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Biology in This Century
An ancient science becomes the new technology. 
by pamela a. silver

Biology will be the technology of this young century. Dur-
ing the past 50 years, biology has developed from a soft science 
that described macroscopic phenomena into a reductionistic dis-
cipline that aims to explain life in terms of chemistry and phys-
ics. The emergence of molecular biology in the 1950s and recom-
binant DNA technology in the 1970s have led to an outpouring of 
information about how life works. The net result is that biology is 
where chemistry was 30 years ago—sufficiently understood that 
many basic processes are known in some detail, and with vast po-
tential to create wide-ranging benefits for humanity. 

Harvard has been central in this evolution. When I arrived as 
a postdoc, the recombinant DNA era was in full swing. Many 
early applications of molecular biology were initiated here and 
the first generation of biotechnology companies, including sev-
eral Harvard spin-offs, had just formed. Recombinant DNA was 
revolutionizing our understanding of basic biochemical and cell 
biological processes. During those years, the way we study fun-
damental biological processes underwent a major shift that has 
now culminated in sequenced human genomes, knowledge of 

many cellular processes, and a clear path to unraveling roles for 
individual molecules.

Of course, many details of molecular-biological processes re-
main to be worked out—these will be important in understand-
ing growth and development, pathogenesis, disease, and many 
other aspects of basic and applied biology. But adding more de-
tails is not likely to change the way we think about biology. In-
deed, the mass of detail already available is so overwhelming that 
one might feel much of the mystery of life is gone. 

What we are left with are the mysteries that cannot be an-
swered with detail alone. Several years ago, I was fortunate to be 
involved in the founding of the new department of systems biol-
ogy at Harvard Medical School and the systems biology graduate 
program. Harvard was, again, ahead of the curve in founding these 
programs, which are aimed at the next level of understanding in 
biology. This new discipline seeks to create a picture of biologi-
cal function and behavior that spans the size scale from atomic to 
macroscopic. What are the key events at the molecular level that 
drive change at the evolutionary and ecological levels? How do ge-
netic differences between individuals combine to determine re-
sponses to environment and sensitivity to disease? A major focus 
of the field is quantitative measurement of the dynamic behavior 
of individual components of the system, and modeling to integrate 
the behavior of many components to explain system behavior. 

An important area of appli-
cation is drug development. 
The great drive of molecu-
lar biology and genomics has 
been to identify what goes 
wrong in disease: what are the 
molecular differences between 
a sick organism and a healthy 
one?  Increasingly, we realize 
that for many diseases there is 
no simple answer. Even when 
a single mutation is dominant 
in predisposing an organism 
to disease, it is often far from 
clear how to use this infor-
mation to create a cure. We 
envision a new approach to 
pharmacology that, instead 
of considering individual tar-
gets, asks how a drug or com-
bination of drugs affects entire 
pathways. The goal is to help 
increase the predictability of 
drug efficacy and drug toxic-

Pamela A. Silver

72  September -  October 2011
Reprinted from Harvard Magazine. For more information, contact Harvard Magazine, Inc. at 617-495-5746



Harvard@ 375
ity, and our ability to identify which subsets of patients would ben-
efit from the drug. Our current ability to predict the action of a given 
drug is so poor that even a small step forward would be a large con-
tribution to reducing human suffering from disease.

Following naturally from the ability to predict the behavior of 
biological systems is the ability to design new biological systems. 
Synthetic biology, an even newer discipline that grows naturally 
from systems biology, seeks to engineer whole organisms to per-
form useful tasks. Considered 
as technology, biological sys-
tems are extraordinarily pow-
erful: they can use air and water 
to produce building materials, 
perform chemical syntheses that 
are the envy of human chemists, 
and precisely pattern atoms to form nanoscale structures. Can we 
use this technology to solve real-world problems? To do this, we 
need to be able to engineer complex new biological systems and 
know how they are going to behave. This can be done only with a 
heavy dose of math—quantitation and computation—and hence 
needs to draw on many of the tools of systems biology. We imag-
ine a time when the engineering of a biological system is analogous 
to that of designing a computer chip. We are a long way from this 
goal, but one must start somewhere. 

