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	Is U.S. democracy in decline? Here's what the science says

	Catching democratic backsliding early may be key to correcting course

			
				




The United States' reputation as an exemplar of democracy appears to be eroding.




In a poll taken earlier this year, almost three-quarters of U.S. respondents agreed that the country's democracy "used to be a good example for other countries to follow, but has not been in recent years." People elsewhere appear to share that sentiment. The majority of poll respondents in Canada, the United Kingdom, Germany, Japan and South Korea also agreed with the statement.








                        
                        
                        
                        
                        

                        




More than 60 percent of U.S. respondents in another poll, from December 2023, believe that democracy in America is at risk depending on who wins the upcoming presidential election. Republican respondents see Democratic candidates as threatening the system and vice versa.




Now voters face the looming specter of the January 6, 2021, attack on the Capitol, in which supporters of former President Donald Trump attempted to halt the certification of the 2020 election. Echoes of that event have many questioning whether this year's election on November 5 will be free, fair and result in a peaceful transition of power.




A prominent metric that political scientists look to called Varieties of Democracy, or V-Dem -- which hinges on the notion of free and fair elections -- shows a slight dip in the health of U.S. democracy over the last decade (SN: 11/4/16).




Political scientists using that tool disagree over how to interpret that decline. Yet catching democratic erosion early is key to righting the course, says political scientist Rachel Beatty Riedl of Cornell University. "It's really important to pay attention to those tiny dips."




To understand the state of U.S. democracy, Science News went to experts with these five questions.




How do political scientists define and measure democracy?




Political scientists have long debated whether democracy is a matter of kind -- a country is either a democracy or not -- or a matter of degree.




Some 30 years ago, political scientist Adam Przeworski of New York University argued democracy exists when an incumbent government peacefully cedes power to the winning party following a loss at the polls.




"Democracy is a system in which [sitting] governments lose elections," Przeworski says.





Dips in democracy




The U.S. liberal democracy score has trended upward since 1900, though there have been dips. Political scientists disagree on whether a dip in recent years is cause for concern.








The simplicity of this binary definition allows for ease of measurement, as elections and their aftermath are readily observable. And this litmus test has endured. "It actually works well most of the time," says Daniel Pemstein, a political scientist at North Dakota State University in Fargo.




But Przeworski's test has limitations. Even when he introduced his measure in the 1990s, he had trouble classifying some countries -- Botswana, for instance. "Botswana was and still is a country in which there's relative freedom, freedom of the press, freedom of the unions. There are regular elections. Elections are never questioned by any observers, and yet the same party always wins," Przeworski says. "So there was no way for us to tell what would happen if they lose. Would they accept the defeat, or would they not accept the defeat?"




Today, Przeworski's measure shows that such hard-to-classify countries are increasing in number, which he suspects is due to a global trend away from democracy. But, he acknowledges, such small shifts are hard to capture with a binary measure.




How do you measure changes in democratic systems?




Many political scientists rely on metrics that treat democracy as existing along a continuum. The V-Dem project allows researchers and policy makers to evaluate a country's system of governance along several dimensions, including level of inequality, whether citizens feel heard, and the presence and strength of systems of checks and balances.




All those measures build from electoral democracy, says Michael Coppedge of the University of Notre Dame in Indiana and a principal investigator for the project. V-Dem's electoral democracy index focuses on the election period, including free and fair elections and other conditions surrounding the event, such as freedom of the press, respect for civil liberties, the right to organize and broad suffrage.




The more stringent and widely used V-Dem index of "liberal democracy" includes those factors and adds a close look at the years between elections, particularly a country's system of checks and balances.




The system used by V-Dem to measure the health of democracy involves some subjectivity. Political scientists in countries around the world provide ratings for questions about governance, such as those pertaining to election violence and interference, executive respect for the constitution and impartiality among public officials. Their responses range from 0 for the worst behavior and up to 5 for the best. V-Dem researchers then take those responses to calculate scores, ranging from 0 to 1 (most democratic), for each index it tracks, including electoral and liberal democracy.




The political scientists don't have to explain the rationale behind each rating, but analysts can look at which scores in the questionnaire have fluctuated over time to get a sense of their thought process, Coppedge says. "Our data is very good for tracking changes within countries over time."




In the United States, the liberal democracy score has been on a marked upward trend since 1900, the first year in the index. But scores have recently dipped -- from 0.85 in 2015 to 0.77 in 2023. The decline in scores is linked to survey responses related to violence around the time of elections, perceptions that opposition parties cannot exercise oversight over the ruling party, and weakened checks and balances. Coppedge cites several events over the last few years that could help explain what the expert raters were thinking, including efforts in some states to prevent felons from voting even after they have completed their sentences and partisan efforts to block Supreme Court nominees.




Many political scientists view the violent events of January 6, 2021, as particularly troubling. On that day, Trump supporters who refused to accept President Joe Biden's November victory stormed the Capitol to try to overturn the election results. "That's a pretty obvious effort to subvert democracy," Coppedge says.




How troubling is the dip in the U.S. democracy score?




