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      Nanotechnology

      Nanotechnology. The latest news on  nanoscience, nanoelectronics, science and technology. Updated Daily.


      
        Researchers' crystal engineering modifies 2D metal halide perovskites into 1D nanowires
        Purdue University engineers have developed a patent-pending method to synthesize high-quality, layered perovskite nanowires with large aspect ratios and tunable organic-inorganic chemical compositions.

      

      
        Study links nanoparticles to altered blood vessel formation in embryos
        Human life begins with a single egg cell that grows into a human being with trillions of cells. To ensure that the highly complex development of tissues and organs is as protected as possible, the placental barrier keeps pathogens and foreign substances out. Tina Burki and her team from Empa's Particles-Biology Interactions laboratory in St. Gallen are investigating how this protective mechanism copes with nanoparticles.

      

      
        Better farming through nanotechnology: An argument for applying medical insights to agriculture
        Advanced technologies enable the controlled release of medicine to specific cells in the body. Scientists argue these same technologies must be applied to agriculture if growers are to meet increasing global food demands.

      

      
        Unlocking RNA functionality: A redox-responsive approach
        National University of Singapore (NUS) chemists have developed a strategy using disulfide-containing small molecules to facilitate the reversible control and delivery of ribonucleic acid (RNA).

      

      
        Unlocking the transformative potential of 2D materials to advance next-generation electronics
        Van der Waals (vdW) dielectrics are widely used in nanoelectronics to preserve the intrinsic properties of two-dimensional (2D) semiconductors. However, achieving aligned growth of 2D semiconductors and their direct utilization on original vdWs epitaxial dielectrics to avoid disorders poses significant challenges.

      

      
        Safer, cheaper, more flexible battery invented for wearable tech
        Researchers have developed a safer, cheaper, better performing and more flexible battery option for wearable devices. A paper describing the "recipe" for their new battery type was published in the journal Nano Research Energy on June 3.
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                Purdue University engineers have created a patent-pending method to create layered perovskite nanowires that exhibit a wide range of unusual optical properties beyond conventional perovskites. Their research has been published in the peer-reviewed journal Science. Credit: Purdue University photo/Wenhao Shao
            
        

    


Purdue University engineers have developed a patent-pending method to synthesize high-quality, layered perovskite nanowires with large aspect ratios and tunable organic-inorganic chemical compositions.



										      
         
        
        
        

      

																																	
Letian Dou, the Charles Davidson Associate Professor of Chemical Engineering in the College of Engineering and associate professor of chemistry, by courtesy, leads an international team that includes postdoctoral research assistant Wenhao Shao and graduate research assistant Jeong Hui Kim of the Davidson School of Chemical Engineering.

Dou said the Purdue method creates layered perovskite nanowires with exceptionally well-defined and flexible cavities that exhibit a wide range of unusual optical properties beyond conventional perovskites.

"We observed anisotropic emission polarization, low-loss waveguiding below 3 decibels per millimeter and efficient low-threshold light amplification below 20 microjoules per square centimeter," he said. "This is due to the unique 2D quantum confinement inside the 1D nanowire as well as the greatly improved crystal quality."

The research has been published in the journal Science. Dou and his team disclosed their innovation to the Purdue Innovates Office of Technology Commercialization, which has applied for a patent from the U.S. Patent and Trademark Office to protect the intellectual property.


																																						
    
     




																																			New method vs. traditional method

Shao said layered metal halide perovskites, commonly called 2D perovskites, can be synthesized in solution and their optical and electronic properties tuned by changing their composition. They easily grow into large, thin sheets, but growth of one-dimensional forms of the materials is limited.

"Traditional methods like vapor-phase growth or lithographically templated solution phase growth have high processing complexity and cost," he said. "They also have limited scalability and design flexibility."

Kim said the Purdue method uses organic templating molecules that break the in-plane symmetry of layered perovskites and induce one-dimensional growth through secondary bonding interactions.

"Specifically, these molecules introduce in-plane hydrogen bonding that is compatible with both the ionic nature and octahedron spacing of halide perovskites," she said. "Nanowires of layered perovskites could be readily assembled with tailorable lengths and high-quality cavities to provide an ideal platform to study lasing, light propagation and anisotropic excitonic behaviors in layered perovskites."

Dou said, "Our approach highlights the structural tunability of organic-inorganic hybrid semiconductors, which also brings unprecedented morphological control to layered materials. This work really breaks the boundary between the traditional 1D and 2D nanomaterials, combining different features into one material system and opening many new possibilities."

"This is just a start of an exciting new direction," Dou said. "We are currently developing new compositions and structures to further improve the lasing performance and stability. We are also looking into large-scale patterning of these 1D nanostructures to build integrated photonic circuits. We are also interested in partnering with industry to scale up the chemistry and device applications."



																																																					
																				
																						More information:
												Wenhao Shao et al, Molecular templating of layered halide perovskite nanowires, Science (2024). DOI: 10.1126/science.adl0920
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                Study workflow. a) Schematic representation of the placental structure at first trimester and term. b) Experimental strategy showing the main steps of the study. H&E: hematoxylin-eosin; hNPC: human neural progenitor cells; HUVEC: human umbilical cord endothelial cells; NP: nanoparticles; trim: trimester; PARP: poly(ADP-ribosyl) polymerase. Credit: Advanced Science (2024). DOI: 10.1002/advs.202401060
            
        

    


Human life begins with a single egg cell that grows into a human being with trillions of cells. To ensure that the highly complex development of tissues and organs is as protected as possible, the placental barrier keeps pathogens and foreign substances out. Tina Burki and her team from Empa's Particles-Biology Interactions laboratory in St. Gallen are investigating how this protective mechanism copes with nanoparticles.



										      
         
        
        
        

      

																																	
The findings are published in the journal Advanced Science.

Nanoparticles are contained in a large number of products, but they are also produced during wear and tear as well as through combustion processes. "We absorb these substances from the environment via our food, cosmetics or the air we breathe," explains Burki.

Some of these nanoparticles are suspected of harming babies in the womb. Low birth weight, autism and respiratory diseases are among the possible consequences for the child.

Mysterious remote effect

It is still unclear how the nanoparticles affect the unborn child. "We already know that the placental barrier retains many nanoparticles or at least delays their transport to the embryo," says Burki. However, damage to the fetal tissue occurs, even if no particles have been detected in the fetus. The Empa team is now getting to the bottom of this long-range effect of nanoparticles.

Together with clinical partners from the Cantonal Hospital of St. Gallen and research partners from the University of Geneva, the Amsterdam University Medical Center and the Leibniz Institute for Environmental Medical Research in Dusseldorf, the team is investigating the consequences of common nanoparticles such as titanium dioxide or diesel soot on the function of the placenta and their indirect damage to embryonic development.


																																						
    
     




																																			For this purpose, the team used fully functional human placentas that were made available after planned cesarean sections. "Human placental tissue is the only way to obtain meaningful results on the transport and effect of nanoparticles," says the Empa researcher. "The structure, metabolism and interaction of maternal and fetal tissue are unique and species-specific."

The experiments showed that nanoparticles in placental tissue disrupt the production of a large number of messenger substances. And it is these messengers that can trigger serious changes in embryonic development, such as disturbed blood vessel formation.

These effects can be visualized in laboratory models using chicken eggs. The blood vessels in the egg actually grow at an enormous speed and density to enable embryonic development. A dense network of fine blood vessels covers the inside of the eggshell.

The situation is strikingly different in eggs treated with the altered messenger substances from the nanoparticle-treated placenta: In the experiments, the blood vessel system was not as dense but rather coarse-meshed. "Nanoparticles apparently have an indirect effect on the child in the womb by inhibiting the formation of blood vessels via messenger substances," says Tina Burki.

Health consequences

The researchers are currently investigating the entirety of the messenger substances released by a nanoparticle-treated placenta, the so-called secretome. Uncontaminated, the interplay of hormones, inflammatory mediators and signaling substances for the formation of organ systems resembles a perfectly tuned orchestra.


																																			It is already clear that the communication between the placenta and the unborn child is disrupted by the presence of nanoparticles and damages the formation of blood vessels. However, initial results show that the development of the nervous system does not appear to be affected.

Future analyses will show what other disorders the nanoparticles can trigger indirectly. "As the effects can have an impact on the health of the pregnant woman and the development of her child, these findings should be taken into account in the risk assessment of nanomaterials," says the researcher.

The clinical partner, the Cantonal Hospital of St. Gallen, is also interested. As Thomas Rduch from the Women's Clinic and also a Clinical Research Fellow at Empa puts it, "A healthy placenta is of utmost importance for the development of the child. Correct risk assessments of environmental pollution are therefore crucial for pregnant women."



																																																					
																				
																						More information:
												Battuja Dugershaw-Kurzer et al, Nanoparticles Dysregulate the Human Placental Secretome with Consequences on Angiogenesis and Vascularization, Advanced Science (2024). DOI: 10.1002/advs.202401060
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Better farming through nanotechnology: An argument for applying medical insights to agriculture
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                Design of NC properties (for example, size, rigidity and aspect ratio). Biorecognition molecules and surface chemistries determine the uptake, translocation and targeting of NCs in plants, as well as AA release mechanisms. Data-driven artificial intelligence (for example, machine learning) strategies will need to work closely with experimental and modeling approaches to rapidly map relationships between NC structure and its function and identify the most promising unexplored NC candidates for precision delivery in plants. Credit: Nature Nanotechnology (2024). DOI: 10.1038/s41565-024-01667-5
            
        

    


Advanced technologies enable the controlled release of medicine to specific cells in the body. Scientists argue these same technologies must be applied to agriculture if growers are to meet increasing global food demands.



										      
         
        
        
        

      

																																	
In a Nature Nanotechnology journal review paper, scientists from UC Riverside and Carnegie Mellon University highlight some of the best-known strategies for improving agriculture with nanotechnology.

Nanotechnology is an umbrella term for the study and design of microscopically small things. How small? A nanometer is one billionth of a meter, or about 100,000 times smaller than the width of a human hair. Using nanotechnology, drugs can now be delivered where they're most needed. But these insights have yet to be applied to plant science on a large scale.

"There are studies predicting we will need to increase food production by up to 60% in 2050 relative to 2020 levels. Right now, we are trying to do that through inefficient agrochemical delivery," said Juan Pablo Giraldo, UCR associate professor and paper co-corresponding author.

"Half of all the fertilizer applied on farms is lost in the environment and pollutes the groundwater. In the case of commonly used pesticides, it's even worse. Only 5% reach their intended targets. The rest ends up contaminating the environment. There is a lot of room for improvement," Giraldo said.

Currently, agriculture accounts for up to 28% of global greenhouse gas emissions. This, in addition to a range of other factors from extreme weather events to rampant crop pests and rapidly degrading soil, underlines the need for new agricultural practices and technologies.
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                Carnegie Mellon's Greg Lowry studies plant nanobiotechnology in his environmental engineering lab, looking at using nanocarriers to make plants more resilient. Credit: Carnegie Mellon College of Engineering
            
        

    



In their review, the researchers highlight specific approaches borrowed from nanomedicine that could be used to deliver pesticides, herbicides, and fungicides to specific biological targets.

