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The Brain,
Decoded
A cryptography-inspired 
strategy translates neural  
signals into movement
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In 2005 neuroscientist Rodrigo Quian Quiroga published a paper identifying single 

neurons that would light up in an individual's brain every time that person saw a 

particular celebrity—Jennifer Aniston and Michael Jordan were two examples. As 

amusing and remarkable as this finding seemed, even more than a decade later, 

researchers are still no closer to understanding how neurons firing in certain brain 

areas leads to recognition of faces or, most important, how the brain controls 

specific behaviors in the human body. 

Looking for new ways to study this mystifying organ, researchers are now turning 

to computer science algorithms to help them gather data on the brain. Their dis-

coveries could mean big strides in creating brain-controlled prosthetic devices. 

Helen Shen covers these exciting new findings in this issue’s cover story, “Cracking 

the Brain’s Enigma Code.” 

There are other surprising findings this month. In “The Importance of Fostering 

Emotional Diversity in Boys,” June Gruber and Jessica L. Borelli reveal new re-

search that suggests that boys may be more emotional than girls but are culturally 

trained away from displaying those emotions. As David Z. Hambrick and Madeline 

Marquardt write in “Bad News for the Highly Intelligent,” people with higher IQs 

tend to be more successful and longer-lived but also grapple with more mental 

health disorders. And Angus Chen examines the nuanced psychological impacts of 

our smartphone culture (“Social Notworking: Is Generation Smartphone Really 

More Prone to Unhappiness?”). As always, enjoy! 

Andrea Gawrylewski 

Collections Editor

Extreme Brain Teaser
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The Neuroscience of  
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complicated than scientists thought
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Every day our brains grapple with var-
ious last-minute decisions. We ad-
just our gait to avoid a patch of ice; 

we exit to hit the rest stop; we switch to our 
backhand before thwacking a tennis ball.

Scientists have long accepted that our 
ability to abruptly stop or modify a planned 
behavior is controlled via a single region 
within the brain’s prefrontal cortex, an area 
involved in planning and other higher men-
tal functions. By studying other parts of the 
brain in both humans and monkeys, how-
ever, a team from Johns Hopkins University 
has now concluded that last-minute deci-
sion-making is a lot more complicated than 
previously known, involving complex neu-
ral coordination among multiple brain ar-
eas. The revelations may help scientists 
unravel certain aspects of addictive behav-
iors and understand why accidents like falls 
grow increasingly common as we age, ac-
cording to the Johns Hopkins team.

The findings, published recently in Neu-
ron, reveal reneging on an intended behav-
ior involves coordinated cross talk between 
several brain regions. As a result, changing 
our minds even mere milliseconds after 
making a decision is often too late to alter 
a movement or behavior. Using functional 

magnetic resonance imaging—a technique 
that monitors brain activity in real time—
the Johns Hopkins group found reversing a 
decision requires ultrafast communication 
between two specific zones within the pre-
frontal cortex and another nearby struc-
ture called the frontal eye field, an area in-
volved in controlling eye movements and 
visual awareness.

Lead author Kitty Xu, formerly a Johns 
Hopkins graduate student and now a re-
searcher at the social media site Pinterest, 
explains that when it comes to split-second 
decisions, the longer a decision has to take 
hold in the brain, the harder it is to reverse. 
“Stopping a planned behavior requires ex-
tremely fast choreography between several 
distinct areas of the brain, our research 
found,” she says. “If we change our mind 
about pressing the gas pedal even a few 
milliseconds after the original “go” mes-
sage has been sent to our muscles, we sim-
ply can’t stop.” Xu adds that if we change 
our minds within roughly 100 milliseconds 
of making a decision, we can successfully 
revise our plans. If we wait more than 200 
milliseconds, however, we may be unable 
to make the desired change—in other words 
we may land a speeding ticket or a tumble 

down the stairs. As we age, our neural com-
munication slows, and that likely contrib-
utes to more of these glitches, Xu says.

To identify the brain regions involved in 
canceling a decision, the new study recruit-
ed 21 subjects for a modified “stop signal 
task,” a commonly used neuroscientific be-
havioral test that involves canceling a 
planned movement. Participants undergo-
ing functional MRI were instructed to watch 
a screen and to immediately stare at a black 
dot when it appeared. But just after they 
focused on the black dot a colored dot 
would appear, prompting their gaze to shift 
to the new stimulus—essentially causing 
them to abandon their initial plan to fix 
their eyes on the black dot. The researchers 
watched what areas of the brain lit up 
during those decision-making steps, and 
after the volunteers terminated their plan. 
To confirm their findings, the authors then 
ran the same experiment on a single ma-
caque. Using an implanted electrode, they 
saw activation in monkey brain regions 
analogous to those reported on in humans 
when the monkey stopped looking at the 
black circle in favor of the colored dots.

Tracking these eye movements and neu-
ral action let the researchers resolve the 
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very confusing question of what brain ar-
eas are involved in these split-second deci-
sions, says Vanderbilt University neurosci-
entist Jeffrey Schall, who was not involved 
in the research. “By combining human 
functional brain imaging with nonhuman 
primate neurophysiology, [the investiga-
tors] weave together threads of research 
that have too long been separate strands,” 
he says. “If we can understand how the 
brain stops or prevents an action, we may 
gain ability to enhance that stopping pro-
cess to afford individuals more control over 
their choices.”

Xu hopes these insights into how diffi-
cult it is for the brain to amend its plans—a 
task that only gets harder as we age and 
neural communication slows—can eventu-
ally help researchers devise ways to inter-
vene and help us make faster, safer deci-
sions. In the short term she hopes key tar-
gets will include helping seniors avoid falls 
and modifying last-minute impulses in 
people with addictions.

“The sooner I can turn off the plan to 
drink or use the drug,” she says, “the less 
likely I am to carry out that plan.”

—BRET STETKA


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Do Brain-Wiring Differences Make Women 
More Vulnerable to Concussions?
Female axons—brain cells’ output cables—are shown  
to have a thinner structure
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Researchers have known for some 
time that female athletes experi-
ence higher rates of concussion 

than their male counterparts, and also of-
ten suffer harsher symptoms and take lon-
ger to recover. But why women seem more 
vulnerable to such injuries has long re-
mained a puzzle.

Concussion symptoms range from head-
ache, dizziness and confusion to memory 
loss, noise or light sensitivity, and irrita-
bility. Most people recover quickly but 
some develop problems lasting a year or 
more. A 2010 study led by neurologist Jef-
frey Bazarian of the University of Roches-
ter found that women—especially those of 
child-bearing age—had worse symptoms 
measured three months after injury.

Several explanations have been pro-
posed including sex hormones, neck struc-
ture and cerebral blood flow, but no one re-
ally knows what is to blame. Now, however, 
a study led by Douglas Smith, director of 
the Center for Brain Injury and Repair at 
the University of Pennsylvania, adds a new 
candidate: differences in axons—the out-
put “wires” of neurons.

Smith and his colleagues discovered dif-
ferences in the size and structure of male 

and female axons and found the female 
structure was more susceptible to damage. 
“The findings are intriguing,” says neuro-
psychologist Donna Broshek of the Univer-
sity of Virginia, who was not involved in 
the study. “Many theories have been put 
forth, including that—because of differenc-
es in cultural socialization—women are 
more likely to endorse symptoms.” But the 
new results, published recently, “suggest 
that women report more symptoms be-
cause they are ...  experiencing more symp-
toms,” Broshek says.

Each neuron has many inputs, called 
dendrites, but generally only one output: 
its axon. Along with transmitting the elec-
trical signals underlying cognition, axons 
transport cargo of various kinds—including 
proteins that are used mainly for repair and 
maintenance. Other specialized proteins 
haul this cargo via the axons along train 
track–like structures called microtubules. 
A major sign of concussion is damaged ax-
ons. “Thereʼs an emerging consensus that 
one underlying issue with concussion is 
diffuse axonal injury,” Smith says. This led 
him to wonder if the sex differences in con-
cussions might have something to do with 
axons. “Is there something different about 

brain architecture,” he says, “that given the 
same mechanical forces, a female brain may 
be more injured than a male brain?”

To test this idea, the team first used a 
cell-culture model in which two popula-
tions of neurons are separated by tiny chan-
nels, along which axons grow. The research-
ers then used pulses of air to rapidly stretch 
the axons, mimicking sudden head trauma. 
“We found a dramatic difference,” Smith 
says. “The female axons had many more 
undulations, which were bigger, suggesting 
more structural damage.” Undulations oc-
cur when microtubules break. Their cargo 
then spills and builds up in the axon, caus-
ing swelling. Sodium, which is needed for 
normal transmission of electrical signals, 
then rushes in—but too much of it actually 
disrupts this signaling. “In concussion you 
have an immediate change in mental sta-
tus, because the electric grid has been tak-
en out,” Smith says. “Itʼs like a blackout or 
browning  out of the city.” The excess sodi-
um also causes calcium to flood in, activat-
ing enzymes that destroy structures inside 
axons. Twenty-four hours after being hit 
with air pulses, the female axons had more 
swellings and signaling loss. This was true 
for both neurons taken from rats and hu-
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man neurons derived from stem cells that 
were genetically male or female.

The researchers next examined the axons 
with electron microscopy. They found the 
female axons were thinner, with fewer mi-
crotubules—a difference that has been hint-
ed at previously but never directly demon-
strated. They then used a computational 
model to compare how the different male 
and female structures responded to the 
same mechanical force. The female struc-
ture suffered more breaks. Microtubules are 
connected by proteins that become stiffer 
the faster they are stretched. And if axons 
are stretched too rapidly, these proteins pull 
on microtubules and break them, Smith 
says. Having more microtubules gives the 
whole structure more stability.

The relatively rapid recovery most peo-
ple experience may reflect the time it takes 
to repair axons—but if the damage is too 
severe, axons may degenerate. “We think 
thatʼs the route that has persisting symp-
toms,” Smith says. “Up to 20 percent of in-
dividuals have persisting dysfunction; 
weʼre really interested in those people, be-
cause we think they have permanent dam-
age.” If he is right, recovery from long-term 
symptoms may reflect the time it takes 

brain plasticity to compensate for lost cells.
How much of the concussion sex differ-

ences might be explained by this discovery 
is not yet clear. “Iʼm almost certain this 
cannot be the only thing that contributes,” 
Smith says. “Itʼs probably one of several 
factors; time will tell how large a role it 
plays.” Differences in rates may be “primar-
ily about axonal damage,” but recovery 
time is a different question, Bazarian says. 
“Thereʼs a host of processes that take place, 
to clean up, that may also have sex differ-
ences.” Most important is the brainʼs in-
flammatory response, which must be pre-
cisely controlled to clean out waste with-
out doing damage. Hormones regulate this 
process, which could explain findings like 
worse outcomes in child-bearing years. 
How effective these processes are—plus in-
jury severity—are likely what determine re-

covery times. “Itʼs a combination of the 
two,” Bazarian says.