The U.S. score on liberal democracy remains on par with countries like the United Kingdom, which also scored 0.77 in 2023, and Canada, which scored 0.76. But researchers such as Riedl say that even small dips in scores warrant serious attention because pinpointing precisely when a country begins shifting toward autocracy is challenging yet key to thwarting further backsliding. And the U.S. dip is part of a larger global shift toward autocracy over the last decade, V-Dem researchers claimed in their 2024 annual report. More than 70 percent of the world's population, or 5.7 billion people, lived in autocracies in 2023 compared with 50 percent in 2003, the team found.




Baseline electoral democracy scores provide further evidence of a global decline in democracy. In 2003, 11 countries were in the process of autocratizing. In 2023, that number nearly quadrupled to 42.




But some researchers question these findings. Earlier this year, a pair of political scientists found there is no global backsliding trend. Andrew Little of the University of California, Berkeley and Anne Meng of the University of Virginia in Charlottesville quantified purportedly objective measures of democracy (versus the more subjective V-Dem index), including Przeworski's measure of incumbent losses at the polls, as well as executive constraints and attacks on the press.




There are over 200 countries in the world and, at any given time, some of them, such as Hungary and Venezuela today, will be undergoing democratic backsliding. But that does not make a trend, Meng and Little wrote in April in PS: Political Science & Politics. "The common claim that we are in a period of massive global democratic decline is not clearly supported by empirical evidence."




Meng and Little refrain from commenting on whether the United States is in a period of democratic decline. But they speculate that intensive media coverage of the supposed decline could be biasing the judgment of experts, such as V-Dem's raters. But Coppedge and his team say that they have found little to no evidence of such bias.





Democracy under fire




Four types of threats -- polarization, conflict over who belongs, economic inequality and executive aggrandizement (presidential overreach) -- have endangered U.S. democracy at various points in the country's history, according to political scientists Suzanne Mettler of Cornell University and Robert Lieberman of Johns Hopkins University. Here's a look at the country's past brushes with authoritarianism, describe in Mettler and Lieberman's 2020 book, Four Threats.
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				1790s, Threat: Polarization
The 1798 Sedition Act, backed by the ruling Federalist Party, made it a crime to publish material critical of the government. Members of the Democratic-Republican Party, including Thomas Jefferson, called the act authoritarian. Violence seemed imminent after the 1800 presidential election failed to produce a clear victor. But the House of Representatives selected Jefferson, establishing the tradition of a peaceful transfer of power between parties.				Library of Congress			
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				1850s, Threat: Polarization, Conflict Over Who Belongs, Rising Economic Inequality
Mounting political polarization, tensions over Black people's status in the United States, and economic inequality all jeopardized U.S. democracy. When Kansas sought statehood, it was unclear if it should enter the Union as a free or slave state. With slave states receiving a boost in House seats and electoral vote counts, the stakes were high. Violent conflicts erupted between the country's pro- and anti-slavery factions -- tensions that ultimately triggered the Civil War.				John L. Magee/Wikimedia Commons			
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				1890s, Threat: Polarization, Conflict Over Who Belongs, Rising Economic Inequality
After the Civil War, authoritarian enclaves spread across the South as states imposed poll taxes and literacy tests to disenfranchise Black Americans and poor white people.				Alfred R. Waud/Wikimedia Commons			
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				1930s, Threat: Executive Aggrandizement
During the Great Depression, President Franklin Roosevelt pushed for reforms and regulations that gave the executive branch unprecedented control over banks and the stock market. During World War II, he expanded his office's ability to spy on everyday Americans.				Library of Congress			
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				1970s, Threat: Executive Aggrandizement
President Richard Nixon heightened surveillance of Americans critical of the Vietnam War and members of the Democratic Party. That included a botched wiretapping of Democratic National Committee headquarters in what became known as the Watergate scandal. Nixon resigned after facing impeachment.				National Archives & Records Administration			


			



	








Regardless of how one calculates or interprets global trends, the odds of the United States turning into an autocracy are extremely low, political scientist Daniel Treisman of UCLA argued in 2023 in Comparative Political Studies. V-Dem data suggest that both wealth and duration protect a democratic country from reverting to autocracy. No democracy in the dataset that has survived for over 43 years has ever failed, Treisman notes.




Treisman's work builds on political scientists' long-standing observation that capitalism, and the wealth such a system generates, is linked to democracy. But trends over the last few decades suggest that the link might be weakening, Riedl and colleagues argued in a 2023 preprint in World Politics.




Treisman didn't include countries that have democratized over the last several decades, and he took a narrow approach to understanding the process of autocratization, Riedl says. "Treisman and others tend to focus on full regime change, democratic death, which is indeed very rare."




Subtler measures that look at the weakening of democratic systems paint a more nuanced picture. Riedl's team analyzed more than 100 episodes of democratic erosion across all countries in the V-Dem dataset since 1990. Thirty-eight of the 202 countries in the dataset experienced statistically significant reductions in democracy scores. Roughly half of those countries exceeded wealth levels thought to protect against such erosion.




What factors play a role in destabilizing democracy?




Political scientists have typically focused on forces that stabilize democracies in capitalist societies, such as wealth, education and labor, Riedl says. But they have paid less attention to capitalism's destabilizing forces, chiefly endemic inequality. That inequality, coupled with polarization -- both a cause and effect of backsliding -- helps promote populist leaders promising to make the system work for everyday people, regardless of whether the proposed solutions adhere to democratic principles, Riedl says. Such populist leaders may come to power through legitimate elections but then pursue autocratic agendas by weakening systems of checks and balances.