"We are pioneering targeted delivery technologies based on coating nanomaterials with sugars or peptides that recognize specific proteins on plant cells and organelles," Giraldo said. "This allows us to take the existing molecular machinery of the plant and guide desired chemicals to where the plant needs it, for example the plant vasculature, organelles, or sites of plant pathogen infections."


																																						
    
     




																																			Doing this could make plants more resilient to disease and harmful environmental factors like extreme heat or high salt content in soil. This type of delivery would also be a much greener approach, with fewer off-target effects in the environment.

Another strategy discussed in the paper is using artificial intelligence and machine learning to create a "digital twin." Medical researchers use computational models or "digital patients" to simulate how medicines interact with and move within the body. Plant researchers can do the same to design nanocarrier molecules that deliver nutrients or other agrochemicals to plant organs where they're most needed.

"It's like J.A.R.V.I.S. (Just A Rather Very Intelligent System) from the film Iron Man. Essentially an artificial intelligence guide to help design nanoparticles with controlled delivery properties for agriculture," Giraldo said. "We can follow up these twin simulations with real-life plant experiments for feedback on the models."

"Nano-enabled precision delivery of active agents in plants will transform agriculture, but there are critical technical challenges that we must first overcome to realize the full range of its benefits," said Greg Lowry, Carnegie Mellon engineering professor and co-corresponding author of the review paper.

"I'm optimistic about the future of plant nanobiotechnology approaches and the beneficial impacts it will have on our ability to sustainably produce food."



																																																					
																				
																						More information:
												Towards realizing nano-enabled precision delivery in plants, Nature Nanotechnology (2024). DOI: 10.1038/s41565-024-01667-5
																						
																						

																					

                               											
																					
                              										                                        
										
										
											 
												Citation:
												Better farming through nanotechnology: An argument for applying medical insights to agriculture (2024, June 6)
												retrieved 6 June 2024
												from https://phys.org/news/2024-06-farming-nanotechnology-argument-medical-insights.html
											 

											 
											 This document is subject to copyright. Apart from any fair dealing for the purpose of private study or research, no
											 part may be reproduced without the written permission. The content is provided for information purposes only.
											 

										

                                        
									

								



This article was downloaded by calibre from https://phys.org/news/2024-06-farming-nanotechnology-argument-medical-insights.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Unlocking RNA functionality: A redox-responsive approach
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                Schematic showing the development of a new strategy for ribonucleic acid (RNA) delivery and reversible control. This method involves modifying the RNA with the addition of a disulfide bond that prevents it from interacting with cellular machinery. When introduced into a cellular environment with reducing agents, this modification is reversed, allowing the RNA to exert its desired effect. Credit: Angewandte Chemie International Edition
            
        

    


National University of Singapore (NUS) chemists have developed a strategy using disulfide-containing small molecules to facilitate the reversible control and delivery of ribonucleic acid (RNA).



										      
         
        
        
        

      

																					
RNA-based therapeutics have emerged as one of the most sought-after therapeutic modalities in recent years. However, RNA delivery remains a major challenge in the field. Lipid nanoparticles, despite being widely used for RNA delivery including the delivery of COVID-19 mRNA vaccines, face several limitations such as their effectiveness and safety. Alternative methods that can potentially overcome these limitations are highly desirable.

A research team led by Assistant Professor Zhu Ru-Yi, from the Department of Chemistry at NUS have developed a method that takes advantage of a chemical process called post-synthetic RNA acylation chemistry, and combined it with dynamic disulfide exchange reaction for RNA delivery and reversible control. The research findings are published in the journal Angewandte Chemie International Edition.

This method provides a way to mask the RNA molecule, and researchers can potentially regulate its activity and delivery until it reaches its target site within the cell.

The researchers found that by adding special chemical markers (disulfide-containing groups) to the RNA, these groups can block RNA's catalytic activity and folding, temporarily hiding the instructions. Then, when needed, they can activate the RNA by removing these markers, allowing cells to read and act upon the instructions again.

This strategy allows the RNA to enter cells quickly, distribute effectively, and become active in the cell's cytosol without getting trapped in lysosomes. The researchers believe that their methodology will be accessible to laboratories engaged in RNA biology and holds promise as a versatile platform for RNA-based applications.

Prof Zhu said, "Our studies showcase the first example of RNA delivery into cells using only small molecules."

"The simplicity of our method for modifying RNA and the unique delivery mechanism will undoubtedly attract more researchers to adopt and improve the method. We believe that our work will facilitate numerous applications in the field of RNA biology and biomedicines," added Prof Zhu.

Looking ahead, the research team is actively designing new strategies to modify RNA and improve RNA-based therapeutics.



																														
																				
																						More information:
												Junsong Guo et al, RNA Control via Redox-Responsive Acylation, Angewandte Chemie International Edition (2024). DOI: 10.1002/anie.202402178
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Unlocking the transformative potential of 2D materials to advance next-generation electronics
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                Hydromechanical strategy for aligned 2D material growth. Credit: Matter (2024). DOI: 10.1016/j.matt.2024.04.013
            
        

    


Van der Waals (vdW) dielectrics are widely used in nanoelectronics to preserve the intrinsic properties of two-dimensional (2D) semiconductors. However, achieving aligned growth of 2D semiconductors and their direct utilization on original vdWs epitaxial dielectrics to avoid disorders poses significant challenges.



										    
																																	
To overcome these challenges, researchers from the City University of Hong Kong (CityUHK) developed a hydromechanical strategy for aligned 2D material synthesis, pushing forward high-performance devices with as-grown 2D materials/vdWs dielectrics.

The findings, titled "Orientation-engineered 2D electronics on van der Waals dielectric," were published in the journal Matter.

"Directly utilizing 2D semiconductors on their as-grown substrates is significant in avoiding disorder-induced performance degradation of electronic devices. Our progress in this work ingeniously avoids the traditional material transfer process, which has substantial technological implications for unlocking the transformative potential of 2D materials," explained Professor Johnny Ho, Associate Vice-President (Enterprise) and Professor in the Department of Materials Science and Engineering at CityUHK, who led the study.
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                Study on the epitaxy relationship with vdWs dielectrics. Credit: Matter (2024). DOI: 10.1016/j.matt.2024.04.013
            
        

    



Leveraging the hydromechanical strategy developed in this study, the research team can control the preferential orientations of 2D materials on vdWs dielectrics. This breakthrough is highly significant, as it allows for the direct utilization of as-grown 2D materials on vdW dielectrics at the device level, minimizing the detrimental effects caused by disorder-induced performance degradation.


																																						
    
     




																																			In addition, establishing the quantitative criterion for the epitaxy relationship with vdWs dielectrics can be aptly viewed as a measure of our understanding and can guide experimental decisions effectively. This finding opens up exciting opportunities for realizing next-generation electronics on vdW dielectric platforms.

The imperative to mitigate disorder-induced performance degradation in electronic devices has driven demand for the direct utilization of as-grown 2D materials/vdW dielectric. "However, the paradox is that the as-grown 2D materials are meticulously detached from the original substrates onto proposed dielectrics for further device fabrication," said Professor Ho.
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                Study on the epitaxy relationship with vdWs dielectrics. Credit: Matter (2024). DOI: 10.1016/j.matt.2024.04.013
            
        

    



With this powerful methodology platform for synthesizing aligned 2D materials, predicting alignment directions, and preserving their intrinsic properties, future research can leverage this knowledge to develop novel manufacturing techniques, enabling the production of high-performance electronic devices with enhanced functionality, reliability, and scalability. Such devices may include large-scale integrated circuits, flexible and wearable electronics, advanced optoelectronic devices, quantum technologies, etc.

Looking ahead, the research team aims primarily to transfer this technique to other 2D material systems to investigate their inherent properties and explore potential avenues for large-scale device integration. These endeavors aim to unlock further the transformative potential of aligned 2D materials on van der Waals dielectrics for developing innovative electronic devices.



																																																					
																				
																						More information:
												Weijun Wang et al, Orientation-engineered 2D electronics on van der Waals dielectrics, Matter (2024). DOI: 10.1016/j.matt.2024.04.013
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Safer, cheaper, more flexible battery invented for wearable tech

										


    
        
            [image: Safer, cheaper, more flexible battery invented for wearable tech]
             
                The discharging and charging mechanism of the battery (top), and its self-healing mechanism (bottom). Credit: Nano Research Energy, Tsinghua University
            
        

    


Researchers have developed a safer, cheaper, better performing and more flexible battery option for wearable devices. A paper describing the "recipe" for their new battery type was published in the journal Nano Research Energy on June 3.




										      
         
        
        
        

      

																																	Fitness trackers. Smart watches. Virtual-reality headsets. Even smart clothing and implants. Wearable smart devices are everywhere these days. But for greater comfort, reliability and longevity, these devices will require greater levels of flexibility and miniaturization of their energy storage mechanisms, which are often frustratingly bulky, heavy and fragile. On top of this, any improvements cannot come at the expense of safety.

As a result, in recent years, a great deal of battery research has focused on the development of "micro" flexible energy storage devices, or MFESDs. A range of different structures and electrochemical foundations have been explored, and among them, aqueous micro batteries offer many distinct advantages.

Aqueous batteries--those that use a water-based solution as an electrolyte (the medium that allows transport of ions in the battery and thus creating an electric circuit) are nothing new. They have been around since the late 19th century.

However, their energy density--or the amount of energy contained in the battery per unit of volume--is too low for use in things like electric vehicles as they would take up too much space. Lithium-ion batteries are far more appropriate for such uses.

At the same time, aqueous batteries are much less flammable, and thus safer, than lithium-ion batteries. They are also much cheaper. As a result of this more robust safety and low cost, aqueous options have increasingly been explored as one of the better options for MFESDs. These are termed aqueous micro batteries, or just AMBs.


																																						
    
     




																																			"Up till now, sadly, AMBs have not lived up to their potential," said Ke Niu, a materials scientist with the Guangxi Key Laboratory of Optical and Electronic Materials and Devices at the Guilin University of Technology--one of the lead researchers on the team. "To be able to be used in a wearable device, they need to withstand a certain degree of real-world bending and twisting. But most of those explored so far fail in the face of such stress."

To overcome this, any fractures or failure points in an AMB would need to be self-healing following such stress. Unfortunately, the self-healing AMBs that have been developed so far have tended to depend on metallic compounds as the carriers of charge in the battery's electric circuit.

This has the undesirable side-effect of strong reaction between the metal's ions and the materials that the electrodes (the battery's positive and negative electrical conductors) are made out of. This in turn reduces the battery's reaction rate (the speed at which the electrochemical reactions at the heart of any battery take place), drastically limiting performance.

"So we started investigating the possibility of non-metallic charge carriers, as these would not suffer from the same difficulties from interaction with the electrodes," added Junjie Shi, another leading member of the team and a researcher with the School of Physics and Center for Nanoscale Characterization & Devices (CNCD) at the Huazhong University of Science and Technology in Wuhan.