A caveat is that cell cultures and models 
are a far cry from the immensely complex 
environment of a real brain. “This sets the 
stage for the next step, which is finding 
some way to verify these findings in living 
human brains,” Bazarian says. This will be 
challenging, as researchers cannot easily 
examine live human axons directly. There 
are ways around this, however. For example, 
researchers can look at less-direct evidence 
of the damage, such as changes in white 
matter. (Nerve fiber tracts appear white due 
to the coloring of the myelin sheaths that 
cover and insulate axons.) “This will open 
the door to looking at white matter with ad-
vanced neuroimaging,” Smith says. “Given 
the same head impacts, do females have 
more changes in white matter?”

Most important is the brain’s inflammatory 
response, which must be precisely controlled 
to clean out waste without doing damage.
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What makes some people more creative than others? For $9.99, this special edition 
explores the intricacies of creativity from the rise of ingenuity in early humans to 

the nurturing power of imaginative play to the eccentricities of the unleashed mind, and more.  

B U Y  N O W

Another promising approach is measuring 
levels of proteins in blood. “Weʼre realizing 
we see these axon proteins in the blood after 
injury, which are only there if the axon de-
generates,” Smith says. “Hopefully in the next 
few years we’ll have a test to identify individ-
uals who are going to have long-term prob-
lems.” This would be a boon not just for diag-
nosis but for testing treatments. One reason 
clinical trials fail is if the participants are too 
diverse, so the treatment is not appropriate 
for all. If a blood test could identify patients 
likely to develop persistent problems, they 
could be selected and enrolled in trials tar-
geting the axon damage flagged by the test.

—SIMON MAKIN



https://www.scientificamerican.com/magazine/special-editions/2017/03-01/
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Superior IQs are associated with mental and 
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There are advantages to being smart. 
People who do well on standardized 
tests of intelligence—IQ tests—tend 

to be more successful in the classroom and 
the workplace. Although the reasons are 
not fully understood, they also tend to live 
longer, healthier lives, and are less likely to 
experience negative life events such as 
bankruptcy.

Now there’s some bad news for people 
in the right tail of the IQ bell curve. In a 
study just published in the journal Intelli-
gence, Pitzer College researcher Ruth 
Karpinski and her colleagues emailed a sur-
vey with questions about psychological and 
physiological disorders to members of 
Mensa. A “high IQ society,” Mensa requires 
that its members have an IQ in the top 2 
percent. For most intelligence tests, this 
corresponds to an IQ of about 132 or high-
er. (The average IQ of the general popula-
tion is 100.) The survey of Mensa’s highly 
intelligent members found that they were 
more likely to suffer from a range of seri-
ous disorders.

The survey covered mood disorders (de-
pression, dysthymia and bipolar), anxiety 
disorders (generalized, social and obses-
sive-compulsive), attention-deficit hyper-

activity disorder and autism. It also cov-
ered environmental allergies, asthma and 
autoimmune disorders. Respondents were 
asked to report whether they had ever been 
formally diagnosed with each disorder or 
suspected they suffered from it. With a re-
turn rate of nearly 75 percent, Karpinski 
and colleagues compared the percentage of 
the 3,715 respondents who reported each 
disorder to the national average.

The biggest differences between the 
Mensa group and the general population 
were seen for mood disorders and anxiety 
disorders. More than a quarter (26.7 per-
cent) of the sample reported that they had 
been formally diagnosed with a mood dis-
order, while 20 percent reported an anxiety 
disorder—far higher than the national av-
erages of around 10 percent for each. The 
differences were smaller, but still statisti-

cally significant and practically meaning-
ful, for most of the other disorders. The 
prevalence of environmental allergies was 
triple the national average (33 percent vs. 
11 percent).   

To explain their findings, Karpinski and 
her colleagues propose the hyper brain/hy-
per body theory. This theory holds that, for 
all of its advantages, being highly intelli-
gent is associated with psychological and 
physiological “overexcitabilities,” or OEs. 
A concept introduced by the Polish psychi-
atrist and psychologist Kazimierz Dąbrows-
ki in the 1960s, an OE is an unusually in-
tense reaction to an environmental threat 
or insult. This can include anything from a 
startling sound to confrontation with an-
other person.

Psychological OEs include a heighted 
tendency to ruminate and worry, whereas 

The biggest differences between the Mensa 
group and the general population were seen 
for mood disorders and anxiety disorders.
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physiological OEs arise from the body’s re-
sponse to stress. According to the hyper 
brain/hyper body theory, these two types of 
OEs are more common in highly intelligent 
people and interact with each other in a 
“vicious cycle” to cause both psychological 
and physiological dysfunction. For exam-
ple, a highly intelligent person may over-
analyze a disapproving comment made by 
a boss, imagining negative outcomes that 
simply wouldn’t occur to someone less in-
telligent. That may trigger the body’s stress 
response, which may make the person even 
more anxious.     

The results of this study must be inter-
preted cautiously because they are correla-
tional. Showing that a disorder is more 
common in a sample of people with high 
IQs than in the general population doesn’t 
prove that high intelligence is the cause of 
the disorder. It’s also possible that people 
who join Mensa differ from other people in 
ways other than just IQ. For example, peo-
ple preoccupied with intellectual pursuits 
may spend less time than the average per-
son on physical exercise and social interac-
tion, both of which have been shown to 
have broad benefits for psychological and 
physical health.      

All the same, Karpinski and her col-
leagues’ findings set the stage for research 
that promises to shed new light on the link 
between intelligence and health. One pos-
sibility is that associations between intelli-
gence and health outcomes reflect pleiotro-
py, which occurs when a gene influences 
seemingly unrelated traits. There is already 
some evidence to suggest that this is the 
case. In a 2015 study, Rosalind Arden and 
her colleagues concluded that the associa-
tion between IQ and longevity is mostly ex-
plained by genetic factors.  

From a practical standpoint, this re-
search may ultimately lead to insights 
about how to improve people’s psychologi-
cal and physical well-being. If overexcit-
abilities turn out to be the mechanism un-
derlying the IQ-health relationship, then 
interventions aimed at curbing these some-
times maladaptive responses may help 
people lead happier, healthier lives.

—DAVID Z. HAMBRICK AND  

MADELINE MARQUARDT



facebook.com/ScientificAmerican
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Parents in a Remote Amazon Village Barely 
Talk to Their Babies—and the Kids Are Fine
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Ignoring a Western child-rearing practice does  
not seem to matter for the Tsimané of Bolivia

Baby sleeping in a hammock  
in the Tsimané settlement of Anachere, 
in the Amazon rainforest.
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In 1995 a landmark study found that 
children whose families were on wel-
fare heard 1,500 fewer words every 

hour—or eight million fewer per year—than 
children from professional backgrounds. 
Eight years later these same children per-
formed significantly worse on vocabulary 
tests and language assessments than their 
higher-income peers did.

These findings have influenced child- 
rearing practices ever since, and it is now 
taken for granted that the more time a par-
ent talks to an infant, the better. In subse-
quent studies infant-directed speech has 
consistently been linked to a child’s lan-
guage skills, which in turn influence IQ, ex-
ecutive function and emotion regulation.

Apparently, word of all this did not reach 
the Bolivian Amazon. A recent study pub-
lished in Child Development revealed the 
Tsimané—members of a forager–farming 
society—speak to their young children for 
less than one minute every hour, roughly 
one tenth the amount of time U.S. mothers 
speak to their babies.

The Tsimané, a so-called “preindustrial 
society,” are a favorite among anthropolo-
gists and health scientists. They have 
changed how we think about heart disease, 

color identification, sleep, music preferenc-
es, parasitic worms and genes for Alzhei-
mer’s disease—and now language develop-
ment. Their unique health and behavioral 
patterns are precisely why researchers need 
to study cultures that fall outside of so-
called WEIRD—Western educated industri-
alized rich democracy—societies, says Mi-
chael Gurven, a professor of anthropology 
at the University of California, Santa Barba-
ra, and director of the Tsimané Health and 
Life History Project.

The researchers observed, anecdotally, 
that language development appears to be 
slightly delayed in the Tsimané—but this 
does not seem to matter. The children grow 
up to be fully functioning, communicative 
and productive members of the community. 
In fact, as interactions between Tsimané 
and other Bolivians increase, many of the 
children are becoming bilingual in Spanish 
as well at their native Tsimané language.

Previous research on the Tsimané showed 
family and child-rearing dynamics are very  
different. Parents do not give their babies as 
much attention as Westerners do, and there 
is little playing with or soothing young chil-
dren. But the children also cry less. One rea-
son may be that they are with their mothers 

the vast majority of the time, so basic bio-
logical demands like breast-feeding can be 
taken care of immediately.

The Tsimané’s distinctive child-rearing 
styles may stem from a sobering reason: a 
high infant mortality rate. Thirteen percent 
of infants do not make it through their first 
year of life, most dying from infectious dis-
eases. As a result, Gurven says,  mothers may 
not want to become too attached to their 
babies early on, beyond keeping them alive. 
Many children are not given names until af-
ter their first birthdays. “You can imagine 
that active speaking and conversing with an 
infant as if it were like any other member of 
your family—or even as a way of speaking to 
yourself—you could see why that might be 
not that common in the context of high in-
fant mortality,” he says.

Dean Falk, an anthropologist at The Flor-
ida State University who was not involved in 
the study, says it is not only the quantity of 
speech that matters in language acquisition 
but the quality. “Motherese” is the universal 
simplistic language and sing-song tone as-
sociated with baby talk. Although it may 
seem like an annoying by-product of en-
countering chubby limbs, big eyes and soft 
cheeks, there is a strong developmental ben-
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efit of speaking in baby talk. The accentuat-
ed vowels help children distinguish between 
words, while simplistic sentence structures 
emphasize teaching object labels.

Falk says when determining how the lack 
of direct speech impacts Tsimané children’s 
ability to learn language, she would like to 
know about the acoustic features of the 
speech they do receive. “There’s a good deal 
of cross-cultural variation in how people 
talk to babies,” she says. “What would be in-
teresting would be if they would start look-
ing at the quality. You know: What is this in-
fant-directed speech like? How is it differ-
ent from adult-directed speech?”

