavior of farmers, environmental settings, and cultivation to develop principles of efficient agricultural
techniques. One university research group is proposing
a mining process for big agricultural data, shown in Figure 3, based on multilevel modeling.1
Social Media

Social media yields quite a lot of data and is thus an
appropriate source for Big Data analysis. One of the most
interesting aspects of this analysis is that the resulting
patterns can reveal useful information about important
events, such as large-scale incidents, accidents, and disasters, and show how people behave and think in real time.
1

Personal communication with Satoshi Kurihara, professor,
Graduate School of Information Systems, University of ElectroCommunication in Tokyo.

FIGURE 3 Mining in Agricultural Data. Time series measurements, spatiotemporal data, and environmental parameters, including
meteorological data, are integrated into agricultural Big Data and used for causal analysis based on collective intelligent mining methods. Derived knowledge is then used to improve the efficiency of agriculture. Reprinted with permission from proposal submitted by
Satoshi Kurihara.
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At Shimane University Hospital, for example,
where about 1,000 patients visit per day and about half
that number are admitted, more than 50 gigabytes of
archived data are stored per month. Analysis of the
hospital’s stored data provides knowledge about each
clinician’s decision process and may also reveal sudden
order revisions that could be signs of medical errors or
the risk of such errors. Two sequential pattern mining
algorithms have been introduced for the analysis of
order histories to evaluate prescription order changes,
which may increase the risk of medical errors (Tsumoto
and Abe 2013). The empirical results showed that the
method captured characteristics of clinician behavior in
real time, shedding light on the decision-making process in clinical environments.
Figure 4 Analysis of Twitter Activity in the Wake of the
August 2009 Earthquake in Shizuoka, Japan (marked with
an X). Balloons show tweets about the earthquake. Reprinted
with permission from Sakaki et al. (2013).

Sakaki and colleagues (2013) applied web-mining
techniques to Twitter data just after the 2009 earthquake in the Shizuoka area east of Nagoya and mapped
the information flow based on messages associated with
the event (Figure 4). Analysis showed that messages
were distributed from the center of the earthquake to its
environs, which means that the information flow may
roughly reveal the location of the event.
Hospital Management

In recent years most large-scale hospitals in Japan have
introduced an information system for the management
of clinical activities. One of the main components is a
computerized physician order entry (CPOE) system that
not only transmits the orders of a physician or nurse
to other medical staff but also can store order histories,
which can be analyzed to reveal trends and particular
events in the clinical process.
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In Europe, efforts are being made to promote a datadriven economy that will contribute to the well-being
of citizens as well as to new business opportunities and
more innovative public services.

Big Data in the European Union
Florin Gheorghe Filip and
Enrique Herrera-Viedma

As the accumulation and application of Big Data grow rapidly all around
Florin Gheorghe Filip

the world, the European Union is affected by specific aspects and concerns.
The focus of our analysis is the European industrial and societal landscape,
considered from a general perspective based on recent official documents of
the European Commission and independent reports.
After providing some historical background, we present general impacts
and then report on the response of European industry to Big Data before
reviewing EU priorities, concerns, and plans of action.

Background

Enrique Herrera-Viedma

Fifty years ago Licklider (1960) anticipated the role of computers in supporting humans to make decisions, when he proposed an idealized vision
of “precognitive” human-computer systems, which were meant to “enable
man and computers to cooperate on making decisions and control complex
situations . . . .” In the mid-1970s Alter (1975, 1980) described decision support systems (DSS), based on the generic operations they performed independent of the problem type and decision maker’s goals and knowledge. He
Florin Gheorghe Filip is a member and former vice president (2000–2010) of the
Romanian Academy. Enrique Herrera-Viedma is a professor of computer science and
artificial intelligence at the University of Granada.
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identified seven DSS subclasses, three of which put the
emphasis on exploitation of data: (1) file drawer systems
provide access to data for simple queries and corresponding reports; (2) data analysis systems, based on the
use of computerized tools to manipulate data, anticipate recent data warehousing solutions; and (3) analysis
information systems are conceptually similar to current
business intelligence and analytics (BI&A) tools. In 2002
Power combined these three subclasses under the term
data-driven DSS.
These and other systems are now being adapted for
Big Data, a term that describes “the methods and technologies for the highly scalable loading, storage and
analysis of unstructured data. Big Data technology can
help companies to manage large data volumes, complex analysis and real-time integration of data from a
variety of data structures and sources” (Bange et al.
2013, p. 12).

The value of Big Data lies
in the new insights that
enable decisions and
actions to transform the
economy and society.

volume of “information humanity produced from
the dawn of civilization until 2003.” Bollier (2010,
p. vii) of the Aspen Institute estimated the volume
of data available on the Internet at 1 trillion gigabytes in 2011. Fortunately, advanced analytics are
already available to “tame the Big Data tidal wave”
(Franks 2012).
Benefits

The benefits of processing immense volumes of data by
using technologies that can analyze sensor, geolocation,
behavior, and social media data are obvious. The value
of the rentless accumulation of huge volumes of data
resides not only in the quantity but also in new insights
that enable decisions and actions to transform the economy and society (WEF 2013). Managers are enabled
to make more informed decisions, and companies and
governments better understand their markets and population, respectively.
As Chen and colleagues (2012) point out, BI&A has
evolved to enable big impacts from Big Data. Tene and
Polonetsky (2012) estimate 5–6 percent economic gains
due to data-driven decision making. There are also good
premises to change the role of individuals through shifts
from mere access to information to understanding and
from passive consent to engagement, among others
(WEF 2013). These and other facts explain why the
Big Data sector is growing at a rate of 40 percent per
year (EC 2013b).
Risks

Impacts

The world is changing under the influence of hyperconnected interaction patterns of societal and economic
entities and is “increasingly driven by insights derived
from big data” (WEF 2013). In the European Union
these changes are apparent in a number of recent documents and activities. According to a recent document
of the European Commission (EC 2013b), “Big Data is
already affecting all areas of the economy” and “datadriven decision making estimations indicate the volume
of stored data is increasing at an ever more rapid rate.”
And the slogan of the 2013 European Big Data Conference, held October 1 in Brussels, was “Toward a datadriven economy.”
European Commission vice president Neelie Kroes
(2013), responsible for Europe’s Digital Agenda
(EC 2013c), recently observed that the amount of
information now produced in two days equals the

At the same time, there are risks and concerns associated with the increasing acquisition and availability of
data. For example, it is possible to profile people from
digital records of their behavior without their consent or
even notification. A recent study (Kosinski et al. 2013)
empirically shows that easily accessible digital records of
behavior can be used to infer personal attributes ranging
from gender, age, and ethnicity to political views and
even personality traits, the malicious use of which could
not be excluded or prevented.
The same authors conclude that the ever growing
digital exposure may have a negative impact on people’s
attitude toward information technologies. Hall (2013)
noticed that “over the last 20 years, as our data keep getting stronger, our customer relationships keep getting
weaker. Eighty-six percent of consumers trust corporations less than did five years ago.”
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Big Data in European Industry

Independent studies (e.g., Bange et al. 2013; Dittmar
et al. 2013) have analyzed the situation of the Big Data
sector in European industry. A Business Intelligence
Maturity Audit analysis (biMA Survey) was recently
carried out in 20 countries, with 650 participants. The
resulting report (Dittmar et al. 2013, p. 14) stated that
“only 7% of the participants in the survey grade Big
Data as very relevant to their business.” Other technical and organizational problems are revealed by the
analysis, such as the poor quality of data, a very low
proportion of the companies that have a business intelligence strategy, and different mindsets of business units,
IT departments, and so on.
In the recent report of the Business Application
Research Center (BARC; Bange et al. 2013), a series
of questions were addressed by 272 participants from
a European perspective. Respondents answered questions such as “Who are the Big Data drivers?,” “How
is Big Data organized and utilized?,” “What are the
advantages created?,” “What are the problems encountered?,” and “Who are the most important vendors in
the domain?” The main advantage cited was “better
steering of operational processes.” One rather surprising finding was that small and medium enterprises were
more advanced in their use of Big Data than several big
companies. Results also showed that most of the vendors and service providers associated with Big Data—
among them IBM, Oracle, Teradata, Microsoft—are
US-based, revealing the dependence of European
industry on American companies.
Although the findings of the BARC report are, in
general, fairly optimistic (which can be at least partly
explained by some of the countries surveyed—Austria,
France, Germany, Switzerland, and the United Kingdom—as well as the attitudes and actions of “best-inclass” companies), the report acknowledges problems
associated with inadequate technical and analytical
know-how. Indeed, another analysis (Madariaga 2013)
pointedly noted that “The unchallenged American
primacy in data control is increasingly accompanied
by the appearance of new players in emerging economies whilst Europe lags behind.” A recent document of
the European Commission (EC 2013c) made the same
observation: “Even though the European Union is the
largest economy in the world and makes around 20%
of the global GDP, only two of the top twenty companies changing lives and making money out of Big Data
are European.”
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European Priorities, Barriers and Concerns,
Objectives and Plans

Priorities

The conclusions of the European Council of October
2013 (EC 2013a, pp. 1–2) state that
A strong digital economy is vital for growth and European competitiveness in a globalized world. To this end, all
the efforts must be made for Europe’s industry to regain
momentum in digital production and services. There is
an urgent need for an integrated single digital and telecom market benefiting consumers and companies.
As part of its growth history, Europe must boost digitaldriven innovation across all sectors of the economy.
Special consideration should be given to supporting the
reduction of digital gaps among Member States.
Several strategic technologies, such as Big Data and
cloud computing, are important enablers for productivity and better services. Cloud computing should improve
access to data and simplify their sharing. Big Data aims
to process, collect, store and analyze large amounts of
data. EU action should provide the right framework
conditions for a single market for Big Data and cloud
computing, in particular by promoting high standards for
secure high quality reliable cloud services.

Most vendors and service
providers associated with Big
Data are US-based, revealing
the EU industry’s dependence
on American companies.
From the above statements a straightforward conclusion can be drawn. European leaders recognize that
(1) Big Data can lead to economic gains and (2) an
integrated and broad approach must be envisioned.
In particular, the use of two powerful technological
resources, cloud computing and Big Data (Bughin et al.
2013), is a powerful driving factor.
The recently adopted Digital Agenda for Europe
(EC 2013c) defined seven “pillars” as policy areas for
action on issues associated with Big Data: (1) a Digital Single Market, (2) interoperability and standards,
(3) trust and security, (4) fast and ultrafast Internet
access, (5) research and innovation, (6) enhanced
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digital literacy, skills, and inclusion, and (7) ICTenabled benefits for EU society.
In a recent communication (EC 2014), the European
Commission sketches the characteristic features of the
data-driven economy (DDE) of the future, analyzes the
curent status of Big Data use in Europe, and sets out
some operational measures with a view to supporting
and stimulating Europe’s transition to DDE.

European companies must
improve their ability to build
innovative multilingual data
products and services.
Barriers and Concerns

There is general awareness of the barriers to Europe’s
ability to exploit the potential of Big Data (Kroes 2013;
Madariaga 2013):
• fragmentation of the data ecosystem due to different
national policies, languages, and sectors involved;
• fragmentation of data research efforts and lack of an
effective exchange of results;
• a shortage of highly skilled persons for data-related
jobs; and
• the complicated process of updating legislation.
In addition to these, privacy concerns require attention. In her talk at the November 2013 European ICT
conference in Vilnius, commissioner Kroes (2013) firmly
stated that “Nothing we do should be at the expense of
fundamental rights. Mastering Big Data means mastering privacy too. Privacy is essential.” At present, however, there is a discrepancy between, on the one hand,
European views and priorities concerning the protection
of personal data and rights and, on the other, Europe’s
limited potential to develop technologies and digital services to enforce those priorities (Madariaga 2013).
Objectives and Plans

To attain the objectives set out by the European Commission an incremental approach is envisaged (Madariaga
2013):

• Create an integrated market through the “Connected Continent: Building a Telecoms Single Market”
package (EC 2013c), so that the necessary infrastructure for Big Data is implemented.
• Change the attitude of public administration toward
data and enlist citizens’ engagement and cooperation
in data gathering and research.
• Carry out research and development programs with
strong Big Data components.
The draft Work Program 2014/2015 of the Horizon
2020 Program for Research and Innovation (EC 2013d) is
meant to facilitate attainment of Europe’s goal of “leadership in enabling and industrial technologies” (LEIT). In
section 5i, “Information and Communication Technologies,” the subject of Big Data is included in the chapter
“Content Technologies and Information Management”
(p. 37) as one of the four key aspects of digital content and
information management. Two main areas of Big Data
have to be addressed: (1) “improving the ability of European companies to build innovative multilingual data
products and services” and (2) “solving fundamental and
applied market-driven research problems related to the
scalability and responsiveness of analytics capabilities.”
Conclusion

A new term, datability, was coined as the theme of the
2014 CeBIT conference (www.cebit.de) “to denote Big
Data in conjunction with the required sustainability
and responsibility with regard to its use.” It is hoped
that datability will be realized in Europe with wellplanned efforts to stimulate cooperation in attaining
synergistic effects.
Having analyzed the available documents, we believe
the integrated approach adopted in Europe will have
a favorable impact on Europe’s economy and society.
As commissioner Kroes (2013) concluded in her talk,
“Big Data can be more than a fashionable slogan. It can
become a recipe for a competitive Europe.”
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A review of Big Data development in five
Commonwealth countries reveals considerable
variability in levels of preparedness.
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“B

ig Data” refers to the very high volume and complex information
that requires new tools and capacities for storage and analysis. Although
the concept of Big Data arose late in the digital age as computer power, storage, and data use expanded to a previously unimaginable extent, Big Data
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have always existed in the natural and predigital world.
For example, archaeologists and geologists extract Big
Data accumulated in DNA sequences and ice cores to
study the evolution of the natural world over millions
or billions of years. Cameras, personal computers, and
CDs all capture Big Data. And if every Internet user is
considered a sensor on the Internet, social media (e.g.,
Twitter, Facebook) can be considered a Big Data collection network.
In the 21st century researchers are constantly developing new methods for Big Data to help professionals
in many fields better understand the world. Increasing literacy and use of information and communication technology worldwide are spurring exponential
growth in the production and transmission of information, all of which has the potential for social and
economic benefits through the application of Big Data
technology.
In this article we present an assessment of current
trends and future plans for Big Data development in
five Commonwealth countries on five continents:
Australia, Canada, India, South Africa, and the
United Kingdom. The Commonwealth of Nations is
an intergovernmental organization of 53 states that
were mostly territories of the former British Empire.
Member states have no legal obligation to each other
but are united by language, history, culture, and shared
values of democracy, human rights, and the rule of
law. The Commonwealth covers almost a quarter of
the world’s land mass and includes almost a third of
the world’s population, and in 2012 its nominal gross
domestic product (GDP) was $9.8 trillion,1 15 percent
of world GDP.
We begin by characterizing Big Data and their value,
and then consider the current and future development
of Big Data in the selected countries, looking particularly at the role of government, industry, and education.
We then turn our attention to overarching considerations, including concerns to be addressed to ensure the
realization of the benefits of Big Data.
Characterizing Big Data

A “4Vs” management model has been proposed for Big
Data (Laney 2001) to handle increasing volume (amount
of data), velocity (speed of data), variety (of data types),
and veracity (accuracy of data).

1 Here

and throughout, dollar amounts are in US dollars.
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Volume

One way to comprehend the potential magnitude of Big
Data is the output of the Square Kilometer Array (SKA;
www.skatelescope.com), a diffused radio telescope
involving hundreds of dishes and hundreds of thousands
of antennae connected by optic fiber and colocated in
the United Kingdom, South Africa, and Australia. It is
designed to produce data equivalent to 100 times global
Internet traffic, and to process that volume the SKA
supercomputer will need to perform 1018 operations per
second—equivalent to the number of stars in three million Milky Way galaxies (BIS 2013, p. 16)!
Variety

The challenge of Big Data arises not only from their
volume but also their variety—Big Data such as social
media interactions, rich media files, and geospatial
information are both structured and unstructured,
which exacerbates demands on infrastructure.

By 2020 as many as
50 billion connected devices
across the globe will increase
the amount, variety, and
complexity of data available
for analysis.
The vast majority of new data being generated are
unstructured, so the ability to handle large unstructured
volumes is vital. For example, the development of the
Internet of Things could mean that by 2020 sensor data
will be created continuously by up to 50 billion connected devices across the globe, vastly increasing the
amount, variety, and complexity of data available for
analysis (Shilovitsky 2013).
Velocity

Data are the oil of the 21st century, but unlike oil there
is no danger of a shortage (Shilovitsky 2013). Each day
2.5 billion gigabytes of data are created—enough to fill
more than 27,000 iPads per minute (BIS 2013). In addition to experimental modelling and simulation, satellite
imagery, road traffic cameras, video surveillance, online
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banking and sales transactions, and healthcare monitoring systems all contribute to Big Data continuously with
relentless velocity.

a human genome for less than $2,000, revolutionizing the data available to researchers and the care of
patients (BIS 2013).

Veracity

Improved Service Targeting

Data accuracy, or veracity, represents a major challenge.
Data cleaning to address contamination and inaccuracy
is always essential, and these problems are compounded
and amplified with Big Data. In India’s 2014 general
election, for example, some voters were listed as 19,545
years old and others zero years old. Identical voter
names (327,000 women named Sita live in Bihar alone)
further complicated the process. Yet, paradoxically, it
was presidential candidate Narendra Modi’s combination of technologies—Big Data analytics and social
media—that separated him from the other candidates
(Pansare 2014). His electoral success has been regarded
as the success of Big Data technology.

Australia’s personal eHealth record system involves a
personally controlled, secure online summary of individual health data. The system allows doctors, hospitals, and other healthcare providers to view and share
a patient’s health information to provide the best possible care.