																																			The research team alighted upon ammonium ions, derived from abundantly available ammonium salts, as the optimal charge carriers. They are far less corrosive than other options and have a wide electrochemical stability window.

"But ammonium ions are not the only ingredient in the recipe needed to make our batteries self-healing," said Long Zhang, the third leading member of the research team, also at CNCD.

For that, the team incorporated the ammonium salts into a hydrogel--a polymer material that can absorb and retain a large amount of water without disturbing its structure. This gives hydrogels impressive flexibility--delivering precisely the sort of self-healing character needed. Gelatin is probably the most well-known hydrogel, although the researchers in this case opted for a polyvinyl alcohol hydrogel (PVA) for its great strength and low cost.

To optimize compatibility with the ammonium electrolyte, titanium carbide--a "2D" nanomaterial with only a single layer of atoms--was chosen for the anode (the negative electrode) material for its excellent conductivity. Meanwhile, manganese dioxide, already commonly used in dry cell batteries, was woven into a carbon nanotube matrix (again to improve conductivity) for the cathode (the positive electrode).

Testing of the prototype self-healing battery showed it exhibited excellent energy density, power density, cycle life, flexibility, and self-healing even after ten self-healing cycles.

The team now aims to further develop and optimize their prototype in preparation for commercial production.


																																																					
																				
																						More information:
												Ke Niu et al, A self-healing aqueous ammonium-ion micro batteries based on PVA-NH 4Cl hydrogel electrolyte and MXene-integrated perylene anode, Nano Research Energy (2024). DOI: 10.26599/NRE.2024.9120127
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        Physics collaboration pushes an information engine to its limits
        The molecules that make up the matter around us are in constant motion. What if we could harness that energy and put it to use?

      

      
        Exotic black holes could be a byproduct of dark matter
        For every kilogram of matter that we can see--from the computer on your desk to distant stars and galaxies--there are 5 kilograms of invisible matter that suffuse our surroundings. This "dark matter" is a mysterious entity that evades all forms of direct observation yet makes its presence felt through its invisible pull on visible objects.

      

      
        Calcium oxide's quantum secret: Nearly noiseless qubits
        Calcium oxide is a cheap, chalky chemical compound commonly used in the manufacturing of cement, plaster, paper, and steel. But the material may soon have a more high-tech application.

      

      
        
          	
            Nanotechnology
          
          	
            Sections
          
          	
            Space and Earth
          
        

      

    

  
	
	Articles
	Sections
	Next



Physics collaboration pushes an information engine to its limits

										

    
        
            [image: Physics collaboration pushes an information engine to its limits]
             
                Schematic diagram of the experimental set-up. AOD = Acousto-Optic Deflector, FPGA = field-programmable gate array, QPD = quadrant photodiode, L = lenses, M = mirrors, F1-3 = dichroic mirrors. Representative components are not to scale. Credit: Advances in Physics: X (2024). DOI: 10.1080/23746149.2024.2352112
            
        

    


The molecules that make up the matter around us are in constant motion. What if we could harness that energy and put it to use?



										      
         
        
        
        

      

																																	
Over 150 years ago, Maxwell theorized that if molecules' motion could be measured accurately, this information could be used to power an engine. Until recently this was a thought experiment, but technological breakthroughs have made it possible to build working information engines in the lab.

SFU Physics professors John Bechhoefer and David Sivak teamed up to build an information engine and test its limits. Their work has greatly advanced our understanding of how these engines function, and a paper led by postdoctoral fellow Johan du Buisson and published recently in Advances in Physics: X summarizes the findings made during their collaboration.

"We live in a world full of extra unused energy that potentially could be used," says Bechhoefer. Understanding how information engines function can not only help us put that energy to work, it can also suggest ways that existing engines could be redesigned to use energy more efficiently, and help us learn how biological motors work in organisms and the human body.

The team's information engine consists of a tiny bead in a water bath that is held in place with an optical trap. When fluctuations in the water cause the bead to move in the desired direction, the trap can be adjusted to prevent the bead from returning to the place where it was before. By taking accurate measurements of the bead's location and using that information to adjust the trap, the engine is able to convert the heat energy of the water into work.


																																						
    
     




																																			To understand how fast and efficient the engine could be, the team tested multiple variables such as the mass of the bead and sampling frequency, and developed algorithms to reduce the uncertainty of their measurements.

"Stripped down to its simplest essence, we can systematically understand how things like temperature and the size of the system changes the things we can take advantage of," Sivak says. "What are the strategies that work best? How do they change with all those different properties?"
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                Energy flows in conventional and information engines used to displace a bead. Credit: Advances in Physics: X (2024). DOI: 10.1080/23746149.2024.2352112
            
        

    



The team was able to achieve the fastest speed recorded to date for an information engine, approximately ten times faster than the speed of E. coli, and comparable to the speed of motile bacteria found in marine environments.

Next, the team wanted to learn if an information engine could harvest more energy than it costs to run. "In equilibrium, that's always a losing game," Bechhoefer says. "The costs of gathering the information and processing it will always exceed what you're getting out of it, but when you have an environment that has extra energy, [molecules doing] extra jiggling around, then that can change the balance if it's strong enough."

They found that in a non-equilibrium environment, where the engine was in a heat bath with a higher temperature than the measuring apparatus, it could output significantly more power than it cost to run.


																																			All energy on Earth comes from the sun, and it eventually radiates out into space. That directional flow of energy manifests itself in many different ways, such as wind or ocean currents that can be harvested. Understanding the principles behind information engines can help us make better use of that energy.

"We're coming at [energy harvesting] from a very different point of view, and we hope that this different perspective can lead to some different insights about how to be more efficient," Bechhoefer says.

The pair is looking forward to working together on other projects in the future. "We were lucky to get a joint grant together. That really helped with the collaboration," says Bechhoefer.

Sivak, a theorist, and Bechhoefer, an experimentalist, bring complementary approaches to their work, and they have been able to attract trainees who want to work with both. "We have different styles in terms of how we go about mentoring and leading a group," says Sivak. "Our students and post-docs can benefit from both approaches."



																																																					
																				
																						More information:
												Johan du Buisson et al, Performance limits of information engines, Advances in Physics: X (2024). DOI: 10.1080/23746149.2024.2352112
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For every kilogram of matter that we can see--from the computer on your desk to distant stars and galaxies--there are 5 kilograms of invisible matter that suffuse our surroundings. This "dark matter" is a mysterious entity that evades all forms of direct observation yet makes its presence felt through its invisible pull on visible objects.



										      
         
        
        
        

      

																																	
Fifty years ago, physicist Stephen Hawking offered one idea for what dark matter might be: a population of black holes, which might have formed very soon after the Big Bang.

Such "primordial" black holes would not have been the goliaths that we detect today, but rather microscopic regions of ultradense matter that would have formed in the first quintillionth of a second following the Big Bang and then collapsed and scattered across the cosmos, tugging on surrounding space-time in ways that could explain the dark matter that we know today.

Now, MIT physicists have found that this primordial process also would have produced some unexpected companions: even smaller black holes with unprecedented amounts of a nuclear-physics property known as "color charge."

These smallest, "super-charged" black holes would have been an entirely new state of matter, which likely evaporated a fraction of a second after they spawned. Yet they could still have influenced a key cosmological transition: the time when the first atomic nuclei were forged.

The physicists postulate that the color-charged black holes could have affected the balance of fusing nuclei, in a way that astronomers might someday detect with future measurements. Such an observation would point convincingly to primordial black holes as the root of all dark matter today.

"Even though these short-lived, exotic creatures are not around today, they could have affected cosmic history in ways that could show up in subtle signals today," says David Kaiser, the Germeshausen Professor of the History of Science and professor of physics at MIT. "Within the idea that all dark matter could be accounted for by black holes, this gives us new things to look for."

Kaiser and his co-author, MIT graduate student Elba Alonso-Monsalve, have published their study in the journal Physical Review Letters.


																																						
    
     




																																			A time before stars

The black holes that we know and detect today are the product of stellar collapse, when the center of a massive star caves in on itself to form a region so dense that it can bend space-time such that anything--even light--gets trapped within. Such "astrophysical" black holes can be anywhere from a few times as massive as the sun to many billions of times more massive.

"Primordial" black holes, in contrast, can be much smaller and are thought to have formed in a time before stars. Before the universe had even cooked up the basic elements, let alone stars, scientists believe that pockets of ultradense, primordial matter could have accumulated and collapsed to form microscopic black holes that could have been so dense as to squeeze the mass of an asteroid into a region as small as a single atom. The gravitational pull from these tiny, invisible objects scattered throughout the universe could explain all the dark matter that we can't see today.

If that were the case, then what would these primordial black holes have been made from? That's the question Kaiser and Alonso-Monsalve took on with their new study.

"People have studied what the distribution of black hole masses would be during this early-universe production but never tied it to what kinds of stuff would have fallen into those black holes at the time when they were forming," Kaiser explains.


																																			Super-charged rhinos

The MIT physicists looked first through existing theories for the likely distribution of black hole masses as they were first forming in the early universe.

"Our realization was, there's a direct correlation between when a primordial black hole forms and what mass it forms with," Alonso-Monsalve says. "And that window of time is absurdly early."

She and Kaiser calculated that primordial black holes must have formed within the first quintillionth of a second following the Big Bang. This flash of time would have produced "typical" microscopic black holes that were as massive as an asteroid and as small as an atom. It would have also yielded a small fraction of exponentially smaller black holes, with the mass of a rhino and a size much smaller than a single proton.

What would these primordial black holes have been made from? For that, they looked to studies exploring the composition of the early universe, and specifically, to the theory of quantum chromodynamics (QCD)--the study of how quarks and gluons interact.

Quarks and gluons are the fundamental building blocks of protons and neutrons--elementary particles that combined to forge the basic elements of the periodic table. Immediately following the Big Bang, physicists estimate, based on QCD, that the universe was an immensely hot plasma of quarks and gluons that then quickly cooled and combined to produce protons and neutrons.


																																						
    
     




																																			The researchers found that, within the first quintillionth of a second, the universe would still have been a soup of free quarks and gluons that had yet to combine. Any black holes that formed in this time would have swallowed up the untethered particles, along with an exotic property known as "color charge"--a state of charge that only uncombined quarks and gluons carry.

"Once we figured out that these black holes form in a quark-gluon plasma, the most important thing we had to figure out was, how much color charge is contained in the blob of matter that will end up in a primordial black hole?" Alonso-Monsalve says.

Using QCD theory, they worked out the distribution of color charge that should have existed throughout the hot, early plasma. Then they compared that to the size of a region that would collapse to form a black hole in the first quintillionth of a second. It turns out there wouldn't have been much color charge in most typical black holes at the time, as they would have formed by absorbing a huge number of regions that had a mix of charges, which would have ultimately added up to a "neutral" charge.

But the smallest black holes would have been packed with color charge. In fact, they would have contained the maximum amount of any type of charge allowed for a black hole, according to the fundamental laws of physics. Whereas such "extremal" black holes have been hypothesized for decades, until now no one had discovered a realistic process by which such oddities actually could have formed in our universe.