Tsimané children do overhear conversa-
tions between adults for roughly seven min-
utes every hour. Laura Shneidman, who has 
conducted similar research on the Mayan 
population in Mexico, says that although di-
rected speech contributes more to children’s 
language acquisition, these overheard con-
versations could still be beneficial, particu-
larly in non-Western societies. Preliminary 
data from Shneidman’s research suggest 
that although U.S. children do a better job of 
retaining learning through directed speech, 
Mayan children remember new information 
from both directed and overheard speech. 

“The importance of something being direct-
ed, per se, varies depending on your culture. 
Kids growing up in the U.S. get a lot of infor-
mation that things you direct to them are 
important,” Shneidman says. “Kids in other 
cultures where observational learning is 
more prevalent don’t have those heavy cues 
that you should only attend and pay atten-
tion to things that are directed to you.”

Before you stop talking to your children, 
however, Shneidman notes that for West-
erners, speaking to infants is still critical—
especially when considerations like school 
and competition with other children are 
taken into account. “In the United States 
there’s a lot of evidence that talking to kids 
matters and has these effects on later acqui-
sition,” she says. “I think what’s problematic 
is taking programs of intervention that have 
worked in the United States, and taking 
them wholesale to these other cultures.”

—DANA G. SMITH
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Social Notworking: Is Generation Smartphone  
Really More Prone to Unhappiness?
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A study closely correlates device use with depression  
and suicide, but the link is contentious
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Mobile devices have become our 
alarm clocks and newspapers 
and, via platforms like Facebook 

and Instagram, portals to our social lives. 
With smartphones inhabiting the pockets 
of roughly three quarters of all Americans 
and tablets borne by half, a pale blue glow 
silhouettes modern life.

As screens have become ubiquitous, so 
has the phenomenon of depressed or sui-
cidal teens, notes Jean Twenge, a psycholo-
gist at San Diego State University and the 
author of iGen: Why Today's Super-Connect-
ed Kids Are Growing Up Less Rebellious, More 
Tolerant, Less Happy—and Completely Un-
prepared for Adulthood.

In a study published in November in Clin-
ical Psychological Science, Twenge correlates 
the increasing use of social media, gaming 
and Internet browsing with rising symp-
toms of depression and suicidal behaviors 
in teenagers. Importantly, however, other 
research has shown that some device use—
on social media, in particular—might be 
positive for people struggling with depres-
sion or other serious mental illnesses.

The study led by Twenge collected data 
on more than half a million American teen-
agers’ electronic device and online media 

habits from two national surveys conduct-
ed annually since 1991 and involving peo-
ple ages 13 to 18. When Twenge compared 
those same teens’ reports of having 
thoughts of or a plan to commit suicide—or 
making actual attempts—a third of teens 
who used devices at least two hours a day 
acknowledged at least one of these behav-
iors. That number went up to nearly half 
among teens who used devices for five or 
more hours a day. Teenagers who used so-
cial media on a daily basis were 13 percent 
more likely to say they felt depressed than 
were peers who did not use it every day.

Twenge and other researchers had been 
seeing dramatically rising rates of depres-
sion, especially among teens, over the past 
five years. “I noticed this very pronounced 
spike in depressive symptoms around 2012,” 
she says. According to the data collected an-
nually by the U.S. Centers for Disease Con-
trol and Prevention, the teen suicide rate 
has been climbing steadily since then, too.

One of the biggest things happening in 
society at exactly the time of the depres-
sion spike was a rapid proliferation of 
smartphones. “[It] was the year the percent 
of Americans who owned smartphones 
crossed 50 percent,” Twenge says. By 2015 

about 85 percent of young adults had smart-
phones and were using their devices a lot 
more, according to a Pew Research Center 
survey. “There was this turn where it wasn’t 
just that people had smartphones,” Twenge 
says. “It became the primary way teens 
communicated with one another.”

For many teenagers, social media is not 
simply the primary medium of communica-
tion but the epicenter of social life itself. “If 
you don’t have a Snapchat [account], you’re 
not connected to anyone in school,” says 
Aashima, a 16-year-old U.S. high school stu-
dent. (Her surname is withheld to protect 
her privacy.)

Not only do students hear about gossip or 
drama more quickly as pictures and messag-
es blaze through virtual networks; Aashima 
says social media won’t let ugly rumors fade. 
“I remember in like fourth grade, we didn’t 
really have cell phones and [gossip] would 
just die in school that day,” she says. “But 
with texts and social media, you can discuss 
it when you’re home, in the car—anytime.” 
She adds people will bash each other online 
over something that happened in school or 
the way somebody looked one day. “And it 
just drags on and on and on,” she says.

Social media also opens teens up to the 
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worldwide online community. Aashima 
says strange men follow her accounts fre-
quently and, as a courtesy, she often re-
turns the favor. “And then they [direct mes-
sage] me, and then they’re like, ‘What’s up, 
girl?’ And they just say really gross things. 
This morning I was dealing with someone 
like that. Like why do you have to take time 
out of your day to ask me these kinds of 
questions?” she says. “I feel like, in their 
eyes, [I’m] another thing to use—to talk 
about. It’s just really degrading.” Despite 
her wariness, Aashima says she still wants 
to engage with people online. “Even if 
they’re like the worst person ever,” she 
says, “you just want everyone to like you 
and not think bad of you, so you try your 
best to do that. When that fails, you feel 
like giving up on yourself, and you just 
don’t want to live anymore.”

The uptick in teenage depression and 
suicidality has come almost entirely from 
young women, based on annual surveys of 
teenagers and young adults taken from 
1991 to 2015 that are part of the University 
of Michigan’s Monitoring the Future Se-
ries, which Twenge also used for her study. 
Some researchers say they can intuitively 
see possible reasons for this, although they 

are unsure of any definite factors. “Girls are 
very relational, so there’s lots of detailed 
interactions around their relationships and 
who is doing what, who is more popular,” 
says Holly Shakya, a psychologist at the 
University of California, San Diego, who 
did not work on Twenge’s study.

Twenge also suggests smartphones’ 
mere presence may affect physical and 
mental health. “There’s blue light shining 
into your eyes and preventing you from 
feeling tired,” she says. “They’re also psy-
chologically stimulating, and that can lead 
to you turning your thoughts over and over. 
In many cases it’s ‘Why didn’t I get likes on 
that post?’ or ‘Is that other person doing 
something much more fun than me right 
now?’” These things can keep people up at 
night, and sleep-deprived people are more 
prone to depression, Twenge says.

But much of this is hard to prove, Shakya 
notes. For example, the new study did not 
address the question of whether gaming or 
social media use was more closely tied to 
depression. It merely correlated self-re-
ported information on electronic device 
and social media use with suicidality and 
depression, which does not rule out the 
possibility that depressed people are likely 
to spend more time on social media.

Also, Twenge’s study did not delve into 
exactly what people might have been doing 
when they were using their devices, says 
Kelly Aschbrenner, a mental health ser-
vices researcher at the Geisel School of 
Medicine at Dartmouth College, who was 
not involved with the work. The research-
ers “only ask how often they’re using social 
media or devices. We don’t know that peo-
ple are scrolling through social media and 

The uptick in teenage depression and 
suicidality has come almost entirely from 
young women. 
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viewing content that’s upsetting them or 
interacting with others in a way that makes 
them feel bad,” Aschbrenner says.

There are also significant reasons to be-
lieve social media can be healthful. “Our 
studies have shown people with mental 
health problems can benefit when they 
connect with others like them [on social 
media] to share advice [and] ailments and 
feel that they’re not alone,” Aschbrenner 
notes. “It’s not like you can go to the park 
and scream out, ‘Is anyone else feeling anx-
ious today?’ There are really few opportu-
nities for people to find others in life who 
have the same stigmatized illness.”

Aschbrenner says that although it is im-
portant to consider the risks of new tech-
nologies, health care providers and re-
searchers should be leveraging social media 
and smartphones as a way to help people. 
“There are people with mental illnesses who 
are experiencing debilitating symptoms and 
can’t leave their home,” she says. “Social 
media could be a safe platform to help peo-
ple connect with others as a first step.”

Facebook, for one, says it shares that hope. 
The social network has wellness researchers 
who pay close attention to these findings 
and work to redesign the Web site’s interface 

with healthiness in mind, according to a 
company representative. “We want people 
to be healthy users of social media and that 
includes connecting in a meaningful way 
with your friends and community on Face-
book. This is something we think a lot about, 
and research is core to our efforts,” Face-
book’s director of research, David Ginsberg, 
wrote in an e-mailed response to queries.

In some cases users should be mindful 
of ways technology might be hurting rather 
than helping them—but the crux of the 
matter is in how one uses it, Shakya says. 
Reaching out for support from friends on 
Facebook or even using the multitude of 
fitness or mental health apps may have sig-
nificant benefits. “This isn’t black and 
white,” she says. “It’s important to think 
about this stuff in nuance. It’s not like so-
cial media is terrible and ruining the world.”

Teenagers recognize this, too. “[The 
pros] are connecting to your friends imme-
diately and being able to talk to them and 
share your ideas in a public way. If you want 
to say or advocate for something, it’s easy 
to share to everyone, and people will see it,” 
Aashima says. “It is very powerful. You can 
use it for good, and you can use it for bad.”

—ANGUS CHEN
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Cracking the Brain’s Enigma Code
Neuroscientists are taking cues 

from cryptography to translate brain 
activity into movements

by Helen Shen

22



Brain-controlled prosthetic de-
vices have the potential to dra-
matically improve the lives of 
people with limited mobility 
resulting from injury or dis-

ease. To drive such brain-computer inter-
faces, neuroscientists have developed a va-
riety of algorithms to decode movement-re-
lated thoughts with increasing accuracy 
and precision. Now researchers are expand-
ing their tool chest by borrowing from the 
world of cryptography to decode neural 
signals into movements.

During World War II, codebreakers 
cracked the German Enigma cipher by ex-
ploiting known language patterns in the 
encrypted messages. These included the 
typical frequencies and distributions of 
certain letters and words. Knowing some-
thing about what they expected to read 
helped British computer scientist Alan Tur-
ing and his colleagues find the key to trans-
late gibberish into plain language.