With biological carbon as the “silicon” of this century, the pos-
sibilities are infinite. Take energy, for example. Solar energy is 
our greatest natural resource and we currently use only a frac-
tion of it. Increasing the efficiency of photosynthesis—a revolu-
tion in “green manufacturing”—might offer a biological solution 
to many of the current problems facing Earth and our dependen-
cy on fossil fuels. DARPA (the Defense Advanced Research Proj-
ects Agency), the supporter of the development of the Internet, 

has declared the rapid engineering of biology one of the highest 
national priorities, but achieving that goal will require a differ-
ent mind-set as we move from a discovery-based to an applica-
tion-based biology.

But there are still many large unanswered questions awaiting 
basic biological researchers.  I see a major area of growth in the 
integration of biology with psychology, sociology, and economics. 
One of the most exciting challenges involves the question of how 

the brain works and where consciousness comes from. Molecu-
lar biology was pioneered by physicists at a time when biology 
was truly a distinct discipline. Today, there are no clear dividing 
lines among physics, chemistry, and biology, and there is general 
agreement about how the physical world works. There is no simi-
lar agreement about how our minds work: the economist assumes 
that rational behavior is dominant, for example, while a psycholo-
gist questions what fraction of human behavior is rational, and 
a biologist may ask whether rationality is even a useful concept, 
or merely an evolved illusion. How our genetic make-up, our past 
experiences, and our environments affect our group behaviors re-
mains one of the major mysteries. We are now poised to tackle 
these problems, and many more. This century will be an exciting 
time to be a biologist!

Pamela A. Silver is professor of systems biology at Harvard Medical School and 
the Daniels Fellow at the Radcliffe Institute for Advanced Study.

Educating Business
  
Leaders for a Global Century
Preparation for international practice 
by nitin nohria

When i arrived at Harvard Business School (HBS) in 1988, it 
was a thoroughly American institution. Perhaps 10 percent of the 
case studies analyzed during M.B.A. students’ two-year course 
utilized overseas business problems. The primary focus was on 
teaching future business leaders how to succeed in an American 
context. 

While it may sound parochial today, it wasn’t then. It was the 
right approach for the time. In the 1980s, the best companies, the 
best management practices, and the best jobs were in America. 
People like me who were born in places like India and came here 
to study didn’t plan to go home—we intended to build careers 
here. I assume the same was true at Harvard’s other professional 
schools: while they admitted overseas students, most of those ma-
triculants came here to succeed in America, and that’s what the 
schools aimed to teach them.

At HBS, that’s already changed a great deal—and between 

now and the University’s 400th birthday, it will change even 
more profoundly.

In 1941 Henry Luce famously described the 1900s as the American 
Century. Just a decade into the 2000s, it’s clear we are now living 
in a Global Century. There are plenty of economic data to support 
that contention, but it’s not just an economic phenomenon. Look 
at Sotheby’s and Christie’s, where India and China are increasingly 
important sources of contemporary art. Look at the winners of the 
Man Booker Prize, which is being awarded to an increasingly inter-
national array of writers.

The same is true in management. Today our alumni in banking 
are looking to invest all over the world. Alumni at multination-
als are seeing the percentage of revenue coming from internation-
al operations increase. Most alumni will spend significant time 
abroad during their careers. Unlike in 1988, today HBS would be 
derelict in its mission if it wasn’t preparing the leaders it educates 
to succeed in a global context.

Some of this preparation takes place before students arrive at 
HBS. Today, three-quarters of our incoming students have spent 
at least a few months, if not longer, living, studying, and working 
abroad. Once they arrive, we seek to expose them to global busi-
ness problems every day. Thirty percent of the case studies we 
teach to M.B.A. students focus on overseas business issues, and 

There are still many large unanswered questions.   
I see a major area of growth in the integration of biology 
with psychology, sociology, and economics. 
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the percentage of our faculty members doing global research is 
rising steadily. To support these efforts, HBS now maintains re-
search centers in Japan, China (in Shanghai and Hong Kong), In-
dia, Europe, and Latin America.

This strategy of chasing knowledge around the world and bring-
ing it back to our classrooms in the form of cases and other research 
has served us well and will remain the foundation of our global ef-
forts. This year, in addition, we will introduce changes into our 
M.B.A. curriculum, building on the spirit of innovation that has 
been a hallmark of HBS since its founding: witness the adoption of 
the case method in 1922. We are launching a new first-year course, 
Field Immersion Experiences for Leadership Development (FIELD), 

that will engage students in team exercises outside the classroom 
throughout the year, honing their leadership and entrepreneurial 
skills and their understanding of leading in a global context.