The super-charged black holes would have quickly evaporated, but possibly only after the time when the first atomic nuclei began to form. Scientists estimate that this process started around one second after the Big Bang, which would have given extremal black holes plenty of time to disrupt the equilibrium conditions that would have prevailed when the first nuclei began to form. Such disturbances could potentially affect how those earliest nuclei formed, in ways that might some day be observed.

"These objects might have left some exciting observational imprints," Alonso-Monsalve muses. "They could have changed the balance of this versus that, and that's the kind of thing that one can begin to wonder about."



																																																					
																				
																						More information:
												Elba Alonso-Monsalve et al, Primordial Black Holes with QCD Color Charge, Physical Review Letters (2024). DOI: 10.1103/PhysRevLett.132.231402. journals.aps.org/prl/abstract/ ... ysRevLett.132.231402
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Calcium oxide's quantum secret: Nearly noiseless qubits
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                Researchers led by UChicago Pritzker School of Molecular Engineering Professor Giulia Gall, together with collaborators in Sweden, used theoretical and computational approaches to discover how defects in simple calcium oxide can produce qubits with a handful of promising properties. Credit: UChicago Pritzker School of Molecular Engineering / Peter Allen
            
        

    


Calcium oxide is a cheap, chalky chemical compound commonly used in the manufacturing of cement, plaster, paper, and steel. But the material may soon have a more high-tech application.



										      
         
        
        
        

      

																																	
UChicago Pritzker School of Molecular Engineering researchers and their collaborator in Sweden have used theoretical and computational approaches to discover how tiny, lone atoms of bismuth embedded within solid calcium oxide can act as qubits--the building blocks of quantum computers and quantum communication devices. These qubits are described today in Nature Communications.

"This system has even better properties than we expected," said Giulia Galli, Liew Family Professor at Pritzker Molecular Engineering and Chemistry and senior author of the new work. "It has an incredibly low level of noise, can hold information for a long time, and is not made with a fancy, expensive material."

A quantum bit, or qubit, is the basic unit of information that encodes data in quantum computing. Today, researchers have developed many different types of qubits, which are often composed of tiny point defects within semiconducting materials.

Some of the properties of these defects can be used to store pieces of information. However, many existing qubits are incredibly fragile; electronic or magnetic "noise" in their surroundings can change their properties, erasing any information that was encoded within them.


																																						
    
     




																																			In 2022, a collaboration between scientists in Japan and the groups of David Awschalom and Galli simulated the properties of more than 12,000 materials to discover new potential solids that could contain promising defects acting as qubits. That work turned up calcium oxide as one of a number of materials with the potential to contain qubits that encoded information with very low levels of noise for an especially long period of time.

"Our previous work told us that if you find the right defects to put within its structure, calcium oxide would be a perfect medium for storing quantum information," said Nikita Onizhuk, a postdoctoral fellow in the Galli group and one of the authors of the paper. "So our new goal was to find the ideal defect."

In the new paper, Galli and her colleagues used a series of computational methods that were established over recent years to screen more than 9,000 different defects within calcium oxide for their potential as qubits. The results pointed toward one type of defect--in which an antimony, bismuth or iodine atom is embedded within the usual structure of calcium and oxygen that make up calcium oxide.

"We never could have guessed that these exact defects would be so promising," said Joel Davidsson of Linkoping University, the first author of the paper and the main developer of the high-throughput approach used to discover novel spin defects. "The only way to do this was with thorough and unbiased screen procedures."

Galli's team then showed through their modeling approaches that the bismuth defect within calcium oxide can theoretically encode data with little noise and for relatively long periods of time (multiple seconds compared to the milliseconds of coherence shown by many qubits). It also has the potential to mesh well with telecommunications devices because of the material's refractive index and its ability to emit photons of light.

Galli and collaborators are now working with experimental groups who can build the calcium-oxide-based materials and test whether the predictions hold true.

"We're at the very early stages, but from a fundamental science point of view, we think this material is very promising," Galli said.



																																																					
																				
																						More information:
												Joel Davidsson et al, Discovery of atomic clock-like spin defects in simple oxides from first principles, Nature Communications (2024). DOI: 10.1038/s41467-024-49057-8
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        Molecules derived from sea sponge show promising effects in cancer, mitochondrial function
        A groundbreaking study led by the USC Leonard Davis School of Gerontology in collaboration with Dominican University of California explores how small molecules derived from sea sponges affect energy production in mitochondria and details their remarkably targeted effects on various types of cancers.

      

      
        Enzyme research reveals why some cancer drugs cause severe side effects
        Some cancer drugs cause severe side effects because they are not working accurately enough. A team at the University of Wurzburg led by biochemist Caroline Kisker has now discovered why.

      

      
        Researchers discover how nature repurposes ammonium transporters as receptors
        A team led by Freiburg biochemist Prof. Dr. Susana Andrade has characterized a new membrane protein that allows microorganisms to repurpose ammonium transporters (Amts) as receptors.

      

      
        Engineering enzymes to break down microplastics in sewage and wastewater
        There are over 5 billion tons of plastic waste accumulated across the planet, much of which are microplastics that may harm human health and pose a long-term threat to agricultural productivity and food security. The gargantuan task of cleaning up this pollution could be aided by a tiny protein: a specialized enzyme designed to break down plastics into simple components that natural bacteria in the environment can use as a food source.

      

      
        A cracking discovery: Eggshell waste can recover rare earth elements needed for green energy
        A collaborative team of researchers has made a cracking discovery with the potential to make a significant impact in the sustainable recovery of rare earth elements (REEs), which are in increasing demand for use in green energy technologies. The team found that humble eggshell waste could recover REES from water, offering a new, environmentally friendly method for their extraction.

      

      
        Researchers successfully fabricate magneto-optical ceramics
        A team of material scientists led by Jiang Li from Shanghai Institute of Ceramics, Chinese Academy of Sciences, in Shanghai, China recently reported (Tb1-xYx)3Al5O12 magneto-optical ceramics with high optical quality. The optical transmittance, microstructure, Verdet constant, and thermal conductivity of (Tb1-xYx)3Al5O12 with different Y content were investigated in detail.

      

      
        Atomizer of history: How perfume research has shaped a century of scientific innovation
        Is the quest for the perfect top notes responsible for some of the world's most influential scientific discoveries? A new article in the journal Isis argues that fragrance research has stimulated scientific endeavor for over a century, but that its contributions have been overlooked due to perfume's stigma as a frivolous, feminine luxury.

      

      
        
          	
            Space and Earth
          
          	
            Sections
          
          	
            Biology
          
        

      

    

  
	Previous
	Articles
	Sections
	Next




										

    
        
            [image: Molecules derived from sea sponge show promising effects in cancer, mitochondrial function]
             
                Credit: GeroScience (2024). DOI: 10.1007/s11357-024-01144-w
            
        

    


A groundbreaking study led by the USC Leonard Davis School of Gerontology in collaboration with Dominican University of California explores how small molecules derived from sea sponges affect energy production in mitochondria and details their remarkably targeted effects on various types of cancers.



										      
         
        
        
        

      

																																	
The study's co-corresponding authors were USC Leonard Davis School Assistant Professor Ryo Sanabria and Tyler Johnson, associate professor of chemistry at Dominican University, and first author was Naibedya Dutta, postdoctoral fellow in the Sanabria lab. The findings are published in the journal GeroScience.

The research focused on mycothiazole (MTZ), a molecule found in the marine sponge C. mycofijiensis, and its synthetic analog 8-O-acetylmycothiazole (8-OAc). These molecules demonstrated significant efficiency in inhibiting the function of electron transport chain (ETC) complex I, a key component of mitochondrial energy production.

Potential against cancer

The study compared both molecules to the more extensively studied ETC inhibitor rotenone. Mainly used as an agricultural pesticide, rotenone has exhibited anti-cancer properties in human cells in previous studies. However, in this study, rotenone also displayed significant toxicity to non-cancer cells in addition to its effect on cancerous cells.

Both MTZ and 8-OAc exhibited higher toxicity against liver carcinoma, breast cancer, and glioblastoma cells compared to non-cancerous cells in vitro, demonstrating markedly better selectivity than rotenone. Notably, 8-OAc, which is more shelf-stable than MTZ, showed the best selectivity for cancer cells versus healthy cells, highlighting its potential in future therapeutic development, Sanabria said.

"When we test the drugs in human cells, they preferentially target cancer cells for cell death pathways. It does so very robustly; we're getting anywhere from 60% to 80% cell death in cancer cells," they said.

"But when we treat non-cancer cells with the exact same concentrations, we're getting very little effect. Not only are we not seeing any cell death, these drugs basically have no change to the transcriptome of non-cancer cells, which suggests that it's really doing nothing to the non-cancerous cells at the same concentrations that it's able to kill cancer cells."


																																						
    
     




																																			Effects on aging

Further in vivo experiments in the worm C. elegans revealed the molecules' ability to extend lifespan when they were administered during adulthood. Both molecules appear to activate a mitochondria-specific unfolded protein response pathway, but interestingly, MTZ and 8-OAc employed distinct parts of the pathway to promote longevity.

Sanabria said that MTZ and 8-OAc's effects on mitochondrial function are an example of mitochondrial hormesis--the idea that applying a small amount of stress to the mitochondria and inhibiting its function slightly can trigger cellular responses that are ultimately beneficial for health and lifespan, such as increasing the targeting of old or unhealthy cells for death by apoptosis.

"Our next step is to test whether these drugs will have senolytic capacity. This is a really important thing in anti-cancer therapy because one of the things that happens with cancer treatment is that you actually increase senescent cell burden in the patient," Sanabria explained.

"Cancer cells are uncontrolled cell growth, and if you're trying to stop cell growth, then you make senescent cells, or cells that have stopped growing. Increased senescent cell load can increase inflammation and can have other negative side effects; that's one of the reasons why people who have had cancer treatment can have very rapid premature aging.

"If we can find drugs that have both anti-cancer and anti-senescence activities, it overcomes the biggest hurdle of the current anti-cancer therapeutic market."



																																																					
																				
																						More information:
												Naibedya Dutta et al, Investigating impacts of the mycothiazole chemotype as a chemical probe for the study of mitochondrial function and aging, GeroScience (2024). DOI: 10.1007/s11357-024-01144-w
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                The structure of USP28 in complex with the inhibitor AZ1. All amino acids that are similar (yellow) or identical (green) to USP25 are highlighted. In particular, the region where the inhibitor binds (marked with a red arrow) is identical in both proteins. Credit: EMBO Reports (2024). DOI: 10.1038/s44319-024-00167-w
            
        

    


Some cancer drugs cause severe side effects because they are not working accurately enough. A team at the University of Wurzburg led by biochemist Caroline Kisker has now discovered why.



										      
         
        
        
        

      

																																	
The small protein ubiquitin is involved in almost every cellular process in our body: it orchestrates the stability and function of the vast majority of proteins. When it binds to other proteins, they are often released for degradation. However, this labeling can also be reversed by special enzymes. The enzyme USP28, for example, is known to stabilize proteins that are important for cell growth and division--these can also play an important role in cancer growth.

