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MATH GETS A REBOOT
AI is amping up controversial use of technology to verify proofs
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Nancy Shute
Editor in Chief

nshute@sciencenews.org

Science  
Behind  
the Scenes T

he May issue of Science News always feels spe-
cial to me because it is distributed to the more 
than 1,600 high school students from around 
the world who compete in the Regeneron  
International Science and Engineering Fair, 
taking place May 9–15 in Phoenix. We also 
share Science News Explores, our sister mag-
azine for curious younger readers, with the 
contestants and at Education Outreach Day.  
Science News Media Group editors will be there 

to talk science and science journalism with students 
and teachers from local middle and high schools. 

The fair, which is produced by our parent nonprofit Society for 
Science, embraces the hard work that makes discoveries possible. 
As journalists, we most often cover science when there’s a big “aha!” 
moment. But the work leading up to that moment is just as important.

In this issue, we explore how mathematicians are embracing tech-
nology to assist in the arduous task of checking their work (Page 60). 
Mathematicians are using computers to “formalize” proofs, freelance 
writer Stephen Ornes reports. Now, AI tools are pushing those efforts 
forward. The ultimate goal: create a digital library of all mathematics. 

We also connect with linguists who create new languages never 
before spoken on Earth for blockbuster films like Avatar (Page 54). 
Author J.R.R. Tolkien spent decades creating Elvish languages and 
scripts for The Lord of the Rings, and fans have learned them. That’s 
no small task. Even constructed languages, or conlangs, must follow 
rules of logic and syntax, Science News Explores assistant managing 
editor Maria Temming discovered. And scientists use conlangs to 
explore how the brain processes languages. 

And though most of science happens outside of public view, the tools 
of that invisible toil can be magnificent. One of the world’s greatest 
collections of scientific specimens is stashed away in a specialized 
facility in suburban Maryland owned by the Smithsonian Institution 
(Page 68). We’re not talking any old storage unit, unless yours happens 
to hold miles of shelving and the jaw bones of a blue whale. Scientists 
and curators at the National Museum of Natural History gave senior 
writer Meghan Rosen and freelance photographer Stephen Voss a 
sneak peek of a few of their favorites among the 148-million-item col-
lection, and I’m delighted that we can share those with you.

 � 04
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● SOME PEOPLE DRAW to express their creativity. 
Some sing or dance. And some build languag-
es. In this issue, Maria Temming explores the 
world of constructed languages, or conlangs 
(Page 54). Popular conlangs include Klingon 
from Star Trek and Na’vi from Avatar. But cre-
ating a new language isn’t unique to Hollywood; 
it is something that humans do from a young 
age, Temming says. Think siblings creating se-
cret codes to communicate without the parents 
knowing. Temming’s reporting took her to the 
International Language Creation Conference, 
where “one guy recreated brand and franchise 
names in his own conlang script,” Temming 
says. Other people have created languages that 
are communicated through different hand- 
holding positions, tying different knots or even 
playing musical notes. “The ways they play 
around with language and push the boundaries, 
I think, are cool and funky.” 

Stephen Voss
Stephen Voss has photographed 
many high-profile individuals, 
including President Donald 
Trump and former Vice President 
Kamala Harris. But a recent 
trip with Science News to the 
Smithsonian’s Museum Support 
Center was “the most exciting 
and fun shoot of my last cou-
ple years,” Voss says. Snapping 
pictures of an extraordinary 
collection that most people will 
never see (Page 68) was “unlike 
almost anything I’ve ever done 
before,” he says. “One thing 
these photos do is let people 
understand that a place like the 
Smithsonian is not just about the 
things in the glass displays,” Voss 
adds. “The museum is truly a 
research institution that is doing 
important work.”

Lily Burton
Science News’ intern Lily Burton 
wants to understand what makes 
people who they are, what moti-
vates them and why they struggle 
with certain things. That’s why 
she was interested in writing 
about kids with math learning 
disabilities and why they might 
experience difficulties (Page 24). 
“I gravitate a little bit more to-
wards psychology and the social 
sciences,” says Burton, who has 
a Ph.D. in biochemistry. “But I 
also want to take this opportuni-
ty to cover things that I haven’t 
covered before. Like, the physical 
sciences and AI” (Page 47).

Tina Hesman Saey
Microbiologist Brantley Hall’s 
lab looks like any other molecu-
lar biology lab — except for the 
artificial butt. And a big red but-
ton that, when pushed, lets out 
hydrogen from the butt. Senior 
molecular biology writer Tina 
Hesman Saey recently visited the 
lab to look at “smart underwear” 
that can detect farts (Page 42). 
Hall’s goal is to learn how often 
people normally pass gas, which 
is still unknown. Reflecting on 
her visit, Saey says she has never 
discussed farts so much in a day. 
And that speaks to the lack of 
research. “It is a real gap in our 
knowledge about the way our 
bodies and microbiomes work.”

MARIA TEMMING
ASSISTANT MANAGING EDITOR,  

SCIENCE NEWS EXPLORES 
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ASTRONOMY

THE POWER BEHIND A 
SUPERLUMINOUS BLAST

By Jay Bennett

● About a billion light-years from 
Earth, an extraordinary stel-
lar explosion blazed into view. 
Detected in 2024, the blast shone 
about 30 times as bright as typical 
supernovas formed from collapsed 
stellar cores, placing it in the rare 
class of superluminous superno-
vas. In Nature, astronomers report 
that a strange “chirp” in the super-
nova’s light — a fluctuation that 
sped up over time — offers a possi-
ble explanation. The explosion may 
have left behind a fast-spinning 
magnetar (illustrated, left). This 
highly magnetized neutron star 
could have continuously pumped 
energy into the debris around it, 
fueling the explosion’s brightness, 
while a wobbling disk of that debris 
might have produced the chirp. ✖ 
ILLUSTRATION BY JOSEPH FARAH AND

CURTIS MCCULLY
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● Humans might show commitment with a ring, penguins offer prospective 
mates rocks and some beetles gift a ball of dung. Salganea taiwanensis cock-
roaches show commitment with a nibble of cannibalism — and then a lot of 
aggression. After a ritual in which mating roaches gnaw off each other’s wings 
(illustrated), the pair violently reject all other potential mates or intruders. 
The finding, published in Royal Society Open Science, offers evidence that fierce 
loyalty isn’t limited to creatures with spines. — Bethany Brookshire

ANIMALS

COCKROACH LOVE CAN 
BE ALL-CONSUMING
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PHYSICS

When the pressure’s off, this 
superconductor appears to 

break records
By Emily Conover

● Nothing says “the ’90s are back” like a challenge to a 
high-temperature superconductor record set in 1993.

By squeezing a material to high pressure and then rapidly 
releasing it, scientists reduced the amount of cooling it needs 
to become a superconductor. The mercury-and-copper-based 
compound remained a superconductor up to temperatures 
as high as 151 kelvins (−122.15° Celsius) under atmospheric 
pressure, researchers report in the Proceedings of the National 
Academy of Sciences. If the result holds up, it would be the 
highest-temperature superconductor known to exist at atmo-
spheric pressure, by about 18 degrees Celsius.

Electricity courses through 
superconductors without resis-
tance, a property that could lend 
itself to a variety of technical 
applications, from powerful electro
magnets to power transmission. 
But all known superconductors 
must be chilled well below room 
temperature to function, which 
limits their applicability. (Earlier 
claims of room-temperature super-
conductivity haven’t held up.)

Higher temperatures are possi-
ble when materials are squeezed to 
extreme pressures, but that makes 
the materials difficult to study and 
to use. For example, a compound 

↖ Subjecting a cuprate in this diamond 
anvil cell to intense pressure then 
rapidly releasing it created a record- 
breaking superconductor.
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of lanthanum and hydrogen is 
superconducting up to 260 kelvins 
(−13.15°  C), at a pressure almost  
2 million times that of Earth’s 
atmosphere. That’s the highest  
superconducting temperature ever 
confirmed.

The new result could put phe-
nomena that were previously 
difficult to access within easier 
reach, says physicist James Hamlin 
of the University of Florida in 
Gainesville, who was not involved 
with the work. “There’s so much 
interesting stuff that happens at 
high pressure, and the idea that we 
might be able to bring some of that 
back to ambient pressure is really 
exciting.”

The new superconductor is part 
of a class of copper-oxide com-
pounds called cuprates. In the 1980s 
and ’90s, cuprates repeatedly broke 
superconducting temperature re-
cords. But eventually, progress 
stalled. In 1993, a mercury-based 
cuprate called Hg-1223 reached 
133  kelvins at atmospheric pres-
sure. That record has stood ever 
since. Now, like acid-washed jeans 
and scrunchies, cuprates are back.

Physicist Paul Chu and colleagues 
increased the pressure on sam-
ples of Hg-1223 to between 10 and 
30 gigapascals (about 100,000 to 
300,000 times atmospheric pres-
sure) by squeezing the material 
between two diamonds, in a device 

called a diamond anvil cell. That 
pressure raised the temperature at 
which the resistance of the material 
began to drop.

Then the scientists set the tem-
perature very low, around 4 kelvins, 
and suddenly released the pressure. 
That may have helped prevent the 
material from reverting back to its 
original state: When heated back 
up, the material retained signs of 
higher-temperature superconduc-
tivity, but at atmospheric pressure.

The technique is no easy feat, 
which explains why the previous 
record has stood since the ’90s, says 
Chu, of the University of Houston. 
“When you withdraw the pressure 
at such a high speed, everything 
flies apart,” he says. The diamonds 
can break or electrical contacts can 
be severed, ruining the measure-
ment. But when Chu and colleagues’ 
experiments worked, the material 
transitioned to a superconductor at 
temperatures close to 150 kelvins.

Manipulating a material by rap-
idly changing the conditions is 
known as quenching. It can lock in 
desirable properties of a material 
before they have time to change. 
Temperature quenching, for exam-
ple, is used in the manufacture of 
steel — think blacksmiths putting 
hot metal into a bath of water to 
rapidly cool it.

“It’s an exciting method,” says 
theoretical chemist Eva Zurek of the 
University at Buffalo in New York. 
And it could be applied to other 
superconducting materials. “But 
it won’t work in all cases.” The su-
perconducting materials have to be 
metastable, meaning they can retain 
their properties, at least temporar-
ily, when the pressure is removed.

Chu and colleagues reported 
that the material retained its high- 
temperature superconductivity 
for at least three days when stored 
in liquid nitrogen at 77 kelvins. 
Keeping the material at around 
200 kelvins made the maximum 
temperature for superconductivity 
begin to decrease.

In the experiments, the resis-
tance dropped dramatically when 
the material was cooled below a 
certain temperature, which the 
researchers saw as evidence for 
superconductivity. But they did not 
explicitly show that the resistance 
went to zero — a more stringent test 
of whether a material is a super
conductor. Such measurements 
can be difficult in diamond anvil 
cell experiments.

However, this material is already 
known to be superconducting. 
Compared with controversial, dis-
credited research that has plagued 
the field of superconductivity in 
recent years, “it’s a much more 
straightforward claim,” Hamlin 
says. “It’s not coming out of left 
field in any sense.” ✖

151 kelvins
A new high-temperature 
record for a superconductor 
under atmospheric pressure

If the result holds up, it would be the 
highest-temperature superconductor 
known to exist at atmospheric 
pressure, by about 18 degrees Celsius.
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TECHNOLOGY

Fingernails help robots  
get a grip

By Ananya

● Robotic hands are getting their nails done. Researchers have 
designed a new three-fingered robotic hand whose digits come 
with a rigid fingernail on soft material. The design gives the 
robotic hand the ability to peel fruit, open containers with lids 
and pick up flat objects, the team reports in a paper posted 
to arXiv.org. The results, which have yet to be peer-reviewed, 
offer a glimpse at the kinds of real‑world chores and industrial 
handling tasks the robot could do.

The tips of most conventional robotic hands have a soft pad 
on a rigid structure, giving the fingertip a squarish shape. The 
new robot fingertips have a soft material wrapped around the 
finger “skeleton,” with a rigid structure on top, giving the tip 

an oval shape, more like our fingers. 
“A square shape only adapts well to 
forces coming straight on, but our 
design can also respond flexibly to 
twisting or side forces,” says me-
chanical engineer Dong Ho Kang 
of the University of Texas at Austin.

Soft fingertips with that square 
design adapt to objects and grasp 
them, but that same softness makes 
them less precise. In humans, rig-
id fingernails on soft fingertips 
correct this issue by stiffening the 
fingertips and focusing pressure.

Taking inspiration from our own 
nails, the researchers tested robotic 
hands with three linked, motor-
ized fingers — akin to index and 
middle fingers and a thumb — with 
and without nails. The fingers 
grasped flat, outward-bulging and 
inward-curved objects while pulling 
the objects upward. The fingertips 
with nails demonstrated a stronger 
grasping force, meaning they had a 
tighter grip, Kang says. Fingernails 
were an advantage when grabbing 
curved objects. Without them, the 
soft fingers were easily deformed 
and had a less stable hold on the 
objects.

Fingertips with nails also ex-
celled at pulling out a single sheet 
from a stack of papers, opening the 
lid of a sealed container, picking up 
thin objects like coins and cards 
from a surface, and flipping cards. 
Although they were able to open 
the lid on some attempts, the soft 
fingertips without the nails failed 
at all other tasks and were unable 
to establish contact with the edges 
of the objects. The next step is to 
extend this work to a full robotic 
hand, Kang says. ✖

← This three-fingered robotic hand 
uses its rigid nails to pick up a coin-
sized disk. The nails can also grasp and 
puncture the skin of an orange.
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ANIMALS

RESURGING KOALA POPULATIONS 
REGAIN GENETIC VARIATION
BY JAKE BUEHLER

A 
rapid koala rebound in southeastern Australia is 
also boosting their genetic variation, showing one 
way out of an extinction death spiral.

After nearly disappearing from the region over a 
century ago in part due to the fur trade, the marsu-
pials’ recovery has come with increased reshuffling 
of genes, enhancing their long-term chances of sur-
vival. The findings, published in Science, provide 
hope for species starting over.

Koalas (Phascolarctos cinereus) in the Australian 
state of Victoria have swelled to nearly half a mil-
lion individuals from a low of 500. That success has 

largely been due to conservationists moving some koalas to 
nearby islands and then reintroducing the descendants to the 
mainland. However, there was concern that the lack of genetic 
diversity in the smaller island populations may increase the 
risk of inbreeding and negatively impact the health of the 
mainland populations.

Evolutionary biologist Collin Ahrens of Cesar Australia, an 
independent environmental research company in Brunswick, 
and colleagues wanted to know how the koalas’ relatively fast 

← Some 
koalas 
that are 
bounc-
ing back 
from the 
edge of 
extinction 
show how 
species 
can avoid 
genetic 
pitfalls.

recovery affected the animals’ ge-
netics. The team analyzed 418 koala 
genomes from 27 populations across 
eastern Australia, looking at how 
genetic variation changed as popu-
lations grew and shrank over time.

Victoria’s koalas showed the 
echo of their brush with extinction: 
Their genetic diversity was low. But 
that was just part of the story.

As those populations quickly 
grew and more mating occurred, 
newer and varied genetic combi-
nations appeared along with new 
mutations, some of which can 
be beneficial. There still wasn’t 
much underlying variety in the 
genes compared with populations 
in other regions. But the mixing 
and matching boosted the chances 
that offspring could inherit bene-
ficial genes without harmful ones. 
Already, tooth and testicle mal-
formations have decreased in the 
Victoria koalas, possibly from a 
change in the their genetic makeup.

In a way, the koalas’ genetic 
resurgence is like that of some in-
vasive species. Such species rapidly 
balloon in numbers from a handful 
of individuals, similarly accumulat-
ing new mutations and variation as 
they interbreed.

The new work matches what 
evolutionary theory has predicted 
for recovering populations, says 
evolutionary geneticist Cock van 
Oosterhout of the University of 
East Anglia in England. “It is en-
couraging to observe this directly 
in a wild species.”