A key module of FIELD, the global experience, has its roots in 
trips our students used to organize during the winter break. Pri-
marily career-focused, groups would travel to places like Silicon 
Valley or Frankfurt and meet with local businesses and entrepre-
neurs. Three years ago, we organized these trips into faculty-led im-
mersions that incorporated a clear learning agenda. This past year, 
more than 400 students participated. In January 2012, we’re sending 
the entire first-year class of 900 M.B.A. students abroad. Working 
in teams of roughly six, they’ll be assigned a faculty advisor and a 
multinational or local company. Before the trip, each team will ana-
lyze a new product or service the company might introduce in the 

country the students are visiting. Students 
will do research, build a market profile, 
and come up with preliminary plans. Then 
they will travel to their designated region 
for roughly a week to test their ideas. They 
might interview customers, meet people 
in the supply chain, and visit competitors. 
They’ll realize that what they’ve conceived 
during late-night brainstorming in Allston 
will likely face unanticipated obstacles in 
Istanbul or Cape Town or one of the 12 oth-
er cities groups will visit. A short visit to 
another country won’t make any student 
an expert. But part of what we hope they’ll 
learn is contextual awareness, and even 
contextual humility.

FIELD is just one piece of a larger goal 
for the M.B.A. program: to try to narrow 
what some call the “knowing-doing gap.” 
Consider how our teaching compares 
with the professional preparation deliv-
ered at a medical school. We both teach 
theory, but medical students undergo 
much more field training in translating 
that learning into real practice; every 

hospital has a constant influx of patients to whom they can ex-
pose students. It’s much more challenging to inject business stu-
dents into real-world managerial situations.

HBS pioneered the use of case studies to project students into 
the role of managers solving business problems—and by analyz-
ing 400 cases in two years, students get a lot of practice at this. 
But they’re still imagining what they would do. FIELD, and oth-
er field-based courses more than a dozen faculty will offer as 
electives in the second year, aim to give our students meaning-
ful and numerous opportunities to actually translate their ideas 
into practice. Our goal is not only to enhance our students’ expe-
rience, but to improve how management is taught. This is what 

HBS originally did with the case-
study method, which today is 
used universally. Now it’s time 
to do the same thing with man-
agerial field training. How do 
you structure the experience? 
What kinds of interventions do 

you need from faculty? What company support do you need? Our 
commitment is to develop a new method for doing this that will 
complement and enhance the case method. Our aspiration is for 
this field method, too, to become a standard that other institu-
tions embrace.

We don’t have all the answers—and to a certain extent, we’ll be 
learning as we go, just as we expect of our students. But that’s true 
of all innovation. And for this Global Century, we’re pleased to be 
taking a step to ensure that today’s HBS graduates leave campus 
with at least one new stamp in their passports—a blot of ink that 
we hope will be just one element in a transformative experience.

Nitin Nohria is the George F. Baker professor of business administration and 
dean of Harvard Business School. 

Medical students undergo much more training in trans-
lating learning into practice. It’s much more challenging 
to inject business students into managerial situations.
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Reading Is Elemental
How to preserve the humanities
by helen vendler

in my dentist’s office, when I was a child, was a sign that ran:
 Without teeth there can be no chewing.
 Without chewing there can be no nourishment.
 Without nourishment there can be no health.
 Without health, what is life?
Its rhetoric of concatenation struck me even then as irrefutable. 

I’d propose a different concatenation for the humanities: without 
reading, there can be no learning; without learning, there can be 
no sense of a larger world; without the sense of a larger world, 
there can be no ardor to find it; without ardor, where is joy?