Many human movements, such as walk-
ing or reaching, follow predictable pat-
terns, too. Limb position, speed and several 

other movement features tend to play out 
in an orderly way. With this regularity in 
mind, Eva Dyer, a neuroscientist at the 
Georgia Institute of Technology, decided to 
try a cryptography-inspired strategy for 
neural decoding. She and her colleagues 
published their results in a recent study in 
Nature Biomedical Engineering.

“I’ve heard of this approach before, but 
this is one of the first studies that’s come 
out and been published,” says Nicholas 
Hatsopoulos, a neuroscientist at the Uni-
versity of Chicago, who was not involved in 
the work. “It’s pretty novel.”

Existing brain-computer interfaces typ-
ically use so-called ‘supervised decoders.’ 
These algorithms rely on detailed mo-
ment-by-moment movement information 
such as limb position and speed, which is 
collected simultaneously with recorded 
neural activity. Gathering these data can be 
a time-consuming, laborious process. This 
information is then used to train the de-
coder to translate neural patterns into their 
corresponding movements. (In cryptogra-
phy terms, this would be like comparing a 
number of already decrypted messages to 
their encrypted versions to reverse-engi-
neer the key.)

By contrast, Dyer’s team sought to pre-
dict movements using only the encrypted 
messages (the neural activity) and a gener-
al understanding of the patterns that pop 
up in certain movements. Her team trained 
three macaque monkeys to either reach 
their arm or bend their wrist to guide a cur-
sor to a number of targets arranged about a 
central point. At the same time, the re-
searchers used implanted electrode arrays 
to record the activity of about 100 neurons 
in each monkey’s motor cortex, a key brain 
region that controls movement.

Over the course of many experimental 
trials, researchers gathered statistics 
about each animal’s movements, such as 
the horizontal and vertical speed. A good 
decoder, Dyer says, should find corre-
sponding patterns buried in the neural ac-
tivity that map onto patterns seen in the 
movements. To find their decoding algo-
rithm, the researchers performed an anal-
ysis on the neural activity to extract and 
pare down its core mathematical struc-
ture. Then they tested a slew of computa-
tional models to find the one that most 
closely aligned the neural patterns to the 
movement patterns.

When the researchers used their best 
Helen Shen is a science writer based in Sunnyvale, Calif.  

She has contributed to Nature, Science and the Boston Globe.
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model to decode neural activity from indi-
vidual trials, they were able to predict the 
animals’ actual movements on those trials 
about as well as some basic supervised de-
coders. “It’s a very cool result,” says Jona-
than Kao, a computational neuroscientist 
at the University of California, Los Ange-
les, who was not involved in the study. “My 
prior thought would have been that having 
the moment-by-moment information of 
the precise reach, knowing the velocity at 
every moment in time, would have allowed 
you to build a better decoder than if you 
just had the general statistics of reaching.”

Because Dyer’s decoder only required 
general statistics about movements, which 
tend to be similar across animals or across 
people, the researchers were also able to 
use movement patterns from one monkey 
to decipher reaches from the neural data 
of another monkey—something that is not 
feasible with traditional supervised de-
coders. In principle, this means that re-
searchers could reduce the time and effort 
involved in collecting meticulously de-
tailed movement data. Instead they could 
acquire the information once and reuse or 
distribute those data to train brain-com-
puter interfaces in multiple animals or 

people. “It could be very useful to the sci-
entific community and to the medical 
community,” Hatsopoulos says.

Dyer calls her work a proof of concept 
for using cryptographic strategies to de-
code neural activity and notes that much 
more work must be done before the meth-
od can be used widely. “By comparison to 
state-of-the-art decoders, this is not yet a 
competitive method,” she says. The algo-
rithm could potentially be strengthened by 
feeding it signals from even more neurons 
or providing additional known features of 
movements, such as the tendency of ani-
mals to produce smooth motions. To be 
practical for guiding prosthetic devices, the 
approach would also have to be adapted to 
decode more complex, natural move-
ments—a nontrivial task. “We’ve only kind 
of scratched the surface,” Dyer says. M
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The Secret to a  
Better Night’s Sleep:  
A Sense of Purpose?  

Intriguing new research suggests a  
positive sleep role for a meaningful life

by Daisy Grewal
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Despite its importance for 
health and well-being, many 
American adults find it diffi-
cult to consistently get 
enough sleep. Approximately 

50 million to 70 million Americans suffer 
from a sleep disorder, according to the Cen-
ters for Disease Control and Prevention. 
Sleep disturbances are particularly common 
in older adults and involve a variety of prob-
lems including difficulties falling or staying 
asleep, interrupted breathing and restless 
leg syndrome. A person’s racial background 
can influence his or her likelihood of devel-
oping a sleep disorder, with a greater num-
ber of black Americans reporting sleep dis-
turbances compared to white Americans.

Beyond its effects on health, not getting 
enough sleep can lead to car accidents, med-
ical errors or other mistakes on the job. To 
encourage better sleep, the medical com-
munity encourages adults to engage in good 
“sleep hygiene” such as limiting or avoiding 
caffeine and nicotine, avoiding naps during 

the day, turning off electronics an hour be-
fore bed, exercising and practicing relax-
ation before bedtime. It is also well-known 
that mental health is closely linked to sleep; 
insomnia is more common in people suffer-
ing from depression or anxiety.

A recent study now raises the possibility 
that sleep could be affected by the degree to 
which someone feels like his or her life is 
purposeful or meaningful. Arlener Turner, 
Christine Smith and Jason Ong of the North-
western University School of Medicine 
found that people who reported having a 
greater sense of purpose in life also report-
ed getting better sleep—even when taking 
into consideration age, gender, race and lev-
el of education.

To establish this link, the researchers re-
cruited a sample of 825 older Americans to 
participate in a study where they reported 
on their sense of purpose in life along with 
the quality of their sleep. The majority of 
these participants were female (77 percent) 
and slightly more than half were Afri-
can-American (54 percent). The participants 
were, on average, 79 years old. A sense of 
purpose in life was measured using a survey 
where participants rated how much they 
agreed with each of 10 statements, such as 

“Some people wander aimlessly through 
life, but I am not one of them.” The results 
showed that participants who reported hav-
ing a greater sense of purpose in life also re-
ported higher quality sleep on a regular ba-
sis, as well as fewer symptoms of sleep dis-
orders. Importantly, the researchers found 
that their findings held true for both the 
white Americans and black Americans who 
participated in the study.

It is important to emphasize that this 
study only looked at the association between 
a sense of purpose and better sleep—the 
findings cannot say for sure that having a 
greater sense of purpose causes one to sleep 
better. An alternative interpretation for the 
findings is that people who have a greater 
sense of purpose also tend to have better 
physical and mental health, which in turn 
explains their higher-quality sleep. Another 
important limitation of the study is that the 
findings rely entirely on people’s self-re-
ported sleep symptoms. The researchers did 
not bring participants into a lab and actually 
monitor the quality of their sleep. Therefore, 
it is possible that people with a higher sense 
of purpose simply remember getting better 
sleep compared to people who do not report 
experiencing a sense of purpose in life.

Daisy Grewal holds a bachelor's degree in psychology from 

the University of California, Los Angeles, and a doctorate in 

social psychology from Yale University. She currently works at 

Stanford University as an applied researcher.
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Despite these limitations, this study is the 
first to suggest any kind of strong link be-
tween purpose in life and sleep. Given how 
common sleep problems are, anything that 
may suggest new avenues for treatment is 
important to explore. Perhaps developing a 
sense of purpose in life could be as effective 
at improving sleep as following healthy hab-
its, such as limiting coffee. In addition to 
promoting good sleep hygiene, doctors may 
end up recommending mindfulness practic-
es or exploring one’s values as ways of help-
ing older adults sleep better. Given how elu-
sive a good night’s sleep has become for 
many, it’s well worth exploring. The impact 
of poor sleep goes far beyond our own per-
sonal health, as the side effects have the po-
tential to wreak havoc on other people’s lives 
as well.

Developing a sense of purpose in life may 
simultaneously convey other benefits in ad-
dition to better sleep. Research has linked ex-
periencing purpose in life to a variety of oth-
er positive outcomes including better brain 
functioning, reduced risk of heart attack and 
even a higher income.  People with a greater 
sense of purpose in their life would surely be 
better off while also serving as a positive ex-
ample in the lives of those they know. M
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The Importance of 
Fostering Emotional 

Diversity in Boys
Boys grow up in a world inhabited by a narrower range of emotions 

By June Gruber and Jessica L. Borelli

AN
TO

IN
E 

AR
RA

OU
 G

ET
TY

 IM
AG

ES

28



You’re given a choice: Would 
you rather spend your day 
feeling happy, versus happy 
interspersed with some mo-
ments of sadness, frustration 

and anxiety? Most of us would choose the 
first option in a heartbeat. Psychologists, 
too, long championed the importance of 
cultivating positive emotions as one path 
toward optimizing well-being, resilience to 
stressors and salutary physical health out-

comes. Not surprisingly, when people are 
asked what emotions they want to feel, they 
place a heavy emphasis on wanting to feel 
primarily positive emotions.

However, research suggests the choice 
may no longer be a straightforward one. Re-
cent work by psychologists reveals the 
once-hidden benefits of experiencing a di-
versity of emotions, both positive and nega-
tive. Just as physical environments flourish 
through a biodiversity of flora and fauna, 
this new work on “emodiversity” likens the 
human mind to an abstract and internal 
psychological ecosystem that may also ben-
efit from experiencing a wide diversity of 
emotions. Although still a new idea, the 
yield of emodiversity is apparent: adults 
who report experiencing a greater diversity 
of both positive and negative emotions re-
port fewer symptoms of depression and few-
er days spent in a hospital. This is consis-
tent with what we have long known about 
emotions: namely, that emotions serve as a 
guidepost on the map of human experience, 
drawing our attention to the important 
markers in our environments—the warning 
signs, or things that need to be noticed, 
changed, processed and understood. So the 
emotional ingredients underlying well-be-

ing might be more diverse than just feeling 
good or positive emotions. In addition, 
adults who experience a wider range of pos-
itive emotions—for example, calm, amused, 
excited and proud—exhibit lower markers 
of inflammation, suggesting that happiness 
isn’t the only positive feeling that confers 
well-being benefits.

