
        
            
                
            
        

    
    
      
        [image: masthead]
      

      Saturday, June 27, 2026

      

      
        
          	
            From the Editor
          
          	1
        

        
          	
            Letters
          
          	1
        

        
          	
            Advances
          
          	11
        

        
          	
            Features
          
          	14
        

        
          	
            Profile
          
          	28
        

        
          	
            Mind Matters
          
          	1
        

        
          	
            The Science of War
          
          	1
        

        
          	
            Science Crossword
          
          	1
        

        
          	
            Math
          
          	1
        

        
          	
            The Science of Health
          
          	1
        

        
          	
            Meter
          
          	1
        

        
          	
            The Universe
          
          	1
        

        
          	
            Q&A
          
          	1
        

        
          	
            Graphic Science
          
          	1
        

        
          	
            History
          
          	1
        

      

    

  
    
      
        
          	
          	
            Sections
          
          	
            Letters
          
        

      

      From the Editor

      
        Science's rising stars
        There are bright futures ahead for our first-ever Young American Scientist honorees

      

      
        
          	
          	
            Sections
          
          	
            Letters
          
        

      

    

  
	
	Articles
	Sections
	Next



By David M. Ewalt edited by Jeanna Bryner
Alice Stanton might have been born with an inclination to be a scientist; growing up in Erie, Pa., she spent her childhood exploring nature and collecting insects. But it was watching her grandmother cope with the aftermath of a stroke that cemented a desire to devote her life to research. Today, at Harvard Medical School, Stanton is working with models of the human brain that she created, which could help to develop new therapies that might someday benefit millions.
Her journey is just one of the 28 extraordinary stories featured in our inaugural class of Young American Scientists, a group of early-career researchers poised to change the world. To find these remarkable people, we asked hundreds of the world's top scientists to tell us whom they saw as the future of their field: the up-and-comers who are innovating and making amazing discoveries and whose work may define the decades to come.
The nominees could work in academia or industry, for profit or charity, in pure research or applied product development--anywhere, as long as they were doing important science.

On supporting science journalism
If you're enjoying this article, consider supporting our award-winning journalism by subscribing. By purchasing a subscription you are helping to ensure the future of impactful stories about the discoveries and ideas shaping our world today.

We received nominations for people such as Colin Carlson, a Yale University epidemiologist running a National Science Foundation research project called Verena, which looks for emerging viral threats; Tonima Tasnim Ananna, who used the rolling blackouts of her childhood home, Bangladesh, as an opportunity to gaze at the stars and now studies black holes at Wayne State University; and Dmitrii Kochkov, an AI scientist at Google Research building innovative tools for monitoring weather.
All of our honorees share two important characteristics: they're all starting out in their careers, and they're all doing research right here in the U.S.
That's not an easy job these days. Young scientists face some of the most challenging career prospects in the country's history, defined by funding crises, brain drain, and rampant misinformation causing a public crisis of trust. So while we celebrate our future, this issue also takes an unflinching look at the threats we are facing.
In "State of American Science," journalist Adam Rogers examines how the "existential vibe" of research is changing as federal grants are frozen and the decades-old compact between science and society is challenged. Pulitzer Prize winner Deborah Blum reminds us in "The Past Is Our Future" that science has weathered hostile political eras before, and she suggests what the future might hold.
This issue also features interviews with several leaders in today's scientific community, who share their concerns, hopes and advice for the next generation. Most poignant is our final interview with Craig Venter, the geneticist who helped to lead the first sequencing of the human genome. Speaking just a month before his death in April, Venter remained characteristically blunt, warning that the U.S. is "shooting [itself] in the foot" by blocking international talent. Yet he remained optimistic for the future and urged young scientists to never stop taking risks.
You'll find more optimism in "Bright Spots," where Scientific American contributing editor Rebecca Boyle highlights fields where American discovery is still flourishing. And in "The Lab of the Future Runs Itself," reporter Patrick Sisson explores how AI and robotics keep labs running at all hours.
There's much more of this special report about the present and future of science at sciam.com/youngscientists. Please browse the dozens of interviews, extended profiles of our 28 honorees, and hours of video and audio you can find only there.
The Young American Scientists enterprise was produced with support from our presenting sponsor, Regeneron, and couldn't have happened without help from the many nominating scientists who gave us their wisdom and time. My thanks to all of them and, especially, to Scientific American's exceptional staff.

David M. Ewalt is editor in chief of Scientific American.
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By Aaron Shattuck edited by Aaron Shattuck
AI AND AUTHORSHIP
In "The Ghost in the Machine" [From the Editor], David M. Ewalt writes that he talked to an artificial intelligence, which then transcribed and assembled what he said into the column. He then asks, "Did I write this? Did the AI write it? Or is the truth somewhere in between?"
Although Maxwell Perkins, for example, drastically reshaped the works of Thomas Wolfe, we recognize Perkins as an editor and Wolfe as the author. And when a book is "written by John Doe, as told to Richard Roe," John Doe is credited with the authorship, and Richard Roe is regarded as a collaborator or ghostwriter. In Ewalt's piece, the AI is an editor, and he is the author. Crediting the editor is optional.

On supporting science journalism
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MARTIN B. BRILLIANT HOLMDEL, N.J.
Ewalt did not write that article, nor did he provide its "soul." It was manufactured by a machine, just like any other commodity. As he notes, he dictated what was effectively a bullet list of thoughts, which is how many competent authors begin creating their work. This is not writing but prep work.
He states that "we must embrace these tools so we can control them." Large language models (LLMs) aren't tools; they're simply a means to further enshittify our lives with misinformation and spurious appeals to authority. LLMs provide nothing that a human brain can't do. Data-analyzing AI, on the other hand, is indeed a useful tool but still requires a human to validate its results.
JOHN PETRI VIA E-MAIL
Regardless of the capabilities, ease or convenience they offer, I believe that as long as LLMs and similar models continue their current unrestrained demands on resources such as fresh water and power generation, use of them--especially for amusement or for tasks no more onerous than composing an e-mail or essay--is plainly unjustifiable.
NITA L. LEWIS KENOSHA, WIS.
My question to Ewalt is simple: If early on in your life, you had discovered a tool that could clearly organize the "rambling points" you wanted to make in essays you were writing, would you have learned to organize your thinking on your own, thereby acquiring a valuable skill? When it comes to the use of AI and cognitive development, product and production may be violently at odds.
EVELIN SULLIVAN SAN CARLOS, CALIF.
I completely understand the ambiguity that Ewalt expresses. I spent my first working years programming before switching to mostly architectural and managerial tasks. In that period, there was a large project where I wrote the fewest lines of code of all team members. Still, I always said that I "made the software" because the team wrote it according to my (and others') ideas.
If Ewalt had the idea and checked everything thoroughly, the style was consistent with his "biological style," and he was fine with the result, then it is his text. Nevertheless, there is a clear danger of letting go of these controls.
MARCO HAHN VIA E-MAIL
My worry about AI is inaccuracies being propagated. We humans can do that, too. But with footnotes and bibliographies, our sources can be scrutinized.
Ewalt believed he provided the soul of the piece. Although that was initially true, his soul's creative output went through a process of reductionism and mimicry. Even if AI develops flavor choices for writers, I'll probably be biased against the lack of authenticity.
ANNIE WILLIAMS VIA E-MAIL
This will not be the only response you receive pointing out that saying AI tools are "improving at a logarithmic pace" is the inverse of the usual expression "improving at an exponential pace." Logarithmic growth starts fast and slows down. Exponential growth starts slow and speeds up, which is I think what Ewalt meant. As to what the AI system meant, maybe it was trying to be original at his expense.
KARL STEPHAN VIA E-MAIL
Ewalt cites the findings of "a major 2025 study." He is citing a document entitled ExplanAItions 2025: The Evolution of AI in Research. Although Wiley calls the project a study, the document is not a scientific study in a peer-reviewed journal but a report with no attributed author. I simply wish to draw attention to evidence of the utter inadequacy of Ewalt's AI assistant, not to him or his writing.
It seems to me that an AI tool greatly enhances a writer's ability to intuitively and automatically write coherent text. This makes the writer less reliant on but therefore less likely to recruit his or her analytical and deliberative faculties.
ALEXANDER TRAPLIN GUELPH, ONTARIO
EWALT REPLIES: The entire magazine is fact-checked, but because the point of my letter was to consider the capabilities of AI, I intentionally let the text run as "written" by machine. It's comforting that so many people caught the terminology error and somewhat specious reference; while the experiment convinced me AI can be a useful helper, it's clear people are still the superior beings.
AI AND DISCRIMINATION
In "When Care Becomes Code" [Living in the Copilot Society], Hilke Schellmann writes that Ziad Obermeyer of the University of California, Berkeley, School of Public Health "found that some [AI] algorithms used in patient care turned out to be racist."
I looked for clarification in an October 2019 study in Science that Obermeyer co-authored. It showed that a common health algorithm assessed Black patients as having a significantly lower medical risk than white patients with the same level of condition because it used health-care costs as a proxy for health needs.
The study authors didn't use the term "racist." Rather they concluded that the algorithm was "racially biased." I think this terminology was used because it entails discriminatory behavior based on subconscious or nonprejudicial differentiation rather than conscious belief.
The algorithm in Obermeyer's study made an incorrect inference from spending data; it had not been directly fed notions of prejudice.
WENDY ROSENBLUM STAMFORD, CONN.
SCHELLMANN REPLIES: In answer to Rosenblum's thoughtful question, these terms can have different interpretations, and I used "racist" to describe discrimination in a broader structural sense: algorithms have no intent, of course, but they can still produce racist outcomes. Obermeyer's work shows how using seemingly neutral data points, including health-care costs, can reproduce racial bias in patient care.

Aaron Shattuck is a senior copy editor at Scientific American.
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By Meghan Bartels edited by Sarah Lewin Frasier
Cities by their nature are hotspots for invasive species: all the coming and going means that countless newbie plants and animals regularly face the gamble of natural selection. Most newcomers fade out or establish only a small population, but every so often a species explodes on the scene and becomes problematic.
Perhaps no species has made quite as splashy an entrance as the spotted lanternfly (Lycorma delicatula), which in the past decade has stormed mid-Atlantic cities in massive flurries of polka-dotted wings. Although they're more of an economic threat in the countryside, where they're particularly damaging to grapevines, new research shows it's likely not a coincidence they're succeeding at city life, too.
For Kristin Winchell, an evolutionary ecologist at New York University, the spotted lanternfly's arrival in New York City in July 2020 was serendipitous. She wanted to test a hypothesis called anthropogenically induced adaptation to invade: the idea that landscapes that humans have reshaped worldwide--cities being the most extreme examples--are ecologically more like one another than natural ecosystems are. So species adapted to local urban areas may more easily invade a distant one.

On supporting science journalism
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Spotted lanternflies seemed a plausible example; in the U.S., they were first detected about an hour's drive from downtown Philadelphia in 2014, and today their spread tracks the web of cities from Greensboro, N.C., to as far north as Boston and as far west as Detroit, with sightings scattered as far as Chicago, Cincinnati, Nashville and Atlanta.
Winchell and her colleagues gathered spotted lanternflies from across the invaded territory, as well as from urban and rural locations in their native Shanghai, and dug into the animals' genes. They confirmed that the U.S. population of the bugs stems from a single introduction, as researchers had suspected, which created a distinctive "bottleneck" in the species' genetic diversity. The details were reported in the Proceedings of the Royal Society B.
[image: A spotted lanternfly stands in the foreground on a wooden railing as a body of water and New York City skyscrapers stretch across the background.]The thriving city life of spotted lanternflies is no coincidence.

Gary Hershorn/Getty Images



More intriguing, the scientists detected the signatures of two previous bottlenecks in the population that went on to spread in the U.S.--one about a decade earlier, likely triggered by the lanternfly's original invasion of South Korea, and another about 170 years ago. This older bottleneck coincided with Shanghai's urbanization. Moreover, the researchers found key genes related to toxins in the modern Shanghai lanternflies collected in urban areas but not in those from natural forests. The genes might have helped the bugs develop a foothold in urban environments long before any arrived in the U.S.
"The fact that they landed in the largest contiguous metropolitan region in the U.S. was probably really important to their rapid spread here," Winchell says. "If you get on a train in Baltimore and take that up to Boston, there are many, many places along the way where you could hop off and you're going to still be in the city," she adds. "It gives them a lot more opportunities to disperse into habitats that they are adapted to."
Other research has shown that in the U.S., urban spotted lanternflies are growing larger than rural ones, meaning they're potentially able to travel farther on relatively larger energy stores, produce more offspring or better withstand hot temperatures--suggesting their evolution is continuing apace.
The spotted lanternfly's story is a warning that biologists need to pay attention to what's happening in cities and other places heavily shaped by humans before an invasion starts, says Julie Urban, an evolutionary biologist at Pennsylvania State University, who was not involved in the analysis.
Urban, who specializes in the broader group of plant hoppers to which the spotted lanternflies belong, is one of few in the U.S. who knew about the insects before they arrived. The more than 12,000 described species of plant hoppers worldwide offer stunning biological oddities: some grow a cluster of tail-like wax spikes out their rear; others have heads shaped like a cashew nut or a shrew's long, button-tipped nose. (The spotted lanternfly's strangest trait may be that females can somehow rearrange their internal anatomy to pass their microbiome on to their eggs, Urban says.)
In the wild, plant hoppers are usually hard to find: even in hotspots, Urban says, you may find only a few individuals of a few species. That's hard to imagine now in cities where the spotted lanternfly has really spread its wings, and crowds of adult lanternflies are unmissable. Urban has spent more than a decade watching the insects skyrocket to fame. "It's been very strange, but I think that's why I feel a sense of obligation to help," she says. "This is my first invasive."
The cities being hardest hit by the spotted lanternflies can't make the same claim. Take New York City, which is only a few years into hosting the bugs. A decade before, a different invasive insect landed in the Big Apple. Nicknamed the ManhattAnt before eventually being identified as the European Lasius emarginatus, the ant now lays claim to three in every four ant colonies in the city, says Ellen van Wilgenburg, a behavioral ecologist at Fordham University.
The ManhattAnt moves fast, climbs high and can tolerate the hot city streets, all of which have let it outcompete the city's native ants--without most of the city's human residents even realizing. "They don't get any attention, because no one cares about ants," van Wilgenburg says. Even scientists aren't keeping up, with only a handful of papers examining the species, compared with dozens about spotted lanternflies in the U.S.
Spotted lanternflies' celebrity status, then, might turn out to be a boon for the science of invasive species, particularly in cities, Winchell says: "I think it could become a model system for really understanding how invasions proceed over time, how they become endemic and how they interact with the native environments."

Meghan Bartels is a science journalist based in New York City. She joined Scientific American in 2023 and is now a senior reporter there. Previously, she spent more than four years as a writer and editor at Space.com, as well as nearly a year as a science reporter at Newsweek, where she focused on space and Earth science. Her writing has also appeared in Audubon, Nautilus, Astronomy and Smithsonian, among other publications. She attended Georgetown University and earned a master's degree in journalism at New York University's Science, Health and Environmental Reporting Program.
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By Jason P. Dinh edited by Sarah Lewin Frasier
The world's largest known group of chimpanzees recently burst into a lethal conflict. Much like in a civil war, the group fractured into two. Then one faction began killing former group mates on the other side, researchers write in the journal Science. It's an exceedingly rare event: scientists estimate that chimpanzee communities split, on average, every 500 years.
The paper is "a tour de force," says Joseph Feldblum, an evolutionary anthropologist affiliated with Duke University, who was not involved in the study.
The research relied on three decades of data, starting in 1995, from Kibale National Park in Uganda, home to the Ngogo chimpanzees--a community of about 200 individuals. Social relationships here clump around two primary groups, named the Central and Western clusters. For decades they formed a single community in which chimps shared territory, changed their typical cluster affiliations and sometimes mated across clusters--until 2015, says the study's lead author, Aaron Sandel, a primatologist at the University of Texas at Austin.

On supporting science journalism
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On June 24 of that year, Sandel was observing Ngogo chimpanzees when a Western party approached a Central one. Typically the two would mingle and then split. But this time the Western chimps quieted when they heard their Central group mates. Then they ran away, and the Central bunch chased after them.
"Nothing like that had been observed before," Sandel says. Even his colleague John Mitani, a University of Michigan behavioral ecologist who had studied chimps for two decades, didn't know what to make of the scuffle. And Mitani is "rarely surprised by what they do," Sandel adds.
The clusters began to separate geographically and socially. By 2017 the two groups occupied entirely distinct territories and patrolled their borders against outsiders. The following year deadly violence ensued.
[image: Chimpanzee holds onto a branch and bares its teeth.]A group of about 200 chimpanzees has split into two factions in Uganda's Kibale National Park.

Beata Whitehead/Getty Images



Between 2018 and 2024 the researchers witnessed Western adults kill seven males and 17 infants from the Central group, the paper reports. An additional 14 adolescent or adult Central males disappeared during that time, and their bodies were never recovered--these males hadn't shown signs of illness, so at least some of them also might have fallen prey to the Western group's aggression. Sandel's team has documented at least two more attacks on Central males since the data analysis for this study ended in 2024.
The authors say that the group split because its social relationships broke down. Sandel suspects those ties were strained by an unusually large group size, competition over food and reproduction, changes in which individuals were alpha males, and diseases killing adults that had been key bridges between clusters.
A similar fracture happened in Gombe National Park in Tanzania in the 1970s. There the late primatologist Jane Goodall observed that several chimpanzees had split off into a new group, and former group mates later killed many of them. Similar events preceded that break: the clustering of social relationships, a rise in reproductive competition, new alpha males and the deaths of several community-bridging males. But because humans frequently gave Gombe chimps bananas, some primatologists doubted whether the group fission was a natural behavior.
"[Ngogo] is the first time that you could say definitively that the civil war is actually happening," Sandel says.
Now he wants to understand whether social relationships drive conflicts in humans as they do for our closest living relatives. One prominent theory is that war stems from cultural differences such as ethnicity, language and religion. Peace interventions, such as cultural diplomacy, focus on bridging these divides. But if, like for chimpanzees, managing conflicts boils down to maintaining cordial and inclusive social networks, then these efforts may miss the most important point, Sandel says: it's not just about understanding the cultures of other groups but also about nurturing friendships that connect them.
"What we have to do is maintain interpersonal relationships," he says. "In our own daily lives with the people that we interact with, if we can reunite--even in the face of conflict--then I think that's a recipe for maintaining peace."

Jason P. Dinh is a freelance science and environmental journalist based in Washington, D.C.
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By Jacek Krywko edited by Sarah Lewin Frasier
For three nights straight in the winter of 1204, red and white stripes stretched across the northern and northeastern horizon in the night sky over Kyoto. This observation was recorded in part by a Japanese noble and poet named Fujiwara Sadaie in his diary, entitled Meigetsuki (The Record of the Clear Moon).
[image: Two pages of a yellow-papered notebook with columns of Japanese writing. Additional writing can be faintly seen on the pages' other sides.]A hand-copied version of the Edo-period diary Meigetsuki. The page shown references "red lights in the northern sky."

National Archives of Japan



"It was an aurora, and three-day-long auroras are extremely rare," says Hiroko Miyahara, a physicist at the Okinawa Institute of Science and Technology. To trace the solar events behind these auroras, Miyahara and her colleagues looked for spikes of telltale atomic variations trapped in 13th-century tree rings, using medieval literature to guide their search. Their findings were published in the Proceedings of the Japan Academy, Series B.
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During the active part of a solar cycle, the sun can throw coronal mass ejections and bursts of particles with energies of up to 10 billion electron volts toward Earth. If these high-energy streams hit our atmosphere, they can interact with molecules in the air, leading to the colorful lights we call aurora. Other chemical reactions produce rare versions of atoms, including one called carbon-14. Trees then absorb this radioactive isotope, locking a chemical time stamp of the solar storm into their annual growth rings. Extreme solar storms leave massive carbon-14 spikes in tree rings, but smaller-scale events are much harder and more time-consuming to detect without knowing where to look.
[image: A line drawing of a sitting person in a hat and intricately decorated outfit.]Illustration of Fujiwara Sadaie from the Edo period.

Kikuchi Yosai



Searching through mentions of auroras in writing from Asia and Europe led Miyahara and her colleagues to focus on the period between 1196 and 1211. To their surprise, the prolonged auroras of 1204 left no corresponding surge in carbon-14. Instead the team found an abrupt jump in the isotope just a few years earlier, between 1200 and 1201, that matched descriptions of an aurora and sunspots in Chinese and Korean texts. This jump, researchers calculated, was caused by an event 14 times larger than the solar storm of February 23, 1956, which remains the most intense such storm recorded in the modern era. "If this happened today, it would cause us lots of trouble," Miyahara says: sufficiently powerful solar storms can affect satellites, communications systems and the power grid.
According to Charlotte Pearson, a dendrochronologist--tree-ring researcher--at the University of Arizona, who was not involved in the study, the work "is especially cool [because] you get two records for the price of one: you get solar events and solar cycles in year-to-year detail."
[image: Two rectangular samples of tree trunks show distinct stripes, each of which has a white flag tagging it.]Asunaro cypress tree samples provided by Tohoku University in Japan.

Hiroko Miyahara/OIST



Miyahara's team found that the solar cycles back in the 13th century were shorter, lasting between seven and eight years instead of the 11 years that we observe today. The researchers also found that the 1200-1201 event occurred at the maximum of one of these abbreviated activity cycles. Powerful storms at solar maximum are expected--but the literature analysis revealed accounts of many more unusual storms that occurred around the cycle minimum as well. Like the Meigetsuki observation, these incidents might not have left tree-ring records.
"It means we need to pay attention to potentially significant solar events not just when the sun is highly active but also when it is at low activity," says Brian Thomas, an astrophysicist at Washburn University in Kansas, who was not part of the study. "Although this is not an entirely new concept, this paper reinforces it."
Miyahara wants to search for details of these cycle-minimum storms in her future historical work, she says: "This is unexpected, and we will be looking further into what solar conditions could cause this."

Jacek Krywko is a freelance writer who covers space exploration and computer science.
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By Susan Cosier edited by Sarah Lewin Frasier
Mark Patterson was living underwater for a week inside the Hydrolab, a white, cylindrical research station at the bottom of the ocean in the eastern Caribbean. It was 1984, and he was on his first of what would become many missions involving saturation diving: descending to the seafloor and spending multiple days there, leaving the lab during the day to explore the underwater world as an aquanaut. After acclimating to the depths, he couldn't ascend even if he wanted to. To avoid dire health consequences, he would have to spend 24 hours for every 100 feet of depth slowly decompressing when the mission ended.
Patterson wanted to dive at night. He put on his gear, opened the hatches and swam out into the sea, a 300-foot-long cord tethering him to the lab. When the cord pulled taut, he sat down on the sandy ocean floor. The lab glowed like a jewel in the distance, and around him bioluminescent plankton shone like stars. "That's when I felt, 'Wow, this is the coolest thing maybe I'm ever going to do: live underwater,'" says Patterson, a marine biologist at Northeastern University who has spent a total of 89 days under the sea.
Patterson experienced what scientists have called the "underview effect," an intense sensation of awe that strengthens aquanauts' perception of human connectedness to the world. The experience's name references the so-called overview effect astronauts describe feeling when looking at Earth from orbit. Patterson was one of the 14 aquanauts who discussed their experiences of awe for a study in Environment and Behavior.
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Many of those surveyed reported that the length of observation--aquanauts' daily excursions can last eight hours--is part of what makes the experience special. A moray eel or a barracuda becomes an individual with daily habits and behaviors. Storms overhead alter pressure below the surface and make ears pop. Plankton undulate with the movement of the waves.
Previous studies have concluded that the overview effect helped astronauts and the people who heard their stories become more attuned to how human behavior has altered Earth. The new study's authors suggest that descriptions of awe-inspiring time underwater could help others think differently about the seas.
Inducing awe is "one of the strongest ways to weaken the boundaries of ourselves," says Stanford University psychologist Johannes Eichstaedt, who has studied the overview effect and was not involved in the recent paper. It can generate a sense of connection to nature for some people, he adds.
Lead study author Kristen Kilgallen, a psychology Ph.D. candidate at Northeastern, suggests that awe in the natural world can come simply from trying something new that disrupts everyday routines. "You can find exploration rewarding in and of itself, regardless of what you find," she says. "That's what keeps you engaged with the world."

Susan Cosier is a freelance journalist focused on science and the environment. She is based in Chicago. Follow Cosier on Twitter @susancosier
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By K. R. Callaway edited by Claire Cameron & Sarah Lewin Frasier
Rain sounds may be soothing for humans, but for plants the pitter-patter of droplets is more like a jarring morning alarm. As water falls onto soil or more water, the vibrations are far stronger underground than on the surface, and new research suggests plants take advantage of this wake-up call.
The sound of rain causes rice seeds to sprout faster than they would otherwise, according to a study published in Scientific Reports. The results mark the first direct evidence that plants sense and respond to sounds in their environment, the researchers say. And it's likely that seeds from other plant species behave in the same way.
"It is a little bit of an unusual, quirky effect" that only an interdisciplinary effort between acoustic and plant scientists could have uncovered, says study lead author Nicholas C. Makris, a mechanical engineer who researches acoustics and sensing at the Massachusetts Institute of Technology.
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Just how much plants can sense in the world around them has long puzzled researchers. There's evidence to suggest that plants might have the ability to "think," "see," "hear" and make sounds, but scientists have only rarely observed a cause-and-effect relation that reveals our flora friends responding to their environment in real time. In the new study, the researchers home in on the link between sound and germination.
[image: Close up drops of water on rice field in the morning.]Rice plants sense the sound vibrations of raindrops hitting the ground--and researchers suspect other plants can do the same.
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In plants, cellular structures called statoliths are responsible for external sensing. These structures are envelopes of starch that shift and settle at the bottom of plant cells, helping the organisms to detect changes in their position and stability--and to tell germinating seeds in which direction to grow their roots. Makris and study co-author Cadine Navarro, then a graduate student in urban studies at M.I.T., theorized that rain sounds underwater might produce large enough vibrations to jostle the statoliths and possibly prompt germination in rice seeds.
The scientists exposed about 8,000 rice seeds submerged in water, their preferred growing condition, to rain sounds. They found that the noise made these seeds germinate between 30 and 40 percent faster than seeds that were kept in quiet but otherwise identical conditions.
"I think this paper is a really significant advance in our understanding of how plants respond to the acoustic energy in their environment," says Heidi Appel, a biologist at the University of Houston, who was not involved in the new work. "This is the first study of its kind to measure the vibrational impact of raindrops carefully and realistically."
Researchers, including Appel and the study authors, hope these findings will be an "aha! moment" for future scientists, inspiring them to study plants' responses to other natural sounds.

K. R. Callaway is a freelance journalist and was an editorial intern at Scientific American. She specializes in science, health, history and policy.
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By Rohini Subrahmanyam edited by Sarah Lewin Frasier
Watching hours of "sheepdog YouTube"--competitions where trained dogs shepherd a small number of unpredictable sheep--gave scientists a key insight into how to control chaotic swarms. The trick, they write in Science Advances, is to exploit the sheep's indecisiveness.
Sheepdogs routinely steer and split groups of 50 or more sheep. But in the century-old tradition of sheepdog trials, dogs display their skills by controlling only four or five. Such a small flock is inherently "noisier"--less predictable--and harder to manage than a large herd. Without the safety of numbers, their individual personalities can drive them to frequently switch between "Flee the dog!" and "Keep calm and follow the others." How do sheepdogs successfully steer small groups of erratic sheep?
By analyzing sheepdog trials on YouTube and talking to farmers in Georgia, the researchers discovered the dogs' two-step strategy: (1) wait for all the sheep to face the right direction as they flip around at random; (2) immediately chase them.
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Once the aligned sheep start moving, they will randomly switch between "follow" and "flee" and quickly break their formation. At that point, the dog pauses and waits for them to orient again. It's a slow, "delicate dance," says study co-author Saad Bhamla, a biomolecular engineer at the Georgia Institute of Technology. But through patience and timing, the dog exploits the sheep's own randomness to maneuver the flock. Bhamla likens it to sailing a ship on a windy day, raising sails only when the wind is heading your direction.
Inspired by the chaotic sheep, the researchers devised an "Indecisive Swarm Algorithm" for robots that keep switching who they follow (either the researchers' controller or a neighboring bot). This tactic created easier-to-control robots than having the bots either follow only the controller or average the movement of all their neighbors to follow, which eventually dilutes the controller's signal. In the future, the researchers say, this algorithm could help to organize other noisy collectives, such as a bunch of drones, self-driving cars or even AI agents working together, which could be programmed to swap between following other individuals' leads and the overarching controller. "Indecisiveness prevents the group from binding up and makes it more pliable," says Ted Pavlic, a computer scientist at Arizona State University, who was not involved in the study. Noisiness can help avoid deadlocks like those recently seen affecting groups of autonomous cars.
"We tend to think of noise as a problem that makes systems less predictable, less optimized," says Raphael Sarfati, a physicist at Goodfire AI, who was also not involved in the work. "[But] we see everywhere that noise, a little bit of noise at least, is really, really good for driving systems toward a better optimum."