Without reading, there can be no learning. The humanities are 
essentially a reading practice. It is no accident that we say we 
“read” music, or that we “read” visual import. The arts (music, 
art, literature, theater), because they offer themselves to be “read,” 
generate many of the humanities—musicology, art history, liter-
ary commentary, dramatic interpretation. Through language, spo-
ken or written, we investigate, describe, and interpret the world. 
The arts are, in their own realm, silent with respect to language; 
amply showing forth their being, they are nonetheless not self-
descriptive or self-interpreting. There can be no future for the hu-
manities—and I include philosophy and history—if there are no 
human beings acquainted with reading in its emotionally deepest 
and intellectually most extensive forms. And learning depends 
on reading as a practice of immersion in thought and feeling. We 
know that our elementary-school students cannot read with ease 
and enjoyment, and the same defect unsurprisingly manifests it-
self at every level, even in college. Without a base in alert, intense, 
pleasurable reading, intellectual yearning flags. 

In a utopian world, I would propose, for the ultimate mainte-
nance of the humanities and 
all other higher learning, an 
elementary-school curriculum 
that would make every ordi-
nary child a proficient read-
er by the end of the fourth 
grade—not to pass a test, but 
rather to ensure progressive 
expansion of awareness. Oth-
er than mathematics, the cur-
riculum of my ideal elemen-
tary school would be wholly 
occupied, all day, every day, 
with “reading” in its very full-
est sense. Let us imagine the 
day divided into short 20-min-
ute “periods.” Here are 14 daily 
such periods of “reading,” each 
divisible into two 10-minute 
periods, or extended to a half-
hour, as seems most practical 
to teachers in different grades. 
Many such periods can be 
spent outside, to break up the 

tedium of long sitting for young children. The pupils would:
1. engage in choral singing of traditional melodic song (folk 

songs, country songs, rounds); 
2. be read to from poems and stories beyond their own current 

ability to read; 
3. mount short plays—learning roles, rehearsing, and eventu-

ally performing; 
4. march or dance to counting rhymes, poems, or music, “read-

ing” rhythms and sentences with their bodies; 
5. read aloud, chorally, to the teacher; 
6. read aloud singly to the teacher, and recite memorized poems 

either chorally or singly;
7. notice, and describe aloud, the reproduced images of power-

ful works of art, with the accompanying story told by the teacher 
(Orpheus, the three kings at Bethlehem, etc.);

8. read silently, and retell in their own words, for discussion, 
the story they have read;

9. expand their vocabulary to specialized registers through 
walks where they would learn the names of trees, plants, flow-
ers, and fruits;

10. visit museums of art and natural history to learn to name ex-
otic or extinct things, or visit an orchestra to discover the names 
and sounds of orchestral instruments;

11. learn conjoined prefixes, suffixes, and roots as they learn 
new words;

12. tell stories of their own devising;
13. compose words to be sung to tunes they already know; and
14. if they are studying a foreign language, carry out these prac-

tices for it as well.
The only homework, in addition to mathematics, would be ad-

ditional reading practices over the weekends (to be checked by 
a brief Monday discussion by students). If such a curriculum 
were carried out—with additional classroom support and need-
ed modification for English-language learners or pupils in special 
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education—I believe that by the end of the fourth grade, the ma-
jority of the class would enjoy, and do well in, reading. Then, in 
middle school and high school, armed with the power of easy and 
pleasurable reading, students could be launched not only into ap-
propriate world literature, but also into reading age-appropriate 
books of history or geography or civics or science—with much 
better results than at present. If reading—by extensive exposure 
and intensive interaction—cannot be made enjoyable and easy, 
there is no hope for students in their later education. 

And since the best way to create good writing is by a child’s 
unconscious retention of complex sentence-patterns and vivid 
diction from reading, the act of writing—when it is introduced in 
the classroom—is not a matter of filling in blanks in workbooks, 
but rather a joyful form of expression for the child. After all, in the 
past, people always learned to write from reading books. Break-
ing writing down to “skills” subverts the very process of absorb-
ing the written language unconsciously as one reads, an indis-
pensable inner resource when one turns to writing. 

But now, when the school day is fragmented into many differ-
ent subjects that do not implement inten-
sive skill in “reading” (as broadly defined 
above), the result is the current lamentable 
lack of competence and swiftness in the en-
counter with the written page. And since all 
subsequent intellectual progress is dependent on successful read-
ing, without that base, all is lost.