For instance, Hungary appeared to be a stable democracy during the 1990s and 2000s, with liberal democracy scores above 0.7. Those scores began plummeting when Viktor Orban became prime minister in 2010, dropping to just over 0.3 by 2023. Orban has spent years chipping away at the courts' independence, seeking to put the judicial system under control of the ruling party, packing the courts with partisan judges and extending judicial term limits.




"Changing the composition of the courts is a really significant pathway to authoritarianism," Riedl says.




In the United States, four factors could trigger democratic backsliding, political scientists Suzanne Mettler of Cornell University and Robert Lieberman of Johns Hopkins University wrote in March in the Annals of the American Academy of Political and Social Science. Those factors are polarization, conflicts over belonging, economic inequality and executive aggrandizement.




The January 2021 insurrection, in which all four factors converged for the first time in U.S. history, was a particularly troubling threat because it violates Przeworski's basic tenet of peaceful transition of power as core to democracy, Mettler says. "You have to accept the outcome and let the winner govern. And if you get away from that, you just do not have democracy."




What helps keep democracy strong?




Finding and utilizing points of resilience, such as the courts, legislatures or a vibrant independent press, are key to strengthening democracy, according to experts.




In Brazil, for instance, the courts determined that former President Jair Bolsonaro had abused his power when he claimed, without evidence, that the country's election system was rigged ahead of his 2022 loss to Luiz Inacio Lula da Silva. In June 2023, justices blocked Bolsonaro from seeking re-election until 2030.




Even when voters believe checks and balances are weak, their voices, coupled with a robust media, can ward off threats, Riedl says. In 2023, she coauthored 15 in-depth case studies of countries showing signs of autocratization for the U.S. Agency for International Development.




[image: A photo of a large group of people outside in the winter holding signs and candles in protest.]In 2016, South Korea's National Assembly impeached President Park Geun-hye after a corruption scandal involving the president triggered protests.Lee Jin-man/AP Photo





South Korea, for instance, shows the need for constant vigilance. The country recovered from an autocratic turn in the last decade but continues to oscillate between democratic regression and recovery, according to the V-Dem project.




The country's score went from 0.6 in 2014 to 0.8 a few years later due, in part, to intense media exposure and coverage of then-President Park Geun-hye's central role in a massive corruption scandal. That reporting triggered months-long candlelight rallies demanding Park's impeachment. The country's independent National Assembly impeached Park in December 2016. In March 2017, the courts upheld the impeachment and forced Park out of office. Recent reports, though, show that the country's scores are now back in the 0.6 range due to the current administration's punishment of members of the previous presidential administration.




The United States has strong points of democratic resilience, Coppedge says. That includes powerful, independent media outlets and civic society organizations, intense competition between political parties, and public engagement at all levels in the process, whether it's learning about candidates' positions, supporting candidates through actions like canvassing and phone-banking and, most essential, voting.




"Institutions and government leaders," Riedl says, "can be empowered to be agents of democracy when they are given that push from below."
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	Talking to a chatbot may weaken someone's belief in conspiracy theories

	Facts presented by AI appear to help dismantle conspiratorial beliefs

			
				




Know someone convinced that the moon landing was faked or the COVID-19 pandemic was a hoax? Debating with a sympathetic chatbot may help pluck people who believe in those and other conspiracy theories out of the rabbit hole, researchers report in the Sept. 13 Science.




Across multiple experiments with more than 2,000 people, the team found that talking with a chatbot weakened people's beliefs in a given conspiracy theory by, on average, 20 percent. Those conversations even curbed the strength of conviction, though to a lesser degree, for people who said the conspiratorial belief was central to their worldview. And the changes persisted for two months after the experiment.








                        
                        
                        
                        
                        

                        




Large language models like the one that powers ChatGPT are trained on the entire internet. So when the team asked the chatbot to "very effectively persuade" conspiracy theorists out of their belief, it delivered a rapid and targeted rebuttal, says Thomas Costello, a cognitive psychologist at American University in Washington, D.C. That's more efficient than, say, a person trying to talk their hoax-loving uncle off the ledge at Thanksgiving. "You can't do off the cuff, and you have to go back and send them this long email," Costello says.




Up to half of the U.S. population buys into conspiracy theories, evidence suggests. Yet a large body of evidence shows that rational arguments that rely on facts and counterevidence rarely change people's minds, Costello says. Prevailing psychological theories posit that such beliefs persist because they help believers fulfill unmet needs around feeling knowledgeable, secure or valued. If facts and evidence really can sway people, the team argues, perhaps those prevailing psychological explanations need a rethink.




This finding joins a growing body of evidence suggesting that chatting with bots can help people improve their moral reasoning, says Robbie Sutton, a psychologist and conspiracy theory expert at the University of Kent in England. "I think this study is an important step forward."




But Sutton disagrees that the results call into question reigning psychological theories. The psychological longings that drove people to adopt such beliefs in the first place remain entrenched, Sutton says. A conspiracy theory is "like junk food," he says. "You eat it, but you're still hungry." Even if conspiracy beliefs weakened in this study, most people still believed the hoax.