Rohini Subrahmanyam is a biologist turned science journalist. She loves writing about interesting creatures on our planet. Subrahmanyam received a Ph.D. from the National Center for Biological Sciences at the Tata Institute of Fundamental Research in India. Follow her on X (formerly Twitter) @rohsubb and on LinkedIn, and see her portfolio here.
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By Cody Cottier edited by Sarah Lewin Frasier
Just under 300,000 years from the moment Homo sapiens appeared in Africa, the species had encircled Earth, mastering desolate deserts and frozen wastelands and all the temperate climes in between. Throughout this staggering expansion, we seem to have relied surprisingly little on genetic adaptation to fuel our globe-conquering--all eight billion of us together remain less genetically diverse than individual populations of chimpanzees. So how did we do it?
Many scientists point to cultural evolution, the process by which knowledge, customs and technology spread over time. But according to Alex Mesoudi, who studies cultural evolution at the University of Exeter in England, "it's always been just a vague claim."
No longer. A recent paper in the Proceedings of the National Academy of Sciences USA by Arizona State University evolutionary anthropologist Charles Perreault calculates just how big a boost our capacity for culture might have given the great human takeover. Had we been a typical mammal, forced to adapt primarily through sluggish genetic evolution, Perreault concludes, we would've needed 88 million years to attain our current geographic footprint--and we would have split into some 2,200 distinct species in that time.
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To arrive at those figures, Perreault compiled range maps for nearly 6,000 mammal species and charted how geographic spread relates to three proxies of evolutionary change for a group with a common ancestor, called a lineage: a lineage's age, its number of species, and its spectrum of body sizes. Those relationships let Perreault gauge roughly how much "evolutionary work" mammals do to populate a given area.
By this yardstick, humans accomplished in a few hundred thousand years what otherwise would have required tens of millions. Cultural shortcuts meant that, unlike other mammal lineages, we didn't have to wait an entire generation to adapt via natural selection. "We can just skip that," Perreault says. A continuous stream of better tools, smarter ideas and more effective practices "really accelerates the pace of evolution."
Collectively, Perreault found, humans occupy as much terrain as all other mammals combined, far more than any one species. (Gray wolves come closest, covering half as much land.) This makes us seem like the ultimate generalists, but he notes that in another sense we aren't, really--it's just that individual groups of people perfected the art of survival in vastly different places. The Kalahari hunter-gatherers of southern Africa might not last long in Greenland, and vice versa for the Inuit.
Mesoudi, who was not involved in the new study, agrees that cultural evolution was probably a key to human success while noting that the secret sauce could instead turn out to be social cooperation, language, individual intellect, or some combination of these factors. Still, he says, the paper is "a nice attempt to quantify something that we often write but don't actually put any numbers on."

Cody Cottier is a freelance journalist based in Fort Collins, Colo, who frequently covers evolution and the environment.
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By Anirban Mukhopadhyay edited by Sarah Lewin Frasier
Pop culture holds that if you're trapped in a well, Lassie will lead the way to a rescue--but if you're stuck with Garfield, you'd better have some lasagna in your pocket. And research suggests such stereotypes aren't far off.
Scientists compared 19 children between 16 and 24 months old with 38 untrained pet dogs and 22 cats, asking a simple question: Who will spontaneously respond when a human appears to need help? In the experiment, a familiar caregiver--the child's parent or the pet's owner--interacted with a sponge before turning away. Then an experimenter hid it in full view of the study subject. Across three trials of decreasing difficulty--when the sponge was unreachable and covered, then visible but out of reach, then fully reachable--the person searched, repeating, "I can't find it. What should I do?" but never directly addressing the subject.
The study grew out of a broader question about prosocial behavior--why some species help others and some don't, says comparative ethologist and study co-author Melitta Csepregi, who studies animal behavior at ELTE Eotvos Lorand University in Hungary. "To get at that, we compared dogs, cats and toddlers, three species that live closely with humans but differ sharply in their evolutionary histories."
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In the findings described in Animal Behaviour, all three groups paid similar levels of attention. But children and dogs were more likely to show helping-related behaviors--approaching, indicating or retrieving the object for the person. By the final trial, more than half the dogs and nearly half the toddlers indicated the object's location, and some also brought it to the caregiver. Cats never approached it and only rarely indicated its location.
University of Vienna cognitive biologist Ludwig Huber, who was not involved in the study, says that "the authors made considerable efforts to rule out alternative explanations [for dogs' motivation] such as attention, eye contact, object interest, and getting used to the situation." It seemed they were trying to help.
But one question remained: Were cats failing to assist because they didn't understand the situation--or because they lacked motivation?
To test this, the researchers added a final trial, replacing the sponge with food or a favorite toy. Cats then approached and indicated the object as often as dogs and children did.
"This brilliant study puts hard data to showing that cats aren't mean but operate on a different evolutionary system," says University of Pisa ethologist Elisabetta Palagi, who was not part of the study. Dogs and toddlers, she notes, are evolutionarily hardwired to treat another's problem as their own. Cats, however, remain autonomous, understanding the situation without feeling compelled to intervene unless there's a direct benefit for themselves. "They truly are the efficient specialists of the animal kingdom."

Anirban Mukhopadhyay is an independent science journalist based in India. He has a Ph.D. in genetics from Delhi University and writes about science policy and cutting-edge biomedical research. Find him on X @onipedia and on LinkedIn.
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By Heinrich Hemme 
A square is divided into eight rectangles of equal area. One of these rectangles has a width of 8. What are the lengths of the sides of the square?
[image: Graphic shows a light yellow square divided into eight rectangles that have varying dimensions but equal areas. One of the rectangles is highlighted in a darker yellow and one of its shorter sides is labeled with the number eight.]
If the rectangle with width 8 has length a, its area is A = 8a. Now the dimensions of the other rectangles can be determined successively. We have B = C = a/2 x 16, D = a/3 x 24, E = 4a/3 x 6, F = 4a/15 x 30, G = 8a/5 x 5, and H = 8a/35 x 35. The square therefore has a side length of 35.
[image: The same figure above is shown with labels added for the area (capital A) and longer side (lowercase italic a) of the darker yellow rectangle. The other seven rectangles are labeled with capital letters B, C, D, E, F, G and H.]



We'd love to hear from you! E-mail us at games@sciam.com to share your experience.
This puzzle originally appeared in Spektrum der Wissenschaft and was reproduced with permission. It was translated from the original German version with the assistance of artificial intelligence and reviewed by our editors.

Heinrich Hemme is a physicist and a former university lecturer at FH Aachen-University of Applied Sciences in Germany.
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By Lauren J. Young edited by Sarah Lewin Frasier
Mammograms, which are key to detecting breast cancer, could be paired with artificial intelligence to predict heart disease risk, too. Researchers have developed an AI model that scans mammograms to quantify bright streaks of calcium buildup, a marker of stiffened breast artery tissues. The severity of these so-called breast arterial calcifications (BAC) can help to predict associated heart disease risk, researchers report in the European Heart Journal. The model "can be run on every single mammogram without any additional work," says study co-author Hari Trivedi, an Emory University radiologist--and more than 40 million mammograms are conducted in the U.S. every year.
Breast cancer can leave behind tiny calcium deposits as cells rapidly die. On a mammogram, these appear as small clusters--an early sign of abnormal growth and tumors. Breast arterial calcifications look strikingly different, often showing up as two bright "railroad-track" stripes zigzagging through the breast tissue, Trivedi says. BAC itself doesn't harm breast tissue or increase the risk of breast cancer, he says. But it could signify that calcification is developing elsewhere in the body--and that's an indicator of potential heart disease because stiffening vessels mean poorer circulation.
Other research groups have investigated using mammograms to assess heart disease risk, and some radiologists look out for BAC during screenings, but Trivedi says his team's model offers the first way to measure and track the amount of BAC and tie that amount to higher disease risk. (Other AI-powered BAC-detection tools exist, including one cleared by the U.S. Food and Drug Administration, but quantifying the specific amount makes it possible to further predict risk level, he adds.)
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Trivedi's team focused on two populations: 74,124 people at Emory Healthcare in Atlanta and 49,638 people at Mayo Clinic sites in Arizona, Florida, Minnesota and the upper Midwest. The researchers found that even small increases in BAC correlated with slightly raised cardiovascular risk, and severe levels of BAC were associated with fourfold to eightfold increases in events such as heart attack and stroke compared with rates in those who have none.
The new model could also help take "the burden off the radiologist" to spot BAC and choose to evaluate and report risk, adds radiologist Laurie Margolies, who specializes in breast imaging at Mount Sinai in New York City and was not involved in the study. She and her colleagues at Mount Sinai are currently studying whether people will pursue cardiovascular care if a BAC assessment is included with mammogram results--and, more important, whether heart health outcomes in those people improve.
Widespread routine mammograms have helped to dramatically reduce breast cancer deaths in the U.S. Mammograms are recommended for most women every other year beginning at age 40, making the approach particularly enticing for catching heart disease earlier, Trivedi says. "If you have BAC and are under 50, you are at a higher risk of a cardiovascular event within the next 10 years."
Given how many people get mammograms, "a lot of people could really benefit from this," says Margolies's colleague Mary Ann McLaughlin, a cardiologist also at Mount Sinai. Margolies calls this result "a bonus finding."
"You come looking for breast cancer, but you also get this information," Margolies says. "It's no extra radiation; it's no extra time. It's not another appointment. It's on your regular, routine mammogram."

Lauren J. Young is associate editor for health and medicine at Scientific American. She has edited and written stories that tackle a wide range of subjects, including the COVID pandemic, emerging diseases, evolutionary biology and health inequities. Young has nearly a decade of newsroom and science journalism experience. Before joining Scientific American in 2023, she was an associate editor at Popular Science and a digital producer at public radio's Science Friday. She has appeared as a guest on radio shows, podcasts and stage events. Young has also spoken on panels for the Asian American Journalists Association, American Library Association, NOVA Science Studio and the New York Botanical Garden. Her work has appeared in Scholastic MATH, School Library Journal, IEEE Spectrum, Atlas Obscura and Smithsonian Magazine. Young studied biology at California Polytechnic State University, San Luis Obispo, before pursuing a master's at New York University's Science, Health & Environmental Reporting Program.
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By Adam Rogers edited by Clara Moskowitz
Last year Christopher Reynolds started to worry that his space telescope was going to be killed.
The mission had started taking shape nine years earlier, a billion-dollar orbiting observatory that would look back in time into the early universe to study the first black holes, the formation of galaxies, and more. Eight teams of researchers pitched NASA their ideas; Reynolds, an astronomer at the University of Maryland, was part of a group that wanted to deploy a new technology: x-ray mirrors made of single-crystal silicon. It sounded promising enough that in October 2024 Reynolds's group got a $5-million grant from the agency to refine the idea--the Advanced X-ray Imaging Satellite, or AXIS. The scientists teamed up with spacecraft builders at the nasa Goddard Space Flight Center. "Everything seemed to be going pretty well," Reynolds says. "And then we started to get hit by programmatic chaos."
Last June the budget hawks in the Department of Government Efficiency (DOGE) pushed NASA into offering a broad package of buyouts, paid leave and early retirement. Over the next few weeks nearly 4,000 NASA employees--about a fifth of the workforce--took the deal. Reynolds's AXIS team lost 20 people. The engineer designing the heaters to keep the x-ray mirror at a constant temperature: gone. The lead project manager: gone. William Zhang, the astrophysicist who invented the telescope's mirror technology: gone. "We were literally left with their PowerPoints, trying to figure out what they'd done and where we were with aspects of the design," Reynolds says.

On supporting science journalism
If you're enjoying this article, consider supporting our award-winning journalism by subscribing. By purchasing a subscription you are helping to ensure the future of impactful stories about the discoveries and ideas shaping our world today.

Around the same time President Donald Trump's budget proposal came out--with massive cuts to science funding. In the U.S., private money funds vast amounts of scientific development research, and philanthropy contributes a bit, but something like 40 percent of all the funding for basic, blue-sky, exploratory research comes from the federal government. The program that would have funded AXIS was zeroed out entirely.
That was just the request, Reynolds figured at the time; Congress still has to do the actual appropriation. "In any normal year, that's what would have happened," he says. "But the center leadership started quite quickly aligning their priorities to the president's budget request."
Goddard reassigned engineers to projects that would be funded if Congress approved the budget as written. Reynolds's team lost its systems engineers, which in turn delayed sharing of AXIS's proposed design with Goddard's cost analysts and schedule specialists. "We got our very first cost estimate in the middle of September 2025," Reynolds says. "We were 10 percent over budget." He started trying to find things to cut. But then, in October, the federal government shut down. "The whole center just stopped," he says. "Everything stopped."
When the shutdown ended in mid-November, Reynolds's team had just two weeks to get on budget. It failed. The plan the group submitted would cost too much and take too long. "Our last hope was that NASA headquarters would understand what had gone on and give us some leeway," Reynolds says. NASA did not. After nearly 10 years of work, AXIS was dead.
Now, Reynolds says, he's fine, mostly. He's a tenured professor and has other research to work on. "The jobs that are lost are the future jobs," he says. "And there's an entire field of study in which U.S. leadership is at stake." The hardest part, though, is how it happened. DOGE's cuts sliced through American research grants like a thresher, "but this was much murkier," Reynolds says. "We were never canceled. We were just starved to death."
Countless scientists around the country are going through the same thing. Thousands of federal grants have been frozen or canceled, with perhaps 2,600 still in limbo--about $1.4 billion worth. The National Science Foundation and the National Institutes of Health are awarding three quarters of their usual number of grants. Fewer people are entering graduate programs. Nearly 95,000 scientists have left federal government employment. The NIH used to issue as many as 850 "Notices of Funding Opportunity" every year--requests for proposals that sought specific kinds of research. In 2025 the agency issued 120. By mid-March of 2026, the NIH had sent 14.
What's going on is nothing short of a generational change in how the U.S. organizes its scientific enterprise. More than that, science feels different. Its purpose, its existential vibe, seems to have shifted. The cultural status of the people who do it has changed. And they don't understand why.

The prevailing emotions among scientists right now are rage and shock. A survey conducted by science news website STAT found that more than half of researchers with grants from the NIH--once a reliable source of $40 billion a year--reported some level of disruption to their funding: a total freeze, a delay in disbursement or a reduction in amount. And 81 percent of researchers in tenure-track positions said they were concerned that funding disruptions could affect their productivity enough to jeopardize their chances of getting tenure.
Now, to be sure, the end product of science is supposed to be science, not grants or tenure. Applying for highly competitive grants with limited funding is what scientists have always had to do to carry out the science--a flawed process with few alternatives. But arbitrary cancellations and delayed disbursements are unprecedented. And justifying them on the basis of politics--prohibiting, for instance, grants that include language referencing diversity, equity and inclusion (DEI)--was unheard of until now.
When Jenna Norton, a program director at the National Institute of Diabetes and Digestive and Kidney Diseases (NIDDKD), first got to the NIH 12 years ago, she wanted to increase research into the social determinants of health--structural racism in home-loan practices meant that nonwhite people got iced out of home ownership and generational wealth, which forced them to live in neighborhoods closer to toxic sites such as factories and highways, without sidewalks and amenities. "It's a challenging field to quantify, but we're getting to a place in science where we can start asking these questions," Norton says. Now the topic is verboten in U.S. grants. "That whole line of research has been shut off and censored because some people find the words 'structural racism' offensive."
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Political operatives at the NIH passed around lists of words that grants weren't allowed to use--in either applications or existing, funded projects. Program managers across the NIH and the NSF were told to ask affected researchers whether they'd care to change the language in their research descriptions or risk losing their funding. Some researchers whose grants Norton managed at the NIDDKD called her to say they wanted to preemptively change the language in their grant applications--before they'd been dinged. Norton complained so much that she was placed on administrative leave, although she has since been reinstated.
Of course, not all lost science had obvious political implications. As Reynolds, the AXIS lead researcher, puts it, "whether there are black holes at a redshift of 10 or not is not a partisan issue."
These kinds of obstacles are a new experience for most researchers. Getting into a career in science was already hard--students often undertake intellectually taxing and physically grueling academic work lasting years longer than most people spend in school, with limited remuneration. The people who do it tend to be mission-driven: they want to help others, learn something about the universe or invent something new. If they consider the political implications, it's because they're intrinsic to the work. "It's not just that people feel their career is under attack," says one longtime public health researcher. "They feel they personally are under attack."

DEI associations aren't the only topics that get captured by the new political filters. Now, for the first time, grant recipients aren't allowed to subcontract to collaborators on projects overseas. "That's obviously a problem when you study nasty diseases such as Lassa fever and Ebola, because they're not in this country," says Kristian Andersen, an evolutionary biologist at Scripps Research in La Jolla, Calif. "That's my whole career. This is why I came to the United States."
Most years, when Andersen advertises a postdoctoral research opportunity in his laboratory, he gets up to 200 applicants with perhaps a third of them from Europe. This year he had 100 applicants and none from Europe. Typically his lab would apply for two or three so-called center grants every year. This past year there were none in virology, immunology or viral immunology to apply for. So what's next? Andersen, who's Danish, says that "for people like myself, I think the best option is probably to leave and do science elsewhere." And he isn't the only one thinking of getting out. Of about 1,650 scientists who responded to a poll by the journal Nature, 75 percent said they were considering it.
"The most passionate and creative scientists are very intuitive and very driven by emotion and curiosity," says Gregory Feist, a psychologist at San Jose State University who studies scientists. "Until Trump, they'd been able to keep political questions out of mind." Their work was, if not above politics, at least outside it--essential to everyone, regardless of where they were on the political spectrum.
Now they see things differently. "The big eye-opener for me this past year is how quickly things can change," a NASA climate scientist says. This shock at the ease with which the government can rewrite the system came up in multiple interviews. "Is your grant going to be frozen? Is it going to be terminated? Is it going to be reinstated? Is it going to be delayed because you're required to change the wording?" asks Scott Delaney, a former Harvard University epidemiologist who co-created the watchdog group Grant Witness. "The reality is, because of what happened and what's happening now, the trust between researchers and the federal government is completely broken."
Without that trust, the entire system could blow apart. "Laboratories are going to close. Trainees are going to go to other countries or pursue nonscience careers," says Carole LaBonne, a developmental biologist at Northwestern University. "This compact that has existed since World War II, that made the U.S. the successful, prosperous nation that it is, is being dismantled."
What broke the compact? Several researchers identified the response to the COVID pandemic as a flash point. Public health guidance flailed initially on questions of masking, school closures and frontline drugs. It also produced a good vaccine in under a year, an unheard-of success. Ultimately around a million people died of the disease within the first two years.
The experience damaged trust in science and scientists. It's still high--the number of people saying they have a lot of trust in science has hovered around 77 percent for years. But it was 10 points higher before COVID, and it now splits hard along lines of political affiliation. "Especially in the U.S. and with social media, all of a sudden everybody was an expert on COVID. So much of it was just bullshit," Andersen says. "And then at some point bullshit was all that was left."
That helps to explain how a nonscientist such as Robert F. Kennedy, Jr., known for unorthodox and unproven ideas about health and medicine, became leader of the Department of Health and Human Services with oversight of the NIH. But it doesn't explain how Elon Musk, an industrialist and the richest human to ever live, got the power to excise so much of the country's research. It doesn't explain why the former conservative think tanker Russell Vought could use control of the wonkish Office of Management and Budget to zero out research funding.
"I would like to see more people speaking up, but the fact is, mostly people don't." --Kristian Andersen Scripps Research

There's a strain of antipathy to universities and academic truth-seeking in far-right conservatism, certainly. But other than burn-it-all-down nihilism or anti-intellectualism, why nuke the social contract between government and science? One possibility is that the deal was already dying.
In the first half of the 20th century, businesspeople, policymakers and scientists trying to figure out how airy academic research got turned into useful stuff came up with what's now called the linear model of innovation, a theoretical (and contested) sequence that went from funding to basic research to applied research to the development of a technology or product. The best-known codification of the model came toward the end of World War II in a report called Science: The Endless Frontier, by Vannevar Bush, an engineer who had headed the wartime Office of Scientific Research and Development. Bush understood that applied science had won the war for the Allies--not only the atomic bomb but also radar, penicillin, food preservation, cryptography, and so on. Nerds saved freedom's bacon, but Bush and others had had a hell of a time getting that nascent scientific potential onto the battlefield. So Bush proposed putting all of U.S. science on retainer.
Basic research, Bush wrote, was "performed without thought of practical ends" and "creates the fund from which the practical applications of knowledge must be drawn." So he proposed a vast expansion of the state's capacity to do science, via funding managed by agencies such as the NSF and the NIH. The government would give tax dollars to scientists so they could cast around in the dark doing basic research. Irregularly, some of that work would lead to new drugs or communications satellites or optimized food crops. Not every dollar of government support for science would result in a blockbuster drug or a billion-dollar technology, but a majority of blockbuster drugs and billion-dollar technologies would derive from government support. So the government promised to fund a lot. And in return, the scientists promised to jump through the government's hoops and respond to an occasional Bat-Signal. "That's the handshake between science and the market," says Benjamin Jones, an economist at Northwestern, who studies innovation.
It sounds like a business- and defense-minded strategy. But as innovation researcher Benoit Godin points out, even though Bush agreed with business interests about the fact that research and the training of scientists led to industrial progress, his rationale was explicitly social. "Without scientific progress the national health would deteriorate; without scientific progress we could not hope for improvement in our standard of living or for an increased number of jobs for our citizens; and without scientific progress we could not have maintained our liberties against tyranny," Bush wrote.
In fact, by the 1960s military and industrial interests had mostly lost patience with the ivory-tower exploratory side of the equation. The leaders of American capital and finance certainly wanted to goose scientific and technical innovation, but they thought the real problem was where the money went and how much was available. Banks didn't want to risk loans to iffy tech start-ups with no collateral. But a special kind of investor--a venture investor--would bring high-risk dollars to research in return for partial ownership of the company doing it.
That approach seemed to stall out, too. In 1977 William Casey, future director of the Central Intelligence Agency, wrote a report for the U.S. Small Business Administration arguing that it was because venture capital didn't have access to enough money. His new model for innovation, says M. R. Sauter, a historian of technology at the University of Maryland, brought to the center not basic research or even applied engineering but, simply, money--and the investors who had it. Casey's report recommended changing the regulations in the Employee Retirement Income Security Act of 1974 so that institutional capital, like retirement funds, could enter the riskier venture game. In 1979 Congress did just that.
And in 1980 Congress passed the Bayh-Dole Act, moving ownership of the results of government-funded university research from the government to the universities. Now a blockbuster new drug or search algorithm could be a windfall for a university, and university administrations had common cause with venture investors. More basic discoveries started getting turned into dollars. But the alliance shifted the emphasis from state capacity to financial outcomes.
Today the most influential private-sector developers of technology are in Silicon Valley, and their perspective on innovation is that it should move fast, disrupt markets and make money. That perspective is influencing government financing of science more than ever before. "Right now the [Trump] administration is very destructive and is changing its mind all the time. It has this dimmer view of science and also sort of wants to win in technology," says Jones, the Northwestern economist. "That is fueled somewhat by the disruptive orientation of successful people in Silicon Valley who are having an influence."
"I think that perspective is flat-out wrong," Jones adds.
For most of this century pretty much every metric of scientific productivity--new results, new discoveries and new inventions--has appeared to be down. This idea is controversial, and the data are difficult to measure, but that's academic because this nominal downturn opened the institutions of science to criticism that it was scientists who were failing to honor the bargain. Maybe it's no surprise that the whole thing has turned into what Arizona State University sociologist Edward Hackett calls "academic capitalism." Today's investors and policymakers think all research should be economically relevant and assist in the accumulation of capital. A "knowledge-based economy," says Lancaster University sociologist Bob Jessop, wants all scientists to be entrepreneurs. Which all sounds familiar.
This view might be why the newly reconstituted President's Council of Advisors on Science and Technology includes just one scientist, a physicist. The other 12 members are Silicon Valley luminaries such as venture capitalist Marc Andreessen and Jensen Huang, CEO of computer chipmaker Nvidia. And in March, Trump nominated venture capital investor Jim O'Neill as director of the NSF. Companies that work on artificial intelligence, the hot tech of the moment, tout the ability of their products to take over the labor of doing science, from analyzing data to formulating hypotheses. "GPT-5.2 is kind of already intelligent enough to be a soft collaborator in many scientific inquiries," says Sebastien Bubeck, a computer scientist at OpenAI.
That's not the world scientists want, but it's the one they've got. The problem is, subjecting science to political taste tests and a more commercial mindset almost certainly means fewer world-changing results. No one can ever know when noodling around with Gila monster saliva will yield anti-obesity GLP-1 drugs. And putting politicos atop the pyramid of grant evaluations, scientists say, will be a disaster. Researchers who manage to get grants to study health outcomes on the condition that they ignore the effects of variables such as socioeconomic status, gender and ethnicity won't even be able to publish their findings, because peer reviewers, an NSF director says, "are not going to suddenly indulge this fantasy." They're going to demand that studies factor in relevant variables.
Last year a team of economists imagined what this new future might look like by creating an alternative past. In 2025 the NIH cut the amount of grant money awarded by more than 40 percent compared with years prior. What if, the team members asked, the NIH research budget had been 40 percent smaller for the past few decades? Grants in the bottom 40 percent of the priority queue, they reasoned, wouldn't have been funded. The team tracked those grants to their outcomes--research that never happened in this parallel universe--and found that something like half of all drugs simply wouldn't exist today. The lost therapies include imatinib, the first real treatment for chronic myeloid leukemia, and the lung cancer drug erlotinib.
What are scientists supposed to do about all this? "I would like to see more people speaking up, but the fact is, mostly people don't," Andersen says. "They don't want to be a target of the federal government. Having been in that, and still being in that, [I can say] it's not very pleasant."
Like many other scientists, Andersen expresses disappointment in what he sees as a failure of the institutions of science--the national academies, the American Association for the Advancement of Science, universities--to mount a louder opposition. "We have seen none of that, especially from the academies," he says.
Some scientists try to just keep their heads down and keep working. Others know they can't. "In public health, we have a proud history of organizing, right? We were campaigners," says Gregg Gonsalves, an epidemiologist and policy professor at Yale University. By the 21st century that had changed. "We were told it was not important, that what mattered was the number of grants and publications you had. 'Forget all the social and political things; those are incidental.' Turns out they were not. They're core to it."
Gonsalves, who was involved in the fight to care for people with HIV and AIDS in the 1980s, says that scientists now have another job: "bearing witness and putting evidence on the table. It may not be persuasive to Russell Vought or Marco Rubio, but it is for the dossier, for the truth and reconciliation commission, for the Nuremberg trials that come after," he says. "Keep the receipts. Write down what you see. Tell them what they did. We're very good at documenting how X leads to Y."
That's the thing about generational shifts. There's always a next generation after this one.
Discussions
We're looking to host the most interesting science conversations on the web for this topic.




Adam Rogers is a journalist covering science, technology and culture. A former editor at WIRED and senior correspondent at Business Insider, he lives in the San Francisco Bay Area.
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By Megha Satyanarayana edited by David M. Ewalt
Aza Allsop
Yale School of Medicine
Aza Allsop is a physician, neuroscientist and musician studying how music affects our brains and, in turn, how it might be used to improve mental health. Music has long been considered a convener; Allsop's work helps to show why. In a recent study, he and his colleagues found that when people sitting face-to-face heard pleasing bits of music, their brains became more biochemically active in areas associated with social processing. In addition to his work as an assistant professor in Yale's department of psychiatry, Allsop runs the Center for Collective Healing at Howard University, which melds neuroscience and sociology to promote wellness, cooperation and peace. His nominator says that "he combines art, science and community to redefine culture and make social impact."
Robert Boria
San Francisco State University
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Robert Boria studies the effects of climate change and urbanization on small mammals. He melds natural history, ecosystem models and population genomics to understand how animals have responded to ecosystem changes and human cohabitation in the past and how they might do so in the future. Boria's nominators note that he blends disparate fields with ease and that he does this work without Ph.D. students at an institution where many students commute. His team's work shows that scientific research can be accessible to everyone.
Colette Delawalla
Emory University, Stand Up for Science
Colette Delawalla's nominator says simply, "She is changing the field of science, particularly among young scientists, by showing them how to become participants in democracy." Delawalla, a clinical psychology graduate student at Emory University, has led a charge against cuts to science and the dismissal of evidence through her organization, Stand Up for Science. Since early last year she has convened scores of people to protest funding cuts, promote political candidates who support science, and work with and within government to preserve the role of science in evidence-based policymaking and the economy.
Daniel Clarke
Icahn School of Medicine at Mount Sinai
Daniel Clarke develops programs that enable scientists to mine the immense amount of data gathered through genomics, proteomics and other -omics. Being able to synthesize all that information helps scientists unravel the inner workings of a cell and how it goes awry in disease. Clarke, who has a master's degree in computer science rather than a Ph.D., has been instrumental to research that has led to multiple high-impact publications. Yet researchers like him, who create the tools that scientists use every day, rarely get the recognition they deserve, says the scientist who brought him to Scientific American's attention. He calls Daniel "phenomenal--the most creative, dedicated and knowledgeable member of the lab over the past five to six years."
Xing Chen
University of Pittsburgh School of Medicine
Xing Chen is trying to understand how our brains process what we see in an effort to help people who are blind. She is working at the interface of neuroscience and biomedical engineering, using electrodes to stimulate visual systems to produce events the brain might interpret as shapes and letters--all without the information that comes from actual eyesight. Figuring out how to create these events is a step toward developing prosthetics that could at least partially restore vision in people who are blinded by accidents or glaucoma. Chen's nominator says she "has made a tremendous impact in her field and beyond, performing at the cutting edge of innovation."

Megha Satyanarayana is chief special projects editor at Scientific American. She is a former scientist who has worked at several news outlets, including the Detroit Free Press and STAT. She was a Knight-Wallace Fellow, a cohort member of Poynter's Leadership Academy for Women in Digital Media and a Maynard 200 Fellow.
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By Jeanna Bryner edited by Kate Wong
J. Craig Venter was a pioneer in the fields of human genomics and synthetic biology, pursuits that both put him in the spotlight and earned him the label of "controversial."
Venter's scientific achievements and character were fodder for a flood of obituaries and social media posts that poured in after the announcement of his death at the end of April, at the age of 79. "Craig was a divisive figure but had huge chutzpah and was always driven on by the science," says Roger Highfield, a science journalist who knew Venter professionally, having both edited two of the geneticist's books and written about him over the years. (Highfield is also science director of the U.K. Science Museum Group.)
When I spoke with Venter over video about the state of American science, just a month prior to his death, his bearing--described as "swashbuckling" by Highfield--seemed softened by humility and thoughtfulness. At one point, he veered into more philosophical territory and remarked on the absurdity of the goal of living forever. "If you want immortality," he said, "do something meaningful while you're alive."
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J. Craig Venter sat down with SciAm weeks before his passing, and spoke widely about genomics, AI hype, what the Trump administration has gotten right about science, and his view of a path to immortality.