In order to reduce the stability of these proteins and thus inhibit cancer growth, inhibitors of USP28 have been developed. These inhibitors, which form the basis of many anti-cancer drugs currently in development, disrupt cell division by blocking the USP28 enzyme. The problem is that they often act not only against USP28 but also against USP25, a closely related enzyme that separates ubiquitin from other proteins and is considered a key protein of the immune system.

Further development of USP28 inhibitors into therapeutics that can be used in the clinic is therefore very difficult because of the foreseeable side effects--ranging from gastrointestinal problems to nerve damage and even autoimmune diseases.
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Risk of confusion between the two enzymes

Researchers at the University of Wurzburg (JMU) have now discovered why inhibitors not only target USP28, but also USP25. "Apparently, there is a high risk of confusion between USP28 and USP25," explains Caroline Kisker, Chair of Structural Biology at the Rudolf Virchow Center in Wurzburg and Vice President for Research and Young Scientists.

"We have been able to show that the two enzymes are very similar or even identical in many areas, including precisely where the inhibitors act."

As part of her research, the biochemist's team used X-ray crystallography to analyze the structure of USP28 in combination with the three inhibitors "AZ1," "Vismodegib" and "FT206"--and thus determine the spatial binding site.

Further biochemical experiments on USP25 showed that the sites where the inhibitors bind to USP28 and USP25 are identical. "The inhibitors are therefore unable to distinguish where they bind," says Kisker. "This explains the non-specific effect."

The study is published in the journal EMBO Reports.

Discovery paves the way for the development of precise inhibitors

The new scientific findings provide an important basis for the search for more specific drugs with fewer side effects. Their development is the next major goal of the Wurzburg researchers.

"Our structural biology data allows us to modify existing inhibitors so that they only work against either USP25 or USP28," says Kisker. "We also want to look for inhibitors that bind to less similar enzyme sites. This will give these molecules greater targeting precision."
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												Jonathan Vincent Patzke et al, Structural basis for the bi-specificity of USP25 and USP28 inhibitors, EMBO Reports (2024). DOI: 10.1038/s44319-024-00167-w
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Researchers discover how nature repurposes ammonium transporters as receptors

										

    
        
            [image: How nature repurposes ammonium transporters as receptors]
             
                Membrane protein Sd-Amt1 in the bacterium Shewanella denitrificans. Credit: Susana Andrade
            
        

    


A team led by Freiburg biochemist Prof. Dr. Susana Andrade has characterized a new membrane protein that allows microorganisms to repurpose ammonium transporters (Amts) as receptors.



										    
																					
Ammonium transporters clearly distinguish between ammonium, potassium and water. This property has certainly contributed to their conversion into ammonium receptors in the course of evolution.

The newly discovered protein Sd-Amt1 utilizes ammonium cations as extracellular signals to increase the cytoplasmic level of the secondary messenger cyclic-di-GMP. It consists of a membrane-integral ammonium receptor domain linked to a cytoplasmic diguanylate cyclase transducer module.

The first authors of the study are Freiburg biochemists Dr. Tobias Pfluger and Dr. Mathias Gschell from the University of Freiburg. The results have been published in the journal Science Advances.

The research team's work combines modern biochemical, biophysical and bioinformatics tools to integrate high-resolution structural and functional data. They enabled the researchers to reveal the molecular details of ammonium-triggered signal binding, receptor activation and transducer modulation.

In collaboration with the bioinformatics group of Prof. Dr. Stefan Gunther from the Institute of Pharmaceutical Bioinformatics at the University of Freiburg, they were also able to show the extent to which the signal binding motif is conserved between prokaryotic and eukaryotic organisms. The work thus also provides a signature motif for identifying other ammonium receptors.



																														
																				
																						More information:
												Tobias Pfluger et al, How sensor Amt-like proteins integrate ammonium signals, Science Advances (2024). DOI: 10.1126/sciadv.adm9441
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Engineering enzymes to break down microplastics in sewage and wastewater
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                Hannah Zurier, then a graduate student, works in professor Julie Goddard's food science lab. Credit: Allison Usavage / Cornell University
            
        

    


There are over 5 billion tons of plastic waste accumulated across the planet, much of which are microplastics that may harm human health and pose a long-term threat to agricultural productivity and food security. The gargantuan task of cleaning up this pollution could be aided by a tiny protein: a specialized enzyme designed to break down plastics into simple components that natural bacteria in the environment can use as a food source.



										      
         
        
        
        

      

																																	
Julie Goddard, professor of food science, and her research team are engineering a unique enzyme that targets polyethylene terephthalate (PET), a common plastic used in packaging and textiles. Her lab has successfully engineered a new enzyme capable of breaking down plastic in the complex conditions found in sewage sludge, and she envisions a system in which these enzymes could someday help reduce microplastics in treated wastewater. Microorganisms are regularly used in wastewater treatment. This work was inspired by former graduate student Hannah Zurier, Ph.D., now a postdoctoral research scientist at Columbia University, and continues with doctoral candidate Sonia Su, Goddard said.

Wastewater treatment plants are a major source of microplastic pollution into the environment--and into agricultural fields. To avoid overuse of freshwater resources, and in recognition of growing global water scarcity, treated wastewater effluent is increasingly being used for agricultural irrigation. Although there is more public attention on microplastic pollution in oceans than in soils, far more microplastics are released into soils each year: four to 23 times as much.

"Wastewater reuse is an important strategy in the global fight against water scarcity, but it demands that the wastewater is free of contaminants, including microplastics," Goddard said.


																																						
    
     




																																			Microplastics--defined as plastic particles 5 mm or smaller--harm agriculture in myriad ways. They limit soil microorganisms' movement and access to nutrients, which in turn disrupts the microbes' critical role in soil nutrient cycling necessary for plant development. Microplastics in soil are absorbed directly into plants' seeds, roots and vascular systems, disrupting their ability to uptake water and nutrients, and passing through to the animals and humans who consume them.

The enzyme Goddard's lab is working with evolved within the bacteria Ideonella sakaiensis, which breaks down PET plastics in nature. It was discovered by a team of Japanese scientists outside a landfill and reported in Science in 2016. Since then, scientists have been scrambling to discover and engineer similar enzymes that can biodegrade plastics more quickly and under a range of conditions. Goddard's goal is to engineer enzymes that can break down microplastics into small products that can be used as energy sources for bacteria used in the wastewater treatment process.


																																			Think of these enzymes like precisely folded beaded necklaces, Goddard said; they're made up of strings of amino acids that can be changed so they fold in different ways, depending on what you want them to do. But while the metaphor is simple, the science certainly isn't: adapting these enzymes to work in the conditions present in sewage sludge requires genome sequencing the enzymes, running those sequences through complex software packages to identify which amino acids are most responsible for performing the tasks you want them to perform, engineering a huge number of potentially useful variants, and then building and testing those variants in the lab.

In addition, the conditions that exist in wastewater treatment are very different from conditions where the wild enzyme evolved--and can vary significantly from one facility to another--with wastewater treatment having higher temperatures and levels of organic material, and variable pH levels.

Goddard's lab is also working on a variant enzyme that can attach onto materials common in wastewater filters, which would enable recovery and re-use of these enzymes.

Since beginning her research on this topic in 2018, the need for microplastic removal has only increased. A groundbreaking study in January reported that there is 10 to 100 times as much microplastic in bottled water as previously believed, and the United Nations is currently debating an international treaty to limit plastic pollution.

"Water is a commodity that we know very well is limited," Goddard said. "We need to figure out how to remove microplastics from wastewater for it to be a viable alternative to freshwater use. In addition to health and environmental concerns, this is essential for the long-term economic sustainability of agriculture."
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A cracking discovery: Eggshell waste can recover rare earth elements needed for green energy
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                Composite image using high-resolution microscopy and spectroscopy showing the absorption and replacement processes of rare earth elements in the eggshell. Credit: Prof. Juan Diego Rodriguez-Blanco, Trinity College Dublin
            
        

    


A collaborative team of researchers has made a cracking discovery with the potential to make a significant impact in the sustainable recovery of rare earth elements (REEs), which are in increasing demand for use in green energy technologies. The team found that humble eggshell waste could recover REES from water, offering a new, environmentally friendly method for their extraction.



										      
         
        
        
        

      

																																	
The researchers, from Trinity College Dublin's School of Natural Sciences, and iCRAG, the Ireland Research Centre in Applied Geosciences, have just published their findings in the journal ACS Omega.

REEs, which are essential for the technologies used in electric cars and wind turbines, for example, are in increasing demand but in relatively short supply. As a result, scientists must find new ways of extracting them from the environment--and in sustainable ways, with current methods often harmful.

Here, the researchers discovered that calcium carbonate (calcite) in eggshells can effectively absorb and separate these valuable REEs from water.

The researchers placed eggshells in solutions containing REEs at various temperatures from a pleasant 25degC to a scorching 205degC, and for different time periods of up to three months. They found that the elements could enter the eggshells via diffusion along the calcite boundaries and the organic matrix, and, at higher temperatures, that the rare earth built new minerals on the eggshell surface.
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                Conceptual framework graphic. Credit: Prof. Juan Diego Rodriguez-Blanco, Trinity College Dublin
            
        

    



At 90degC, the eggshell surface helped recover formations of a rare earth compound called kozoite. As things got hotter, the eggshells underwent a complete transformation with the calcite shells dissolving and being replaced by polycrystalline kozoite. And at the highest temperature of 205degC, this mineral gradually transitioned into bastnasite, the stable rare earth carbonate mineral that is used by industry to extract REEs for technology applications.


																																						
    
     




																																			This innovative method suggests that waste eggshells could be repurposed as a low-cost, eco-friendly material to help meet the growing demand for REES, as the eggshells trap distinct rare earths within their structure over time.

Lead author Dr. Remi Rateau says, "This study presents a potential innovative use of waste material that not only offers a sustainable solution to the problem of rare earth element recovery but also aligns with the principles of circular economy and waste valorization."

Principal Investigator, Prof. Juan Diego Rodriguez-Blanco, emphasized the broader implications of the findings, adding, "By transforming eggshell waste into a valuable resource for rare earth recovery, we address critical environmental concerns associated with traditional extraction methods and contribute to the development of greener technologies."



																																																					
																				
																						More information:
												Remi Rateau et al, Utilization of Eggshell Waste Calcite as a Sorbent for Rare Earth Element Recovery, ACS Omega (2024). DOI: 10.1021/acsomega.4c00931
																						
																						

																					

                               											
																					
                              										                                        
										
										
											 
												Citation:
												A cracking discovery: Eggshell waste can recover rare earth elements needed for green energy (2024, June 5)
												retrieved 6 June 2024
												from https://phys.org/news/2024-06-discovery-eggshell-recover-rare-earth.html
											 

											 
											 This document is subject to copyright. Apart from any fair dealing for the purpose of private study or research, no
											 part may be reproduced without the written permission. The content is provided for information purposes only.
											 