Across two experiments involving over 3,000 online participants, Costello and his team, including David Rand, a cognitive scientist at MIT, and Gordon Pennycook, a psychologist at Cornell University, tested AI's ability to change beliefs on conspiracy theories. (People can talk to the chatbot used in the experiment, called DebunkBot, about their own conspiratorial beliefs here.)




Participants in both experiments were tasked with writing down a conspiracy theory they believe in with supporting evidence. In the first experiment, participants were asked to describe a conspiracy theory that they found "credible and compelling." In the second experiment, the researchers softened the language, asking people to describe a belief in "alternative explanations for events than those that are widely accepted by the public." 




The team then asked GPT-4 Turbo to summarize the person's belief in a single sentence. Participants rated their level of belief in the one-sentence conspiracy theory on a scale from 0 for 'definitely false' to 100 for 'definitely true.' Those steps eliminated roughly a third of potential participants who expressed no belief in a conspiracy theory or whose conviction in the belief was below 50 on the scale.




Roughly 60 percent of participants then engaged in three rounds of conversation with GPT-4 about the conspiracy theory. Those conversations lasted, on average, 8.4 minutes. The researchers directed the chatbot to talk the participant out of their belief. To facilitate that process, the AI opened the conversation with the person's initial rationale and supporting evidence.




Some 40 percent of participants instead chatted with the AI about the American medical system, debated about whether they prefer cats or dogs, or discussed their experience with firefighters.




After these interactions, participants again rated the strength of their conviction from 0 to 100. Averaged across both experiments, belief strength in the group the AI was trying to dissuade was around 66 points compared with around 80 points in the control group. In the first experiment, scores of participants in the experimental group dropped almost 17 points more than in the control group. And scores dropped by more than 12 points more in the second experiment.




Sponsor Message



  






On average, participants who chatted with the AI about their theory experienced a 20 percent weakening of their conviction. What's more, the scores of about a quarter of participants in the experimental group tipped from above 50 to below. In other words, after chatting with the AI, those individuals' skepticism in the belief outweighed their conviction.




The researchers also found that the AI conversations weakened more general conspiratorial beliefs, beyond the single belief being debated. Before getting started, participants in the first experiment filled out the Belief in Conspiracy Theories Inventory, where they rated their belief in various conspiracy theories on the 0 to 100 scale. Chatting with AI led to small reductions in participants' scores on this inventory.




As an additional check, the authors hired a professional fact-checker to vet the chatbot's responses. The fact-checker determined that none of the responses were inaccurate or politically biased and just 0.8 percent might have appeared misleading.   




"This indeed appears quite promising," says Jan-Philipp Stein, a media psychologist at Chemnitz University of Technology in Germany. "Post-truth information, fake news and conspiracy theories constitute some of the greatest threats to our communication as a society."




Applying these findings to the real world, though, might be hard. Research by Stein and others shows that conspiracy theorists are among the people least likely to trust AI. "Getting people into conversations with such technologies might be the real challenge," Stein says.




As AI infiltrates society, there's reason for caution, Sutton says. "These very same technologies could be used to ... convince people to believe in conspiracy theories."
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	In a first, these bats were found to have toes that glow

	Hairs on the feet of Mexican free-tailed bats fluoresce under UV light

			
				




You've heard of jazz hands? Well, these bats have glow toes.




When ultraviolet light shines onto the Mexican free-tailed bat's extraordinarily hairy toes, they light up like a Christmas tree. That's because the animals have bristly structures that are capable of UV-induced photoluminescence, researchers report August 8 in Mammalian Biology. The finding marks the first time photoluminescent structures have been reported in live bats, and places Mexican free-tailed bats on an ever-growing list of creatures that can absorb UV light and reemit it at a different wavelength.








                        
                        
                        
                        
                        

                        




Biologist Fernando Gual-Suarez says he will always remember the moment he heard a colleague utter, "Is that normal? Do the feet usually look like that?"




He and his colleagues had been catching Mexican free-tailed bats (Tadarida brasiliensis) outside of a well-known roost in southern Mexico City. It was January 2021, and the night before, the researchers had used long strands of fine filaments known as mist nets to capture bats about 20 to 30 kilometers to the north, then dusted them with a special powder that shines under UV light. The hope was to later detect that powder on bats sampled in the south, proving that the animals were moving between the two locations.




"We failed at that," says Gual-Suarez, of the National Autonomous University of Mexico in Mexico City. However, while searching for signs of the powder with their UV flashlights, the team stumbled upon something even cooler on the powderless bats -- glow-in-the-dark toes.




[image: A little Mexican free-tailed bat clings to a rock and looks straight at the camera. It's all dark brown against the pale-colored rock.]Under normal light conditions, a Mexican free-tailed bat (Tadarida brasiliensis) looks like a fluff of dark fur.Ann Froschauer/USFWS





To be sure the photoluminescent footsies weren't a result of some residue or a local aberration, the researchers looked for and found similarly bright structures on 25 live Mexican free-tailed bats at both sites, as well as on one female bat captured more than 700 kilometers to the north. The team also tested museum specimens. These lacked photoluminescence in the foot structures, but glowed all over in a dull green tone -- probably as a result of chemicals used in the preservation process and physical changes that occur over time, the researchers report.