The UK government has
invested in the new
Alan Turing Institute to
help ensure that the United
Kingdom leads the way in
Big Data research.
The Value of Big Data

Big Data have the potential to increase the wealth of
both individuals and businesses as well as government
efficiency, industry competitiveness and profitability,
and the exploratory power and effectiveness of research.
These opportunities require sustained development and
investment in new tools and techniques for data analytics, but once achieved will help to reduce costs and
improve services and marketing.
Reduced Costs

Efficient Big Data analysis reduces the cost of computing. When the human genome was first fully
sequenced in 2000, the project cost over $850 million,
whereas with developments in health and information
technology (IT) it will soon be possible to sequence

Marketing to Consumer Preferences

With Big Data analytics it is possible to streamline and
simplify consumers’ purchases based on information
about their habits and previous use of goods and services.
For example, a leading Indian provider of Big Data and
analytics solutions, Mu Sigma, has used video cameras in
shopping centers to detect consumers’ purchase intentions, actions, and satisfaction and, based on analysis of
the resulting data, provide customers with targeted offers
and the best deals (Viswanathan and Nitin 2014).
The Present and Future of Big Data in the
Commonwealth

Many Commonwealth countries are positioning themselves to take advantage of Big Data opportunities. We
review Big Data practices in Australia, Canada, India,
and the United Kingdom—the Commonwealth’s four
largest economies—as well as South Africa to extend
our review to countries on five different continents and
give a more complete picture.
The United Kingdom is investing heavily in Big Data
research and development (R&D), India’s new Fourth
Paradigm Institute focuses on large-scale modelling and
computation, and Canada has adopted an industrial
strategy in which Big Data are a key element. In the fastdeveloping countries of India and South Africa service
industries contribute strongly to the economy, and Big
Data offer huge economic benefits to the service sector.
In the following sections we focus on three broad
areas for Big Data applications: government, industry,
and education and training. The status of each country
in these areas varies considerably; we present only highlights and major factors as applicable.
Government

Governments are both key drivers and beneficiaries of
Big Data capability, hence government strategies are
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critical for national Big Data development. Governments can also broadcast the importance of Big Data,
an important role as they need business leaders to be
aware of the potential benefits of Big Data analytics as
well as citizens who understand how data can be interpreted and used.
As technology continues to develop apace, governments must invest heavily in R&D, infrastructure, and
skilled people. By investing in and implementing Big
Data development, training, and technologies, government service efficiency can be transformed to deliver
better outcomes for citizens and better value for money
for taxpayers.
United Kingdom
The United Kingdom led Commonwealth countries
in releasing a new Big Data strategy in 2013 that aims
to build the country’s capability to exploit data for the
benefit of citizens, business, and academia, and the UK
Department for Business, Innovation, and Skills (BIS)
announced investment of $324 million to develop Big
Data technology (BIS 2013). The government’s Information Economy Council and E-infrastructure Leadership Council will oversee implementation of the
strategy and develop plans to support this vision.
In 2009 the British Ministry of Finance registered an
official Twitter account and began publishing all government spending data online (BIS 2013). Through an
Economic and Social Research Council the UK government has provided significant funding for research on
deidentified administrative data, routinely collected by
government departments and other agencies, as well as
other public or business datasets (ESRC 2013). And in
the 2014 budget the government announced a further
investment of $72 million to set up the Alan Turing
Institute to help ensure that the United Kingdom leads
the way in Big Data research.
Canada
Canada has many attributes that make it a plausible
leader in this area: good infrastructure, cheap and clean
energy, widespread broadband facilities, a stable political environment, commitment to privacy preservation,
preferential policies for Big Data industries, and a mostly
cool climate that allows cheap natural cooling for energy-hungry data centers. In addition, the government
began implementing a Big Data strategy in 2007, and in
2012 unveiled the joint IBM Canada Leadership Data
Centre, one of the nation’s most advanced computing

facilities. It boasts the latest advances in energy-efficient
data center management and aims to help organizations
efficiently manage growth while reducing costs and mitigating risk.

Canada implemented a Big
Data strategy in 2007, and
in 2012 unveiled the IBM
Canada Leadership Data
Centre, a highly advanced
computing facility.
Australia
Australia’s economy is heavily reliant on mining, agriculture, and education, fields that require sophisticated
IT infrastructure and can benefit substantially from Big
Data analytics. The country is an open data “trendsetter,” together with Canada, France, the United Kingdom, and the United States.
In 2012 the Australian Government Information
Management Office released a strategy describing the
productivity benefits of Big Data analytics, such as more
accurate prediction of policy outcomes and improved
targeting of key services for citizens (AGIMO 2012).
Government agencies rolled out 93,000 terabytes of
storage between 2008 and 2012 to cope with increasing
data production. Australian decision makers will soon
analyze Big Data to “model different policy options
and more accurately predict the outcomes of policies
before they are implemented and use this information
to inform and improve the policy development process”
(AGDFD 2013, p. 11). For example, a Big Data Working Group will work in conjunction with the Australian Tax Office’s Data Analytics Centre of Excellence
to help government agencies take advantage of Big Data
(AGIMO 2012).
South Africa
South Africa currently lacks the infrastructure and
other prerequisites for the development of Big Data.
Massive investment in communication equipment is
needed, and the country is deficient in skilled IT staff
and licensed software.
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Notwithstanding South Africa’s disadvantages, its
companies and other enterprises, from health insurance to financial services, are beginning to recognize
Big Data opportunities. Some industry executives predict that Big Data will bring revolutionary changes to
the country.

Big Data, and 15 percent had no Big Data plans (Wallis 2012). This technological lag has major economic
implications: systemic underinvestment in IT is a major
reason why Canada’s GDP per capita is nearly $10,000
less than that of the United States (Wallis 2012).

India

At present, the companies taking advantage of Big Data
opportunities in Australia tend to be foreign-owned
rather than domestic. Few Australian Big Data companies are providing data discovery tools to customers
and businesses around the world. Australian businesses
are largely focused on improving data center economics.
To achieve this, many are considering virtualizationled consolidation to migrate 3–5 physical sites into
1–2 sites, a transition that may involve new data center construction (AGDFD 2013). The Commonwealth
Bank and retail giants Coles and Woolworths are pioneering the Big Data movement in Australian industry
(Macaskill 2013).

Access to storage power, computing power, and connectivity is an important prerequisite for Big Data analytics
as is the capability to store data safely but accessibly. India
has the lowest average Internet speed in the Asia-Pacific
region (Press Trust of India 2014), but the newly elected
government has pledged to focus on electronics manufacturing and connecting broadband across India (The
Hindu 2014). India’s Open Government Data Platform
(data.gov.in) is intended to be used by government ministries and departments to publish datasets, documents,
services, tools, and applications for public use.

The Big Data industry in India
is predicted to grow in value
from $200 million in 2012
to $1 billion in 2015.
Industry

United Kingdom
The UK Centre for Economics and Business Research
estimates that the Big Data marketplace could create
58,000 new jobs in the United Kingdom between 2012
and 2017 (Cebr 2012), and a recent report estimated
that the direct value of public sector information to
the UK economy is around $3.1 billion per annum,
with wider social and economic benefits bringing this
to around $11.7 billion (BIS 2013). The government
actively promotes the UK data storage market overseas and encourages the exploitation of Big Data in key
industrial sectors.
Canada
A recent survey of major Canadian financial services, retail, telecommunication, and utility companies
showed that fewer than half were engaged in data
analysis, a quarter were just beginning to think about

Australia

India
India has a booming service industry that includes major
IT outsourcing companies. The country’s Big Data
industry is predicted to grow in value from $200 million
in 2012 to $1 billion in 2015 (Economic Times 2012).
South Africa
South Africa’s challenges, such as inadequate technological infrastructure and economic and human
resource scarcity, exacerbate concerns associated with
Big Data such as privacy, imperfect methodology, and
interoperability. Significant development of Big Data in
South Africa will take considerable time. Nevertheless,
positive signs exist. In January 2014 IBM announced
that it would cooperate with a leading South African
bank to set up a forecasting system that integrates realtime data collected from social media to create more
convenient customer information (IBM 2014). The
company expects that seamless docking of Big Data
between banks and social media can be realized in the
near future.
Education and Training

In the development and use of Big Data, the overall
quality of a country and its skilled workforce is crucial. Moreover, citizens should have an understanding
of data—how they are created and stored—and confidence in their use and in individuals’ privacy rights.
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Many students do not understand the career paths
and benefits of a career in data analytics, partly due to
the fact that career routes are less well established than
for other professions, such as law or medicine, for which
information is more readily available and skillsets do
not change as rapidly. Therefore, Big Data education
should be enhanced at all education levels. Schoolchildren must be equipped with basic mathematics and
analytical skills, the wider workforce informed of developments in data use, and doctoral students working at
the cutting-edge of data analytics funded to continue to
expand Big Data’s horizons.
India’s strong education culture will benefit its Big
Data development. The country is already producing
skilled professional data analysts who are highly valued
on the world market (Agarwal and Nisa 2009). And
there is evidence that such academic adaptations are
taking place in other countries. In the United Kingdom, the government is reforming school curricula on
computing and mathematics (BIS 2013), and the introduction of an A-level course on data analytics is being
recommended by the Royal Statistical Society (Porkess
2013) to lay solid foundations for the data analysts of
the future. In Canada Simon Fraser University recently
created the country’s first master’s degree program to
provide students with skills in advanced Big Data analysis. And 20 major universities in Australia now offer
postgraduate database/data mining courses; RMIT University, for example, offers a specific Big Data course.
The United Kingdom faces a shortage of human capital in Big Data analytics (BIS 2013), as does Canada,
where the IT industry will be short at least 100,000
skilled workers by 2016 (Pilieci 2012). Australia, on the
other hand, has become one of the three largest immigration targets for Big Data professionals. And in India,
both the relative low cost and the quality of talent are
key factors in the success of the country’s data analysis
professionals.
Other Considerations

Big Data as a Multidisciplinary Field

The greatest potential for innovative use of Big Data
lies at the boundaries of disciplines. Big Data algorithms
can often be applied to multiple areas. For example, a
UK company, McLaren Electronic Systems, is using
real-time data system expertise, developed from Formula One, to help Birmingham Children’s Hospital
improve the monitoring of children in intensive care
(BIS 2013).
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Use of Big Data in Research

Despite the many advantages of Big Data, it is important to note that the sample bias problem remains: a
large amount of data cannot guarantee accurate results.
In addition, choosing different analytics algorithms in
Big Data will affect results; the algorithm is objective
but determining its parameters is subjective. Different
applications drive various algorithms for analyzing the
data from different viewpoints.
Unlike many other forms of scientific enquiry, Big
Data analytics may not begin with any hypothesis.
Different analysts may come up with different hypotheses and approaches. Data analysis is thus a creative
process that is not always exactly repeatable, and this
is one of the biggest challenges in Big Data analytics.
Furthermore, data do not always speak for themselves,
and common sense and domain-specific knowledge are
often required when analyzing Big Data.

Significant development
of Big Data in South Africa
will take time, but positive
signs exist.
Energy-Efficient Computing for Big Data

With rising energy prices and global action to reduce
carbon emissions, energy-efficient computing—the
use of smart algorithms to get the same result with less
effort—is a key technology. Making good sense of data is
challenging at the best of times, and analysis of Big Data
is often considered more art than science. “Trial and
error” is the norm, thus requiring extensive processing
to achieve useful results. Enhanced and more efficient
computing capacity is also needed because traditional
low-throughput analysis cannot cope with Big Data—it
is actually preventing or dramatically slowing the discovery of valuable business intelligence, cures to serious
diseases, and great scientific insights.
Problems

In addition to country-specific challenges described
above, the following concerns about Big Data need to
be addressed:
1. Very strong assumptions are often made about
mathematical properties that may not at all reflect
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what is really going on at the level of microprocesses: when the analysis goes deeper, it may be
inadequate or inapplicable to the actual data.
2. Unlike traditional sampling, Big Data must be
summarized in a way that represents all the data to
ensure the management and processing of the huge
amounts of data.
3. Big Data can be streamed continuously, such as
from seismic or medical sensors, for real-time
analysis and interpretation. Most current Big Data
algorithms work well with offline and batch-based
data processing, but may not suit the online and
real-time environment.
4. The protection of Big Data should not be overemphasized. Secure, appropriate sharing and linking
of data are often necessary to address challenging
problems. The drive for innovation and growth
must be finely balanced with the rights and privacy of the individual. Some data can be shared
freely, and some aggregated or “scrubbed” of sensitive information to make the information usable
(BIS 2013). Other data cannot, and should not,
be made available openly, and so must be handled
properly and securely (BIS 2013).
Conclusion

The growth in use of Big Data and associated discovery
tools is expected to continue as industries seek better,
more cost-effective ways to derive meaning from their
Big Data. Many new data mining tools provide immense
opportunities not only to manage the growing volume,
variety, and velocity of data but also to turn the data
into value.
Whatever a country’s current Big Data capacity and
performance, it must develop and plan for the future
to maintain international competitiveness and build
capability to realize benefits for its citizens, business,
academia, and government. While Big Data generate
new benefits, they need to be considered in their social,
economic, and political context. Countries must learn
how to handle the volume of Big Data and bring different datasets together, combine them synergistically,
make more data open but safe, and gain new knowledge
and insight through continuing data analytics R&D.
They must also balance the drive for innovation and
growth with the rights and privacy of the individual.
Cooperation between Commonwealth and other countries could facilitate advances in Big Data collection,
research, analysis, management, and other activities.

This paper has provided an overview of the Big Data
landscape, with particular reference to five Commonwealth countries, and of the challenges compelling
government and industry to look for new Big Data
solutions. Open access to Big Data and analytics can
promote progress and civilization, making learning and
information more widely available than ever before.
With appropriate measures and privacy protection in
place, Big Data capability can protect civil liberties
while allowing for economic growth and innovation.
Consumers benefit when they can access and use information about them held by government, utility companies, banks, and other major service providers.
The world is experiencing a Big Data revolution that
will unlock undreamt-of potential for humankind.
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Latin American countries have a long way to go in
using Big Data analytics, but the time is now to develop
a regional strategy for Big Data.
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s in many parts of the world, Big Data have become increasingly prominent in the business and information technology (IT) environments in Central and South America. In Brazil alone, it is estimated that in 2018 about
$1.9 billion will be invested in Big Data (hardware, software, and services)
as compared to $600 million in 2013 (Info.abril.com 2013).1 This big market
will very likely offer excellent opportunities to companies not only in Latin
America but all over the world.
The continuous growth in volumes of data flowing in service and communication networks means that many areas—such as exploration of energy
sources, earth science, and genetic research, among others—will be significantly impacted by the need for new ways to deal with very large volumes
of information. At present only one in five companies in Latin America has
immediate plans to invest in technologies oriented toward Big Data. But the
rate of new public and private investments to support the mining of very
large amounts of data is expected to increase annually at nearly 14 percent
(BT Brasil 2012).
In the following sections I review the status of Big Data developments and
needs in two of Latin America’s largest economies, Brazil and Mexico, as well
as selected other countries in the region. Factors at play include government
1 Here

and throughout, dollar amounts are in US dollars.
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and private sector involvement, culture (national or
organizational), awareness of Big Data, and skill levels
and interest. I conclude with suggestions for an agenda
to support the development of a Big Data strategy in
Latin America.
Brazil

Brazil provides a good example of recent technological
growth: the Brazilian market for hardware, software, and
services is expected to move from $285 million in 2013
to $1 billion in 2017. According to a forecast by IDC
Brazil, investments in software should correspond to
one third of that value, whereas the Brazilian market for
Big Data has grown 46 percent a year since 2012.2 The
fact is that the country’s market for Big Data is already
much bigger than for security software.
The government is the fifth largest sector when it
comes to investments in Big Data (behind finance, telecommunications, manufacturing, and commerce), planning for the use of Big Data in education, procurement,
and health services management, to name just a few
areas. In the state of Minas Geraes, for instance, Big Data
analytics has been applied to citizen involvement in setting priorities for public decision making, and this trend
toward e-democracy is spreading in other Brazilian states.
Besides government, a number of private companies
are using Big Data analytics in Brazil. A global survey
conducted by IBM and the Saïd Business School at the
University of Oxford found that 51 percent of 65 companies surveyed in Brazil are planning to use Big Data
analytics, and another 24 percent are already implementing pilot projects (Fox et al. 2013). One of the
largest private banks in Brazil, Itau Bank, was a pioneer
in the use of Big Data analytics in the country; other
well-known companies that use Big Data are Buscapé
(e-commerce) and Votorantin (cement).
Yet many doubts still exist about the value added
of Big Data–related business solutions for companies.
Of Brazilian executives interviewed at 65 companies,
22 percent consider that Big Data implies an enrichment of analysis, and 19 percent think of Big Data in
terms of real-time information acquisition (Baguete
Diário 2013). The same survey also revealed a significant increase in the number of executives in Brazil
who perceive the practical benefits of Big Data analytics in terms of enabling competitive advantages for
2 This

paragraph draws on statistics and projections in Info.abril.
com (2013).
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their firms. Finally, the results showed a very important
increase in the number of firms in Brazil that have actually achieved a competitive advantage in the last two
years by using Big Data analytics.
A joint study by the Brazilian Institute of Market
Intelligence and the Brazilian E-business Association
yielded the following findings: about 65 percent of the
marketing sector in Brazil is definitely looking forward
to widespread use of Big Data, and in the IT sector the
growth of Big Data analytics has been about 16 percent.
The study surveyed 326 companies in different areas
of the Brazilian economy. Among the IT professionals
interviewed, 58 percent declared that they had knowledge about Big Data, 35 percent had heard about it but
had no knowledge, and 7 percent had never heard of it.
Among marketing professionals, 42 percent knew about
Big Data, 35 percent had heard of it, and 23 percent had
never heard of it (Scussel 2013).

In one Brazilian state,
Big Data analytics has been
applied to citizen involvement
in setting priorities for public
decision making.
There is still a long way to go when it comes to
disseminating the use of Big Data in Brazil, although
this country is probably ahead of most others in Latin
America. National seminars, conferences, and panel
discussions are organized for business executives as well
as IT experts. And university programs in Brazil have a
growing number of research projects on Big Data analytics in fields such as computer science, engineering, and
business administration.
Mexico

Big Data analytics has a high potential to take off in
Mexico. Like other Latin American countries, it has
a well-developed university system, so availability of
skilled human resources to work with Big Data will
likely not be a problem in this country.
A recent EMC survey of 254 IT decision makers
produced the following results: 92 percent of them
recognized that Big Data could help them in making
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better decisions, 69 percent believed that it will be a
key factor in determining “winners” and “losers” in
industry, and 47 percent declared that they had already
achieved competitive advantage as a result of Big Data
analytics (EMC 2013). However, 27 percent said they
did not have plans to use Big Data in their workplace.
The main inhibitors to adoption of Big Data analytics in Mexico seem to be lack of adequate knowledge in
an organization (19 percent), lack of clear evidence of
success or proven return on investment (19 percent),
and the fact that organizational culture may not be
prepared for Big Data (17 percent) (Computerworld
Mexico 2013).