If having lots of different emotions is 
good for our health as adults, then shouldnʼt 
we be fostering the experience of a diverse 
range of emotions in young children as well? 
And yet the research suggests we are not 
fostering emotional diversity from a young 
age, especially when it comes to raising 
young boys. As early as infancy, boys’ and 
girls’ emotional landscape differs. One study 
reported that when watching an infant be-
ing startled by a jack-in-the-box toy, adults 
who were told the infant was a boy versus a 
girl were more likely to perceive the infant 
as experiencing anger, regardless of wheth-
er the infant was actually a boy. Gender dif-
ferences in the diversity of emotion words 
parents use in conversations with young 
boys and girls also emerge. In another study 
examining conversations between mothers 
and young children, mothers interacting 
with daughters employed emotion vocabu-
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lary of greater density and depth, whereas 
conversations with sons tended to focus 
primarily on a single emotion—you guessed 
it, anger. Regardless of whether gender dif-
ferences in adult behavior arise from con-
scious or unconscious psychological pro-
cesses, one thing is clear: boys grow up in a 
world inhabited by a narrower range of 
emotions, one in which their experiences 
of anger are noticed, inferred and poten-
tially even cultivated. This leaves other 
emotions—particularly the more vulnera-
ble emotions—sorely ignored or missing in 
their growing minds.

This is all the more concerning given 
that research from Harvard Medical School 
shows that boys are in fact more emotion-
ally expressive than girls. This begins as 
early as infancy and lasts through early 
childhood. So it is possible that boys might 
actually begin with at least comparable, if 
not more, intensity and range of emotion-
al expressions. This suggests that some-
thing is happening in these early years, 
when children are the most receptive to 
messages their parents give them about 
emotion displays, that might very well 
have a longer-term impact on their emo-
tional development.

Indeed, a lack of fostering emotional di-
versity in youth may have long-term prob-
lematic consequences. As early as elemen-
tary school, the avoidance of strong emo-
tions (besides anger) results in academic 
underperformance in boys. Psychologists 
have found that children who deny emo-
tional vulnerability are also more likely to 
become adolescents who engage in health-
risk behaviors, such as substance use. Later 
in development, men suppress (i.e., do not 
openly express) their emotions more than 
women; and men in turn experience greater 
depressive symptoms and resort more often 
to physical violence. Scientists speculate 
that trouble regulating emotion may ex-
plain the link between restricted emotions 
and aggressive behavior toward others in 
men. This seems likely, given that the skills 
to regulate emotion are gained through 
practice, which boys may be less likely to 
have if they do not have permission to expe-
rience the full range of emotions.

Unfortunately, mens’ restriction in emo-
tion expression extends to the home—men 
are also less likely to share their own vul-
nerable emotions with partners and are 
less open to these experiences in their part-
ners, a point made clear by University of 
Houston social work professor Brené Brown 
in her qualitative research on shame. And 
emotion suppression can have consequenc-
es for physical, as well as psychological and 
relational, health—these men may be at 
greater risk for stress-related cardiovascu-
lar problems in the long run. A lack of emo-
tional diversity is not just important for 
young boys but continues to be so as emo-
tionally restricted young boys mature into 
adult men with more rigid emotional rep-
ertoires. Experiencing the full range of 
emotions may not only benefit young boys’ 
psychological health but have far-reaching 
benefits for society at large. M

As early as infancy, boys’ and girls’ 
emotional landscape differs.
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My Year on “Mars”
Physicist Christiane Heinicke spent 365 days sequestered with five others  

in a geodesic dome on the side of a Hawaiian volcano  
to test what isolation might do to the psyches of the crew on a Mars mission

By Christiane Heinicke
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The wind sweeps quietly across 
the barren, dry landscape. 
There is not a shrub in sight, 
not a tree, not a single blade 
of grass that the wind might 

disturb. Only barren grayish-red rocks.
The wind never touched us as we peered 

out of our only window, which was more of 
a porthole than a real window. We did hear 
it, though, as it swept across our white 
dome, perched on the slope of the volcano.

We lived and worked for an entire year 
halfway up Mauna Loa under conditions 
similar to those that explorers on Mars will 
encounter. We called the 1,200-square-foot 
space that we lived in our “habitat,” and 
whenever we left it, we had to wear space 
suits. We each had our own tiny room out-
fitted with a bed, a small table, a stool and 
a chest of drawers.

Cut off from civilization, we were de-
pendent on ourselves and on each other. 
We had to perform any work that needed 

doing and fix anything that broke. All we 
had was the material contained in the stor-
age unit dubbed the “sea can.” The nearest 
supermarket was months away. We received 
news “from Earth” electronically—with a 
20-minute delay. That is about how long it 
takes for signals to travel the maximum 
distance of 240 million miles between the 
two planets.

To be honest, it took weeks for me to re-
alize just what I had gotten into. By that 
time, I was an integral part of the fourth 
and longest study conducted by the Hawaii 
Space Exploration Analog and Simulation, 
HI-SEAS for short. The project was con-
ducted by a team under Kim Binsted at the 
University of Hawaii and financed by NASA.

The purpose of the experiment was to 
understand the effects that a Mars mission 
would have on the human psyche and to 

simulate and understand these effects on 
performance and mood. Make no mistake, 
sending humans to Mars is much more than 
just a technical challenge.

The Right Mix Is Critical
No simulation can possibly re-create the 
dangers actually encountered on such a 
voyage. These are well-known, however, as 
a result of experience with the Internation-
al Space Station (ISS), but it is important to 
understand that physical dangers pose only 
one of many risks inherent in space travel. 
Thus far, astronauts have rarely spent more 
than six months on the ISS. A manned Mars 
mission, on the other hand, would take 
about two and a half to three years; the flight 
alone would take about six months. This is 
why finding candidates who are able to form 
a cohesive team capable of working togeth-

Christiane Heinicke is a German physicist and engineer. Her main 

interests are things that can flow, like water, air or molten metal, but she has 

also studied auroras and done simulations of the Earth's mantle. At HI-SEAS 

she is working on extracting water from the ground, studying the crew's sleep 

patterns and doing experiments related to the toxicity of Martian soil.

Our physical isolation from the Earth 
meant that we were isolated from its 
inhabitants as well. 
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er at close quarters over time without get-
ting on each others’ nerves and who are able 
to deal with extraordinary stress is a prereq-
uisite for such a mission. One of the ques-
tions posed by the experiment was how to 
give support from Earth to a crew on Mars in 
resolving problems, given the considerable 
time lag involved in communications.

The knowledge gained from this project 
will be useful to other groups working under 
what are called ICE conditions (isolated, 
confined, extreme). These include subma-
rine crews and teams stationed in Antarcti-
ca. There have been more than a few inci-
dents in which fights between crew mem-
bers have scuttled or nearly wrecked an 
expedition. It has become something of a 
tradition for HI-SEAS crews to watch Mutiny 
on the Bounty together. A scientific mission 
to Mars might easily be doomed to failure if 
its members are unable to cooperate.

But how do you pick a team that remains 
cohesive over months and even years, while 
at the same time doing highly demanding 
research? It is obvious that the members of 
a Mars expedition have to be experts in 
their fields. Pilots are needed to navigate 
the shuttle or the rocket. The engineers and 
technicians must be able to maintain both 

the rocket and the habitat; they along with 
the physicians charged with caring for crew 
members must be absolutely competent. 
The researchers and scientists involved 
must know what they’re doing.

These were the considerations when our 
HI-SEAS-IV team was put together. An-

drzej Stewart, a pilot and flight controller 
from the U.S., was our engineer; Sheyna 
Gifford, also from the United States, was 
our physician. Cyprien Verseux, our astro-
biologist, was from France, and I served on 
the team as geophysicist and chief scien-
tist. Rounding out our group were Tristan 

The Twin Peaks are modest-size hills to the southwest of the Mars Pathfinder landing site. They were discovered on 

the first panoramas taken by the IMP camera on July 4, 1997, and subsequently identified in Viking Orbiter images 

taken more than 20 years ago.
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Bassingthwaighte, at the time working on a 
degree in architecture and specializing in 
next-generation space habitats, and Carm-
el Johnston, a soil scientist.

In an anonymous election, we selected 
Carmel to be our commander. In essence, in 
situations in which decisions had to be made 
quickly, she had the final say. In most cases, 
however, we made our decisions democrati-
cally. At 26, Carmel was the second-young-
est team member; Sheyna, the oldest, was 37.

But professional qualifications tell only 
half the story. A team composed of the most 
brilliant scientists might be a disaster if 
they are all focused only on their own in-
terests and can’t get along with their col-
leagues. In a setting in which a moment’s 
inattention can mean quick death, each in-
dividual is crucially dependent on his or 
her crewmates. This is why everyone has to 
be adaptable, empathetic, tolerant and, 
above all, make the needs of the team the 
top priority—even if that puts an individu-
al at a personal disadvantage. That is the 
only way that the crew can pull itself to-
gether after working out serious differenc-
es and continue with its mission.

Conflicts, such as those that we experi-
enced, are unavoidable on a Mars expedi-

The Right Stuff in Space
A successful Mars mission requires that the crew can 
collaborate under severe stress. Psychologist Dietrich 

Manzey knows how to avoid strife in outer space

By Corinna Hartmann

FROM THE EDITORS: Getting to and from Mars is a challenging technical issue, but there’s also the human factor. How 
will several people manage months together in isolation and close quarters? Psychologist Dietrich Manzey, professor 
of work, engineering and organizational psychology at the Berlin Institute of Technology, has spent much of his career 
focusing on this topic. He has been involved in research projects for a number of space missions, and he supervises 
astronauts for the European Space Agency during their stints on the International Space Station. Manzey discussed 
the challenges astronauts might face on a Martian expedition with Corinna Hartmann of Gehirn&Geist, the psycholo-
gy and neuroscience specialty publication of Spektrum der Wissenschaft and the German sister publication of  
Scientific American. An edited transcript of the interview follows.
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tion. Sometimes we argued over empty cof-
fee cups left lying around, sometimes over 
how far we should venture onto dangerous 
terrain when we were deployed outside. No 
matter how carefully team members are 
vetted, it is impossible to prevent differ-
ences of opinion. But what distinguishes a 
good team from a bad one is that it quickly 
recovers from arguments and maintains a 
high level of performance over time.

A Trove of Outdoor Experience
Each one of us brought to the project dif-
ferent personality traits, experiences, atti-
tudes and work habits. Carmel, our com-
mander, was a doer. Her motto might be 
summarized as, “Don’t put off for tomorrow 
what you can do today.” She was all busi-
ness, solving problems and improvising as 
necessary. By her own admission, she would 
rather sleep outside in a sleeping bag under 
the stars than in a bed. As paradoxical as it 
may seem that she would voluntarily spend 
an entire year inside, her infinite trove of 
outdoors experience helped us immensely 
to endure life in our Mars habitat. We were 
cut off from civilization and forced to dis-
cover our internal resources and make do 
with the equipment we had brought along.