"I applaud Gual-Suarez et al's paper on both examining live animals, and comparing how the results would have born no relation to nature if they'd have used museum specimens instead," says Linda Reinhold, a zoologist at James Cook University in Cairns, Australia. "That's good science."




Scientists have found the same phenomenon in everything from wasp nests and platypuses to tardigrades (SN: 9/2/21; SN: 11/6/20; SN: 10/13/20). What's particularly strange is that, while animals such as flying squirrels glow essentially from head to toe under UV light, in Mexican free-tailed bats, it's just the toes.




And the toes themselves are already considered rather bizarre.




Mexican free-tailed bats belong to a family known as Molossidae, and all the members of this family "have what are termed 'spoon-shaped bristles' along the outer edges of toes 1 and 5," says Nancy Simmons, a morphologist at the American Museum of Natural History in New York City.  "Nobody has ever known why molossids have these bristles in the first place."




Simmons, a bat expert not affiliated with the study, notes that it's precisely these bristles that glow under UV light.




Sponsor Message



  






As to what purpose the glowing toes serve, function is difficult to prove in any animals that photoluminesce. It's not yet known whether the bats can perceive the reemitted wavelengths that appear as a brilliant cyan to the human eye. And as nocturnal creatures, these bats would encounter UV light mostly only at dusk, dawn and nights where the moon is unobstructed by clouds.




But the researchers note that because this species migrates thousands of kilometers at night, and lives in colonies of up to millions of individuals, it would make sense if the light-up bristles served some sort of role in nighttime communication.




"We need to test it in the lab," says Rodrigo Medellin, an ecologist also at the National Autonomous University of Mexico. "We're playing with the idea of having a captive colony of Mexican free-tails and maybe shaving the bristles on the feet to see what they do. This is just scratching the surface of a very deep and very long iceberg that nobody knows anything about."
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	The 'Does It Fly?' podcast separates fact from science fiction

	The program examines whether your favorite sci-fi shows are scientifically sound

			
				




[image: The logo for the 'Does it Fly?' podcast.]




Does It Fly?
Roddenberry Entertainment
Available wherever you get your podcasts




Imagine you're hanging out at a bar with your very enthusiastic friends, about two beers in, and someone brings up Star Trek. OK, but the transporter! How would that actually work? What about the TARDIS of Doctor Who -- does that thing even make sense? It made for so many good stories, though, right?




That's the premise -- and tone -- of the entertaining podcast Does It Fly?, hosted by astrophysicist and "mad scientist" (his words) Hakeem Oluseyi and actress, writer and "pop culture expert" Tamara Krinsky. Released roughly once a week since April, each episode centers on a science or technology concept from a popular sci-fi show or movie. The hosts spend most of 45 minutes pondering how well each concept works -- does it "fly"? -- not just technologically, but also as an engine for storytelling.








                        
                        
                        
                        
                        

                        




Pondering the real-world feasibility of any given sci-fi tech is hardly a new concept; fandoms have enthusiastically wrangled over this sort of thing for decades (SN: 9/22/15).




Does It Fly? acknowledges its place in this history at the outset. Oluseyi and Krinsky are, respectively, a self-proclaimed nerd and geek, and they emphasize that they're coming at these concepts from a place of love and joy. Sometimes a little too much. Listening to the hosts' banter can feel like lurking in a fandom forum chat, and it's often tempting to fast-forward past that banter to get to the good stuff.




And Does It Fly? has some truly fascinating moments. Oluseyi's astrophysics bona fides shine when he describes, for example, the quandaries of real-world Star Trek transporter technology, or ponders the feasibility of making Star Wars' lightsabers by using magnetic fields to contain plasma into a deadly yet portable blade form. (Do lightsabers fly? Oluseyi says nah, not any time soon and probably never.)




Take the transporters, "one of the most iconic conceits in all of science fiction," Krinsky says. The Star Trek device can send objects across great distances by converting them into energy and then reconstituting them in the delivery location. In reality, the closest thing we have to such a technology is quantum teleportation, in which quantum states of particles, but not the particles themselves, can be transmitted from one location to another. This is not that, Oluseyi says.




The most obvious issue, perhaps, with making a transporter work today is how to first break down an object into its basic units -- and what are those, anyway? Molecules and atoms? Electrons and quarks? Even if you could, you'd need an immense amount of storage for all that data -- far beyond what current technology allows. And even if we solve the storage problem centuries from now, Oluseyi adds, there's yet another problem: how to properly record and then re-create all the dynamic data, like memories, that make up a person at any given moment.




The podcast's interesting twist on sci-fi science -- one that this writer particularly appreciated -- is the discussion of how an imagined technology does or doesn't serve the overall storytelling. For example, from a storytelling standpoint, the transporter is central to many of Star Trek's most memorable episodes, Krinsky says. The device "transports" characters quickly into the action and drives plotlines around everything from cloning to "transporter psychosis." The many spin-offs of the original Star Trek have also allowed the transporter's engineering to evolve, showing, for instance, the technological breakthrough of transporting organic and not just inorganic materials for the first time.