In many Latin American
countries managers are
not convinced that Big
Data analytics can lead to
competitive advantages.
Argentina, Chile, Colombia, and Peru

Argentina has had for decades one of the highest levels
of educational development in Latin America, but there
is a general lack of knowledge about Big Data at Argentinean companies. A recent survey of firms in Argentina revealed that 80 percent of them had no real data
strategy in 2013, and only about 15 percent could be
considered as having developed some type of Big Data
analytics (Destefanis 2013).
Companies in both Chile and Peru practice data
warehousing, but not Big Data analytics. Although
expertise in data analysis exists in these countries, most
companies seem to be more concerned with producing profit through internal projects of data warehousing and information management than really using Big
Data. However, there are important initiatives under
way. For example, Teradata implemented its first Big
Data projects for analyzing international information
in both Chile and Peru at the beginning of 2014, to
support solutions in either the retail or banking sector
(Rogers 2013).
Other countries in Latin America are still a little
behind in their first steps in Big Data. In Colombia, for
example, a recent survey of 183 IT managers found that
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92 percent of them believe that Big Data can improve
organizational decision making, but only 33 percent
seem to believe that Big Data analytics can lead to
competitive advantages, and 42 percent declared that
they had no plans to use Big Data analytics. They
stated that, in their view, intuition and experience are
the most important factors behind good business decision making. In other words, the country seems not to
have a culture that supports the use of Big Data yet.
This was in fact confirmed by 73 percent of the managers interviewed. Unfortunately, 80 percent of the
decision makers also said that it is difficult for them
to keep up with the latest innovations in the field. In
general, companies in Colombia are not aware that
Big Data can add significant value to their businesses
(EMC 2013), although a possible indicator of a shifting trend for Colombian businesses is Aentropico, an
international predictive analytics company with offices
in Bogotá, Rio de Janeiro, and Boston.
Conclusion: An Agenda for Big Data
Development in Latin America

The countries of Latin America have a long way to
go toward using Big Data analytics. However, because
many of them have high-level human resources in IT
and business administration as well as at least some
managers interested in making use of technological
innovations, the countries are ripe for developing a
Latin American strategy for Big Data. To that end, it
may be helpful to outline an agenda to foster the development of this area in the region. This agenda can build
on country-specific initiatives and strengths and should
include the following interrelated steps:
• National scientific and technological societies in a
very broad range of fields—not only computer science, information technology, operations research,
and statistics but also medicine, law, public administration, education, agriculture, finance, earth
science, and health management, among others—
should organize events such as symposia, forums, and
conventions on Big Data and Big Data analytics in
their fields for researchers, practitioners, educators,
students, policymakers, and other interested parties.
• Big Data companies should be invited to actively
participate in these events not only to show their
products (e.g., hardware, software, user-centric solutions) but also to present evidence of competitive
advantages.
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• University, law, and business school students should
learn more about Big Data and Big Data analytics.
Their curricula should be adapted to include topics
such as user privacy and security as well as the creation and development of business models that provide incentives for data sharing and use.
• Other categories of incentives to use Big Data should
be explored by national societies and professional
organizations, emphasizing the creation of startups in
Big Data analytics.
Many IT professionals in Latin America are conscious of the importance of developing their own business models (rather than copying those of the United
States) as they understand that unique opportunities
are available on their continent (Browne 2013). With
government as a catalyst, synergy between private sector development and public-private collaboration is a
model that has been working in other parts of the world
(WEF 2012). It can lead the way to a bright future for
Big Data in Latin America. A call to action is in the air.
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An Interview with . . .
John H. Sununu

After your education at MIT you became associate
dean at Tufts University, and then in 1973 there was
a major transition in your life: you were elected to the
New Hampshire House of Representatives.
JHS: I never really had any political ambitions. I started
teaching at Tufts University in 1966. As our family grew
we needed a new house and we ended up building a home
just over the border in New Hampshire. I have always
been curious about the way things and systems function.
New Hampshire has what is essentially a volunteer legislature—they get paid $100 a year. I decided to find out
what the political process was like and served one term.
Over the six-month legislative session, I probably put
40,000 miles on my car driving back and forth from the
legislature to Tufts while I was teaching full-time and
had my consulting business. It was a hectic time but a
great experience to see how the system functioned.

John H. Sununu (NAE) has served as White House Chief of
Staff for President George H.W. Bush and as Governor of New
Hampshire.

Ron Latanision (RML): Let me just provide a short
introduction to what we are doing here. Managing Editor Cameron Fletcher and I decided a few months ago
that it would be good to put into perspective the fact
that engineers not only build engineering systems that
serve a social purpose but also affect the culture of the
country in many other ways. Our first interview, which
appeared in the current issue of the Bridge, was with
Richard Blanco, the poet.
John Sununu (JHS): I saw that.
RML: There are not only poets and folks in sports and
entertainment but also people like you who are in public
policy. That is a very important role that engineers might
play—should play—so we wanted to talk with you about
your experiences and perhaps get some of your counsel
on how to engage more scientists and engineers in the
evolution of public policy and elective office.

RML: When I look at the representation of scientists
and engineers in the US Congress, only a handful of
members have backgrounds in science or engineering. What triggered your interest, how did you become
involved in elective politics? And would you advise
young scientists and engineers to pursue a similar path?
JHS: The short answer for me is that I moved to New
Hampshire. It’s a very unique state. It is drifting away
from this now, but at that time it was fully immersed in
the concept of self-governance. It had 400 people in the
legislature in a state of 1 million in population. Most of
the power politically was at the grassroots level in the
towns and cities. Local control was extremely important. Most of the money was raised by local property
taxes. People participated. Town meetings were held
each year to vote the town budget and the school budget. I was intrigued by that. I had grown up in New York
and then, in our early days, my wife and I had raised
our family in Massachusetts. New Hampshire was very
different. People here participate in the process. So I
thought I would see, from the inside, how it functioned.
It is very, very impressive.
RML: That became the first step toward your election,
a few years later, to three terms as governor. How did
you make the decision to run for governor?
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JHS: It is one of the great accidents of my life—an odd
coincidence of timing. In New Hampshire, even though
we have a very early primary for the presidential race,
the primary for every other office, federal and state, is
in September. As you noted, I was teaching at Tufts.
Faculty members usually have a light load or no load
during the summer. In 1980 there was a Senate seat that
everyone felt was going to be up for grabs. It had been
won by a Democrat in the Watergate year of ’74, and
everyone felt a Republican could win it in ’80. To satisfy
my desire to see how the system works, I entered the
primary. The attorney general was in the Republican
primary, and former governor Wesley Powell was in it,
and a bunch of legislative leaders. Then there was an
encyclopedia salesman named Smith that nobody ever
even saw on the campaign trail, and a newcomer to politics named Sununu. I happened to come in second in
this 11-person primary, to the attorney general Warren
Rudman. Rudman had been the only moderate Republican in the primary. As a conservative I agreed to chair
his campaign to try to unite the party, and he ended up
winning the Senate seat in ’80.
I thought that was my grand experiment in major
politics. But two years later, in 1982, it looked like a
very strong year for Democrats. A president’s party usually has a little downturn about two years after they are
elected, and Reagan had been elected in ’80. It did turn
out to be a horrible year for Republicans.
The party asked me if I would run against the incumbent Democratic governor—who looked like a sure
thing to win—but they wanted somebody who might
be able to run a decent race against him, just to fill the
void, so to speak. Unexpectedly, I ended up winning. I
was the only Republican to beat an incumbent Democrat governor in the country that year.
RML: Did your engineering background play a role in
terms of organization or field team? How did engineering play into this?
JHS: In running, not very much. Probably the most
important engineering tool that you have in running a
campaign is knowing how to count. But it is obviously
a huge contributor to making policy once you are in
office.
RML: How so?
JHS: Most important issues today have a technical
component, whether it is energy or national security or
environment or even health care. There are many issues
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where a little bit of a technical background goes a long
way. Up here, in New Hampshire and New England,
energy has always been an important issue. Unfortunately, we have become a country in which emotions,
in many cases, overwhelm rationality in setting policy.
An engineering background brings you back to reality.
RML: What advice do you have for young scientists or
engineers who may have an interest in public policy,
in issues that are important of the kind you just mentioned? How do we get more such people to think about
elective office in the United States?
JHS: If I based it on my experience, I might be the
wrong person to ask that question—I got in by accident.
But I have thought about this because people often ask
me that question. You have to participate, you have to
get into the process. First of all, you have to believe in
the system. I am a great believer in the structure we
have. I don’t think most people understand that political systems are not automatically destined to succeed.
In America, we have an amazing handbook that guides
us—our Constitution. There is, by the way, a great
book, Miracle at Philadelphia: The Story of the Constitutional Convention, May to September 1787, by Catherine
Drinker Bowen. It is an excellent story of how the Constitution was put together in Philadelphia, in 90 days,
in that magic summer.

Engineering is a huge
contributor to making policy
once you are in office
[because] most important
issues today have a
technical component.
So first of all you have to believe in the system. Second, you have to control your ego. I don’t want to say
you can’t have an ego, but you have to take control of it,
and occasionally do some serious listening. Listening to
people and listening to what the problems are—and not
just paying attention to the Washington–New York–
Los Angeles headlines—is important. People in the
hinterlands think about things in a very different way
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than is reported on national news and coming out of
Washington. If you listen carefully, you begin to get a
feeling for what the problems in the system really are.
Then if you still want to get involved, knock on your
congressman’s door or your senator’s door and offer to
serve a bit as a volunteer providing some technical
advice on issues. If you can get to that point where the
political figure or key staffer will sit down and talk with
you about issues, you will begin to get a feeling of what
kind of contribution your special talent, your special
experience can make.
Then if you still believe in the process, you just have
to wade in and work your way up.
RML: Do you ever speak at engineering schools?
JHS: I don’t do much anymore but I used to do a lot
of it. I try to urge our engineers to think about public service. When I get asked to give a commencement
address, I throw a little bit of that into the presentation.

[Nuclear waste disposal]
is an example of national
policy gone bad without
good guidance from
the technical side.
RML: I was always struck by the fact that my students
had tremendously good ideas that could have played an
important role in public policy. My impression was that
they did not know how to go from being an interested
student to work through the system and identify the
right people, get to know folks in offices that could be
helpful to them if they were seriously interested in following their instincts.
JHS: It is not intuitive. That is part of the problem.
And while you are working your way up in an engineering career, public service doesn’t really enhance your
career. It is not a natural fit. You have to work hard to
make it work.
RML: Would you encourage engineers to do this?
JHS: Sure. First of all it is very gratifying when you do
get a chance to make a difference. Contrary to what

most people think, I would say 90–95 percent of the
people I have run into in the political world are people,
from both parties, who are really trying to make a difference. They may not always have what I might call the
right policy or philosophy, but at least their intentions
are in the right place.
Cameron Fletcher (CHF): In terms of making a difference, could you provide an illustration of how you’d
draw on your engineering background in a political
decision?
JHS: Sure. When I became governor the hottest political issue in New Hampshire and all of New England
was the Seabrook Nuclear Power Plant. There was all
the usual foolishness by the opposition and all the scare
tactics of the antinukes. I focused on getting it completed. The project was a bit out of control. I pushed the
utility into restructuring the management team that was
handling it because their managers were in over their
heads. I knew the industry reasonably well, and insisted
that they bring in a new project manager who had just
completed a facility in Florida. I had given them a list
of three names and he was one of them. He came in
and shut the project down for three or four months and
tightened up their internal controls. They had allowed
the project to become bloated and inefficient. I think
I brought credibility to the pressure that I put on them
because of my background. I supported the project
through the difficult times and it finally was completed
my last year in office. Seabrook has been a great contributor to energy security in the region and has kept
electric rates down in New England.
RML: The interesting phenomenon in the United
States is that we have over 100 nuclear plants operating
and they are basically storing spent fuel on the reactor
site. You are, I’m sure, aware of the Yucca Mountain
closure. What is your thought on all of this?
JHS: That is an example of national policy gone bad
without good guidance from the technical side. An
equivalent of Yucca is obviously needed. At some point
reality will come back into the equation—whether it is
10, 20, 30, 40 years from now—and we will have a facility that is appropriate. Nuclear is now providing about
20 percent of the nation’s electric energy. The reason
nuclear power has not made the more significant recovery that everyone expected is because of another technical innovation called fracking. The abundant supply
and low price of natural gas generated by fracking has
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stalled the nuclear [energy] recovery, but there is a time
and a place for everything and it will come back.
RML: You might have noticed that one of our recent
issues of the Bridge [summer 2014] was devoted to the
issue of fracking. We tried to be objective, with contributions that addressed not only the fracking process but
also environmental concerns, all the public policy issues
that need to be on the burner. I think it was a very good
issue; the guest editors did a wonderful job.
Our conversation reminds me of another aspect of
engineering that concerns me and that is what might
be called “unintended consequences.” For example, the
Internet and the World Wide Web, which are so pervasive in our life, tend to enable some of the worst characters on the planet, such as ISIS and al Qaeda. These
folks are advertising their policies and so on through
social media and other technologies. That is truly an
unintended consequence. There are other examples, of
course—credit card theft and that sort of thing. What
are your thoughts on that?
JHS: Every good tool can be used for a bad purpose.
From a simple hammer to a brilliantly honed sword, an
aircraft, even a car—any product of technology can be
used by evil people for an evil purpose. There is no way
you are going to avoid that. You grow a tree, you can
make arrows out of the wood. Whatever it is, good things
can be used by bad people to do bad things. That is not
a knock on technology, it is just an awareness of reality.
But people like to spin it the other way—‘oh, we have
to stop technical advances because there are unintended consequences.’ There are unintended consequences
to everything. The culprit is not the technology, the
culprit is the social and political system that shapes an
imperfect world at every stage of history. We have to
work to improve our social and political systems.
RML: You were White House chief of staff for a number
of years. Did engineering come into any of your activities in the White House?
JHS: Yes. We developed an energy policy. We were able
to break a stalemate on clean air. President [George
H.W.] Bush finally got a Clean Air Bill that the country
had been trying to get for 13 years. The logjam was broken with a very innovative approach for the time—cap
and trade. Even though cap and trade has gotten a bad
name in recent years, the Clean Air Bill showed how it
can be used on emissions that are truly harmful. Today
there is a lot of political disagreement over using cap
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and trade on other substances. Cap and trade is not the
problem. It is what we talked about before, the unintended consequences of using a tool in the wrong way.
If you use cap and trade on the wrong emission you have
a bad policy, but cap and trade on the right emission is
a good policy.

The Clean Air Bill in ’90 was
a great piece of legislation,
based on understanding the
science and technology and
the economics.
The Clean Air Bill of 1990 was a great piece of legislation—people have tried to mimic its approach. The
bill was based on understanding the science and technology as well as the economics. The National Energy
Policy was based on a good sense of what can and can’t
be done. So understanding the technology and the science involved in those issues was extremely useful.
RML: What would be examples of emissions that you
would put in the category of good or bad?
JHS: The sulfur oxides were demonstrated to be associated with acid rain. Capping the SO2 and the nitrous
oxide emissions was appropriately done with cap and
trade. Unfortunately the world has gone politically correct in recent years and they are trying to apply it to
everything, including CO2, which in my opinion would
be a disaster.
RML: What would be a more tractable policy for CO2
emissions?
JHS: First of all, we need to decide whether government regulation of CO2 is sound policy. I think there
are more appropriate places to be making global investments to improve the environment than chasing the
CO2 molecule all over the world. Frankly the Academy
itself, in my opinion, ought to be ashamed for not standing up to its sister organization, the National Academy
of Sciences, for some of the foolishness that they have
been endorsing in terms of climate change. In five or ten
years, people are going to know that we went along with
a foolish policy, this insanity of thinking that CO2 is the
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appropriate target for all kinds of international investments. There are better places to improve the environment. There is no question that increased CO2 has a
small impact on the temperature of the atmosphere, but
not to the level that some have been touting. For many,
regulating CO2 is a surrogate policy for limiting growth.
RML: I know there are people on both sides of that
issue at MIT.
JHS: MIT should be as ashamed as the NAE. It will be
ashamed as the NAE in about 10 years. This has become
a cult issue in the universities across the country. When
I sit down with serious faculty members over there and
talk about the issue, many of them have not spent 15
minutes examining the science. They have just joined
the crowd. It is a shame. It has become the politically
correct position to take even for scientists and engineers.
They ignore the fact that there has been no warming for
18 years, that the hysteria about the ice caps ignores the
facts, and what they have been saying about the rate of
change of a rising ocean is ridiculous.

In 50 years we went from
biplane to monoplane to
jet engines to all kinds of
electronics . . . . Now people
are confusing pets.com with
great technology.
RML: There are academics and policymakers who are
obviously very much at odds in terms of CO2 policy and
it is something we need to get straight for the future of
the planet.
JHS: A quarter of a century ago, when I was White
House Chief of Staff, a few global warming advocates
came into my office and started bragging about their
models. I asked them how well their models coupled
the atmosphere to the ocean. They did not. I showed
them a very simple one-dimensional model that demonstrated how important including the ocean in the model
was because the thermal capacity of the top meter of the
ocean is as large as the thermal capacity of the entire
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atmosphere. The top 100 meters of the ocean are well
mixed. So I said, “How can you have a model in which
the dominant thermal capacity is ignored?” If you read
the literature today, you will see that now the big news
in modeling is how significant the oceans are in influencing climate change. For this crowd to take 20 years
to come to that conclusion tells you they really do not
have a handle on the real science.
You show me any computer program and let me
change a couple of dozen lines, I can get any output you
want. Remember the Club of Rome? It had everyone
scared that we were running out of resources. According to them, we should have been out of resources
10 years ago. In their progression, almost everything
negative grew exponentially, and almost everything
positive only grew linearly. With that model, of course
there would always be a timeframe in which disaster
was inevitable.
RML: Let me play the devil’s advocate for just a
moment. What is your take then on the melting of the
ice caps? That is occurring.
JHS: It is not: the Antarctic ice caps hit a record this
year—there is more ice in Antarctica than ever.
RML: I see images of melting glacial fields and so on.
JHS: But go take a look at the official record of Antarctic ice today. It is a record high. And the fact that you,
who are in the midst of science and technology, have
the wrong impression is exactly what is wrong with the
policy. Go online. I forget which university carries the
official record.1
Second, do you remember the pictures of the Polaris
submarine in 1951, surfacing at the North Pole without
a piece of ice in sight? We often have had short periods
with low levels of Arctic ice. By the way, the Arctic ice
has come back as well. We have not come close to the
horrible predictions of “no more Arctic ice” that were
being made a few years ago. My point is that we are
always going through cycles. It is improper for the antigrowth people to grab the wrong end of a cycle and scare
the hell out of the world. The science is far from settled
and we should not be making multitrillion-dollar policy
decisions on the results of worthless models.

1 Mr. Sununu followed up by email with the following link: http://

sunshinehours.wordpress.com/2014/09/29/antarctic-sea-ice-areaday-269/.
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RML: I think it would be a very valuable contribution
if, when you have a little more time and not the looming deadlines for publishing a book, you could put this
into print for the Bridge.
I think this is an important point that goes to the
substance of what we are talking about: getting more
scientists and engineers into the public policy arena.
There are not many people who have had the experiences that you have had both as an academic and in
politics. I would be delighted if there were many more
who would follow in your footsteps.
CHF: What kinds of engineering are you doing now? I
gather you’re still president of your own company.
JHS: I am trying to wind down. I am 75. I took on a
book as my last major project. I still have a couple of
international projects I am trying to help on, but when
those are done I’m going to try to loaf. I am no longer
taking on things that constrain my calendar. I might do
a couple of small projects that have some flexibility in
time. I intend to ski and play golf and read and write.
RML: Do you have any particular message that you
would like to pass on to members of the National Academy of Engineering?
JHS: There is one interesting message I would like to
pass on and that is not just to the Academy. Conventional wisdom today is that technology is changing
faster than ever. It is really not changing as fast as they
think. People ought not to be bragging until it is real.
Here is an example that might put it in context for you:
The 747 first flew in the 1960s, which means that from
the biplanes of World War I to when the first 747 flew
was about 50 years. From the time the 747 flew to now
is about 50 years and we are still flying 747s. In that first
50 years we went from biplane to monoplane to efficient
diesel engines to jet engines to all kinds of electronics
and an air traffic control system. Now people are confusing pets.com with great technology.
In December 2012 Technology Review, an MIT publication, had a cover with the headline “You promised me
Mars colonies. Instead, I got Facebook.” In the magazine
there is an article that speaks about a “paucity of real
innovation.” I believe that is a real concern, yet there
are folks in science and technology and engineering
today who are patting themselves on the back for what
they claim is the very rapid evolution of technology. But
they are missing it. Look at how fast we went from steam
engine to full steam-powered manufacturing facilities in
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England. Look at how fast we went from rudimentary
radar to pretty broad usage of radar. I acknowledge it
was driven by the necessity of World War II, but it was
a remarkably short timeframe. Look at the evolution of
semiconductors. If I asked people today what’s the greatest invention of the last decade or so, there is not much
to choose from. I am not knocking what is being done, I
am just saying don’t run around taking credit for change
today coming faster than ever.
RML: Part of that may have to do with the public: all
the public sees of this is a new software system or a new
computer or a new iPhone, without recognizing that it
is built on the shoulders of technology that is actually
decades old.