Venter's own goals were shaped by early experiences outside of academia. "I started my science career by getting drafted and spending a year in Vietnam as a medic and learning that fundamentally the biggest thing I had to lose was my life."
Venter went on to lead a number of trailblazing efforts that transformed human understanding of biology. In 1995 he published the first bacterial genome sequence. Five years later, using a whole-genome shotgun-sequencing method that he developed, Venter and the government-backed Human Genome Project announced the first fully sequenced human genome. He then turned his attention to synthetic genomes, creating the first synthetic, self-replicating bacterial cell in 2010.
An edited transcript of the interview follows.
How would you describe the current state of American science?
I'd say the best way to describe it is that it's in extreme flux for all kinds of reasons, not just political. Artificial intelligence has entered the scene in an interesting way. It may be a little bit overhyped, but it's certainly affecting how people think about the future of science. I think people are looking for miracle solutions with AI that aren't going to occur. When we made the first synthetic cell, about a quarter of the genes were of completely unknown function. AI is worthless as a tool to identify the function of those genes because if it's not part of the training set, it doesn't exist in its world. All these people who are talking about how AI is going to design new genomes, design whole new things--it can't make things outside of its repertoire.
We're all limited by our training sets, but humans have the unique ability of being able to assemble things from missing pieces. That's what I've been particularly good at--taking complex concepts and seeing what's next, figuring out what we have to solve and answer to get there.
We're also in flux because of the funding and the competition and the political turmoil in the world. So much of science now is dependent on open, candid communication across countries and open movement of people. We're suffering a lot in the U.S. medically because so many of our interns and residents have traditionally come from overseas, but in many hospitals now there are huge wait times because we've blocked the workforce from coming in. The same is true for science with postdocs and graduate students.
This is the fuel that feeds the future of science--new young blood coming in and getting educated and excited about the future. We're shooting ourselves in the foot a little bit there, and at the same time we're facing increasing competition at very substantial levels. For example, in the field of synthetic biology, China's outspending the U.S. 10 or 15 to one.
What do you think needs to change in American science?
There are so many things that need to change. I think we're slowly getting back there. The good news over the years is--and most people aren't aware of this--Republican Congresses have generally been more supportive of disease research and funding at the National Institutes of Health than Democratic governments. Congress is starting to get a little bit of a backbone and put some funding back into getting good, solid, basic science going. We still need to make a whole lot of changes in science.
In addition to funding basic science, what other changes would you like to see?
I'll answer with an example from 1995, when Hamilton Smith, the Nobel laureate, and I wrote a grant and submitted it to the NIH, proposing our idea for shotgun sequencing to sequence the first genome in history. It was turned down with extreme prejudice--even though we were almost finished with the genome and had no doubt in our minds it was going to work, the mathematics would work, the assembly worked. I wrote a letter to Francis Collins [who was at the time the director of the National Human Genome Research Institute at the NIH] saying, "You should consider funding this just so the NIH won't be embarrassed when, after you turn it down, we go ahead and are first in history." I still have the letter that I got back, saying that they totally stand by their decision, and they're certain that it won't work. A short time later we published the first sequence of the full genome.
[image: J. Craig Venter sitting at a desk while holding his dog named Darwin. 2011 photograph provided by Eli Meir Kaplan/The Washington Post/Getty Images.]J. Craig Venter poses with his dog, Darwin, in 2011.

Eli Meir Kaplan/The Washington Post/Getty Images



Are you saying government agencies should financially support these types of endeavors?
In a sense. Because we proved an idea worked, we then were flooded with funding from the NIH, the Department of Energy, and other agencies to do more genomes. They'll fund an idea after it's proven to be correct, but that's not how science works at its best. We should fund new ideas and take risks to get to those new ideas faster. The American people should feel outraged that they're not getting 10 times the discoveries that they are getting, because we don't fund new ideas. Several years ago, when Elias A. Zerhouni was the NIH director, he wanted to form a special award for high-risk research, and he asked molecular biologist and Nobel laureate Sydney Brenner and me to head up a committee to recommend candidates for this award. We came up with 10 top candidates. The NIH decided they were all too risky and didn't want to give them the award for high-risk research, because it sent the wrong message.
What's missing are more opportunities for young scientists to come in and be able to take these risks, try things, and get rewarded or learn from the failure. I know a lot because I failed so many times that I've learned more from the failures than from the successes.
Speaking of young scientists, what piece of advice would you give to early-career scientists right now?
You have to take risks. If you're risk averse, you're in the wrong field. It's the definition of doing an experiment. You don't know the outcome. My favorite job is being an experimentalist. I can ask questions and try to get answers. Being a fundamental experimentalist is the essence of science. I've been very lucky in my career in having the ability to try to answer big questions. Most people are afraid of trying to do that.
You mentioned your time as a medic in the Vietnam War as shaping your scientific path. Is that where your love of risk-taking comes from?
I was always a risk-taker, but that experience in the war sort of set the philosophy for the rest of my life. I wanted to apply my skill set to honoring the thousands of young men and women my age fighting in a war that almost nobody believed in. I went back to school to get an education and try to honor these people by doing something meaningful with my life.
What gives you optimism right now in science and innovation here in the U.S.?
Things seem bleak, but currently we're still hanging on, maybe by a tooth, to leading the world in science. This is in large part because of philanthropy. We have unique institutions and unique ways of thinking in the U.S. that almost do not exist anywhere else in the world. A lot of people are doing amazing things with the fortunes they've inherited or developed, and that's the backbone of how we move science forward. People think it's government funding. Government funding sort of fills in the backbone, builds our infrastructure--without [funding for] indirect costs, I can't pay for my building, my electricity, the human resources people, anything. The infrastructure of science is just as critical as the funding for new ideas, but we have a great combination of government and philanthropic funding because people do believe in putting money in science.
People are also excited about new computing tools. It's hard to imagine how powerful computers will become. It's been more than 25 years since we sequenced the first human genome, and we now have whole new tools to start it over again the right way.
What do you mean by doing sequencing "the right way"?
We all had these great dreams 25 years ago, and they got sort of subverted by geneticists being sure that changes in a single nucleotide base, or letter, of DNA explained everything in the genetic code. Which they don't.
It's taken 25 years to realize how faulty that notion is. The NIH chose just to fund the sequencing of more genomes instead of trying to understand your complete set of observable traits. Sequencing more genomes tells us a lot about ancestry and history. It doesn't tell you the shape of your face, the spectrum your brain will function at, or your genetic susceptibility to environmental interactions, disease or wellness.
This is where AI can be helpful--taking all the information we could know about an individual and relating it back to their genome. We'll be able to do this tens, hundreds of thousands, millions of times faster as the tools get better. The tools still have to be developed, but that's why I'm optimistic. What we dreamed about 25 years ago is now doable.
How have AI and new technology changed the field of genomics in the past few years?
Just in the past few months, even. It's the mathematical tools. It's the AI. It's just the fundamental change in computing. In 1999 I built the third-largest civilian computer in the world. It was one and a half teraflops. It filled two giant rooms. Now you can have a laptop that's much more powerful than that. Computing technology, memory, large language models, and other new tools we now have can find associations between things that the human eye can't readily discern.
In genomics, we used to get just a collection of fragments. Now we can have complete genomes. We can understand your mother's genome, your father's genome. It's called the diploid genome. In January we started a company called Diploid Genomics, Inc., to deploy genomics to really start to understand humanity at its most basic level. We're calling it genome 2.0. I never thought it would take 25 years to get here, but some things move more slowly than others.


Jeanna Bryner is executive editor of Scientific American. Previously she was editor in chief of Live Science and, prior to that, an editor at Scholastic's Science World magazine. Bryner has an English degree from Salisbury University, a master's degree in biogeochemistry and environmental sciences from the University of Maryland and a graduate science journalism degree from New York University. She has worked as a biologist in Florida, where she monitored wetlands and did field surveys for endangered species, including the gorgeous Florida Scrub Jay. She also received an ocean sciences journalism fellowship from the Woods Hole Oceanographic Institution. She is a firm believer that science is for everyone and that just about everything can be viewed through the lens of science.
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By Alan Lightman edited by Seth Fletcher
In late 1957, around my ninth birthday, the Soviet Union launched the world's first artificial satellite, called Sputnik. I became entranced with the idea of building a rocket of my own. I imagined the lift-off, the graceful arc of the craft as it careened through space. By the age of 13 or 14 I had started mixing my own rocket fuels. A fuel that burned too fast would explode like a bomb; a fuel that burned too slow would smolder like a barbecue grill. I settled on a particular mixture of sulfur, charcoal and potassium nitrate. The body of the rocket, I built out of an aluminum tube. For the ignition system, I used the flashbulb of a Kodak Brownie camera embedded within the fuel chamber. The launching pad, I made out of a Coca-Cola crate filled with concrete, anchoring it with a V-shaped steel girder tilted skyward at 45 degrees.
Somehow I had got it into my head that I needed a passenger. So I built a capsule, to be housed in the upper fuselage of the rocket, and recruited a lizard to ride in it as my astronaut. I constructed a parachute out of silk handkerchiefs and carefully wrapped it around the capsule. A small gunpowder charge--ignited by a mercury switch, a AAA battery and a high-resistance wire--would eject the capsule at the highest point of the trajectory.
The launch went flawlessly. After the countdown, I closed the switch, the Brownie flashbulb went off, the fuel ignited, and the rocket shot from its launching pad. A few seconds later, at apogee, the capsule ejected and came floating gracefully back to Earth. My friends and I hurried over to inspect the capsule and astronaut. I am not sure what we were expecting to find. What we did find was that the lizard seemed to be A-OK, except that its tail had been burned off. Only a blackened stump remained at the base of its spine. Apparently the tail had hung down into the fuel chamber, a detail I had neglected in my various drawings and calculations. I was elated by my success, but I felt bad for the lizard.
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In high school I built many other science projects. After seeing the 1931 movie version of Frankenstein, with the giant electrical spark flashing between two standing antennae, I made an induction coil, which involved winding a mile of thin wire around a magnet core, a laborious feat I managed with the spool of a fishing rod.
It filled me with a sense of personal power. It filled me with self-confidence.

When I got interested in biology and culturing living cells, I built an incubator out of an insulated box, a lightbulb to provide heat, and a thermostat. I was curious about the world. I wanted to understand why things were what they were: What caused the seasons? Why was the sky blue? What made some things "alive" and others not? Did outer space go on forever? Why were dinosaurs so big? Of course, I couldn't answer most of these questions. But I could do experiments and build things to learn a little about how the world worked.
And there was the great joy of discovery, and discovery on my own.
Among my scientific projects, I began making pendulums by tying a fishing weight to the end of a string. I built them of different lengths and timed their swings with a stopwatch. I had read that the period of the pendulum--the time it takes to make one complete swing--was proportional to the square root of the length of the string. I personally verified that formula and then used it to predict the periods of new pendulums even before I had made them. I had discovered a law about the natural world! That accomplishment was not only about knowledge. It filled me with a sense of personal power. It filled me with self-confidence. And it was thrilling.
In addition to my science projects, I read a lot and wrote short stories and poetry. I expressed in verse my questions about mortality, my admiration for a plum-colored sky, my unrequited love for girls. Overdue books of poetry and stories littered my second-floor bedroom.
I think many young people have a natural interest in the arts and humanities as well as in the sciences, but we are often pushed in one direction or the other by our friends, our parents and our teachers. We should resist those early pressures to be a "scientific type," always rational and deliberate, or an "artistic type," always intuitive and spontaneous. We can be both. And we should be both.
Science tells us about the physical world. The arts and humanities tell us how to live in that world, the world of people. Science has given us automobiles, antibiotics, computers. The humanities have given us values and guidance on how to live our lives. Now more than ever, when much of the world, including the U.S., has lost its moral compass, leading to a dog-eat-dog mentality, we need science combined with literature, philosophy, history and art. We need to discover not only the physical world but also our own humanity.

Alan Lightman is a writer and physicist. He has served on the faculties of Harvard University and the Massachusetts Institute of Technology. He is author of many books, including Einstein's Dreams, The Miraculous from the Material and The Transcendent Brain.
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By Deborah Blum edited by Megha Satyanarayana
When Emma Scales decided she wanted to be a scientist, it seemed logical--simple, even. She'd grown up in coastal New Jersey, attended a high school that emphasized marine biology, and learned about the connections among sea creatures large and small. She felt a calling to better understand and protect a world she loved.
Now a Ph.D. candidate at Cornell University, Scales is studying symbiosis, specifically the way bacteria can grow inside fungi and create a mutual-use arrangement. It's what she calls a "Russian nesting doll" system. But these days little seems simple or logical. Scales's research is aimed largely at protecting food crops, and at Cornell she's recently watched laboratories shut down because of federal funding cuts, including labs running practical programs meant to help strengthen U.S. agriculture. Since 2025 the Trump administration has cut more than 7,800 grants, removed 25,000 scientists and related personnel from their jobs, and, as of January 2026, proposed budget cuts equaling about $32 billion. Cornell has recovered its funding, but doing so came with its own heavy costs, and warning signs are still flashing.
Scales is one of thousands of early-career researchers in the U.S. trying to make sense of how the current tumult in American science will shape their professional paths. Between lost funding and stalled programs, the young scientists of today are facing uncertainty in the job market and the possibility of having to leave the U.S. or, in some cases, leave science completely.
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But Scales has decided to fight back, joining with other graduate students trying to protect universities. "They are scrubbing science of the influence of some of its most brilliant scientists. Work that has taken decades to build is being wiped out," she says. When the research community gets a chance to rebuild, she wonders, how long will it take to regain what's been lost?
Julia Menzel, an American early-career science historian currently at the University of Toronto, has similar questions. "There has got to be some way to dull the negative impact this has on people trying to start their careers in science," she insists. "If we lose a generation of scientists, we are going to see very negative consequences."
Menzel's research, which she began while completing a Ph.D. in the history of science at the Massachusetts Institute of Technology, tells us that the country has faced these kinds of challenges before. Administrations hostile to evidence have previously worked to dismantle the U.S. scientific enterprise. And history is cyclical--many science historians point to similarities between the eras of Donald Trump and Richard Nixon and the ways these presidents sowed distrust of science among Americans to push their agendas. For example, in an echo of today, Nixon imposed widespread cuts to research funding while redirecting money to his chosen science projects. In subsequent administrations, science regained both money and status, in part because of strategic advocacy by scientists. Will such a pattern repeat this time around?
David Kaiser, a physicist and historian of science at M.I.T. who mentored Menzel, believes that the past tells us to hold on, that we don't yet know the end of the story. But the solution may come from young scientists like Scales who take on the task of rebuilding science as a profession. They may need to use a new blueprint. They may need to invent their future. But first they need to survive the present. "There's now a deeply felt uncertainty about science," Kaiser says with a sharp edge of worry. "There are so many students, so gifted and earnest, who go into research because they want to help the world. And they are marching toward a future that looks nothing like what I had hoped for them."

The U.S. has long been committed to supporting R&D. In 2023 the country's investment in research was about 3.45 percent of its gross domestic product, making it the fifth-highest worldwide. The National Science Foundation says the total amount spent on science in 2024 was $993 billion. Of that, almost 19 percent came from the federal government. Nearly 76 percent came from industry. In 2024 federal research dollars went mostly to federal agencies and certain public-private research partnerships (43 percent), then universities (31 percent) and businesses (19 percent).
The return on investment for science is equally enormous. The National Institutes of Health alone provide more than $69 billion toward the U.S. GDP through research, and a medical-research advocacy group reports that every NIH dollar spent on research returns $2.57 in new economic activity. The Federal Reserve Bank of Dallas has found returns of up to 300 percent from government research and development since the days after World War II.
Science itself is not partisan, and research is supposed to inform policymaking. Yet science funding in the U.S. has long been a political pinball.
President Barack Obama promised that "the days of science taking a back seat to ideology" were over in 2009, saying he hoped to double federal research spending during a time when federal spending was in a minor upswing. But a Congress dominated by the Tea Party thwarted him. In the end, according to an analysis by the American Association for the Advancement of Science, congressionally approved funding by federal agencies instead dropped a full 10 percent, when adjusted for inflation.
The first Trump administration immediately sought to deepen those cuts. This move, too, was stymied by congressional resistance. The budget of the NIH--the largest supporter of research at U.S. universities--went from about $30 billion in 2015 to more than $48 billion in 2025, in part because of President Joe Biden's call for greater investment in research. Biden, in fact, campaigned on a promise to respect scientific advice; Trump responded by mocking Biden for listening to scientists.
The second Trump administration has further targeted science funding. It has frozen grants and other money across the spectrum of research. The proposed budget for fiscal year 2027 asks to reduce the amount earmarked for nearly every federal science agency, including a 55 percent cut to the NSF. And although Congress has voted to restore much of the funding and federal judges have tried to intervene, the administration has used internal agency decisions and presidential memos to slash budgets as often as possible--and, on occasion, simply held back money authorized by Congress. "I don't think anyone was prepared for the aggressiveness and suddenness of the cuts," says University of Maryland, College Park, historian of science Melinda Baldwin. "I can't really think of a similar moment in the past where funding has been cut off that fast."
But government hasn't always been the primary funder of science. In the 19th century, research was largely practical, seen as the purview of independent businesspeople. Take Eli Whitney's invention of the cotton gin, which revolutionized the mechanical aspects of farming in the early 1800s, or Alexander Graham Bell's commercial development of the telephone later that century. Both men had benefactors supporting their efforts.
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The benefactor model of funding and investing in innovation continued well into the 20th century. In the 1940s, when federal funding of basic research arose, the U.S. populace, battered by the Great Depression, was already becoming critical of scientific research. Like Americans today, Kaiser says, society then "feared technology replacing jobs and technocracy putting science before people."
But those fears were drowned out by the drumbeat of war. The U.S. military thought that winning World War II would depend on also winning the scientific-innovation race. The country needed new lifesaving techniques for wounded soldiers, more durable tanks and aircraft, and more lethal weapons, which eventually led to nuclear bombs. The global war rewrote the funding conversation, and the cold war that followed continued it. After the Soviet Union's 1957 launch of Sputnik, the world's first artificial satellite, the U.S. government leaped into a space race, and its commitment to American science took off like a rocket itself.
In 1950 President Harry Truman created the NSF to make smart decisions about what research to fund. By 1957 the NSF budget was about $40 million. A little more than a decade later, in 1968, it was $500 million. Federal spending on R&D rose steeply between 1940 and 1968, when it reached more than $24 billion. Experts calculate that at that point the national government was paying for more than 60 percent of all basic R&D in the U.S.
"I actually think of the 1950s and 1960s as an aberrant time in economics," says Katherine Pandora, a historian of science at the University of Oklahoma. "A lot of people today say that should be the norm. But it was not normal; there was an unnatural amount of money going into universities." She adds, "Even the humanities were in clover." The coffers of science were overflowing. Realistically, it couldn't last.
And it didn't.
By the late 1960s the funding conversation was once again being rewritten, this time by the Vietnam War. Among Americans, Vietnam was an unpopular conflict, one that would eventually kill almost 60,000 U.S. soldiers, by many accounts more than a million Vietnamese soldiers, and between one million and two million civilians. Protests ignited around the U.S., and for many young Americans the villains of the story included the scientists and universities helping to make the weapons of war, including possibly improved nuclear weapons. A history of the NSF notes that by 1969 "the mood of the country had become mistrustful of science in general"--and violent. In one notorious incident, antiwar activists set off a bomb on the University of Wisconsin-Madison campus in 1970. The target was the Army Mathematics Research Center. The middle-of-the-night explosion killed a researcher, injured at least four people and damaged not only the center but more than two dozen other buildings.
This set the stage for Nixon, elected in 1968, to take on academic science as the enemy.
Although Nixon did not overtly campaign on the issue, like Trump, he moved quickly to put research in its place. "I see a lot of Nixon in the way that [Trump] and his surrogates use language to justify what they're trying to do to federal research," says Baldwin, a co-author of an American History Association review of the history of U.S. science funding. For instance, both men have demonstrated a belief that "scientific research should be held accountable to the executive branch."
There's a strong consensus among historians, including Baldwin, that Nixon's concept of an imperial presidency bringing scientists to heel foreshadowed Trump's approach and that of his administration. "There are many eerie similarities to today," Kaiser agrees.
But the government tide was already shifting when Nixon took office. In the mid-1960s government officials became concerned that research spending was running unchecked. In 1966 the Department of Defense started wondering whether it was getting its money's worth. The number of physics Ph.D.s in the country had roughly doubled since Sputnik, but they weren't churning out the same supercharged innovations and weaponry as before. "The military liked having scientists on tap but started to think they weren't on top of what mattered," Pandora says. "They'd supported lots of basic research that hadn't generated useful results. They wanted more practical value for their dollar."
Federal support of U.S. research declined accordingly. NASA began winding down its Apollo rocketry program after the successful moon landings of 1969. In 1971, Kaiser says, about 1,000 people graduated from American universities with new physics Ph.D.s and had to compete for fewer than 100 jobs. By 1975--partly at the direction of the Nixon administration--federal funding for non-defense-related research had dropped by more than 20 percent since the high-water amounts of the 1960s. At one point Nixon tried to impound congressionally approved funds for sewage cleanup despite having started the U.S. Environmental Protection Agency in 1970 to bring the environmental activities of multiple agencies under one roof.
"We're now at risk of dismantling the essential infrastructure of medical research." --Harmit Malik, Fred Hutchinson Cancer Center

The Vietnam War, and the bitter reaction to it at home, shifted something else. American conservatives began to suspect that while learning the skills to become scientists and engineers, students were also learning a liberal worldview that might challenge traditional American values. Politicians found it easy to blame university professors for fostering not only left-leaning attitudes but a sense of superiority to go along with them.
"The Nixon crowd was very good at playing on tropes of scientists being elite and aloof and disconnected from real Americans," says Menzel, who has researched how challenges to the authority of scientists in the late 1960s started changing the politics around science. Nixon both leaned publicly into antiscience rhetoric and fostered it internally, placing antiscience skeptics in positions of power in the administration.
In early 1973 Time magazine reported that Nixon had "all but exiled Washington's science establishment." He abolished the post of Presidential Science Adviser, the Office of Science and Technology and the President's Science Advisory Committee. He announced cross-agency budget cuts that would drastically reduce funding for training young scientists. Nixon also decided to redirect NIH funding to a "war on cancer," leading the assistant secretary for health to resign in protest. Like Trump, Baldwin says, "Nixon had a lot of appointees perceived as extremely hostile to NIH."
There are other parallels to today. The Vietnam War had proved more costly than projected, absorbing a large part of the federal budget. Oil prices had spiked, and inflation was increasing. Nixon's treasury secretary, George Shultz, the first head of the Office of Management and Budget (OMB) and later secretary of the treasury, followed Nixon's lead on cutting spending and saw basic science dollars as an obvious target. The same might be said about the current head of the OMB, Russell Vought, who has not only directed historic cuts to federal science agencies but also frozen research funds even when they had been approved for use by Congress.
But Vought has gone further than Schultz. Although Congress gave bipartisan approval to restore much of the NIH budget in early 2026, Vought was slow to release the money; none reached the agency before mid-March. As a result, the agency's work has faltered, and many programs remain in a state of paralysis. As Harmit Malik, an evolutionary biologist and associate director of basic sciences at the Fred Hutchinson Cancer Center in Seattle, puts it, "we're now at risk of dismantling the essential infrastructure of medical research."
But the Nixon presidency also stirred scientists into protective action. Over the next decade researchers responded strategically, adopting carefully tailored messages to encourage federal investment in their work.
Take physicist Kenneth Wilson, for example. Menzel has studied the lobbying tactics of the 1982 Nobel laureate. Dismayed by the extent of federal funding losses, in 1981 Wilson warned of the eventual "liquidation of the American basic research establishment." Menzel says he and his colleagues emphasized pragmatism, pointing out that research was one of the great engines of the U.S. economy.
The election of less hostile leaders helped. Both President Jimmy Carter and President Ronald Reagan--whose administration Wilson lobbied directly--increased the federal government's commitment to basic research. Since then, the government's commitment has remained relatively consistent, although, as Pandora notes, it never returned to what many perceived as the flush spending of the mid-20th century. Still, in fiscal year 2024, the U.S. government funded more than half of academic research in the country, and universities are now in a markedly vulnerable position as such support is withdrawn.
Even industry isn't safe from Trump officials sowing the seeds of mistrust in science. For example, consider the public stance U.S. health secretary Robert F. Kennedy, Jr., has taken on the pharmaceutical industry. There's an implication, says Michael Xenos of the University of Wisconsin-Madison, in the administration's messaging today that "scientists want to manipulate you and at the same time enrich themselves." Xenos's research focuses on the politics of science communication. He notes, not surprisingly, that the Trump administration's message plays best with those already inclined to doubt that scientists operate on altruistic principles.
American faith in institutions in general has been eroding for decades. In 1964, 77 percent of U.S. citizens surveyed said they trusted the federal government to do the right thing. Since 2008 that number has remained consistently below 30 percent, according to the Pew Research Center. Yet despite all the negative messaging, trust in scientists has remained strong. In 2024, 76 percent of respondents in a Pew survey expressed at least "a fair amount of confidence" that the country's scientists act in the nation's best interests.
But trust in government runs along party lines, a trend that Xenos attributes partly to the GOP's messaging to non-college-educated voters. "These are often people who feel left behind by the system, and they don't really appreciate experts telling them what to do," he says.
The Trump administration took advantage of the way the COVID-19 pandemic added to existing resentments. Scientific advice aimed at saving lives led to closed schools and lost jobs. Critics deftly attributed those outcomes to scientific indifference to the struggles of the American public, suggesting the blame for people's hardships could be placed on the country's so-called experts.
The percentage of Americans who said they trusted doctors fell from around 70 in spring 2020 to 40 in spring 2025. Meanwhile Trump selected Kennedy, an attorney and vaccine critic, to run the Department of Health and Human Services. Kennedy has moved to radically reshape the department, cutting a swath of public health programs. And other agencies, such as the U.S. Forest Service, also have begun dismantling research programs.
It took a good decade to restabilize American research after the Nixon presidency. Today no one is sure when things will feel stable again. Malik warns that research is unlikely to be rebuilt quickly: "It's not going to just come back when we turn the taps on again."
Germany exemplifies this scenario, historians say. The country was once considered the world's leader in scientific research. After World War II it took decades for it to reclaim its international research standing. "I think something that the history of science can give us," Kaiser says, "is a little bit of, not always hope, but patience."
If federal funding of science is to recover, it may be helped by lessons from the past in the vein of Wilson and his way of countering antiscience sentiment. And both history and the present are now prodding scientists, especially younger ones, to share the importance of their work with policymakers and the public.
These ideas led Scales and a network of equally dismayed graduate students to organize a share-the-science information campaign last year. They named the project the McClintock Letters, after Nobel Prize-winning American plant geneticist Barbara McClintock. Starting in summer 2025, hundreds of graduate students have written to their hometown newspapers about their work and why it shouldn't be lost.
One of the McClintock Letters collaborators, Miles Arnett, a Ph.D. student studying cell regeneration in the human gut at the University of Pennsylvania, wrote about the way he had learned to love science as a child growing up in Worcester, Mass. And he wrote about his fears that the city--home to a host of research institutions, including a medical school--could be deeply impacted by the federal budget cuts.
Too many scientists, Arnett believes, live in a world somehow separate from the rest of society. The McClintock Letters project is an effort to change that, but "if we're going to earn the trust of the American public back, it can't be the idea that science exists over here, and everything else is over there. We're going to have to reach out directly. We're going to have to be seen."
Xenos hopes that his own area of study into the knotty questions of trust and engagement will help a new generation of scientists better relate to the public. "We need to recognize that people can use mistrust of science for their own selfish agendas and to acknowledge that some Americans feel burned by the system."
Arnett and his friends worry about the future of science in the U.S.--"it would be silly not to"--and the many consequences of federal actions. He and Scales cite the dramatic loss of international students and their perspective, as well as the way the Trump administration's stance on diversity initiatives could result in students of color being excluded no matter how brilliant they are. Arnett notes that he has friends who are considering going abroad. Recently, Malik has encouraged his students to consider several options for their training, including institutions in other countries, although he knows many would rather stay in the U.S. "My students still believe in this country," Malik says. "And they feed me hope."
To that end, Scales wishes passionately that universities would fight harder; Arnett worries about friends and colleagues discouraged by the federal government's lack of support for their work. But maybe, Scales says, all the harm will force the research community to not just express dismay but do something about it. "Maybe it could be seen as an opportunity," she says. "And I can't help cringing when I say that."
Arnett agrees. "Maybe this is a chance to rebuild research institutions that are more engaged with the public. Maybe it's a chance for institutions to start including and rewarding good communication as part of scientific training," he says.
But neither of them would choose to remodel under these circumstances. Scales says ruefully, "It's like the opportunity you have to build a better house when yours burns down."