Bottom line: Scientifically, the transporter doesn't fly. But storywise, Krinsky says, "I would say hell, yes!"




The hosts' cheerful and often unstructured conversation works well when they're bouncing thoughts around about the physics of time travel, or the tornado-analyzing silver-ball sensors of the 1996 movie Twister, or the neurotechnology in Netflix's 3 Body Problem (SN: 7/19/24; SN: 4/23/24).




But not every fan favorite show or movie is amenable to this podcast's format. An episode devoted to demonic possession a la Beetlejuice feels uneven and unmoored, largely because there isn't much science discussed -- or really to discuss -- on the subject.




Listeners certainly won't always agree with the hosts' assessments. But maybe that's part of the point. Each episode conveys the feeling of jumping into the middle of an ongoing discussion, one that is fully expected to continue after the hosts sign off.




Sponsor Message



  






That was my experience during a recent car trip. I listened to the TARDIS episode with my sister, a huge Doctor Who fan. We both enjoyed the mind-bending idea that the show's beloved, time-traveling blue phone booth mimics a black hole in many ways: It manipulates time; it's larger on the inside than the outside; and there's even a hypothetical type of black hole, called a wormhole, thought to act as a portal through space. "Everything black holes do, the TARDIS does," Oluseyi says, giving the not-a-phone-booth more or less a scientific thumbs-up.




But then Krinsky suggests that the TARDIS is flawed from a storytelling standpoint because the show sometimes flouts its own rules about how the TARDIS works, breaking a golden rule of sci-fi. My sister disagreed. Those logic leaps were fully justified, she said. 




Let's just say, I learned a lot about Doctor Who during that car ride. And as the miles flew by, a good time was had by all.
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	A vital ocean current is stable, for now

	A weakening of the Florida Current is not nearly as severe as previously reported

			
				




The ocean's circulatory system may not be doing as poorly as previously thought.




A vital ocean artery known as the Florida Current, a bellwether for the ocean's ability to regulate Earth's climate, has seemingly been weakening for decades. But that recent decline might not be quite as severe as suspected. The current has actually remained stable over recent decades, researchers report September 5 in Nature Communications.




A previously reported decline in the flow had prompted speculations that a major system of ocean currents -- known for regulating Earth's climate -- may have weakened recently due to human-caused climate change. Some researchers have suggested that the larger system, known as the Atlantic Meridional Overturning Circulation, or AMOC, could collapse sometime this century, dramatically cooling the northern hemisphere and raising the sea level along some Atlantic coastlines by up to 70 centimeters.








                        
                        
                        
                        
                        

                        




"The good news is that the AMOC is slowing down less than we thought, and that means that there's still time to avert a more serious slowdown," says oceanographer Hali Kilbourne of the University of Maryland Center for Environmental Science in Solomons, who was not involved in the new study.




But because the reassessed data span only a few decades, she says, "there's still an outstanding question about whether or not the AMOC has slowed since preindustrial times," around the mid-1800s.




The AMOC acts like a two-level conveyor belt, circulating heat, salt and nutrients through the Atlantic Ocean (SN: 1/4/17). The belt's upper level carries warm, near-surface waters from the tropics to the North Atlantic. There, the water cools and sinks to the bottom of the ocean. It then returns south along the belt's lower level, eventually warming, rising and repeating the cycle.




[image: A map diagram showing the global ocean conveyor belt, a system of ocean currents.]A global system of ocean currents transports heat, salts, nutrients and carbon dioxide through the world's seas, regulating Earth's climate and supporting the world's food web. The portion located in the Atlantic Ocean, known as the Atlantic Meridional Overturning Circulation, transports warm, near-surface waters (red) northward and returns cool, deep waters (blue) to the south. This process warms the northern hemisphere.aristotoo/DigitalVision Vectors/Getty Images Plus





In the subtropical North Atlantic, most of the water carried by the AMOC's upper level comes from the Florida Current, which whisks water from the Gulf of Mexico into the Gulf Stream. Since 1982, a seafloor telecommunications cable spanning part of the Straits of Florida has been used to monitor the powerful current, providing the longest observational record of any AMOC component.




Seawater contains charged atoms called ions, which flow across the cable and generate a measurable voltage. By calibrating voltage measurements with direct observations from periodic research cruise surveys, scientists can calculate how much water the current is carrying across the cable on any given day.




But this process isn't perfect, says oceanographer Denis Volkov of the University of Miami. It's been managed by several generations of scientists, resulting in some data processing changes over the decades. Volkov's team found that since 2000, there has been a failure to account for the shifting intensity and orientation of Earth's magnetic field (SN: 11/23/15).




After correcting for the geomagnetic shifts, the data indicate that in each decade since 2000, the Florida Current's flow rate declined by about 100,000 cubic meters per second. That's roughly a quarter of the previously reported decline, and virtually insignificant considering that the current averages about 32 million cubic meters per second.




The correction also shrank estimates of a recent decline of the AMOC by about 40 percent. Each decade since 2000, the flow rate of the AMOC decreased by about 800,000 cubic meters per second, while it moves on average some 17 million cubic meters each second. While that's still a decline, it's barely significant, Volkov says, adding that it's not yet possible to say whether the decline is a consequence of climate change or a natural fluctuation.