We have distorted our tax
policy and taken away the
incentives for the private
sector labs that brought most
of the innovations that have
given us a better quality of life.
JHS: The point is, unfortunately, that it has become
more profitable to apply old technology to new uses
than to really reward the hard and important contributions of real technical breakthroughs. People are not
chasing them.
We have distorted our tax policy and taken away
the old incentives for the Bell Labs or the GE or Westinghouse Labs—all the private sector industrial labs.
Those are the science and technology labs that brought
us most of the innovations that have given us a better
quality of life. I can’t tell you how hard it was fighting to
try and make permanent the R&D tax credit when we
did the budget agreement in 1990. But we could not get
it made permanent. The Democrat-controlled Congress
for some reason would not yield on that. To this day, I
have no idea why that was such a hard thing.
If you want one issue where an understanding of
science and technology is important, it is the value of
providing that certainty to the funding of those private
sector labs that were so productive. The labs that do
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exist today are small versions of what they used to be,
and that is bad news because those were the institutions
that gave America the edge in science and technology
that we once had.

credit for a rapid pace that is not really unique. They
are saying it is happening faster today than it ever did,
but it is not. It may be happening, but it is not happening faster.

CHF: It seems that the evolution of technology has
taken a different slant, toward innovative applications
and derivations of technologies.

RML: The one area where I think there might be a fast
pace is in medical research.

JHS: I accept all that. You get new products every year,
but most are not based on a new technology, they are
based on making the old technology a little bit better.
Which is fine. But look at the Golden Age of the ’30s,
’40s, and ’50s—the discoveries on the nuclear side and
the discoveries of the transistor and microchips and
computers and radar and the jet engine and changes in
aircraft design and space travel. All those things done
back then are what are being honed today to make the
new designs that you are talking about. We are waiting
for some great new technology to come along that will
kind of move us up a plateau.
CHF: I suspect that great new technology is in the
works through the current refinements—for example,
through nanoscale developments and the evolution
that made possible the Mars Rover landing and prosthetics and organ generation.
JHS: That is correct. I am not saying that it isn’t happening, I am just saying that people are trying to take

JHS: Absolutely. In pharma especially. There are breakthroughs now in health care that are unbelievable.
RML: It is very interesting to see how much of an influence engineers have had in medical research—from
genomics to the many advances that are occuring in
medicine. What was practiced 10 years ago in medicine
is so different today, and will be even more different in
the years to come. Part of that is because of the introduction of engineering concepts into medical research.
JHS: When I was teaching at Tufts we had a couple
of students in the College of Engineering that started
focusing on that and they went out to Cleveland Clinic
and Case Western and did some great stuff out there.
RML: Thank you. This has been a fascinating conversation and we are very pleased to have talked with you
today.
JHS: Hopefully you have something there that you can
make intelligible and readable. Thanks for calling.
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NAE News and Notes
NAE Newsmakers
The 2014 Nobel Prize in physics
has been awarded jointly to Isamu
Akasaki, professor at Meijo University and distinguished professor at
Nagoya University; Hiroshi Amano, professor in the Department of
Electrical Engineering and Computer Science, Nagoya University
Graduate School of Engineering;
and Shuji Nakamura, professor of
materials and of electrical and computer engineering at the University
of California, Santa Barbara. The
prize is “for the invention of efficient blue light-emitting diodes,
which has enabled bright and
energy-saving white light sources.”
According to the Royal Swedish
Academy of Sciences, when Drs.
Akasaki, Amano, and Nakamura
“produced bright blue light beams
from their semiconductors in the
early 1990s, they triggered a fundamental transformation of lighting
technology. Red and green diodes
had been around for a long time,
but without blue light, white lamps
could not be created. Despite considerable efforts, both in the scientific community and in industry, the
blue LED had remained a challenge
for three decades.” The LED lamp
“holds great promise for increasing
the quality of life for over 1.5 billion
people around the world who lack
access to electricity grids,” the academy continued. The $1,000,000
award will be shared among the
three prize winners.
On October 20 the Institute of
Medicine (IOM) announced the
election of 70 members and 10
foreign associates. Among those

elected were Joseph M. DeSimone, Chancellor’s Eminent Professor of Chemistry and William R.
Kenan Jr. Distinguished Professor of
Chemistry, Departments of Chemistry and Pharmacology, University of North Carolina and North
Carolina State University, Chapel
Hill; Edward W. Merrill, CP Dubbs
Professor of Chemical Engineering,
Emeritus, Massachusetts Institute
of Technology, Belmont; and Gordana Vunjak-Novakovic, Mikati
Foundation Professor of Biomedical
Engineering, professor of medical
sciences, and director, Laboratory
for Stem Cells and Tissue Engineering, Columbia University. Election
to the IOM is considered one of
the highest honors in the fields of
health and medicine and recognizes
individuals who have demonstrated
outstanding professional achievement and commitment to service.
The American Physical Society presented its 2015 Julius
Edgar Lilienfeld Prize to David D.
Awschalom, Liew Family Professor
in Spintronics and Quantum Information, University of Chicago. The
award is for outstanding contributions to physics by a single individual who also has exceptional skills in
lecturing to diverse audiences. The
society cited Professor Awschalom
“for sustained contributions to the
physics of spin-coherent materials
and systems, including the optical
discovery of the spin Hall effect and
spin control in quantum nanostructures and nonmagnetic semiconductors, as well as his superb lecturing on
these topics to diverse audiences.”

The Lilienfeld Prize consists of
$10,000, a certificate citing his contributions, plus expenses for three
lectures given at an APS meeting, a
research university, and a predominantly undergraduate institution.
C. Gordon Bell, researcher
emeritus, Microsoft Research, has
been named the recipient of the
2014 Institute of Electrical and
Electronics Engineers (IEEE) Computer Society Seymour Cray Computer Engineering Award for his
work in designing computer systems
that significantly changed highperformance computing. Mr. Bell
was recognized “for his exceptional
contributions in designing and
bringing several computer systems
to market that changed the world of
high-performance computing and
of computing in general, the two
most important of these being the
PDP-6 and the VAX-11/780.” The
award, which recognizes innovative
contributions to high-performance
computing systems that best exemplify Cray’s creative spirit, was presented November 18 at SC14 in
New Orleans. It consists of a crystal memento, a certificate, and a
$10,000 honorarium.
Dame Ann P. Dowling, head of
the Department of Engineering,
University of Cambridge, succeeds
Sir John Parker as president of the
Royal Academy of Engineering.
Elected on September 23 by fellows
of the Royal Academy, she is the first
female president of the institution.
The Committee for Economic
Development (CED) honored
Michael T. Duke, president and
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CEO, Wal-Mart Stores Inc., with
the CED 2014 Distinguished
Performance Award for Global
Leadership, which recognizes multinational corporations that demonstrate exceptional leadership on
international policy issues. The
award, presented on September 18
at the Pierre Hotel in New York,
cites Mr. Duke “for his leadership
in the areas of global women’s economic empowerment, sustainability
and domestic hunger relief.” The
award is not presented annually
and is reserved for companies and
their CEOs who have had a positive
impact on communities and people
across the globe where their businesses have great reach.
The Geological Society of America (GSA) announced Farouk
El-Baz, director of the Center for
Remote Sensing and research professor, Boston University, as the
recipient of its International Section’s 2014 Distinguished Career
Award, which recognizes worldwide
scientific standing and the promotion of international geologic cooperation. The award was presented
during the GSA Annual Meeting
in October in Vancouver.
The Yale Graduate School of Arts
and Sciences awarded the Wilbur
Lucius Cross Medal, the school’s
highest honor, to Eric R. Fossum,
professor of engineering, Thayer
School of Engineering, Dartmouth
College, on October 14. The medal
is awarded to outstanding alumni
for distinguished achievements in
scholarship, teaching, academic
administration, and public service.
Professor Fossum is a scientist,
inventor, entrepreneur, and educator who holds more than 180
patents. While working on interplanetary spacecraft cameras for
NASA at Caltech’s Jet Propulsion

Laboratory in the 1990s, he devised
a way to produce an ultra-small,
inexpensive “camera on a chip”
that is now an essential element in
cell phones and tablets around the
world. His incorporation of imaging-sensing devices on semiconductor chips has led to innovations in
medicine (pill cameras), the automotive industry (side- and rear-view
cameras), and filmmaking.
Michael I. Jordan, Pehong Chen
Distinguished Professor, University
of California, Berkeley, is the recipient of the 2015 David E. Rumelhart Prize, awarded to those who
have made fundamental contributions to the theoretical foundations
of human cognition. The prize,
established in 2001 and sponsored
by the Robert J. Glushko and Pamela Samuelson Foundation, comes
with a $100,000 award. As the 2015
Rumelhart Prize recipient, Jordan
will deliver a major address at the
society’s meeting next year in Pasadena, California.
The 2014 ASME Honors Assembly was held November 17 at the
Palais des Congrès de Montréal. The
ASME Medal, the Society’s highest
award, recognizes eminently distinguished engineering achievement.
Van C. Mow, Stanley Dicker Professor of Biomedical Engineering,
Columbia University, received the
honor for “significant contributions
to biomechanical and biomedical
engineering, particularly seminal
breakthroughs in understanding the
biomechanics of human joints; for
educating and mentoring engineering students; for broad and critical
leadership of the nascent bioengineering profession; and for service to
ASME and other professional societies.” ASME’s Kate Gleason Award
recognizes the contribution of distinguished female leaders in the engi-

neering profession. Ursula Burns,
chair and CEO, Xerox Corporation, was selected for this award for
“outstanding engineering and business leadership, and a distinguished
career culminating in achieving the
distinction of being the first black
woman to lead a Fortune 100 company.” Honorary membership is
bestowed on persons who have made
“distinctive contributions” to engineering, science, industry, research,
public service, or other pursuits
allied with and beneficial to the
engineering profession. Three NAE
members received this award: Robert E. Nickell, president, Applied
Science & Technology, for “significant contributions to the development of finite element methods for
assessing material fatigue in nuclear
reactor pressure vessels and piping,
and the development of detonation
chambers for the disposal of chemical weapons”; Pol D. Spanos, L.B.
Ryon Endowed Chair in Engineering, Rice University, for “seminal
contributions to the dynamic analysis and design of diverse mechanical
systems; for effective pedagogies that
have advanced engineering education; and for achievements resulting
from a resolute commitment to societal improvement through engineering innovation”; and Xiang Zhang,
Ernest S. Kuh Endowed Chair Professor and director, Nanoscale Science
and Engineering Center, University
of California, Berkeley, for “pioneering contributions in metamaterials
and the creation of the first optical
superlens to overcome the fundamental diffraction limit in imaging;
and for the invention of plasmonic
lithography technology to advance
nanoscale manufacturing, which is
important for microelectronics and
data storage applications.”
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NAE 50th Anniversary Annual Meeting

Anniversary Members

NAE members, foreign members,
and guests gathered in Washington
in September for the 2014 Annual
Meeting and to celebrate the Academy’s 50th anniversary. The meeting began on Saturday afternoon,
September 27, with an orientation session for new members in
the National Academy of Sciences
(NAS) Building on Constitution
Avenue. That evening the NAE
Council dinner was held in the
Great Hall of the NAS Building,
honoring the 67 new members and
11 new foreign members.
On Sunday NAE Chair Charles
O. Holliday, Jr. opened the pub-

Class of 2014

lic session with brief remarks on
“Our Second Half Century” (see
page 61). President C. D. Mote, Jr.
then delivered his annual address,
“Understanding Engineering,” to
the members and guests. Noting
that the Academy’s 50th anniversary is an opportunity to showcase
how engineering solutions improve
the quality of life for all, he cited a
book of essays prepared for the occasion, Making a World of Difference:
Engineering Ideas into Reality. The
essays survey the past half century
of engineering accomplishments
and project areas for engineering
innovation and value added in the

next 50 years. It is similarly appropriate to envision the Academy’s
future, and to that end he invited
the members to address five questions about strategic directions for
the NAE. Their input will be considered at a special Council meeting
in January. (See page 63; the address
is also posted on the NAE website,
www.nae.edu.)
The induction of the NAE Class
of 2014 followed President Mote’s
address, with introductions by NAE
Executive Officer Lance Davis.
The program continued with the
presentation of the 2014 Founders and Bueche Awards. The 2014
Simon Ramo Founders Award was
presented to Robert A. Brown,
president of Boston University,
“for contributions to understanding
of viscoelastic liquids and crystal
growth, commitment to diversity
in engineering, and leadership in
transforming disciplines and institutions” (see page 68). Siegfried
S. Hecker, professor (research) of
management science and engineering, Stanford University, and senior
fellow, Freeman Spogli Institute
for International Studies, received
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E4U winners

the Arthur M. Bueche Award “for
contributions to nuclear science and
engineering and for service to the
nation through nuclear diplomacy”
(see page 70).
The Bernard M. Gordon Prize
for Innovation in Engineering and
Technology Education Lecture featured the four 2014 winners: John
P. Collier, Myron Tribus Professor of

Forum panel and moderator

Innovation; Robert J. Graves, John
H. Krehbiel Professor of Emerging
Technologies; Joseph J. Helble,
dean and professor of engineering;
and Charles E. Hutchinson, dean
emeritus and John H. Krehbiel Professor of Emerging Technologies,
Emeritus, all at the Thayer School
of Engineering at Dartmouth. Dr.
Helble described Dartmouth’s

Engineering Entrepreneurship Program, and also outlined a need for
experimentation in engineering
PhD education, given the relatively
small fraction of PhD students who
pursue careers as tenure-track faculty at research universities. The
video of the Gordon Prize Lecture
is available on the NAE website
(www.nae.edu).
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Representatives of the Engineering for You (E4U) video contest
winning teams were then invited to
the stage to receive prizes for submissions in the following categories:
Middle School and Younger (K–8),
High School (9–12), Tertiary Education (2-year college through
grad school), FOE/FOEE participants, and People’s Choice. The
video that won in the General Public Category Award was also the
contest’s Grand Prize winner: “Engineering Is Amazing!” by Adrian
Burger of Cape Town, South Africa.
All the E4U winners, including two
honorary mentions in the NAE
member category and Tertiary Education category, were invited to celebrate with their guests, Dr. Mote,
Dr. Holliday, and E4U Judging
Committee Chair Rob Cook. The
winning videos are available on the
E4U website at www.nae.edu/e4u.
After a break, Dr. Mote introduced the Plenary Speakers, Eric
Schmidt, executive chairman of
Google; Frances Arnold, the Dick
and Barbara Dickinson Professor
of Chemical Engineering, Bioengineering, and Biochemistry at Cali-
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fornia Institute of Technology; and
the Honorable Sally Jewell, secretary of the interior. Their lectures
explored engineering triumphs in
the past 50 years and made some
observations as to what might lie
ahead. The day ended with a reception for members and their guests.
At the annual business session
for members on Monday morning,
Dr. Mote spoke about the NAE
and answered questions from the
members. The business session was
followed by a Forum, “Celebrating
the NAE’s 50th Anniversary: The
History of Engineering over the
Past 50 Years and a Look Forward”
in which a panel of NAE members
discussed the impact of engineering
and how it creates solutions for people and society. Ali Velshi, host of
Real Money with Ali Velshi, Al Jazeera
America, moderated a discussion
exploring the many questions surrounding the impact of engineering and how it benefits society. The
panelists were Wanda M. Austin,
president and chief executive officer,
the Aerospace Corporation; Corale
L. Brierley, principal and founder,
Brierley Consultancy LLC; Leonard

Kleinrock, professor and chair of
the Computer Science Department,
University of California, Los Angeles; Robert Lucky, retired corporate
vice president, applied research, Telcordia Technologies; Arun Majumdar, Jay Precourt Professor, Stanford
University; Roderic I. Pettigrew,
director, National Institute of Biomedical Imaging and Bioengineering, National Institutes of Health;
and Robert E. Schafrik, recently
retired general manager, Materials
and Process Engineering Department, GE Aviation. The video of
the Forum is available on the NAE
website (www.nae.edu).
On Monday afternoon members
and foreign members participated in
NAE section meetings at the NAS
Building and Keck Center. The
meeting concluded with the annual
reception and dinner dance, held at
the JW Marriott. After entertainment by illusionist Michael Grandinetti, the Odyssey Band performed a
lively variety of dance music.
The next annual meeting is
scheduled for October 4–5, 2015, in
Washington, DC. We hope to see
you there—save the date.

Our Second Half Century
Remarks by NAE Chair Charles O. Holliday, Jr.

Charles O. Holliday Jr.

Good morning. Please join me in
congratulating our new members on
their outstanding accomplishment.
As you walk across this stage in
a few minutes, you will be thinking about things such as the family,
friends, and colleagues that have
made a difference in your being here
today. I urge you to really reflect on
that. Before the day is over, please
thank them one more time for

everything they have done to support your work.
Now, as we focus on our second
half century, I have just one simple
message. I urge you to do exactly
what our members have done in the
first half century: Solve problems in
service to the nation.
You may ask, What problems
should I solve? Solve the problems that you care about. Solve
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the problems that are important to
your community no matter how you
define your community.
As I was thinking about my notes
for today, I recalled a time when
my family was living in Japan. I
was going in for my annual physical examination with Dr. Fuji and
I hadn’t done the exercise that he
suggested a year before. My tactic was to get him in an intellectual conversation about whether I
should jog or bike or swim. I went
through all this and Dr. Fuji looked
back at me and he said, “Just move.”
I thought his English was not as
good as I expected. I went through
the whole thing again. He stared
back at me and said, “I understood
you the first time. Just move a lot.”
My message to you today is just
solve problems a lot as you go forward.
But if you want a little more specific guidance about where to solve
problems, I point you to the Grand
Challenges for Engineering. In 2008
our Academy developed 14 Grand
Challenges. If Chuck Vest, our former president, could be with us here
today, he would point you to these
14 Grand Challenges. Even though
we have made tremendous progress
the 14 challenges still remain.
In looking at the Grand Challenges, I find three that clearly
address world sustainability. When
we celebrate the NAE’s 100th anniversary in this room 50 years from
now, we need the sustainability
Grand Challenges solved.
I had the honor of serving on a
global commission that was formed
by seven countries. We finished our
work two weeks ago with a report
looking at this question that you
always see in the paper: Are we
going to create a better economy
and more jobs or are we going to be

sustainable? It is always presented
as one or the other, suggesting you
cannot possibly do both. Our commission was charged: Does it have
to be that way? Are there answers
that improve the economy and help
sustainability? As you might guess,
the answer was “yes.”
Then the question comes, But
does it cost more? Is it less or the
same or more if you do it in a sustainable way? If you project out the next
15 years, if we keep doing business
the way we have been doing it, it is
going to cost $89 trillion to fill out
the infrastructure the world needs.
If we do it in a sustainable way, it is
going to cost $93 trillion to build it
out—5 percent more. I think that is
a very good investment.
But I have to tell you about one
premise in the $93 trillion. It is
assumed that we, as engineers, do
our job. It is assumed that we engineers do sustainability the right
way and use all of our capability. To
make that a success, you have to be
a part of it.
Let me direct you to three things
from the report that I think you
might find useful. First, fossil fuels.
As the commission looked at fossil fuels, we said, What part of fossil fuels is high risk? What part is
high opportunity? Coal is high risk;
I would avoid it. Natural gas is an
opportunity; I would maximize it.
And if you add in carbon capture
and storage, which can lower the
impact of natural gas on the environment, you have a real winner.
Second, how do we pay for it?
Since 2009 I have been working
part-time with one of the large
banks. We have been criticized for
almost everything since the financial crisis. We have been criticized
for having very complex financial

instruments that created the great
recession. We have been criticized
for taking too much risk, losing our
money, and sometimes the money of
people sitting in this room. And all
that is very well justified.
But when it comes to finding creativity around sustainability, banks
have been lax. They have been too
conservative, but that has changed.
In 2009 there were $3 billion of
Green Bonds, or sustainability
bonds, issued. This year we are on
track for $40 billion. The message
here is that the financial services
institutions are finally getting something right. We will have the funds
you need as you solve the problems.
Last point. Most of you have
probably heard of shale gas. Many
people ask, Why did we not see
shale gas coming ten years ago? The
major predictors did not see it coming. That is because they were not
looking close enough at the engineers doing the horizontal drilling
and hydraulic techniques that made
shale gas possible. If people had
been looking at that, perhaps they
could have seen it coming. Many
people in the business community
are wringing their hands about how
they missed that question. I think
the most important question is,
What is the next shale gas? What
is the other thing coming that will
change our energy future?
I was sitting with Maxine Savitz,
who just retired as vice president of
NAE, and she came up with a very
quick answer. Energy efficiency will
be the next shale gas. You heard it
here. If you want one more problem
to solve, look at energy efficiency.
In summary, my guidance to you
is to solve a lot of problems.
Thank you very much.
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Understanding Engineering: Remarks by NAE President C. D. Mote, Jr.
dent that you will long remember
this special day.
Remarks on the Founding of
the NAE

C. D. Mote, Jr.

Welcome

Mr. Chairman, members and foreign
members of the Academy, and distinguished guests, it is my privilege
to welcome you all to the 50th anniversary celebration of the National
Academy of Engineering (NAE).
On behalf of the Academy I offer
sincere appreciation to President
Zhou, of the Council of Academies
of Engineering and Technological
Sciences, for his generous anniversary message from the world’s engineering academies.
Having the world celebrate our
anniversary is quite humbling. On
the other hand, engineering has
been “out of this world” throughout
the Academy’s history, so someone
“out there” may be thinking about
us too. Wait . . . I believe I hear a
voice from the International Space
Station. Is that you, Astronaut
Wiseman? . . . Thank you, Reid,
for your most gracious recognition
of this special day. You win the
prize for having traveled the greatest distance to take part in this
celebration.1
I extend my warmest welcome to
our new members, too. I am confi1

The video of Commander Wiseman’s
remarks is available on the NAE website
(www.nae.edu).