Professor Manzey, we’ve been  
sending humans into space for  
more than 50 years. Why would the 
voyage to Mars pose special  
challenges to astronauts?
For one thing, the trip to Mars takes 
much, much longer than any expedi-
tions to date — about six months. For 
the return trip, the crew would have to 
stay on Mars until the distance to Earth 
is optimally short — which can take as 
long as a year. In addition, communica-
tion with ground control is extremely 
limited. If the crew asks a question, it 
will take 40 minutes to get a reply. Un-
der such circumstances it would be im-
possible to give the mission the sort of 
support that we are used to with mis-
sions closer to Earth.

When a small group of people lives  
at close quarters under difficult  
conditions for such a long time,  
friction is bound to occur, right?
The 2010 Mars 500 study, in which six 
volunteers simulating a Mars expedi-
tion spent 520 days inside a container 
near Moscow, showed that people can 

endure extreme situations and still get 
along with each other. A previous such 
study, in 1999, did not go so smoothly: 
during a New Yearʼs celebration, a few 
glasses of champagne helped trigger a 
brawl, and one participant was kissed 
against her will. This scandal has often 
been cited as an example of the risks 
inherent in long-term missions with 
small crews. But violence and abuses 
occur on Earth as well. My take on it is 
that the problems we see at home can 
just as easily occur in outer space. Of 
course, the consequences are more se-
rious out there because there is no way 
to absent oneself from the scene. This 
is why it is so important to train the 
crew carefully to minimize the poten-
tial for chaos.

Do you look for particular social 
traits during the psychological  
vetting process?
First of all, we look for the same kind of 
skill set that is relevant in the selection 
of pilots: attentiveness, memory, spa-
tial orientation and reflexes. The candi-
date doesn’t have to be tops in all of 
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Her opposites, so to speak, were two 
team members who painstakingly ana-
lyzed each situation for potential weak-
nesses in our overall planning. They made 
every effort to ensure the safety of the 
crew – ironically, the majority of mishaps 
happened to them. But three other team 
members were perhaps the most import-
ant in terms of dealing with conflicts that 
arose. Two of them were born conciliators 
who argued rationally and posed probing 
questions whenever there were disagree-
ments. And then there was Tristan, whose 
quick wit ensured that even tense confron-
tations were resolved with laughter.

The topics that we discussed changed 
over the course of the year. But the cause of 
conflicts always remained the same: differ-
ing motivations. Some had volunteered for 
the experiment because they saw it as an 
opportunity for personal challenge and en-
richment. Whenever the HI-SEAS research-
ers made additional requests, they readily 
complied without grumbling. If they had 
free time, they worked on personal projects.

On the other hand, others had joined be-
cause they hoped to improve their chances 
of becoming astronauts. There’s certainly 
nothing wrong with that. But it led two of 

these areas, but he or she must not 
have glaring weaknesses in any of 
them. We’re looking for “all-around-
ers.” In a second set of tests we look at 
nontechnical characteristics such as 
the ability to cope with pressure, deci-
sion-making and teamwork. It is im-
portant that the candidates be able to 
communicate well with each other, co-
operate and be able to put themselves 
in the other’s shoes. These skills are 
necessary to resolve conflicts. This is 
why we give candidates a battery of 
questionnaires and observe them in 
group interactions.

What personality traits are  
especially advantageous?
It’s important to avoid extremes. 
Someone who is exceptionally extro-
verted can foul up the group dynamic 
as easily as someone who is with-
drawn. Someone who is in constant 
need of conversation and social inter-
action probably won’t do well on a 
long-term mission. By the same token, 
an introvert who needs a lot of time 
alone may get into trouble because 

there’s no place to escape to. The peo-
ple need to be well balanced. Average 
does the trick—except in personality 
traits like agreeableness and conscien-
tiousness, where we look for high 
scores.

There are people who just seem  
to get along in any group. Can  
this trait be measured?
In fact, we are looking for candidates 
who are able to get along with lots of 
different people. But this is not so easy 
to measure. Some candidates seem to 
fit in with everyone and are a hit with 
the entire team. They bring with them 
a high degree of social adaptability, 
while maintaining their own integrity. 
They are very good at anticipating the 
needs of others and at intuiting how 
best to accommodate to their styles. 
This definitely fosters group harmony.

How is hierarchy within the crew  
established?
Those decisions are mostly political, 
and the commander is named from 
outside the program. On missions like 
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the participants to try to get through the 
year with as little effort as possible. They re-
sisted any work that had not been assigned 
to them from the beginning. In some cases, 
this led to arguments lasting hours about 
tasks that would have taken five minutes to 
complete.

It is doubtful that anyone seeking to trav-
el to Mars would rather watch movies than 
explore the surface of the planet. But our 
experiences have shown that while astro-
nauts on a real trip to Mars do not necessar-
ily need similar character traits, they do 
have to be on the same wavelength when it 
comes to work.

Stress Test for Our Nerves
Other factors frayed our nerves as well. For 
example, I found it hard not to be able to 
walk in a straight line for more than 36 feet 
or sleep with the window open. And I 
missed eating fresh raspberries. One thing 
that all six of us agreed on was that the 
endless stretch of volcanic rock made us 
miss the vibrant colors of living nature all 
the more. Even the city dwellers among us 
felt that way. Like the astronauts on the 
International Space Station or crews in a 
submarine, a Mars crew lives “inside” at all 

the International Space Station, com-
mand has alternated between an 
American and a Russian. On its next 
mission in 2018, Alexander Gerst will 
be commander. He’s from Germany. 
Psychologically it is important to 
make sure that no crew member is ex-
tremely dominant and therefore un-
able to subordinate to the needs of the 
group. Too many crew members of this 
stripe, and the risk of conflict mush-
rooms. I would assume that the team 
selected for a Mars mission will have 
gotten to know each other very well by 
liftoff. During the training phase the 
astronauts will be closely observed, 
and if problems recur the necessary 
actions will be taken.

What does this training phase  
look like?
At present it consists of survival train-
ing in which candidate astronauts solve 
problems together in extreme environ-
ments. The European Space Agency 
(ESA) offers a training course called 
CAVES (Cooperative Adventure for 
Valuing and Exercising human behavior 

and performance Skills) in which a 
group spends two weeks in a cave sys-
tem in Italy. NASA uses an undersea 
laboratory off of Key Largo called 
Aquarius to simulate a mission. Leader-
ship roles alternate among crew mem-
bers, so they all experience giving and 
taking orders and learn to work as a 
team. These crews probably won’t be 
sent into space together, as the training 
is mainly designed to further each indi-
vidual’s skills.

As a psychologist, do you see  
other potential stumbling blocks  
for astronauts?
Astronaut diaries show that they tend 
to be immersed in their work above all 
else. Many of them find it burdensome 
when there is nothing to do or they 
have to do simple tasks like housework 
or inventory. Boredom may pose a 
greater hazard for conflict. So on long-
term missions it’s really important that 
the crew members be engaged in a con-
stant regimen of meaningful work. The 
astronauts have to know that their sac-
rifices are actually worth it.
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times—whether within the dome or “out-
side” in a space suit.

Because of this, we never felt the sun or 
wind on our skin. Likewise, although we 
saw our surroundings through the visor of 
our headgear, the real world was somehow 
beyond reach. The external wall of our 
habitat, the space suit, every stone: every-
thing felt the same—mediated through the 
muffling bluntness of our gloves. Even if 
human beings land on Mars one day, we 
will unavoidably perceive it as outsiders.

Even in the habitat, after a few months 
everything felt the same. We knew every 
nook and cranny, every smell, every noise. 
A few of us had brought scented oils to give 
our noses a little olfactory vacation, but 
they didn’t help much. Paradoxically, mea-
sures like these that we thought might re-
mind us of our previous lives ended up 
making us feel even more isolated. Among 
other things, we brought along a virtual 
reality program with which we could pre-
tend to sit on a beach or walk through the 
woods or along city streets. These pastimes 
were a welcome change. But at the same 
time they reminded us that we were sur-
rounded by desolate lava rock.

Our physical isolation from the Earth 

meant that we were isolated from its inhab-
itants as well. We couldn’t see them, smell 
them or touch them, but even worse was 
the fact that every word we transmitted or 
received was delayed by 20 minutes. No in-
timate or encouraging conversation can 
take place under those conditions. As a re-
sult, we tended to exchange only the most 
urgent messages. At the beginning, this ar-
rangement functioned fairly well, but over 
time we lost our sense of connection to 
friends and family. And that loss was mutu-
al. Although we “Martians” received select-
ed news from home, we had only the barest 
inkling of what was really going on. At the 
same time, our families became increasing-
ly unable to appreciate what we were going 
through. This process of disconnection is 
gradual and insidious. In my case it took al-
most nine months, toward the end of the 

much-feared third quarter, before I began 
to feel really alone and forgotten. By that 
time some of the crew members were deal-
ing with emotional lows.

Most of us developed strategies to count-
er the isolation. In my opinion, those who 
played sports and worked hard each day 
were the most successful. It gave them a 
sense of inner satisfaction to dedicate 
themselves to a personal project and expe-
rience a sense of growth.

It is hardly a secret that workouts help to 
decrease stress. But on a trip to Mars they 
would serve a second function as well. 
Weightlessness and the effects of reduced 
gravity have a harmful effect on health, and 
so astronauts will have to engage in inten-
sive exercise to retain bone and muscle mass.

We turned our forays outside the habi-
tat into a hybrid of sports and work. For 

The question of whether life exists or ever 
existed on the red planet is one of the key 
reasons for sending an expedition there.
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example, we experimented with extract-
ing water from the extremely dry lava 
rocks, which are about as dry as those on 
Mars. We went “outside” in our space suits 
every two or three days. I think we can 
agree that walking on rocky, uneven ter-
rain in a suit weighing up to 50 pounds at 
8,200 feet qualifies as strenuous exercise. 
Toward the end of our mission our excur-
sions lasted as long as six hours. We went 
on numerous research expeditions and 
explored about a hundred caves in the sur-
roundings. After all, the point of flying to 
Mars is to unlock the planet’s secrets, not 
to stay in one’s little pod.

Exploration of this sort will be a major 
focus on Mars. For one thing, caves offer a 
certain degree of protection from cosmic 
radiation from which we on Earth are pro-
tected by our magnetic field and dense at-
mosphere. At the same time, they may har-
bor more moisture than the surface and 
even provide a refuge for living organisms. 
If such organisms ever existed on Mars, they 
would more likely have survived in caves.