The humanities are intrinsically verbal subjects, and depend 
on a student’s ability to take delight in complex reading. In my 
Utopia, the students, after having been read to 180 times in each 
school year for four years, will have absorbed basic narratives in-
trinsic to the comprehension of literature, from the Greek myths 
to the ordeal of the Ancient Mariner, to the “Midnight Ride of 
Paul Revere,” to the narratives of the Hebrew Bible and Christian 
literature (and will, from their concurrent exposure to art, have 
images in their minds attached to those narratives). The aesthetic 
dimension will appeal without being formally identified as such, 
especially if paintings (e.g., of Pandora and her box) accompany 
the myth or story being read to the children. 

Later in my ideal schooling, a familiarity with authors would arise 
as three successive cycles of literary acquaintance would take place. 
In the fourth, fifth, and sixth grades, the students would read short 
excerpts in chronological order from major authors A, B, C…Z. In 
the seventh, eighth, and ninth grades the very same authors would 
appear, but in longer or more complex excerpts. And finally, in the 
tenth, eleventh, and twelfth grades the same authors would again 
recur, but now in larger wholes. With Shakespeare for instance, the 

first time through, the child perhaps sings two songs by Shakespeare; 
the second time, the child reads some sonnets or a soliloquy; the 
third time, the student               reads a play. By the third time through, the 
students have garnered an idea of “Shakespeare.” And the same could 
be said of the other authors encountered, from Homer to Dickinson.

As it is, far too much “learning” is purveyed in elementary and 
middle schools by worksheets and exercises. These are not natu-
ral ways into reading. The natural ways into reading are reading 
aloud, listening, singing, dancing, reciting, memorizing, perform-
ing, retelling what one has read, conversing with others about 
what has been read, and reading silently. As it is, our students 
now read effortfully and slowly, and with only imperfect com-
prehension of what they have seen. They limp into the texts of 
the humanities (as well as the texts of other realms of learning). 
I dream of children who have become true readers, who like to 
sing together, to act together, to read aloud together, and to be 
read to. After that mastery of reading, the encounter with science 
textbooks and lab manuals will not daunt them. In college, the 
history of science will seem a natural bridge to the humanities, 

and vice versa. Students who read well will look forward to dis-
cussing a problem in philosophy or writing a paper in art histo-
ry. They will be the next humanists—but only if we make them 
so. And I see no way to do that aside from devoting the first four 
years of their education, all day, every day (except for a period of 
mathematics) to reading in all its forms 

Much stands in the way of my Utopia: established curricula, 
textbook publishers, current teacher-training, teacher salaries, 
dependence on video and workbooks, and governmental require-
ments for several different subjects in each grade. But since what 
is in place has failed notoriously to make our younger students 
eager to read, proficient in reading, and drawn to the conceptual 
world of learning, it is time, it seems to me, to try to generate a 
reading practice that will lead to a future for the humanities and 
all other advanced reading.  I have never taught elementary school 
and grant that I wouldn’t know how to do it. I only see the results 
downstream, and wish that reading at the earliest levels provided 
better preparation for the higher-level intensity of the humanities.

Porter University Professor Helen Vendler is the author most recently of Last 
Looks, Last Books: Stevens, Plath, Lowell, Bishop, Merrill and 
Dickinson: Selected Poems and Commentarie    .
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Engineering in the 
 
Twenty-First Century
A question of convergence
by Cherry a. murray

I’m a science-fiction fan. One of my favorite authors, China 
Miéville, says, “Part of the appeal of the fantastic is taking ridicu-

lous ideas very seriously and pretending they’re not absurd.” (I 
think that’s equally good advice for producing innovative research.) 
Miéville has a wild imagination and proclivity for making up new 
worlds and languages; one of his most thought-provoking inven-
tions is the idea of “remaking” humans as a form of legal punish-
ment or personal augmentation. “Remades” are bioengineered from 
a mix of organic and mechanical parts: legs become working steam 
engines, arms become nasty tentacles, divers become amphibious.

In contrast, Andrew Niccol’s movie Gattaca depicts another 

What is in place has failed notoriously to make  
our students eager to read and drawn to learning. 
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frightening bioengineered society, dominated by eugenics and 
populated with beautifully perfect citizens. In this world, experi-
ence and action mean nothing; genetics determine destiny. 