Fifty years ago, on December 5, 1964,
the National Academy of Engineering was founded by the stroke of a
pen when the National Academy
of Sciences Council approved the
creation of the NAE.2 The 25 NAE
founders, who had been appointed
by National Academy of Sciences
(NAS) president Frederick W. Seitz
in March 1964, became its first
Council and within days elected
Augustus B. Kinzel president and
Eric Walker vice president. Simon
Ramo, who celebrated his 101st
birthday this past May, is the remaining founder and original inductee to
the NAE. He sends his best wishes
to this celebration.
President Seitz did not want to
open a political door by amending
the 100-year-old charter of the NAS
to accommodate creation of the new
academy. Instead, he used a provision
in the NAS charter that gave it the
authority to “make its own organization, including constitution, bylaws,
rules, and regulations” to create the
new engineering academy.3 The history leading up to and spanning the
2 The Making of the NAE: The First 25 Years
by Lee Edsom, edited by Marlene R.B.
Beaudin. National Academy of Engineering, 1989, pp. 23–31.
3

Press Conference, December 11, 1964:
“Acting under the authority granted by
its Congressional Act of Incorporation,
the National Academy of Sciences has
approved articles of Organization which
bring the National Academy of Engineering into being as part of its own structure,
operating on an autonomous and parallel
but coordinated basis.”

founding of the NAE is described in
the volume The Making of the NAE:
The First 25 Years.1 It describes how
engineering professional societies, through the Engineers’ Joint
Council, submitted a prospectus for
the new engineering academy to
the NAS in September 1962. Today,
the National Academy of Engineering joins the National Academy of Sciences in leadership of the
National Research Council, and is
recognized globally as a principal
voice for engineering. We are just
getting started.
Meeting Program

Last year, I set out three strategic
issues for my presidency having
critical importance to our profession
and the nation: (1) Talent in the
engineering workforce; (2) Visibility and understanding of engineering; and (3) The global role of the
NAE. At the 2013 annual meeting
we addressed the engineering talent question: How do we ensure the
availability of top engineering talent
for the national workforce? Since
that discussion, the global shortfall of top engineering talent now
appears on virtually every shore,
including the East Asian countries—China, Singapore, Taiwan,
Japan, and South Korea—that many
of us thought were not affected by
this problem. In a recent national
survey, the top four least underemployed fields in the US are in engineering.4 Talent in engineering is
increasingly recognized as the coin
of the global realm.

4 Washingtonpost.com/wonkblog; Christopher Ingraham, PayScale Survey,
August 26, 2014.
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This 50th anniversary program
is focused on visibility and public
understanding of engineering. We
are fortunate to have three distinguished plenary speakers: Mr. Eric
Schmidt, chairman of Google; Dr.
Frances Arnold, distinguished professor at Caltech; and the Honorable Sally Jewell, secretary of the
US Department of the Interior.
Their perspectives on the future of
engineering from industry, academe,
and government span the professional domains of our academy. We
are indeed fortunate to have them
speak to us.
Our anniversary video contest,
“Engineering for You,” called for a
1–2 minute video that best communicates engineering solving problems for people and society. The
contestant categories ranged from
middle school students to the general public. Contestants from around
the world submitted over 600 videos. You will meet the winners when
they receive their prizes later today.
Their videos will be shown during
this program with the grand prize–
winning video shown when all the
prizes are awarded at the end of
today’s program. The videos will
also be shown throughout the meeting in the West Court. We plan to
extend the video competition for
another year with the theme “Engineering for the Grand Challenges.”
The anniversary essay book Making a World of Difference: Engineering
Ideas into Reality, written for a public
audience, is available on the NAE
home page. A print copy of the book
is in your registration packet, and I
hope you enjoy it. Three essays span
the 50-year history of the NAE showing engineering solutions evolving
over time to serve the growing needs
and wants of people. The fourth essay
prognosticates engineering solutions

needed over the next 50 years. Some
of those needs are predictable, even
though the future is not. The 2008
Grand Challenges for Engineering
are based on that reality. I thank the
many NAE members who contributed to the content and review of
these essays.
The history documented in the
essays shows phenomenal contributions to people and society by
engineering. But this comes as no
surprise to any of us. After all, most
of the Ages are characterized by
engineering: The Stone Age, 700
millennia ago, was named for chipping rocks by hand to create tools;
the Bronze Age was named for the
smelting of tin and copper to cast
weapons, tools, and artifacts; the
Iron Age was named after the hammering and bending of iron to create farming implements and tools;
and the Silicon Age reflects the
material foundation for electronics
manufacturing. OK, the Ice Age was
not a human creation—as a natural
phenomenon it belongs to science.
The Industrial Revolutions were
similarly characterized by engineering around machines and energy.
The First Industrial Revolution was
characterized by steam power and
the cotton gin, the Second introduced electric power for industrial
processes and serving society, and
the Third is characterized by digital
information and new materials.
From prehistoric times to this
day, advancing engineering capabilities and human advancement
have been coupled tightly together.
Sometimes engineering advancement leads people’s needs. Henry
Ford famously said, “If I asked people what they wanted, they would
say faster horses.” Other times engineering responds to people’s wants
or to envisioned needs for society as

in the Grand Challenges.
Tomorrow, a moderated panel of
seven NAE members will provide
their perspectives on “The History
of Engineering and a Look Forward.” Between their reflections on
the essays and their personal stories,
this freewheeling discussion of engineering past and future will be illuminating, stimulating, and fun.
The essays document that nearly
everything provided to people and
society over the past half century
came at least in part through engineering. The currently accelerating
advances in engineering can only
lead to greater contributions in the
future than in the past. With the
help of engineering, this century
could be a great time for humanity
Vision for 2015+

This year on December 5, we step
into our next half-century, making this a good time to think about
which way we should be heading.
The NAE Council will consider our
strategic direction for the next five
years at a retreat in early January, and
consequently we need your counsel
on what the NAE should do now
to support the future of engineering
in service to the nation. The section meetings tomorrow afternoon
provide a venue for expressing your
views on our near-term direction.
I would like to present some of my
thoughts for your consideration. My
inclination is to place high priority
on addressing major issues falling
within our mission that are especially appropriate, even singularly
appropriate, for the NAE to address.
Understanding Engineering

On understanding engineering, the
materials presented at this meeting
provide compelling evidence of
engineering contributions to people
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and society throughout our halfcentury history and on projected
needs from engineering in the
future. But is having this and other
documented information enough
to influence the public perception
of engineering? I see no reason to
think that it is sufficient. Allow me
to explain.
Fifty years ago, at his first meeting with the 25 NAE founders,
NAS President Seitz presented his
most important argument justifying
the founding of the NAE. He said,
“The establishment of the NAE
could enhance the dignity and prestige of the engineering profession
at this time and could redress the
imbalance [with science].” 5 Since
then, this situation has worsened in
my view.
Today, we regularly see other terminology usurping engineering, literally editing engineering right out of
its contributions. Technology is not a
synonym for engineering, it is a skill
or an indiscriminate end product
as it is used today, but it has largely
replaced engineering in the public
view. Innovation is a successful new
implementation, not a synonym
for engineering. And science is not
engineering either: it discovers and
engineering creates; fundamentally,
they are orthogonal, as different as
you can get. In the public media, the
E-word has become largely silent. If
President Seitz were standing here
today, I expect that he might also
seek to redress the imbalance of
engineering with technology and
innovation.
A key question is, Does anonymity matter? Because public perception
determines public support and interest, which are essentially everything,
5

The Making of the NAE: The First 25
Years, p. 28.
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I believe that it matters significantly.
It is important for our society to
appreciate what its future depends
on. How will public appreciation
of engineering ever develop if it
remains cloaked in invisibility? Is it
time to consider reintroducing the
word engineering into our lexicon?
The NAE holds a unique position of responsibility to the engineering profession and to the
nation. As the National Academy
of Engineering, we are a principal
leader of engineering in the United
States and advisor to government
and others on engineering. Yet
Academy efforts to improve public
understanding of engineering have
not been successful. Indeed, those
of other stakeholders in the engineering profession have not been
successful either. But we need the
Academy members to care. If the
National Academy members accept
this diminishing public presence of
engineering, why should anybody
else care? Accordingly, we need to
know what importance you place on
this issue. Representing engineering
correctly to the public has to be an
issue for the NAE membership, not
only for the Academy officers, if this
is to become an Academy initiative.
Accordingly, I seek your counsel, that of the membership, on two
questions:
1. Of what importance to the
nation is representing engineering correctly in public
discourse?
2. What priority should the NAE
assign to the correct public representation of engineering?
If each section meeting could
devote a few minutes to discussing
these two questions, the section
chairs could then provide me and
the home secretary with an initial
sense of their membership to pass

along to the Council retreat in
January. We will report back to you
with what we learn.
Global Focus

As industry is globalized entirely,
and as universities are developing
global perspectives, I believe that it
is time for the National Academy of
Engineering to accept that a global
focus and global leadership in engineering are central to its mission.
We have taken many steps in this
direction already. One was to designate our foreign associates as foreign
members earlier this year. Others
include welcoming foreign member
participation on the Draper Prize
for Engineering committee, creating
five bilateral Frontiers of Engineering programs and our tri-academy 6
Global Grand Challenges program,
and continuing discussions with foreign academies and governments on
joint activities. So I propose that we
formally conclude that the domain
of interest of the National Academy
of Engineering is global.
If you concur, the duties of the
foreign secretary will be expanded beyond serving foreign members only, as is currently the case,
to include other responsibilities
appropriate for an active, internationally focused Academy.
Leadership responsibilities would
extend the horizon of the Academy beyond the national border.
Please let me know if you concur
with this understanding through
your section meeting discussions
or through direct communications
with me, the home secretary, or the
foreign secretary.
6

The Chinese Academy of Engineering,
Royal Academy of Engineering, and NAE
jointly sponsor the Global Grand Challenges Summits.
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NAE Program

The Academy participates in two
independent programs that operate in parallel. One is conducted
through the National Research
Council, where about 500 NAE
members serve important responsibilities annually on NRC studies.
The needs of the sponsors mostly
determine this program. The program financing, administration,
operation, and reports are NRC
responsibilities.
The second program is under
the NAE and reflects NAE goals
principally not served by the NRC.
This program is relatively small and
requires focused planning and execution to ensure quality initiatives
and dedicated sponsor interest and
support.
The NAE program initiatives
separate naturally into two parts: a
perennial program and a baseline program. The perennial program initiatives are longer term, have strong
support within and outside the
Academy, and serve the long-term
mission of the NAE. The perennial
program is strategic, for it reflects,
and even helps to set, the strategic
directions of the NAE itself. It delivers high value through its impact
and visibility. The ultimate impact
of a program initiative depends on
its long-term support by sponsors.
Regrettably, insufficient discretionary resources do not allow the NAE
to carry unsupported initiatives for
any significant time period.
The baseline program is composed
of shorter-term initiatives, about
3–5 years. Some may evolve into a
perennial program initiative, while
others have a limited-term focus
by intent. The baseline program is
a point of entry for all initiatives
where sponsor support has yet to
become long-term. A number of

current baseline initiatives could
become perennial program initiatives if sufficient sponsor support
is realized. This outcome should
receive priority attention.
Because of their importance to
the long-term mission, visibility,
and contributions of the NAE, fostering perennial program initiatives
should be a priority for the NAE
program and increasing their number a goal.
Your views on this direction
for the Council retreat in January
would be appreciated.
Perennial Program Initiatives

I will describe two perennial initiatives to illustrate the qualities that
characterize such initiatives: the
Global Grand Challenges and the
Frontiers of Engineering symposia.
1. Global Grand Challenges
The NAE Grand Challenges7 set
forth the first global vision for
urgently needed engineering solutions “to ensure [humanity’s place
in] the future itself.” They are
arguably the greatest challenges to
engineering in history. And as engineering needs, they are global attractors—people are drawn to them.
The Grand Challenge Scholars Program prepares students for
careers working on problems like
the challenges. It was created by
Tom Katsouleas at Duke University, Rick Miller at Olin College of
Engineering, and Yannis Yortsos
at USC. The program supplements
the engineering curriculum with
research experiences, interdisciplinarity, entrepreneurship, global
reach, and social responsibility.
7 Grand Challenges for Engineering,
National Academy of Engineering, 2008,
available at www.engineeringchallenges.
org.

An engineering deans’ workshop held at the NAE in spring
2014 expanded the number of
engineering colleges signing on to
the scholars program to about 70.
The University of Texas at Austin
has approved a Grand Challenges
Scholars certificate program that is
open to all university students.
In April 2013 the National
Academy of Engineering, the Royal
Academy of Engineering, and the
Chinese Academy of Engineering
jointly sponsored the first Global
Grand Challenges8 Summit in London. Its sequel is being led by the
Chinese Academy of Engineering
in Beijing, September 14–16, 2015,
and the third tri-academy summit
will be in the US in 2017.
In addition, the Indian National Academy of Engineering has
requested a joint one-day symposium
in Washington on the Grand Challenge Scholars Program, Maersk and
Texas A&M are sponsoring a 3-day
meeting in Oman this December
on “Leadership of the NAE Grand
Challenges,” and I understand that
the Global Engineering Deans
Council conference, scheduled for
Dubai this December, will also take
up the Grand Challenges.
In short, the visibility and interest
in the NAE Grand Challenges initiative have increased steadily since
its introduction in 2008. Its attraction and its importance globally are
long-term, extraordinary, and universal, making it a strong perennial
program initiative candidate.
2. Frontiers of Engineering
The Frontiers of Engineering pro-

8 The Global Grand Challenges have been

supported most generously by Lockheed
Martin Corporation and senior vice president and CTO Ray O. Johnson.
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gram (FOE)9 is celebrating its 20th
anniversary in 2015. It may be the
only perpetual program of the Academy. As long as there are bright
young people building their careers,
developing relationships, and serving engineering from diverse perspectives, the Frontiers program will
never get stale. About 4,000 Frontiers alumni are spread out around
the world and their number increases by about 200 each year.
Three years after the FOE was
founded, the first bilateral Frontiers
program was created with Germany.
Today, the NAE has five bilateral
programs—with Germany, Japan,
China, India, and the European
Union—and other academies are
expressing interest. This year the
NAE participated in a Frontiers
of Engineering and Science program in Brazil; an Arab-American
Frontiers of Engineering, Science,
and Medicine program is scheduled for Oman in December; and
a Pan-Africa-America Frontiers of
Engineering and Science program is
under discussion.
The increasing interest in bilateral programs parallels the increasing demand for engineering talent
in developed and developing societies alike. The bilateral program
sits in today’s global mainstream—
engaging young and talented engineers in partnerships to accelerate
innovation—and, like the Grand
Challenges, it is central to our
goals of promoting understanding
of engineering, and ensuring top
talent in the workforce and global
leadership.

9

The Frontiers of Engineering program
is generously supported by The Grainger
Foundation, NSF, DOD ASDR&E,
AFOSR, DARPA, Microsoft Research,
and Cummins Inc.
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The NAE should consider
increasing the number of its bilateral programs pending assessment
of opportunities and the resources
needed to support them.
Member Engagement on the
Program

As we shape our NAE program
stepping into 2015, member inputs
in identifying candidate perennial
and baseline initiatives10 and their
potential sponsors are needed. The
membership can highlight overlooked or unmet national engineering needs that are appropriate
for the NAE. In the section meetings members can vet initiative
recommendations and potential
sponsors, and comment on program directions. The NAE chair,
president, and other officers can
serve as points of contact as members consider Academy directions.
Simply put, I hope the membership
wishes to engage in identifying program directions, engineering needs,
potential initiatives, and sponsors of
them where we can have the greatest impact.
Concluding Remarks

This anniversary year has provided
us with the opportunity to showcase
engineering’s compelling historical
record and to set near-term goals for
the NAE. The role of societal needs
in catalyzing the evolution of global
engineering solutions in the Grand
Challenges is striking. When contemplating both the increasing rate
10 By charter the NAE is an advisory
organization that recommends courses
of action to others while avoiding advocating for or taking action on its recommendations to preserve its credibility as a
trusted advisor to all interests. Advocacy
by Academy members and others, acting
as individuals, is not restricted.

of change in the sciences and engineering and the attraction to global
engineering needs for the planet, I
cannot help but be inspired by the
important time that lies ahead for
engineering. Our future, just like
our past, will be delivered in great
measure by engineering.
Regarding Academy direction,
I have posed strategic questions
today about our near-term direction that I hope you will consider.
What role should the NAE play
in the representation of engineering to the public? Should the
Academy adopt global responsibilities and leadership as central to
its mission? What program emphasis should be placed on long-term,
proactive, perennial Academy programs? What near-term strategic
issues are most appropriate for the
Council to consider?
I thank you for the privilege of
serving as your president. I look forward to working together to make
your Academy service as effective,
satisfying, and, yes, fun as possible.
In closing, I’ll share this quotation frequently attributed without
evidence to President Lincoln:
“Things may come to those who
wait, but only the things left by
those who hustle.”
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2014 Simon Ramo Founders Award
Acceptance Remarks by Robert A. Brown

Left to right: Pallab K. Bhattacharya, 2014 Awards Committee chair, NAE Chairman
Charles O. Holliday, Jr., Simon Ramo Founders Award recipient Robert A. Brown, and
NAE President C. D. Mote, Jr.