Deborah Blum is a Pulitzer-Prize winning science journalist and author of six books focused on the history of science. She is currently working on a book about female poisoners.
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By Tara Haelle edited by David M. Ewalt
Atul Gawande is a surgeon, author and public health expert. He holds the Cynthia and John F. Fish Distinguished Chair in Surgery at Brigham and Women's Hospital and is Samuel O. Thier Professor of the Practice of Surgery at Harvard Medical School. He previously served as assistant administrator for global health at the U.S. Agency for International Development (USAID) and as co-founder and chair of Ariadne Labs, a joint center for health-systems innovation at Brigham and Women's and the Harvard T. H. Chan School of Public Health. Gawande has written four best-selling books: Complications (2002), Better (2007), The Checklist Manifesto (2009) and Being Mortal (2014).
An edited transcript of the interview follows.
How would you describe the current state of American science?

On supporting science journalism
If you're enjoying this article, consider supporting our award-winning journalism by subscribing. By purchasing a subscription you are helping to ensure the future of impactful stories about the discoveries and ideas shaping our world today.

Oh, it's tough. We start out with an amazing base that's been built up over decades. It's the talent, it's the resources, it's the openness to the world and our brand. We're recognized as the place to go if you want to do cutting-edge science, make discoveries and make a difference.
But the past year has been gutting. It's not just the cuts, it's the weakening of core institutions such as the National Institutes of Health and the National Science Foundation and then the places that deploy discoveries, such as the Centers for Disease Control and Prevention and USAID.
What needs to change in American science?
There are short-term matters that need to change. There's funding that has been restored to parts of the enterprise but not to important parts of our machine for creating innovation and discovery and new ideas, then turning them into scalable solutions and bringing them to the world.
The larger thing, I'd say, is that we have been losing ground for quite a while in our commitment to research and development and then accelerating the pace at which new discovery moves out into the world. All of that is in a much weaker place than half a century ago. This was a much larger part of our investment in our economy, our investment of federal budgets, and that is a prioritization that we need to return to, or we will erode the kind of leadership that we were providing in the world.
What gives you optimism right now?
The reality is that the demand for people who will bring hard-nosed careful science and the spirit of curiosity, inquiry and problem-solving is there. It's present in our technology sector in many ways, where the U.S. is driving leadership in the world.
There's a lot we can bring to the world in solving problems, from finishing the job on polio, HIV, tuberculosis and malaria to advancing our public health systems and primary care systems.
What's your best advice for an early-career scientist?
I feel for young people in science right now because the hardest-hit positions were the entry-level positions. If you are a young scientist looking to get a scholarship to advance your education, if you are trying to get a position in a laboratory, to get training grants, to be given a chance to learn and experiment, that's become harder than it ever was. But I ask people not to now decide, "Oh, I'll go into finance." Please don't!
Make a bet on yourself and the fact that you can expect to live a long life. There will be crises that come and go, but the steady need and opportunity is that you, as a young person, will be able to make contributions over the course of your life by applying science to problems.
How has your field changed in the past few years?
My fields are public health, surgery and health-care delivery in the U.S. And what I'd say is, over the past few years, these are spaces where we did not normally think of bringing molecular science and population health science and implementing innovation. But we're getting dramatic results when we do.
Understanding how to create better systems and ways for teams to collaborate can have extraordinary results. We've cut the death rate for surgery by more than a third with some simple changes, including a checklist that has people working together more effectively. And this is happening across many other sectors as we think about how we bring the complexity of an enormous amount of capability into primary care, into childbirth, and beyond.

Tara Haelle is a science journalist specializing in medical research and science communication. She is based in Dallas, Tex.
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By Sarah Scoles edited by Seth Fletcher
By day American physicist Kenneth Long works with the world's largest particle accelerator, the Large Hadron Collider at CERN near Geneva. He wants to better understand the W boson, a subatomic particle that is responsible for some kinds of radioactivity and for fusion. But he also likes bikes, and this July you might find him on a scenic roadside, cheering on competitors in the Tour de France. He won't have to take an international flight to spectate: Long moved abroad in February, splitting time between Lyon and Geneva as a scientist with the French National Center for Scientific Research (CNRS).
Long was brought to France by a recruitment program called Choose CNRS. The organization launched it last April, a few months after the Trump administration began cutting scientific programs in the U.S. The initiative aims to lure foreign researchers to Europe with stable positions, generous funding and promises of academic freedom. For many scientists from the U.S., programs like this one are a lifeline: a way to pursue world-class research without fighting against the funding cuts and disruptive policies currently stifling American science.
According to polls, application numbers and anecdata, many young American scientists are considering such moves. Three quarters of U.S. researchers who responded to a Nature poll conducted last March were thinking about moving abroad. The trend was especially apparent among early-career scientists: of the 690 postdocs and 340 Ph.D. students who responded, 803 said they were considering sailing for other shores.

On supporting science journalism
If you're enjoying this article, consider supporting our award-winning journalism by subscribing. By purchasing a subscription you are helping to ensure the future of impactful stories about the discoveries and ideas shaping our world today.

Nature's poll went out in the midst of significant threats to the American research enterprise. Last year the National Science Foundation terminated about $1 billion in grants and fired 10 percent of its employees; the National Oceanic and Atmospheric Administration let roughly the same proportion go, and the National Institutes of Health lost 5 percent of its workers. At that agency, grants amounting to more than $1.8 billion were canceled. The government also proposed large future cuts to the research agencies that award scientists research grants. By early 2026 more than 10,000 people with STEM Ph.D.s had lost or left their jobs because of federal workforce cuts, according to data from the U.S. Office of Personnel Management.
Interventions by courts and Congress have prevented or reversed some of the administration's cuts, but for plenty of researchers science and academia still feel perilous--particularly for scientists like Long, who are just getting started. "Early-career and younger scientists definitely are affected more," says Joanne Padron Carney, chief government relations officer at the American Association for the Advancement of Science, one of the largest professional organizations for researchers. Older, more established scientists have their reputations and track records to rely on when they apply for grants from the smaller pot of money. Early-career scientists who are still forging those reputations will have a harder time getting their first big grants--and fewer of them will be able to do so. "There is an immeasurable level of anxiety," Carney says.
A Nature poll found that three quarters of U.S. respondents were thinking of moving abroad.

Other countries are eager to benefit from this turmoil. Canada, for instance, is investing more than $1 billion in getting foreign scientists to come onboard and Canadians to come home. The European Union has devoted hundreds of millions to programs designed to attract scientists from other lands. The most geographically expansive is Choose Europe for Science, which was launched last May and includes incentives for younger researchers. The continent-scale initiative is complemented by 100 more from individual countries and regions, and Europe has expedited visa and residency processes so that scientists can capitalize on the opportunities with less bureaucracy. "This is Team Europe in action," says Maciej Berestecki, a spokesperson for the European Commission.
What all of them offer, according to Berestecki, is to fill the gaps other nations leave. "We offer three things," he says, "that researchers increasingly cannot take for granted elsewhere: stable and long-term funding, the freedom to pursue bold ideas, and an exceptional quality of life." It's not hard to figure out which countries he's comparing the Continent to. "At a time when science is increasingly under pressure worldwide, Europe stands out ever more clearly as a place where the freedom of scientific research is actively protected and promoted," Berestecki says. That's appealing to young researchers who want to be able to build a scientific career and worry less about it being unbuilt underneath them.

Long didn't initially plan to have a scientific career at all. "I was really thinking maybe I wanted to study theology," he says, smiling from a Microsoft Teams screen this past March, just a couple of weeks after his big move. "I felt that's where people answered the great questions of the world."
Long thinks that those spiritual questions are still important but that they're harder to answer objectively than those he explores in physics. That's what he studied at Tennessee Tech University, where he did his undergraduate work. "To be honest, I wanted to get out of Tennessee back then, and I was pretty devastated to go study at a small university," he says. "But I think in the end it was good for me, and I had very good professors, and sometimes it's good to stay small."
At least small was good before he decided to go big. When Long enrolled in graduate school at the University of Wisconsin-Madison, he did so in part because of the school's partnership with CERN, which operates the Large Hadron Collider. There scientists like Long gather data to try to understand things smaller than the atom so they can map how they fit together to form our world, our universe. "The most fundamental thing," Long says, almost wistfully. The questions the collider can study are not really so very different from those theologists do--they just involve a lot more numbers.
Long eventually did a postdoc at the Massachusetts Institute of Technology but spent much of his time back at CERN. Choose CNRS helped him move to France permanently, providing the kind of funding a young researcher needs to transition from precarious temporary worker to established and independent employee. With the program's start-up funds, Long has been able to hire his own student and postdoc and, for the first time, become a principal investigator. It helps that in France the research infrastructure is much more centralized, with large, publicly funded science laboratories hiring scientists as permanent civil-servant employees.
"You have relatively more permanent researchers with a lot of research freedom," Long says. And he doesn't have to formulate his scientific questions based on what grant might pay him--which in the U.S. depends more on what the government wants to fund. "I think it's nice to not have to chase your research topics based on what's hot," he says. Plus, he gets to play on the CERN soccer team against very European competitors, such as Rolex--a win-win in his view.

Work-life balance is something Finland's foreign-recruitment efforts also emphasize. In fact, it's part of the country's new tagline for its Work in Finland program, which aims in part to bring onboard U.S. scientists and other high-tech talent: "Find your superposition in Finland."
"Superposition" is the quantum ability of a subatomic particle to be in multiple states at once. "We think there is a nice analogy to that," says Laura Lindeman, senior director and head of business for Work in Finland. "In Finland, you can have both a very beautiful career and other things in your life at the same time."
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Previously, Finnish employers had found it hard to get many Americans to emigrate because they couldn't compete with U.S. salaries. "But we thought, 'Let's try again and see if this has changed or not,'" Lindeman says of a recent revamp of the U.S.-centric efforts. After all, a lot has changed for Americans in the past couple of years. And maybe, she thought, Work in Finland just needed to let people know what its country was like--and how it was perhaps more appealing than what they might have at home. "One of the biggest challenges for Finland is that nobody knows us," Lindeman says. "If they think about relocation, they don't really think Finland first."
So now representatives backed by the Ministry of Economic Affairs and Employment are telling them why they should think of Finland. Higher education, for instance, is free; childcare is subsidized; people have time for life outside of work. Taxes may be high, which Americans don't always like, but that's because they fund a full social safety net. "Finland is not for everyone," Lindeman says, "yet we think that if a person values this balance and also values a society where good things are shared with others, then this is the right place to come."
The country, Lindeman says, is small and not strongly hierarchical. If you want to meet or work with someone, you basically can. "One thing that is quite special in Finland is the cooperation that universities and other research institutions and companies, as well as the public sector, do together," she says. It's not as hard to be a big fish, in other words--and younger researchers can swim alongside whomever they want without having to fight their way upstream.

The upstream vibe in the U.S. is, in part, why another young American researcher is thinking of leaving the country. John, who wanted to go by a pseudonym because he's still at his U.S. institution, is a mathematics postdoc at M.I.T. He thinks the front-page scientific problems in the U.S.--the funding cuts, the federal firings, the threats to universities--are mere symptoms of a larger illness within the academic research system: its competitive nature, its disconnection from many Americans' lives, and university leadership's failure to make the case to the people who hold the purse strings that they should support science.
"I didn't grow up in an environment where people really went to college," says John, who comes from Salem, Ore. Early on, though, he knew he had a penchant for math. And typically the way you do more math is to go to math school.
Which is what John did. When he came to M.I.T., he found that many of his peers had grown up in a very different environment, where their social circle was full of academics, all stressfully trying to one-up one another and vie for various measures of prestige--from jobs at fancy institutions to papers in the most renowned journals to the fattest grants. "Everything in American academia is a competition," he says. "And that does not advance scientific understanding."
In American academia, John says, many of his colleagues don't understand how the public could have elected Donald Trump president. "They and the public knew that he was going to do an assault on universities," he says. And a majority voted for him in spite of that. Or maybe, he adds, it's because of all that. "That is the central question that universities have to ask themselves," John says.
Why would people choose someone who would assault universities? In John's view, it has a lot to do with the way academic culture, including its internal jockeying for success, feels distant to many people's experiences: most people don't see academics in their lives; they also don't see themselves in academics. And there's not a way, in many communities and many people's lives, to make those connections. "They don't see a path to being a scientist," John says. They mistrust that sphere, he continues, seeing it as a "mysterious side world that they're never going to be a part of." And it's one that says, within itself, "oh, I'm smarter than you," John says. "Well, that kind of filters into the general public."
John is tired of that environment, and he hasn't survived the competition to find a permanent job in the U.S. The federal funding issues meant that the job market for new researchers looked bleak; one university he was interested in wasn't hiring for new tenure-track positions at all. "That was a very chilling signal," he says. So he's thinking of seeking a math job in Europe. "Cognitively, intellectually, America is not in any good position," he says. But in his view, that's because of not just the scientific changes over the past couple of years but the systemic issues that led to the separation of scientific research from everyday life. "The villain of the story is more complicated than just Donald Trump," John says, "and it's more complicated than any one individual." Those issues may not be solved entirely by going abroad. Academic science is competitive everywhere, and advanced math is just as arcane overseas as it is here. But it's worth a shot--especially if you can get a job.
Whether John will get a job abroad is up in the air. And the same is true for displaced and displeased scientists across the U.S. Not everyone can, like Long, be part of Choose CNRS or another relocation program. "I'm sure there's not the capacity to accept everybody that would hypothetically want to come," John says. In 2022 there were around two million researchers in the U.S. The Choose Europe for Science pilot program, for instance, will fund on the scale of hundreds of researchers, who can be from any country--that's fewer than the 1,200 who, in Nature's poll, said they were considering leaving the U.S.
In some ways American researchers' desire to leave is also not new or unique to this presidential administration. Scientists, Carney says, have always been a mobile workforce. Historically the U.S. has benefited from that churn by attracting scientists and getting "the best and brightest from all over the world because of the reputation of our higher-education institutions," Carney says.
The flow of smart, motivated people from outside America into the country has made the U.S. a global leader in science and innovation, says Mushfiq Mobarak, an economics professor at Yale University. Since World War II the States have been the premier destination for the world's STEM talent. "And then for the past couple of years I think the U.S. has made itself feel very unwelcoming to that science [and] engineering talent," Mobarak says.
Other countries, Carney says, have been watching as the U.S. became a global leader, learning from the American innovation model. And as the U.S. has become less receptive to scientists who are from here and to those who once would have wanted to come here, other nations have stepped in to accept both kinds of researchers.
Some scientists will simply leave their fields; some may seek relocation. Either way, the U.S. may lose out."What is the discovery that we've left on the table, whether it's cutting the budget or losing the talent of an individual?" Carney asks. "What have we lost?"

Sarah Scoles is a Colorado-based science journalist and a contributing editor at Scientific American. Her newest book is Countdown: The Blinding Future of Nuclear Weapons (Bold Type Books, 2024).
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By Megha Satyanarayana edited by David M. Ewalt
Timnit Gebru is a computer scientist, an engineer, and founder and executive director of the Distributed AI Research Institute, an independent organization conducting community-rooted research into technological tools and systems. She is also co-founder of Black in AI, a nonprofit that works to increase the presence, inclusion, visibility and health of Black people in the field of artificial intelligence. Gebru is the treasurer for AddisCoder, a nonprofit dedicated to teaching algorithms and computer programming to Ethiopian high school students.
An edited transcript of the interview follows.
How would you describe the current state of American science?

On supporting science journalism
If you're enjoying this article, consider supporting our award-winning journalism by subscribing. By purchasing a subscription you are helping to ensure the future of impactful stories about the discoveries and ideas shaping our world today.

I'm in the field of AI, and in my field, I would describe it as corporate-driven and sloppy. There are a lot of basic practices--for example, not testing on your training data, transparency, appropriate documentation--that are just not being followed. So it's also misleading.
What needs to change in American science?
I think that, number one, the incentive needs to be decoupled from corporations or the military. The incentives need to be about primarily scientific curiosity but also people's well-being. That's the number-one thing: the funding needs to come from a different place. That's where I'll start and stop.
What gives you optimism right now?
The ingenuity of small organizations and younger people. I am constantly inspired by little, tiny organizations, such as a [New Zealand-based] company called Te Hiku Media. Using its small budget, it builds tools for language revitalization and a whole bunch of other things. We've tried to adopt some of its practices to our thing, and we are hoping somebody else can get inspired by us. So I'm inspired by how fast movements can spread like this, with small organizations talking to and inspiring one another.
One of the things they did was build their own cluster, which is kind of like a small data center, instead of using Google and Amazon and whatever other cloud services. It reminded me that there is a lot of stuff that you can do with a small budget. The constraints breed innovation. You can get very discouraged thinking about the amount of money and resources it takes to do science. So when you see these small organizations and what they are able to achieve with few resources, then you can be inspired to pursue a specific curiosity of yours with [limited] resources as well.
What's your best advice for an early-career scientist?
Question everything, question the source of information that you get. Don't believe any kind of hype that you hear from companies. Just follow all the rabbit holes. Being a scientist is really asking why and how and, Is this really true? So just have patience and ask all the questions. Don't settle for answers that you get from the media. Question incentive structures, question where you're getting the information from, and just don't stop going down the rabbit holes when you're doing experiments or asking questions.
That, to me, is like what science is about, right? You spend years and years and years still asking the same question or following a specific rabbit hole that other people are too tired to follow. And that's really where there is no shortcut to scientific discovery or innovation. You have to struggle.
How has your field changed in the past few years?
I think, first, it has not only entered but overtaken the mainstream discourse.
For me, not just AI but the field of computer science as a whole was attractive because I was very excited about asking questions such as, What is the fastest way to do something? What is the most efficient way to do something? How few resources can I use to achieve this goal? How little memory can I use? You would have the brute-force way, which is the least complicated way, and then the clever way, which is where algorithms come in. It was always like solving a puzzle, and that was really exciting.
And then in the past few years, because of this corporate-driven agenda, we've seen kind of the opposite. If we pretend that we have all the data in the world, all the resources in the world, all the chips that one can ever get, what can we do? That's not exciting to me, and I think you cannot innovate that way.

Megha Satyanarayana is chief special projects editor at Scientific American. She is a former scientist who has worked at several news outlets, including the Detroit Free Press and STAT. She was a Knight-Wallace Fellow, a cohort member of Poynter's Leadership Academy for Women in Digital Media and a Maynard 200 Fellow.
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By Rebecca Boyle edited by Jeanna Bryner
In her first year of graduate school at Stanford University, back in 2021, Sydney Erickson knew only that she was going to be a physicist. She rotated through different research groups, from particle physics to cosmology, until she started hearing buzz about a giant camera being built on campus for the Vera C. Rubin Observatory. "I was drawn toward that community," she says, recalling those involved with the telescope, which turned on last summer in the Chilean Andes. "Rubin drove me into cosmology, I would say."
Now Erickson is finishing her doctoral degree and developing new ways to pin down the universe's accelerating rate of expansion. She focuses on huge astrophysical objects such as massive galaxies, whose gravity magnifies the light of more distant targets. By studying the arrival time of light from these so-called gravitational lenses, cosmologists can calculate how much the universe expanded during different time intervals. It's an incredibly complex measurement requiring both lots of images captured repeatedly, which Rubin provides, and deep finesse, which Erickson and her computer models offer.
The $800-million Rubin observatory was designed and built largely with federal money. That federal purse has long been the primary source of funding for research and development in the U.S., growing from $21.3 billion in 1956 to $156.1 billion in 2024, adjusted for inflation, according to the National Science Foundation. The funds, which flow through numerous entities, from the NSF and the National Institutes of Health to NASA and the Department of Energy, have helped usher in a golden age of American science.

On supporting science journalism
If you're enjoying this article, consider supporting our award-winning journalism by subscribing. By purchasing a subscription you are helping to ensure the future of impactful stories about the discoveries and ideas shaping our world today.

This booming science enterprise has been under threat since last January, when President Donald Trump took office for the second time and began slashing programs and implementing major funding cuts to dozens of government departments and agencies. Morale among scientists is low, and government scientists have left their jobs in droves; about 10,000 science and technology Ph.D.s have exited the government since Trump's reelection. Many graduate students have not been as fortunate as Erickson, who will start a postdoctoral fellowship at the University of California, Los Angeles, this summer. So far 2026 is, surprisingly, a very good time to be an astrophysicist in the U.S., with many telescopes already built and paid for. Some have recently turned on, such as the Rubin observatory, or will launch this year, such as the Nancy Grace Roman Space Telescope. But if Congress passes the Trump administration's proposed 55 percent cut to the NSF budget, grants and early-career programs for people who want to use those telescopes will drop dramatically or face elimination.
"There is this huge momentum behind what has been the U.S. science enterprise." --Mari Ostendorf University of Washington

Still, what about other fields? To find out, I contacted researchers and leadership from several of the institutions that receive the most funding from the NSF and the NIH. I asked deans and vice provosts how their universities are faring, and I interviewed laboratory directors, research professors and early-career scientists. Against this depressing backdrop, I found positive signs in other fields, including research on Alzheimer's disease and other forms of dementia, artificial intelligence, and protein design for anything from vaccines to plastic recycling.
In the interest of fairness and accuracy, I asked everyone the same set of questions:
What's the mood or general vibe of your scientific community these days? 
Does your field feel representative of what's going on in science more broadly or different somehow? 
How has funding in your area changed recently? 
What are you most hopeful about in your field? 
What are you most worried about?

Even while sharing success stories or excitement, respondents were all careful to acknowledge the ongoing uncertainty about federal funding. "Although there are bright spots, I think it's important to understand that even though a reasonable budget was implemented [this year], we are not seeing it on the ground," says Michael Graham, interim associate vice chancellor for research and an engineering professor at the University of Wisconsin-Madison. Grants from both the NSF and the NIH have been slow to trickle through to the labs that rely on them, he says.
Other administrators agreed. Mari Ostendorf, vice provost for research at the University of Washington, attended a meeting of the Association of American Universities this past February. There, senior research officers at dozens of universities described how funding awards were down substantially compared with amounts in previous years. The University of Washington is also seeing considerable funding losses, but Ostendorf says good projects are continuing to produce good science. "A lot of these things happen because of the initial investments of the federal government," she says, referring to past funding that got projects off the ground. "There is this huge momentum behind what has been the U.S. science enterprise."

The past few decades of growth and investment in research mean science in the U.S. has an incredibly strong foundation. Computers are more capable, instruments are more advanced, and collaboration has never been easier or more welcomed across disciplines and institutions. "One has to separate public perception of science, the actual doing of science and the outcomes from the doing of science," says Peter Armitage, a condensed matter physicist at Johns Hopkins University, which leads the country in federally funded research money. "For right now, for the last one, we are just drinking from the fire hose. In biology, in physical sciences, there's just gobs of things going on. We almost can't keep up with how exciting it is."
Many people I contacted mentioned new advances in computing that are making research simpler or more collaborative. Graham studies rheology, the physics of how matter responds to forces. This line of research can reveal how certain materials--for instance, mRNA vaccines packaged inside lipid nanoparticles--move through the body to do their work. "The mRNA molecule itself is one thing; how you transport it through the body and get it to where it goes is a problem that touches on many things," Graham says.
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But computers aren't great at simulating fluid flows. Scientists just don't have enough basic physics knowledge for AI systems to model this kind of flow accurately. So Graham and chemical engineer Matthew Helgeson of the University of California, Santa Barbara, developed a technique for taking x-ray scattering measurements of flowing fluids containing polymer molecules. Then they feed those data into a machine-learning algorithm to generate more accurate models. "This is a really great big-data example in my field of soft matter," Graham says. "We can learn the governing equations for how the microstructure evolves in time as the fluid is flowing, and we can move away from simple models." Practically, such a system could be used to design more efficient solar cells, among other uses.
Gerontologists are also using novel machine-learning approaches, in their case to study a rapidly aging U.S. population. At the University of Texas at Austin, Elizabeth Munoz, an early-career scientist, is working with older people to develop a more complete picture of what happens in an aging brain. Rather than conducting her research in clinical settings, Munoz surveys people at home and in their communities. She gives participants frequent, short cognitive tests, records their stress levels and notes whether they are living alone or with loved ones. She correlates responses to cognitive tests with demographic information, environmental and neighborhood information, and other data. (She has already published research showing that cohesive, supportive neighborhoods are linked to better cognitive function.) Next, researchers feed the data into computers; the crunched data paint a more complete picture of a person's dementia risk.
Karen Fingerman, who directs the Texas Institute on Dementia, Aging and Longevity, says Munoz's work is revolutionary. "We used to come up with the research problems based on the literature we were reading. The new perspective is to go out there and ask people what's happening," she says. "Let's not just bring you in and put you in a machine, let's not have some neurologist give you a test, but let's go to where you are, and let's use your smartphone and design something new that will assess something in your life."
Another U.T. Austin colleague, Stephanie Grasso, is focusing on whether bilingualism and language fluency can protect people from dementia. In a study on language use, Fingerman and her colleagues found that people with deeper thinking patterns tend to use third-person and plural first-person pronouns ("they," "we," "us"), whereas people with less complex thinking use just first person. The discovery came from feeding transcripts into a computer and having a machine-learning algorithm analyze the speech patterns of study participants. "Saying 'I went to the store' is much simpler than explaining what someone else did," Fingerman says, adding that this result was unexpected. "We would not have found that five years ago, because we would not have looked for third-person pronouns, but we found it with machine learning."
Although federal grants are down, state funding for research on Alzheimer's and other forms of dementia ballooned starting in 2024, according to the Alzheimer's Impact Movement, a nonprofit advocacy group. At the University of California, San Diego, researchers are working on a campus-wide effort to produce an Alzheimer's vaccine, says Corinne Peek-Asa, an epidemiologist and the university's vice chancellor for research and innovation. "Let's try a lot of things and fail along the way, and boy, are we going to learn a lot in the process," she says.
Research on infectious diseases is growing at universities, despite multiple crises in funding and staffing within the federal Department of Health and Human Services. By early 2025 officials led by Secretary of Health Robert F. Kennedy, Jr., had eliminated more than 800 grants focused on HIV research, vaccine hesitancy and transgender health. The administration has pushed thousands of federal scientists to quit or take early retirement, including at the NIH. As of mid-May 2026, the Centers for Disease Control and Prevention, the nation's public health agency, had been without a confirmed leader for all but one month of Trump's second term.
Yet public universities generate innovative projects amid this uncertainty. At the University of Washington, researchers came up with a novel way to diagnose strep throat, one of the most common childhood illnesses. If not treated quickly, strep infection can lead to serious complications. Rather than a swab of the back of a patient's throat, the technique, called CandyCollect, involves a lollipop of sorts. A flavored candy head collects a child's saliva in a grooved spiral. The candy is engineered to dissolve over a set time so that when the flavor is gone, the sample is ready. Lab technicians can then test the lollipop for Streptococcus bacteria.
One of the biggest bright spots in science is the study of proteins, which has yielded things ranging from a detailed understanding of how their amino acid chains fold into certain shapes to precisely engineered molecules for use in medicine or even environmental cleanup. Protein research sits at a fruitful nexus between health and AI, which are both noted as Trump administration priorities. In 2024 University of Washington scientist David Baker won the Nobel Prize in Chemistry for computer systems that can design proteins. For his breakthrough, he applied AI diffusion models to create atomic arrangements quickly. The university's Institute for Protein Design recently released one of these models as open-source software, making it freely available to any scientist. When anyone in the world can use the same code, advances will benefit researchers everywhere, Baker says. Recently he and his team have been looking into applications such as building proteins able to break down plastics.
A couple thousand miles southeast, U.T. Austin computational protein engineer Danny Diaz leads the Deep Proteins Group within the AI Institute for the Foundations of Machine Learning (IFML), which is funded by the NSF. Diaz and his team have patented half a dozen novel proteins whose design was hastened by AI. "In protein engineering, nature is really good at giving us an MVP," Diaz says. "An AI model is useful because [it] can speed up evolution, so we can create proteins [whose] function is on par with human needs."
During his doctoral research at U.T. Austin in 2020, Diaz worked down the hall from a separate team that designed a shelf-stable version of one of the most consequential proteins in years: the coronavirus spike protein. "You can make a few modifications and turn [the protein] into biotech that is useful, like making it stable in the lab," Diaz says. Those modifications enabled scientists to produce a vaccine in record time.
[image: Three-dimensional rendering of a chiplike gold object floating on a series of colorful threads.]This illustration shows complex flow-microstructure interactions in an advanced coating process.
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That work got the attention of Adam Klivans, who directs the IFML. "Adam was like, 'Wow, proteins seem important,' but he didn't really speak the same language," Diaz recalls. Now the two work together to design proteins, using generative software techniques originally developed for language models or image production.
Vaccines have since come under fire as well; in 2025 and 2026 the Trump administration moved to cut funding for vaccine research at the NIH and the CDC. Last June, Kennedy fired all 17 members of a key vaccine advisory panel at the CDC, and his handpicked replacements have since been blocked by federal courts. He then ordered sweeping changes to the number of shots recommended routinely for American children, a move also tied up in litigation. In April 2026 Kennedy blocked $600 million in funds for a State Department-controlled program that provides vaccines for children in developing countries.
Yet protein research is going strong, even when it is being used to develop vaccines for ailments old and new. Diaz's group created an open neural network called MutCompute, a machine-learning platform that determines mutations to optimize many types of proteins, such as enzymes, which are proteins that speed up chemical reactions. For instance, MutCompute applied just three mutations to a natural enzyme called PETase to create an enzyme that can break down the plastics in single-use water bottles. In ongoing work, the team is designing a protein that can bind to a type of cancer receptor, possibly making it easier to target cancer cells. "It's like looking for a needle in 1,000 haystacks, so that is where AI is very, very helpful," Diaz says.