The takeaway is that the Florida Current's recent behavior does not indicate that the AMOC is slowing down because of climate change. Or the observational record is too short to detect such a decline.




Sponsor Message



  






 "This is a great example of how with any scientific enterprise, we're always having to revise our data, our assumptions and our current dogma as new information comes to light," Kilbourne says. 




But much of the work indicating an AMOC decline since preindustrial times uses paleoclimate proxy data, including deep-sea sediment grain sizes and coral compositions, which extend over thousands of years. The revised dataset is still too short to alter our understanding of the AMOC's long-term evolution, Kilbourne says.




It's important to continue making these observations, because they may eventually help show how climate change is affecting the AMOC, says oceanographer Sophia Hines of the Woods Hole Oceanographic Institute in Falmouth, Mass. "It's all important, just different pieces of the puzzle."
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 This amoeba eats prey like owls do

 The microscopic predator engulfs algae, drains the cells and spits out the shell

 
 




A microbial predator that stalks the waters of the German countryside envelopes its victims and leaves their empty husks behind.
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As the youthful universe congealed under the pull of gravity, matter knotted itself into galaxies, galaxy clusters and filaments, weaving a dazzlingly intricate cosmic web. This web's structure is thanks, in part, to the handiwork of neutrinos -- lightweight, subatomic particles that surge through the cosmos in unimaginable numbers.
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 A brain network linked to attention is larger in people with depression

 The difference is visible even in those who haven't yet developed depression symptoms

 
 




Symptoms of depression fluctuate over time, but many brain imaging studies of the condition only study one point in time. That's made it hard to connect networks of brain activity to various symptoms and mood changes. Now, a new study using long-term brain imaging data shows one brain network involved in guiding attention is nearly two times larger in patients with depression than in people not experiencing depression symptoms, and stays larger even as depressive symptoms ebb and flow.
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 Semaglutide may reduce opioid overdoses, a new study suggests 

 The key ingredient in Ozempic and Wegovy is now showing growing promise against addiction

 
 




A wildly popular diabetes and weight-loss drug may also protect people from overdosing on opioids.
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 Ants changed the architecture of their nests when exposed to a pathogen

 Tweaks to entrances, tunnels and chambers may help prevent diseases from spreading

 
 




If an infection takes hold in an ants' nest, it could spell disaster for the whole colony.
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 Meet Porphyrion, the largest pair of black hole jets ever seen

 The gargantuan fountains could shape cosmic structures far beyond their own galaxy

 
 




Opposing fountains of plasma and particles spanning 23 million light-years are the longest pair of black hole jets ever seen.
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 Projectile pollen helps this flower edge out reproductive competition

 Pollen blasts from Hypenea macrantha flowers knock competitors' pollen off hummingbird beaks

 
 




Some flowers may be using their pollinators as sexual battlegrounds.




Red, Brazilian flowers called Hypenea macrantha use projectile blasts of pollen to knock rival pollen off of hummingbirds' beaks and replace it with their own, researchers report in a study to appear in the American Naturalist.
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 Earth's ancient 'greenhouse' conditions were hotter than thought

 A 485-million-year timeline shows more extreme highs and lows than previous estimates

 
 




Over the last 485 million years, Earth has been both a lot colder and a lot hotter than once thought.




A new temperature timeline that combines geologic data with computational simulations reveals a rich, detailed and dramatic picture of the ebb and flow of icehouse and greenhouse conditions on Earth throughout this span of time, which includes most of the Phanerozoic Eon.
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 How to spot tiny black holes that might pass through the solar system 

 Primordial black hole flybys might tweak the orbits of planets and GPS satellites

 
 




Black holes about the size of a hydrogen atom could be careening through the solar system unnoticed. But their days of stealth may be numbered.




Two teams of researchers propose methods to search for these tiny, hypothetical objects, which would have the mass of an asteroid.
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 Fossils of an extinct animal may have inspired this cave art drawing

 Roughly 200-year-old African rock art predates the scientific description of dicynodonts

 
 




African rock art depicting a mythical tusked creature may mirror the look of fossils of real-life ancient mammal relatives called dicynodonts.
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 Mega El Ninos kicked off the world's worst mass extinction

 Most species died off during the Great Dying 252 million years ago

 
 




A barrage of intense, wild swings in climate conditions may have fueled the largest mass extinction in Earth's history.
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 Scientists have just turned giant panda skin cells into stem cells

 Here's why that's potentially a big deal for panda conservation
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 Some of Earth's extinct giants may have been smaller than thought

 The scale of some revisions calls for more caution with initial size estimates, researchers say

 
 




Body size estimates of some of Earth's larger-than-life species may have been just that: a little bit too large for real life.
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 Reactive dust from Great Salt Lake may have health consequences

 When inhaled, metals left by the shrinking lake could cause inflammation

 
 




Dust pollution is known to contribute to asthma and heart and lung disease. But dust blowing from Utah's Great Salt Lake could pack an extra unwanted punch.