The 2014 Simon Ramo Founders
Award was presented to Robert A.
Brown, President of Boston University, “for contributions to understanding of viscoelastic liquids and crystal
growth, commitment to diversity in
engineering, and leadership in transforming disciplines and institutions.”
This occasion brings to the surface thoughts that I don’t usually
express. The late Lauren Bacall
said: “I can’t believe that the life
I’ve lived has been lived by me.” I
know how she felt!
Growing up in Texas—the child
of a single, working mother—I
would never have imagined that I
would be standing here this afternoon. I have lived the American
dream, first marrying my high
school sweetheart, Beverly, who is
here today, and then finding my way
to quality public higher education at
the University of Texas-Austin and

then graduate school at the University of Minnesota.
Like many first-generation college graduates, I became an engineer
because of a love of mathematics
and science and because I believed
an engineering career would put me
on the socioeconomic escalator.
I have been fortunate to spend my
professional life at two outstanding
private research universities, MIT
and Boston University. I am deeply
honored to receive an award named
for Simon Ramo, whose accomplishments are legendary, and to
join a roster that lists so many outstanding recipients.
No one who receives a prestigious
award travels alone to that destination. I am here today because of
many people, all of whom deserve
thanks. There are two I must highlight. The first is the late Chuck
Vest. As president of MIT Chuck
gave me the opportunity to serve

as dean of engineering and then
provost and thereby to influence
the future of a great institution. If
he were here with us, I believe he
would be smiling.
But the greatest credit for any
success I have had belongs to my
extraordinary wife, Beverly, who
has been my best friend and partner
throughout our 42 years of marriage.
We have had marvelous adventures—which have been all the
more marvelous because we experienced them together.
I am a product of great public
universities and I have served great
private universities. I have had the
opportunity to be part of research
innovations and educational programs and witnessed firsthand the
creativity and drive of leading faculty members and graduate students. I
have helped form new research centers, academic programs, and building complexes. I have also closed
academic programs and disbanded
athletic teams.
From the perspective of my accumulated experience in public and
private institutions, I believe the
most difficult challenges facing
universities, university leaders (and
me) lie ahead.
As members of the National
Academy, we understand that our
research universities, the systems for
undergraduate and graduate education entrusted to them, and the
research they conduct (supported
by competitively allocated, peerreviewed federal funding) have contributed significantly to our nation’s
progress and prosperity. The productivity and creativity of the graduate
students, postdoctoral researchers,
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and young faculty members who
populate this system are the envy of
the world. And others are moving
to copy our research universities and
compete with us for best research
talent. We are, increasingly, in a
race for talent and ideas.
Yet the long-term value of our
research universities to our country (and their vulnerability) is too
often not well understood by either
elected representatives or our citizens. The National Academies have
worked to close this knowledge gap
through reports such as Rising Above
the Gathering Storm, led by Norm
Augustine, and Research Universities
and the Future of America, chaired by
Chad Holliday.
Still, the gap persists. Universities
continue to be criticized for failure
to innovate in educational methods,
for administrative waste and inefficiency, and, sometimes, for overreliance on athletics to build their
reputation.
Our research universities must,
through their actions, reclaim the
high ground in the national discussion about higher education. We
must focus on the quality of the
education we deliver and the vital
connection between faculty-led
research, innovation, and classroom
instruction.
However, an argument that only
invokes quality will not suffice.
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We must focus on what we do and
how efficiently we do it. How do
we make progress? First, we need
to take a page from the industrial
playbook and consistently push for
greater efficiency in all our administrative processes and services. We
must talk explicitly about the savings we generate and how these are
reinvested in our core businesses of
education and research or returned
to our constituents through lower
tuition increases or greater financial
aid for needy students.
We need to make hard choices
about where to focus in education,
research, and service so that we
have the means to deliver quality
in the areas where we have decided to concentrate our efforts. We
must focus on academic programs
that are competitive, research
areas where we can be among the
best, and other activities—public
service, outreach, and even athletics—that we can justify as critical
to our missions as charitable institutions, educating the innovators and
leaders of tomorrow.
Innovating in educational delivery will be a critical component.
We need to develop digital learning
technologies, not only as means of
reaching vast new cohorts of students around the globe, through
MOOCs and the like, but to achieve
efficiencies—measured as better

student outcomes at lower cost—on
our “traditional” residential campuses. Digitally enhanced learning
environments, flipped classrooms,
more modular educational delivery,
and better-facilitated internship
experiences are all feasible and will
lead to better student learning and
outcomes.
These innovations will not initially lead to higher rankings or
public perception of our institutions because of the perverse metrics of very small classes and low
student-to-faculty ratio that have
become default proxies for educational quality and which lock in the
disease of a high-cost infrastructure.
Hopefully, we can move to a more
sophisticated and outcome-based
approach to measuring quality.
The challenges facing our
research universities today can
be met through a combination of
steady, articulate advocacy and
continuous, judicious reform and
innovation within the institutions.
We must look forward to and work
together to ensure the continued
leadership and vitality of these institutions if we are to sustain the innovative, prosperous, and civil society
that has made America great.
Thank you again for the great
honor of the Simon Ramo Founders
Award.
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2014 Arthur M. Bueche Award
Acceptance Remarks by Siegfried S. Hecker

NAE Chairman Charles O. Holliday, Jr., Bueche Award recipient Siegfried S. Hecker,
NAE President C. D. Mote, Jr., and Pallab K. Bhattacharya, 2014 Awards Committee
chair.

The 2014 Arthur M. Bueche Award
was awarded to Siegfried S. Hecker,
professor (research) of management
science and engineering, Stanford
University, and senior fellow, Freeman
Spogli Institute for International Studies, “for contributions to nuclear science and engineering and for service to
the nation through nuclear diplomacy.”
President Mote, distinguished
guests, I am deeply honored by
receiving the National Academy
of Engineering’s Arthur M. Bueche
Award. This award ceremony provides an opportunity to pay tribute
to the contributions Arthur Bueche
made to the nation and the world.
He was a world-renowned chemist who helped pioneer engineered
plastics at General Electric Research
and led one of the most innovative
industrial research centers in the
world. He was also an astute student
of science and technology policy

and one of our country’s most effective advisors. I will briefly focus on
two contributions that overlap with
my interests.
Bueche was an eloquent and effective spokesman on issues of technology development, R&D policy, and
energy policy. He viewed this as
part of his responsibility as a corporate officer. His focus was often on
what he called the “R&D triangle,”
the interaction of academia, government, and business that fueled
most of America’s research. I found
it interesting to go back and read
some of his papers and speeches.
As early as 1972 he laid out recommendations for a national science
policy designed to bolster the “sagging technological efficiency of the
US”—to have universities, industry,
independent laboratories, and government “each do what it does best.”
In addition to concerns about
the “sagging” economy, this was a

time of environmental awakening
and general public disillusionment
with science and technology. Concerns focused on the unforeseeable
social consequences of scientific
discoveries and technical innovations. Bueche defended the benefits
of science and technology—and he
believed in the democratic process.
More than 40 years ago he stated,
“Viewed in perspective, technology
has been remarkably sensitive to the
mood of the public. And as these
moods, desires, wants, needs of the
majority change, the direction of
technology will continue to change
accordingly. In short, I believe technology tends to strive toward what
most people want at any given time.
And its record of success, when it
has been broadly supported, is truly
amazing.”1 I find those comments
enormously insightful—and time
has proven him right.
I became director of the Los Alamos National Laboratory in January
1986. The United States again was
experiencing anxiety over losing
its technological edge—the conventional wisdom at the time was
that the Japanese were “eating our
lunch” technologically and industrially. Much like Arthur Bueche,
I had to understand the R&D triangle—particularly, how the labs
like Los Alamos fit into the nation’s
R&D enterprise in a dramatically
changed world. And that world has
continued to change. The National
Academies revisited the nation’s

1

A.M. Bueche. 1972. Each to do what
he does best. Science Policy Reviews
5(4):3–9.
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technological competitiveness in its
landmark 2005 study, Rising Above
the Gathering Storm.
The second overlap with Arthur
Bueche is the importance of international cooperation. In 1977 he
participated in the World Technology Congress in Moscow. His colleague traveler, and 2006 Bueche
Award laureate, Chauncey Starr,
recalled that Bueche stressed the
“importance of international bonding that technology provides.” I
have devoted much of my career to
promoting cooperation for international security.
I began the Los Alamos directorship during the Reagan defense
buildup to counter what he called
the “evil empire.” But on December 25, 1991, the Soviet Union was
dissolved. It was as remarkable as
it was unexpected. It was the first
time in history that a country with
the capacity to destroy the world
was thrust into chaos—its central
police authority collapsing almost
overnight, the institutions that
regulated the daily lives of Soviet
people crumbling, its economy in
free-fall, and its people in turmoil.
These conditions were particularly
dangerous in its nuclear complex
with its arsenal of tens of thousands
of nuclear weapons, its million-plus
kilograms of fissile materials, or
bomb fuel, and a million people who
worked in its closely linked military
and civilian nuclear complex.
During the Gorbachev era, some
Russian nuclear weapons scientists
reached out to us to explore cooperation. However, the mood in
Washington after decades of Cold
War favored collecting a peace
dividend, not aiding the adversary.
Few believed that a weak Russia with a disintegrating, poorly
protected nuclear complex was a
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greater threat than a stronger, more
stable Russia. But President George
H.W. Bush and Senators Sam Nunn
and Richard Lugar were concerned
about loose nukes and about the
potential of brain drain from the
Russian nuclear weapons complex
to countries such as Iraq, Iran, and
North Korea. They opened the door
for cooperation.
Within two months of the Soviet
collapse, John Nuckolls, director of
the Lawrence Livermore National
Laboratory, and I were inside the
Russian Los Alamos. That visit
led to what we called lab-to-lab
cooperation to deal with the new
nuclear threats. Over the next 22
years, many hundreds of scientists
and engineers from the American
nuclear weapons laboratories and
the Russian weapons institutes collaborated to keep nuclear weapons
safe and secure, to secure and safeguard the million-plus kilograms
of highly enriched uranium and
plutonium, and to collaborate on
scientific and technical problems
to provide financial assistance and
peaceful employment for thousands
of Russia’s nuclear weapons scientists and engineers.
I am currently working on a book
with two of my Russian counterparts
about how Russian and American
nuclear scientists joined forces at
the end of the Cold War to help deal
with nuclear risks in Russia and other states of the former Soviet Union.
We try to capture the experience of
our scientists and engineers, as well
as chronicle the progress I have witnessed during my 49 trips to Russia.
The bottom line is that 22 years after
the collapse of the Soviet Union,
nothing really terrible has happened
in the Russian nuclear complex—
contrary to the expectations of most
people in the West.

Critical to the success of our cooperation was what Bueche called the
“international bonding” that technology provides. We found the Russian weapon scientists and engineers
to be world class. The high level
of the technical discussions led to
instant respect—and with respect it
was easier to develop trust. Trust led
to personal relationships, without
which we could have never tackled
the sensitive nuclear issues at hand.
As my colleagues and I are
approaching the finish line for the
book, we find the relationships
between our governments worse
than at any time since the Gorbachev era. Quite frankly, it makes
no sense to rekindle the adversarial relations of the past, but these
are complex issues. In comparing
notes on the crisis in Ukraine during a recent visit to Russia, I found
our views to differ dramatically. I
was surprised that without exception every one of my Russian colleagues—nuclear scientists who
in some cases I have known for 25
years—defended Moscow’s actions
and criticized Washington and the
West over Ukraine. Over afterdinner vodka, we agreed that we
cannot reconcile our views of what
is happening in Ukraine, so we
returned to problems that require
our continued attention, namely
how to prevent nuclear proliferation and guard against nuclear terrorism. We agreed that although we
have made a lot of progress working
together over the past 20-plus years,
our work is not done.
Indeed, the need for scientists
and engineers to cooperate internationally is more important than
ever. It is especially important in all
things nuclear. Since nuclear energy can electrify the world or destroy
the world, the consequences of
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doing things right or doing them
wrong are enormous. What we
have learned over the years is that
nuclear cooperation is essential—it
promotes the benefits of nuclear
energy, be it electricity, nuclear
medicine, or research. Nuclear isolation breeds suspicion and conflict.
It is in that spirit that I have
visited the nuclear facilities and
developed relationships with key
scientists and engineers in the
UK, France, China, India, North
and South Korea, Kazakhstan, and
Uzbekistan—and held substantive
discussions with nuclear specialists
from Pakistan and Iran. Dialogue

and cooperation are essential. The
same holds true for other major societal issues such as energy, climate
change, water and natural resources, infectious diseases, the future of
the Internet . . . . These challenges
are truly international and solutions
are often prevented by political and
ideological differences—that is why
institutions like the NAE and the
National Academies are crucial.
Let me conclude by saying that if
my being honored with the Bueche
Award has helped to keep alive his
memory and stress the importance of
science and engineering in international matters, then I feel content.

But whatever I have accomplished
was made possible only through
my colleagues at Los Alamos and,
now, at Stanford. And, most of all,
it was made possible by my family.
I want to thank my four daughters,
their families, and, most of all, my
wife, Nina, for having supported and
encouraged me—and having put up
with me. She claims there is a bright
side to the 100 or so international
trips I have taken, and that is that,
next year, when we celebrate our
50th wedding anniversary, it will feel
much more like 25 since I have been
gone for half of our married life.

Remarks by CAETS President Zhou Ji

Zhou Ji

Respected NAE President Dan
Mote, respected NAE Chairman
Charles Holliday, respected NAE
members, ladies and gentlemen,
today it is a great honor for me to
attend the NAE Annual Meeting.
Please allow me in my capacity
as president of both the International Council of Academies of

Engineering and Technological Sciences (CAETS) and the Chinese
Academy of Engineering (CAE), as
well as on my own behalf, to extend
warm congratulations to the NAE
and all NAE members on the 50th
anniversary of the US National
Academy of Engineering.
Over the past 50 years, in
response to the changing situation
of the country’s economic and social
progress as well as the needs of the
federal government, the NAE, with
its members as the core, has widely
organized experts from various fields
to carry out in-depth research studies. These studies address important
issues in science and technology,
economic and social development,
and, especially, at the intersection
of engineering and public policy. The latter have proved to be
extremely valuable and have thus
received close attention from the
public and scientists and engineers
not only in the United States but
around the world.

Recognizing the importance of
international cooperation in engineering, science, and technology,
NAE, together with engineering
academies from a few other countries, created the CAETS and it has
made great contributions to important international cooperation on
issues of engineering.
During the International Conference on Engineering, Science, and
Technology held in Beijing in June
this year, CAETS, UNESCO, NAE,
and CAE emphasized the importance of engineering to the future
development of humankind. The
theme was “Engineering, Science,
and Technology: Create a Better
Future for Humankind,” and it was
embraced by more than 2,000 engineers from all over the world.
The NAE and others marked the
20th anniversary of the Chinese
Academy of Engineering, also this
year. During that time the CAE has
made it our duty to promote the
development of China’s engineering
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as well as the nation’s economic and
social progress. We have also cooperated with engineering academies
from other countries on issues of
common concern. In particular, the
CAE and NAE have jointly carried
out a number of studies on research
issues important to both China
and the United States, such as air
pollution, electricity generation
with renewables, the smart grid,
and global navigation satellite systems. In addition, the joint ChinaAmerica Symposium on Frontiers of
Engineering has become a popular
cooperation platform for outstanding young engineers from the two
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countries to share academic knowledge and foster strong friendships.
It is my great honor to have been
elected a foreign member of the
NAE last year. In fact, quite a few
CAE members who have made outstanding contributions to engineering in China have also been elected
NAE foreign members. As members of both academies, we accept
this honor as well as the responsibility to help advance cooperation
between China and the United
States in engineering, science, and
technology. On behalf of them all, I
again congratulate the NAE on its
50th anniversary. Let us work even

harder to achieve continued success in the collaboration between
the NAE and CAE and among all
the CAETS member academies in
the future.
Last but not least, the second
Global Grand Challenges Summit,
a joint event of the NAE, RAE,
and CAE, will be held in Beijing
in September next year. I warmly
invite you to participate in this
great event.
Finally, best wishes to the NAE
from all friends of the CAETS
member academies. We wish the
NAE a promising and flourishing
future. Thank you.

2014 Golden Bridge Society Dinner
NAE President C. D. Mote, Jr. and
his wife Patsy hosted over 100 of
NAE’s most generous members and
friends at this year’s Golden Bridge
Society dinner, held at the National Portrait Gallery and Smithsonian American Art Museum.
The museum, considered a fine
example of Greek revival architecture, is one of Washington’s oldest
public buildings—the third constructed, after the White House
and Capitol building, and former
home of the US Patent Office.
The Great Hall, where dinner was
held, was used by President Lincoln
and his wife as the reception area
to greet guests who attended the
president’s second inaugural ball.
Wayne Clough, secretary of the
Smithsonian Institution, and Kim
Sajet, director of the National Portrait Gallery, made brief remarks
during the event.
The Sunday evening dinner
has become an annual tradition to
recognize and honor NAE’s best
donors. An extraordinary number

of donors were welcomed into the
Academy’s three lifetime recognition societies—Einstein, Golden
Bridge, and Heritage. The Einstein
Society celebrates donors who have
made commitments of $100,000 or
more; the Golden Bridge Society
recognizes those who have given
or pledged between $20,000 and
$99,999 over their lifetime; and the
Heritage Society recognizes members and friends who have included
the NAE, NAS, IOM, or NRC in
their estate plans or made a planned
gift to the Academies.
An unprecedented eight Einstein
statuettes were presented to the
following new Einstein Society
members: Lewis Branscomb (’74)
and wife Connie, Asad Madni
(’11) and wife Taj and son Jamal,
Roger McCarthy (’04), Phil
Neches (’12) and wife Ellen, Bob
Sproull (’97) and wife Lee, Arnie
Stancell (’97) and wife Connie,
John Wall (’10) and wife Chris,
and Adrian Zaccaria (’07) and wife
Sandy.

The Golden Bridge Society welcomed 16 new members: Diran
Apelian (’09) and wife Seta, Dan
Berg (’76) and wife Fran, Murty
Bhavaraju (’13), Uma Chowdhry
(’96), Jim Ellis (’13), Gordon England (’12), Edith Flanigen (’91),
Sig Hecker (’88) and wife Nina,
Richard Meserve (’03) and wife
Marty, Cherry Murray (’02), Elisabeth Paté-Cornell (’95), and Jim
Tien (’01).
Three new members—Dan (’76)
and Fran Berg, Rob Briskman (’14)
and wife Lenore, and John Wall
(’10)—were welcomed into the
Heritage Society.
Securing 50 new members in each
of the giving recognition societies
is a goal of the 50th Anniversary
Campaign, which will conclude on
December 31, 2014. The Einstein
Society needs just 8 more to reach
its goal. The Golden Bridge Society
has exceeded its goal, with 62 new
members. For the Heritage Society
goal, 16 new planned and estate
gifts have been secured to date.
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Dr. Mote expressed his deep appreciation to our members and friends
who have helped celebrate this great
milestone by investing in NAE and

our programs and helping us achieve
these goals. If you have any questions about the NAE 50th Campaign or would like to make a gift

toward membership in the Einstein,
Golden Bridge, or Heritage Societies, please contact Radka Nebesky at
202.334.3471 or RNebesky@nae.edu.