Although research progresses at America's largest interdisciplinary universities, federal money has been slow to arrive. Officials across the country say the NIH and the NSF are not disbursing grants as quickly as usual. "At the moment, the biggest challenge for us is the unpredictability," Peek-Asa says.
In the past year private and state funds have increasingly served as a bulwark against that uncertainty. Research funds from state governments and private donors mushroomed last year, even in states where such investment may come as a surprise. In Texas, state legislators have passed laws that dissolve faculty representation; restrict free speech on campuses by limiting protests; prohibit diversity, equity and inclusion initiatives; and require faculty to certify that they are not indoctrinating students. And yet last November voters approved a $3-billion, 10-year project to study Alzheimer's disease, Parkinson's disease, and other ailments of aging. In California, state lawmakers are debating a University of California-sponsored ballot issue to support a $23-billion endowment for research across the state. "California has a history of stepping up when research is threatened," Peek-Asa says, noting previous efforts to fund stem cell research after federal bans in the early 2000s.
The past few decades of growth and investment in research mean science in the U.S. has an incredibly strong foundation.

Private funding for major projects is nothing new, but the size of the donations is growing. In 2008 the Rubin observatory received a $30-million gift from Bill Gates and Microsoft software architect Charles Simonyi for construction of its enormous mirrors. Last August philanthropist Penny Knight and her husband, Nike co-founder Phil Knight, gave $2 billion to Oregon Health and Science University's Knight Cancer Institute, marking the largest-ever private donation to a U.S. university. The University of Notre Dame, a private university, is adding faculty positions this year to the Stavropoulos Center for Complex Quantum Matter, which is funded by former Dow Chemical chair Bill Stavropoulos and his wife, Linda Stavropoulos.
And nationwide in 2025, 186 institutions received a windfall of nearly $7.2 billion from philanthropist MacKenzie Scott. Since 2020 she has donated more than $1.1 billion to dozens of historically Black colleges and universities, tribal colleges, two-year schools, and institutions that promote college access.
Nobody is sure whether such public and private windfalls will last. And private donors, though valuable, can't make up for billions of dollars in federal funding that support science every year. "I don't know if it is all or just the lion's share, but some universities are able to move forward with hiring because of private funds," says Johns Hopkins physicist Armitage. "There are always private funds in the system, but if that is all there is, that's not sustainable."
Federal money is flowing into projects that align with the Trump administration's priorities. Although the White House called for dramatic cuts to scientific research funding this year, congressional appropriations remained mostly stable, notes mechanical and aerospace engineer Massimo Ruzzene, senior vice chancellor for research and innovation at the University of Colorado Boulder. "All of us were shaken up. Now we have some relief in sight, given the funding levels, so I think there is cautious optimism," he says.
In Texas, the IFML's funding was renewed for $20 million from the NSF for 2026 to study the fundamental algorithms and architecture that drive generative AI. The Texas Advanced Computing Center at U.T. Austin hosts the fastest supercomputer system in U.S. academia. Later this year it will bring online a new supercomputer called Horizon, which will be the largest open-use science supercomputer in the country.
Graham at the University of Wisconsin says AI, quantum science and fusion technology are all bright spots. Scientists who focus on those projects, all noted as Trump administration science priorities, might have an easier time securing funding. But he's not sure whether AI is as promising for science as some people suggest. "To my mind, that is good and bad," he says. "Those tools are going to help us largely in fields where we know a lot of the physics, where we have a lot of the data."
In California, where state lawmakers are looking to plug gaps in federal funding, the University of California system--which includes 10 campuses such as U.C.S.D., U.C. Irvine and U.C.L.A.--is still well positioned to work on subjects such as AI and quantum technology, which the Trump administration has said are high priorities, says Peek-Asa, the U.C.S.D. vice chancellor. "I think there is a lot of concern that all the agencies are kind of moving to the same priorities because they are safe," she says.
In the meantime, U.C.S.D. is trying to work with industry. In fall 2024 the university launched a new Fusion Engineering Institute, hiring professors and creating courses to steer people into possible fusion careers. Fusion energy became newly attractive as a possible future energy source after a major doe breakthrough in 2022, when scientists were finally able to produce more energy from a nuclear fusion reaction than the laser energy used to drive it. Although commercializing fusion energy is a long way off, many people I talked to cited fusion as a net-positive research area because the Trump administration considers it a major priority.
Ruzzene says administrators and scientists should think about new ways to explain the importance of basic research, as well as the solutions it provides. "That's on us," he says. "We have to do a better job of doing that than we used to."
Before speaking with me, Ostendorf consulted her colleagues at the University of Washington and prepared a list of projects to discuss, some of which are delivering new findings. From the diagnostic lollipop to citizen scientists monitoring the health of baby crabs in the Salish Sea, her university is still producing great science, even though Ostendorf believes it has suffered more than other schools from funding cuts. Still, she was glad for the chance to discuss positive news for a change.

Many of the experts I contacted for this article referenced the shaky environment of American science. Scientists feel like higher education and research-driven university work are under attack. For administrators, many of whom are still active researchers, the stress is manifold. "What I need to do in my administrative role is make sure people don't give up. Just keep submitting proposals," Ruzzene says. "Money has been appropriated, and at some point [the Office of Management and Budget is] going to have to spend it, and we are well positioned."
Armitage at Johns Hopkins says there are more entry-level jobs in physics now than there were a few years ago. Educators are getting jobs, but so are people with bachelor's-level education, who are getting hired to work in machine learning, quantum materials, and other fields. Mathematically literate, highly trained people are still finding work, he says. "But I don't want to come off as flippant saying the world is great. The job market is not great overall," he adds. "There are a lot of storm clouds. I think the system will weather the coming squalls if grants start coming back out later this year, if there is a return to normality in the funding. But if it doesn't happen, then we are going to see a generational collapse in science."
Sydney Erickson, the Stanford grad student and soon-to-be U.C.L.A. postdoc, says she knows nothing is a guarantee. "One thing I think about is how lucky I am to be able to study fundamental science and make a living off it. I get to think about the universe expanding and ask, 'What's happening, what's our fate?'" she says. "I feel really lucky to be able to keep doing the science for as long as I can."

Rebecca Boyle is a Scientific American contributor and an award-winning freelance journalist in Colorado. Her 2024 book, Our Moon: How Earth's Celestial Companion Transformed the Planet, Guided Evolution, and Made Us Who We Are (Random House), explores Earth's relation with its satellite.




This article was downloaded by calibre from https://www.scientificamerican.com/article/inside-u-s-labs-at-a-moment-of-fear-and-unexpected-promise



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



By Rachel Nuwer edited by David M. Ewalt
Elizabeth Blackburn is a molecular biologist and biochemist. She is a former president of the Salk Institute for Biological Studies and an emerita faculty member at the University of California, San Francisco. In 2009 she shared the Nobel Prize in Physiology or Medicine for uncovering the structure of telomeres, the protective tips at the ends of our chromosomes that help to safeguard DNA, and for helping to discover telomerase, the enzyme that keeps those tips intact. Blackburn has also received numerous other major awards in science, including the Lasker, Gruber and Gairdner prizes.
An edited transcript of the interview follows.
How would you describe the current state of American science?

On supporting science journalism
If you're enjoying this article, consider supporting our award-winning journalism by subscribing. By purchasing a subscription you are helping to ensure the future of impactful stories about the discoveries and ideas shaping our world today.

I'd say it's under siege and under assault. The assault is coming from various factors, and one of them has been the systematic attacks on science and its funding and support from the current administration.
There's also an attack on the access of people who historically have been underrepresented, and that is really hurting efforts to get the most talent into careers in science. It's just throwing away something that has historically had substantial effects. It just so saddens me and shocks me that we're throwing away so many opportunities.
The other really sad thing is the assault on truth that we see in public discourse. This is really an assault on science because what is science about? It's about getting at verifiable truth.
What needs to change in American science?
Science needs to be much more proactive in trying to make sure access is as broad as possible for talented people who might not historically have had access to science, including for socioeconomic reasons. I think doubling down on that is crucial. That means being creative and finding new solutions because we are throwing away real talent and restricting people's ability to do something they may love to do.
What gives you optimism right now?
I see young people, especially children, who come to places like the California Academy of Sciences museum in San Francisco, and you just see how their curiosity is so great, and they're sparked. So I have hope. It's rather distant because these are young people, but I do have hope that this spark of interest and curiosity, which is what drives fundamental science, is alive and well. The spark has not died in children.
What's your best advice for an early-career scientist?
The short-term challenges are certainly very daunting for younger people, so it's two things, really. One is to get as much as you can get from mentors, from other scientists. Ask for help. Try to get as much advice as you can, and you'll be surprised--scientists really want to give one another advice. Other scientists actually want you to succeed.
You think of science as this very competitive thing, and that is true, but we also have a shared culture of wanting one another to succeed because that pushes the field forward. And if you really care about science, then you want it to succeed.
Younger people often are hesitant because they fear that they might be perceived as weak and that they can't do it themselves. But I would say, no, it's the opposite. Get help and advice when you can.
And then the other is harder, but it's keeping the long view. There have been a lot of ups and downs for science, and for many things in our culture, but it won't necessarily always be like this. Don't cut yourself off.
How has your field changed in the past few years?
In my case, molecular biologist Carol Greider of the University of California, Santa Cruz, and I discovered telomerase decades ago, and we discovered it through its enzyme activity. Now, after a lot of biochemical work and big advances in imaging and cryoelectron microscopy, you can actually see what telomerase looks like.
On the other end of the spectrum, you can now look at humans using big, computational approaches, big data. It's enormously beneficial.
There's been a lot of beautiful work done using very new technologies, so that's been the big thing: innovations and technologies have driven that aspect of the field enormously.

Rachel Nuwer is a science journalist and author. Her latest book is I Feel Love: MDMA and the Quest for Connection in a Fractured World (Bloomsbury, 2023). Follow her on Bluesky @rachelnuwer.bsky.social
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By Dava Sobel edited by Clara Moskowitz
Scientists, in the popular imagination, are oddballs. A chemist or geologist may be a genius, it is generally agreed, but the heightened mental acuity comes at great social and emotional cost, rendering the scientist a misfit, a weirdo, a robot in human clothing. This perception troubles me.
In a 50-year career spent writing about science, I have interviewed hundreds of scientists, from young postdocs to elderly laboratory directors, including several Nobel Prize winners. None of them fit within the confines of the stereotype. True, a few proved obnoxious, even insufferable, but not in a stereotypical way. So why do I continue to bump into this cliche wherever I go?
The following statement, for example, jumped out at me from a New York Times obituary for slain Massachusetts Institute of Technology physicist Nuno Loureiro: "Far from the stereotypical scientist holed up in his lab with little to say to the outside world, Dr. Loureiro was known for being warm, down to earth--even stylish." Apparently such attributes are so out of place in the personality of a scientist as to merit special mention.

On supporting science journalism
If you're enjoying this article, consider supporting our award-winning journalism by subscribing. By purchasing a subscription you are helping to ensure the future of impactful stories about the discoveries and ideas shaping our world today.

Recently a group of high school physics teachers joined me via Zoom for a discussion of two of my books. The first question on their prepared list was, "How are the people who made big contributions to science similar to and different from 'normal' people?" Actor Jim Parsons, who played string theorist Sheldon Cooper in nearly 300 episodes of CBS sitcom The Big Bang Theory between 2007 and 2019, won four Emmy Awards and a Golden Globe for his portrayal of the archetypal socially inept scientist. Children asked to create a picture of a scientist most often draw a white man wearing a lab coat and glasses, Marie Curie and George Washington Carver notwithstanding.
These skewed ideas about scientists are pernicious.

I'm concerned that these skewed ideas about scientists are not just laughable and inaccurate but pernicious. I fear they worsen societal attitudes toward the entire scientific enterprise. And they prevent young students from seeing science as a future that might include them.
The stereotype of a scientist thrives on the relative rarity of real scientists. According to the latest available statistics from the United Nations Educational, Scientific and Cultural Organization, approximately nine million individuals worldwide engage in scientific research. They are thus outnumbered 1,000 to one by other people. The odds of a person's meeting a scientist, slim to begin with, contract further as a result of scientists' tendency to congregate in settings with specialized equipment and limited access, such as labs at NASA and CERN, where they are further insulated from nonscientists.
As a science writer, I gain entry into many of those protected spaces. But if I'd been a sports reporter or a foreign correspondent, how could I have discovered what the practice of science looks like? I doubt I would have guessed the variety of activities that the phrase "doing research" may signify--or the amount of joy and fun derived from those activities.
Some scientists, aware of their image problem, have suggested that all recipients of federal grant money be required to explain their research to taxpayers, stipulating how the funds are spent and outlining the predicted usefulness of their projects. Not every scientist, I would argue, is capable of effective communication with the wider public. Demanding it of all of them seems unfair and unrealistic. Those who do have the skills, however, can use them to tremendous effect. Astronomers in a certain age cohort invariably tell me that their interest in the subject was aroused by Carl Sagan's Cosmos: A Personal Voyage series, which debuted on public television in 1980. (Sagan himself enjoyed watching basketball.)
The steps of the so-called scientific method that many of us are taught in elementary or middle school suggest that scientists operate according to strict rules or recipes. As they themselves admit, however, they are guided primarily by their own curiosity. Their explorations feel creative to them the way painting or sculpting feels to an artist. That's not to say they have no other creative outlets or hobbies; rather science is one of them. As editor of Scientific American's Meter poetry column, I often receive poems from scientists who are moved to verse by some experience in their work. This trend is hardly new: Galileo wrote poetry. So did James Clerk Maxwell, who developed the theory of electromagnetism. In the 1920s and 1930s the Harvard College Observatory employed enough talented musicians to constitute an orchestra. The word I hear most often from scientists speaking candidly about their research--the word most at odds with the prevailing stereotype--is "passion."
"Passion" came up memorably toward the end of a roundtable discussion held in Stockholm's Royal Palace during the week the 2023 Nobel Prizes were awarded. Anne L'Huillier, one of that year's three physics laureates, reached for a word to describe a scientist's inner drive. "This is something that passionates you," she said, inadvertently inventing a verb to evoke all the fascination, motivation, obstinacy and zeal that had carried her through 40 years of studies in attosecond science--work to which she was eager to return, she added, as soon as all the fuss over the prize had died down.
Further talk around the same roundtable revealed that L'Huillier and Katalin Kariko, one of two winners of the 2023 Nobel Prize in Physiology or Medicine, were both long married and both mothers--even though family devotion, as is well known, plays no acknowledged role in the life of a stereotypical scientist.
Drew Weissman, Kariko's collaborator and co-Nobelist for mRNA discoveries leading to COVID-19 vaccines, pointed out that the participation of his wife and daughter in the phase 3 trials of those vaccines became a powerful tool against vaccine hesitancy in their community. When Mrs. Weissman (aka psychologist Mary Ellen Weissman) attended church services and community meetings where neighbors aired fears born of conspiracy theories, she would ask, "Do you think my husband would have his daughter and his wife take a vaccine that would make them sterile?" No, of course not.
But now that the efficacy of all vaccines is questioned by government authorities, now that promising research on new mRNA vaccines has been halted--and considering the broad reach of the scientist stereotype--I have to wonder how many people might answer Mary Ellen Weissman's rhetorical question in the affirmative. Exposing one's spouse or offspring to mortal danger sounds like just the kind of thing a mad scientist would do.

Dava Sobel, a former New York Times science reporter, is author of six books, including international bestseller Longitude (Walker, 1995) and, most recently, The Elements of Marie Curie (Grove Atlantic, 2024). She is editor of Meter, Scientific American's monthly poetry column.
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By Claire Cameron edited by David M. Ewalt
Mark Kelly is a former U.S. Navy combat pilot and NASA astronaut who has served as a U.S. senator from Arizona since 2020. He earned a bachelor's degree in marine engineering and nautical science from the U.S. Merchant Marine Academy and a master's degree in aeronautical engineering from the Naval Postgraduate School. In 1996 Kelly was selected as an astronaut, and he has spent more than 50 days in space, traveling more than 20 million miles. He retired from NASA in 2011 after commanding Space Shuttle Endeavour on its final flight.
An edited transcript of the interview follows.
How would you describe the current state of American science?

On supporting science journalism
If you're enjoying this article, consider supporting our award-winning journalism by subscribing. By purchasing a subscription you are helping to ensure the future of impactful stories about the discoveries and ideas shaping our world today.

From a standpoint of still having great scientists and being the world's best innovators and inventors, I would give us high marks. My concern is that we have some folks in government who don't believe in science and don't believe in the investments that need to be made for us to stay in that leadership position.
We've got the world's biggest economy, in my view, not because of real estate developers but because of science and decades and decades of the federal government investing in research and education--especially the education of scientists and engineers and the funding of Ph.D. programs, as well as our investment in our national laboratories.
I think all that together has been an incredible gift to the U.S., and now we see that being rolled back, and it's really a big concern of mine.
What needs to change in American science?
I think something needs to change in American government. I've spoken to directors of labs and centers here who are very concerned with their budget. I've had people tell me they're not going to be able to do any science anymore, so they might as well just close the doors. Those are the kinds of cuts that have been proposed.
Right now we've somewhat successfully pushed back on the worst of that. But we've got a few more years of this administration, and you never know what comes next.
What gives you optimism right now?
I think despite the challenges we face from government officials who really just don't believe in the scientific method and the value of science, we still are a place that attracts some of the best scientists in the world.
Now that's starting to change. We're seeing scientists go to China because that's where the investments are being made. But so far I think we're still well positioned.
What's your best advice for an early-career scientist?
Specifically for people who want to be astronauts, there are a couple of options. The astronaut job is very competitive: there are thousands of applications for a handful of spots. When I applied, it was fewer but still in the thousands. The number has gone up because it's easier to get the information out there now that there is a process going on to select astronauts.
I tell people to go into one of the fields that qualify you to be an astronaut. I was a U.S. Navy test pilot, or you could be a scientist, engineer or medical doctor. But find something that you really like to do because if you like it, you can be good at it. And then have other experiences. We want people who can actually do things instead of people who just know things.
How has your field changed in the past few years?
I think we needed to shift some things around. Making the decision to try to test the entire Artemis system, including the lander in low-Earth orbit, is probably a good one to mitigate some of the risk. Going right into a landing on the surface of the moon seemed incredibly ambitious.
I also think that if you're not changing things, they're often getting worse. So we need to be reevaluating how we spend limited resources and making sure they're going to the right place. Often in some of these NASA centers and government labs, you see overlapping capability. Maybe we don't need three low-speed wind tunnels in different places. Maybe we could get by with one.
Often that becomes a political problem because the members of Congress who have those [projects] in their district don't want to get rid of them. But it's important to figure out where to best apply resources to get the maximum benefit. And I don't want to be that critical of my colleagues, but, you know, we don't have a lot of people in elected office who have a background in science and engineering. In the Senate, there are three engineers out of 100 people.

Claire Cameron is breaking news chief at Scientific American. Originally from Scotland, she moved to New York City in 2012. Her work has appeared in National Geographic, Slate, Inc. Magazine, Nautilus, Semafor, and elsewhere.
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By Kate Wong 
Quick Facts

Samagya Banskota

Age

36

Field

Biomedical Engineering

Institution

Boston University


Samagya Banskota grew up in a family of doctors in Nepal, aware from a young age of how physicians could change people's lives. Today she is a biomedical engineer at Boston University, studying ways to create safer, more effective therapies for a multitude of diseases.
Banskota is creating so-called viruslike particles to deliver gene-editing technologies to cells. These engineered particles have protein structures that resemble those of viruses and can target specific cells in the body, but they lack any genetic material of their own, so they're not infectious. By packaging gene-editing tools in this way, her team has been able to avoid the problems associated with using actual viruses to deliver therapies.
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Other investigators have shown that viruslike particles can deliver gene-editing machinery to cells in petri dishes. But Banskota and her colleagues were the first to successfully demonstrate this approach in living organisms at a therapeutic level, restoring partial visual function in mice with genetic blindness. "Proteins have the shortest half-life, so they go in, they do the job, and they just get destroyed within a few hours," she explains. "We don't have to worry about any other side effects that may come from prolonged expressions of these systems."
These viruslike particles could be used to deliver therapies other than gene-editing materials, Banskota notes. Antibody drugs such as Herceptin, for breast cancer, are lab-engineered proteins. They can be very powerful, but they work by targeting proteins on the outside of cells. The drivers of a lot of human diseases--including several cancers and neurological diseases--are located inside cells, where such therapies can't reach them. "With our delivery system being so good for protein delivery," Banskota says, "I think it opens up a whole new category of medicines for diseases that we potentially can treat."

This article is part of "The Young American Scientists," an editorially independent project that was produced with financial support from Regeneron. Special thanks to the Museum of Science in Boston, where Banskota's portrait and video interview were captured.

Kate Wong is an award-winning science writer and senior editor for features at Scientific American, where she has focused on evolution, ecology, anthropology, archaeology, paleontology and animal behavior. She is fascinated by human origins, which she has covered for nearly 30 years. Recently she has become obsessed with birds. Her reporting has taken her to caves in France and Croatia that Neandertals once called home to the shores of Kenya's Lake Turkana in search of the oldest stone tools in the world, as well as to Madagascar on an expedition to unearth ancient mammals and dinosaurs, the icy waters of Antarctica, where humpback whales feast on krill, and a "Big Day" race around the state of Connecticut to find as many bird species as possible in 24 hours. Wong is co-author, with Donald Johanson, of Lucy's Legacy: The Quest for Human Origins. She holds a bachelor of science degree in biological anthropology and zoology from the University of Michigan. Follow her on Bluesky @katewong.bsky.social
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By Andrea Gawrylewski 
Quick Facts

Jenny Bergner

Age

34

Field

Astrochemistry

Institution

University of California, Berkeley


The laws of chemistry get pushed to the limits in Jenny Bergner's astrochemistry lab at the University of California, Berkeley, where she is pondering some of the biggest questions in the universe: How do planets form? And how did life arise in the first place? To do so, she leads a team studying the exotic chemistry that happens under the crushing cold and near-perfect vacuum of interstellar space.
Using observatories such as the James Webb Space Telescope and the Atacama Large Millimeter/submillimeter Array in Chile, Bergner's group collects the spectral fingerprints of molecules that are present in environments where planets are forming. She complements the telescope data with lab experiments, placing molecules in an ultracold, ultralow-pressure vacuum to form disordered, porous ices similar to those found in space. Next she and her co-workers bombard that ice with photons to mimic the radiation of interstellar space. "Then we can understand, at a molecular level, what reactions are taking place," she says. These reactions could influence how planetary bodies form as their molecular components start to coagulate.
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Bergner's research came into public view in 2023, when she and a colleague published a paper in Nature offering new reasoning for the behavior of 'Oumuamua, the first interstellar object ever observed passing through our solar system. It puzzled astronomers because it accelerated as it left the solar system in a way that comets, for example, typically do not. Scientists speculated about exotic explanations, including alien spacecraft. Bergner's answer was less dramatic and, to her, far more satisfying: hydrogen gas, trapped within 'Oumuamua's icy interior by cosmic radiation over millions of years, warmed up as the object passed near the sun and escaped, propelling the object forward. No mystical thinking required--just the rules of chemistry playing out in interstellar conditions.
"Saying something is caused by magic is a much less interesting explanation to me," Bergner says. The thrill of discovery, she adds, comes from using the rules of science to explain the phenomena that we see, no matter how strange.

This article is part of "The Young American Scientists," an editorially independent project that was produced with financial support from Regeneron. Special thanks to the Exploratorium in San Francisco, where Bergner's portrait and video interview were captured. 

Andrea Gawrylewski is chief newsletter editor at Scientific American. She writes the daily Today in Science newsletter and oversees all other newsletters at the magazine. In addition, she manages all special editions and in the past was the editor for Scientific American Mind, Scientific American Space & Physics and Scientific American Health & Medicine. Gawrylewski got her start in journalism at the Scientist magazine, where she was a features writer and editor for "hot" research papers in the life sciences. She spent more than six years in educational publishing, editing books for higher education in biology, environmental science and nutrition. She holds a master's degree in earth science and a master's degree in journalism, both from Columbia University, home of the Pulitzer Prize.
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By Josh Fischman 
Quick Facts

Adam Bowman

Age

30

Field

Biophysics

Institution

Salk Institute for Biological Studies


Adam Bowman comes from a family of tinkerers. One grandfather worked on the engines of tractors and cars. The other had a boat, which Bowman worked on with him, and they also built radio-controlled model airplanes together. Today Bowman continues to tinker at the Salk Institute for Biological Studies in La Jolla, Calif., but instead of working with airplanes and engines, he's trying to make it easier for researchers to see cells in the brain communicate with one another, building technology that could be applied to many diseases and disorders, including Parkinson's, schizophrenia, autism and cancer.
When neurons talk to one another, they send tiny charges of electricity through their membranes. Scientists can study this process by putting fluorescent proteins in the cells, making them glow. Most methods study the brightness of the proteins. Bowman's method, called electro-optic fluorescence lifetime imaging microscopy (EO-FLIM), focuses on how long the proteins remain lit up after a fast laser pulse, making it possible to see one cell passing its electrical signal to another--a brain circuit in action. "It takes a really steady hand," Bowman says of the methods he and his colleagues use to employ EO-FLIM in animal models.
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Several labs are now building EO-FLIM microscopes based on Bowman's design. Some researchers, Bowman says, have used EO-FLIM to make better recordings of neuron activity in the brains of living fruit flies. He hopes the method can help other scientists study how, in people with Parkinson's, the brain loses its ability to send messages. It could also be used to detect the rapid division of cells that is a hallmark of cancer.
Bowman has continued to develop EO-FLIM, but he notes that it takes time to turn techniques into marketable products. With the success he's had so far, though, he can see the fluorescent light at the end of the tunnel.

This article is part of "The Young American Scientists," an editorially independent project that was produced with financial support from Regeneron. Special thanks to the Exploratorium in San Francisco, where Bowman's portrait and video interview were captured. 

Josh Fischman is senior editor for special projects at Scientific American and covers medicine, biology and science policy. He has written and edited about science and health for Discover, Science, Earth and U.S. News & World Report. Follow Fischman on Bluesky @jfischman.bsky.social
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By K. R. Callaway 
Quick Facts

Colin Carlson

Age

29

Field

Public Health

Institution

Yale University


A hangover inspired Colin Carlson to meld climate change, public health and ecology. After a night out with a parasitologist, Carlson sat at brunch asking that friend whether parasites could--like so many of the organisms he worked with--go extinct from climate change. The two went on to conduct the largest study to date of parasite biodiversity, finding that up to one third of parasite species are at risk of extinction caused by climate change. Parasites fill important niches in ecosystems around the world, so the consequences of such a die-off could be catastrophic.
Carlson is now an assistant professor of epidemiology at Yale University, exploring the science and policy behind planetary health and running a National Science Foundation research project called Verena, in which he and his colleagues look for emerging viral threats. His mission is to help the world understand what future public health emergencies will look like and what we can do to mitigate them. He has testified in front of Congress on public health issues and advocated for increased investment in disease surveillance. The challenge, he says, is getting the people in power to act.
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In a time of funding cuts, misinformation and public distrust of science, it's a more formidable challenge than ever. At the moment Verena is in a "state of profound instability," with departing staff members, concerns about censorship and uncertainty over lost federal funding. In his laboratory, Carlson keeps a Post-it note on his desk that says, "Time spent on research is never wasted." He lives by it. "This is the hardest this job has ever been, and I say that kind of tongue in cheek because this job is hard," Carlson says. "It is normally hard but rewarding. Right now it is mostly hard."

This article is part of "The Young American Scientists," an editorially independent project that was produced with financial support from Regeneron. Special thanks to the Museum of Science in Boston, where Carlson's portrait and video interview were captured.

K. R. Callaway is a freelance journalist and was an editorial intern at Scientific American. She specializes in science, health, history and policy.
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By Megha Satyanarayana 
Quick Facts

Steven Chavez

Age

34

Field

Chemical Engineering

Institution

University of California, Los Angeles


Steven Chavez's path to chemical engineering started with a teacher, Kelly Silva. "You have a knack for this," Silva told him one day after chemistry class. She moved him into her advanced chemistry course and urged him to work hard. Now Chavez is at the University of California, Los Angeles, studying catalysts--materials that facilitate chemical processes. Catalysts are used frequently in industries such as petroleum and agriculture to give us plastics, fertilizers, and other drivers of modern life.
Chavez is specifically focused on understanding how catalysts work over time and what happens when they fail. These proteins, compounds, metals, and other materials reduce the amount of energy needed to make a chemical reaction go, but they can stall or stop, slowing processes, lowering yields and creating incomplete products. This, in turn, affects farmers, industrial agriculture and the cost of the food supply. Efficient catalysis is also a concern in pharmaceutical production. If scientists knew when and how these changes happen, they could better control the pertinent chemistry.
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Chavez is exploring these questions by studying catalysts under different wavelengths of light. Once he understands how a catalyst behaves, he'd like to use light to control it.
With cuts to federal funding and instability in scientific agencies, Chavez tries to stay positive, focusing on what he can control--grant applications, teaching, mentoring and working on his big questions. He comes from an underrepresented group and knows that he is a role model. He won't be able to relate to all the students he looks like, he says. But he can give them the tools and confidence they need to forge their own trailblazing paths in science.

This article is part of "The Young American Scientists," an editorially independent project that was produced with financial support from Regeneron. Special thanks to the Exploratorium in San Francisco, where Chavez's portrait and video interview were captured. 

