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low a “first-price” mechanism, in which 
advertisers paid whatever amount they bid. 
But “what happened very quickly,” Parkes 
explains, “was that people developed these 
bidding robots that tried to bid just high 
enough to keep the same place on the page.” 
Bidding wars ensued, leading to wasteful 
computation as the bids were constantly 
adjusted. The software systems running the 
search engines were completely overloaded. 

So Google began to hold “second-price” 
auctions, in which advertisers paid the 
next-highest bid rather than their own 
price. That made counter-speculation 
less useful and it became sensible to be 
straightforward about what price each ad-
vertiser was willing to pay. The sawtooth 
cycles of sharply rising and falling bids sta-
bilized. “That’s the kind of design question 
you can ask,” Parkes says. “You can say, ‘If 
my world consists of rational or almost-
rational economic agents, how might we 

change the rules by which resources are al-
located or prices set, so that we can make 
things more stable and well-behaved?’ And 
try to actually simplify the reasoning.”

Numerous challenges lie ahead. Not 
least is the limit to computational capabili-
ty. “We don’t claim that AI will ever be per-
fectly rational,” Parkes points out, “because 
we know that there are always intractable 
computational problems. And AI may devi-
ate from rationality in its own ways, differ-
ently from people, and we’re just beginning 
to understand what that might mean.”  
Another perennial challenge is the inter-
face with intractably irrational humans. 
That cuts both ways, though, Parkes  
notes: for all their rationality, computers 
lack common sense, and their human de-
signers sometimes fail to anticipate inter-
actions that bring on unexpected conse-
quences. (A robot price war in 2011 caused 
an out-of-print biology text about flies  

to be listed for $23 million on Amazon.)
The new phenomena of AI economic 

systems may in fact require a new science, 
Parkes says. “For instance, how would you 
verify not only that a system is doing the 
right thing, but that it will always do the 
right thing? We’d also have to agree as a so-
ciety what ‘right’ means: Should it be fair? 
Should it be welfare-maximizing? Should it 
respect laws?” New laws might be required, 
he continues: “Who would be liable if your 
agent makes a transaction that leads some-
body to die in a chain of consequences that 
would have been very hard to anticipate?”—
for example, by proactively buying a drug 
for possible future profit, and in the process 
depriving someone who needs the medica-
tion right away. “So,” he says, “things are 
quite complicated.” vlydiAlyle gibson
  
dAvid c. pArkes website:
http://econcs.seas.harvard.edu
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Mimicking Organs

C
ould tiny, translucent chips 
that mimic human organs replace 
animal testing for drug develop-
ment? That reality may be com-

ing, according to researchers at the Wyss 
Institute who have developed organs-on-
chips: flexible polymer microchips (about 
the size of a computer flash drive) that pro-
vide a window into the tissue structures, 
functions, and mechanical motions of lungs, 
intestines, kidneys, and other organs.

Designed by Folkman professor of vas-
cular biology and Wyss Institute director 
Donald E. Ingber, Tarr Family professor of 
bioengineering and applied physics Kevin 
“Kit” Parker, and former Wyss technol-
ogy development fellow Dan Huh, these 
chips have potential to accelerate drug 
discovery, decrease drug-development 
costs, and create a future of personalized 
medicine to treat a wide range of diseases 
including cancer, liver failure, pulmonary 
thrombosis, and asthma. Testing drugs 
in animals has proven problematic due to 
fundamental biological differences, Ingber 

says, and the traditional method of testing 
human tissue in the laboratory can also be 
challenging, because cells often die or fail 
to work normally once removed from their 
context in the body.

The microchips “are much more realistic 

models of the human body than flat layers 
of cells grown in petri dishes,” Ingber ex-
plains. “We have a window on molecular-
scale activities inside living, human cells, 
in the physical context of a tissue and an 
organ that we can watch in real time”—in-
sights “that are very difficult to get with 
an animal.”

Instead of moving electrons through sil-
icon, the contents of the translucent chips 
push small quantities of chemicals past 
cells from lungs, intestines, livers, kidneys, 

The lung-on-a-chip mimics the  
mechanical and biochemical behaviors 
of the human organ.
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or hearts so any changes in the cells can be 
observed under a microscope. Networks 
of tiny tubes within the chips give the en-
abling technology its name—microfluid-
ics—and let the chips mimic the structure 
and critical functions of organs, making 
them, in Ingber’s words, “an excellent test 
bed for pharmaceuticals.” Their lab has al-
ready developed chips that mimic the kid-
ney, brain, liver, and gut, as well as bone 
marrow and the airways in the lungs.