NAE Holds 20th US Frontiers of Engineering Symposium
On September 11–13, 2014, NAE
held its 20th US FOE meeting at
the Beckman Center in Irvine, California. NAE member Kristi S. Anseth, Distinguished Professor and
HHMI investigator, Department of
Chemical and Biological Engineering, University of Colorado Boulder,
served her third and final term as
chair of the organizing committee
and the symposium.
The presentation topics were corobotics, battery anxiety, technologies for the heart, and shale gas and
oil.1 The first session, on co-robotics, concerned the development of
robots to assist and cooperate with
humans in workplaces, hospitals,
and homes. Such tasks range from
inventory handling and household
cleaning to teleoperated minimally
invasive surgery, self-driving cars,
and unmanned aerial vehicles
(UAVs). The first talk was about
Google’s program for self-driving
cars, which have been made possible by new algorithms, increased
processing power, and innovative
sensors. So far, the cars have driven
over 500,000 miles on urban and
suburban California streets, and a
critical component of the learning process has been the vehicles’
interactions with users and others
on the road. The next presenter
provided an overview of the hard1 Selected papers from each session will
be published in the spring 2015 issue of
the Bridge.

ware and software required to build
a robot that can safely interact with
humans and be trained to perform
repetitive tasks in a manufacturing
environment. This was followed
by a talk on the next generation of
minimally invasive surgical robotics that go beyond today’s costly,
large, less dexterous systems to
robots that can be designed, manufactured, and controlled on the fly
for a specific patient and procedure. The last talk covered biologically inspired mobile robots, which
use locomotion mechanisms seen
in nature to achieve higher mobility and may even exceed what we
see in nature.
“Battery Anxiety” was the apt
title of the second session since it
covered the compromises among
safety, energy density, power density, cost, and lifetime in batteries,
with a focus on fundamental and
applied materials research. The
talks addressed such questions as
whether new chemistries that go
beyond lithium-ion are needed to
keep pace with energy demands
and whether multidisciplinary engineering can address the constraints
inherent in lithium-ion and other
promising battery chemistries.
Presentations covered battery life
and safety research from an automotive perspective; challenges in
batteries for electric vehicles; the
challenges of manufacturing the
wide variety of lithium-ion batteries that have been made possible

through design of battery cells for
specific applications; and synthesis/
characterization and first principles
of computational modeling techniques used to develop and optimize
new higher-energy/power density
electrode materials for lithium-ion
and sodium-ion batteries.
The topic of the third session
was leading-edge technologies for
diagnosis and treatment of heart
and cardiovascular system conditions. These technologies tend to
mimic natural biologic conditions
and behavior in a harmonious way
in order to heal, assist, or replace
the heart’s critical components.
The first presentation provided
a history of heart valves from an
industrial perspective—from early
design and implantation in 1955
to next generation valves, placement techniques, and development
of devices that repair rather than
replace native valve function. This
was followed by talks on research on
tissue-engineered valves and stateof-the-art biomaterials for treating
myocardial infarctions. The session concluded with an overview
of the regulatory environment and
requirements to get these new technologies to patients.
The final session of the meeting
focused on the logistical, chemical,
and environmental issues associated with the use of shale gas and oil
resources facilitated by the development of hydraulic fracturing technologies. These technologies are the
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primary reason that in October 2013,
for the first time in almost 20 years,
the United States produced more
oil domestically than it imported.
The session opened with an overview on the location and nature of
domestic shale gas and oil resources
and described hydraulic fracturing,
including its logistical and infrastructure challenges. The next presentation covered environmental
challenges associated with hydraulic
fracturing, specifically, the microbial
ecology and biogeochemical processes that impact the production of oil
and gas, management of wastewater,
and product quality from hydraulically fractured wells. The third
speaker discussed the utilization of
shale gas for chemical production
vs. its use as fuels and the challenges
associated with methane conversion.
On the first afternoon of the
meeting, participants gathered in
small groups for “get-acquainted”
sessions where they each presented
a slide and then answered questions about their research or technical work. This event gave them
an opportunity to get to know more
about each other relatively early in
the program. On the second afternoon they met in affinity groups
based on engineering discipline or
interest in a particular topic such as
the future of engineering education,
3D printing, or energy storage.
NAE member Arunava Majumdar, Jay Precourt Professor and
senior fellow, Precourt Institute for
Energy and Department of Mechanical Engineering, Stanford University, gave the first evening’s dinner
speech, titled “What Is Impact?”
He noted that despite the estab-
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lished ways of measuring impact in
academia through papers, patents,
students graduated, and awards, or
in industry through building a successful company, measuring impact
is an enigma. He cited the HaberBosch process as an example of
something that may not be cited on
lists of important innovations but
which has had a tremendous impact
on our ability to grow food and thus
has had far-reaching effects on the
world’s population. Dr. Majumdar
challenged the attendees to discern what our Haber-Bosch-like
challenge may be—for example,
providing access to electricity in
developing countries or scrubbing
the atmosphere of CO2 at cost
and scale. He closed by reminding
attendees that we are living in a
time of daunting tasks and amazing
opportunities, and the value of engineering is all about people, now and
in the future.
Participants at this year’s meeting will be eligible to apply for The
Grainger Foundation Frontiers of
Engineering Grants, which provide seed funding for US FOE participants at US-based institutions.
These grants enable further pursuit
of important new interdisciplinary
research and projects stimulated by
the US FOE symposia.
NAE member Robert D. Braun,
David and Andrew Lewis Professor
of Space Technology in the Daniel
Guggenheim School of Aerospace
Engineering at Georgia Tech, will
chair the 2015 US FOE, which
will be held September 9–11 in
Irvine, California. The 2015 topics
are metamaterials and compliant
mechanisms, cybersecurity, engi-

neering the search for Earth-like
exoplanets, and forecasting natural
disasters.
Funding for the 2014 US Frontiers of Engineering symposium was
provided by The Grainger Foundation, National Science Foundation, Defense Advanced Research
Projects Agency, Air Force Office
of Scientific Research, DOD
ASDR&E STEM Development
Office, Microsoft Research, and
Cummins Inc.
NAE has been hosting an annual
US Frontiers of Engineering meeting since 1995, and also has bilateral programs with Germany, Japan,
India, China, and the European
Union. A joint Frontiers of Science
and Engineering with Brazil was
held in March 2014. The meetings
bring together outstanding engineers from industry, academe, and
government at a relatively early
point in their careers since all the
participants are 30–45 years old.
Frontiers provides an opportunity
for them to learn about developments, techniques, and approaches
at the forefront of fields other than
their own, something that has
become increasingly important as
engineering has become more interdisciplinary. The meeting also facilitates the establishment of contacts
and collaboration among the next
generation of engineering leaders.
For more information about the
symposium series, visit the FOE
website at www.naefrontiers.org
or contact Janet Hunziker at the
NAE Program Office at jhunziker@
nae.edu.
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NAE Welcomes Amelia Greer to the Program Office

Amelia Greer

The NAE welcomed Amelia Greer,
associate program officer, on September 13. Ms. Greer is working on
two projects: a study of the role of

professional engineering societies in
engineering education (with Kitty
Didion) and the Making Value for
America project (with Katie Whitefoot), focusing on the education
component of this effort.
Ms. Greer comes to the NAE
from the National Science Foundation (NSF), where for the past
two years she was a physical scientist in the Office of International
and Integrative Activities. She
worked closely with counterpart
funding agencies from around the
world and the US research community to establish partnerships

and support US-foreign research
collaborations.
Before that she worked as an
educator in both public and private high schools in New York City,
teaching, developing curricula, and
expanding student resource networks. She has done microscopy
research at the Rockefeller University in New York and terahertz
research at the Thomas Jefferson
National Accelerator Facility in
Newport News, Virginia. Ms. Greer
holds a bachelor of science in physics with a minor in fine arts and a
master’s in science education.

Calendar of Meetings and Events
December 18–19

NAE-Indian Academy of Engineering
Workshop on the Grand Challenge
Scholars Program

February 4–5

NAE Council Meeting
Irvine, California

February 5

December 30, 2014 – Election of new NAE members and
January 30, 2015
foreign members

NAE National Meeting
Irvine, California

March 1–31

NAE officer and councillor election

First week of January Council Retreat on NAE planning

March 2

Entry deadline for Engineering for
You Video Contest 2: NAE Grand
Challenges

March 17

NAE Regional Meeting
Raleigh, North Carolina

March 19

NAE Regional Meeting
Seattle, Washington

March 31

NAE Regional Meeting
College Station, Texas

January 2–
April 1

Call for nominations for the 2016
Draper and Gordon Prizes and the
2015 Founders and Bueche Awards

January 29–30

Membership Policy Committee
Meeting
Irvine, California

February 2

National Academies Corporation
Board/Advisory Board Meetings
Irvine, California

All meetings are held in National Academies facilities in
Washington, DC, unless otherwise noted.
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In Memoriam
William F. Allen, 95, retired
chairman, Stone & Webster Inc.,
died on September 21, 2014. Mr.
Allen was elected to the NAE in
1986 for creative design and analysis
of advanced electric generating stations and for outstanding leadership
of a large, innovative engineering
construction company.
Ted B. Belytschko, 71,
McCormick Distinguished Professor and Walter P. Murphy Professor of Computational Mechanics,
Northwestern University, died on
September 15, 2014. Dr. Belytschko
was elected to the NAE in 1992 for
development of nonlinear finite
element methods and their applications to large-scale simulation.

lasers and to the image and display
devices for Picturephone.
K. Uno Ingard, 93, professor
of physics and aeronautics, emeritus,
Massachusetts Institute of Technology, died on August 21, 2014. Dr.
Ingard was elected to the NAE in
1980 for contributions to acoustics,
fluid dynamics, and noise control
engineering.
Anthony Kelly, 85, professor
emeritus of materials science and
metallurgy, University of Cambridge,
died on June 3, 2014. Professor Kelly
was elected a foreign member of the
NAE in 1986 for pioneering research
in the development of strong solids
and composite materials.

Edgar M. Cortright, 90,
retired director, NASA Langley
Research Center, and retired president, Lockheed California Co.,
died on May 4, 2014. Mr. Cortright
was elected to the NAE in 1973 for
innovative leadership in aerospace
research and development and in its
practical application to significant
national problems.

Charles C. Ladd, 81, Edmund
K. Turner Professor of Civil and
Environmental Engineering, Emeritus, Massachusetts Institute of Technology, died on August 4, 2014. Dr.
Ladd was elected to the NAE in
1983 for developing unifying principles governing clay behavior and
innovative design procedures related to soft ground construction.

Alexander Feiner, 86, retired
chief scientist, AT&T Bell Laboratories, died on August 30, 2014.
Mr. Feiner was elected to the NAE
in 1984 for innovative concepts in
state-of-the-art technology and their
successful implementation in new
telecommunications equipment.

Frank E. Marble, 96, Richard
L. Hayman and Dorothy M. Hayman
Professor of Mechanical Engineering, Emeritus, California Institute
of Technology, died on August 11,
2014. Dr. Marble was elected to the
NAE in 1974 for contributions in
aero-thermo-chemistry and applications to problems of gas turbines.

Eugene I. Gordon, 84,
retired, Germgard Lighting LLC,
died on September 15, 2014. Dr
Gordon was elected to the NAE in
1979 for contributions to the development of continuous wave ion-

John B. Mooney Jr., 83,
US Navy, retired, and principal, J.
Brad Mooney Associates Ltd., died
on May 30, 2014. Rear Admiral
Mooney was elected to the NAE in

1988 for pioneering development of
effective systems and techniques for
manned operations to the full depth
of the oceans.
Gurmukh S. Sarkaria, 88,
retired consulting engineer, died
on July 22, 2014. Mr. Sarkaria was
elected to the NAE in 1981 for
outstanding contributions and leadership in designing and coordinating major hydroelectric projects,
including the 12,600 MW Itaipu
Binacional, the world’s largest.
Robert S. Schechter, 85,
professor emeritus, Department of
Petroleum and Geosystems Engineering, University of Texas at Austin, died on October 8, 2014. Dr.
Schechter was elected to the NAE in
1976 for pioneering studies of surface
chemistry directed to engineering
applications over a broad spectrum
including bioengineering, environmental protection, and energy.
Ernest T. Smerdon, 84, dean
of engineering, emeritus, University of Arizona, died on August 11,
2014. Dr. Smerdon was elected to
the NAE in 1986 for contributions
resulting in more effective use of
limited water resources for worldwide food production and resource
conservation.
Georges André C. Vendryes, 94, former director for
Nuclear Industrial Application,
Atomic Energy Commission of
France, died on September 16, 2014.
Dr. Vendryes was elected a foreign
member of the NAE in 1978 for
leadership in the development of the
French fast breeder program, notably
the reactors Rapsodie and Phénix.
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Publications of Interest
The following reports have been
published recently by the National
Academy of Engineering or the
National Research Council (NRC).
Unless otherwise noted, all publications are for sale (prepaid) from the
National Academies Press (NAP),
500 Fifth Street NW–Keck 360,
Washington, DC 20001. For more
information or to place an order,
contact NAP online at <www.nap.
edu> or by phone at (800) 6246242. (Note: Prices quoted are subject to change without notice. There

is a 10 percent discount for online
orders when you sign up for a MyNAP
account. Add $6.50 for shipping and
handling for the first book and $1.50
for each additional book. Add applicable sales tax or GST if you live in
CA, CT, DC, FL, MD, NC, NY,
PA, VA, WI, or Canada.)
Making a World of Difference: Celebrating 50 Years. Fifty years ago, the
National Academy of Engineering
(NAE) was founded by the stroke
of a pen when the National Acad-

emy of Sciences Council approved
the articles of organization. During those 50 years, engineering
has transformed our lives literally
every day, and it will continue to
do so going forward, utilizing new
capabilities, creating new applications, and providing ever-expanding
services. The essays in Making
a World of Difference discuss the
seamless integration of engineering
into both our society and our daily
lives, and present a vision of what
engineering may deliver in the next

Don’t let the
Healthcare Tax
get you

A

s part of the Affordable Healthcare Act individuals and
couples meeting certain income thresholds now
must pay a 3.8% tax on investment income. That’s in
addition to capital gains taxes, which are also now taxed
up to 20%.

Although taxes have increased, you can lower your tax
bill this year by transferring your appreciated assets to a
charitable remainder trust. You will avoid taxes, create
income for you, and help the NAE and other charities.
To learn more about the benefits of creating a charitable
remainder trust visit our website at
www.nae.edu/plannedgiving or contact Jamie Killorin,
Director of Gift Planning, at (202) 334-3833 or
jkillorin@nas.edu.
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half century. Twenty-five NAE
members contributed to the essays.
Paper, $2.00.
Memorial Tributes, Volume 18. This
is the 18th volume in the Memorial Tributes series compiled by the
National Academy of Engineering
as a personal remembrance of the
lives and outstanding achievements
of its members and foreign associates. These volumes are intended to
stand as an enduring record of the
many contributions of engineers
and engineering to the benefit of
humankind. In most cases, the
authors of the tributes are contemporaries or colleagues who had personal knowledge of the interests and
engineering accomplishments of the
deceased. Hardcover, $66.00.
Career Choices of Female Engineers:
Summary of a Workshop. Despite
decades of government, university,
and employer efforts to close the
gender gap in engineering, women
make up only 11 percent of practicing engineers in the United States.
What factors influence women graduates’ decisions to enter the engineering workforce and either stay
in or leave the field as their careers
progress? Researchers are studying existing data and fielding new
surveys to help answer these questions. On April 24, 2013, the NRC
Committee on Women in Science,
Engineering, and Medicine held
a workshop to explore emerging
research and to discuss career pathways and outcomes for women who
have received bachelor’s degrees in
engineering. Participants included
academic researchers and representatives from the Department of
Labor, National Science Foundation, and Census Bureau as well as
several engineering professional
societies. This report summarizes
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the presentations and discussions of
the workshop.
NAE members Alice M. Agogino (chair), Roscoe and Elizabeth
Hughes Professor of Mechanical
Engineering, University of California, Berkeley, and Sheldon Weinbaum, CUNY Distinguished
Professor of Biomedical and
Mechanical Engineering Emeritus, The City College of the City
University of New York, served on
the workshop steering committee.
Paper, $50.00.
Engineering for Sustainable Human
Development. This new book by
NAE member Bernard Amadei
explores the role engineering can
play in poverty reduction and
human development. The challenge
of improving the daily lives of people in developing communities calls
for engineers who can operate in
environments vastly different from
those in the developed world. They
must be creative and innovative
as they contend with uncertainty,
complexity, and constraints in unfamiliar cultural settings. This book is
about the delivery of projects that
are done right from a performance
(technical) point of view and are
also the right projects from a social,
environmental, and economic (context) point of view. A framework is
presented to help engineers conduct
small-scale projects in communities
vulnerable to the consequences of a
range of adverse events; it combines
concepts and tools traditionally
used by development agencies with
techniques from engineering project
management and systems thinking.
This multidisciplinary approach to
sustainable engineering will be valuable to practitioners and students as
well as people associated with development organizations and aid agencies. Available at www.asce.org/

Product.aspx?id=2147487569&pro
ductid=201493709. Paper, $80.00.
Lessons Learned from the Fukushima
Nuclear Accident for Improving Safety
of US Nuclear Plants. The Great East
Japan Earthquake and tsunami on
March 11, 2011, caused a severe
nuclear accident at the Fukushima
Daiichi Nuclear Power Station:
three of the plant’s six reactors
sustained serious core damage and
released hydrogen and radioactive
materials, and explosion of the
released hydrogen damaged three
reactor buildings and impeded onsite
emergency response efforts. The
accident led to the shutdown of all
nuclear power plants in Japan. This
report examines the causes of the
crisis, the performance of safety systems at the plant, and the responses
of its operators after the earthquake
and tsunami to identify lessons and
implications for US safety and storage of spent nuclear fuel and highlevel waste, commercial nuclear
reactor safety and security regulations, and design improvements. It
makes recommendations to improve
plant systems, resources, and operator training to enable effective
responses to severe accidents. The
report will be an essential resource
for the nuclear power industry, policymakers, and anyone interested in
the state of US preparedness and
response in crisis situations.
NAE members on the study
committee were Michael L. Corradini, professor, Department of
Engineering Physics, University
of Wisconsin-Madison; Vijay K.
Dhir, dean, Henry Samueli School
of Engineering and Applied Science, University of California,
Los Angeles; B. John Garrick,
Laguna Beach, California; John
A. Orcutt, Distinguished Professor of Geophysics, Scripps
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Institution of Oceanography, University of California, San Diego;
and Loring A. Wyllie Jr., senior
principal and chairman (retired),
Degenkolb Engineers. Paper, $79.95.
The Climate Change Educational Partnership: Climate Change, Engineered
Systems, and Society—A Report of
Three Workshops. The NAE Center
for Engineering, Ethics, and Society
collaborated with four partners on
a project to characterize the societal and pedagogical challenges
posed by the interactions of climate
change, engineered systems, and
society, and identify educational
efforts to enable engineers, teachers, students, policymakers, and the
public to meet the challenges. The
project also aimed to build awareness among diverse communities
affected by climate change and engineered systems and to engage them
in addressing these challenges. The
project’s first workshop reviewed
social and technical dimensions of
the relationships among climate,
engineered systems, and society.
The second examined opportunities and challenges for formal and
informal education to prepare students and citizens to address these
issues. The third workshop solicited
participation from government officials, Native American tribal representatives, and professional society
leaders, as well as educators, artists,
scientists, and engineers who are
developing programs to educate
students and citizens in ways that
foster their leadership skills. This
report will be a useful resource to
engineers, educators, corporate
leaders, local and regional officials,
members of professional societies,
and others in their efforts to understand and address the challenges
of climate change and its societal
impacts.