Megha Satyanarayana is chief special projects editor at Scientific American. She is a former scientist who has worked at several news outlets, including the Detroit Free Press and STAT. She was a Knight-Wallace Fellow, a cohort member of Poynter's Leadership Academy for Women in Digital Media and a Maynard 200 Fellow.
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By Ari Sen 
Quick Facts

Jieneng Chen

Age

28

Field

Computational Biology

Institution

Stanford University


Computer scientist Jieneng Chen wants to digitize the physical world. He is the inventor of TransUNet, an artificial-intelligence tool that helps to map the boundaries of cancerous tumors while accounting for their relation to surrounding organ systems. TransUNet blends two popular computing architectures. The first is a convolutional neural network, which is traditionally used for understanding images. The second is a transformer--the "T" in GPT and the innovation responsible for much of the recent progress in large language models. Combining the two makes the tool useful to radiologists, enabling them to identify boundaries more accurately in CT scans or magnetic resonance imaging.
As a young boy, Chen would often disassemble toy cars in the miniature lab he had set up in his house in Quanzhou, China. His interest in the inner workings of machines ultimately led him to study mechanical engineering and then computer science in Shanghai. In his junior year of college he flew 7,400 miles to Johns Hopkins University to work on AI for early detection of cancer. There Chen developed models that could identify millimeter-scale tumors, which he says would be almost impossible for humans to discern visually from medical scans. "If we want to help the patients or help as many families as possible, we need to develop the AI tools that can detect cancers in early stages," he says.

On supporting science journalism
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After returning to China, he started his doctorate at Johns Hopkins remotely amid the coronavirus pandemic. Because of the time difference, he'd stay up until midnight a few days each week to take his classes online. During this period he developed TransUNet, which has become the basis of detection systems for lung, pancreatic, liver and breast abnormalities. He built on that work after returning to Baltimore to finish his studies in person. "Great science is not always putting in many years on one project," Chen says. "Instead it's, you know, it's kind of a spark, right?"

This article is part of "The Young American Scientists," an editorially independent project that was produced with financial support from Regeneron.

Ari Sen is data editor at Scientific American, where he focuses on investigative and data reporting. He previously worked at CBS News, the Dallas Morning News and NBC News. He is based in Washington, D.C.
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By Dan Vergano 
Quick Facts

Kaue M. Costa

Age

36

Field

Neuroscience

Institution

University of Alabama at Birmingham


Kaue M. Costa was a Ph.D. student in Germany trying to understand how amphetamines cause hyperactivity when he noticed his mice were acting weird. The mice were genetically engineered to help researchers study dopamine in the brain, and they were unusually hyperactive. The amphetamines they were taking calmed the females but not the males. The mice were learning differently based on sex, and this divergence was scrambling his results.
Born in Amazonian Brazil, Costa is now an assistant professor at the University of Alabama at Birmingham, studying how animals learn. He's applying new tools to neuroscience's classic behavioral tests, food cues, mazes and lever pressing, trying to understand how the brain decides what information is important and should be stored and what can be thrown out. "We are constantly bombarded with, let's say, a practically infinite amount of information," Costa says. "What are the principles that determine what we learn and how we learn it?"

On supporting science journalism
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His work suggests that dopamine is involved not just in helping us learn what is good and what is bad. Dopamine also plays a role in a more complex type of learning that helps us infer what's next based on past events.
Whether dreaming of field biology or rising fast in neuroscience, Costa is guided by adventure. For this young person who once thought he would explore the Amazon, the brain is more complex, and thus more appealing, uncharted territory. He could have left the U.S. after finishing his postdoctoral fellowship, but even amid federal funding chaos, doing research in the U.S. is still "incomparable." He teaches his students to follow their interests and their own minds--which now we understand a little better thanks to his pursuits.
This article is part of "The Young American Scientists," an editorially independent project that was produced with financial support from Regeneron.

Dan Vergano is senior editor, Washington, D.C., at Scientific American. He has previously written for Grid News, BuzzFeed News, National Geographic and USA Today. He is chair of the New Horizons committee for the Council for the Advancement of Science Writing and a journalism award judge for both the American Association for the Advancement of Science and the U.S. National Academies of Sciences, Engineering, and Medicine.
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By Eric Sullivan 
Quick Facts

Dane deQuilettes

Age

36

Field

Electrical Engineering

Institution

Princeton University


In his second year of graduate school, Dane deQuilettes thought something was wrong with his microscope. He had just returned to the University of Washington from the University of Oxford, where he had learned to make perovskites--polycrystalline solar materials that can be printed like ink--and he was eager to see what the film would reveal. But the image looked wrong. He was convinced he had botched the calibration and spent days troubleshooting in secret.
The microscope was fine. He discovered that the problem was the material.

On supporting science journalism
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In 2015 perovskites were becoming more efficient than other solar materials people were researching, raising hopes that they could be turned into cheap, high-performance solar cells. But deQuilettes accidentally discovered that one of the field's early assumptions was wrong. Researchers had thought perovskite films were uniform. He revealed that they were instead a patchwork of crystals, some performing beautifully while others leaked energy through defects. The finding redirected solar researchers toward neutralizing those defects--and established deQuilettes as one of the scientists pushing a hyped material toward a more exacting science.
[image: A portrait of Dane deQuilettes by Jeffery DelViscio.]Jeffery DelViscio



DeQuilettes grew up in central Washington State. He was known as an athlete, but he'd often sneak away to compete in Science Olympiad, wary of being pegged as the nerdy kid. When he told his mother he wanted to study chemistry, she worried it would not pay enough to build a life on; he came back with a salary survey.
DeQuilettes joined Princeton University earlier this year, and now he is building the Quantum and Emerging Semiconductor Technologies Lab. He's still working on solar materials, but he has widened his scope into quantum sensing, using diamond crystals with tiny, engineered defects that act as exquisitely sensitive probes of their surroundings.
"Every field reaches the edge of the unknown," he says. "It's a mystery, and you get to learn really fast. That's what excites me."

This article is part of "The Young American Scientists," an editorially independent project that was produced with financial support from Regeneron.

Eric Sullivan is senior desk editor for technology and engineering at Scientific American.
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By Tara Haelle 
Quick Facts

Chee-Huat Linus Eng

Age

34

Field

Molecular Genomics

Institution

Spatial Genomics


Growing up in Klang, Malaysia, Chee-Huat Linus Eng took a particular interest in the hows of life, beginning with an early curiosity about how vitamin C impacts skin cells. Now, after completing a doctorate in chemistry at the California Institute of Technology, Eng is taking the field of spatial genomics by storm.
As vice president of R&D at Spatial Genomics, Eng focuses on a deceptively simple task: capturing a cell's genetic activity at a specific point in time. That activity is recorded in RNA transcripts, which are copies of the information encoded by a particular gene sequence. Together the different types of RNA transcripts make up a cell's transcriptome. Scientists could already capture this transcriptome for a single cell isolated from the tissue around it, but Eng and his Caltech colleagues wanted to capture the information while the cell remained in situ.
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Most recently, Eng has created seqFISH+, a technology based on sequential fluorescence in situ hybridization, which lets scientists use fluorescent probes to detect specific proteins and other molecules. With seqFISH+, researchers can capture a cell's entire transcriptome--tens of thousands of genes--and observe how their expression changes according to whether the cell is near, for example, a cancer cell or an immune cell.
Eng's adviser at Caltech, Long Cai, says Eng's "transformative contributions" to the field of spatial genomics have "fundamentally changed how scientists visualize and understand cellular biology." The "versatility and broad applicability" of Eng's method, Cai says, mean it can elucidate what cells are doing in ways that are useful in many diverse areas, including developmental biology, neuroscience, cancer research, immunology and microbiology.
"Any field requiring a spatial map of gene expression stands to benefit from this technology," Eng says.

This article is part of "The Young American Scientists," an editorially independent project that was produced with financial support from Regeneron. Special thanks to the Exploratorium in San Francisco, where Eng's portrait and video interview were captured. 

Tara Haelle is a science journalist specializing in medical research and science communication. She is based in Dallas, Tex.
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By Allison Parshall 
Quick Facts

Emily Finn

Age

39

Field

Neuroscience

Institution

Dartmouth College


Neuroscientist Emily Finn often trawls Reddit for disagreements about television shows, movies, books or podcasts--any narratives that "evoke really different reactions in different people," she explains. She is fascinated by the way individuals can walk away from the same story with vastly different takes. "What's different across the brains of people who ultimately arrive at really different interpretations?" she asks. That question is especially relevant in a time of increasing political polarization, as people's perspectives on the world sharply diverge.
Finn, who works at Dartmouth College, has focused her career on finding what makes individual brains unique. In 2014 she and her colleagues discovered that scans of people's brain networks are different enough to function like fingerprints. What's more, these particular patterns could be used to predict types of intelligence.
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These findings flip the neuroscientist's typical approach to studying the brain. Usually researchers look for commonalities across groups of similar people rather than differences. They do so because of imprecise scanning technology--you can be more certain about your results if you see the same patterns across many people. But Finn's findings have shown that there is meaningful information in the differences, too. To find those differences, her team measures brain activity as different people watch the same video clips or listen to the same stories.
Our divergent brains--which can see the same movie, TV show or scientific dataset and interpret it completely differently--are a blessing, Finn thinks. "We don't want to live in a world where everyone thinks exactly the same way," she says. Cognitive variation is what allows our species to be so creative and innovative. But this divergence can divide us, too. "It's definitely a double-edged sword," Finn says. "But I really think, at the core, [this variation] is a true strength."

This article is part of "The Young American Scientists," an editorially independent project that was produced with financial support from Regeneron. Special thanks to the Museum of Science in Boston, where Finn's portrait and video interview were captured.

Allison Parshall is associate editor for mind and brain at Scientific American and she writes the weekly online Science Quizzes. As a multimedia journalist, she contributes to Scientific American's podcast Science Quickly. Parshall's work has also appeared in Quanta Magazine and Inverse. She graduated from New York University's Arthur L. Carter Journalism Institute with a master's degree in science, health and environmental reporting. She has a bachelor's degree in psychology from Georgetown University.
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By Jeanna Bryner 
Quick Facts

Jaye Gardiner

Age

36

Field

Cancer Biology

Institution

Tufts University


Jaye Gardiner is an assistant professor of biology at Tufts University, where she focuses on the extracellular matrix (ECM) around cancerous tumors. Being first-generation as both an American and a college graduate, Gardiner didn't have the easiest path there. But starting in high school, several mentors, including a chemistry teacher who made the periodic table fun, helped to guide her to a career in science.
Throughout her education she was drawn to ideas and questions at surprising intersections. That's how she landed on looking at the protein-packed microenvironment around tumors. "If you think of a tumor cell like a seed, the tumor microenvironment would be the soil that the seed is in, and it can dictate whether the seed will grow into cancer or be restricted and not germinate at all," Gardiner says. As it turns out, not only does this tumor microenvironment change and affect cancer cells, but other forces such as everyday viruses might shape it in turn.
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What if, Gardiner wondered, consistent exposure to a routine virus such as the one that causes the common cold somehow changes the body's extracellular matrix to make it more conducive to cancer growth? Ultimately the information could reveal the interplay between the ECM and diseases such as cancers. "I want to take the ideas and kind of run with the nonconventional connection between virology and cancer biology," Gardiner says.
Gardiner recognizes how her mentors put her where she is today. She pays that forward as she works to set up her own lab. "Right now I'm excited for us to actually do experiments," Gardiner says. "I really love mentoring and teaching others. And it's by the grace of others who passed on information that I'm even in this position."

This article is part of "The Young American Scientists," an editorially independent project that was produced with financial support from Regeneron. Special thanks to the Museum of Science in Boston, where Gardiner's portrait and video interview were captured.

Jeanna Bryner is executive editor of Scientific American. Previously she was editor in chief of Live Science and, prior to that, an editor at Scholastic's Science World magazine. Bryner has an English degree from Salisbury University, a master's degree in biogeochemistry and environmental sciences from the University of Maryland and a graduate science journalism degree from New York University. She has worked as a biologist in Florida, where she monitored wetlands and did field surveys for endangered species, including the gorgeous Florida Scrub Jay. She also received an ocean sciences journalism fellowship from the Woods Hole Oceanographic Institution. She is a firm believer that science is for everyone and that just about everything can be viewed through the lens of science.
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By Sarah Lewin Frasier 
Quick Facts

Trevor GrandPre

Age

35

Field

Biophysics

Institution

Washington University in St. Louis


Trevor GrandPre started college aiming to be a physician, but after volunteering at a hospital he found that the job was a lot less like the TV show House than he had hoped--and he hated the sight of blood. Now he's at Washington University in St. Louis, combining physics and biology in the study of biomolecular condensates, self-organizing blobs of RNA and proteins that band together and fall apart to protect cells and help them move, process nutrients, and more.
There are probably hundreds of these condensates; one of the first GrandPre studied helps to drive photosynthesis in plant cells, and another is important to immune cell activation. Some condensates do good work, he says--such as a cell's nucleolus, which helps it make the machinery to build proteins--but others can be harmful, such as condensate-based protein aggregates associated with certain neurodegenerative diseases.
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GrandPre's mission? "To understand the good ones," he says, "and to reinforce what makes them function properly, but also to stop the bad ones from forming or dissolve the bad ones once they've formed." He's developing theories and building computational models to predict how condensates will function--and malfunction.
The field of biomolecular condensates is only growing, GrandPre says, and it will take an aggregation of theorists, biologists, engineers, chemists, and more to fully explore this fascinating area of study. "What draws me to this field is that there's something in it for everybody," he says.
But the current political climate is narrowing focuses and affecting budgets, so although the future of biomolecular condensates is bright, GrandPre emphasizes that the basic research needed to understand them still needs to be prioritized alongside growing applications. He says he has to "be more strategic at explaining why we need to understand the fundamentals."
This article is part of "The Young American Scientists," an editorially independent project that was produced with financial support from Regeneron.

Sarah Lewin Frasier is a senior editor at Scientific American. She plans, assigns and edits the Advances section of the monthly magazine, as well as editing online news, and she launched Scientific American's Games section in 2024. Before joining Scientific American in 2019, she chronicled humanity's journey to the stars as associate editor at Space.com. (And even earlier, she was a print intern at Scientific American.) Frasier holds an A.B. in mathematics from Brown University and an M.A. in journalism from New York University's Science, Health and Environmental Reporting Program. She enjoys musical theater and mathematical paper craft.
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By Lee Billings 
Quick Facts

Anna Ho

Age

33

Field

Astrophysics

Institution

Cornell University


In high school Anna Ho became so fascinated with neuroscience that she wrote to neurologist and author Oliver Sacks, asking whether he needed an intern. A representative for Sacks politely declined, she recalls, but encouraged her to pursue her passions. She did, and it led her on a transformative journey into space science.
Ho is now an assistant professor at Cornell University working on astronomical transients--brief, often violent events that flare into view and then vanish on timescales of months, days or even minutes. She uses telescopes spanning the electromagnetic spectrum on the ground and in space to study these objects before they disappear.
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These objects are given unwieldy labels such as "luminous fast blue optical transients"--flashes of brilliant blue far brighter and briefer than a typical supernova--but they're better known by the whimsical names Ho and other scientists assign to them. There is the Cow (named after its official designation, AT2018cow), a burst some 100 times brighter than a supernova that dimmed in just a few days instead of the usual weeks.
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And there is the Tasmanian Devil (AT2022tsd), which repeatedly flared brighter than an exploding star for mere minutes at a time--something that left Ho "stunned beyond words" when she first saw it. "I'll remember that for a long time," she says. "That was probably the most surprised I think I've ever been in my profession."
Discovering astronomical transients requires rapid mobilization among collaborators at observatories around the world. Ho's ability to pull off these campaigns is renowned among her colleagues. What she and her collaborators have observed tells us more about how matter and energy propagate through extreme environments.
The result is a deeper understanding of how massive stars live and die--and more work to do. "Right now I would say that my work has raised more questions than it has answered!" Ho says.

This article is part of "The Young American Scientists," an editorially independent project that was produced with financial support from Regeneron.

Lee Billings is a science journalist specializing in astronomy, physics, planetary science, and spaceflight and is senior desk editor for physical science at Scientific American. He is author of a critically acclaimed book, Five Billion Years of Solitude: The Search for Life Among the Stars, which in 2014 won a Science Communication Award from the American Institute of Physics. In addition to his work for Scientific American, Billings's writing has appeared in the New York Times, the Wall Street Journal, the Boston Globe, Wired, New Scientist, Popular Science and many other publications. Billings joined Scientific American in 2014 and previously worked as a staff editor at SEED magazine. He holds a B.A. in journalism from the University of Minnesota.
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By Megha Satyanarayana 
Quick Facts

Kaiyi Jiang

Age

27

Field

Computational Biology

Institution

Princeton University


Kaiyi Jiang grew up in a family of doctors in China and saw the limits of the profession. No matter what the physicians in his family tried, sometimes their patients remained sick. So rather than go into medicine, he started thinking about how to design better drugs.
Now at Princeton University, Jiang hopes to use artificial intelligence to help answer a fundamental question in drug design: How do you get the right treatment to the right place in the body and have it work at the right time? His group is currently working on therapeutic antibodies, treatments that can spur the immune system to kill cancer cells or block cells from producing the molecules that cause inflammation. These therapies are powerful, but for some people they are toxic, and for others they stop working. That's why Jiang's lab is developing AI models to sort through the mind-boggling amount of data available about how the human body works. The idea is that these models will then spit out options for safer, more effective engineered antibodies and other protein-based therapies.
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Jiang is worried about the current tumult in research funding. When he chose an academic path, he says, he had faculty offers from institutions in other countries, but he says the U.S. is the best place to do science. He believes industry partnerships, such as one he had with biotech firm Amgen, could help fill gaps in research funding, although industry goals can be very specific.
Jiang thinks about Nobel Prize-winning cancer therapies that came from basic questions about how the immune system controls itself, how it tells the difference between invaders and parts of the body it's trying to protect. "People didn't set out to cure lung cancer or to cure liver cancer or to discover the very important checkpoint-blockade drugs we have today," he says. "They came from very basic immunology questions."

This article is part of "The Young American Scientists," an editorially independent project that was produced with financial support from Regeneron. Special thanks to the Exploratorium in San Francisco, where Jiang's portrait and video interview were captured. 

Megha Satyanarayana is chief special projects editor at Scientific American. She is a former scientist who has worked at several news outlets, including the Detroit Free Press and STAT. She was a Knight-Wallace Fellow, a cohort member of Poynter's Leadership Academy for Women in Digital Media and a Maynard 200 Fellow.
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By Ari Sen 
Quick Facts

JianJun Jin

Age

36

Field

Plant Genomics

Institution

New York Botanical Garden


In a single day, JianJun Jin might switch from writing code on his computer to experimenting at a lab bench or working under greenhouse lights as an assistant curator at the New York Botanical Garden. His research spans several fields--plant systematics, genomics and computational biology--and his aim is to better understand the inner workings of plants.
Jin is the developer of GetOrganelle, a software tool that helps biologists to disentangle the DNA of organelles--small cellular structures such as mitochondria and chloroplasts--from all the other DNA in a plant cell, making it easier for them to find and study the sequences they are interested in. It is one of the most accurate tools of its kind, with hundreds of stars on GitHub.
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GetOrganelle started as a side project for Jin to practice his Python programming skills. Initially, he says, some colleagues were skeptical. It was only after GetOrganelle achieved some success on a difficult dataset of legume structures that his advisers and senior collaborators encouraged him to publish the work as an academic paper. That paper now has thousands of citations.
Although a botanical garden may not seem like the obvious place for a scientist, Jin says the garden is "not just a workplace; it is part of the research system. The living collections, herbarium collections, horticultural expertise and biodiversity knowledge at the NYBG provide an unusually rich foundation for studying plant evolution." His new challenge is trying to decipher plant genetic mosaicism, a condition in which a single organism contains multiple genomes.
From one project to the next, movement has been crucial to Jin's success as a researcher. "There is an old Chinese saying that roughly means 'a tree dies when moved, but a person thrives when moved.'"

This article is part of "The Young American Scientists," an editorially independent project that was produced with financial support from Regeneron.

Ari Sen is data editor at Scientific American, where he focuses on investigative and data reporting. He previously worked at CBS News, the Dallas Morning News and NBC News. He is based in Washington, D.C.
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By Andrea Thompson 
Quick Facts

Dmitrii Kochkov

Age

34

Field

Artificial Intelligence

Institution

Google Research


As a child in Petrozavodsk, Russia, Dmitrii Kochkov loved solving geometry puzzles with his parents. In high school he participated in math and physics competitions. By the time he reached graduate school, he had turned toward machine learning and quantum physics to solve tough problems. The now 34-year-old joined Google Research as an AI resident in 2019, using machine learning to create programs that could solve interesting equations. His career then turned toward weather and climate change.
Weather is governed by fluid dynamics, described in part through partial differential equations. These equations underpin the computer models that meteorologists use to forecast daily and weekly weather. The model then applies global weather data to tell us whether we should expect rain, sunshine or extreme heat. But some processes, such as cloud formation, must be approximated in the models, which can lead to errors and biases. Kochkov and his teammates built NeuralGCM (for "general circulation model") to replace those approximations with machine-learning predictions trained on past weather data. The system can predict weather conditions on par with the best models (up to 15 days out) and reproduce past temperature patterns as accurately or more so than current gold-standard models.
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NeuralGCM is starting to show results. Researchers at the University of Chicago have used it to forecast the start of monsoon rains in India up to one month in advance, providing crucial information to millions of farmers. Kochkov's team is creating a newer version of the model that is easier to use, which will eventually allow scientists to study how climate change is altering weather extremes and water availability. This comes at a time when funding for this kind of research is unstable. "Enabling people to do the best work they can with given resources seems more important than ever before," he says.

This article is part of "The Young American Scientists," an editorially independent project that was produced with financial support from Regeneron. Special thanks to the Exploratorium in San Francisco, where Kochkov's portrait and video interview were captured. 

Andrea Thompson is senior desk editor for life science at Scientific American, covering the environment, energy and earth sciences. She has been covering these issues for nearly two decades. Prior to joining Scientific American, she was a senior writer covering climate science at Climate Central and a reporter and editor at Live Science, where she primarily covered earth science and the environment. She has moderated panels, including as part of the United Nations Sustainable Development Media Zone, and appeared in radio and television interviews on major networks. She holds a graduate degree in science, health and environmental reporting from New York University, as well as a B.S. and an M.S. in atmospheric chemistry from the Georgia Institute of Technology. Follow Thompson on Bluesky @andreatweather.bsky.social
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By Stephanie Pappas 
Quick Facts

Mikhail Kolmogorov

Age

35

Field

Computational Biology

Institution

National Cancer Institute


Most genetic testing of cancer cells focuses on individual point mutations, single spots in the genome where a base pair has changed, gone missing or been added. But these mutations don't account for all cancers. There are many other structural variations in which large chunks of the chromosome undergo some kind of dramatic change and result in malignancies. "Now we realize that not just individual genes are important," says Mikhail Kolmogorov, a scientist at the National Cancer Institute, "but how everything is arranged is important as well."
Kolmogorov is developing computational methods to find these structural variations in biological data ranging from genome sequences to the complete protein output of cells or organisms. His work may soon translate to cancer clinics, where an algorithm that Kolmogorov and his colleagues developed can detect structural variations in chromosomes that may drive as many as half of all cancers.
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Another algorithm, developed during Kolmogorov's doctoral research, is considered the state of the art for accurately piecing together long reads of a genome from fragmented sequencing information, a challenge akin to solving a million-piece puzzle. Kolmogorov and his team have also developed an algorithm called Severus, which works efficiently to reconstruct the genetic jigsaw. In a test in 17 pediatric leukemia patients, Severus confirmed five genetic drivers already known from traditional testing, as well as four additional genetic drivers that were missed by standard methods.
The goal, Kolmogorov says, is to build personalized genomics testing that will become routine for every cancer patient. That will take time, he says, but the methods are already useful for rare cancers with no known genetic biomarkers. And as it happens, childhood cancers tend to fall into this category. Better genomics testing would enable oncologists to perform more accurate risk assessments and formulate targeted treatments, Kolmogorov says. And that means algorithms like Severus could be literal lifesavers for the youngest cancer patients.

This article is part of "The Young American Scientists," an editorially independent project that was produced with financial support from Regeneron.

Stephanie Pappas is a freelance science journalist based in Denver, Colo.
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By Megha Satyanarayana 
Quick Facts

Erini Lambrides

Age

35

Field

Astrophysics

Institution

NASA


Erini Lambrides was set on becoming an actor when astrophysics cast her onto a more universal stage. Now she's a research fellow at NASA and the University of Maryland studying supermassive black holes and the phenomenon called Little Red Dots. These dots are pockmarks in images from JWST that seem to indicate the brief--in universal time--period when these black holes were growing. There are so many of them, she says, that they are rewriting astrophysicists' understanding of the beginnings of galaxies and the formation of black holes. Consider these red dots as preteens in the lifespan of a black hole, Lambrides says: just like their human counterparts, they are a little odd, a bit surprising and kind of hard to explain. "A lot of my work is centered on looking at these objects and understanding how we robustly actually quantify their weirdness to understand how much damage they are going to do in terms of our existing theories about the universe," she says.
To study the dots, Lambrides first had to show that the existing tools wouldn't be enough; her field would need to develop new ones for investigating supermassive black holes. Noting that the work she does sometimes puts her "outside the pack," Lambrides says she doesn't mind because "that's where the discovery happens."
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Outside of her research, Lambrides is a convener. Recognizing that there are scores of would-be scientists who, like her, have discovered science without the family history, the connections or the mentorship in college to get into graduate school, she's created a program at NASA where postbaccalaureates can conduct research and learn how to successfully apply to graduate programs. By the end of the program's third year, about 80 percent of its participants on average had gotten into grad school, she says.

This article is part of "The Young American Scientists," an editorially independent project that was produced with financial support from Regeneron.
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By Jackie Flynn Mogensen 
Quick Facts

Armita Manafzadeh

Age

31

Field

Comparative Biology

Institution

Georgia Institute of Technology


In paleontology, bones may steal the show. But to comparative biologist Armita Manafzadeh, joints are where the action is. As she sees it, almost every animal with a backbone that has ever walked, flown, swum or slithered across the planet has done so because of joints. It's an understudied part of the evolutionary puzzle.
Manafzadeh, soon to set up her own lab at the Georgia Institute of Technology, started her joint research in pterodactyls, which are often depicted as flying like bats, with their legs extended behind them. But by studying hip ligaments in birds--distant living relatives of pterodactyls--Manafzadeh showed that a batlike leg pose was probably impossible in the extinct reptiles. She uses CT scans of animals' bones paired with high-speed video of the animal moving--say, an alligator walking on a treadmill--to build "4D x-ray vision" animations. The resulting scans show how the animals' skeletons move inside their bodies.

On supporting science journalism
If you're enjoying this article, consider supporting our award-winning journalism by subscribing. By purchasing a subscription you are helping to ensure the future of impactful stories about the discoveries and ideas shaping our world today.

[image: A portrait of Armita Manafzadeh by Jeffery DelViscio.]Jeffery DelViscio



This technology, called x-ray reconstruction of moving morphology (XROMM), has allowed Manafzadeh and her colleagues to "reanimate" extinct animals to figure out how they might have moved when they were alive. Her team has found, for example, that compared with the bones of nonavian dinosaurs, the small size of the fibula in birds has been a critical adaptation, allowing the animals to rotate their knee joints by more than 100 degrees. Their closest living relative, the alligator, can't do this. Without the reduction in fibula size, "we probably wouldn't have the diversity of modern birds that we have today," she says.
Manafzadeh hopes to continue investigating how and why joints and jointed limbs arose across the animal kingdom, including in invertebrates such as shrimp, crabs, ants and wasps. But starting a lab is difficult under the current federal-funding circumstances. "I think it's deeply important that we do support that kind of work," she says, "but I think the outlook isn't entirely clear at this moment."

This article is part of "The Young American Scientists," an editorially independent project that was produced with financial support from Regeneron.

Jackie Flynn Mogensen is a breaking news reporter at Scientific American. Before joining SciAm, she was a science reporter at Mother Jones, where she received a National Academies Eric and Wendy Schmidt Award for Excellence in Science Communications in 2024. Mogensen holds a master's degree in environmental communication and a bachelor's degree in earth sciences from Stanford University. She is based in New York City.
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By David M. Ewalt 
Quick Facts

Tixiao Shan

Age

37

Field

Robotics

Institution

SRI International


For a young Tixiao Shan growing up in China, a broken Nintendo 64 controller wasn't the end of a game--it was the beginning of a journey to understand how electronics work. That drive has since propelled him to the forefront of research on robotic perception. At nonprofit research institute SRI International's Scene Understanding and Navigation (SUN) Group in Princeton, N.J., he is teaching autonomous machines how to perceive and navigate our messy, unpredictable world. While we marvel at videos of next-gen robots walking or running around test rooms, Shan and his colleagues know that being able to move around a space is useful only if you understand that space.
To solve this problem, Shan tries to help robots build a picture of their surroundings by tracking their own movement with sensors in real time and then using artificial intelligence to interpret those data so they can understand what those surroundings are. For example, a robot that encounters a chair would know that the obstacle is a chair, that it is light enough to move and that it should be replaced when the robot is done. By bridging the gap between basic mapping and humanlike understanding, this technology would allow robots to take over mundane, repetitive or dangerous tasks, whether part of household maintenance or saving lives in war.

On supporting science journalism
If you're enjoying this article, consider supporting our award-winning journalism by subscribing. By purchasing a subscription you are helping to ensure the future of impactful stories about the discoveries and ideas shaping our world today.
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Shan's recent endeavors, including the Graph2Nav framework, allow robots to recognize objects and understand the relations between them instead of merely seeing the world as a collection of geometric shapes and obstacles. If a user asks the robot to find a phone in a bedroom, because it understands relational concepts, the robot knows a phone is likely to be found on a desk or near a bed and plans its navigation accordingly.
Shan has licensed his technology to start-ups working on household robot assistants and sees a future where his technology drives smart domestic robots that could help seniors live more independent lives. "In the near future, we can have such robots, especially for senior people who cannot move freely or who have trouble moving things around," Shan says. "The robot can do that for them."

This article is part of "The Young American Scientists," an editorially independent project that was produced with financial support from Regeneron.