										

                                        
									

								



This article was downloaded by calibre from https://phys.org/news/2024-06-discovery-eggshell-recover-rare-earth.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Researchers successfully fabricate magneto-optical ceramics
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                The photographs, in-line transmittance curves, Verdet constant of (Tb1-xYx)3Al5O12 ceramics, and the transmission electron microscopy (TEM) micrographs of the (Tb0.8Y0.2)3Al5O12 ceramics. Credit: Journal of Advanced Ceramics, Tsinghua University Press
            
        

    


A team of material scientists led by Jiang Li from Shanghai Institute of Ceramics, Chinese Academy of Sciences, in Shanghai, China recently reported (Tb1-xYx)3Al5O12 magneto-optical ceramics with high optical quality. The optical transmittance, microstructure, Verdet constant, and thermal conductivity of (Tb1-xYx)3Al5O12 with different Y content were investigated in detail.



										      
         
        
        
        

      

																																	
It was found that Y2O3 can suppress the secondary phase and improve the optical quality of TAG ceramics. As optical quality occupies one of the most important parts of the practical performance of magneto-optical ceramics, Y2O3 is considered to be a promising and effective additive.

The team published their research article in Journal of Advanced Ceramics on April 30, 2024.

In high-performance laser devices, Faraday isolators are one of the important components that can prevent the front-end system from disturbance and damage caused by a back-reflected beam. Magneto-optical materials are thus widely studied as they are key elements of Faraday isolators.

Among magneto-optical materials applied in the visible to near-infrared wavelength band, TAG ceramics have been considered to be one of the most promising materials thanks to their high Verdet constant and good thermo-optic properties. However, the manufacturing process of TAG ceramics should be further optimized to reduce the optical loss and make them applicable for practical use.

Optical scattering from the secondary phases is one of the most important problems for TAG ceramics, originating from the narrow solid-solution range. Based on the existing problems and difficulties of TAG ceramics, the research team proposed their own solutions.


																																						
    
     




																																			"As Y3+ has a smaller ionic radius compared with Tb3+, anti-site defect can more easily form after Y substitution in TAG, which implies a possibility of increasing the solid-solution range, suppressing the secondary phases, and improving the optical quality of TAG ceramics," said Jiang Li, senior author of the research paper, vice director of the Transparent Ceramics Research Center, Shanghai Institute of Ceramics, Chinese Academy of Sciences. Dr. Li is also a professor in Center of Materials Science and Optoelectronics Engineering, University of Chinese Academy of Sciences.

"In this work, Y2O3 was added in various amounts as an additive to investigate the mechanisms leading to improvement of the optical quality of TAG ceramics. (Tb1-xYx)3Al5O12 (x=0, 0.05, 0.1, 0.2, 0.3) ceramics were fabricated by solid-state reaction sintering. Vacuum sintering combined with hot isostatic pressing (HIP) post-treatment was conducted. The crystal structure, microstructure, optical transmittance, Verdet constant, and thermal properties for obtained ceramics were investigated in details," Jiang Li said.

The result is that Y2O3 improves the optical transmittance of the ceramics by suppressing the secondary phase, probably due to the increase of solubility.

"The (Tb0.8Y0.2)3Al5O12 ceramics possess the highest in-line transmittance value in this work, which is 82.9% at 1064 nm and 82.2% at 633 nm. The optical loss of the (Tb0.8Y0.2)3Al5O12 ceramics is nearly one order of magnitude lower than that of the obtained TAG ceramics in this work and in our previous works, showing that adding Y2O3 is a suitable method for improving the optical quality of TAG ceramics," said Jiang Li.


																																			The research team also found the side-effects caused by Y substitution. "Y2O3 additive reduces the Verdet constant of (Tb1-xYx)3Al5O12 ceramics as Y3+ substitutes Tb3+ thereby directly reducing the concentration of paramagnetic ions. And after adding 20 at.% Y, the thermal conductivity of the TAG ceramics decreases by 9.4% in this work," said Jiang Li.

After considering the factors comprehensively, the research team makes the assessment. Jiang Li said, "The optical loss directly affects the extinction ratio, insertion loss, change of beam quality, and many other performances for Faraday isolators, so it is one of the most concerned properties for magneto-optical ceramics. Therefore, Y2O3 can be preliminarily considered to be a promising and effective additive for improving quality of TAG ceramics for magneto-optical applications."

In the future, the research team will further reduce the optical loss coefficient and fabricate the (Tb1-xYx)3Al5O12 ceramics with larger aperture and thickness.

The other contributors include Lixuan Zhang, Dianjun Hu, Xiao Li, Ziyu Liu, Chen Hu, Lexiang Wu, and Tingsong Li from the Transparent Ceramics Research Center at Shanghai Institute of Ceramics, Chinese Academy of Sciences in Shanghai, China; and Dariusz Hreniak from the Institute of Low Temperature and Structure Research, Polish Academy of Sciences in Wroclaw, Poland.
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												Lixuan Zhang et al, Effect of Y substitution on the microstructure, magneto-optical, and thermal properties of (Tb1-xYx )3Al5O12 transparent ceramics, Journal of Advanced Ceramics (2024). DOI: 10.26599/JAC.2024.9220875
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Atomizer of history: How perfume research has shaped a century of scientific innovation
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Is the quest for the perfect top notes responsible for some of the world's most influential scientific discoveries? A new article in the journal Isis argues that fragrance research has stimulated scientific endeavor for over a century, but that its contributions have been overlooked due to perfume's stigma as a frivolous, feminine luxury.



										      
         
        
        
        

      

																																	
In "Musk and the Making of Macromolecules: Perfumes and Polymers in the History of Organic Chemistry," author Galina Shyndriayeva demonstrates how tracing the history of perfume production clarifies and enriches the history of chemical innovation and industrial development.

Leopold Ruzicka, a recipient of the 1939 Nobel Prize in chemistry, was granted this honor in part due to a discovery he made while working for a Geneva-based perfume supplier: the synthesis of muscone, or artificial musk. Musk, a vital ingredient in the production of perfume, was expensive and time-consuming to source in its natural form, as it involved the hunting of male deer in Russia and the Himalayas region, and the musk pouches of up to fifty bucks were required to generate a single kilogram.

Ruzicka reproduced the substance chemically by identifying a molecular structure involving large rings, defying the prevailing theories of the time regarding atomic composition. The breakthrough was not only of great value to M. Naef, his employer, and the perfume industry at large, but also opened up avenues of other scientific research, "including study of previously unseen arrangements of atoms in space, new ring closure techniques, and identification of other biologically important molecules with a large ring structure, such as oxytocin."


																																						
    
     




																																			Ruzicka's muscone work and his study of large rings additionally paved the way for further inquiry by American scientist Wallace H. Carothers, a research chemist at the industrial behemoth DuPont. During the First World War, DuPont and other American industries had greatly expanded, and by the late 1920s and early 1930s the company was leveraging this prosperity to diversify its holdings and develop new products.

While Carothers was not directly engaged in work with perfume, he and organic chemist Julian W. Hill used Ruzicka's large ring findings to inform a new method of polymer synthesis that would ultimately lead to the invention of nylon and polyester.

"The codevelopment of knowledge about perfume and polymers," writes Shyndriayeva, "points to what was driving Ruzicka's and Carothers's research: investigation of some of the most pertinent theoretical questions about chemical structure at the time."

The unappreciated significance of perfume research reflects, Shyndriayeva notes, a more general disdain for scholarship regarding the "aesthetic-industrial complex." Some historians--and female historians, in particular--have attempted to correct this imbalance, turning their analysis to "the importance of looks and attractiveness as attributes mobilized for national and political agendas, as essential components for understanding race, class, and gender."

The article argues that the story of perfume is hardly just a frivolous footnote in the history of science--instead intersecting with the legacies of war, molecular structure, and global networks of commerce and development. The study of fragrance and other trivialized subjects could yield a richer, more diverse study of history, and offer up "new paths for reflection."
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												Galina Shyndriayeva, Musk and the Making of Macromolecules: Perfumes and Polymers in the History of Organic Chemistry, Isis (2024). DOI: 10.1086/730307
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      Read the latest science news from Phys.org on biology, evolution, microbiology, biotechnology


      
        Baobab seeds and seedlings floated from Madagascar to mainland Africa and all the way to Australia
        There are eight species of baobab in the world, and they have a surprising distribution. Six are found in Madagascar, an island in the Indian Ocean; one is found on the continent of Africa; and the last is far away in Australia.

      

      
        Cities contain pockets of nature--our study shows which species are most tolerant of urbanization
        The Earth is losing animals, plants and other living things so fast that some scientists believe the planet is entering its sixth mass extinction. But there's some surprising good news: Urban areas may be key to slowing down or even reversing this crisis.

      

      
        A fierce battle is being fought in the soil beneath our feet--and the implications for global warming could be huge
        As humanity continues to burn fossil fuels, the delicate balance of life on Earth is changing. That's true of trees, many of which are growing faster as a result of increased carbon dioxide (CO2) concentrations in our atmosphere.

      

      
        Study shows rewarding dogs with praise and petting helps them learn more efficiently
        Dogs' learning success is enhanced when they are not only rewarded with food, but also praised and petted for their good performance, according to a new study by researchers from the Department of Ethology at ELTE Eotvos Lorand University, published in Scientific Reports. The ethologists investigated the relations among emotions, learning and sleep. Their results shed light on how learning style and sleep affect dogs' behavior and learning success.

      

      
        How do you know where a fish goes? Scientists address gaps in marine animal tracking data
        When scientists want to study the long-distance movement of marine animals, they will instrument them with a small device called an acoustic transmitter--or tag--which emits unique signals or "pings." These signals are picked up by receivers anchored to the seafloor that record the date and time of each detection when the tagged animal comes within range.

      

      
        Fossil-hunting diver says he has found a large section of mastodon tusk off Florida's coast
        At first, fossil-hunting diver Alex Lundberg thought the lengthy object on the sea floor off Florida's Gulf Coast was a piece of wood. It turned out to be something far rarer, Lundberg said, a large section of tusk from a long-extinct mastodon.

      

      
        Increasing tropical cyclone frequency may have deadly consequences for seabird populations
        The increase in tropical cyclone frequency and intensity due to climate change could lead to dramatic declines in seabird populations, suggests a paper published in Communications Earth & Environment. The authors' conclusion is based on the impact of Cyclone Ilsa on Bedout Island, after the cyclone killed at least 80% of seabirds nesting on the island when it struck in April 2023.

      

      
        Q&A: Studies reveal gut's true stem cells, challenging previous assumptions
        Two independent studies by Columbia scientists suggest that research into the gut's stem cells over the past 15 years has been marred by a case of mistaken identity: Scientists have been studying the wrong cell.

      

      
        Study suggests marine cyanobacteria communicate via membrane nanotubes
        Three years ago, Maria del Carmen Munoz, a researcher at the University of Cordoba, was peering into an electron microscope to study the vesicles of marine cyanobacteria and found, almost accidentally, something she did not expect: structures that, although they had already been discovered years ago in other bacteria, had never been found in this type of living being, responsible for producing more than half of the oxygen on Earth.