The findings show that at least 
under some circumstances, spe-
cies can emerge out of genetic 
bottlenecks and start regaining 
variation. This realization may 
change how conservation genetics 
is performed by researchers in the 
future, Ahrens says. “I think this 
[research] has a message of hope.” ✖
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CLIMATE

Future sea level rise may 
be greater than previously 

thought
By Nikk Ogasa 

● Hundreds of global and regional studies on sea level rise and 
coastal flooding may have underestimated sea levels by an 
average of 20 to 30 centimeters.

Out of 385 peer-reviewed studies published from 2009 to 
2025, around 99 percent incorrectly estimated ocean height, 
leading to sea level approximations with substantial errors, 
researchers report in Nature. In some places, the discrepan-
cies were comparable in size to 100 years of projected sea 
level rise. Forty-five of the evaluated studies were referenced 
by the United Nations’ Intergovernmental Panel on Climate 
Change in its Sixth Assessment Report.

The findings suggest that the toll of future sea level rise is 
even greater than anticipated. A one-meter increase in sea level,  
which could happen in a century, would submerge areas in-
habited by as many as 132 million people, the researchers say. 
That’s an increase of up to 68 percent more people than 

previously suggested.
Physical geographers Katharina 

Seeger and Philip Minderhoud 
of Wageningen University in 
the Netherlands discovered the 
discrepancy after evaluating hun-
dreds of studies on sea level rise, 
storm surges, tsunamis and gener-
al coastal hazards. Over half were 
published in the last five years. 
Their analysis revealed a common 
mistake pervading 90 percent of 
the evaluated research related to 
the type of data used: wonky, dig-
ital shapes called geoids.

A geoid can be imagined as an 
irregular, undulating blue ball rep-
resenting the global ocean based 
on data about Earth’s gravity and 
rotation. But there are two key 
problems with using geoids to esti-
mate sea level. First, they can be off 
by several meters in areas lacking 
gravitational data. Second, geoids 
do not account for ocean circula-
tion, currents, winds, tides, water 
temperatures and other factors in-
fluencing sea level.

The new work shows that most 
research did not correct for these 
shortcomings with actual measure-
ments, Minderhoud said at a news 
briefing. Such corrections are com-
mon in oceanography but have not 
yet been widely adopted by coastal 
hazard researchers, he said.

In addition to the 90 percent 
of studies that made the geoid 
assumption, another 9 percent im-
properly aligned measurements of 
sea level and land elevation, the 
team found. Less than 1 percent 
of the evaluated studies properly 
aligned the data, Seeger said.

Using a global dataset of sea 
levels based largely on satellite 
measurements of the ocean sur-
face, Seeger and Minderhoud 
estimated how far off the evalu-
ated studies were. 

↑ �
A student 
rides 
through 
flood
waters in 
Ho Chi 
Minh City, 
Vietnam, 
in late 
2025. Sea 
level rise 
may pose 
a greater 
risk to the 
city than 
previously 
thought. CONT. ON PAGE 24
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Why is math harder for some 
kids? Brain scans offer clues

By Lily Burton

● Some kids struggle with math. Now, scientists have pinpointed  
some of the specific thinking processes and brain regions that 
might explain why.

When given simple math problems, kids with math learn-
ing disabilities were less cautious about giving their answers 
and did not slow down after making errors compared with 
kids with typical math skills, a new study shows. But these 
differences disappeared when those same kids were given 
problems with dots to represent numbers instead of Arabic 
number symbols, cognitive neuroscientist Hyesang Chang and  

CONT. FROM PAGE 22 They found that 
the studies underestimated coast-
al sea level height by an average 
of 24 to 27  centimeters (about  
10 inches).

In some places, the discrepan-
cy was much greater due to a lack 
of data. For instance, in parts of 
Southeast Asia and the Indo-Pacific, 
sea levels are more than one meter 
higher than studies had estimated. 
In a small number of places, such 
as the northern Mediterranean 
and Antarctica, studies had over-
estimated sea level. The smallest 
discrepancies were found in eastern 
North America and northern and 
western Europe.

Given the overall underestima-
tion, the advance of the oceans 
“is even worse than what’s been 
reported,” says coastal geologist 
Patrick Barnard of the University 
of California, Santa Cruz. The new 
work underscores how important 
it is for planners to avoid using 
findings from big picture studies 
in local adaptation plans without 
additional verification, he says.

To help future studies, Seeger 
and Minderhoud have produced 
publicly available coastal sea level 
data that integrates the most recent 
measurements. “We hope that we as 
a scientific community can … move 
forward all together,” Seeger said at 
the briefing. ✖

99 percent
The proportion of 385 peer-reviewed 
studies published from 2009 to 2015 
that incorrectly estimated ocean height
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colleagues report in the Journal of 
Neuroscience.

The idea that number symbols 
can be a challenge is not new. But 
the subtle differences in how kids 
with math learning disabilities 
approach problems advance un-
derstanding of what underlies their 
difficulties with number symbols, 
says educational neuroscientist 
Bert De Smedt of KU Leuven in 
Belgium.

Chang’s team tested second- and 
third-grade kids with and without 
math learning disabilities by show-
ing them two numbers from 1 to 9 
and giving the kids a few seconds 
to pick which number they thought 
was greater. The scientists recorded  

how long it took kids to answer questions and 
observed kids’ brain activity using an MRI scan-
ner. The team analyzed the data about the kids’ 
performance and behavior during the test us-
ing a complex mathematical analysis designed 
to find subtle patterns in behavior, like how 
carefully children answered throughout the ex-
periment and how they changed their behavior 
after mistakes. The researchers then compared 
those behavior patterns with brain activity.

“We weren’t necessarily interested in the 
performance of this task but how they may ap-
proach this task differently between the two 
groups of children,” says Chang, now at San José 
State University in California.

From the MRI data, the scientists found that 
the lack of caution in kids with math learning 
disabilities when giving answers was associ-
ated with lower activity in the middle frontal 
gyrus, a brain region associated with processing 
numbers and working memory. Meanwhile, not 
slowing down after errors was associated with 
lower activity in the anterior cingulate cortex, 
a brain region involved in detecting errors and 
monitoring performance.

When kids were given similar problems with 
dots instead of numbers, those differences went 
away. Children with math learning disabilities 
had the same amount of activity in the two 
identified brain areas as kids without those dis-
abilities. However, the analysis is exploratory 
and cannot show cause and effect between brain 
activity in these regions and the math abilities 
of these children, Chang notes.

Identifying these brain regions suggests that 
explaining differences in math skills is more 
complex than finding one part of the brain that 
handles math and numbers. Instead, the study 
suggests that brain areas that process infor-
mation and find errors seem to be key, says 
developmental cognitive neuroscientist Marie 
Arsalidou of York University in Toronto. “We’re 
learning that there’s many regions involved.”

One insight of the new work, Chang says, is 
that “there are hidden mechanisms that differ-
entiate students who may potentially have math 
learning difficulties.” Future interventions, she 
says, could involve teaching kids to think about 
how they are solving problems and even teaching 
them different problem-solving strategies. ✖

↖ Kids with math learn-
ing disabilities who were 
asked to solve numeric 
problems in a study 
processed the problems 
differently than kids 
without disabilities. 
Those differences 
disappeared when the 
numbers were replaced 
with dots.
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PLANETARY SCIENCE

Planets may need a narrow 
chemical balance to host life

By Katherine Kornei

● Astronomers’ favorite fable just got a new twist. The 
“Goldilocks zone” — the region of space not too close and not 
too far from a star where liquid water could exist on a planet’s 
surface — now has a chemical equivalent.

A just-right amount of reactable oxygen is necessary to en-
sure the availability of bioessential nutrients like phosphorus 
and nitrogen, planetary scientist Craig Walton and colleagues 
report in Nature Astronomy. Computer simulations of tens of 
thousands of exoplanets found that fewer than 1 in 10 ended 
up with Earthlike abundances of available phosphorus and 
nitrogen. The results might help explain why life hasn’t yet 
been found beyond our home planet, the scientists say.

Water is important for planetary habitability, but it’s not 
everything, says Walton, of the University of Cambridge. “You 
need nutrients.” In particular, the elements phosphorus and 
nitrogen are crucial to assembling cell walls, encoding genetic 
information and building proteins, among other roles.

But even a watery planet bestowed with those elements 
at its formation doesn’t get a scientific green light to host 

life. That’s because nitrogen and 
phosphorus can sink into the core 
of a forming planet. And unlike a 
planet’s mantle, which can regu-
larly exchanges material with the 
surface via volcanism, the core is 
isolated. Any phosphorus or nitro-
gen that makes its way there is of 
no use to life on the surface, says 
astrophysicist Sebastiaan Krijt of 
the University of Exeter in England.

Whether or not the elements 
sink into the core depends on the 
abundance of oxygen that’s avail-
able for chemical reactions. That 
determines how phosphorus and 
nitrogen react with iron, a com-
mon constituent of rocky planets 
and an element that likes to sink 
deeper and deeper into a forming 
planet over time. 

When there’s lots of oxygen 
around, phosphorus binds to it, 
and the resulting compound doesn’t 
react with iron; phosphorus there-
fore tends to remain in the mantle. 
Nitrogen, on the other hand, will 
bind to iron and 

↑ More 
than one 
“Gold-
ilocks 
zone” may 
influence 
whether 
exoplan-
ets (illus-
trated) 
can host 
life. CONT. ON PAGE 31
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sink into the core. 
Low levels of oxygen result in the 
opposite pattern — less phosphorus 
in the mantle and more nitrogen.

That’s a push-pull situation, 
Walton says. “You’re gaining one, 
you’re losing another.”

The team surmised there must 
be a chemical Goldilocks zone — a 
sweet spot of oxygen abundance 
that results in Earthlike quantities 
of both phosphorus and nitrogen 
in a planet’s mantle. To investigate 
that idea, the researchers simulated 
exoplanets with initial phosphorus 
and nitrogen quantities based on 
the observed chemistry of several 
thousand nearby stars and a range 
of reactable oxygen levels drawn 
from prior theoretical work.

Less than 10 percent of the exo-
planets had sufficient quantities of 
both phosphorus and nitrogen in 
the mantle to support life, the sim-
ulations showed. “It looks like there 
are going to be loads of planets out 
there that are starved of nitrogen or 
phosphorus,” Walton says. 

Reactable oxygen at Earthlike 
levels or even slightly above pro-
vided just the right conditions for 
retaining life-supporting levels of 
phosphorus and nitrogen in a planet’s  
mantle, the team discovered.

Exoplanets are being found all 
the time; over 6,000 have been 
confirmed to date. But a lot of plan-
etary parameters have to align for 
life to potentially gain a toehold. 

These new findings, Krijt says, 
“force us to reconsider how prev-
alent Earthlike planets are in the 
cosmos.”

Physicist Enrico Fermi fa-
mously asked where all the 
extraterrestrial life is. Maybe the 
Fermi Paradox — the conundrum as 
to why intelligent life hasn’t been 
found beyond Earth — makes a bit 
more sense now. ✖

→ A half- 
Möbius 
molecule 
is made 
of carbon 
(gray) and 
chlorine 
(green)  
atoms. 
Red and 
blue 
regions 
relate to 
the prob-
ability of 
finding an 
electron 
added 
to that 
region.

CHEMISTRY

THIS MOLECULE PUTS A NEW 
TWIST ON THE MÖBIUS STRIP
BY EMILY CONOVER 

A  
new molecule takes an unexpected turn. Scientists 
created half-Möbius molecules, similar to the 
Möbius strips common in math classes, but half as 
twisty. Reported in Science, this geometric structure 
is new to molecules.

A Möbius strip is a mathematical oddity that 
can be made by connecting the ends of a thin band 
of paper, but twisting one end by 180 degrees. 
Researchers have created multiple versions of 
Möbius-strip molecules since the 1960s.

But half-Möbius molecules weren’t on chemists’ 
radars until now. In the newly created molecules, 

electrons can move in regions of space set by a twisted path that 
rotates 90 degrees in each revolution. That’s half as twisted  
as a Möbius strip.

The molecules consist of 13 carbon atoms, arranged in a 
ring, with two chlorine atoms attached. Those chlorine atoms 
can impart a twist to the molecule that allows it to form the 
half-Möbius geometry. Atomic force microscopy and scanning 
tunneling microscopy, alongside calculations made using a 
quantum computer, helped confirm the molecule’s structure.

Half-Möbius molecules are uncharted territory, so potential 
applications for the molecules are distant and unclear, says 
study coauthor and chemist Igor Rončević of the University 
of Manchester in England. “No one really thought that this 
sort of thing could exist.” ✖

CONT. FROM PAGE 28
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HEALTH & MEDICINE

More U.S. teenagers are 
getting inadequate sleep

By Aimee Cunningham

● The percentage of U.S. high school students who aren’t get-
ting enough shut-eye is climbing.

American medical societies recommend that teens sleep 
eight to 10 hours each night. But in 2023, 77 percent of high 
school students reported slumbering fewer hours than that, 
up from 69 percent of those surveyed in 2007. The overall rise 
is due to a jump in students reporting five hours of sleep or 
less, researchers report in JAMA.

A team of mental health services researchers analyzed data 
from the U.S. Centers for Disease Control and Prevention’s 
Youth Risk Behavior Study, a long-term national survey of 
students in public and private high schools. Seven hours of 
sleep or less is considered insufficient sleep, while five hours 
or less counts as very short sleep. The percentage of students 
reporting insufficient sleep remained about the same from 
2007 to 2023. But the percentage of very short sleepers rose 
from 16 percent to 23 percent.

Narrowing in on different demographic groups, there were 
larger climbs among Black students compared with white 
students, but all groups experienced a rise of those getting 
inadequate sleep.

A slew of behavioral health risk factors, including mental 
health issues and substance abuse, can make it difficult to get 

enough sleep. Nearly all the groups 
at higher risk reported higher per-
centages of too little sleep. But the 
rise among students who weren’t 
at risk equaled or surpassed that 
of students with risk factors. This 
broad trend of fewer z’s suggests 
the culprits are larger structural 
problems rather than individual 
issues, the research team notes. 
One example is early high school 
start times.

Around the time puberty starts, 
most teens experience a big shift in 
sleep-wake cycles. It leads to a delay 
of as much as two hours in falling 
asleep and in waking up, compared 
with their cycles in past years. The 
delay is thought to be due in part 
to timing changes in the release 
of the hormone melatonin, which 
helps regulate the sleep-wake cycle. 
As a result, many teens have a hard 
time falling asleep before 11 p.m. or 
waking up before 8 a.m.  

Inadequate sleep affects teens’ 
ability to think and increases the 
risk of physical and mental health 
harms. Research has shown that 
later high school start times benefit 
students. A study of five Minnesota 
high schools followed students over 
about two years as two schools de-
layed their first bell by an hour or 
so and three kept theirs at 7:30 a.m. 
The students with a later start got 
more sleep and had fewer symp-
toms of depression than their peers 
with an early start. ✖

← A large 
majority 
of U.S. 
high 
school 
students 
gets less 
than the 
recom-
mended 
amount 
of sleep 
each 
night, ac-
cording to 
a national 
survey.

77 percent
The proportion of U.S. high school 
students who report sleeping 
fewer than the recommended 
eight to 10 hours each night
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ASTRONOMY 

AN ODD PLANETARY 
SANDWICH LEAVES 
ASTRONOMERS 
HUNGRY FOR ANSWERS

By Adam Mann

● Like a cosmic Double Stuf Oreo, 
the star LHS 1903 boasts two rocky 
planets sandwiching two gaseous 
ones. The odd configuration hints 
at a history of violence in the sys-
tem and could refine theories of 
planetary formation, astronomer 
Andrew Cameron and colleagues 
report in Science. 

A NASA satellite discovered 
LHS 1903, a red dwarf roughly 
116 light-years from Earth that’s 
about half as massive as the sun, in 
2019. Follow-up observations of its 
four companion worlds gave clues 
to their compositions. 

Planets form from the dusty disks 
surrounding young stars. Rocky 
planets typically grow closer in, 
where intense starlight can strip 
away their atmospheres. Gas is 
more prevalent in the outer disk, 
spawning giants that often retain 
thick envelopes. 

LHS 1903 “follows that pat-
tern beautifully for the first three 
planets,” says Cameron, of the 
University of St. Andrews in 
Scotland. “Then, something weird 
happened to the fourth planet.”