David M. Ewalt is editor in chief of Scientific American.
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By Tanya Lewis 
Quick Facts

Alice Stanton

Age

35

Field

Biomedical Engineering

Institution

Harvard Medical School and Massachusetts General Hospital


Alice Stanton's friends call her a brain engineer. It's an apt title for the scientist who developed the first complete tissue model of the human brain, with blood vessels and all six major cell types, including neurons and immune cells. She also has created a brain-on-a-chip, a version of her full-size model that's smaller than a mustard seed. Stanton wants to use these mini brains to better understand neurological diseases such as Alzheimer's and Parkinson's so researchers can develop personalized treatments for them.
Stanton grew up in Erie, Pa., exploring nature and biology by playing in the sand and collecting insects. When she was young, she watched her grandmother cope after a stroke. "I think that started my fascination with the brain and my desire to devote my life to coming up with as many new therapeutic possibilities as I could," she says.

On supporting science journalism
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Stanton built her brain model, called miBrain, at the Massachusetts Institute of Technology, using techniques she had gleaned from working with stem cells earlier in her career. To model neurological diseases, she incorporated other types of cells, including immune cells called microglia; overactive microglia drive chronic inflammation, which is tied to Alzheimer's. From this larger model, Stanton developed a miniature version--a brain-on-a-chip--that can be used to test therapeutics.
Organs-on-a-chip are emerging as tools of great potential in research and drug discovery. But the road to effective treatments is long and bumpy, and recent cuts to federal funding for science could threaten progress. Having stable support is incredibly important for momentum, Stanton says. "When we have a loved one who gets sick, we want a treatment--we want something to cure them," she says. "It doesn't come out of thin air."

This article is part of "The Young American Scientists," an editorially independent project that was produced with financial support from Regeneron. Special thanks to the Museum of Science in Boston, where Stanton's portrait and video interview were captured.

Tanya Lewis is senior desk editor for health and medicine at Scientific American. She writes and edits stories for the website and print magazine on topics ranging from COVID to organ transplants. She also appears on Scientific American's podcast Science Quickly and writes Scientific American's weekly Health & Medicine newsletter. She has held a number of positions over her nine years at Scientific American, including health editor, assistant news editor and associate editor at Scientific American Mind. Previously, she has written for outlets that include Insider, Wired, Science News and others. She has a degree in biomedical engineering from Brown University and one in science communication from the University of California, Santa Cruz. Follow her on Bluesky @tanyalewis.bsky.social
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By Lauren J. Young 
Quick Facts

Christina V. Theodoris

Age

39

Field

Computational Biology

Institution

Gladstone Institutes and the University of California, San Francisco


Medical researchers can spend their entire careers hunting for genetic clues to explain the cellular dysfunction behind diseases. These quests can have huge payoffs: gene therapies that target a disease's key drivers. Christina V. Theodoris wondered whether an artificial-intelligence model could complete this task not only more quickly than previous approaches but across multiple targets and diseases. AI systems are "really accelerating the pace of discoveries," says Theodoris, a physician-scientist at Gladstone Institutes and the University of California, San Francisco. "That's really exciting to me."
[image: Portrait photograph of Christina V. Theodoris by Christie Hemm Klok.]Christie Hemm Klok; With special thanks to the Exploratorium, San Francisco, Calif.




On supporting science journalism
If you're enjoying this article, consider supporting our award-winning journalism by subscribing. By purchasing a subscription you are helping to ensure the future of impactful stories about the discoveries and ideas shaping our world today.

Theodoris combined her expertise in AI and biological systems to develop Geneformer, a deep-learning model trained on gene-activity data from millions of cells across a range of human tissues. From those data, the model can map out the messy world of genetic regulation--when one gene gets activated, it can trigger a biochemical cascade that turns another gene on or off, which then goes on to impact another gene, and so on. She used Geneformer first to tackle progressive cardiovascular diseases such as dilated cardiomyopathy, a genetic condition that impairs the heart's ability to pump and circulate blood. This disease could be halted or even reversed if Geneformer could identify targets for treatment. In 2023 the model hit a big milestone: it identified specific genes that, when activated or deleted (depending on the gene), could restore diseased heart cells to a healthier state.
Beyond heart disease, Theodoris is collaborating to create AI platforms for studying neurodegeneration, cancer immunology and aging. Her models, training data and code are open-source and freely available. "It's really important to us because we want the models to be used as broadly as possible for the ultimate goal that we have, which is to impact human health."

This article is part of "The Young American Scientists," an editorially independent project that was produced with financial support from Regeneron. Special thanks to the Exploratorium in San Francisco, where Theodoris' portrait and video interview were captured. 

Lauren J. Young is associate editor for health and medicine at Scientific American. She has edited and written stories that tackle a wide range of subjects, including the COVID pandemic, emerging diseases, evolutionary biology and health inequities. Young has nearly a decade of newsroom and science journalism experience. Before joining Scientific American in 2023, she was an associate editor at Popular Science and a digital producer at public radio's Science Friday. She has appeared as a guest on radio shows, podcasts and stage events. Young has also spoken on panels for the Asian American Journalists Association, American Library Association, NOVA Science Studio and the New York Botanical Garden. Her work has appeared in Scholastic MATH, School Library Journal, IEEE Spectrum, Atlas Obscura and Smithsonian Magazine. Young studied biology at California Polytechnic State University, San Luis Obispo, before pursuing a master's at New York University's Science, Health & Environmental Reporting Program.
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By Stephanie Pappas 
Quick Facts

Xiao Yang

Age

34

Field

Biomedical Engineering

Institution

Johns Hopkins University


There are clinical treatments for neurodegenerative diseases that involve implanting electrodes into the brain, such as deep-brain stimulation to ease the tremor and muscle tension of Parkinson's disease. Treatment-resistant obsessive-compulsive disorder can also be soothed by electrodes that deliver controlled electric stimulation to targeted brain regions. But these applications use rigid electronics that are larger than the neural cells they're targeting. And sometimes the brain flags these devices as foreign and launches an inflammatory response, creating scar tissue that isolates the implant, causing it to fail.
Xiao Yang is trying to solve these problems. In her lab at Johns Hopkins University, she and her colleagues strive to shrink brain-machine interfaces to the scale of neurons and make them softer and more flexible. She led the development of miniature electronics less than a micron wide that mimic the structure and mechanical properties of neurons. The hope is that these bioelectronics can use electrical signals to help brain organoids grow new neurons. "My ultimate goal is to bring the brain and machine together to a fully immersive and fully interactive hybrid system," she says.

On supporting science journalism
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Yang grew up in northeastern China, surrounded by science. Her mother, a chemist, would bring Yang to her lab when she was a child, and there Yang would play with the spare eyewash bottles and listen to researchers celebrating experiments. Now she works at the intersection of biology, chemistry, materials science and electrical engineering.
Yang set up her lab at Johns Hopkins just a year ago, and she is optimistic about the future for her field. The U.S. Food and Drug Administration and the National Institutes of Health both recently urged scientists to use organoids rather than animal models where possible in the hope that treatments tested in them will better translate to humans.

This article is part of "The Young American Scientists," an editorially independent project that was produced with financial support from Regeneron.

Stephanie Pappas is a freelance science journalist based in Denver, Colo.
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By Meghan Bartels 
Quick Facts

Amber Young

Age

32

Field

Astrobiology

Institution

NASA


Until last fall Amber Young was a NASA astrobiologist seeking signs of life on the more than 6,000 planets discovered beyond our solar system. She is fascinated by exoplanetary atmospheres and the signatures in them that offer clues that organisms might exist somewhere on those worlds. "Life changes the atmosphere," she says. Now in her new role as a NASA project scientist, she calls shifts in atmospheric composition "the loudest way" life makes its presence known.
Even though she's not actively searching for life these days, she still conducts research on the side. She is leading a volunteer effort to cross-compare exoplanet-modeling tools that astrophysicists use for exoplanet characterization. "I am really invested in the search for life elsewhere," she says. "It's not just what I do; it's who I am." To that end, she has crunched numbers for the early planning stages of NASA's Habitable Worlds Observatory, a flagship space telescope the agency hopes to launch in a decade or so to bring rocky worlds orbiting sunlike stars into our investigative reach. She still feels like part of the mission to get HWO into space.

On supporting science journalism
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From the excitement of an astronomy section in sixth-grade science to an early research project on methane in the Martian atmosphere, this first-generation college graduate's interests have pushed into deeper space while remaining grounded in what Earth can teach us. Life could mean a lot of things, Young says. Considering the entire history of what has existed on Earth is critical to making sure we don't miss some small clue on another planet as a signal that we are not alone. Earth has "presented multiple flavors of life as we know it," she says. And Young is eager to see which flavors are universal.

This article is part of "The Young American Scientists," an editorially independent project that was produced with financial support from Regeneron.

Meghan Bartels is a science journalist based in New York City. She joined Scientific American in 2023 and is now a senior reporter there. Previously, she spent more than four years as a writer and editor at Space.com, as well as nearly a year as a science reporter at Newsweek, where she focused on space and Earth science. Her writing has also appeared in Audubon, Nautilus, Astronomy and Smithsonian, among other publications. She attended Georgetown University and earned a master's degree in journalism at New York University's Science, Health and Environmental Reporting Program.
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By Deni Ellis Bechard 
Quick Facts

Alex L. Zhang

Age

24

Field

Artificial Intelligence

Institution

Massachusetts Institute of Technology


Alex L. Zhang was 13 years old when he published a video game that went viral. More than 100,000 people bought the game for $1 to $3 each--a solid income for a middle schooler.
Zhang is now a graduate student at the Massachusetts Institute of Technology working on artificial intelligence. He took a winding path to get there. As an undergraduate at Princeton University, he studied quantum mechanics, political science and pure math. He did research in an AI lab, but several of his projects failed. In 2024, however, six weeks into his first year of graduate school, he wrote a blog post that became a sensation in the AI community. In it, he introduces the concept of recursive language models, or RLMs. RLMs solve something AI researchers call context rot.

On supporting science journalism
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"If I have my language model, my ChatGPT," Zhang explains, "and I know my language model can do task A and also task B, there's this odd phenomenon where if I give it task A and task B at the same time, performance is worse than if I were to give them separately." RLMs work around context rot by enabling a model to invoke other instances of itself--as if ChatGPT were opening other ChatGPT windows to assign them tasks. When the AI gets the results back from various sessions, it combines them.
[image: Portait photograph of Alex L. Zhang by Tony Luong.]Tony Luong



Zhang is now developing RLMs from proof of concept into trained systems. He's also exploring whether small language models using RLMs could rival immense frontier AI systems--the most advanced models, such as Anthropic's Claude. He expects new models to start having an effect within a year. He thinks AI is transformative, but there are a lot of issues that must be addressed for it to do the most good. Government regulation is necessary. So is open-source AI development.
"The types of research that I want to work on are things that I think should be shared for the benefit of people in general," Zhang says.

This article is part of "The Young American Scientists," an editorially independent project that was produced with financial support from Regeneron. Special thanks to the Museum of Science in Boston, where Zhang's portrait and video interview were captured.

Deni Ellis Bechard was formerly Scientific American's senior writer for technology. He is author of 10 books and has received a Commonwealth Writers' Prize, a Midwest Book Award and a Nautilus Book Award for investigative journalism. He holds two master's degrees in literature, as well as a master's degree in biology from Harvard University. His most recent novel, We Are Dreams in the Eternal Machine, explores the ways that artificial intelligence could transform humanity. You can follow him on X, Instagram and Bluesky @denibechard




This article was downloaded by calibre from https://www.scientificamerican.com/article/alex-l-zhang



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



By Brianne Kane 
Quick Facts

Lvmin Zhang

Age

29

Field

Artificial Intelligence

Institution

Stanford University


When Lvmin Zhang was in high school, he says, everyone thought artificial intelligence was science fiction. A machine couldn't possibly hold a conversation with a person.
That was then. Today Zhang, a graduate student at Stanford University, is at the forefront of AI development, making it easier for artists to create what's in their heads. Digital art can be painstaking--getting an image or an idea from brain to chip by using software or asking AI to build a vision, layer by layer, without its having any a priori knowledge of what the artist is trying to create.

On supporting science journalism
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Zhang's AI, ControlNet, aims to fix that by giving image-creating AI systems what amounts to directions. It provides parameters allowing a user to build on an initial prompt in a way that keeps the parts of the image they want, adjusts to refining prompts and designs the product they have in their brain. Previously this process was hard--the image-creating AI wouldn't necessarily know, even with the most precise prompts, how to add or shade or place objects in the artwork, for example. ControlNet lets the computerized image creator into the mind of the human creator.
Zhang's work, developed not long after he started his Ph.D., is becoming popular. He recognizes that the use of AI in art is something that both creators and viewers are still grappling with on a philosophical (Is this art?), if not legal (Is copyright involved?), level, but he believes that AI can be helpful. "The real questions are what it can do, what it can't, why it's capable of the things it is and what it should be doing in the first place. That's the groundwork we need before AI can really help people in ways that are efficient, honest, genuinely engaging and thought-provoking and that, at the end of the day, have some real heart to them."

This article is part of "The Young American Scientists," an editorially independent project that was produced with financial support from Regeneron. Special thanks to the Exploratorium in San Francisco, where Zhang's portrait and video interview were captured. 

Brianne Kane is associate editor for books and rights manager at Scientific American. After honing her reviewing skills at BUST Magazine and Electric Literature, Kane quickly made her mark at Scientific American by launching the first-ever end-of-year compilation of its staff's favorite books and spearheading its lists of best fiction and best nonfiction of the year.




This article was downloaded by calibre from https://www.scientificamerican.com/article/lvmin-zhang



	Previous
	Articles
	Sections
	Next





    
      
        
          	
            Profile
          
          	
            Sections
          
          	
            The Science of War
          
        

      

      Mind Matters

      
        A face-swapping illusion can unlock childhood memories
        By making people feel as if they inhabit a younger version of their own face, researchers can bring childhood memories into sharper focus

      

      
        
          	
            Profile
          
          	
            Sections
          
          	
            The Science of War
          
        

      

    

  
	
	Articles
	Sections
	Next



By Jane Aspell & Utkarsh Gupta edited by Daisy Yuhas & Allison Parshall
One of the frustrations of getting older is that some early memories seem to dim and fade with time. The details of cherished, sun-drenched childhood days spent at the seaside seem to dissolve away like sea-foam on the beach as the years pass. Might there be a way to recover them?
Scientists call these recollections of distinct events and experiences from our own lives "autobiographical episodic memory." They enable us to mentally time travel to the events of our past, allowing us to experience sensory details of things that we've seen, heard, tasted, touched and smelled, as well as the emotions we felt at those times. But what of the body we used to inhabit? In every past (and present) moment, our brain received a rich, continuous set of multisensory signals from our body--including those tied to bodily states. Our memories of the past should encode the type of body we had at different ages, when different memories were laid down--although there has been surprisingly little research on this idea so far.
As neuroscientists, we wondered whether we could use this brain-body connection to jog long-lost memories--by getting people "back inside" the bodies they had at younger ages. In a unique experiment, we found that temporarily changing one's perceived body affects access to memories from specific periods in life. We showed that a subtle illusion in which participants viewed a childlike version of their own face that moved in synchrony with them, as a mirror reflection does, could enhance their recollection of early memories.

On supporting science journalism
If you're enjoying this article, consider supporting our award-winning journalism by subscribing. By purchasing a subscription you are helping to ensure the future of impactful stories about the discoveries and ideas shaping our world today.

The brain is constantly monitoring the body. Specialized brain regions create maps of the body's position, form and physical state--including all of its sensory inputs. Neuroscientists call this mental representation the bodily self. For a long time scientists assumed that this representation was relatively unchanging. But findings over the past few decades show that the bodily self is surprisingly malleable. The brain constantly updates this self-representation in response to what a person sees, feels and hears.
Scientists can purposefully shift someone's representation of their body by creating scenarios that trick the brain with mismatched sensory information. In the classic rubber hand illusion, for example, a person sees a rubber hand being touched and, in synchrony, feels their own hand being touched, causing them to feel like the fake hand is part of their body. Newer techniques using virtual reality push this approach even further. In so-called full-body illusion experiments, participants can feel as though they are inhabiting and owning an entirely different body. And in the enfacement illusion, people can momentarily experience another face as their own.
The brain doesn't just store information tied to events as raw sensations but also anchors it to memories of the body the person had when those events occurred.

Together, these alterations reveal that our sense of bodily self is not rigid, and we can reshape it, at least for a short time, by changing the information the brain receives.
In our study, we took advantage of this fact to make people feel younger. We invited 50 healthy adults to participate in an online experiment in which we used an enfacement illusion to generate a sense of ownership of a younger version of their face. Participants saw a real-time video display of their own face on a screen. Half of them saw their face in a totally unaltered way. But the other half saw a younger, childlike version of themselves created by an image filter. When participants moved their head from side to side while watching the synchronized video display, they tended to experience a strong illusion that the younger face was really theirs.
After moving their head and observing the display, participants were asked to recall childhood or recent memories in as much detail as possible. We then gave them a series of structured questions about these recollections (what we called the autobiographical memory interview). After gathering responses, we had two raters, who did not know which specific conditions participants had experienced before sharing memories, score the responses using a numerical scale that quantified how rich these recollections were. Although we cannot know how accurate these memories might have been, this interview technique still offered us a robust way to compare the vividness of people's remembrances.
We found that individuals recalled significantly more details of childhood memories after viewing a younger face than they did after viewing their unaltered appearance. Participants gave richer, more vivid descriptions, including recollections of specific places, emotions and sensory perceptions. This effect was specifically found for childhood memories and not for recent ones, suggesting the illusion taps into a deep connection between body representations and memories anchored in the past.
The findings point to the fascinating idea that the brain doesn't just store information tied to past events as raw sensations but also anchors it to memories of the body that the person had when those events occurred. Because altering body perception can enhance access to older memories, it can be argued that the bodily self isn't only a backdrop but instead is foundational to how memories are encoded and organized in the brain.
The results don't just demonstrate a cool memory trick. On a fundamental level, they suggest a deep entwining of the body and our sense of self--that the changes our bodies undergo over time are not separate from our mental evolution. Future research may explore strategies to support people who have trouble accessing memories, such as those living with dementia or brain injury. If the brain links early memories to body representations, targeted illusions or sensory interventions could one day assist with therapeutic memory retrieval.
Memories are not simple isolated data points stored in the brain. They are complex representations connected to people's perception of their own bodies at different periods of life. In reconnecting with the bodies of the past, people may reopen doors to the memories that shaped them.
Discussions
We're looking to host the most interesting science conversations on the web for this topic.




Jane Aspell is a cognitive neuroscientist at Anglia Ruskin University in England. She investigates how the brain creates our sense of self.

Utkarsh Gupta is a cognitive neuroscientist at the University of North Dakota. He uses behavioral, neuroimaging and neuromodulation approaches to study the bodily self, autobiographical memory, working memory, mental workload, attention and multitasking.




This article was downloaded by calibre from https://www.scientificamerican.com/article/a-face-swapping-illusion-can-unlock-childhood-memories



	
	Articles
	Sections
	Next





    
      
        
          	
            Mind Matters
          
          	
            Sections
          
          	
            Science Crossword
          
        

      

      The Science of War

      
        Trump's Genesis Mission is putting AI to work on nuclear weapons
        The Department of Energy bills Genesis as an AI push for scientific discovery. Its first public challenges tell a different story

      

      
        
          	
            Mind Matters
          
          	
            Sections
          
          	
            Science Crossword
          
        

      

    

  
	
	Articles
	Sections
	Next



By Sarah Scoles edited by Eric Sullivan
In the beginning, people created computers. Some of them said, "Let there be software," and it was mostly good. Then they said, "Let the software be more intelligent," and they called that intelligence artificial. And in November of 2025 the White House launched an AI program called the Genesis Mission.
Last November, by executive order, President Donald Trump tasked the Department of Energy--which oversees the nation's nuclear stockpile--with leading a "dedicated, coordinated national effort to unleash a new age of AI-accelerated innovation and discovery that can solve the most challenging problems of this century."
Put more simply, the mission aims to build an AI platform, in partnership with universities and private companies, to tackle research in areas ranging from advanced manufacturing to biotechnology, nuclear energy to quantum information science, critical minerals to semiconductors.
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Most public descriptions of Genesis emphasize its scientific mission, much as the DOE itself tends to foreground supernova research and disease modeling over the warheads it maintains. But the 26 challenges the department released present a more martial side to the mission: seven focus on nuclear weapons and national security.
It makes sense that the DOE would be in charge of a big AI-for-research project, says Bahrad Sokhansanj, a research scholar at the Institute for Law and AI in Boston, who used to work at Lawrence Livermore National Laboratory. Because of both its research on nuclear weapons and its existing basic-science portfolio, the agency already has the right infrastructure. "It has labs, it has computers," Sokhansanj says. "It has a lot of resources that are relevant to the future of science and technology." (Lawrence Livermore, Los Alamos National Laboratory and DOE headquarters did not respond to requests for comment.)
In fact, some of the world's most powerful supercomputers live at the DOE labs. Genesis, Sokhansanj continues, is a way to focus those resources on a single strategic objective rather than letting them remain scattered across the government's usual silos.
Still, folding AI more deeply into nuclear work can sound scary. Herbert Lin, a senior research scholar at Stanford University's Center for International Security and Cooperation, sees it less as a giant leap than as the next step in a long computational progression. "AI is just another way of doing computers," Lin says. "And computers can be applied to everything. So that means AI can be applied to everything in weapons."
Genesis's nuclear-AI plans live somewhere between bad grammar and the launch codes.

People hear "AI plus nukes," Lin says, and jump straight to the most cinematic scenario: an autonomous system deciding to launch an atomic attack. Fortunately, nobody's actually proposing that. No one in the military, the National Security Council or the acquisitions world wants that arrangement. "Even the president, who is known for saying very nutty things, has not said that," Lin says.
The idea of putting AI in charge of nuclear launches sits at one end of what Lin deems the stupid-benign spectrum. At the other end is something like using an AI grammar tool on a nuclear-policy memo. "There's a whole range of stuff in between," he says. Genesis's nuclear-AI plans live somewhere between bad grammar and the launch codes.
Several of those challenges aim outward, at protecting people from nuclear threats. For instance, Genesis will use AI to combine data from sensors, simulations and intelligence to detect and respond to potential nuclear or radiological attacks. Another challenge will speed up nuclear forensics, helping analysts to characterize radioactive material recovered after an incident or from a weapon and trace where it came from and whom to hold accountable.
Genesis will also take on nonproliferation, using AI to analyze "satellite imagery, sensing, open-source and government data" to find anomalies that suggest dangerous radioactive stuff might be making its way somewhere it shouldn't be. It will also reach inward, into the work of maintaining and modernizing the nation's arsenal. The DOE's stockpile-stewardship program seeks to understand how aging nukes behave and how modernization efforts affect safety and performance.
To help with that, Genesis will use AI to trawl the DOE's archive of old data: the results from classified experiments and weapons tests, along with unclassified nuclear research sometimes still trapped in hand-scrawled notes, paper files or film photographs. "No doubt there's interesting stuff in there they haven't found," Lin says. The system would also ingest and process new data.
At least for now those new data will not come from tests of nuclear weapons. But the DOE does study weapon behavior at places such as Los Alamos's Dual-Axis Radiographic Hydrodynamic Test facility, which uses giant x-ray machines to make high-speed movies of imploding mock materials. One Genesis challenge will develop an automated system that will act like an admin, helping to schedule experiments, steer them in real time and run live diagnostics.
At high-hazard facilities where weapons modernization and production take place, Genesis would also use AI in safety planning for what outline documents describe as "streamlining production" and "removing red tape" (and not the red tape that's there for good reason). Closer to the scarier end of Lin's spectrum is a challenge meant to tighten the handoff between the groups that design nuclear weapons and those that produce them, so modernized systems can move ahead faster.
Those seven are the most direct nuclear-security challenges. But the rest of the 26 sit closer to national security than they first appear, Sokhansanj says. The U.S. wants to "win" at AI and also wants self-sufficiency in areas such as critical minerals and manufacturing to reduce its dependence on other countries. Scientific leadership has been a form of American soft power since the end of World War II. In the DOE's world, though, even the soft stuff tends to have hard-power implications.
A lot of the science the DOE wants to accelerate is dual use, Sokhansanj says. "If you're working on particle accelerators, if you're working on advanced factories, that's all going to have other applications." A particle accelerator, for instance, can also help reveal how particles inside a weapon behave.
Given that, Sokhansanj says, Genesis brings up potential governance issues. If the DOE is speeding up science, the results will not just be cool; they also could be dangerous--synthetic biology research that reveals, for instance, roadmaps to bioweapons. Sokhansanj suggests the DOE should use some of Genesis's resources to fund countermeasures and cybersecurity so science secrets and breakthroughs aren't hacked out into the world.
Lin has a related warning for this Venn diagram overlap of AI and nuclear--particularly when evaluating actual or potential attacks. "There are a lot of people who think that AI is an oracle that can tell you truth," he says. "And it can't."

Sarah Scoles is a Colorado-based science journalist and a contributing editor at Scientific American. Her newest book is Countdown: The Blinding Future of Nuclear Weapons (Bold Type Books, 2024).
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By Aimee Lucido 
This crossword is inspired by the most recent issue of Scientific American. Read it here. Print readers, check your answers by selecting "Assist" above and then "Reveal Grid" or by selecting "Print" and then "Solution."
We'd love to hear from you! E-mail us at games@sciam.com to share your experience.

Aimee Lucido makes crosswords part-time for several outlets and writes trivia full-time for Bloomberg's news quiz, Pointed. She is also the author of several books for kids, including Emmy in the Key of Code, Recipe for Disaster, and Pasta Pasta Lotsa Pasta. Lucido lives with her husband, daughter and dog in New York.




This article was downloaded by calibre from https://www.scientificamerican.com/article/science-crossword-looking-to-the-future



	
	Articles
	Sections
	Next





    
      
        
          	
            Science Crossword
          
          	
            Sections
          
          	
            The Science of ...
          
        

      

      Math

      
        How a Renaissance gambling dispute spawned probability theory
        A dispute over how to divvy up the pot in an interrupted game of chance led early mathematicians to invent modern risk assessment

      

      
        
          	
            Science Crossword
          
          	
            Sections
          
          	
            The Science of ...
          
        

      

    

  
	
	Articles
	Sections
	Next



By Jack Murtagh edited by Jeanna Bryner
Imagine you and I decide to play a simple game of chance. We each throw $50 into a pot and start flipping a coin. Heads, you get a point; tails, I get one. The first person to reach 10 points walks away with the full $100. The game gets underway, and soon the score is eight to six in your favor. Suddenly my phone rings: there's an emergency, and I must leave in a hurry. Now we have a problem. You don't want to just hand me my $50 back because you're winning. But I'm reluctant to give you the whole pot because I still have a chance to hit a lucky streak and mount a comeback. What is the fairest way to split the cash?
Known as the "problem of points" or "problem of the division of the stakes," this puzzle stumped mathematicians for more than 150 years. And it did so for good reason: probability theory hadn't been invented yet when the problem was first posed. Two greats of 17th-century math, Blaise Pascal and Pierre de Fermat, corresponded about the problem in a famous series of letters. They not only discovered the correct way to share the pot but also created the foundations of modern probability theory in the process. To this day, the solution is the basis for risk assessments of all kinds, helping us make smarter bets on everything from buying a stock to insuring a home along a coastline.
In 1494 Italian mathematician Luca Pacioli first took an early crack at the problem of points in his textbook Summary of Arithmetic, Geometry, Proportions and Proportionality. He proposed that players should split the pot in proportion to the number of points each has at the time of interruption. In our example, you have won eight of the 14 flips thus far. According to Pacioli's solution, you would take eight fourteenths of the pot, which equals about $57.14. I would take the remaining six fourteenths. The solution sounds sensible, but more than 50 years later Niccolo Fontana, who went by the name "Tartaglia," noticed that it failed in cases where the point ratio between players was extreme. What if the interruption came after a single coin toss? Under Pacioli's rule, the winner of that one flip would take the entire pot even though the game was far from decided. This would be clearly unfair--and the problem of points is all about seeking a fair split.

On supporting science journalism
If you're enjoying this article, consider supporting our award-winning journalism by subscribing. By purchasing a subscription you are helping to ensure the future of impactful stories about the discoveries and ideas shaping our world today.

Tartaglia proposed an alternative method. Imagine that in our hypothetical game, you're ahead by two flips. You have one fifth of the 10 flips needed to win. Because you're one-fifth closer to the goal, Tartaglia reasoned, you should get your full stake back and take one fifth of my stake: the original $50 you put in plus one fifth of my $50, for a total of $60. This approach seems to operate more equitably, especially at the extremes. Now if the game got interrupted after one flip, then the winner of that flip would take only one tenth of their opponent's stake instead of all of it. Whereas Pacioli's method rewards the winning player based on the size of their lead relative to the number of flips thus far, Tartaglia's method rewards them based on the size of their lead relative to the total length of the game.
Uncertainty is inescapable. We owe much of our technological stature to our ability to confront it with rigor.