Emulate, a start-up formed by the Wyss 
Institute in 2014, aims to commercialize 
the technology: a lung-on-a-chip is cur-
rently being used by Johnson & Johnson’s 
Janssen division to develop drugs to treat 
pulmonary thrombosis, and the company 
plans to use a liver-on-chip to predict liver 
toxicity. Although a competing technology 
exists—it creates “organoids” by growing 
human cells in a 3-D matrix gel—Ingber 
says the structures lack “the blood supply, 
the immune cells. You can’t get access to 
the tissue, the air space, as well as to the 
vascular outflow. We can do all of these 
things.”

Organs-on-chips are still in their in-
fancy, but Ingber explains that the micro-
devices could transform personalized 
medicine, in part because they would al-
low researchers using stem-cell technol-
ogy to build chips lined with the cells of 
people from specific genetic subpopula-
tions. “Imagine you have a group of asth-
matics who are female, belong to a par-
ticular ethnic group, and all have a higher 
sensitivity to smoke inhalation,” he says. 
“Maybe you could develop a drug just for 
that small group, using the women’s per-

The Wyss Institute team seeks to build and 
link 10 human organs-on-chips to simulate 
whole-body physiology.
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Capital Punishment’s Persistence

A
mong the reAsons why the 
United States might be consid-
ered exceptional, there’s one that 
puts it in unexpected company: 

along with China, Iran, Iraq, and Saudi Ara-
bia, it ranks as one of the world’s top execu-
tioners. Because most countries have abol-

ished capital punishment, the U.S. retention 
of the death penalty is anomalous, especial-
ly among Western, industrialized nations. 
What explains this difference?

“The death penalty, in the larger scheme 
of history, is normal,” writes Moshik Tem-
kin, associate professor of public policy at 

the Kennedy School. Rather than ask why 
capital punishment still exists, he sug-
gests, look at history from a different an-
gle: given abolition’s rapid spread among 
other democratic countries, why has it 
failed to take hold in the United States? 
His recent paper, “The Great Divergence,” 

takes a transatlantic approach, 
comparing France—a relative 
newcomer to abolition, in 1981—
to America.

In France, the end of the death 
penalty resulted from a top-down 
political process. Robert Bad-
inter, a criminal-justice lawyer 
nicknamed “Monsieur Abolition” 
for his activism, convinced So-
cialist Party leader François Mit-
terand to take up the cause in the 
lead-up to the 1981 presidential 
election. Once victorious, Mit-
terand named Badinter minister 
of justice, and within five months 
pushed a successful vote on the 
issue through the legislature. 
Abolition was “contingent on the 
actions of a select few elites on 
the political left,” writes Temkin, 
who notes that the death penalty 
enjoyed wide popular support 

sonalized chips.” If an apparent cure for 
their asthma is detected, he continues, 
that same group of women could be used 
in the subsequent clinical trials, speeding 
the drug’s approval.

Ingber, Parker, and their team already 
have funding from the Defense Advanced 
Research Projects Agency to build a so-
called human-body-on-a-chip: 10 different 
human organs-on-chips linked together 
on an automated instrument to mimic 
whole-body physiology. This would al-
low researchers to conduct experiments 
that are too risky for human subjects, and 
provide insight into how reactions in one 
organ affect another—crucial informa-
tion for testing drug efficacy and safety. 
“If we can show the organs-on-a-chip are 

independently viable and functional for a 
month, then we can show organ coupling,” 
Ingber says. They have already been able to 
watch a drug be absorbed by the gut, see it 
metabolized by the liver, and then observe 
its activity in another organ.

During the next year and a half, Ingber’s 
team will experiment with more linked 
organs for longer periods of time, culmi-
nating in the spring of 2017 with a test de-
signed to determine whether all 10 organs 
can function together successfully for four 
weeks.

Last June, the human lung, gut, and liver 
chips bested Google’s self-driving car to 
win the United Kingdom’s most presti-
gious design honor: the Design of the Year 
2015 Award. That marked the first time the 

prize had recognized 
the field of medicine.

It’s not just about 
“making a little chip,” 
Ingber explains. “It’s 
also developing auto-
mated instrumentation” and a system for 
linking the chips. The entire project, he 
says, is a tribute to the Wyss Institute’s 
ability to bring people who have industrial 
experience together with students, Insti-
tute fellows, postdocs, and faculty mem-
bers to create something extraordinary. 

vlAurA levis

donAld e. ingber website:
http://wyss.harvard.edu/
viewpage/121/donald-e-ingber

American activists unfurl a banner 
in front of the Supreme Court.Ja
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Visit harvardmag.com/
organs-15 to view a 
video illustrating how 
the chips work. 
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