Metals in the dust and sediment from around Great Salt Lake are more reactive than dust from nearby lake beds, researchers report in the November Atmospheric Environment.
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 Scientists may have an explanation for why some batteries don't last

 Hydrogen protons, not lithium ions, may explain self-discharge and battery degradation

 
 




Rechargeable lithium-ion batteries don't last forever.
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 Physicists just discovered the rarest particle decay ever

 The "golden channel" decay of kaons could put the standard model of particle physics to the test

 
 




It's the rarest particle decay ever discovered. Scientists have clinched the case for a special type of decay of subatomic particles called kaons. Further study of the rare decay could reveal a potential flaw in the standard model, physicists' stalwart theory of subatomic particles.




The decay is known as a "golden channel" because its rate can be predicted to high precision by the standard model.
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 The Large Hadron Collider exposes quarks' quantum entanglement

 Top quarks and antiquarks can be linked, a CERN study shows

 
 




Quantum entanglement has made its way to the top.




Scientists have measured the strange quantum phenomenon of entanglement in top quarks, the heaviest fundamental subatomic particles known.
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 How a dying star is similar to a lava lamp

 Astronomers captured bubbling cells of gas 75 times as wide as the sun in this red giant star
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 Climate change could double U.S. temperature-linked deaths by mid-century

 Roughly 8,000 deaths in the United States now are associated with extreme temperatures
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	'Smart lighting' might make vertical farming more affordable

	The indoor farming technique saves water and space but currently is energy intensive

			
				




Fiddling with the dimmer switch might help some indoor farmers curb one of their biggest challenges: soaring electricity costs.




Growing crops in stacked rows indoors under fixed-intensity artificial lights can produce more food per square foot while using less land and water than traditional outdoor farms. But this vertical farming technique is also energy intensive and expensive (SN: 9/26/08). Now, researchers have designed a computer program that controls lighting to optimize both photosynthesis and electric bills. Described September 24 in Frontiers in Science, the computer program adjusts the intensity of grow lights hourly based on the changing cost of electricity.








                        
                        
                        
                        
                        

                        




This "smart lighting" could potentially cut vertical farms' electricity costs by up to 12 percent, says Leo Marcelis, a horticulturist at Wageningen University in the Netherlands. That could save some farms tens of thousands of dollars annually, according to the 2021 Global CEA Census Report -- a survey of the indoor and controlled environment agriculture industry -- and Marcellis' own projections.




But how might indoor crops fare under dynamic lighting? Marcelis and colleagues tested how leafy greens such as basil, spinach and arugula reacted to light patterns that changed hourly. One group of plants grew under high- then low-intensity lighting intervals. Another group grew under light that was more intense in the morning and dimmer in the afternoon. Both groups' mature weight and leaf area -- which can determine a plant's value in the supermarket -- were about the same as plants grown under fixed intensity lights.




The new computer program didn't determine the experimental lighting conditions, but the team now knows that indoor farms have room to save on electricity. Continued research that tests dynamic lighting on larger scales is needed, Marcelis says. He plans to continue experimenting with how much dynamic lighting indoor crops can handle.




The study "seems to be a very good proposal to start more research," says Fatemeh Sheibani, a plant physiologist at Purdue University in West Lafayette, Ind. But she emphasizes that the work is preliminary, and that dynamic lighting is "not a near-term benefit for vertical farming."
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 Some healthy fish have bacteria in their brains

 Microbes in animal brains are typically linked to disease

 
 




Some fish have bacteria on the brain.




Wild and lab-grown members of the salmon family including European rainbow trout, Chinook salmon and Gila trout harbor active microbial communities inside their brains, researchers report September 18 in Science Advances.
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 A study in mice hints at a new way to treat spinal cord injuries

 The finding suggests that a drug to ease swelling can speed recovery and stop cell death

 
 




After a devastating spinal cord injury, mice's nerve cells balloon up in size.
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 50 years ago, chronic pain mystified scientists

 Excerpt from the October 26, 1974 issue of Science News

 
 




[image: ]




Science and the sources of pain -- Science News, October 26, 1974




Chronic pain is no small problem for thousands of Americans. They take analgesics, sedatives or tranquilizers. They seek out chiropractors, acupuncturists or even miracle workers. Often they are not helped, at least over the long run....
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 Taking the temperature of democracy

 
 




Concern about the health of democratic governments has been rising worldwide, and one of the key metrics researchers use to measure the robustness of a democracy is its ability to conduct free and fair elections.




With the United States in the midst of a polarized presidential election, we here at Science News have taken a close look at the science of studying democracies and what characteristics make them strong -- or can destabilize them.




It turns out that how best to measure democracy is itself contentious. Some researchers argue it should be binary -- there's either a peaceful transfer of power from an incumbent who lost at the polls, or there's not.
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 Readers are curious about dark matter, plastics' effects on pollination and Percy's selfies
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Let's talk neutrinos




Two dark matter experiments have spotted signs of neutrinos knocking into atomic nuclei in their detectors. The finding portends a future obstacle for the detectors, Emily Conover reported in " 'Fog' invades dark matter experiments" (SN: 8/24/24, p. 12).




These detectors scan for dark matter's interactions with the nucleus of a xenon atom. Reader Robert Walty wondered how that could work. Doesn't dark matter interact with normal matter only through gravity?
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