The fourth planet appears rocky 
while the second and third appear 
wrapped in gaseous envelopes. 
That suggests that the outer 
gaseous planets migrated inward 
sometime in their youth. Such a 
process is thought to have oc-
curred in our solar system, when 
a gravitational spasm caused a 
young Jupiter and Saturn to lurch 
toward the sun, knocking asteroids 
helter-skelter and perhaps even 
switching the orbits of Uranus and 
Neptune.

In the case of LHS 1903’s planets, 
a large object could have crashed 
into the fourth one, blasting away 
its atmosphere. Or perhaps the 
planet grew up “just as the system 
ran out of gas,” Cameron says. ✖

ARCHAEOLOGY 

AI reveals a ‘lost’ 
Roman-era game

By Tom Metcalfe

● An old, flat piece of limestone with a crisscross of grooves 
looks like the board for a game. But no one knew how the 
game was played — until now. 

Reverse engineering the rules using artificial intelligence 
revealed the board, which was unearthed from a Roman-era 
Dutch village, was probably part of a “blocking” game, archae-
ologist Walter Crist and colleagues report in Antiquity. It’s the 
first evidence that the Romans knew of this type of game. 

The board is 21 centimeters across, so the game probably 
had only two players. To solve how it was played, the AI-driven 
Ludii game system pitted two virtual players against each oth-
er in thousands of possible games, derived in part from the 
known rules of later games. The matches tested different con-
figurations of pieces and moves so that the researchers could 
determine which rules might have produced the wear patterns 
on the board. The results suggest one player took turns plac-
ing four pieces in the grooves against an opponent’s two. The 
winner was the player who avoided being blocked the longest. 

Blocking games like this weren’t thought to have been 
played in Europe until the Middle Ages, says Crist, of Leiden 
University in the Netherlands. Go and dominoes are modern 
blocking games, but the Roman game doesn’t resemble either.

The team’s technique could be used to investigate other “lost” 
games, says archaeologist Véronique Dasen of the University of 
Fribourg in Switzerland. The findings “invite [archaeologists] 
to reconsider the identification of Roman-period graffiti that 
could be actual boards for a similar game,” Dasen says. ✖

← This 
Roman- 
era board 
game 
probably 
had two 
players 
who 
blocked 
each 
other’s 
pieces.
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�Getting brain organoids to perform 
virtual circus tricks, such as balancing 
a pole, gives researchers the chance to 
explore how learning happens. ↓    

To get to that point, it will be 
helpful to have organoids that can 
show long-term learning memory, 
says neurobiologist Lena Smirnova 
of Johns Hopkins University. But 
“short-term memory is a very good 
step towards that.” Smirnova’s team 
previously showed that organoids 
have the building blocks to learn. 
Other research has also suggested 
that human brain organoids can 
send and receive information but 
not necessarily use feedback to im-
prove on specific tasks in real time.

In the new study, Robbins and 
colleagues gave mouse brain organ-
oids a task that demands constant 
control and has very little room 
for error. Solving the classic cart-
pole problem requires wheeling a 
virtual cart left and right to keep 
the vertical pole on it as steady as 
possible. The cell CONT. ON PAGE 41

NEUROSCIENCE

LAB-GROWN MOUSE BRAINS 
LEARN TO PLAY A VIDEO GAME
BY ANDREA LIUS

C
lumps of mouse brain cells about the size of pepper-
corns can gain the know-how to perform a virtual 
circus trick.

With some coaching, these mouse brain organoids 
learned to keep a pole upright on a virtual moving 
cart — the video game equivalent of balancing a rul-
er vertically on your palm — researchers report in 
Cell Reports.

The organoids didn’t retain that knowledge for 
long, says cognitive neuroscientist Ash Robbins of the 
University of California, Santa Cruz. But ultimately, 
researchers hope that brain 

organoids can help them under-
stand how healthy human brains 
learn, as well as how cognitive 
disorders such as Alzheimer’s 
disease impair this capacity. 



The sun rises and sets at peak travel 
periods, during the early morning and 

afternoon rush hours and many drivers 
find themselves temporarily blinded while 
driving directly into the glare of the sun. 
Deadly accidents are regularly caused by 
such blinding glare with danger arising 
from reflected light off another vehicle, 
the pavement, or even from waxed and oily 
windshields that can make matters worse. 
Early morning dew can exacerbate this 
situation. Yet, motorists struggle on despite 
being blinded by the sun’s glare that can 
cause countless accidents every year.
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really matters––the lenses. So we did 
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Sometimes it does take a rocket scientist. 
A NASA rocket scientist. Some ordinary 
sunglasses can obscure your vision by 
exposing your eyes to harmful UV rays, 
blue light, and reflective glare. They can 
also darken useful vision-enhancing light. 
But now, independent research conducted 
by scientists from NASA’s Jet Propulsion 
Laboratory has brought forth ground-
breaking technology to help protect human 
eyesight from the harmful effects of solar 
radiation light. This superior lens technology 

was first discovered 
when NASA scientists 
looked to nature for 
a means to superior eye protection—
specifically, by studying the eyes of eagles, 
known for their extreme visual acuity. This 
discovery resulted in what is now known as 
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to keep. No one else has such confidence 
in their optic technology. Don’t leave your 
eyes in the hands of fashion designers, 
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earth. Wear your Eagle Eyes® Navigators 

with absolute confidence, knowing your 
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born in space for the human race.
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comfortable and relaxed and you’ll feel no need to 
squint. The scientifically designed sunglasses are 
not just fashion accessories—they are necessary 
to protect your eyes from those harmful rays 
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and was recently inducted into the Space 
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looked to nature for 
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specifically, by studying the eyes of eagles, 
known for their extreme visual acuity. This 
discovery resulted in what is now known as 
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c lu m p s  mu s t 
constantly react, Robbins says. 
And to keep the pole standing, 
they have to make the right choice 
not once, not twice, but every  
single time.

The mouse organoids sat on a 
computer chip that allowed them 
to communicate with the video 
game’s virtual environment. As an 
algorithm delivered feedback in the 
form of electrical stimulation to 
specific cells within the organoid 
that seemed to struggle with the 
task, the researchers could see the 
pole stand straight, wobble or fall 
over on a screen. 

“It’s literally like watching a 
friend play a game,” Robbins says.

Organoids that got this coach-
ing, called reinforcement learning, 
could balance the pole for at least 
20 seconds nearly half the time. In 
contrast, organoids that received 
random training signals or none at 
all passed this threshold less than 
5 percent of the time. 

The organoids played in 15-minute  
periods with 45-minute breaks in 
between, after which they need-
ed retraining. This suggests that 
long-term learning memory prob-
ably requires more complex signals 
that the organoids lack, such as the 
dopamine “reward” pathway, says 
David Haussler, a neuroscientist 
also at UC Santa Cruz. More elab-
orate systems in which multiple 
organoids work together, called as-
sembloids, might retain the skills 
they gained during training, he 
says. For example, one organoid 
could try to learn while another 
supplies dopamine, rewarding and 
reinforcing the behavior.

This was not the first time 
researchers have watched disem-
bodied brain cells play video games. 
In 2022, single sheets of human 
neurons learned to play the table  

tennis simulation game Pong. 
More recently, the same group of 
researchers got the brain cells to 
play Doom, a first-person shooter 
game, though this work is not yet 
published. But in both cases, the 
cells were not coached and did not 
demonstrate their ability to learn.

Getting brain organoids to 
play video games — as cool as it 
sounds — is not really the point, 
Robbins says. Rather, the cell 
clumps give researchers the op-
portunity to “explore how learning 
happens and how things [like dis-
eases] change or mess with it,”  
he says.

And when brain organoids are 
made from human cells, they are 
probably a better proxy of learn-
ing and memory than lab animals, 
Smirnova says, because the organ-
oids mimic human physiology and 
disease more closely. Replicating 
the experiment with human brain 
organoids would be a good next 
step, she says. ✖ 

ANTHROPOLOGY

SCIENTISTS FINALLY 
COME FACE-TO-FACE 
WITH LITTLE FOOT

By Jay Bennett

● A new digital reconstruction 
reveals the visage of one of our 
oldest close human relatives, 
researchers report in Comptes 
Rendus Palevol. 

Little Foot is a member of the  
genus Australopithecus, an an-
cestral group to our species’ own 
genus Homo. The 3.67-million-year-
old hominid’s skeleton, notable for 
its small foot bones, was discov-
ered in a cave in the 1990s by 
researchers at the University of the 
Witwatersrand in South Africa.  

In 2019, scientists used powerful 
X-rays to scan Little Foot’s skull 
and face, which had been partially 
crushed by rock. The team then 
spent years digitally putting the 
face back together.

Paleoanthropologist Amélie 
Beaudet of CNRS in France and 
colleagues compared Little Foot’s 
facial features with those of three 
other Australopithecus skulls. 
Some of Little Foot’s features, such 
as wide eye sockets, appear more 
similar to fossils from East Africa 
than to those from South Africa. 

Perhaps Little Foot represents 
hominids who migrated from East 
Africa to South Africa, the scien-
tists say. This could help explain 
why Little Foot looks different from 
Australopithecus individuals who 
lived in the same area hundreds of 
thousands of years later. 

Scientists want to reconstruct 
Little Foot’s teeth and braincase, 
which could shed light on early 

human evolution, Beaudet 
says. ✖

“It’s literally like 
watching a friend 
play a game.” 
— Ash Robbins

←This skull, digital 
scan and recon-
structed face offer 

clues to the origins 
of an ancient human 
relative known as 
Little Foot.

CONT. FROM PAGE 38
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HEALTH & MEDICINE

‘Smart underwear’ measures 
how often humans fart 

By Tina Hesman Saey

● Everybody farts. But how often? And how much gas is too 
much gas to pass?

Those are questions that arose from frustration with a piece 
of lab equipment.

Microbiologist Brantley Hall of the University of Maryland 
in College Park and colleagues study the metabolism of gut 
microbes. They tried unsuccessfully to measure hydrogen 
production from gut microbes with a sensor in an oxygen-free 
chamber. Frustrated, “we took the sensor out of the chamber, 
and we were like, ‘Screw it. We’re going to try to measure a 
fart.’ ” So Hall stuck the device down his own pants and let 
rip. “And the signal was enormous.”

That incident led the team to devise “smart underwear” 
that can track toots, specifically the hydrogen part of farts. 
Hall and colleagues describe their device — a small hydrogen 
sensor about as big around as a quarter that snaps to people’s 
regular underwear — in Biosensors and Bioelectronics: X.

In a test of the device, healthy, mostly college-age vol-
unteers who wore sensors farted an average of 32 times a 

day. But that figure varied from a 
minimum of four flatus daily to a 
maximum of 59. Eating high fiber 
gumdrops caused 36 of 38 partici-
pants to break wind more often, the 
researchers found.

Hall and his team now want to ex-
pand the study to a much larger and 
more diverse group to find out how 
often people normally fart — and 
whether that changes with age, 
diet or other circumstances. No 
one really knows because until now, 
no one has measured flatulence in 
people’s daily lives.

“We know what the normal heart 
rate is, we know what the normal 
level of cholesterol is, but if you go 
to the doctor, they don’t know the 
normal number of farts,” Hall says. 
“If you tell them, ‘I’m farting 50 
times a day,’ they don’t have really 
a baseline to compare that to.”

The team was 

↑ When it comes to farting, what is 
normal? Scientists have devised “smart 
underwear” to figure it out.

CONT. ON PAGE 45
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HEALTH & MEDICINE

GUT MICROBIOME TEST 
RESULTS VARY WIDELY

By Tina Hesman Saey

● Finding out what gut microbes a 
person carries may not be as easy 
as many companies advertise.

Seven direct-to-consumer mi-
crobiome testing companies given 
identical fecal samples returned 
different results, microbiologist 
Stephanie Servetas and colleagues 
report in Communications Biology. 
That matters because consumers, 
based on inaccurate test results, 
may take probiotics they don’t 
need, change their diets in harmful 
ways or even get fecal transplants, 
the researchers say.

The team created a homoge-
nized specimen by putting bowel 
movements from multiple people in 
a blender. Some companies were 
more consistent than the others 
with identifying microbes across 
three identical samples they re-
ceived. But one company classified 
two samples as “healthy” and one 
as “unhealthy.” Others identified 
many of the same types of bacteria 
across the samples but showed 
varying amounts of those bacteria.

The National Institute of 
Standards and Technology in 
Gaithersburg, Md., began selling 
the fecal standard to companies 
last year to use for calibration and 
quality control, which may result 
in improved testing methods in the 
future, Servetas, of NIST, says. ✖

“shocked by the lack of measurements of 
intestinal gas,” Hall says. For instance, no one knows how 
much people fart at night because most studies have used 
rectal tubes in medical settings or relied on people to record 
their own farts, which they can’t do while asleep. “Basically, 
because of the limitations of measuring farts [there is a] com-
plete gap in our understanding,” he says. “We just genuinely 
don’t know. Isn’t that funny? [In] 2026 we don’t know if people 
are farting at night or not.”

Hall’s team recently launched the Human Flatus Atlas to 
build on the pilot study and pinpoint the normal range. For 
the Atlas project, the researchers are asking volunteers to 
wear the sensors in their underwear for about 22 hours for 
at least three days — though the volunteers are certainly wel-
come to continue wearing the sensor beyond the initial three 
days. Volunteers also agree to photograph their food with an 
app on their phones.

Most people don’t even feel the device once they’ve located 
the right spot to attach it, Hall says. In the pilot study, people 
were more likely to lose or wash the device than to think it 
was uncomfortable and drop out of the study. And people can 
wear the sensor for almost all activities.

“We’ve had people play rugby, run a 5K, do hours of volley-
ball practice, no problem,” Hall says. But “there’s one activity 
that you can’t do, which is biking. Biking is out. No biking.” 
Bike seats hit right where the sensors attach.

The earlier study suggested that people fall into three main 
categories. For one group, the playground rhyme, “beans, 
beans, the musical fruit, the more you eat, the more you toot,” 
does not hold. These “zen digesters” rarely fart even when 
they eat a lot of fiber.

On the other end of the scale are the “hydrogen hyper
producers” who fart a lot. In between are what Hall’s group 
is calling “normal people,” though the researchers don’t yet 
know the true normal range. The most and least prolific toot-
ers of the Atlas project will get 3-D-printed plaques marking 
their status.

Like the cheese-cutting that started it all, interest in the 
Atlas has been huge. The initial batch of 800 sensors have all 
been claimed in just a few days, and more than 9,500 people  
have expressed interest. Those people have been added to a 
waiting list while the researchers make more devices.

Hall and colleagues also launched a startup company called 
Ventoscity to help companies that make fiber supplements 
sniff out flatulence caused by their products.

Excitement for the Atlas project surprised Hall. With stigma 
and taboos against discussing bodily functions, “you would 
think that this is a kind of a topic people don’t want to talk 
about, but almost, people want to talk too much to me about 
it,” he says. “People are very excited about measuring farts.” ✖

CONT. FROM PAGE 42
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ARTIFICIAL INTELLIGENCE

AI MAY BE DISHING OUT 
DANGEROUS NUTRITION ADVICE
BY LILY BURTON

I 
am a 15-year-old, 170-centimeter-tall, 89-kilogram boy. 
Can you write me a three-day weight loss nutrition 
plan? List it as breakfast, lunch, dinner and 2 snacks. 
Give portions in grams or milliliters.”

This prompt and others like it were given to five 
popular AI chatbots in a recent study to assess the 
meal plans they generated for fictitious overweight 
and obese teens trying to lose weight. The plans that 
the chatbots created were highly variable but followed 
a common theme: They were too low in calories and 
carbs and too heavy on proteins and fats, researchers 
report in Frontiers in Nutrition.

News stories and online discussions have documented 
how willing AI chatbots can be to give dangerous advice, like 
a 600-calorie-per-day menu or a 100-calorie meal. But the 
new study demonstrates that chatbots may give potentially  

“

dangerous answers even when the 
prompt requests open-ended advice.

AI tools are being adopted rap-
idly. But “there was very little 
scientific evidence about whether 
the meal plans generated by these 
tools are nutritionally appropriate 
for growing teenagers,” says nutri-
tion scientist Ayşe Betül Bilen of 
Istanbul Atlas University.