The question of whether life exists or 
ever existed on the red planet is one of the 
key reasons for sending an expedition there. 
But even aside from that, human beings 

have always endured hardships in the ser-
vice of understanding our own planet. 
Non-government initiatives such as Mars 
One or the ambitious plans for SpaceX show 
that many people are ready to take on the 
rigors of the dangerous journey. Presum-
ably, liftoff is only a matter of time.

Studies such as HI-SEAS are designed to 
increase the chances that the first Mars 
crew will survive and to create a setting in 
which its members can concentrate on 
seeking out signs of life rather than squan-
dering their energies in conflicts and petty 
competition.

If it were possible for me to fly to Mars 
today, I wouldn’t hesitate—provided that I 
got along well with the crew and knew that 
I would get back in one piece. My year-long 
experience gave me a good understanding 
of the negative aspects of life away from 
Earth, and I know that I have what it takes. 
While my time on our Hawaiian Mars did 
not transform me into a completely new 
person, I have become much calmer in the 
face of enormous psychological stress. It 
now takes a lot to make me lose my equi-
librium. For the privilege of delving into 
the secrets of an alien planet I would glad-
ly forgo fresh raspberries for a few years. M


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Remarkably little research  
has been performed on the 
effectiveness of employers’ 
efforts to raise awareness
By Vicki J. Magley and  
Joanna L. Grossman 

Do Sexual 
Harassment 
Prevention 
Trainings Really 
Work?

OPINION
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Sexual harassment scandals abound. 
From media personalities to Holly-
wood directors to famous chefs, pow-

erful men are getting called out for years if 
not decades of imposing themselves on 
women, and in some cases on men and chil-
dren, with whom they work. These scandals 
are a sobering reminder that sexual harass-
ment remains a persistent and pervasive 
problem in the American workplace. The in-
cidents also prompt a return to old sociolog-
ical and policy questions: What causes this 
behavior and what can be done about it?

On the latter question, the research 

points to a few areas ripe for change.  
For starters, nearly every employer nowa-
days has a policy prohibiting sexual  
harassment, and most also have internal 
grievance procedures in place designed to 
address such problems. U.S. law rewards 
these two measures by minimizing liabil-
ity for employers who take them. But  
neither has much of an effect on the  
likelihood that sexual harassment will  
occur in the first place. Despite its ubiqui-
ty, the law offers no special reward for 
trainings to prevent and raise awareness 
of sexual harassment—and popular cul-
ture does nothing but mock the concept. 
But studies suggest that training can help, 
particularly if its goals reflect the knowl-
edge gained from research.

Most training programs aim to educate 
employees about the employer’s sexual 
harassment policies and procedures, as 
well as the conduct that is explicitly pro-
hibited. A few studies of college students 
show that participants leave training more 
knowledgeable about the subject of ha-
rassment than when they began it. But in 
studies of working adults, in one sample, 
knowledge improved only among men, and 
in another, it improved only among white 

employees. Moreover, in a study of manag-
ers, who are increasingly required to un-
dergo mandatory training, trained manag-
ers were no more able to identify proper 
responses to harassment after training 
than untrained managers and, post-train-
ing, they tended to identify scenarios as 
sexual harassment that really were not.

Training about sexual harassment often 
is also geared to increase employees’ atti-
tudes about the seriousness of harassment 
and increase belief that the organization 
also takes it seriously. Unfortunately, re-
search does not support these effects. Nei-
ther students nor working adults showed 
any change after training in their personal 
attitudes about harassment or in their per-
ceptions of organizational tolerance for it. 
Indeed, at least one study showed that a 
brief training intervention produced a back-
lash such that men were more likely to 
blame a victim of sexual harassment than 
were those who did not receive the training.

Ultimately, the “gold standard” for  
sexual harassment training is to reduce 
sexual harassment. To date, however, only 
one research study has looked at this  
outcome. And it found that the training 
was ineffective.
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Two recent studies have taken a more 
complex view of prevention training by ex-
amining how organizational culture also 
factors into training effectiveness. First, 
knowledge and personal attitudes were 
changed for employees who perceived that 
their work unit was ethical, regardless of 
their personal sense of cynicism about 
whether the training might be successful. 
However, employees who already believed 
that their employers tolerated sexual ha-
rassment took that cynicism into training 
sessions and were less motivated to learn 
from it. That sense of futility affected their 
belief about whether training would be use-
ful, more even than their own personal be-
liefs about sexual harassment.

Workplace harassment is pervasive—
four in 10 working women report experi-
encing harassment within any two-year 
period—and existing law emphasizes pre-
ventative measures. But the studies we de-
scribe here are basically the sum total of 
research about whether these trainings 
are effective. Considerably more legal and 
psychological studies could help us un-
derstand how best to protect employees 
from sexual harassment. We suggest three 
areas of improvement:

1. Institutional culture change is needed. 
If workplace environments are influencing 
employees’ attitudes toward training and/
or its actual effectiveness, then employers 
need to pay more attention to the cultural 
environment of their organization. The 
paucity of data on evaluating training ef-
fectiveness is a direct result of organiza-
tions lacking an incentive to conduct in-
ternal studies, or self-studies, of their pre-
vention trainings. Specifically, if data 
reveal that training was ineffective, em-
ployers are concerned that these insights 
would enhance their liability—and, so, 
they just don’t gather these data. Such 
head-in-the-sand thinking needs to 
change. Self-study, as noted in a 2016 re-
port from the Equal Employment Oppor-
tunity Commission’s Select Task Force on 
the Study of Harassment in the Workplace, 
should be encouraged and lauded as an im-
portant part of improving the organiza-
tional climate around sexual harassment.

2. Employers should institute training with 
clear goals in mind. Is training expected 
to change employee attitudes? In some 
ways, it is not surprising that training does 
not alter long-held beliefs about and be-

haviors toward women. But training 
should not be crafted around a goal that is 
unattainable—or its content should be 
changed to increase the likelihood of 
achieving it.  Is training supposed to con-
vey the employer’s commitment to main-
taining a non-discriminatory work envi-
ronment? Or is it merely calculated to 
minimize the employer’s exposure to lia-
bility? There is no reason to expect that 
all sexual harassment prevention training 
will produce the same results, nor that 
those results will necessarily lead to a re-
duction in discriminatory behavior. As the 
2016 EEOC report suggests, perhaps it is 
time to completely reconsider such train-
ing and replace it with respect-based in-
terventions. Such interventions will, nat-
urally, still require validation in research 
studies. Most importantly, though, train-
ing should have clear, decisive goals so 
that employees do not leave feeling con-
fused and overwhelmed. Not only can such 
confusion cause employees to ignore what 
they’ve learned, it can also lead to other 
kinds of discriminatory behavior such as 
men avoiding work of any kind with wom-
en to avoid transgressing some unclear 
boundary. 
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3. Sexual harassment awareness and pre-
vention training must be evaluated. The 
legal regime governing employer liability 
for workplace harassment has placed far 
too much emphasis on the existence of 
preventative measures like training and 
not nearly enough on the effectiveness of 
these measures. Courts neither review the 
content of training programs nor ask em-
ployers to assess their validity internally 
(do they achieve what they are supposed 
to achieve?). They routinely allow em-
ployers to dodge liability despite clear ev-
idence that preventative measures that 
were undertaken failed. Training pro-
grams, like anti-harassment policies and 
procedures, are symbolic evidence of legal 
compliance, and their potential role in ac-
tually reducing harassment is ignored. As 
a result, training programs are rarely evi-
dence-based and often lack meaningful 
content. The law should create incentives 
for employers to conduct such evalua-
tions, such as acknowledging that such 
evaluations are indicative of a sincere de-
sire to truly change the way women are 
treated in the workplace. M
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Follow the millennial 
generation’s four  
golden rules of  
personal finance 
By Conor Artman,  
Joseph Sherlock and  
Dan Ariely 

How to Avoid  
 “Purchase  
Regret”
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Millennials are the largest living 
generation in the United States, 
providing them with a guiding in-

fluence over the economy. And fortunately, 
despite cultural misgivings from some crit-
ics, many financial experts applaud this gen-
eration for its strong personal financial hab-
its. They point to millennials’ tendency to 
save more than previous generations, value 
a work-life balance and spend more on ex-
periences than objects—all while balancing 
massive student debt and historically low 
wages.

So what can we learn from these finan-
cial priorities? To understand what makes 
millennials tick financially, we set out to 

measure how satisfied they are with their 
purchases. Or, more precisely, to see which 
expenditures they regretted the most.

As behavioral economists, we know that 
regret is a negative reinforcement that spurs 
people to self-correct. It’s infuriating to get 
your car towed, right? But it also means 
you’ll become more vigilant about reading 
parking signs in the future. Similarly, regret-
ting a purchase is often the most direct way 
to avoid making the same type of purchase 
again. As with a film negative, by knowing 
what millennials regret spending money on, 
we can also see what they consider good fi-
nancial behavior.

To do this, we partnered with the person-
al finance app Qapital to build a tool that 
measured people’s level of spending regret. 
Using that tool, we asked people 20–36 years 
old who had already voluntarily linked their 
bank accounts to Qapital to rate their ex-
penditures.

So what did we find? Here are the four 

golden rules of personal finance as practiced 
by millennials.

Spend on Enrichment and Others
In the study, we measured what types of 
purchases were most pleasing to people 
and when they made the purchases they 
were most pleased with. For the former, 
five different types of purchases gener-
ated a satisfaction level of 75 percent or 
above (in order): community, health 
care, utilities (including rent), arts & en-
tertainment, and education. Overwhelm-
ingly, these all have to do with self-pres-
ervation or enriching oneself.

At the same time, millennials were much 
more content with purchases made midweek 
and in early December. From this, we can in-
fer that purchases made for others (holiday 
season) bring more pleasure and that people 
tend to prefer those purchases made midweek 
(Wednesday had the highest satisfaction 
rating) over those made on the weekend, 
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when we might buy things more impulsively 
(this is explained more fully below).

While this doesn’t mean we should buy 
everything on Wednesdays in early De-
cember, it does suggest that we can derive 
satisfaction most when buying for others, 
when enriching ourselves, or when mak-
ing thoughtful and deliberate purchasing 
decisions.

Put the Essentials on Autopay
Millennials in our survey were generally 
about 10 percent more satisfied with recur-
ring transactions compared to non-recur-
ring ones. This is particularly high for pur-
chases like convenience, debt repayment 
and health care.