Miéville and Niccol aren’t predicting our future but explor-
ing possibilities, engineering their brave new worlds using cur-
rent societal and technological trends. Did you know that you 
can plug your DNA sequence into an Android app and find out 
whether you have the genetic predisposition for Alzheimer’s? 
Your future, delivered. Is it accurate? Who knows? But soon it 
will be. We are living science fiction.

This is where we come in. Engineers invent the future in fits 
and starts. They dream, tinker, design, build, test—and learn 
from their failures. Engineering, an incredibly creative process 
both practical and visionary, makes use of both science and art. 
Engineers play with potentials and solve problems. 

In the early days of Facebook, Mark Zuckerberg has said, he 
was doing it just for the challenge. Even the most successful en-
gineers must admit that happy accidents are what led to the next 
big thing. Think of nuclear magnetic resonance, the serendipitous 
Harvard discovery that led to 
an unexpected revolution in 
medical imaging, or more re-
cently, the accidental creation 
at the School of Engineering 
and Applied Sciences (SEAS) 
of black silicon, useful for en-
hancing light-sensing devices. 

So, as an engineering dean, 
how do I plan around the un-
plannable? Even with the best 
artificial intelligence, we can-
not predict the future, but we 
can ensure that Harvard will 
be part of its construction. I can 
stack the odds by hiring facul-
ty members who, as laser pio-
neer and SEAS professor Fed-
erico Capasso puts it, “thrive 
on not knowing what will hap-
pen next.” I can invest my time 
and energy in making it easy for 
students and faculty to collab-
orate on research, break down 
boundaries, make happy “mistakes,” learn from them, think big, and 
invent new things (including companies).

Even though engineering has led to our current techno-soci-
ety, I don’t think the twenty-first century will be the “century 
of engineering”—or of computing, biology, neuroscience, social 
science, or the humanities, for that matter. Rather, this century 
will call on all fields to address the most compelling issues on the 
planet—call this “convergence”—and engineering will underpin 
them all. (N.B. to all Harvard students and faculty: You should 
learn a bit of engineering!) The engineers of the future will likely 
be “T-shaped thinkers,” deep in one field but able to work across 
all fields and communicate well. 

If we can predict anything, it is that SEAS (and Harvard) will 
be wrestling with multifaceted global problems for decades to 
come. In fact, the main reason I came to Harvard was that this 

comprehensive research university, based in a core of liberal arts, 
is exactly the kind of place that can tackle the big problems.

• How do we maintain data privacy and security in our net-
worked world?

As details of our everyday lives are increasingly absorbed by the 
“cloud,” privacy may seem a thing of the past—for good or ill. In 
April I co-hosted a symposium on genetics and privacy in the dig-
ital age. With DNA sequencing data now just one more digitized 
piece of personal information, some people strive to keep their 
genomic information private; others are eager to “donate” theirs 
to an open-source project and potentially help cure Parkinson’s 
disease or cancer. Both approaches carry risks. The symposium 
indicated that we will have to realign our expectations of priva-
cy continuously as technology and social tolerances change. That 
will take cryptographers, programmers, engineers, ethicists, and, 
no doubt, lots of lawyers.

• How do we improve existing technologies and avoid further 
draining of natural resources?

Until someone finds a new miracle energy source, our electrical 

engineers are working to design computer chips that use energy 
far more efficiently and fuel cells that work at lower temperatures. 
Others are collaborating with bioengineers to create microbial fuel 
cells that generate enough power from dirt to charge a cell phone 
or to light a lamp. Materials scientists are creating nanostructured 
substances with novel electrical properties, pushing the develop-
ment of more practical solar cells. Meanwhile, our environmen-
tal scientists are monitoring the global atmosphere to analyze the 
health of our planet and understand our impact on it.

Management of water will likely be the key to our future on 
this planet. Our environmental engineers are working with po-
litical leaders worldwide to create better systems for conserving, 
sanitizing, and delivering water. Other researchers are inventing 
sophisticated yet affordable ways to filter and carry water on a 
small scale, thereby empowering rural communities. In the urban 
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Sciences Still Young
Better data, the rise of real experiments, and  
interdisciplinary advances in the social sciences
by edward l. glaeser
Social scientists seeking an ancient intellectual lineage can 
find antecedents for economics, sociology, and political science in 
the work of Plato and Aristotle, but truthfully, the social sciences 
are parvenu fields. The widespread application of scientific meth-
ods to the study of human society—rigorous formal theories, seri-
ous empirical testing—occurred only during the twentieth cen-
tury, mostly since World War II. The youth of the social sciences 
is exciting: progress is still being made at a ferocious pace, and the 
contours of these fields are rapidly evolving.