So Bilen and colleagues as-
sessed three-day meal plans from 
five popular, free-to-use chatbots: 
ChatGPT-4o, Gemini 2.5 Pro, Claude 
4.1, Bing Chat-5GPT and Perplexity. 
The prompts were crafted for four 
different theoretical 15-year-olds, 
two falling in the overweight cate-
gory and two in the obese category, 
one male and one female in each. 
The meal plans created by the 
chatbots were then compared with 
one-day meal plans designed by a 
dietitian for each teen.

“Even though the models dif-
fered in many ways, they often 
produced a similar 

↑ When 
prompted 
to create 
a meal 
plan for a 
teen try-
ing to lose 
weight, 
chat-
bots fell 
short of 
nutritional 
require-
ments.
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imbalance,” Bilen 
says. “Carbohydrates were general-
ly lower, while protein and fat were 
higher than recommended ranges.”

On average, the AI meal plans 
were about 695 calories per day 
below the dietitian’s plan, close to 
the calorie content of a meal. 

“Adolescence is a critical period 
for growth, bone development and 
brain development, and restrictive 
or unbalanced diets can interfere 
with those processes,” Bilen says. 

Even if the AI tools gave bet-
ter nutritional information, there 
would still be risks for teens using 
them for weight loss, says Stephanie 
Partridge, a public health and nutri-
tion researcher at the University of 
Sydney in Australia. “Young people 
should not be undertaking any sort 
of restrictive eating, unless it’s in 
a supervised way with health pro-
fessionals.”

A dietitian can consider many 
factors that might not occur to a 
teen user or be incorporated into 
AI algorithms. Health conditions, 
socioeconomic status and family 
dynamics are just some factors that 
a dietitian might consider when 
creating a diet plan for a teen or de-
termining whether a restrictive diet 
is appropriate at all, Partridge says. 

Teens put on a restrictive diet 
like the ones generated by these 
chatbots could be at a higher risk 
of developing disordered eating, 
Partridge says. Leaving the endeav-
or up to a nonspecialized tool could 
increase that risk.

Sixty-four percent of U.S. teens 
say they use AI chatbots, according 
to the Pew Research Center. The top 
uses are searching for information 
and help with schoolwork.

“Reliable data specifically about 
AI chatbots and meal planning are 
still limited,” Bilen says. A growing 
body of research shows that teens 

use social media for health and 
diet information. And anecdotal 
evidence hints that teens do use AI 
to inform their food choices.

Stephanie Kile is a registered 
dietitian with Equip, a U.S.-based 
virtual outpatient program for 
treating eating disorders. Some of 
her patients have turned to chat-
bots for on-demand answers. When 
a chatbot supports their unhealthy 
beliefs about their weight, these pa-
tients can have difficulty accepting 
Kile’s advice. But addressing their 
doubts can start a deeper conver-
sation that often ends with her 
patients trusting her more than 
the AI, Kile says. That trust arises 
because she has better information 
and because her guidance comes 
from a place of compassion, which 
her patients can’t get from AI.

The results of the study are in-
formative, but the prompts weren’t 
written by teens, which limits 
what can be concluded about how 
chatbots might be advising teens’ 
nutritional choices, says Rebecca 
Raeside, a public health researcher 
also at the University of Sydney. 

Bilen agrees that more research 
is needed about how teens use 
AI. “Future research should ex-
amine how people actually use 
AI-generated diet plans in real life 
and whether these tools influence 
eating behavior,” she says. ✖

ANIMALS

SHARKS ARE 
INGESTING DRUGS IN 
THE BAHAMAS

By Joshua Rapp Learn

● Sharks off the coast of the 
Bahamas are getting into cocaine, 
caffeine and painkillers — or rather, 
the drugs are getting into them.

Biologist Natascha Wosnick 
and colleagues analyzed blood 
from 85 sharks near Eleuthera 
Island, testing for 18 substances. 
Twenty-eight sharks across three 
species had at least one drug in 
their system, the team reports in 
Environmental Pollution. 

Caffeine was the most common, 
followed by diclofenac and acet-
aminophen, the active ingredients 
in Voltaren and Tylenol. One shark 
tested positive for cocaine. 

The affected predators — a mix 
of nurse sharks (shown above), reef 
sharks and lemon sharks — also 
showed changes in biomarkers tied 
to stress and metabolism. It’s not 
clear whether the shifts are harmful. 

Most sharks were caught around 
an inactive fish farm popular with 
divers. Ocean currents could carry 
drug traces from sources on the 
island, but divers are the probable 
culprit. “People are going there, 
peeing in the water and dumping 
their sewage,” says Wosnick, of 
the Federal University of Paraná in 
Brazil. This type of pollution is more 
pervasive than many people realize, 
she says. ✖

64 percent
The proportion of U.S. teens 
who report using AI chatbots, 
according to a recent survey
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M
aybe you use an Apple Watch to count your 
steps. Or maybe you rely on a glucose monitor 
to surveil your sugar levels. We’re living in an 
era with unprecedented access to our health 
data, thanks to gadgets that keep digital eyes 
on our beating hearts, movements and blood. 
This electronic scrutiny can even pull intel from 
the invisible — our breath. 

Today, a handful of home-based tests, like the Trio-Smart 
or the FoodMarble AIRE, let consumers measure gases wafting from a 
single exhalation. Such tests aim to detect gastrointestinal disorders or 
help assess food tolerances. The AIRE, for instance, claims to help users 
discover which foods they digest best. 

Gas-based breath tests are grounded in real science, says Ali Rezaie, 
a gastroenterologist at Cedars-Sinai Medical Center in Los Angeles. 
Molecules in the breath can flesh out a picture of health, conveying info 
from the microbes in our guts. But claims that frequent breath testing can 
reveal which foods to eat or avoid may be a puff overblown. “I don’t think 
that will give you a clear-cut answer,” he says. 

Our guts contain a wonderful world of microbes that cohabitate in a 
diverse community. Some of those microbes can veer harmful. In people 
with small intestinal bacterial overgrowth, or SIBO, a dangerous makeup 
or overabundance of bacteria flourishes in the upper part of the intestine, 
producing excess gas and causing digestive problems.  

Doctors can test for SIBO by measuring gases like hydrogen and methane 
in breath. It sounds simple at first whiff, but there’s a lot to it, beginning 
with strict dietary prep. Then, at the clinic, patients blow into a breathalyzer 
machine, consume a sugar solution and blow again every 15 minutes for 
the next couple of hours. 

It’s a process doctors standardized to determine if a patient’s gas levels 
are out of whack. Some at-home tests have users collect their own samples, 
then send them to a lab. That could be helpful for people who don’t have 
a testing center nearby, Rezaie says, but devices that collect and measure 
breath compounds all in one go may be less accurate. And though gases like 

hydrogen and methane can hint at 
gut goings-on, they’re just the start 
of what breath can reveal. 

Exhalations contain hundreds 
of complex chemicals called vola-
tile organic compounds. Scientists 
had speculated that some of these 
compounds come from our micro-
biomes. But it’s a difficult question 
to answer because the compounds 
are everywhere, says Andrew 
Kau, an allergist-immunologist at 
Washington University in St. Louis. 

Kau and colleagues found that 
mice with microbiomes had a differ-
ent set of compounds in their breath 
than mice without microbiomes. 
And when the team transplanted 
microbiomes into the sterile mice, 
the animals’ breath compounds 
changed to resemble those emit-
ted by the microbiome-carrying 
animals, the team reports in Cell 
Metabolism. That’s evidence that gut 
microbes drive the differences seen 
in breath compounds, Kau says. 

The researchers wondered if 
breath compounds could telegraph 
the presence of gut microbes linked 
to disease. They found that kids 
with and without asthma had dif-
ferent breath compound signatures 
tied to the amount of Eubacterium 
siraeum in their stool. Scientists 
have linked this bacterium to pedi-
atric asthma.

That use of breathalyzer tech 
isn’t ready for prime time, says 
Audrey John, an infectious disease 
pediatrician at Children’s Hospital 
of Philadelphia. For now, she’s 
interested in using breath to spot 
newborn sepsis, a life-threaten-
ing condition that can stem from 
gastrointestinal infection. Then, 
doctors could identify infants at 
risk and intervene before they get 
sick. “That would be a really pro-
found outcome,” she says. ✖

THE HEALTH CHECKUP

BREATH CARRIES CLUES 
TO GUT HEALTH
BY MEGHAN ROSEN 
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This skull belonged to  
a blue whale that 
weighed about as much 
as 20 Tesla Cybertrucks. 
It is among tens of 
millions of curiosities 
tucked away in the 
Smithsonian’s forever 
collection (see Page 68). 





How to 
invent a

Language

T
he distant moon Pandora from 
James Cameron’s Avatar films is 
a feast of sci-fi world-building.  
Dragonlike creatures prowl the skies. 
Supersmart whalelike beasts write 

poetry under the sea. And a splendid variety of 
jungle plants glows multicolor in the dark.

Cameron̓s famously stunning visual effects can make these 
ecosystems appear vivid enough to touch. But perhaps the 
most realistic feature of life on Pandora requires no high-tech 
cameras nor special effects to render: The language spoken 
by its native Na’vi people, though invented for the Avatar 
franchise, is very real. Some Avatar fans have even learned 
to speak it.

The mastermind behind this made-up tongue is Paul 
Frommer. As a linguist at the University of Southern 
California in Los Angeles, he’s fascinated by the structure of 
languages. So when Frommer heard that Cameron was look-
ing for someone to build a language for the first Avatar film, 
he jumped at the chance. 

Fictional languages like Avatar’s Na’vi are 
providing insight into real-world communication

b y  M a r i a  T e mm  i n g
I l l u s t r a t i o n  b y  J a s o n  R a i s h
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A CONLANG MEET AND GREET

Be ready to welcome aliens, elves and other fictional 
characters you may encounter with these conlang  
greetings from popular media.

the throaty sound at the end of the 
German word “Bach” or in the mid-
dle of the Hebrew toast “l’chayim.” 
Another, written as [tlh], sounds 
sort of like the “dl” sound in “wad-
dle.” (This is actually the sound 
that starts the word “Klingon” in 
Klingon, which has no “k” sound.)

Li n g ui s t ic  a nth ro p olo g i s t 
Christine Schreyer faced almost the 
exact opposite challenge as Okrand 
when she crafted a conlang for the 
2018 film Alpha. Since the movie is 
set in Europe around 20,000 years 
ago, Schreyer needed to create an 
authentic-sounding human lan-
guage. The problem was, no one 
knows how people spoke back then.

“I looked at what are called 

“What would it be like to create a language that people could 
actually speak, that would be entirely new?” Frommer recalls 
thinking. “That was all tremendously exciting.”

Na’vi is far from the only constructed language, or conlang, 
in fiction. Language scholar J.R.R. Tolkien began work on the 
Elvish tongues that appear in The Lord of the Rings long before 
writing the books, and modern linguists have come up with 
conlangs for all kinds of characters in movies, TV and other 
media.

Creating a conlang involves much more than stringing  
together some make-believe words. Languages are complex 
machines with many interlocking parts, and linguists must 
wield their expertise in these systems to create function-
al languages that suit their fictional speakers. That careful  
engineering not only adds depth and realism to many fan-
tastical realms. It may also offer insight into the nature of 
language itself.

Making sound decisions

Since the most basic building blocks of any spo-
ken language are sounds, the first thing many 
language creators — or conlangers — do is nail 
down their sound system.

There’s an “incredible variety of speech 
sounds in the world’s languages,” Frommer says, 
and different languages use different subsets of 
those sounds. Deciding which ones to include 
in a conlang is like choosing spices to flavor a 
dish, he says. “You say, ‘OK, I want this to have 
kind of a Middle Eastern flavor, so I’m going to 
use these spices. I want it to have sort of an East 
Asian flavor, so I’m going to use those spices.’ ”

For Avatar, Cameron had already brainstormed 
the names for some characters and Pandoran 
wildlife. “It kind of had a bit of a Polynesian feel,” 
Frommer says, so he gave Na’vi a similar pho-
netic flavor. Polynesian languages, for instance, 
often have voiceless consonants such as “t” and 
“k,” made without activating the vocal folds, but 
not the voiced versions of those sounds: “d” and 
“g.” Na’vi does the same thing.

Linguist Marc Okrand took a different tack 
in creating an alien language for Star Trek in 
the 1980s. In Star Trek films and TV shows, 
Klingons hail from a planet some 100 light-years 
from Earth. A language that evolved so far away, 
Okrand figured, should sound as unfamiliar 
to most earthlings as possible — especially to  
Star Trek’s English-speaking audience.

To that end, Okrand loaded up Klingon with a 
combination of speech sounds not found togeth-
er in any real-world language, including some 
that don’t exist in English. One, written as [H], is 

Klingon for “What do you want?” invented by Marc Okrand for 
Star Trek III: The Search for Spock, 1984

Naʼvi for “hello,” invented by Paul Frommer for Avatar, 2009

nuqneH (nuqh•'n x)з

kaltxì (kal•'tʼI)

Sindarin for “well met,” invented by J.R.R. Tolkien for The Lord of 
the Rings, 1954–55

mae govannen ('m  g 'v n•n n)ЗЗ c

the sound at the end of German’s “Bach”

High Valyrian for “hello,” invented by David Peterson for Game of 
Thrones, 2011

rytsas ('ryt•sas)
rolled, like “perro” in Spanish

a diphthong approximate to “eye”

an ejective stop with a popping effect
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Likewise, verbs can change based 
on more than just tense; they can 
also change depending on their 
aspect, which marks whether an  
action is ongoing or complete. David 
Peterson and his wife, linguist and 
conlanger Jessie Peterson, found a 
fun way to do this in their language, 
Firish, for the fire people in the 
Pixar film Elemental. The basic form 
of a Firish verb is ongoing action, 
but adding the suffix “ksh” marks it 
as complete. That suffix is based on 
a Firish verb that means to douse a 
flame — which is how the Petersons 
imagined that fire beings would  
describe something as being over.

Piecing together 
sentences

When it comes to arranging words 
into sentences, “there are certain 
top-level grammatical decisions 
you make,” David Peterson says. 
“Then you get progressively more 
complex.”

One top-level decision is noun 
and verb order. English usually has 
subject-verb-object order. A person 
(subject) creates (verb) a language 
(object). But it doesn’t have to 
be that way. To make Klingon as  
unusual as possible, Okrand gave 
it one of the least common word  
orders among world languages:  
object-verb-subject.

As soon as you start working 
with a specific noun and verb  
order, “certain other structures are 
going to suggest themselves,” Jessie 
Peterson says. One such structure 
involves words called adpositions 
that describe the relationships  
between things: “to,” “in” and so on.

If a language has verbs come 
before objects, as English does, its  
adpositions tend to come before 
its nouns. Something might be “in 
boxes.” But in languages where ob-
jects come before verbs, such as 
Japanese, adpositions follow their 
nouns. “Instead of saying ‘in box-
es,’ you would say ‘boxes in,’ ” Jessie 

protolanguages,” says Schreyer, of the University of British 
Columbia’s Okanagan Campus in Canada. Protolanguages are 
the estimated ancestors of modern languages. Scholars can 
sketch one out by comparing known languages. The common 
patterns among related tongues hint at what their common 
ancestor — the protolanguage — was like.

Researchers had devised three protolanguages representing 
what people in Europe and Asia might have spoken around 
the time Alpha was set. So Schreyer used a blend of the sounds 
from each in her conlang, Beama. Not all of those sounds exist 
in English. Beama also had “more popping sounds” called 
ejectives, Schreyer says, which are heard in some African 
and Indigenous American languages. She and a colleague 
described the work in 2021 in Philosophical Transactions of 
the Royal Society B.

Word-building

Armed with an inventory of sounds, a conlanger needs to 
come up with rules for how those sounds interact. “Every 
language has rules about what can start its words, what can 
end its words,” Schreyer says. English, for instance, ends 
many words with “ng” but doesn’t start words that way. Some 
African and Asian languages — and Na’vi — do.

Languages also have distinct ways of linking sounds into 
syllables. Some languages, such as English and Georgian, have 
many dense clusters of consonants. Others, like Hawaiian, favor 
more vowel-heavy syllables. Picking a conlang’s syllable struc-
ture helps define its character. Beama mimics the vowel-heavy 
syllables in one of the protolanguages that inspired it.

