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in prison populations and hypothesized 
that XYY “supermales” had received an 
additional dose of “male” traits like ag-
gression and physical strength. Later 
studies thoroughly discredited the “su-
permale” theory: XYY and XXY males 
were found to have similarly high rates of 
imprisonment (now attributed to slightly 
lower average intelligence caused by chro-
mosomal imbalance). Even so,� the XYY 
“supermale” theory captured the public 
imagination—highlighting,� Richardson 
argues,� how the X and Y chromosomes 
have been persistently conflated with so-
cial notions of gender.

Examples such as the XYY “supermale” 
theory illustrate how social ideas of gender 
can shape scientific inquiry,� says Richard-
son. She is concerned not only with “black-
and-white” cases of gender bias; in fact,� she 
introduces the term “gender valence” to il-
lustrate the varied and sometimes produc-
tive intersection of cultural and scientific 
understanding. Thus she highlights scien-
tific debate over the theory of Y-chromo-
some degeneration,� which posits that the Y 
chromosome is rapidly losing genes and may 
eventually disappear; the discussion,� Rich-
ardson argues,� consciously engages with 
societal anxieties over the status of men 
in a postfeminist world. “Gender beliefs 
are playing a role in the science here,� but it 
doesn’t have the pejorative connotation of 
bias,�” she explains. “Bias,� in my view,� hap-
pens when we insert our assumptions into 
scientific research in a way that is not reflec-
tive,� that’s invisible to us.”

She ends by examining modern re-
search into sex differences. In the related 
area of race-based research,� scientists 
have found that individual humans have 
similar amounts of genetic variation,� 
whether they are from the same or differ-
ent populations,� and critical dialogue has 
revealed the potential pitfalls of ascribing 
biological significance to socially con-
structed racial categories. Sex-difference 
research,� Richardson argues,� requires this 
critical perspective as well. Per the New 
Yorker cartoon,� she cautions that “older,� 
once debunked,� theories of sex difference 
[have been revived] decades later in the 
language of molecular genetics,�” as mech-
anisms of gene expression or neurological 
wiring are used to reinforce existing ideas 
of gender. Building on several published 
statistical criticisms,� Richardson finds 
that many sex-difference studies have 

fundamental logical flaws: for instance,� 
scientists often fail to distinguish prop-
erly between biological and social influ-
ences,� she observes,� even though gendered 
norms in areas ranging from exercise to 
workplace interactions can complicate 
what appear to be essential biological dif-
ferences.

The errors,� Richardson writes,� illus-
trate a broader conceptual problem. It 
has been too convenient to think of male 
and female as opposite,� she says; the sexes 
must be seen not as “natural kinds”—dis-
tinct and separate categories—but rather 
as “permanently paired and dynamically 

interacting.” “Looking over 30 or 40 years 
of critical discussions of gender in sci-
ence,�” she says,� “we can document how 
those conversations have begun to change 
and benefit the science” by pointing out 
gendered assumptions and suggesting 
alternative models. “The book makes the 
argument that we should continue to cul-
tivate these discussions as we move into 
an age in which genomics will proliferate 
findings of human differences.” 

vkatherine xue

sarah richardson website:
http://www.sexitself.com

u p d a t i n g  d R .  d o o l i t t l e ?

Fusing Faculties of  Mind

W
hat if people could com-
municate with animals,� and 
even with each other,� using 
only their thoughts? 

Such direct brain-to-brain communi-
cation became a reality,� at least in a very 
basic sense,� at Harvard last year,� when a 
team of researchers led by associate pro-
fessor of radiology Seung-Schik Yoo devel-

oped the first interspecies “brain-to-brain 
interface” (BBI). The mechanism retrieves 
a signal from a human’s brain (generated 
by staring at a flashing light) and trans-
mits it into the motor cortex of a sleeping 
rat,� causing the rodent to move its tail. 
“We were interested in creating a way for 
information to be transmitted between 
two brains without using nerves or mus-
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Renzo Lucioni ’14, a computer science 
concentrator in SEAS, used data visualization 
techniques to illustrate changes in voting 
behaviors over time in the U.S. Senate, providing 
a stark picture of a widening partisan divide.
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cles,�” says Yoo,� who found—as reported in 
the journal PLOS ONE in mid 2013—that a 
human subject could successfully control 
tail movement 94 percent of the time.

To achieve this advance,� Yoo and his col-
leagues incorporated discoveries made by 
others in the rapidly growing field of com-
puter-brain interaction. In recent years,� 
scientists have overcome immense tech-
nical challenges to build computers that 
read and interpret signals directly from 
the brain. These brain-computer interfaces 
(BCIs) have been adapted for use in clinical 
settings—for instance,� doctors use them to 
allow quadriplegic and “locked in” patients 
to move computer cursors,� mechanical 
arms,� and even their own wheelchairs.