      

      
        Structure and function of new lysosome transporter revealed
        Researchers have revealed the structure and function of a previously unknown lysosome transporter. The groups of Christian Low (CSSB, EMBL Hamburg), Markus Damme (Christian-Albrechts-University Kiel), and Bruno Gasnier (CNRS and Universite Paris Cite) have published their findings in Nature Cell Biology.

      

      
        Novel lipopeptide proves lethal against Staphylococcus aureus
        A novel antibacterial lipopeptide produced by the bacterium Serratia marcescens has been shown to be highly effective in killing Staphylococcus aureus--one of the most important pathogens occurring in humans.

      

      
        New model reveals how tubular tissues form uniform channels
        RIKEN scientists have developed a model that explains the orderly patterning process of cytoskeletons underlying the formation of a network of tubular structures that supply our bodies with the oxygen and nutrients we need to survive. The study is published in Nature Communications.

      

      
        How a protein component of nuclear pore complexes regulates development of blood cells, contributes to myeloid disorders
        Nuclear pore complexes (NPCs) are channels composed of multiple proteins that ferry molecules in and out of the nucleus, regulating many critical cellular functions, such as gene expression, chromatin organization and RNA processes that influence cell survival, proliferation, and differentiation.

      

      
        Diploid males in Argentine ants provide insight into sex determination
        What establishes the male or female sex of an ant? In humans, it is X and Y chromosomes that assume this function: Women have two X chromosomes while men have one X and one Y chromosome. In ants, bees, and wasps, the factor contributing to sex determination is known as haplodiploidy.

      

      
        Genetic code of the European green toad reveals a sex determination locus
        Researchers from the Leibniz Institute of Freshwater Ecology and Inland Fisheries (IGB) and the National University of Singapore have identified a gene locus responsible for sex determination in the European green toad. This reveals only the second known genetic mechanism for sex differentiation in amphibians. The study has been published in the journal Nature Communications.

      

      
        Tiny roundworms carve out unique parasitic niche inside pseudoscorpion's protective covering
        The early worm gets the arachnid, fossil research by an Oregon State University scientist has shown. In a parasitic first, a Baltic amber specimen has revealed that millions of years ago, tiny worms known as nematodes were living inside of and feeding on the outer protective layer of pseudoscorpions.

      

      
        Silkworms help grow better organ-like tissues in labs
        Biomedical engineers at Duke University have developed a silk-based, ultrathin membrane that can be used in organ-on-a-chip models to better mimic the natural environment of cells and tissues within the body. When used in a kidney organ-on-a-chip platform, the membrane helped tissues grow to recreate the functionality of both healthy and diseased kidneys.

      

      
        In situ microscopy gives atomic-level view of mitochondria
        Novel high-resolution microscopy technology is allowing researchers to see for the first time the dynamic processes of respiration in a native membrane environment at the atomic level. The new technique could help researchers better understand what's happening inside mitochondria and other organelles of diseased cells and identify new, more precise drug targets.

      

      
        Colombian underwater 'art gallery' serves as coral home
        On the Caribbean seafloor, an unusual sculpture gallery is taking shape with an equally unusual purpose: to provide homes for corals under threat from tourism and climate change.

      

      
        Tiger shark vomits echidna, shocking Australian scientists
        A tiger shark has surprised Australian scientists on an ocean research trip by regurgitating a spiky land-loving echidna in front of them.

      

      
        Democratizing plant research: A new cost-effective solution for advanced phenotyping
        Phenotyping, which involves assessing observable plant characteristics, is crucial for understanding plant development and response to environmental stresses. Traditional methods are often cumbersome, costly, and destructive, limiting research scope and scale. A new system of affordable, mobile, and high-throughput phenotyping tools is making the technology accessible to a wider range of users.

      

      
        The importance of the paradise fish in evolutionary and behavioral genetics research
        In Hungary, ethological research is most often identified with tests on dogs, but novel methodological advances could bring another species, the paradise fish, into the spotlight. Fish are easy to handle and produce numerous offspring, which could open up new possibilities for researchers in the fields of evolution and behavioral genetics. Researchers from ELTE Eotvos Lorand University have highlighted the importance of this old-new model animal in recent publications.

      

      
        Researchers harness drones and AI to monitor invasive stink bugs
        Researchers in Italy have unveiled the first successful application of commercial drones combined with artificial intelligence (AI) to monitor the invasive agricultural pest, Halyomorpha halys, commonly known as the brown marmorated stink bug. This research, published in the journal Pest Management Science, marks a significant advancement in the use of unmanned aerial vehicles (UAVs) for automated monitoring of invasive species.

      

      
        Unlocking salt tolerance: Sea lavender's genetic secret revealed
        Recent research has uncovered the genetic mechanisms behind sea lavender's (Limonium bicolor) salt tolerance by studying basic helix-loop-helix (bHLH) transcription factors. Identifying 187 bHLH genes, the study highlights their roles in salt gland development and stress responses. CRISPR-Cas9 validation demonstrated specific bHLH genes' critical role in enhancing salt tolerance, paving the way for future applications in crop improvement and saline soil management.

      

      
        Fountain of youth for plants: E3 ligase's role in leaf longevity
        A recent study uncovers the intricate molecular mechanisms that regulate leaf senescence in apple plants, focusing on the crucial role of the E3 ligase enzyme, MdPUB23, and its interaction with the ABI5 protein. This research provides valuable insights into how plants manage stress responses and maintain growth, offering potential applications in improving crop yield and stress resistance.
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There are eight species of baobab in the world, and they have a surprising distribution. Six are found in Madagascar, an island in the Indian Ocean; one is found on the continent of Africa; and the last is far away in Australia.



										      
         
        
        
        

      

																																	
The origin of this group of plants has fascinated people for a long time. I joined a global team of plant genetics and genomics researchers led by Tao Wan and Qing Feng Wang of the Wuhan Botanical Gardens in China and Ilia Leitch of the Royal Botanic Gardens at Kew in London to sequence, assemble and study the genomes of all eight baobab species.

Baobabs are remarkable keystone species, capable of supporting a wide diversity of animals for food and shelter. They can reach huge dimensions (depending on the species) in both height and diameter. The largest species can tower above the understory vegetation. When you encounter a big African baobab on its own, it really is like "Home Tree" in the movie Avatar, not only because of its size, but also because it supports such a huge variety of life.

From an in-depth analysis of genomic data, we were able to explore how much genetic diversity there is in each species. This is important because it can indicate how resilient each species is to some of the big environmental challenges baobabs are facing, such as land use problems and climate change, and hence their risk of extinction.

Our research found that the baobabs we see today all originated in Madagascar. They started evolving to form the distinct species around 21 million years ago. Later, two of these species traveled to Africa and Australia before the lineages went extinct in Madagascar.


																																						
    
     




																																			The evolutionary history of baobabs

In the baobab genomes, we found evidence of ancient hybridization between species. This means they must all have lived together on Madagascar at some point, and interbred. By adding geological and paleoclimate data, we were able to calculate that on Madagascar, different species of baobab evolved, influenced by ice ages and sea levels that rose and fell over millions of years.

The African species (Adansonia digitata), like the Australian species (Adansonia gregorii and also known as "boab"), almost certainly left Madagascar as seeds or seedlings, floating on piles of debris clumped together as rafts, that were carried out to sea by rivers swollen from flash storms. The early African baobab pioneer probably arrived within the last 12 million years.

From there it expanded in number, often with the help of elephants which eat its seeds. Many baobab seeds pass through elephants undamaged and are deposited in piles of dung, up to 65km away from where the elephant ate the baobab fruit.

We think that by the time the baobab trees spread across the continent to west Africa, a cell division mistake had occurred in the generation of the pollen or eggs, resulting in African baobab seedlings having increased chromosome numbers in their cells (from 88 to 168). Such an increase in chromosome number is common in plants and is known as polyploidy. Polyploidy is a process that genetically isolates the plant from its parents. Unlike most animals, plants can self pollinate to increase their numbers. Thus a genetic mistake, in rare circumstances, can generate a new species.


																																			The new polyploid baobab is then likely to have become the dominant species of Africa, replacing its parent lineages across the continent. This may have happened over about 2,500 years, based on calculations of how fast elephants can move baobab seeds.

I say that the polyploid baobab replaced its parents. But did it? We are currently investigating whether the ancient form of baobab (possibly a form named Adansonia kilima) still exists in Zimbabwe and on the slopes of Mount Kilimanjaro and beyond. Scientists assumed this after an analysis of baobab leaves and chromosome numbers in those areas suggested that they came from two different baobab species. But these reports remain to be verified. Further detective work is clearly needed to track down whether Adansonia kilima, the baobab with the original chromosome number of 88, still exists.

Their astonishing growth form

Baobabs are known as "the tree of life" because they support the surrounding ecosystem and the many forms of life that live in their hollow trunks, nest on and in their branches, and eat their nectar and fruits. The root systems are massive and help to slow down soil erosion and recycle nutrients.

The massive trunks are hollow cylinders of low-quality wood containing many water-filled living cells. Some of the largest and oldest baobab trees in Australia have been estimated to hold more than 100,000 liters of water. The water-filled cells of the trunk generate a hydrostatic pressure that gives the tree strength (the water acting a bit like air in a bouncy castle).

Unfortunately for the tree, the trunk can provide water for elephants. In particularly dry seasons, trees are damaged or destroyed as elephants strip the bark to get the water in the wood. The bark is also partially resistant to fire damage, which is essential for a plant that lives in savannah.

Baobab flowers are large and have evolved alongside large nocturnal, sugar eating animals like hawk moths, fruit bats and the lemurs of Madagascar.


																																						
    
     




																																			Why it matters

Two of the Madagascar species are already listed as endangered, based on the International Union for the Conservation of Nature Red List criteria. They exist in small numbers and can only survive in certain habitats, which are shrinking. They are not genetically diverse. We recommend that their extinction risk threat is raised to the next level, critically endangered, so that they can be protected.

Our research shows that a third, even rarer species (already assessed as critically endangered) is vulnerable to hybridisation--interbreeding with a more common species. This means that the rare species could become genetically swamped and lose its distinctiveness.

Practically, that may mean difficult conservation decisions, such as removing the commoner baobab species where they occur together, replanting the rarer baobab in suitable areas that lack the more common species, or just accepting that the two species will slowly lose their distinctiveness.
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                Urban tolerance for each of 12 taxonomic groups. Points within each plot are individual species responses; the vertical bar identifies the mean value for the group. Positive values indicate that animals are more likely to be found in urbanized areas; negative values indicate groups that favor natural spaces. Joseph Curti, CC BY-ND
            
        

    


The Earth is losing animals, plants and other living things so fast that some scientists believe the planet is entering its sixth mass extinction. But there's some surprising good news: Urban areas may be key to slowing down or even reversing this crisis.




										    
																																	
This idea may seem counterintuitive, since studies show that urbanization is a big driver of biodiversity loss. Cities alter the environment with artificial lighting and noise pollution, which affect many species. And urban land cover is expected to increase by 2.5% globally between 2000 and 2030 as more people move to cities.

As one measure of urbanization, half of the continent of Europe is less than 1 mile (1.5 kilometers) from a roadway or railway line. No location on the continent is more than 6 miles (10 kilometers) from these features.