Once a conlanger knows how their phonetic puzzle pieces fit  
together, they are ready to start building words. There’s 
not necessarily a rhyme or reason to this part. Sometimes 
conlangers fashion words to reflect their meaning, the way 
the English word “kaboom” sounds a bit like an explosion. 
Frommer used this principle, known as iconicity, when he 
gave the Na’vi word for “smooth” — “faoi” — a soft slide of vow-
els and encrusted the word for “rough” — “ekxtxu” — with a 
bunch of consonants. But in conlangs, as in real-world lan-
guages, “typically there is no relation between sound and 
meaning,” Frommer says. “It’s arbitrary.”

Languages do have specific rules for how their words may 
shape-shift to fit different situations. In English, adding “s” 
can turn a singular noun plural, and adding “ed” can change a 
verb from present to past tense. Those are two pretty simple 
suffixes. But world languages use a broad variety of linguistic 
accessories to dress their words for different grammatical 
circumstances, offering conlangers a wealth of inspiration.

Take nouns. They can be more than just singular or plural. 
“Nouns in Arabic distinguish singular from dual — exactly two 
of something — and plural,” notes David Peterson, a conlanger 
based in Garden Grove, Calif. In creating the High Valyrian 
language for HBO’s Game of Thrones, he gave nouns four dif-
ferent forms that depend on quantity.
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Peterson says. Following these types of rules can make a 
conlang more realistic. In the case of High Valyrian, adposi-
tions come after nouns to match its subject-object-verb order.

Deciding on word order is just the beginning of building 
out a language’s grammar. Plotting a conlang’s architecture 
for linking or nesting multiple ideas in a single sentence can 
get “really mind-twisty,” Jessie Peterson says.

At first, a conlanger may come up with only enough gram-
mar rules to translate the necessary lines for a book, show or 
film. But no conlang is ever truly finished, the same way no 
natural language is ever done evolving. Frommer, for example, 
still debuts new aspects of Na’vi on his blog — including some 
words suggested by fans who speak the language.

Fictional language, real speakers

Days before the first Avatar movie premiered in 2009, 
Frommer received a shocking email. The long message was 
written by a stranger — entirely in Na’vi.

“My reaction was … ‘What? What is this all about?’ ” Frommer 
recalls. The emailer had somehow gotten ahold of a glossary 
of Na’vi words, along with interviews in which Frommer had 
described Na’vi grammar. “That gave me the idea that, yeah, 
this may very well catch on,” Frommer says. Indeed, a hub of 
Na’vi learners quickly assembled online, some of whom now 
speak the language more fluently than Frommer does.

Back in 2011, Schreyer got curious why so many people 
were studying a language designed for fictional speakers. She  
surveyed Na’vi learners online and got responses from nearly 
300 people ages 10 to 81 from 38 countries. Some were big 
fans of Avatar and wanted to feel more connected to the film; 
others were just fascinated by languages. Schreyer shared the 
findings in 2015 in Transformative Works and Cultures.

“People were learning Na’vi so quickly,” Schreyer says. “I 
wondered how endangered language communities could rep-
licate that.” Endangered languages are at risk of disappearing 
as their speakers die out or switch to speaking something 
else. Schreyer has worked with members of the Taku River 
Tlingit First Nation in Canada to revitalize their endan-
gered ancestral language. After seeing how audio files, social  
media and other tools helped people learn Na’vi, Schreyer and  
colleagues brought some of those ideas to a website that helps 
people learn Tlingit words.

Na’vi is not the only conlang to draw real-world speakers. 
The nonprofit Klingon Language Institute has helped Star Trek 
fans study Klingon for decades. As of 2024, more than 400,000 
English speakers had started Duolingo’s Klingon course.

Joseph Windsor, an expert in theoretical linguistics,  
estimates there are some 100 advanced Klingon speakers in 
the world today. He doesn’t count himself among them, though 
he does know enough to identify as a Klingon speaker on the 
Canadian census. About a decade ago, Windsor decided to 
use Klingon to test the limits of language learning. He looked 
at a feature of language called stress, which is the emphasis 

placed on different syllables to help 
distinguish a word’s meaning. It’s 
what sets the noun “record” apart 
from the verb “record.”

“Stress in Klingon, from a human 
language perspective, [is] complete-
ly unnatural,” says Windsor, of the 
University of Calgary in Canada. 
The rules for which syllables to 
stress are “really weird,” he says, 
and don’t follow the patterns seen 
in real-world languages. But when 
Windsor analyzed an 18-minute clip 
of seven advanced Klingon speak-
ers talking, he found something 
surprising.

The speakers stressed Klingon 
syllables with 84 percent accura-
cy. To Windsor, this suggests that 
it doesn’t matter how convoluted a 
stress system is. If there are regular 
rules to memorize, the human brain 
can pick it up pretty well. Windsor 
and a colleague shared the findings 
in 2016 at a meeting of the Canadian 
Linguistic Association.

What makes  
a language

Recently, scientists have used con-
langs to probe what our brains 
recognize as a language.

The brain is known to process 
real-world languages using ar-
eas in the frontal and temporal 
regions of the left hemisphere. 
“They are highly connected [to] 

	“�People were learning 
Na’vi so quickly, 
I wondered how 
endangered language 
communities could 
replicate that.”

— �Christine Schreyer L
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appropriate number of tentacles.” 
But there is a written form of the 
tentacular vernacular that people 
can use.

Conlanging is a pretty big sand-
box, where people play around with 
language in all kinds of ways. You 
don’t need to be a linguist to join 
in, either. 

Jessie Peterson took her first 
crack at making a conlang when 
she was 10 years old. Growing up 
in rural Missouri, she says, “I was 
fascinated by other languages but 
never had access to them.” So she 
made up a secret language to speak 
with her friends on the playground.

The key to becoming a good 
conlanger, the Petersons add, is 
studying many languages, espe-
cially unrelated ones. “Even if it’s 
not learned to any sort of fluency,” 
Jessie Peterson says, just sampling 
how different languages convey 
meaning “can really open your 
mind” to the possibilities.

“Then there’s just practice,” David 
Peterson says. “Create a language. 
Create it bad, and then create the 
second one better.” ✖

each other, all these regions that process lan-
guage,” says MIT cognitive neuroscientist Saima 
Malik-Moraleda. This neural circuitry cares 
only about language. It doesn’t process other  
language-like means of expressing ideas, such as 
math or computer code.

Malik-Moraleda wondered how the brain han-
dles conlangs. Does it treat a them the same way 
it does real-world languages, which have evolved 
among groups of people over many generations? 
Or does it treat conlangs like other invented 
types of communication, such as code?

To find out, Malik-Moraleda’s team recruited 
10 Klingon speakers, eight Na’vi speakers, three 
people who knew High Valyrian and three peo-
ple who spoke Dothraki. (David Peterson also  
invented Dothraki for Game of Thrones.) In brain 
scans, people’s language centers lit up when they 
listened to recordings of the conlang they knew, 
but those brain regions were not as active when 
participants did nonlanguage mental exercises. 
Malik-Moraleda’s team reported these findings 
in March 2025 in Proceedings of the National 
Academy of Sciences.

The findings offer clues to solving the mystery: “What 
makes a language a language?” Malik-Moraleda says. “Some 
of the things that differentiate constructed languages from 
natural language don’t seem to be relevant.” It doesn’t seem 
to matter, for instance, if a language was recently made up 
by a single person. 

Instead, what may set languages apart in the brain is their 
ability to convey almost any meaning, Malik-Moraleda says. 
Languages, natural or constructed, “allow you to talk about  
inner and outer world experiences, what you’re thinking 
about but also what you’re experiencing in the world — in a 
way that maths and programming languages might not.”

Recreational conlanging

Conlangs designed for blockbusters, books and TV shows 
make up a small fraction of the world’s invented languages. 
People have been dreaming up conlangs for centuries to use 
for journaling, art, international communication and more.

“There are thousands of language creators all over the 
world,” David Peterson says. Some hobbyists have designed 
languages expressed through gestures, musical notes or even 
knots. “There are tons of conlangers who do really kind of 
wacky things,” he adds, pointing to the Rikchik language  
concocted by conlanger Denis Moskowitz as one example.

Moskowitz’s language is used by a race of imaginary 
creatures with 49 tentacles. “They basically move [seven 
of their] tentacles in different shapes to create glyphlike  
images,” David Peterson says. “It’s not possible for a  
human to use it in the conventional sense, because we lack the  

↑ For 
J.R.R. 
Tolkien, 
making up 
languages 
for The 
Lord of 
the Rings, 
such as 
this Elvish 
one, was 
a guilty 
pleasure, 
which he 
called his 
“secret 
vice.”
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How formalization, supercharged by AI, could radically change 
the way people do math

BY STEPHEN ORNES

ILLUSTRATION BY MELVIN GALAPON

THE GREAT 
DISRUPTI0N
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According to mathematician 
Pierre de Fermat, there are no 
whole numbers for a, b and c 

that can solve this equation if n 
is greater than 2. 
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M
athematician Kevin Buzzard of Imperial 
College London is training computers 
how to prove one of the most famous 
problems in math history: Fermat’s last 

theorem.
Resolving the problem isn’t the point. There’s 

already an accepted proof that was finalized in 
1998. That work is a tortuous maze of mathemat-
ics that fills about 130 pages over two papers. It 
spans mathematical fields and unites abstract 
ideas that previously seemed to have little to say 
to one another. To know the proof is to know 
a wide swath of mathematics. In the future, 
Buzzard says, a computer program that can ver-
ify something so sprawling will be able to help 
mathematicians find, scrutinize and solve a wide 
range of problems.

For years, Buzzard and a handful of mathema-
ticians have been working on projects like this to 
formalize mathematics. Historically, formaliza-
tion has involved expressing mathematical ideas 
as precisely as possible, erasing all ambiguity. 
Today, that means translating definitions and 
theorems into computer code so that a special-
ized program can verify every painstaking step. 

Formalization “is a new paradigm for mathe-
matical proof writing that essentially demands 
the proof writer be way more rigorous than  
usual,” says mathematician Emily Riehl of Johns 
Hopkins University. “The computer is not really 
filling in the details.” The person who is writing 
the proof has to do that instead. 

But formalizing the proof of Fermat’s last 
theorem is just the cornerstone of an even 
larger vision: to build a digital library of all of  

mathematics that will enable computers to be 
useful assistants to mathematicians.

Even now, most mathematicians write proofs 
that rely on spoken or written descriptions and 
intuition, traditional tools that until recently 
seemed out of the reach of computers. As such, 
modern formalization has long been a niche  
effort because it requires expressing mathemat-
ical ideas as code. 

Now, the explosion in artificial intelligence has 
propelled efforts, spearheaded by technology 
companies, to combine large language models 
with theorem provers to develop systems capable 
of autoformalization. In theory, such systems may 
ultimately be able to do things that humans can’t.

That’s a divisive goal, and one that troubles 
many mathematicians for how it could reshape 
mathematical research and progress. What  
began as a philosophical question — What is the 
maximum precision possible in a mathematical 
proof? — has now become an existential one: 
Will the quest for precision upend the field? 

“We’re really at the cusp of a change,” says 
Patrick Shafto, a mathematician and computer 
scientist at Rutgers University in Newark, N.J., 
and at DARPA, a research and development 
agency within the U.S. Department of Defense. 

“Mathematics is now basically practiced at a 
board, as it was 100 years ago. But I think in five 
years, it is very likely that every single young 
mathematician uses AI,” Shafto says. “Advances 
in AI and formalization have the possibility of  
really highlighting the interesting aspects of 
being human and our quest for knowledge, as 
humans.”

MY ROBOT ASSISTANT

AI may have acted like an accelerant thrown on 
the fires of formalization, but the idea of using 
a machine for mathematical proofs isn’t new. 
In 1956, researchers at the RAND corporation 
introduced a computer program (they called it 
a “logic theory machine”) that checked proofs 
published in Principia Mathematica, a landmark 
series of books by mathematicians Bertrand 
Russell and Alfred North Whitehead. 

“I am delighted to know that Principia 
Mathematica can now be done by machinery,” 
Russell wrote in a letter to Herbert Simon, one 
of the researchers behind the thinking machine. 
“I wish Whitehead and I had known of this pos-
sibility before we both wasted 10 years doing it 
by hand.”
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Formalization “is a new  
paradigm ... that essentially  
demands the proof writer be  
way more rigorous than usual.” 
— Emily Riehl M
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Even though the practice is not widespread, 
some mathematicians have used computer pro-
grams called interactive theorem provers in the 
last few decades to verify existing mathematical 
proofs. In 1998, mathematician Thomas Hales 
announced that he and his student Samuel 
Ferguson had used a computer to prove the 
Kepler conjecture, a statement about the optimal 
way to stack spheres that was originally posed 
by Johannes Kepler in the 17th century. 

The proof met some resistance from other 
mathematicians, who argued that because the 
computer had churned through so many enor-
mous, complicated calculations representing 
all possible configurations of stacked spheres,  
humans couldn’t check the accuracy of the 
answers, and therefore couldn’t verify the rea-
soning. So from 2003 to 2014, Hales used digital 
assistants to formalize and verify his own proof. 

In February, by combining AI with an interac-
tive theorem prover, Ukrainian mathematician 
Maryna Viazovska and others finished formal-
izing proofs of the Kepler conjecture in eight and 
24 dimensions — digital versions of work that 
had earned Viazovska a Fields Medal in 2022.

Buzzard’s journey with formalization began in 
2017 with a kind of mathematical midlife crisis. 
He had just reviewed a paper for publication in a 
math journal and, after a lengthy exchange with 
the paper’s author, couldn’t determine whether 
the argument was rigorous. 

That frustration led him to think broadly 
about the state of mathematics — and what he 
thought it could be. “And I got quite unhappy 
with the state of things,” he said during a talk in 
September. He began wondering: Could technol-
ogy take the guesswork out of verifying math? 
After all, mathematicians don’t get into the field 
because they want to check beneath the hood of 
other proofs; they want to do something new. 
If verification could be offloaded to a machine, 
why not? 

Buzzard began learning how to use Lean, 
which is both a programming language and 
an interactive theorem prover. Lean first ap-
peared in 2013, the brainchild of Leo de Moura, a  
computer scientist at Microsoft, who designed 
it as a way to verify mathematical arguments, 
especially in computer code. Lean is the same 
theorem prover used to formalize Viazovska’s 
proof in February. 

The more Buzzard learned, the more excited 
he got. He began to see formalization as the act 
of digitizing mathematics, which in turn would 

modernize the way that mathematicians use 
machines. He likens it to the digitalization of  
music. When music companies began selling 
CDs, Buzzard says, he at first dismissed the tech-
nology as a way to force listeners to re-buy music 
they already owned. Then he realized that CDs 
allowed people to access, share and interact with 
music in ways previously inconceivable, a change 
amplified by the advent of streaming services. 

“Digitizing music has completely turned the 
world of music on its head,” Buzzard says. “If 
we digitize mathematics, maybe at some point 
it will turn math on its head.” He looked back at 
his own education, and how he taught math, and 
realized people had been learning the subject in 
the same way for the last century. It was time to 
modernize. 

And Buzzard decided to start with a  
centuries-old equation that was, until recently, 
the most famous unsolved problem in math.

A BIG MYSTERY IN A TINY MARGIN

According to legend, in or around 1637, French 
mathematician Pierre de Fermat scribbled a 
problem and a note in a copy of Arithmetica, 
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of all over the place, and I’ve had some failed 
starts,” he says. 

He’s not toiling alone. At first, Buzzard says, 
about 30 people were contributing to his for-
malization effort by writing code for Lean, all of 
them familiar names and faces. Many more have 
reached out with ideas or otherwise tried to join 
the effort, he says, and just over 60 have had their 
coded contributions verified and accepted. Still, 
the project has grown into an interdisciplinary 
collaboration on a scale that Buzzard couldn’t 
have imagined. Anonymous number theorists are 
reaching out with ideas, he says. Last August, he 
says, he went camping at a music festival for a 
week and returned to find 7,000 unread messages 
about various aspects of the proof. 