NAE members on the study
committee were John F. Ahearne
(chair), executive director emeritus,
Sigma Xi, The Scientific Research
Society; Alice M. Agogino, Roscoe
and Elizabeth Hughes Professor of
Mechanical Engineering, University of California, Berkeley; Glen
T. Daigger, senior vice president
and chief technology officer, CH2M
Hill Inc.; Gerald E. Galloway Jr.,
Glenn L. Martin Institute Professor
of Engineering, University of Maryland, College Park; and Wm. A.
Wulf, AT&T Professor of Computer
Science and University Professor
Emeritus, University of Virginia, and
former president, National Academy
of Engineering. Paper, $39.00.
Surmounting the Barriers: Ethnic Diversity in Engineering Education—Summary of a Workshop. This report is
the summary of a workshop held in
September 2013 to take a fresh look
at the impediments to greater diversification in engineering education.
The workshop brought together
educators in engineering from twoand four-year colleges and staff from
the three sponsoring organizations:
the National Science Foundation,
the National Academy of Engineering, and the American Society for
Engineering Education. This report
discusses reasons why past recommendations to improve diversity
have not been adopted in full or in
part and identifies key impediments,
such as a lack of incentives for faculty and institutions; inadequate or
only short-term financial support;
an unsupportive institutional and
faculty culture and environment; a
lack of institutional and constituent
engagement; and inadequate assessments, metrics, and data tracking.
The report also shares success stories
about instances where barriers to
diversity have been identified and

surmounted, and the resources that
could enable steps toward progress.
NAE member Lance Davis, executive officer, National Academy of
Engineering, was a member of the
workshop organizing committee.
Paper, $35.00.
An All-of-Government Approach to
Increase Resilience for International
Chemical, Biological, Radiological,
Nuclear, and Explosive (CBRNE) Events.
Chemical, biological, radiological,
nuclear, and high-yield explosive
(CBRNE) events have the potential to destabilize governments,
create conditions that exacerbate
violence, or promote terrorism.
When a CBRNE incident occurs
in a partner nation or other foreign
country, the United States is often
called upon to provide assistance,
and interoperability among the US
agencies, foreign governments, and
responders involved in the effort is
key to an efficient response. This
report is the summary of a June 2013
workshop convened by the National
Institute of Standards and Technology and NRC to discuss ways to
strengthen the US ability to prepare
for and respond to CBRNE events in
US partner nations. Diverse experts
and stakeholders came together to
identify capabilities that are necessary for responding to an international CBRNE event; discuss best
practices and resources needed for
improved interoperability of the US
and partner nation during response
to a CBRNE event; and identify key
questions to be addressed in followup activities to improve US CBRNE
response in partner nations.
NAE member Gerald E. Galloway Jr., Glenn L. Martin Institute
Professor of Engineering, University
of Maryland, College Park, chaired
the workshop steering committee.
Paper, $42.00.
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Can Earth’s and Society’s Systems
Meet the Needs of 10 Billion People?:
Summary of a Workshop. The Earth’s
population, currently 7.2 billion,
is expected to rise to 9.6 billion
by 2050 and nearly 11 billion by
the year 2100. At the same time,
most people envision a future with
a greater average standard of living—and thus greater consumption
of planetary resources. How do we
prepare our planet for a population
of 10 billion in a way that is sustainable from an economic, social,
and environmental perspective?
This report summarizes a multidisciplinary workshop convened in
October 2013 to explore how to
support the world’s population of 10
billion in a sustainable way while
simultaneously increasing the wellbeing and standard of living for that
population. The report examines
issues in the science of sustainability
related to overall human population
size, population growth, aging populations, migration toward cities, differential consumption, and land use
change, by different subpopulations,
viewed through the lenses of both
social and natural science.
NAE member William B. Rouse,
Alexander Crombie Humphreys
Professor, School of Systems and
Enterprises, Stevens Institute of
Technology, chaired the study committee. Paper, $39.00.
Culture Matters: International Research
Collaboration in a Changing World—
Summary of a Workshop. As science
and technology capabilities grow
around the world, US-based organizations are finding that international collaborations and partnerships
provide opportunities to enhance
research and training. At the same
time, they require recognition of
differences in culture, legitimate
national security needs, and criti-
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cal needs in education and training.
This report summarizes a workshop
convened by the Government-University-Industry Research Roundtable (GUIRR) in July 2013 to
examine how culture and cultural
perception impact the negotiation
of international research agreements. Representatives from around
the world and from GUIRR’s three
constituent sectors gathered to provide input on research and agreements affecting or involving four
tracks or domains: people/human
subjects; environmental and natural
resources; science, engineering, and
manufacturing; and agriculture and
animal issues. This report examines
each domain and the role of culture and cultural expectations in
the forging and implementation of
international research agreements.
NAE member Subhash C. Singhal,
Battelle Fellow Emeritus, Pacific
Northwest National Laboratory, was
a member of the workshop planning
committee. Paper, $40.00.
Sustainability Concepts in DecisionMaking: Tools and Approaches for the
US Environmental Protection Agency.
The strategic plan of the US Environmental Protection Agency
(EPA) calls for advancing sustainable environmental outcomes and
optimizing economic and social
outcomes through agency decisions
and actions, with specific policies
and programs for achieving them
and the use of indicators and metrics for measuring progress. This
report examines scientific tools
and approaches for incorporating
sustainability concepts into assessments used to support EPA decision
making. The report uses case studies
to consider the application of analytic and scientific tools, methods,
and approaches presented in the
2011 NRC report Sustainability and

the US EPA. It identifies the most
appropriate available and emerging
tools, methods, and approaches for
assessing potential economic, social,
and environmental outcomes in an
EPA decision context. The report
also discusses data needs and postdecision evaluation of outcomes
on dimensions of sustainability.
The recommendations of this report
will assist the agency to optimize
environmental, social, and economic outcomes in EPA decisions.
NAE members on the study committee were Michael C. Kavanaugh
(chair), principal, Geosyntec Consultants, and John C. Crittenden,
director, Brook Byers Institute for
Sustainable Systems, Georgia Institute of Technology. Paper, $48.00.
Gulf Research Program: A Strategic
Vision. In 2010 the Deepwater Horizon explosion and fire in the Gulf
of Mexico caused the largest offshore oil spill in US history, with
significant impacts on the region’s
environment and residents. Legal
settlements with the companies
held responsible led the federal
government to ask the National
Academy of Sciences to form and
administer a 30-year program to
enhance oil system safety, human
health, and environmental resources in the Gulf of Mexico and other
US continental shelf areas where
offshore oil and gas exploration and
production occur or are under consideration. The new Gulf Research
Program will receive $500 million
to support activities using three
broad approaches: research and
development, education and training, and environmental monitoring.
This report establishes the program’s
foundation and introduces its mission, goals, and objectives. It will be
of interest to scientists, health professionals, engineers, and educators
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who wish to learn about, collaborate
with, and submit proposals to the
program, and to all who share the
goal of enhancing resilience in areas
where offshore energy production,
vibrant communities, and dynamic
ecosystems coexist.
NAE members on the Advisory
Group for the Gulf of Mexico Program were Deborah L. Estrin, professor of computer science, Cornell
NYC Tech; Shirley Ann Jackson,
president, Rensselaer Polytechnic
Institute; Arnold F. Stancell, retired
vice president, Mobil Oil, and Turner Professor of Chemical Engineering, Emeritus, Georgia Institute of
Technology; and Mark D. Zoback,
Benjamin M. Page Professor of Geophysics, Stanford University. Paper,
$19.95.
Big Data in Materials Research and
Development: Summary of a Workshop.
This report is the summary of an
NRC workshop convened in February 2014 to discuss the impact of big
data on materials and manufacturing. The materials science community would benefit from appropriate
and more widespread access to data
and metadata for materials development, processing, application development, and application life cycles.
Workshop participants pinpointed
constraints and identified potential
improvements to enable broader
access to materials and manufacturing data and metadata. This report
discusses issues in defense materials, manufacturing, and infrastructure, including data ownership and
access; collaboration and exploitation of big data’s capabilities; and
maintenance of data.
NAE members on the workshop
planning committee were Paul J.
Kern, US Army (ret.), senior counselor, The Cohen Group, and Robert E. Schafrik, retired executive,

Aviation Engineering Division,
General Electric Aviation. Paper,
$44.00.
SBIR at the Department of Defense. The
Small Business Innovation Research
(SBIR) program offers competitive
awards to support the development
and commercialization of innovative technologies by small private
sector businesses. It also provides
government agencies with technical
and scientific solutions that address
their different missions. This report
considers ways that the Department
of Defense SBIR program could work
better in addressing the congression
al objectives for the SBIR program
to stimulate technological innovation, use small businesses to meet
federal research and development
(R&D) needs, foster and encourage the participation of socially and
economically disadvantaged small
businesses, and increase the private
sector commercialization of innovations derived from federal R&D.
An earlier report, Assessment of the
Small Business Innovation Research
Program at the Department of Defense,
studied how the SBIR program has
stimulated technological innovation
and used small businesses to meet
federal R&D needs. This report presents a revised survey of SBIR companies, revisits some case studies from
the 2009 study and develops new
ones, and interviews agency managers and other stakeholders to provide
a second snapshot of the program’s
progress toward achieving its legislative goals.
NAE members on the study committee were Jacques S. Gansler
(chair), professor and Roger C.
Lipitz Chair in Public Policy and
Private Enterprise and director,
Center for Public Policy and Private
Enterprise, University of Maryland,
College Park; Charles E. Kolb, pres-

ident and CEO, Aerodyne Research
Inc.; and Duncan T. Moore, Vice
Provost for Entrepreneurship and
Rudolf and Hilda Kingslake Professor of Optical Engineering, Institute
of Optics. Paper, $64.00.
Reducing the Fuel Consumption and
Greenhouse Gas Emissions of Mediumand Heavy-Duty Vehicles, Phase Two:
First Report. The fuel consumption
and greenhouse gas emissions of
medium- and heavy-duty trucks,
motor coaches, and transit buses—
collectively, medium- and heavyduty vehicles, or MHDVs—have
become a focus of legislative and
regulatory action in the past few
years. This report is the first periodic follow-on to the 2010 NRC
report, Technologies and Approaches
to Reducing the Fuel Consumption of
Medium- and Heavy-Duty Vehicles,
which provided findings and recommendations on the development of
regulations for reducing MHDV fuel
consumption. The Phase Two report
reviews National Highway Traffic
Safety Administration fuel consumption regulations and considers
technological, market, and regulatory factors that may be relevant
to an updated regulatory regime for
model years 2019–22. The report
analyzes and presents options for
improvements to MHDV certification and compliance procedures;
reviews an updated analysis of the
makeup and characterization of the
MHDV truck fleet; examines barriers to and potential applications of
natural gas in class 2b through class
8 vehicles; and addresses uncertainties and performs sensitivity analyses for fuel consumption and cost/
benefit estimates.
NAE members on the study committee were Andrew Brown Jr.
(chair), vice president and chief
technologist, Innovation & Tech-
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nology Office, Delphi Corporation;
Rodica A. Baranescu, professor,
University of Illinois at Chicago,
and retired manager fuels and lubricants, Engine Group, Navistar Inc.;
and Daniel M. Hancock, retired
vice president, Global Strategic
Product Alliances, General Motors
Corporation. Paper, $44.00.
Risks and Risk Governance in Shale
Gas Development: Summary of Two
Workshops. Natural gas in deep
shale formations, which can be
developed by hydraulic fracturing
and associated technologies (often
collectively referred to as “fracking”) is dramatically increasing
production of natural gas in the
United States. Proponents of shale
gas development highlight benefits
to local economies and to national
“energy independence.” But this
development has also brought concerns about risks to human health,
environmental quality, nonenergy
economic activities in shale regions,
and community cohesion. Although
the risks have not yet been fully
characterized or all of them carefully
analyzed, governments at all levels
are making policy decisions, some of
them hard to reverse, about shale gas
development and/or how to manage
the risks. This book summarizes two
workshops convened in May and
August 2013 by the NRC Board on
Environmental Change and Society
to assess claims about the levels and
types of risk posed by shale gas development and about the adequacy of
existing governance procedures.
Participants from engineering, natural, and social science communities
examined risk governance in the
context of (1) risks that emerge as
shale gas development expands, and
(2) incomplete or declining regulatory capacity in an era of budgetary
stringency. This report summarizes
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the presentations on risk issues
raised in the first workshop, the risk
management and governance concepts presented at the second workshop, and the discussions at both
workshops.
NAE member Abbas Firoozabadi,
director and senior scientist, Reservoir Engineering Research Institute,
was a member of the workshops’
steering committee. Paper, $40.00.
Review of Army Research Laboratory
Programs for Historically Black Colleges
and Universities and Minority Institutions. This report examines the ways
in which historically black colleges
and universities and minority institutions have used Army Research
Laboratory (ARL) funds to enhance
science, technology, engineering,
and mathematics (STEM) programs
at their institutions over the past
decade. It also considers which program elements reflect practices that
are effective for assisting these institutions in enhancing their STEM
programs and could be considered
by other Department of Defense
agencies for application to their
programs. ARL has contributed to
building up human and infrastructural capacities in the past, and this
report looks for ways to enhance
its program impact on institutionbuilding in the future, confident
that more black and minority-serving institutions will help America
develop a more diverse and intellectually capable STEM workforce.
NAE members on the study
committee were Paul G. Gaffney
II, president emeritus, Monmouth
University; Wesley L. Harris,
Charles Stark Draper Professor of
Aeronautics and Astronautics and
associate provost, Massachusetts
Institute of Technology; Babatunde
A. Ogunnaike, William L. Friend
Chaired Professor and dean, Col-

lege of Engineering, University of
Delaware; and Lyle H. Schwartz,
professor, Institute for Advanced
Discovery & Innovation, University
of South Florida, and retired director, Air Force Office of Scientific
Research. Paper, $36.00.
The Global Movement and Tracking of
Chemical Manufacturing Equipment: A
Workshop Summary. Globalization
has changed the distribution of
chemical manufacturing facilities,
increasing the amount of manufacturing equipment shipped and
available around the world as well
as the burden on inspection regimes.
To better understand the movement
and tracking of chemical manufacturing equipment of dual-use concern, the NRC partnered with the
Naval Postgraduate School to hold
a workshop in May 2014 looking
at key issues in the availability and
movement of equipment for chemical manufacturing, particularly used
and decommissioned equipment of
potential dual-use concern. Workshop speakers and participants
examined industrial, security, and
political contexts in which these
materials are being produced, regulated, and transferred, and discussed
current practices and their congruence with new technologies and
security threats in the global chemical industrial system. This report
summarizes the workshop presentations and discussions.
NAE members on the oversight board were David R. Walt
(co-chair), Robinson Professor of
Chemistry, Tufts University; Mark
A. Barteau, DTE Energy Professor
of Advanced Energy Research and
director, Energy Institute, University of Michigan; Joan F. Brennecke,
Keating-Crawford Professor, Department of Chemical and Biomolecular
Engineering, University of Notre
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Dame; and Frances S. Ligler, Lampe
Distinguished Professor of Biomedical Engineering, Joint Department
of Biomedical Engineering, UNCChapel Hill and NC State University. Paper, $40.00
3D Printing in Space. Additive manufacturing has the potential to
positively affect human spaceflight
operations by enabling the in-orbit
manufacture of replacement parts
and tools, which could reduce logistics requirements for the International Space Station and future
long-duration human space missions. Additive manufacturing can
also help to reimagine a space architecture that is not constrained by the
design and manufacturing confines
of gravity, current manufacturing
processes, and launch-related structural stresses. This report evaluates
the prospects of in-space additive
manufacturing, examines technologies available and in development,
and considers possible impacts for
crewed space operations and robotic spacecraft operations. According to the report, the International
Space Station provides an excellent
opportunity for civilian and military
research on additive manufacturing
technology. This report makes recommendations for future research,
suggests objectives for an additive
manufacturing roadmap, and envisions opportunities for cooperation
and joint development.
NAE members on the study committee were Peter M. Banks, Santa
Rosa, California; Lyle H. Schwartz,
retired director, Air Force Office
of Scientific Research; Ivan E.
Sutherland, visiting scientist, Maseeh College of Engineering and
Computer Science, Portland State
University; and Paul K. Wright,

director, Berkeley Energy and Climate Institute, and A. Martin
Berlin Chair in Mechanical Engineering, University of California,
Berkeley. Paper, $50.00.
Capturing Change in Science, Technology, and Innovation: Improving Indicators to Inform Policy. The National
Science Foundation (NSF), through
its National Center for Science and
Engineering Statistics (NCSES),
produces regularly updated measures of research and development
expenditures, employment and
training in science and engineering, and other indicators of the state
of US science and technology and,
more recently, of innovation in the
corporate sector. NCSES collects its
own data on science, technology,
and innovation (STI) activities and
also incorporates data from other
agencies to produce indicators that
are used for monitoring and for identifying trends that may require policy attention and generate research
needs. This report assesses and provides recommendations regarding
the need for revised, refocused, and
newly developed indicators of STI
activities that would enable NCSES
to respond to changing policy concerns. The report also assesses existing and potential data resources and
tools that NCSES could exploit to
further develop its indicators program. The report’s recommendations are intended to serve as the
basis for a strategic program of work
that will enhance NCSES’s ability
to produce indicators that capture
change in science, technology, and
innovation to inform policy and
optimally meet the needs of its user
community.
NAE member Katharine G.
Frase, vice president and CTO,

IBM Global Public Sector, was a
member of the study panel. Paper,
$64.00.
Furthering America’s Research Enterprise. At a time of budget stringency,
how can we foster scientific innovation to ensure America’s unprecedented prosperity, security, and
quality of life? Although many studies have investigated the impacts
of research on society, this report
brings to bear a fresh approach
informed by a more holistic understanding of the research enterprise
as a complex, dynamic system.
This understanding illuminates
why America’s research enterprise
has historically been so successful;
where attention should be focused
to increase the societal benefits
of research investments; and how
those who make decisions on the
allocation of funds for scientific
research can best carry out their
task. This report will be of interest to policymakers who support or
manage the research enterprise, to
others in public and private institutions who fund research, to scholars
of the research enterprise, and to
scientists and engineers interested
in learning about the many pathways through which their research
benefits society.
NAE members on the study committee were Rodney A. Brooks,
Panasonic Professor of Robotics
Emeritus, Massachusetts Institute
of Technology; John E. Kelly III,
senior vice president and director,
research, Watson Research Center,
International Business Machines
Corporation; and Jeffrey Wads
worth, president and CEO, Battelle.
Paper, $64.00.

Announcing the NAE

Engineering for You Video Contest 2 (E4U2)!
Create a 1– to 2–minute video showing how engineering will create
a more sustainable, healthy, secure, and/or joyous world by addressing
one or more of the NAE Grand Challenges for Engineering.
$25,000 prize for the Best Video Overall!
Contest opens January 5, 2015.
Deadline for submissions:
March 2, 2015 at noon (US Eastern Standard Time).
www.e4uvideocontest.org
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