Tartaglia doubted his own innovation, though, writing, "In whatever way the division is made there will be cause for litigation." He believed that no perfect mathematical solution existed and that the problem was designed to cause arguments. It turns out he was at least right to doubt his own solution. Imagine that one player had 199 points and that the other had 190 points during a game with a goal of 200 points. Tartaglia would award the first player only nine two-hundredths of their opponent's stake, or $2.25, even though their opponent would need 10 tails in a row to win. The first player's measly payout hardly seems to reflect their overwhelming likelihood of winning at that stage of the game.
The debate went nowhere until the mid-17th century, when a French gambler and intellectual socialite enlisted the help of Pascal. The mathematician immediately saw that the solution lay not in the score at the time of interruption but in the future possibilities of the score, and he asked his friend Fermat to help him prove it. Their correspondence yielded two completely unique ways of addressing the problem. Amazingly, their disparate approaches always arrived at the same solution. This convergence sealed their confidence in their results, and contemporary mathematicians now agree that they found the fairest way to divide the stakes.
[image: Graphic shows the results of 14 coin flips (eight heads and six tails), along with all 32 possible sequences for the next five flips. In 26 of the sequences, Player 1 wins. And in six of them, Player 2 wins.]Amanda Montanez



Fermat's solution was to look at all possible continuations of the game after the point at which it was interrupted and count the number of those continuations that would result in a win for each player. A fair percentage of the total pot awarded to a player should be the percentage of possible futures in which that player wins the game. Take our recent example game's score of eight to six with a goal of 10 points: Fermat would notice that the game must end within five coin flips. If the first player won one flip and the second won three, then they would be tied at nine to nine, and the game would end on the next flip. If the game stopped at that point, Fermat's method for dividing the pot would list all possible outcomes of those five coin flips and then tally the ones that amassed 10 points for each player.
In some of those possible futures a player would win in fewer than five flips, but that's okay: we can imagine that if the game ends early, the players flip the coin a few extra times just to make the accounting easier. The first player wins in 26 out of the 32 possible continuations of the game, so they are due 26/32 = 81.25 percent of the pot, or $81.25.
Fermat's solution, though elegant, suffered from one major drawback: What if there were too many possible continuations to list? Even if only 20 flips remained in our game, we would have to consider more than a million imaginary futures to uncover a fair split. Pascal offered a genius answer and, in the process, provided the earliest reasoning on what would become the concept of expected value, which remains a fundamental pillar of modern probability theory.
Pascal's method begins with an uncontroversial claim: if the game is tied at the time of interruption, then the two players should split the pot equally. If the score were nine to nine when the interruption happened, then each player would take $50 back. Now we work backward from there. If the score were nine to eight in favor of the first player, Pascal's approach would ask what would happen after one more flip. There would be a 50 percent chance that the player in the lead would win that coin flip, reach 10 points and take the entire pot. And there would be a 50 percent chance that the other player would win the flip and tie the game at nine to nine, which would mean they should split the pot. The first player's winnings would average out to:
50 percent of $100 + 50 percent of $50 = $75
So if the game is interrupted at a nine-to-eight score, then the player in the lead should take $75. We can apply this type of reasoning recursively to work out the appropriate split for any situation.
The key is to look at what your fair winnings would be if one more heads flip came up and what they would be if one more tails flip came up. You then find the average of those two possibilities. With a nine-to-seven score, the first player should take $87.50; one more heads would earn them $100, and one more tails would earn them $75 because that would be the nine-to-eight case we just analyzed. With a nine-to-six score, they'd take $93.75. An eight-to-seven score would bestow $68.75, the average of their fair take on a nine-to-seven score and their fair take on an eight-to-eight score. And finally, with an eight-to-six score, the first player should take:
50 percent of $93.75 + 50 percent of $68.75 = $81.25
This solution is exactly the same as what we get with Fermat's method. Both Fermat and Pascal had the same insight: a fair split depends on the possible futures, and you should weigh each possible future by its likelihood of occurring. Today we recognize these equations as expected values, or weighted averages of all possible future outcomes. Fermat listed these future outcomes exhaustively, considering each possible way the next five coin flips could land. Pascal devised a clever way to work backward: you calculate the fair split when you have five coin flips to go based on the fair splits with four coin flips to go, which you in turn calculate based on three flips to go, and so on.
The concept of expected value didn't stay confined to 17th-century parlor games. It is the mathematical engine that drives almost all modern risk assessment. When an actuary prices a life insurance premium, a Wall Street analyst evaluates a stock portfolio or a gambler weighs the risks of a wager, they are performing the exact same calculation. They multiply the financial effect of every possible scenario by its probability and then find the sum of those outcomes to quantify the worth of a decision. Uncertainty is inescapable. We owe much of our current technological stature to our ability to confront it with rigor. For millennia mathematicians treated problems of chance with unsystematic guesswork. Pascal and Fermat's correspondence replaced that guesswork with a framework. Although we still can't predict the future, we at least know how to price it.

Jack Murtagh is a freelance math writer and puzzle creator. He writes a column on mathematical curiosities for Scientific American and creates daily puzzles for the Morning Brew newsletter. He holds a Ph.D. in theoretical computer science from Harvard University. Follow him on X @JackPMurtagh
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By Emma Gometz edited by Claire Cameron & Josh Fischman
Blueberries are nutritious, delicious and--if unwashed--probably coated in a film of pesticide residue.
The squidgy berries were highlighted by the Environmental Working Group (EWG) in this year's "Dirty Dozen" analysis, an annual look at which fruits and vegetables have the highest amounts of pesticide residue, based on data from the U.S. Department of Agriculture. Alongside the blueberries were spinach, kale, strawberries, grapes, nectarines, peaches, cherries, apples, blackberries, pears and potatoes.
A quick dip under a faucet helps to clean these residues off. But for extra pesticide-busting effects, some food scientists recommend adding common kitchen ingredients to a produce wash. (Don't use soap or detergents--those products aren't food safe and can be absorbed by fruits and vegetables.)

On supporting science journalism
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The produce items highlighted in the report are already safe according to federal guidelines: each is under the legal limits on pesticide exposure set by the U.S. Environmental Protection Agency. But scientists haven't fully evaluated the long-term effects of consuming many pesticides used on produce.
"The benefits of eating fruits and vegetables definitely outweigh the risk of pesticide exposure," says Dayna de Montagnac, an associate scientist at EWG. "But we should be able to enjoy the benefits of having nutritious fruits and vegetables that are free of pesticide residues."
More than 30 percent of the fruit and vegetables sampled, the report found, contained PFAS, or perfluoroalkyl and polyfluoroalkyl substances. These "forever chemicals" break down very slowly over time, hence the nickname. They have been linked to a variety of negative health effects, such as a decreased immune response, altered metabolic signaling, and even an increased risk of certain types of cancer.
"Whether your fruits and vegetables are organic or not..., always take the time to wash your fruits and vegetables before eating them." --Dayna de Montagnac Environmental Working Group

Some people may be more at risk from PFAS than others, says Sarah Evans, an associate professor of environmental health at the Icahn School of Medicine at Mount Sinai. "We do have concerns, particularly about children and also pregnant people, because exposures to PFAS and pesticide chemicals we know can be more harmful to the developing brain and reproductive system in particular," she explains. Regardless of who you are, reducing your exposure "may have beneficial health outcomes in the long run," Evans says.
One simple way to lower risk is to wash your produce. "The general rule is, no matter what, whether your fruits and vegetables are organic or not, on the Dirty Dozen list or not, to always take the time to wash your fruits and vegetables before eating them," de Montagnac says.
To do a basic wash, put produce under running water for 20 seconds or soak it in water for 15 to 20 minutes. For firmer items, such as cucumbers and melons, the U.S. Food and Drug Administration recommends scrubbing their surfaces with a clean produce brush. But this kind of washing cannot guarantee produce will be completely rid of pesticide residue. Indeed, the Dirty Dozen list is based on measurements taken after the fruits and vegetables are washed.
So what to do? According to EWG's guide to washing produce, adding a little baking soda or vinegar to water and soaking produce for five to 10 minutes can help break down certain pesticides and may be more effective than water alone.
Different pesticides will wash away more thoroughly with different additives to water, says Lili He, head of the food science department at the University of Massachusetts Amherst. Baking soda, for instance, makes water more alkaline, and some surface pesticides aren't stable in alkaline conditions. The fungicide thiabendazole is one of them, and in a 2025 study, He found that baking soda appears to work particularly well at removing it.
He advises immersing unwashed produce in a bowl of water in the sink and adding about one teaspoon of baking soda per cup of water. Wait 10 minutes, then remove the produce from the bowl and rinse it off with clean water. "That's a simple process you can do to reduce the risk," she says.
Other researchers have evaluated how pesticides fare against acidic household substances such as rice vinegar. The scientists left pesticide-treated lettuce in containers of water and a little vinegar for 10 minutes, then rinsed them in salad spinners and let them dry. Rice vinegar washed off an average of 76.3 percent of seven different pesticides, a greater amount than observed with other vinegar types. It's not complete elimination, but it goes a long way toward it.

Emma Gometz is a journalist and artist based in Queens, N.Y. Before becoming a newsletter editor at Scientific American, Emma was a digital producer for WNYC's Science Friday. Her favorite musical is A Little Night Music.
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By Pippa Storey edited by Dava Sobel & Clara Moskowitz
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To be and not to be--that is the mystery:
Whether opposing states thus coexist
Until their limbo meets a conscious mind,
Which, by observing, ends it? To look, itself,
Affects what's seen, for by our sight we end
The many delicate entanglements
That matter's heir to. 'Tis a constant loss
That cannot be escaped. The smallest acts
May seal our fate in ways none can predict,
For nature charts its course by rolling dice,
With nil regard for our desires or prayers.
Through countless chance events we came to be,
And random luck may hasten our demise.
It falls to us to ease each other's load
And find such meaning as we can in life.
That we evolved from dust of stars, with minds
Adept at seeking meaning for ourselves,
Should ample meaning be; aye, there's the rub,
For where's the line dividing mind from brain
That frees the first from laws of space and time
To act with ghostly power from afar?
O, Erwin, do not chafe at vexing truths
That mock thy core beliefs about the world.
The universe cares naught for thy despair
And cannot bend its nature to thy will.
Its secrets lie beyond the human realm,
Beyond the grasp of common human thought.
That untold wondrous mysteries still abound
To challenge and exalt the greatest minds
Is surely life's most precious gift of all.

Pippa Storey received an M.Sc. in physics from the University of Auckland in New Zealand and a doctorate in quantum physics from the Universite Pierre et Marie Curie in France. She is now a research associate professor of radiology at the New York University School of Medicine, where she develops novel MRI techniques. For more of her writing, visit www.pippastorey.com
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By Phil Plait edited by Lee Billings & Clara Moskowitz
In 2034 NASA scientists will be flying around Titan.
Remotely, of course--Titan, Saturn's largest moon, is more than a billion kilometers away from Earth, a journey no human can yet make. It's also deathly cold, being so far from the sun. But our robotic proxies can endure the chill and make the trip, and, as it happens, we humans are getting pretty good at making these machines.
Still, even compared with the astounding missions that we've already launched to explore other worlds, this one, called Dragonfly, is massively ambitious. The spacecraft is not a lander or a rover; it's a helicopter, or more accurately an octocopter, with four pairs of spinning blades to take it aloft and let it sail the giant moon's frigid air. Powered and warmed by a nuclear battery, it will explore Titan for a nominal three-year mission, examining its brutally cold surface and atmosphere. It will even look for signs of extraterrestrial life--or at least its precursors.
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"Ambitious" may be too small a word for Dragonfly.
Titan is a world well worth our attention. At roughly 5,150 kilometers wide, it's the solar system's second-largest moon (Jupiter's Ganymede is slightly larger), and it's bigger than Mercury. Sans Saturn, we might be tempted to call Titan a planet on its own. It's the only moon known to have a dense atmosphere, with a surface pressure about 1.5 times that of Earth's. And much like Earth's atmosphere, Titan's air is mostly nitrogen, albeit with small and distinctly unearthly amounts of methane and hydrogen. The moon's cryogenic cold is what really makes it alien: Titan's surface temperature is about -180 degrees Celsius, so it's a bit chillier than home. That's so cold, in fact, that water there is as solid as granite here on Earth.
Yet, incredibly, there is liquid on Titan's surface. Not water, though--NASA's Cassini orbiter discovered lakes of liquid methane and ethane, some bigger than Lake Superior, near Titan's poles. Titan has a methane cycle: liquid methane evaporates from the lakes, wafts up into the surrounding highlands, and then precipitates as snow or rain--which then melts and flows back to the lakes in rivers. This process is hauntingly similar to the water cycle that is so critical for life here on our own, warm planet.
Methane and ethane are carbon-based molecules, which raises a big question: Could life exist on Titan? Not only that, but there is also some evidence of liquid water deep underneath its surface, as is the case for many other outer moons. It may just be isolated pockets of water amid a huge shell of slush and ice, but the potential for life there is still a possibility worth further investigation.
It's almost as if Titan is calling for us to investigate it. It's a tempting target for planetary scientists. But like most endeavors worth pursuing, it's also a difficult one.
We've gone there before, though--it can be done. Cassini's amazing European Space Agency-built Huygens probe landed on Titan in 2005, but it was rather small and had a limited ability and lifespan. Repeating Huygens on a grander scale would be better but still not optimal: like on Earth, conditions on Titan change rapidly over distance, and it would be a shame (and a waste of significant effort) to just plop down in one spot and hope for the best. A rover would be even better, but "ground truth" for Titan's terrain is hazy at best, and any number of plausible pitfalls could all too easily ensnare any vehicle trying to trundle around on the surface.
That leaves only one option: flight, which may sound ridiculous at first. Flying above an alien moon more than a billion kilometers away?
But it makes sense! The atmosphere there is actually thicker than Earth's, providing more lift, and the gravity on Titan is only about 14 percent of our planet's, making it easier to get off the ground. So why not?
[image: A silvery robotic octocopter, NASA's Dragonfly drone, rests on the austere, otherworldly landscape of Saturn's moon, Titan.]An artist's concept of Dragonfly preparing to sample and examine the surface of a landing site on Titan.

NASA/Johns Hopkins APL/Steve Gribben



The brilliant team behind Dragonfly has taken all this into account. The drone is not small; its main body is about four meters long and one meter wide, thinner than a family sedan but about as long. It has a mass of 875 kilograms, so it weighs nearly a ton on Earth but much less on Titan. It's equipped with four 1.35-meter-wide rotors, one at each corner, each with two vertically stacked counterrotating blades to increase lift and reduce torque.
It has multiple scientific instruments onboard, including a mineral mapper, a mass spectrometer to get detailed analysis of the chemistry on the surface (with a drill to get samples), an atmospheric meteorology device and, of course, a camera. All of them will be powered by a Multi-Mission Radioisotope Thermoelectric Generator that converts the heat of decaying plutonium into electricity. This approach is commonly used on deep-space missions; it powers the Curiosity and Perseverance rovers, for example.
Getting there is only half the challenge. Launch is planned for July 2028, and Dragonfly will cruise for six years, plying the empty vastness between the two worlds. When it reaches Titan, the real drama will begin. Its entry into the atmosphere and descent will be similar to the "seven minutes of terror" experienced by the Mars rovers. Dragonfly will ram through the atmosphere, protected by a heat shield, which will be ejected after slowing the spacecraft enough that parachutes can take over. When it's still a little more than a kilometer above Titan, the octocopter will take over, making a powered landing on the surface. It will use radar and lidar to choose its site autonomously.
The targeted spot, called Shangri-La, is a region of sand dunes near the equator in the southern hemisphere of Titan. Shangri-La's sand isn't made of silicates like that on Earth; instead it's most likely grains of frozen hydrocarbons. A series of flights are planned, including into a large nearby impact crater called Selk. There the craft could sample material excavated from the subsurface by the ancient impact, giving scientists deeper insights into the hotly debated origin and inner structure of the moon.
Dragonfly won't be near those methane lakes, unfortunately, but there is still much to see on this frozen world. With so much carbon-based chemistry going on, it's possible Titan cooked up at least the precursors for life. If some kind of biology did get a pseudopodal hold there, it would be very different from Earth's--and even if the moon proved lifeless, we'd become more confident that there's more to life than just cryogenic organic chemistry.
As a scientist, I'm excited by all of these possibilities, and I believe they will be realized in time. But as a human being, I'm most looking forward to the immediate imaging we'd get from Dragonfly. Titan is a whole world, vast and diverse and weird, and I want to see it for myself--even if it's through the eyes of a nuclear-powered, eight-bladed, one-ton flying science laboratory sending that information a billion kilometers across the solar system.

Phil Plait is a professional astronomer and science communicator in Virginia. His column for Scientific American, The Universe, covers all things space. He writes the Bad Astronomy Newsletter. Follow him online.




This article was downloaded by calibre from https://www.scientificamerican.com/article/nasas-dragonfly-mission-will-send-a-nuclear-powered-flying-drone-to-titan



	
	Articles
	Sections
	Next





    
      
        
          	
            The Universe
          
          	
            Sections
          
          	
            Graphic Science
          
        

      

      Q&A

      
        Why humanoid robots are learning everyday tasks faster than expected
        Roboticist Benjie Holson created the "Humanoid Olympic Games" thinking home robots were 15 years away. Then they started folding the laundry

      

      
        
          	
            The Universe
          
          	
            Sections
          
          	
            Graphic Science
          
        

      

    

  
	
	Articles
	Sections
	Next



By Deni Ellis Bechard edited by Eric Sullivan & Clara Moskowitz
Last September roboticist Benjie Holson of Robust AI posted on Substack the "Humanoid Olympic Games": a set of increasingly difficult tests for humanoid robots he demonstrated himself while dressed in a silver bodysuit. The challenges, such as opening a door with a round doorknob, started out easy, at least for a human, and progressed to "gold medal" tasks such as buttoning and hanging up a men's dress shirt and using a key to open a door.
Holson's point was that the hard tasks aren't the dazzling ones. Whereas other competitions feature robots playing sports and dancing, Holson argued that the robots we actually want are the ones that can do laundry and cook meals.
He expected years to go by before competing robots could overcome the challenges. Instead, within months a robot created by San Francisco-based company Physical Intelligence completed 11 of the 15 tasks--earning medals from bronze to gold--including washing windows, spreading peanut butter and using a dog-poop bag.
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Scientific American spoke to Holson about why vision-only, or camera-based, systems are outperforming his expectations and how close we are to a genuinely useful machine. He has since released a new, more difficult set of challenges.
An edited transcript of the interview follows.
You designed these tests to be hard. Were you surprised by how quickly the results came in?
It was so much faster than I was expecting. When I chose the challenges, I was trying to calibrate them so some bronze ones would get done in the first month or two, then silver and gold in the next six months, and the most difficult ones might take a year or a year and a half. To have them do basically almost all of them in the first three months is wild.
[image: A man wearing a shiny silver full-body suit cracks an egg into a frying pan on a gas stove in a modern kitchen.]Dressed as a robot, Benjie Holson demonstrates the silver medal challenge in his proposed Humanoid Olympics. In this challenge, a robot needs to cook and plate a sunny-side up egg.

Benjie Holson



What made that possible?
I started with the premise that we have things that look impressive at a fairly narrow set of tasks--vision-only, no touch, simple manipulator, not incredible precision. That limits what you can be good at. I tried to think of tasks that would require us to break forward out of that set. It turns out I wildly underestimated what's possible with vision-only robots and simple manipulators.
When I visited Physical Intelligence, I learned that its robots don't have any force sensing. They're doing all of that in a 100 percent vision-based way. I thought that the key-insertion task or spreading the peanut butter would require force inputs. But apparently you just throw more video demonstrations at it, and it works.
How exactly do you train a robot to do that without coding it line by line?
It's all learning from demonstration. Somebody teleoperates the robot doing the task hundreds of times, they train a model based on that, and then the robot can do the task.
There is a lot of confusion about whether large language models (LLMs) are useless for robots. Are they?
I used to think the utility of LLMs in robotics was fairly dubious. The problem they were good at solving two or three years ago was high-level planning--"If I want to make tea, what are the steps?" Ordering the steps is the easy part. Picking up the teapot and filling it is the really challenging thing.
On the other hand, we've started doing vision-action models using the same transformer architecture as that used in LLMs. You can use transformers for text in, text out and for images in, text out--but also for images in, robot actions out.
Benjie Holson "wildly underestimated what's possible with vision-only robots and simple manipulators."

The neat thing is they're starting with models pretrained on text, images and maybe video. Before you even start training your specific task, the AI model already understands what a teapot is, what water is, that you might want to fill a teapot with water. So while training for your task, it doesn't have to start from, "Let me figure out what geometry is." It can start with, "I see, we're moving teapots around"--and it is wild that it works.
How did you come up with the "Olympic" tasks?
So part of it was a challenge, and part of it was a prediction. I tried to think of the next set of things that we can't do now that someone's going to be able to do soon.
Humans rely on touch to do things such as locating keys in a pocket. How do we get around that in robotics?
That's a very good question that we don't know the answer to yet. Touch technology is way worse, more expensive, delicate and far behind cameras. We've been working on cameras for a long time.
The big question is: Are cameras enough? Both Physical Intelligence and Sunday Robotics [whose entry completed the bronze-medal task of rolling matched socks] have made the bet that putting a camera on the wrist, very close to the fingers, lets you kind of see forces by seeing how everything smushes. When the robot grabs something, it sees the fingers have some rubber that deflects; the object deflects, and it infers forces from that. When smearing peanut butter on bread, the robot watches the knife deflect down and crush the bread and judges forces from that. It works way better than I expected.
What about safety?
The amount of energy needed to stay balanced is often quite high. If a robot is falling, that's a very fast, hard acceleration to get the leg in front in time. Your system has to inject a lot of energy into the world--and that's what's unsafe.
I'm a huge fan of centaur robots--a mobile wheelbase with arms and a head. For safety, that's a much easier way to get there quickly. If a humanoid loses power, it's going to fall down. The general plan seems like it's to make a robot so incredibly valuable that we as a society create a new safety class for it--like bicycles and cars. They're dangerous but so valuable that we tolerate the risk.
Have these results changed your timeline?
I used to think home robots were at least 15 years away. Now I think at least six. The difference is that I thought it would be much longer before doing a useful thing in a human space, even as a demo, would be plausible.
But roboticists have seen time and again that there's a long road between "it worked in a lab, and I got a video" and "I can sell a product." Waymo was driving on roads in 2009; I couldn't buy a ride until 2024. It takes a long time to get reliability squared away.
What's the biggest bottleneck left?
Reliability and safety. The stuff Physical Intelligence shows is incredibly impressive, but if you put it on a different table with different lighting and use a different sock, it might not work. Each step toward generalization seems to take an order of magnitude more data, turning days of data collection into weeks or months.

Deni Ellis Bechard was formerly Scientific American's senior writer for technology. He is author of 10 books and has received a Commonwealth Writers' Prize, a Midwest Book Award and a Nautilus Book Award for investigative journalism. He holds two master's degrees in literature, as well as a master's degree in biology from Harvard University. His most recent novel, We Are Dreams in the Eternal Machine, explores the ways that artificial intelligence could transform humanity. You can follow him on X, Instagram and Bluesky @denibechard
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By Jen Christiansen edited by Jen Christiansen & Clara Moskowitz
The ability to research and teach without interference from politics, wealthy donors or religious institutions produces more and better science and innovation, studies have found. Yet academic freedom around the world has been declining. According to the Academic Freedom Index, 50 of 179 countries or territories experienced a significant drop between 2015 and 2025. Only nine improved. The analysis is a collaboration between the Friedrich Alexander University of Erlangen-Nuremberg in Germany and the V-Dem Project in Sweden, with input from more than 2,300 experts providing information from both inside and outside each country.
The report, published this year, found that the autonomy of a region's academic institutions--one of the five variables that influence the overall index score--has a particularly strong impact on the freedom of individual researchers there.
"When institutional autonomy is undermined, higher education institutions and individual scholars become more exposed to external pressures, ranging from economic constraints to political and ideological restrictions," the authors write. Institutional autonomy in the U.S., for instance, fell from a score of 3.3 in 2019 to 1.7 in 2025. "The decline in institutional autonomy in the United States stands out as a case of fast and steep deterioration," the report notes. Many countries with previously high scores--including Hungary, India and Turkiye--have been declining as "political attacks, legal reforms, and administrative interventions have gradually undermined the autonomy of higher education institutions."

On supporting science journalism
If you're enjoying this article, consider supporting our award-winning journalism by subscribing. By purchasing a subscription you are helping to ensure the future of impactful stories about the discoveries and ideas shaping our world today.

[image: First in a series of three panels: Charts include a 2025 dot and error range bar representing the Academic Freedom Index value for each of 179 regions. Czechia has the highest value (more freedom). Nicaragua has the lowest (less freedom). Regions with a statistically different score between 2015 and 2025 also have a dot for the 2015 value. 50 dropped during that decade. Only 9 improved.]
[image: Second in a series of three panels showing Academic Freedom Index values for each of 179 regions.]
[image: Final in a series of three panels showing Academic Freedom Index values for each of 179 regions.]Jen Christiansen; Source: Academic Freedom Index-2026 Update, by Katrin Kinzelbach et al., Friedrich Alexander University of Erlangen-Nuremberg (FAU) and V-Dem Institute. doi: 10.25593/open-fau-2865 (data)



FEELING THE PRESSURE
Sometimes the priorities of an institution unduly influence the researchers' work. Who is most at risk? An unrelated survey conducted by Nature Research Intelligence, with more than 6,000 respondents (all authors of scientific papers published in high-impact journals), indicates that early-career researchers feel most at the mercy of their institution's inclinations. Scientists with a robust publishing record, in contrast, are more resilient to institutional pressure.
[image: Chart includes response rates for this question ]Jen Christiansen; Source: NRI Nature Index Research Leaders Survey (data)





Jen Christiansen is a senior graphics editor at Scientific American, where she art directs and produces illustrated explanatory diagrams and data visualizations. She is also author of the book Building Science Graphics: An Illustrated Guide to Communicating Science through Diagrams and Visualizations (CRC Press). In 1996 she began her publishing career in New York City at Scientific American. Subsequently she moved to Washington, D.C., to join the staff of National Geographic (first as an assistant art director-researcher hybrid and then as a designer), spent four years as a freelance science communicator and returned to Scientific American in 2007. Christiansen presents and writes on topics ranging from reconciling her love for art and science to her quest to learn more about the pulsar chart on the cover of Joy Division's album Unknown Pleasures. She holds a graduate certificate in science communication from the University of California, Santa Cruz, and a B.A. in geology and studio art from Smith College. Follow Christiansen on Bluesky @jenchristiansen.com
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By Jeanna Bryner edited by Jeanna Bryner
1976
Natural Fission Reactor
"In an open-pit uranium mine in the southeastern part of the Gabon Republic, near the Equator on the coast of West Africa, are the dormant remains of a natural fission reactor. Within a rich vein of uranium ore the natural reactor once 'went critical,' consumed a portion of its fuel and then shut down, all in Precambrian times.

On supporting science journalism
If you're enjoying this article, consider supporting our award-winning journalism by subscribing. By purchasing a subscription you are helping to ensure the future of impactful stories about the discoveries and ideas shaping our world today.

"The history of the natural reactor is an extraordinary sequence of seemingly improbable events. First, uranium from an entire watershed accumulated in concentrated local deposits, including one at a place now called Oklo. Then the conditions necessary to sustain the fission chain reaction were established. After the reactor had shut down, the evidence of its activity was preserved virtually undisturbed through the succeeding ages of geological activity. Finally, the discovery of the reactor involved an investigative tour de force worthy of the best sleuths in detective fiction."
Geometry of Soap Bubbles
"Soap bubbles and soap films evoke a special fascination. Their shifting iridescence, their response to a puff of air, their fragility--all contribute to their charm. More captivating still is the exquisite perfection of their geometry, the absolute smoothness of their forms. What are the principles that enable soap bubbles and soap films to exist in certain geometric configurations and not in others? What are the possible shapes they can assume?
"Recently we have been able to show that three basic rules governing the geometry of soap bubbles and soap films are a mathematical consequence of a simple area-minimizing principle."
1926
How to Get Along with People
"This is the age of diplomacy. The polished sword has been supplanted by the polished word. The terrifying growls of anger have yielded place to the soothing words of tact. A careful study of the qualities of the so-called successful man will reveal in nine cases out of 10 that his success depends not on the deep and profound something which puzzles the brains of the average man, but on the simple and more superficial something which pleases the understanding of the common folk. It is that congenial something which I have defined as 'social intelligence,' or the ability to get along with people; while the profound something, I define as 'abstract intelligence,' or the ability to deal with ideas."
Our Point of View
"'Garabed' is a new word which bids fair to enter the language. A definition of it might be 'scientific hokum in support of which political pressure is brought to bear.' Garabed is the name Garabed T. K. Giragossian gives to his alleged 'free energy generator' or illimitable source of power. Eight years ago he succeeded in having Congress pass a measure agreeing to give him extraordinary privileges if he could prove his claims. For Congress to lend an ear to Giragossian's fantastic scheme establishes a dangerous precedent. It opens the door to any charlatan who seeks to ignore the orderly process of government."
1876
Caution about Coca Leaf
"Sir Robert Christison showed recently, before the Edinburgh Botanical Society, that diversity of opinion existed in regard to the effects of coca upon those who chew it; for, while most of them considered that it possessed wonderful powers of sustaining strength under prolonged fatigue without food, some thought its use pernicious and dangerous, others, not only innocuous, but beneficial to health.
"Sir Robert gave an account of some experiments made upon some of his students and himself, in which he had found that it was both a preventive of fatigue and a restorative of strength after severe bodily exertion, and that it had no reactionary effect upon the system. In regard to the use of coca as a medicine, he advised no one to try it until something more was known about it, or, at least, not make use of it without consulting a physician."
[image: Three thumbnail size images of Scientific American's July 1976, 1926 and 1876 cover.]


Jeanna Bryner is executive editor of Scientific American. Previously she was editor in chief of Live Science and, prior to that, an editor at Scholastic's Science World magazine. Bryner has an English degree from Salisbury University, a master's degree in biogeochemistry and environmental sciences from the University of Maryland and a graduate science journalism degree from New York University. She has worked as a biologist in Florida, where she monitored wetlands and did field surveys for endangered species, including the gorgeous Florida Scrub Jay. She also received an ocean sciences journalism fellowship from the Woods Hole Oceanographic Institution. She is a firm believer that science is for everyone and that just about everything can be viewed through the lens of science.
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