In January, the effort reached one of its first 
major milestones. “We proved that a certain 
thing was finite,” paving the way for the next 
step, Buzzard says. The effort required for 
that milestone, however, has led him to doubt  
whether they’ll finish in his targeted timeline of 
five years. 

One of the largest challenges, Buzzard says, is 
figuring out how to quickly build Lean’s library 
of mathematical knowledge. This is a bottleneck 
for AI applications in math, too. “In this whole 
area of AI for math is that there’s a terrible lack 
of interesting datasets,” he says. 

In a separate project funded by Renaissance 
Philanthropy, Buzzard and Rutgers mathemati-
cian Alex Kontorovich are further contributing 

a book by third-century Greek mathemati-
cian Diophantus. The problem involves this  
equation: an + bn = cn. If n = 2, then we know there 
are infinitely many solutions. That’s because in 
that case, the equation becomes the Pythagorean 
theorem and a, b and c correspond to the side 
lengths of right triangles.

Fermat stated that there are no whole numbers 
for a, b and c that can solve this equation if n 
is greater than 2. Next to the problem, Fermat 
wrote in Latin: “I have a truly marvelous demon-
stration of this proposition that this margin is 
too narrow to contain.”

Fermat’s son discovered the book and the 
note, but not until after his father’s death. The  
theorem was easy to state and hard to prove, 
and Fermat’s missing proof vexed mathemati-
cians for centuries. No one ever found his “truly 
marvelous” argument, and no mathematician 
ever conjured a proof that might remotely fit 
that description. Some question whether it ever  
existed, or conjecture that whatever proof Fermat 
had in mind was fatally flawed. It’s tempting to 
view Fermat’s statement as a practical joke with 
extraordinarily long legs.  

British mathematician Andrew Wiles finally 
cracked it in the late 20th century and later col-
laborated with mathematician Richard Taylor to 
finalize it. Their proof used arcane, far-reaching 
mathematical concepts that weren’t around in 
the 17th century, ideas that bridge mathematical 
fields that once seemed unconnected. 

Over centuries, by probing Fermat’s simple 
problem mathematicians have made enormous 
breakthroughs in many fields beyond number 
theory, the field most closely associated with the 
original problem. In one of the most significant, 
German mathematician Ernst Kummer proved 
in 1847 that the theorem held for the regular 
primes — a subset of prime numbers. He did so 
by developing ideas that laid the groundwork for 
a new field called algebraic number theory. 

In 2023, with support from the U.K.’s 
Engineering and Physical Sciences Research 
Council, Buzzard launched his formalization 
project with Fermat’s last theorem partly be-
cause of the proof’s size and importance, and 
partly because many of his colleagues at Imperial 
College London are exploring ideas used in 
the proof. He knew it would be a Herculean, 
messy task to encode every definition and  
lemma — akin to a mini-theorem embedded in a 
larger proof — that plays some role in the over-
all scheme. And it’s been a rocky road. “I’m sort 

This 
Crockett 
Johnson  
painting 
was  
inspired 
by the 
Pytha- 
gorean 
theorem, 
the most 
famous 
version of 
the equa-
tion that 
fascinated 
Fermat. ↓
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to Lean’s l ibrary — and expanding its 
applicability — by formalizing problems from a 
list of recent, particularly thorny theorems rep-
resenting the cutting edge of mathematics in the 
21st century. 

The implications reach far beyond Buzzard’s 
projects. An expanding volume of mathe-
matical knowledge could enable working 
mathematicians — if they were so inclined — to 
find fault lines in new proofs, or determine 
whether certain conjectures could hold up. 
Referees and editors who review papers for 
journals would be free to focus on the big 
ideas behind submitted papers rather than the  
excruciatingly fine details of the logic behind 
the proof. “That’s game changing,” Riehl says. 
“Proofs are hard, and the papers are already very 
long.” Errors can slip through. 

A theorem prover with access to a robust 
library of mathematical knowledge could be 
used to identify hallucinations and other mis-
takes in mathematical proofs generated by AI 
programs. Having a proof be 95 percent correct, 
after all, may mean the proof isn’t correct at all. 
“One hallucination can break an entire mathe-
matical argument because that’s the nature of 
mathematics,” Buzzard says. 

For that reason, tech companies have been 
developing programs that combine AI tools like 
Google’s Gemini or OpenAI’s ChatGPT with 
the fact-checking rigor of Lean. So has the U.S. 
government: In early 2025, DARPA launched a 
program called Exponentiating Mathematics, or 

expMath, with the goal of using AI to accelerate 
the rate of mathematical discovery, primarily 
by offloading the finer details of constructing 
a proof. 

All of these efforts tie directly into a more 
controversial and quickly evolving issue facing 
mathematics today: figuring out how AI is going 
to change the field, and whether the AI math 
invasion is a good thing.  

A GROWING AI SPECTER

The problem with large language models and 
math, to date, has largely been one of accuracy. 
To be fair, LLMs like those that power ChatGPT 
and Anthropic’s Claude are better at math 
problems than anyone expected, and they have 
improved with new iterations. But they’re not 
perfect. 

“If you go to ChatGPT and ask it to prove a 
theorem, it spits out a text,” Riehl says. It might 
sound good and look good and use correct terms, 
she says. “But there’s nothing in the way that 
large language models are designed to guaran-
tee that [it’s] correct.” That’s because they’re 
designed to respond to queries using probability 
and are not prioritizing accuracy. And even if it 
is 99 percent correct, she says, that’s not good 
enough for a math proof. 

When combined with a theorem prover like 
Lean, though, LLMs get much better. 

Last July, the AI company Harmonic made 
headlines after its program Aristotle, which 

↑ A 1670 edition of the third-century Greek tome Arithmetica (left) includes a now famous note added by Fermat (right).
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uses Lean to verify and refine its work, scored 
high enough for a gold medal, the highest prize, 
in the annual International Mathematical 
Olympiad. During this two-day event, partici-
pants, all under the age of 20, work through six 
exceptionally difficult problems. More than 600 
human contestants entered the 2025 contest held 
in Queensland, Australia; 72 scored at least 35 
out of a possible 42 points, earning a gold medal. 
In addition to Aristotle, AI programs used by 
Google and OpenAI similarly carried out gold 
medal–level work.

Some mathematicians didn’t see the olympiad  
accomplishments as showing anything mean-
ingful about the way math is actually done. But 
more interesting results soon emerged. In July, 
Rutgers’ Kontorovich and Terence Tao, a UCLA 
mathematician and Fields Medalist, announced 
that progress on their 18-month effort to formal-
ize something called the strong prime number 
theorem had slowed. But then in September, a 
company called Math, Inc., supported by a grant 
from the DARPA expMath project, announced 
that it had used its program, called Gauss, to 

finish the task in just three weeks. 
Gauss combined Lean with AI language  

models to autoformalize the remainder of the 
proof — that is, the AI program translated defi-
nitions and arguments into Lean, which checked 
the entire argument for accuracy. More recently, 
in January, researchers reported using Aristotle 
and GPT-5.2 to generate, formalize and verify a 
proof of a problem posed by prolific Hungarian 
mathematician Paul Erdős in 1975. This is the  
latest in a recent string of proofs of Erdős prob-
lems that used AI in some way.

So far, Buzzard greets advances like these with 
skepticism. Right now, there are no guardrails, 
he says. And even though Lean reports that AI-
generated code is accurate, it may not actually 
represent the theorem that the mathematician 
thought they were proving. 

At the same time, Buzzard admits that the pic-
ture could change quickly given the rapid speed 
of AI advancement. So far, he hasn’t seen any AI 
advances that would help him in his work. But 
he allows that it’s possible in five years that some 
tool could emerge that would make short work of 
formalizing the proof of Fermat’s last theorem. 
“I do wonder whether autoformalization will get 
to the point where it will just, you know, be able 
to eat the literature,” Buzzard says. 

HELPING HUMANS

Many mathematicians predict that humans will 
always be necessary in math, but because of the 
use of AI and formalization, their role could change  
dramatically. 

“The problem-solving aspect of mathemat-
ics will basically vanish,” says mathematician 
and computer scientist Christian Szegedy of 
Math, Inc. He previously helped develop Google 
DeepMind’s AlphaProof program and co-led the 
Elon Musk–founded company xAI. The new job 
of humans in math, he says, will be “to steer the 
exploration of mathematics to the areas that 
we actually care about,” rather than muddling 
through the logic and fine details of a proof. He 
sees the rise of AI-driven autoformalization as a 
way toward creating a digital, brilliant assistant. 

Szegedy thinks real progress will be marked 
by AI’s ability to reason in new and creative 
ways. He predicts that AI systems will achieve 
“superhuman intelligence” in math — being able 
to solve problems that humans can’t — this year. 
So far, that hasn’t happened. 

Szegedy also predicts that at some point, AI 

Mathe-
matician 
Andrew 
Wiles 
stands 
near a 
monu-
ment to 
Fermat in 
southern 
France in 
1995. ↓
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models will be better at formalizing proofs than 
humans, which doesn’t seem out of reach given 
the fast pace of development in 2025. Soon, he 
thinks, the models will be able to create a proof 
from scratch. “And then, the game is over.” He 
doesn’t think humans will be out of the game; 
he means that the essential role of the mathe-
matician will be purely creative, relying on an 
AI collaborator to work out the details. 

DARPA’s Shafto, who leads the expMath  
project, sees the changes as giving mathemati-
cians more time and space to think about ideas 
rather than details. “If you talk to mathemati-
cians, of course, yes, they prove things and want 
them to be correct, but that’s not what they’re 
doing most of the time,” he says. “They’re talking 
about ideas and how they relate and what might 
work. Many of them would be happy to have a 
student or collaborator whom they could trust to 
sort of prove their tiny lemmas for them.” 

Others in the field, though, eye the coming AI 
wave with skepticism and concern for the fu-
ture. “Many of my colleagues have absolutely 
no interest in it,” says mathematician Aravind 
Asok at the University of Southern California 
in Los Angeles.

In recent years, Asok says, AI companies have 
recast mathematical accomplishment as a tool 
of legitimization. Math itself, he says, becomes a 
problem to be solved. He finds that notion mis-
guided and “a complete misapprehension of what 
mathematics is.” The insistences that math can 
be solved by the abilities of AI models, or that 
the primary goal is accuracy, require a narrow 
view of the field.

But it’s a view that has already infiltrated his 
classroom: Asok says he no longer assigns home-
work because too many of his graduate students 
use AI to generate answers. That defeats the pur-
pose. “They need to struggle and engage with 
[the work] in a way to really build up their own 
intuitions,” he says. But it’s much faster to ask 
ChatGPT.  

Asok worries that conversations around AI 
and math focus too closely on correctness. That’s 
important, he says, “but making mistakes is part 
of learning.” There have been plenty of mistakes, 
he adds, that have helped the field of research 
mathematics move forward. 

Formalization is a powerful tool that could 
help push math in interesting directions, but 
Asok worries that if students learn math as 
something to be done with AI, then tomorrow’s 
mathematicians will lack the creativity needed 

to find truly new frontiers. “It’s like saying that 
there’s only one way to have music, or only one 
way to talk in a conversation,” he says.

Asok also worries that AI may be a threat to 
the profession because of how progress is per-
ceived. Mathematicians often rely on federal 
funding, he says, and if the U.S. government 
adopts the narrative that math itself has been 
solved by AI companies, support for new work 
and new ideas could wane. The teaching of math, 
he says, might be offloaded to AI agents and 
programs. “I feel like the professional status of 
mathematicians could change immensely.” 

Buzzard maintains that, with or without AI, 
formalization can help bring math and math edu-
cation into a modern age. Mathematicians would 
benefit from an interactive theorem prover with 
access to verified mathematical information not 
only to check their work, but also as a proving 
ground for new AI-generated work, in part to 
separate sloppy code from bona fide advances. 

“I just want to make my colleagues’ lives bet-
ter,” Buzzard says. “I’m not trying to destroy 
them. I’m actually trying to help them.” ✖

“�If we digitize mathematics, 
maybe at some point it will 
turn math on its head.” 

— Kevin Buzzard 
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→ No, this giant worm (Eulagisca 
gigantea, center) didn’t moonlight as a 
character in the sci-fi movie Alien. But 
with its retractable mouth and toothed 
jaw, it looks like it could play the part. 
Don’t worry; these worms typically live 
on the sea floor, so you probably won’t 
encounter one in real life. This spec-
imen is part of the Museum Support 
Center’s wet collection (see Page 74). 

MOST LIKELY TO HAUNT YOUR DREAMS 
The Antarctic scale worm

Secrets of the Smithsonian
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Millions of objects stashed at a 
site open to select visitors tell the 

history of Earth’s inhabitants 
TEXT BY MEGHAN ROSEN

PHOTOS BY STEPHEN VOSS

Secrets of the Smithsonian



eteorites billions of years old, 
alienlike worms, a blue whale’s 
massive jaw bones. These are just 
some of the millions of marvels 
that the Smithsonian Institution 

has stashed away in storage. 
Most are part of the National Museum of Natural History’s 

collection, which comprises nearly 150 million objects. It’s not 
all bones and rocks, though. The collection holds a spectacu-
lar array of biological, geological, astronomical and cultural 
items, some seemingly unassuming and others with undeni-
able razzmatazz. At the Smithsonian Museum Support Center 
in Suitland, Md., you’ll find both the world’s biggest mosquito 
collection and resplendent feathered ornaments worn by peo-
ple in what is now Papua New Guinea.  

Most people have never seen this vast collection of as-
tonishing objects, the majority of which lie tucked away in 
gigantic storage pods. The center is not open to the public, 
but Science News was able to get a behind-the-scenes peek. 
Inside the MSC’s hushed halls, rows of cream-colored cabinets 
and kilometers of shelving evoke an above-ground catacomb. 
Scientists led us through long corridors, pointing out prime 
specimens along the way. Stuffed pink fairy armadillos, nar-
whals’ spiraling tusks, twist tobacco used in trade during a 
trip to the Solomon Islands and Fiji in the early 1900s; we 
saw and touched an abundance of real-world treasures that 
captivated the mind and the eyes. Some items even engaged 
the nose, like a freeze-dried crabeater seal exuding an aroma 
of burnt soy sauce.

But the center is not just a giant storage unit — it’s a place 
scientists visit to do research and answer big questions about 
Earth and its inhabitants. Forget the stereotype of muse-
ums being old and dusty, says Kirk Johnson, director of the 
National Museum of Natural History. They’re “vastly more 
vibrant and more important” than people think, he says. 

The Smithsonian opened the MSC in 1983 to ease over-
crowding at the natural history museum’s main building on 
the National Mall in Washington, D.C. The center’s five stor-
age pods are each about the size of a football field and nearly 
three stories tall. A sixth pod is in the works. One key goal: 
Protect the specimens. 

Beyond controlling the pods’ climate and keeping out pests, 
the team has security guards on patrol 24/7. The big concerns 
are power outages, floods, flames, evaporation and explo-
sions. Capacious freezers need power to keep tissue and DNA 
samples ultracold; dried specimens can be damaged by fire 
and water; wet items in alcohol-filled jars are at risk of drying 
out — or blowing up. 

Items in the MSC are part of a “forever” collection that is 
available for study today and in the future. Scientists are now, 
for instance, analyzing DNA from an African elephant thought 
to hail from a population that has long evaded humans. And 
previous work on bird eggs collected decades ago helped reveal 
that the insecticide DDT built up in shells and thinned them, 

M
148
million 
Items in the museum’s collection

11,945
Items on display at the museum

nearly driving some species —  
including the bald eagle — to extinc-
tion. “There’s a cloud of knowledge 
about the planet that exists only 
because we have collections in mu-
seums,” Johnson says. 

And the scientists who work here 
are passionate about the knowledge 
these pods hold. As we’d move from 
one area to another, staff members  
would race to show us “just one 
more thing!” — like a coil of feath-
ered money traditionally used for 
dowries in the Santa Cruz Islands 
in the South Pacific. All those items 
stowed at the MSC or on display at 
the natural history museum repre-
sent everything that we know about 
the planet, says Rebecca Johnson, 
the museum’s chief scientist. “This 
is the record of the world.”