Using this research,� Yoo and his team 
built a machine that not only receives 
signals from the brain using existing BCI 
technology,� but also inserts those same 

signals into the brain of a separate organ-
ism. “The real challenge was figuring out 
how a computer can somehow control 
the brain activity in the rat—the computer-
brain interface,�” he explains. “The diffi-
culty was to create a method that offered 
a fine level of control without having to 
perform surgery” to insert electrodes into 
the brain.

The most common method of nonin-
vasive brain stimulation—transcranial 
magnetic stimulation—is not accurate 
enough to stimulate the tiny region of the 
rat’s brain associated with tail movement,� 
Yoo says. Instead,� he and his team relied 
on a technology that he has been studying 
since 2007,� “focused ultrasound” (FUS),� 
that enables stimulus of specific areas of 
the brain using focused beams of acoustic 
energy. One challenge of ultrasound imag-
ing is that the sound waves cannot pene-

trate bone. But Yoo’s team “found that you 
can overcome those limitations if you are 
using low acoustic frequencies.”

In their experiment,� the researchers 
attached an FUS machine,� calibrated to 
activate the specific cortical region asso-
ciated with tail movement,� to a rat’s skull 
and placed a human volunteer in a BCI 
machine that reads neural signals using an 
electroencephalogram. Then they linked 
the two interfaces together via computer. 
In order to generate a command to send to 
the rat’s brain,� the human subjects were 
asked to stare at a flickering light pattern 
on a computer screen whenever they in-
tended to move the rat’s tail. This elicited 
a particular pattern of brain waves,� which 
triggered a focused burst of ultrasound 
connected to the rat’s brain,� causing its 
tail to move.

Despite the success of the experiment,� 
Yoo sees three areas for improvement. 
First,� he’d like to achieve the same re-
sults when the rat is awake. Second,� the 
existing device is essentially just an on/
off switch controlling the rat’s tail,� but fu-
ture brain-brain interfaces might be used 

 “We were interested in creating a way  
for information to be transmitted between two 
brains without using nerves or muscles.”
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Knowing wealth. Knowing you for 175 years

Why has Welch & Forbes thrived for 175 years?
Relationships.

Relationships built on accessibility, trust and stability.  For us it’s the only way. 
If you value an enduring relationship with a firm expert in comprehensive portfolio management and tax, trust and

estate planning, call Charlie Haydock ‘74 at 617-557-9800.  

Jay Emmons, CFA, President Adrienne Silbermann, CFA, Director of Research Charlie Haydock, CFA,Chief Investment Officer, A.B. 1974

www.welchforbes.com | 45 School Street, Old City Hall, Boston, MA 02108 | 617.523.1635 
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The Price of   
Healthy Eating

A
necdotally,� the cost of a 
healthy diet—rich in fruits,� 
vegetables,� fish,� and 
nuts,� for exam-

ple—has been assumed 
to be higher than 
that of a diet consist-
ing of unhealthy pro-
cessed foods. Now re-
search from the Harvard 
School of Public Health 
(HSPH) has quantified 
that cost difference,� often 
cited as a barrier to eating 
well,� as roughly $1.50 more 
per person per day. That’s 
“smaller than many people 
might have expected,�” says se-

nior study author Dariush Mozaffarian,� an 
associate professor at HSPH and Harvard 

Medical School. It’s “the cost of a cup 
of coffee,�” or about $550 a year 

($2,�200 for a family of four).
The findings,� based 
on a meta-analysis 
of 27 studies under-

taken in 10 high-income 
countries,� are part of a 

larger effort to understand 
how government policy and 

existing food-supply systems 
affect health. The research 
shows that a healthy diet is 
affordable for most people,� 
Mozaffarian says,� given that 

“for 60 percent to 70 percent of 

to send more sophisticated messages that 
would affect the rat’s entire range of mo-
tion. And finally,� he would like the system 
to be bidirectional,� allowing in a more 
distant future for two-way communica-
tion between humans,� perhaps  facilitating 
brain-to-brain messaging across great dis-
tances via the Internet. Eventually,� these 
technologies might even be used to pro-
mote social understanding and empathy 
through a technique called “neural cou-
pling,�” in which one person’s neural pat-
terns and experiences are transmitted into 
the brain of another,� allowing the recipi-
ent to experience the thoughts and mental 
states of others.

These mind-boggling possibilities,� Yoo 
says,� are likely to be questions for future 
generations. His own experiments are not 
conducted in order to achieve any practi-
cal outcome,� he points out. “For me,� this 
is more philosophical than practical,�” he 
says. “It is really just my boyish curiosity.”
 vpeter saalfield

seung-schik yoo e-mail:
yoo@bwh.harvard.edu is
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