One reason for this is because humans are 
great adapters. Our first experience of some-
thing is novel and interesting, but after sev-
eral similar experiences the novelty and our 
attentions wane until we no longer have the 
same response. In the same way, more no-
ticeable transactions are more regretful.

By setting up automatic payments for re-
curring and relatively stable transactions 
like rent, insurance and auto payments we 
can discount the financial pain of those pay-
ments and become more satisfied with them 

as regular occurrences. On the other hand, 
make the payments you’re likely to regret—
another round of drinks at the bar or a fast- 
food stopover—more obvious and novel by 
paying in cash.

Limit Impulse Buys
Just as the expenses necessary for living—
rent, health care, groceries—reside near the 
top of the satisfaction results, so do those 
more optional purchases fall to the bottom. 
Millennials rate bar purchases, digital sub-
scriptions, convenience store buys, coffee 
shop expenses, restaurant visits and fast- 
food purchases as their least satisfying ex-
penditures. Only bank fees rate lower.

These types of things can often be those 
purchased on weekends, and such purchas-
es also showed a high degree of regret. We 
can begin to reason that millennials take far 
greater pleasure in making responsible, de-
liberate and necessary purchases over spon-
taneous, frivolous ones.

How can we avoid falling victim to those 
spur-of-the-moment buys? Make “cold state” 
decisions removed from the heat of the mo-
ment. Determine on Wednesday or Thursday 
how much you want to spend on the week-
end, and then have cash on hand to pay for 

it. This can  limit your reactionary spending 
and ensure greater levels of satisfaction.

Second Guess the Small Stuff, Don’t 
Rationalize the Big Buys
Across all types of purchases, millennials 
were less satisfied with smaller purchases 
than larger ones. We found that the average 
person reported higher satisfaction for pur-
chases taking up a larger portion of his or 
her monthly income.

Why do we regret smaller purchases 
more? People often look backwards to jus-
tify their decisions rather than making de-
cisions based on sound reasoning and evi-
dence. If we spent a lot of money on some-
thing that we didn’t like, we rationalize 
ourselves into believing that we must have 
made a good purchase because it was an 
expensive purchase.

So the lesson is twofold: 1. Question the 
small purchases. Just because that latte 
only costs $4 does not mean it’s inconse-
quential or won’t bother you later. 2. Re-
search the big purchases. Instead of ratio-
nalizing them away after the fact to justify 
the expense, do your research and make an 
informed decision. Your happiness will 
thank you on both counts. M
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The current medical 
consensus about addiction 
may very well be wrong 
By Elly Vintiadis

Is Addiction  
a Disease?

OPINION
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The prevailing wisdom today is that 
addiction is a disease. This is the 
main line of the medical model of 

mental disorders with which the National 
Institute on Drug Abuse (NIDA) is aligned: 
addiction is a chronic and relapsing brain 
disease in which drug use becomes invol-
untary despite its negative consequences.

The idea here is, roughly, that addiction 
is a disease because drug use changes the 
brain and, as a result of these changes, drug 
use becomes compulsive, beyond the vol-
untary control of the user. In other words, 
the addict has no choice, and his behavior 
is resistant to long-term change.

This way of viewing addiction has its 
benefits: if addiction is a disease then ad-
dicts are not to blame for their plight, and 
this ought to help alleviate stigma and to 
open the way for better treatment and 
more funding for research on addiction. 
This is the main rationale of a recent piece 
in the New York Times, which describes ad-
diction as a disease that is plaguing the 
U.S. and stresses the importance of talking 

openly about addiction in order to shift 
people’s understanding of it. And it seems 
like a welcome change from the blame at-
tributed by the moral model of addiction, 
according to which addiction is a choice 
and, thus, a moral failing—addicts are 
nothing more than weak people who make 
bad choices and stick with them.

Yet, though there are positive aspects to 
seeing addiction in this light, it seems undu-
ly pessimistic and, though no one will deny 
that every behavior has neural correlates and 
that addiction changes the brain, this is not 
the same as saying that, therefore, addiction 
is pathological and irreversible.

And there are reasons to question 
whether this is, in fact, the case.

From everyday experience we know that 
not everyone who tries or uses drugs and al-
cohol gets addicted, that of those who do 
many quit their addictions and that people 
don’t all quit with the same ease—some 

manage on their first attempt and go cold 
turkey; for others it takes repeated attempts; 
and others still, so-called chippers, recali-
brate their use of the substance and moder-
ately use it without becoming re-addicted.

But there is also strong scientific evi-
dence that most people recover from addic-
tion on their own and that things are not as 
simple as the medical model implies.

In 1974 sociologist Lee Robins conducted 
an extensive study of U.S. servicemen ad-
dicted to heroin returning from Vietnam. 
While in Vietnam, 20 percent of service-
men became addicted to heroin, and one 
of the things Robins wanted to investigate 
was how many of them continued to use it 
upon their return to the U.S. and how many 
remained addicted. What she found was 
that the remission rate was surprisingly 
high: only around 7 percent used heroin 
after returning to the U.S., and only about 
1-2 percent had a relapse, even briefly, into 

In other words, the addict has no choice, and 
his behavior is resistant to long-term change.
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addiction. The vast majority of addicted 
soldiers stopped using on their own.

Also in the 1970s, psychologists at Si-
mon Fraser University in Canada conduct-
ed the famous “Rat Park” experiment in 
which caged isolated rats administered to 
themselves ever increasing—and often 
deadly—doses of morphine when no alter-
natives were available. Yet, when these rats 
were given a mate and alternatives to drugs 
they stopped taking them. And in 1982 
Stanley Schachter, a Columbia University 
sociologist, provided evidence that most 
smokers and obese people overcame their 
addiction without any help.

Although these studies were met with re-
sistance, lately there is more evidence to 
support their findings.

In The Biology of Desire: Why Addiction 
Is Not a Disease, Marc Lewis, a neuroscien-
tist and former drug addict, argues that ad-
diction is “uncannily normal,” and he of-
fers what he calls the learning model of ad-
diction, which he contrasts to both the idea 
that addiction is a simple choice and to the 
idea that addiction is a disease. Lewis ac-
knowledges that there are undoubtedly 
brain changes as a result of addiction, but 
he argues that these are the typical results 

of neuroplasticity in learning and habit for-
mation in the face of very attractive rewards.

In reviewing a number of case studies, 
Lewis argues that most addicts don’t think 
they are sick (and this is good for their re-
covery) and that the stories of people who 
have overcome their addiction, instead of 
impotence and disease, speak of a journey 
of empowerment and of rewriting one’s life 
narrative. That is, addicts need to come to 
know themselves in order to make sense of 
their addiction and to find an alternative 
narrative for their future. In turn, like all 
learning, this will also “re-wire” their brain.

Taking a different line, in his book Ad-
diction: A Disorder of Choice, Harvard Uni-
versity psychologist Gene Heyman also ar-
gues that addiction is not a disease but 
sees it, unlike Lewis, as a disorder of choice. 
Heyman presents powerful evidence not 
only that just about 10 percent of people 
who use drugs get addicted and only 

around 15 percent of regular alcohol drink-
ers become alcoholics but also that around 
80 percent of addicts overcome their addic-
tion on their own by the age of 30. They do 
so because the demands of their adult life, 
like keeping a job or being a parent, are in-
compatible with their drug use and are 
strong incentives for kicking a drug habit.

This might seem contrary to what we 
are used to thinking. And, it is true, there 
is substantial evidence that addicts often 
relapse. But most studies on addiction are 
conducted on patients in treatment, and 
this skews the population sample. Most 
addicts never go into treatment, and the 
ones who do are the ones, the minority, 
who have not managed to overcome their 
addiction on their own.

What becomes apparent is that addicts 
who can take advantage of alternative op-
tions do, and do so successfully, so there 
seems to be a choice, albeit not a simple one, 

It is incredibly hard, and for some people, 
practically impossible to undo years of habit.
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involved here as there is in Lewis's learning 
model—the addict chooses to rewrite his life 
narrative and overcomes his addiction.

However, saying that there is choice in-
volved in addiction by no means implies 
that addicts are just weak people, nor does it 
imply that overcoming addiction is easy. It 
is incredibly hard, and for some people, prac-
tically impossible to undo years of habit.

The difference in these cases, between 
people who can and people who can’t over-
come their addiction, seems to be largely 
about determinants of choice. Because in 
order to kick substance addiction there 
must be viable alternatives to fall back on, 
and often these are not available. Many ad-
dicts suffer from more than just addiction 
to a particular substance, and this increas-
es their distress; they come from under-
privileged or minority backgrounds that 
limit their opportunities, they have histo-
ries of abuse, and so on. So although choic-
es are in principle available, viable choices 
for people are largely dependent on deter-
minants of choice beyond their control, 
and this can mitigate their responsibility.

This is important, for if choice is in-
volved, so is responsibility, and that invites 
blame and the harm it does, both in terms 

of stigma and shame but also for treatment 
and funding research for addiction.

It is for this reason that philosopher and 
mental health clinician Hanna Pickard of the 
University of Birmingham in England offers 
an alternative to the dilemma between the 
medical model that does away with blame 
at the expense of agency and the choice 
model that retains the addict’s agency but 
carries the baggage of shame and stigma. 
Both these models, Pickard claims, place 
the responsibility away from us: it is either 
the addict’s fault or the disease’s. But if we 
are serious about the evidence, we must 
look at the determinants of choice, and we 
must address them, taking responsibility 
as a society for the factors that cause suf-
fering and that limit the options available 
to addicts. To do this we need to distin-
guish responsibility from blame: we can 
hold addicts responsible, thus retaining 
their agency, without blaming them but, 
instead, approaching them with an atti-
tude of compassion, respect and concern 
that is required for more effective engage-
ment and treatment. And the two, respon-
sibility and blame, can come apart if we re-
alize that responsibility is about the per-
son who makes choices, but blame is about 

our choice of how to respond to them.
In this sense, the seriousness of addic-

tion and the suffering it causes both to the 
addicts themselves but also to the people 
around them require that we take a hard 
look at all the existing evidence and at 
what this evidence says about choice and 
responsibility—both the addicts’ but also 
our own, as a society. We can call addiction 
a disease because the concept of a disease 
is not clearly defined, but if by “disease” 
we mean that there are brain changes that 
lead to lack of choices, then there is ample 
evidence to dispute this view. In the end, 
we cannot understand addiction merely in 
terms of brain changes and loss of control; 
we must see it in the broader context of a 
life and a society that make some people 
make bad choices. M
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