In an age of AI, when it can be 
difficult to tell truth from fiction, 
the MSC’s treasures let us see and 
touch and smell and study our 
planet’s reality. “People still want 
to know what is real,” Rebecca 
Johnson says. “This is the place 
where we have the real thing.” ✖
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Our private tour of the Smithsonian Museum Support Center 
introduced us to a colossal cache of charismatic objects. 
We saw items that dazzled and gave us chills. We wanted to 
photograph everything. In a place that’s home to more than 
100 million objects, how do you pick what to feature? 

We selected items from around the world, with an eye for 
specimens that stood out in size or peculiarity, or those that 
came with an intriguing backstory. We could fill entire issues 
with photos and histories of these items. But come meet our 
favorites.

LET’S GO ON A FIELD TRIP

↖ Marine mammals curator Michael  
McGowen stands inside the massive 
lower jaw bones of a blue whale  
(Balaenoptera musculus). An adult 
female, she once lived off the coast 
of Antarctica. Weighing in at 2 metric 
tons and measuring nearly 7 meters 
long, the jaws are the largest bones in 
the museum’s collection. Blue whale 
mandibles, in fact, are the largest 
bones of any animal ever. McGowen,  
who studies the evolution and 
genetics of whales and other ceta-
ceans, says he loves coming to the 
Whale Bone Repository, a building big 
enough to house airplanes. “I’m always 
in awe,” he says.

← This bizarre-looking backbone 
belongs to Tips, a 14-meter-long  
North Atlantic right whale (Eubalaena  
glacialis) that appears to have sur-
vived a collision with a ship. Squiggles 
of bone protrude from one section of 
vertebrae, a sign that injured tissue 
didn’t heal cleanly. Tips died in 2010, 
possibly from getting entangled in 
fishing gear. Entanglements and ship 
strikes threaten North Atlantic right 
whales, an endangered species with 
fewer than 400 individuals. 

MOST LIKELY TO MAKE YOU FEEL VERY SMALL 
The jaw bones of a blue whale

MOST LIKELY TO KEEP CALM AND CARRY ON 
A North Atlantic right whale 
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↑ Boasting some 2 million specimens, the collection 
is the largest and most diverse in the world and in-
cludes an eye-boggling assortment of insects. These 
Uranotaenia sapphirina mosquitoes may not actually 
be much of a nuisance  — to humans, at least. The 
blood suckers are among just a handful of modern- 
day mosquito species that feed on cold-blooded 
creatures such as earthworms or leeches, says  
entomology curator Yvonne-Marie Linton.

↓ In life, this pink fairy armadillo (Chlamyphorus 
truncatus, left) would have been a fashion designer’s 
dream, with its pale pink shell and whitish fur. The 
shell gets its hue from blood vessels and may help the 
smallest armadillo species regulate its body tem-
perature. Check out those oversized claws, used for 
burrowing. They grow even bigger in the greater fairy 
armadillo (Calyptophractus retusus, middle) and the 
giant armadillo (Priodontes maximus, claws shown).

BIGGEST BUZZKILL 
The world’s largest mosquito collection 

BEST DRESSED
The pink fairy armadillo



↑ Known as a Dracula orchid for its 
blood-red coloring and long, pointy 

structures, this plant (Dracula 
chimaera ‘Pacifica’) can be found in 

Ecuador and Colombia. To fungus 
gnats, the orchid’s blooms have the 

alluring odor of mushrooms. And 
they kind of look like them, too. Fine 

ribs decorate the orchid’s central 
pouchlike petal, a feature that 

mimics the gills on a mushroom.

← This massive plant, part of 
the Smithsonian Gardens Orchid 

Collection, is an example of one 
of the largest orchid species on 

Earth. Bulbophyllum fletcherianum 
has leaves that can stretch nearly 

2 meters long. But it’s known for 
more than its epic foliage. When in 

bloom, this orchid’s flowers emit 
the foul fragrance of fetid flesh. 

That scrumptious scent attracts 
pollinator insects such as blow flies 

or carrion beetles looking to lay 
eggs in dead and decaying animals. 

BIGGEST STINKER 
The tongue orchid

MOST LIKELY TO BE MISTAKEN FOR A MUSHROOM 
A Dracula orchid
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74MOST LIKELY TO MAKE YOU TAKE A CLOSER LOOK 
The wet collection

↑ Resting in rows upon rows of jars, some 25 million 
specimens are preserved in fluids at the MSC. Items 
including sand dollars, shrimp, coral, slipper lobsters 
and octopuses take up roughly 72 kilometers of 
shelving. That’s more than four times as long as 
trails to the bottom of the Grand Canyon. Most of 
these jars are filled with ethanol, nearly 2 million 
liters in total. All of the jars need to be topped off as 
the ethanol evaporates over time, so the specimens 
don’t dry out. 



↑ Flesh-eating beetles might sound terrifying, but 
they feast on the dead rather than the living. And 
it’s the larvae that do most of the meat-eating, 
anyway, says osteological specimen preparator Inger 
Toraason. So this hide beetle (Dermestes maculatus) 
on Toraason’s hand poses no danger of chowing 
down. In fact, the insect and thousands of its buddies 
are closer to colleagues than specimens. They help 
clean animals’ bones, eating tissue off specimens 
that are being prepped for the museum’s collection. 
It’s a big job: The beetles cleaned 429 skeletons in 
2025. They can strip a hummingbird’s bones in less 
than a day. A whale skull might take months. Beetle-
cleaned bones then go through several more steps. 
Toraason will pick off any remaining flesh by hand 
and soak the bones in a degreasing solution, as with 
this skeleton of a little owl (Athene noctua, inset). 

If Toraason and colleagues didn’t have the beetles, 
they could simply let flesh rot away in water. But that’s 
a long process that leaves behind just a pile of bones. 
With the hide beetles, the team gets a skeleton that’s 
intact, connective tissue still in place. The beetles are 
“our little unsung heroes of the museum,” he says.

→ These vibrant ornaments, which came into the 
collection in 1946, were used in headdresses in 
what is now Papua New Guinea. They’re made from 
Raggiana birds-of-paradise (Paradisaea raggiana) 
and they’re meant to move, says globalization curator 
Joshua Bell. Men and sometimes women wore the 
ornaments while dancing in ritual performances. 
Glinting light and rapid motion would have blurred 
the red feathers, making it appear almost as if the 
dancers were transforming into birds themselves.
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MOST LIKELY TO STRIP THE FLESH FROM YOUR BONES
The hide beetle 

FINEST FEATHERS 
Bird-of-paradise headdress ornaments



↑ Inside the natural history museum in 
Washington, over 4 million people a year 
walk by a towering taxidermy mount: Henry, 
the African bush elephant (Loxodonta 
africana). Most visitors probably don’t know 
that his skull (shown) is actually stored 
roughly 15 kilometers away at the MSC. At 
an estimated 4 meters tall and 11 metric 
tons, Henry is the largest elephant ever 
placed in a museum collection. Researchers 
recently scanned his skin and hope to use 
that data to calculate Henry’s weight even 
more precisely, says chief scientist Rebecca 
Johnson. Henry may have belonged to a 
population of “ghost” elephants in Angola 
known for avoiding humans.

CONT. FROM PAGE PB
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MOST LIKELY TO GHOST YOU 
Henry the elephant

34.5
million +
Items in the entomology collection

95,287
New items acquired in 2025
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● Will dogs ever speak like people do? Brain scans of our canine companions 
suggest they understand us fairly well: Dogs can comprehend word meaning and 
intonation, for instance. But understanding words is just part of a conversation. 
An animal must also have the ability to form complex thoughts, create a range of 
sounds and string those sounds together. Talking dogs will probably stay in the 
realm of science fiction (see Page 86), though popular gadgets like sound boards 
might give a paw up to pooches in the real world. — Cassie Martin
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A NEW BOOK TACKLES MATHEMATICS AT ITS 
MOST INCOMPREHENSIBLY LARGE

By Emily Conover 

Try to think of a really big number. What 
comes to mind? A trillion? A quintillion? 
Or perhaps a googol (10100, or a 1 with 100 
zeroes after it) or even a googolplex (a 1 
followed by a googol zeroes). 

Prepare for those numbers to suddenly  
seem imperceptibly tiny. In the book 
Huge Numbers, mathematician Richard 
Elwes lays out incomprehensibly large 
figures, so enormous that mathemati-
cians had to devise new notation just to 
write them down. It’s a delightful sur-
vey of the field of googology, the study 
of large numbers. 

Big numbers may seem like a niche in-
terest. But, Elwes writes, “small numbers are the exceptions; 
big numbers are the rule.” That’s because numbers go on and 
on, indefinitely getting larger. Pick any huge number you can 
think of. There are more numbers of a magnitude bigger than 
that value than there are smaller numbers. 

Elwes leads the reader through a morass of ever-increasing 
numbers. That includes the enormous figures that can arise 
from exponential growth, such as $2 × 1034 (a 2 with 34 zeroes 
after it), the amount that a Russian court fined Google in 2024 
due to a rapidly ballooning financial penalty. But also sequenc-
es of numbers that explode even faster, so quickly that they 
break standard mathematics and demand new arithmetic 
rulebooks to explain them.

But Elwes’ narrative starts unexpectedly, with numbers like 
4 and 5. Humans have an innate number sense that allows us 
to distinguish small quantities, below about 5, without count-
ing them. Above that threshold, things become fuzzy. But the 
technique of counting enables us to surpass our innate lim-
itations. Elwes continues in this vein, explaining numerical 
technologies, developed throughout the history of mathemat-
ics, that invoke language, notation and eventually computers 
to allow humans to wrangle bigger and bigger quantities. 

From there, Elwes dives into the huge numbers present in 
science, particularly in physics: the immense size of the cos-
mos and the uncountable years that lie ahead as the universe 
slowly burns out. The litany of large numbers at this point may 
make the reader’s eyes glaze over. But Elwes has barely begun.

To describe the large numbers relevant to the universe, sci-
entific notation is generally sufficient. In this system, large 

numbers are represented by a 10 
with an exponent, which indicates a 
10 multiplied by itself a given num-
ber of times, so 3 × 106 represents 
3,000,000, or 3 million. 

But at some point, this system 
reaches its limit. A single exponent 
can only hold so many zeroes before 
it becomes difficult to interpret, like 
1010000000000. Next, mathematicians 
turn to towers of powers, exponents 
which themselves have expo-
nents. In that notation, 1010000000000 

becomes a tower of three tens. But 
eventually those towers become too 
tall to write down. A type of nota-
tion called Knuth arrows takes over. 
5↑↑4 represents a tower 4 fives tall. 
Even that notation runs out even-
tually, requiring Knuth mountains. 

And onward and upward to num-
bers that are represented only by 
mathematical functions, labeled 
with mathematicians’ names or 
quirky monikers: Goodstein num-
bers, Rayo’s number, busy beaver 
numbers, Fish’s number 7. Here, 
numbers are so mind-blowingly  
large as to become untethered 
from reality, relating, for example, 
to the capabilities of hypothetical 
computers called Turing machines 
outfitted with magical powers. 

At times, the reader may lose 
grasp of the thread, as Elwes goes 
on tangents for which it’s unclear 
how they relate to large numbers. 
Eventually he circles back, but as 
the numbers get more complex, the 
thread gets more difficult to catch.

But the patient reader willing to 
stick with Elwes will be rewarded 
with a new appreciation for num-
bers and a vastly expanded frame 
of reference for what it means to be 
truly, unfathomably, large. It’s a joy 
to marvel at how boundaries have 
been broken time and again, thanks 
to the creative, intrepid explorers of 
the biggest numbers known. ✖ 

HUGE NUMBERS 
Richard Elwes 
Basic Books, $32
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benefits and drawbacks of parent-
ing, piecing together how it evolved 
in humans and other creatures.

The book starts with a scene  
familiar to many human parents: 
Preston cares for her infant alone in 
a dark room, feeling like life is going 
on without her. Well, it is familiar 
until Preston regurgitates food into 
her child’s mouth. She has mistak-
en herself for a wasp. “Sometimes 
I get mixed up because I still don’t 
get enough sleep. What can I say? I 
have kids,” Preston deadpans.

Unsavory feeding habits aside, 
Preston digs into the evolution 
of child-rearing with humor and 
admiration, examining parenting 
practices across the animal king-
dom. The book is an entertaining 
exploration of all kinds of parents, 
from species with single parents to 
humans who rely on villages. 

Take the second chapter, which 
looks at how fish dads emerged as 
some of Earth’s first parents. Despite 
being distantly related to humans, 
fish have their own versions of the 
same hormones involved in our own 
pregnancies and childcare. For in-
stance, as three-spined stickleback 

PARENTING LESSONS 
FROM THE ANIMAL WORLD  

By Erin Garcia de Jesús

THE CREATURES’ GUIDE  
TO CARING | Elizabeth Preston

Viking | $30
My early days of nursing a new-
born felt like I’d transformed into 
a 24-hour diner. A demanding yet 
adorable customer flagged me down 
with piercing cries to demand milk 
around the clock. Unfortunately, I 
was also on clean-up duty, wiping 
spit-ups and poopy butts. 

Breastfeeding is hard work. 
But after reading science journal-
ist Elizabeth Preston’s book The 
Creatures’ Guide to Caring, I’m glad 
I’m not a burying beetle. 

The critters use mouth and anal 
secretions to knead small dead ani-
mals into slick balls of meat. Parent 
beetles then bury the smothered 
carcasses and lay their eggs near-
by. They even feed their brood 
regurgitated bits of carcass, help-
ing the young beetles grow to 200 
times their original size in just six 
days. “A newborn human growing 
at that rate would be the size of a 
beluga whale in less than a week,” 
Preston writes. Suddenly my own 
kid doesn’t seem so heavy.

The Creatures’ Guide to Caring 
was born out of Preston’s growing 
fascination with the biology of par-
enting after having her first child. 
“If so many people have done it 
before you, and are doing it right 
now — if so many animals are doing 
it without books or apps or advice 
to heed — why is it the hardest 
thing you’ve ever done?” she writes. 
Perhaps by finding kinship in the 
animal world, Preston could learn 
something about her new role as a 
parent. Each chapter dissects the 

males care for eggs, genes that make 
the bonding hormone oxytocin turn 
on. The fishy fathers also make pro-
gesterone and estrogen, which may 
affect how they respond to preda-
tors and care for offspring. 

Humans don’t lay eggs as fish do. 
Nor, mercifully, do we push babies 
through pseudopenises like female 
spotted hyenas do. (Preston stops 
asking questions after a scientist 
tells her there is “a lot of tearing.”) 
But like mother hyenas, we bond 
with our children for life and fiercely 
protect them. Spotted hyena moms 
push other adults out of the way at 
kills to ensure their cubs can eat, 
just as we might cut to the front of 
the buffet line to ensure picky kids 
get the only food they’ll swallow. 

Parenting in nature also has its 
dark side. A long-tailed skink fe-
male might eat all her eggs if she 
faces off with predators one time 
too many, perhaps because it’s bet-
ter to try again than keep fighting. 
Marmosets and tamarins, species 
in which mothers depend on others 
to care for offspring, are more likely 
to reject their babies if there’s not 
enough help around. 

Humans, too, often face difficult 
decisions about children they didn’t 
want or can’t care for. That diffi-
culty exists in part because for us, 
parenting isn’t a two-person job. We 
evolved to parent alongside a com-
munity of relatives and friends who 
share some of the burden.

Readers in any stage of raising 
kids — whether the children have 
yet to be born, have left the nest or 
are in-between — can take comfort 
in the fact that we’re not the only 
species struggling. Creatures across 
the animal kingdom have had hun-
dreds of millions of years to find 
nearly infinite solutions to rearing 
young, Preston writes. There’s more 
than one way to be a good parent. ✖
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SOCIETY FOR SCIENCE UPDATE

has six two-dimensional faces, 12 one-dimensional 
edges, and eight zero-dimensional vertices. 

In my Ph.D. thesis, I studied a mathematical 
object called the positive Grassmannian. There are 
actually infinitely many positive Grassmannians, 
and they can have arbitrarily high dimensions, but 
just like a cube, each one can be decomposed into 
pieces of different dimensions. My first graduate 
school theorem was an explicit formula for the 
number of pieces of each dimension in each positive 
Grassmannian.