Without data, even the boldest theory is only an untested hy-
pothesis, and in 1900, social scientists had very little real data. 
Economists lacked basic figures on national earnings. Political 
scientists knew little about individual voting. Ethnographic re-
search was in its infancy. Only a few pioneering sociologists, like 
Émile Durkheim and W.E.B. Du Bois, were writing heavily statis-
tical treatises on topics like suicide and African-American life in 
Philadelphia.

During the twentieth century, great measurers transformed 
social science. Some, like the economist Simon Kuznets, creat-
ed usable data series by gathering information from disparate 
sources. Others, like the sociologist Samuel Stouffer, pioneered 
the design of large-scale surveys, taking advantage of the oppor-
tunities created by mass mobilization during World War II. An-
thropologists like Franz Boas and Margaret Mead, and the Chi-
cago sociological school, acquired evidence by close observation 
of a community. Psychologists began studying human behavior 
in their laboratories.

Yet these pioneering steps seem slow relative to the current 
onrush of new data that is now transforming the social sciences. 
Kuznets’s heirs are doing amazing things by using vast amounts 
of official data. Harvard’s Raj Chetty and Berkeley’s Emmanuel 
Saez, for example, have been granted access to Internal Revenue 
Service data that have produced findings as disparate as docu-
menting the evolution of income inequality across the last cen-
tury and showing that better kindergarten teachers significantly 
increase their pupils’ adult earnings.    

During the 1990s, Harvard’s John Kain labored long to acquire 
access to the Texas school system’s database on students, teach-
ers, classes, and test scores. A flood of administrative data fol-
lowed that has produced scores of pathbreaking papers on the 
determinants of student achievement. These papers have trans-
formed public-policy debates about schooling.

Technological change has also made life easier to examine. 
More than a decade ago, Robert Sampson, then at the Univer-
sity of Chicago and now at Harvard, along with several co-au-
thors, studied Chicago neighborhoods by combining census 
and survey data with visual information gleaned by vehicle-
mounted movie cameras. Searchable text databases have helped 
measure media bias. Researchers using fMRI machines can ob-
serve the neural activity associated with ethical or economic 
activity. The research possibilities created by Google’s database 
are enormous.

As data quality has improved, social scientists have moved be-
yond facts and correlations to the deeper quest for causality. Chil-
dren who grow up in poor neighborhoods typically have worse 
economic and education outcomes, but does this mean their 
neighborhoods cause these outcomes? Moving from measurement 
to experiments is the second great social-science trend.  

Good social-science experimental research first proliferated in 
psychology labs. Economists followed the psychologists by creat-

environment, too, ecology, ethics, and 
aesthetics must coexist if our grow-
ing population is to survive. I hope a 
nascent collaboration between SEAS 
and the Graduate School of Design blossoms, creating healthier, 
more sustainable cities

• How can we improve technology to tackle challenging medi-
cal conditions?

When we discuss human health, living longer may be the man-
tra—but I think the real goal is living better. Bioengineering is ul-
timately about this quest. Consider the SEAS bioengineers who 
recently used artificial arteries and brain cells to explain how ex-
posure to a blast wave from an improvised explosive device can 
cause traumatic brain injury at the cellular level. With help from 
the Wyss Institute, computer scientists are designing adaptive 
leg orthotics that could normalize the gait in children with cere-
bral palsy. As we gain understanding of the body as a system, we 
can more readily engineer solutions to keep it in shape.

• How can we contribute to the future of networks and com-
puting?

New tools and software can help us build, manipulate, and 
model just about anything under the sun. Right now a team of 

interdisciplinary researchers is working to create a swarm of 
“intelligent” robotic bees that may one day pollinate flowers 
and engage in search-and-rescue missions. With advances in 
nanophotonics, silicon electronic ‘bits’ may be replaced by “qu-
bits,” allowing us to compute using the interaction of light and 
matter. And in the next decades, computing will become more 
powerful, going to the exascale—ultrafast processing—and be 
truly ubiquitous, enabling us to model not only the mysteries of 
the brain but also the birth of galaxies, or global climate—and 
even making it easier to navigate our city streets, or work and 
shop online. 