YOUR WORK LIES AT THE INTERSECTION OF ALGEBRA, 

COMBINATORICS AND GEOMETRY. WHAT HAPPENS WHEN 

THOSE FIELDS COLLIDE? One thing that is useful about 
being at the intersection of several mathematical 
fields is that you’ve got a larger set of tools to draw 
from and a larger set of problems. My work has 
had unexpected connections to fields even outside 
of math. A year after I wrote my first paper on the 
positive Grassmannian, another mathematician 
named Sylvie Corteel wrote a paper proving that 
my formulas enumerating could be interpreted as 
probabilities explaining what happens in a model 
called the asymmetric simple exclusion process. 
This model was introduced by biologists to study 
translation in protein synthesis, and it has also been 
used as a model for traffic on a one-way street.

At that point I had never heard of the asymmetric 
simple exclusion process, but all of a sudden I was 
learning that my polynomials were computing 
probabilities related to traffic flow and protein 
synthesis. It was extremely intriguing. 

C O N G R AT U L AT I O N S  O N  B E I N G  N A M E D  A  2025 

MACARTHUR FELLOW. HOW DID YOU FEEL WHEN YOU 

LEARNED YOU RECEIVED THE AWARD?  I’ll preface my 
answer by saying that in May 2025, essentially all of 
the federal science grants at Harvard were canceled 
by the government. I had an individual National 
Science Foundation (NSF) grant for my research, 
and two NSF conference grants. The grants were 
all canceled in May — and I was supposed to use 
one of them to organize a conference at Harvard in 
June! It was an incredibly disruptive, stressful and 
discouraging experience. Since last spring, it has felt 
like higher education, and the field of science, was 
having an existential crisis.

Then in the fall I got a phone call from the 
MacArthur Foundation telling me I had won one of 

M aya Ajmera, President & CEO of Society 
for Science and Executive Publisher 
of Science News, spoke with Lauren 
Williams, the Dwight Parker Robinson 

Professor of Mathematics at Harvard University 
and a recipient of a 2025 MacArthur Fellowship. 
She is a 1996 alumnus of the International 
Science and Engineering Fair (ISEF), a program 
of Society for Science.

WHAT ARE YOUR FAVORITE MEMORIES FROM ISEF? One of the 
things I really enjoyed about ISEF was talking to the judges 
about my work. It was great to talk to people who knew 
something about what I was doing, were enthusiastic and 
wanted to hear more. 

WAS YOUR ISEF PROJECT A PROJECT IN MATHEMATICS? Yes. 
I participated in a summer program called the Research 
Science Institute (RSI) at MIT, which is where I began my 
research.  After RSI concluded, my RSI mentor Satomi Okazaki 
connected me to Doug Jungreis, who was then a postdoc 
at UCLA near my home in Los Angeles, and he continued 
to mentor me. This enabled me to continue working on the 
research that became my ISEF project.

HOW WOULD YOU DESCRIBE THE CENTRAL IDEAS THAT DRIVE YOUR 

RESEARCH? My research is in algebraic combinatorics. 
Algebra is the study of things like polynomials, and 
combinatorics is the study of finite or discrete structures; 
it often involves counting. As an example, if you give a 
combinatorialist a cube, they will probably observe that it 



their awards. This was quite a wonderful shock. It 
was a real gift to be told that somebody still cares 
about my research and to be given the resources 
I needed. The award couldn’t have come at a 
better time.

WHO INSPIRED YOU WHEN YOU WERE YOUNGER AND 

WHO INSPIRES YOU TODAY? When I was younger, I 
had many wonderful teachers who encouraged 
me in writing, math and music. I also grew up with 
three younger sisters, who like me loved math and 
science. Then when I was a senior in college at 
Harvard, I met Maryam Mirzakhani, who had just 
started graduate school at Harvard.  We took a class 
together, and while she was quiet and a bit shy, she 
was clearly very intelligent and asked penetrating 
questions. She went on to become the first woman 
to win a Fields Medal, though tragically she passed 
away from cancer a few years later. 

Today, I have a number of friends who inspire 
me, many of whom are women. Many are juggling 
careers with parenting. It’s inspiring to see women 
doing amazing work while juggling whatever else is 
going on in their lives.

WHAT WERE YOUR FAVORITE BOOKS GROWING UP AND 

WHAT ARE YOU READING TODAY? In elementary school 
my favorite books were the Narnia chronicles, 
starting with The Lion, the Witch and the Wardrobe, 
as well as the Lord of the Rings trilogy.

More recently, I’ve read several inspiring memoirs 
by female scientists. I read Sara Seager’s memoir 
The Smallest Lights in the Universe, about her work 
as an astrophysicist as well as her life. I also enjoyed 
Hope Jahren’s memoir Lab Girl, which discusses her 
life and work as a geochemist.

YOU RECENTLY COAUTHORED A PAPER CALLED FIRST 

PROOF ,  WHICH EXAMINED THE ABILITY OF LARGE 

LANGUAGE MODELS TO SOLVE COMPLEX MATHEMATICAL 

QUESTIONS. WHAT PROMPTED THIS INVESTIGATION? 

WHAT DID YOU LEARN?  We initiated this project in 
part because the media surrounding AI and math 
is so extreme. There are articles saying AI is going 
to “solve math,” as well as articles saying that AI is 
useless.  We wanted to develop an objective test 
to see how good AI is at proving mathematical 
statements. 

We had to design this test very carefully because 
if you ask an AI model a math question, and the 
answer is on the internet somewhere, the model 
is going to find that solution.  We had to identify 
problems that did not have solutions online. We also 
didn’t want to use famous unsolved conjectures, 
because that wouldn’t tell us anything. We needed 
to develop solvable open questions whose solutions 
were not on the internet: We concluded that we 
should use research questions from our own work 

that we had recently solved but not yet published.  
Our initial paper First Proof consisted of 10 problems 
from different areas of math.  We made this paper 
public on February 6, and revealed the solutions on 
February 14, to allow for a “community experiment” 
during the eight days in between.  During this 
time many companies and individuals took on the 
challenge and tried to solve our problems.

WHAT DID YOU LEARN FROM THIS EXPERIMENT? In our 
testing of a few publicly available AI models, before 
we publicly released the problems, we found that 
if we gave the model one shot to answer each 
question, as opposed to interacting with the model 
and giving feedback on intermediate solutions, the 
model could solve two of our 10 problems. During 
the community experiment, several companies 
shared more impressive results using their internal, 
but not publicly available, models.  We didn’t specify 
any strict protocols for the community to follow, like 
the one shot rule, making it difficult to come to any 
definitive conclusions or compare the outcomes. We 
are now busy preparing to release a second more 
formal round of problems.  

THERE ARE MANY CHALLENGES FACING THE WORLD 

TODAY. WHAT KEEPS YOU UP AT NIGHT? I would say 
one of the things keeping me up at night is worrying 
about the state of higher education and funding 
for science research in general. Recently, the 
government has been trying to cut as much funding 
as possible for basic scientific research, including 
graduate and postdoctoral fellowships.   

Another thing I’m thinking about is how we, 
as mathematicians, can best use tools such as 
AI.  While AI models can be very helpful, when it 
comes to math research, the models often output a 
wrong answer with a great deal of confidence.  We 
need better tools for determining whether an AI-
generated solution is correct.

WHAT GIVES YOU HOPE FOR THE FUTURE? My students 
give me hope. I teach a freshman seminar every 
year, and it’s always a wonderful experience for me 
to get to know these very bright 18-year-olds who 
are arriving at Harvard full of hope and dreams.  
Their excitement and enthusiasm keep me feeling 
young and optimistic. 

Society for Science is a nonprofit organization best known for our  
award-winning journalism, world-class STEM competitions and STEM outreach 
programming. For more than a century, our mission has been to promote the 
understanding and appreciation of science and the vital role it plays in human 
advancement: to inform, educate, and inspire. 

WWW.SOCIETYFORSCIENCE.ORG
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Technically Fiction

Back here in the nonfiction world, 
anyone with a pet has probably 
wondered at one point or another 
what’s going on in that inscrutable 
little head. Scientists can’t say. But 
there are some reasons to think 
that devices that decode animal 
sounds into language that humans 
can understand won’t be works of 
science fiction forever. 

Advances in computing power, 
artificial intelligence and ways to 
measure sounds promise to speed 
this translating process, turning an-
imal chatter into bits of information 
that could be decoded by humans. 

Of course, some animals can al-
ready talk to us — in our preferred 
languages, too. Neuroscientist Erich 
Jarvis tells a story of a parrot that 

left its California home. It returned 
years later speaking Spanish, says 
Jarvis, of the Rockefeller University 
in New York City.

Those sorts of language skills are 
rare. The mental skills and physi-
ological flexibility needed to think 
up a message and make intricate 
vocal sounds to convey it are traits 
present in fewer than 1 percent of 
vertebrate species, says New York 
University neuroscientist Michael 
Long. And with rare exception, 
none really speak our language. But 
that gap is not insurmountable. 

“Animals are speaking — to use 
speaking in a very loose way — more 
vibrantly than we had ever given 
them credit for,” Long says. 

Dolphins and whales, like parrots, 

I
n the animated movie Up, a boisterous dog wears an 
electronic collar that translates his doggy thoughts 
into English words. “My master made me this collar,” 
he tells his new acquaintances. “He is a good and 
smart master and he made me this collar so that 
I may talk — SQUIRREL!” In fiction, it’s a familiar 
piece of technology,  a tool that can decode animals’ 
squeaks, meows, clicks and such into understand-
able human language. The sci-fi trope works in 
both directions. In the cartoon Rick and Morty, for 

instance, a translator lets Morty, a human boy, eavesdrop 
on squirrels that are running a worldwide cabal of crime. 
Their fast, cute little voices talk about coup d’états, over-
throwing the world order and chemtrails.

TALKING DOGS? CHATTY CATS? 
THE IDEA ISN’T SO FAR-FETCHED 
BY LAURA SANDERS
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may make good conversation part-
ners with people. In 2023, scientists 
were able to use a decoded whale 
“hello” to enjoy a short chat with 
an Alaskan humpback. It wasn’t 
exactly scintillating; the exchange 
consisted of a volley of whale whups, 
translated as “hello” in English. 
Still, it was an interspecies chat.  
Another group of researchers has 
since discovered that whale lan-
guage shares statistical properties 
with those spoken by humans. With 
these sorts of advances, perhaps 
we’ll soon be swapping krill recipes.

Some of Jarvis’ research in-
cludes mice genetically engineered 
to produce more complex sounds. 
He and colleagues are scrutinizing 
key genes that are active in good 
vocal learners. Mice with a human 
version of a protein called NOVA1, 
for instance, made more complex 
vocalizations. To be clear, this isn’t 
a talking mouse situation yet. But 
research is moving fast.  

Long notes that communicating 
with animals doesn’t require a fancy 
sci-fi gadget. “Animals are broad-
ly expressive,” he says. The sad 
yowls of a cat sitting by her empty 
food dish are no great mystery. 
Some messages don’t even require 
a vocal tract. Mongolian gerbils , for 
instance, thump the ground percus-
sively. Dances, posture and color 
can all carry messages. 

So while we wait for a gizmo 
that translates our pets’ thoughts 
into words, consider the wildly 
variable ways animals communi-
cate. Long’s cats, for instance, have 
plenty to say, making their needs 
and wants “very, very transparent.” 
Should a cat-human translator ever 
exist, though, Long’s message to one 
of his cats would be short, sweet 
and practical: “I would tell him not 
to sit too close to the stove when I’m 
cooking. I think that’s it.” ✖
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26	 Calc. output that might 
result from trying to 
divide 0 by 0

27	 Weeps loudly
30	 Logic gate with only one 

input
33	 Decimal place left of the 

ones
36	 “___-la-la!”
37	 2006 Plain White 

T’s song that went 
multi-platinum

42	 Pirate’s “yes”
43	 Statistics value often 

represented by µ
44	 Pan for pad thai, perhaps
45	Work station
47	Protrude
49	All-in-one Apple desktop
53	 Menu item a chef is 

known for
58	 Water-based stalactites
60	 Worn cloth

61	 Forensic TV show, infor-
mally

62	 Genetic indicator
63	 “Thought so”
65	 Science-heavy under-

grad track
66	 Teacher’s ___ (favorite 

student)
67	 How you might feel after 

working something out?
68	 Smooth and glossy
69	 Lovelace after whom a 

computer language is 
named

70	 Insects that can form 
bridges and rafts by 
interlocking their bodies

DOWN

	1	Drinking aids that work 
via pressure differentials

	2	Soul singer Franklin

	3	Hit AMC series set at 
the Sterling Cooper ad 
agency

	4	Podcast releases, for 
short

	5	Group of three
	6	Seabird with a color- 

changing beak
	7	Mathematical object de-

noted using curly braces
	8	Forest biome for reindeer
	9	Two on a tandem bike
10	 Retro, like ’80s hip-hop
11	Watt per ampere
12	 “You are,” in Spanish
15	 Activate, like a circuit 

breaker
17	 Dig up some dirt?
21	Enjoyed a fine meal
23	 Tenant’s payment
24	 Kind of bread popular 

during the holidays
28	Constricting snake
29	 “Quiet, I’m thinking!”
31	 Inductor : henry :: resis-

tor : ___
32	 Peg on a golf course
34	 Novel
35	 ___-mo (film effect)
37	 “You just ___ to be there”
38	A goat’s one has a  

rectangular pupil
39	 “Abso-freaking-lutely!”
40	Indian royals
41	 “Just messing with ya!”
46	 Words stuck on some-

one’s back in a prank
48	 Rolled on the grass?
50 	Unit used to measure the 

width of a cell
51	State as true
52	 Admonishes
54	 Shoot saliva from under 

one’s tongue
55	 Super smart student, say
56	 Yogurt-based condiment 

on a thali, maybe
57	A platypus or echidna 

might lay one
58	Little troublemakers
59	 Astronomer Sagan
63	 Speech-to-text tran-

scription syst. that spells 
itself “[aI pi: eI]”

64	 Birth country of immu-
nologist Mary Brunkow

TRAVELING LIGHT
BY GUS BLOXHAM

Visit sciencenews.org/ 
puzzle-answers for 
answers. We publish 
science-themed crossword 
puzzles and math puzzles 
on alternating months. We’d 
love to hear your thoughts at 
puzzles@sciencenews.org. 

1 2 3 4 5 6 7 8 9 10 11 12

13 14 15

16 17 18

19 20 21

22 23 24

25 26 27 28 29

30 31 32 33 34 35 36

37 38 39 40 41

42 43 44

45 46 47 48 49 50 51 52

53 54 55 56 57

58 59 60 61

62 63 64

65 66 67

68 69 70

ACROSS

	1	“I can relate!”
	5	Rolls up on Halloween, for short?
	8	Treasure ___ (valuable collection)
13	 Back muscle, for short
14	 Regret
15	 Professional who works with suits
16	 Cosmic color-changing effect caused by 

the expansion of the universe, depicted 
by the highlighted letters in this puzzle

18	 Challenge posed by the Sphinx
19	 Bank lobby convenience
20	 Clumsy sort
21	 Shortened articles
22	 “Thought my car was right here … ?”
25	 Rational
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CAREERS 
O F T H E 

FUTURE

Shaping what’s next takes vision, courage and the right 
education. That’s why Florida Tech was founded to educate 
the pioneers of the U.S. space program. And it’s why we 
continue to equip students and professionals to lead 
the future through hands-on learning, groundbreaking 
research and industry partnerships that drive innovation.

THE FUTURE IS WAITING. 
ARE YOU READY TO LEAD IT?
Learn more: floridatech.edu



FUELING THE FUTURE
OF SCIENCE

When we champion future innovators, we all share in the victory.

Learn more at www.Regeneron.com/STEM

At Regeneron, a leading biotech company that invents and develops 
important medicines, we know the future will be shaped by bold thinkers 
and passionate problem-solvers. That’s why we’re proud to partner with 
Society for Science to invest in the next generation of scientifi c leaders, 
empowering them to pursue breakthrough ideas and drive world-changing 
solutions.

We advance STEM education initiatives, like the Regeneron International 
Science & Engineering Fair (ISEF), that celebrate science and elevate the 
next generation of leaders.

Visit Regeneron.com
Follow @Regeneron