I am convinced that we in SEAS, with help from collaborators 
across Harvard and around the globe, will be tackling questions 
like these for years to come. I think that is very fantastic indeed.

Cherry A. Murray, dean of the School of Engineering and Applied Sciences, 
is Armstrong professor of engineering and applied sciences and professor 
of physics.

I can invest in making it easy for students and faculty 
to make happy “mistakes” and learn from them.
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ing labs that tested (and often 
rejected) the predictions that 
game theory made concern-
ing behavior in markets and 
auctions. But there is only so 
much that laboratory experi-
ments can teach us about the 
long-term impact of having 
good neighbors or the func-
tioning of a large, real market.

To analyze these phenom-
ena, social scientists had to 
take experimental methods 
to the real world. Many early 
approaches relied on “natu-
ral” experiments, which occur 
when some external event, like 
a public policy, more or less 
randomly affects some indi-
viduals and not others. For ex-
ample, my Harvard colleagues 
Guido Imbens and Don Rubin, 
and Bruce Sacerdote of Dart-
mouth, looked at people who 
won the Massachusetts lottery to examine the impact of extra 
earnings on spending and savings. The seemingly random timing 
of abortion legalization across states enabled John Donahue and 
Steven Levitt to test whether more abortions meant less crime.

But “natural” experiments are often imperfect, because pol-
icy changes are rarely truly random and may not answer the 
most pressing research questions. So social scientists increas-
ingly have tried to turn public or nonprofit programs into true 
experiments. In the 1990s, the Department of Housing and Ur-

ban Development allowed part of its housing voucher program 
to become the Moving-to-Opportunity (MTO) Experiment. 
MTO randomly allocated housing vouchers across a pool of ap-
plicants from high-poverty neighborhoods, which enabled Har-
vard’s Lawrence Katz and Jeffrey Liebman and their co-author, 
Jeffrey Kling, to test whether children’s outcomes improved 
when parents were allocated vouchers that enabled them to 
move to better areas. Parents who got the vouchers did choose 
to have less-poor neighbors, but many of their children’s out-
comes didn’t improve. Academically, girls did better but boys 
did worse.

The pressing problems of the developing world, and the low-
er cost of running experiments there, have led to an explosion 
of experiments in low-income countries. My colleague Michael 
Kremer helped pioneer such work when he helped set up and 
analyzed an experiment where de-worming drugs were dis-
tributed in some Kenyan schools and not others. School atten-
dance increased substantially in the treated schools. Karthik 

Muralidharan and Venkatesh Sundararaman helped design an 
experiment in which teachers in some Indian schools but not in 
others got extra pay for improving test scores. When they com-
pared the results across schools, they found that scores increased 
significantly in those randomly chosen schools whose teachers 
received incentive pay.

The adoption of experimental methods and improved data 
quality have, in turn, helped generate the third major social-sci-
ence trend—the increasing irrelevance of traditional field bound-

aries. Empirical approaches are 
far more likely than theoretical 
edifices to be common across 
fields.

Moreover, the topic-based 
“silos” that once defined fields 
are far less binding, because we 

better understand the profound connections among economics, 
politics, and sociology. Economic outcomes often reflect socio-
logical forces, and sociological outcomes respond to earnings. It 
is impossible to understand the wealth of nations without also 
knowing something about their politics, and Marx was at least 
right that economics has plenty of influence on politics as well. 
The connection between health and other outcomes means that 
the physical sciences are also being drawn in (as the work on de-
worming suggests). 

Social science is changing rapidly, as better data and real ex-
periments replace the worldly philosophy of the past. Yet that 
change means that nineteenth-century field definitions feel in-
creasingly obsolete. I hope that Harvard is at the vanguard in re-
thinking the shape of social science, just as it has been at the van-
guard of working on better measurement and causal inference.

Edward L. Glaeser is Glimp professor of economics and director of the Harvard 
Kennedy School’s Taubman Center for State and Local Government.         

As data have improved, social scientists have moved to 
the deeper quest for causality. Moving from measurement 
to experiments is the second great social-science trend.  

Edward L. Glaeser
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