But there are ways for cities to use nature-based solutions to slow species loss within their borders. At a major international conference on biodiversity loss in 2022, global leaders agreed to ambitious goals for restoring natural ecosystems across the planet, including targets aimed at "ensur[ing] biodiversity-inclusive urban planning."



    
    
    
        
        
    
         
             
         

        Urban nature-based solutions create, protect and restore natural areas in cities to support wildlife.
  

We are conservation and ecology researchers who work in Southern California and other settings. In our new study, we worked with colleagues to identify pockets within Los Angeles that host diverse native species communities. We even found that some groups of organisms seem to benefit from increased levels of urban development. And we developed a new metric for measuring how different species respond to urbanization, which city managers can use to develop local conservation strategies.


																																						
    
     




																																			Wild Los Angeles

Los Angeles is a city of nearly 3.9 million people, with a heavily urbanized landscape that's epitomized by its vast network of freeways and a mostly tame and channelized Los Angeles River. In the mid-20th century, car exhaust and industrial emissions produced thick smog that made going outside a health hazard and eventually spurred enactment of the 1970 Clean Air Act.

While smog does still regularly cloud the city's skies, Los Angeles's air is cleaner now than at any point in the past 50 years. And city leaders are setting ambitious targets for preserving nature across the metro area.

In the 2019 "Sustainable City pLAn," then-Mayor Eric Garcetti set a goal of achieving no net loss of biodiversity by 2050--in other words, preventing losses of living species or offsetting losses by adding new species. To track its progress, the city created a custom index to measure and assess biodiversity throughout Los Angeles. We helped to calculate a component of this index that measures the association of native species in Los Angeles with urbanization.

Los Angeles sits within the California Floristic Province, a global biodiversity hotspot. It's one of 36 designated areas in the world containing high amounts of endemic plants--species found nowhere else in the world--and that have experienced significant losses of their original plant communities.

Even in the most urbanized parts of the city, Angelinos share the streets with bats, thousands of birds, and even large predators like mountain lions. But scientists don't know yet exactly how levels of urbanization affect the wide variety of native animal species that call Los Angeles home.


																																			Slugs and snails lead the pack

To support the city's efforts to assess biodiversity and slow regional species loss, we collected data from iNaturalist, a free, publicly available app that anyone can use to identify and document observations of animals, plants and other living species. The app has amassed over 189 million records, and its data bank continues to grow.

We filtered this crowd-sourced data on species occurrence to control for the potential effect of observer bias--effects of how individuals choose to collect observations, which can show up in the data. For example, several people might upload observations of a single animal, making it seem as though multiple animals had been sighted. Or people might only upload observations from areas near roads, making it appear that wildlife was more abundant there, without looking for animals in more remote locations.

Our filtered dataset included over 500,000 observations recorded by 71,000 community scientists. This yielded occurrence records for 967 native species within about 93 miles (150 kilometers) of the city of Los Angeles. We modeled species responses to measures of urbanization and summarized the average response of all native species across the city.



    
    
    
        
        
    
         
             
         

        A community science program uses iNaturalist to identify slugs and snails in Southern California.
  

Overall, we found that most native species were more likely to be observed in natural areas around Los Angeles than in urban parts of the city. One surprising exception was slugs and snails, which, on average, were more often found in urbanized zones than in natural areas. This finding mirrors a 2018 study in Tennessee, which also showed that native snail species can persist in highly urbanized environments--perhaps because people add water to parks and gardens for landscaping.


																																						
    
     




																																			Across all native species in the study, butterflies and moths, as well as mammals, were least likely to be found in heavily developed areas. The absence of key host plants for particular butterfly species may explain why butterflies are relatively rare in highly urbanized areas.

For mammals, our findings are similar to a 2023 study conducted across the United States, which found that mammals, and especially large-bodied mammals, avoided extremely urban areas.

Even within the most urban zones, such as Pershing Square in downtown Los Angeles, we found some communities of species that favored natural spaces. Examples included house wrens (Troglodytes aedon) and urbane digger bees (Anthophora urbana).

This indicated that in some cases, cities can support native biodiversity. A next step for this research is to understand what underlying factors of the landscape might be drawing these native species in.

Making cities wildlife-friendlier

Our study demonstrates that pockets of biodiversity can exist even in the most urbanized areas of cities. The urban association metric that we created is meant to serve as a tool for city managers to develop strategies for encouraging wild species to continue to thrive in the city.

As one example, Los Angeles recently proposed an ordinance that encourages wildlife-friendly home construction. For example, housing developments with fences that don't limit wildlife movement enable animals on the move to pass through.

Data from the iNaturalist app provides researchers with invaluable information about where native species occur and how abundant they are. Anyone who wants to contribute to conservation science can download it and record what they see on a walk, bike ride or ferry trip, or in their garden. You may find more nature in your neighborhood than you expect.
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            [image: A fierce battle is being fought in the soil beneath our feet--and the implications for global warming are huge]
             
                The ecosystem P budget. The ecosystem P budget under ambient CO2 (aCO2) (a) and eCO2 (b) treatment, assembled from data collected at EucFACE over 6 years (2013-2018). Credit: Nature (2024). DOI: 10.1038/s41586-024-07491-0
            
        

    


As humanity continues to burn fossil fuels, the delicate balance of life on Earth is changing. That's true of trees, many of which are growing faster as a result of increased carbon dioxide (CO2) concentrations in our atmosphere.



										      
         
        
        
        

      

																																	
But not all trees are responding in this way. In particular, eucalypts--Australia's iconic forest trees--haven't benefited from the increase in CO2 as they were expected to.

Why not? Our new research, published today in Nature, shows it comes down to a below-ground battle for phosphorus, a mineral nutrient in soils that is essential for tree growth. The results suggest in some parts of the world, increased CO2 means tiny bugs in the soil "hold onto" their phosphorus, making less available for trees.

This is alarming news for some forests, because according to current projections, global forest growth is meant to limit damage from global warming.

What our study involved

Our study used data from a Western Sydney University experiment known as "Eucalyptus Free Air CO2 Enrichment," or EucFACE. The experiment is located in a century-old Cumberland plain woodland in Sydney's Hawkesbury district.

CO2 is released into the woodland through a computer-controlled system. Scientists then monitor the effects on trees, soils and the broader ecosystem. Over six years, CO2 was raised to the levels expected around the year 2050 (according to the current business-as-usual emissions trajectory).


																																						
    
     




																																			Our previous studies found the woodland trees did not show any extra growth at high CO2 levels. We suspected the low availability of soil phosphorus was the cause, and set out to test this.

Phosphorus is crucial to the process of photosynthesis that makes trees grow. Phosphorus in soil is provided by bugs known as microbes. These micro-organisms break down dead and decaying matter, and in the process change phosphorus into a form that plants can take up with their roots.

Most Australian soils are naturally low in phosphorus, because they are derived from ancient, nutrient-depleted rocks. The same is true for most soils in tropical and subtropical regions. That makes the phosphorus service provided by microbes even more important.

We sampled phosphorus in all parts of the ecosystem, tracing its journey from the soil to the trees. We found under high-CO2 conditions the microbes keep more of the phosphorus they produce, to aid their own metabolism. This left less available for trees to take up.

This occurred despite the trees trying to "bargain" for phosphorus by releasing extra carbon into the soil to feed the microbes.

What's more, trees are big "recyclers" of phosphorus--they remove half of the phosphorus from any leaf before it falls. But this was still not enough to support extra tree growth.



    
    
    
        
        
    
         
             
         

        EucFACE is designed to predict the effects of rapidly rising atmospheric carbon dioxide on Australia's unique native forests.
  

 Why this matters

Our study is the first to show how the phosphorus cycle is affected by high CO2--and in particular, the role of soil microbes.


																																			The results are important to predicting soil phosphorus availability, and plant productivity, in woodlands and forests as CO2 levels increase in the atmosphere.

Current climate projections assume increasing CO2 will lead to more forest growth globally. Forests are a vital carbon "sink"--that is, they draw down carbon from the atmosphere. So the increased forest growth was projected to go some way to limiting the effects of climate change.

If our results are taken into account, future warming would be higher than current projections. However, it's important to verify our results in other locations, with other tree species. New experiments are being formed by overseas teams, including in the Amazon rainforest, to test the findings.

Importantly, our results don't mean that forests are not a crucial sink for carbon. Forests hold a vast quantity of carbon. Avoiding deforestation and planting new forests are both valuable means of maintaining and adding to carbon stores.

Our research demonstrates the importance of considering soils when growing trees. We also hope our research stimulates further efforts to find phosphorus in ecosystems, especially in tropical rainforests where phosphorus is often greatly limited.
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												Mingkai Jiang et al, Microbial competition for phosphorus limits the CO2 response of a mature forest, Nature (2024). DOI: 10.1038/s41586-024-07491-0
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Study shows rewarding dogs with praise and petting helps them learn more efficiently

										


    
        
            [image: Study shows rewarding dogs with praise and petting helps them learn more efficiently]
             
                Electrode placement. Photo of a dog with electrodes in the presence of the owner, right before the onset of the sleep measurement. Credit: Scientific Reports (2024). DOI: 10.1038/s41598-024-60166-8
            
        

    


Dogs' learning success is enhanced when they are not only rewarded with food, but also praised and petted for their good performance, according to a new study by researchers from the Department of Ethology at ELTE Eotvos Lorand University, published in Scientific Reports. The ethologists investigated the relations among emotions, learning and sleep. Their results shed light on how learning style and sleep affect dogs' behavior and learning success.




										      
         
        
        
        

      

																																	Previous research has already shown that we remember events and information better when they are emotionally charged. However, these studies were mainly conducted in a controlled laboratory setting, so it is particularly important to study this question in real-life situations.

"It is natural and ordinary for family dogs to learn in emotionally charged social situations, either from their owners or from dog trainers. However, our knowledge of this phenomenon so far is mainly based on studies in humans and laboratory rodents (rats, mice). Our aim was to study the phenomenon in dogs, as it is not only exciting to research the species as a model animal, but also in its own right," explains Dr. Vivien Reicher, first author of the study.

The researchers developed a unique methodology: in the presence of the owner, dog trainers taught new command words for tricks the dogs already knew. For example, they used the command word in English "High five" instead of the familiar Hungarian version "Pacsi."

Each dog was given two training sessions, one in "permissive" style, where the trainers used lots of praise and petting in addition to a treat, and never scolded the dogs, and another "controlling" style, where the dogs were reinforced only with a treat, without verbal praise or petting, and they were scolded upon unwanted behavior.



    
        
            [image: Rewarding dogs with praise and petting helps them learn more efficiently]
             
                One of the subjects is learning a new command for a trick she already knows. Credit: Timea Kovacs / ELTE Eotvos Lorand University
            
        

    



After the training sessions, the dogs slept in the department's sleep lab, and the researchers tested the dogs' success in learning the new command words before and after sleep. The dogs' sleep was analyzed using EEG scans to study the brain function related to memory consolidation, i.e. the stabilization of remembering new information.


																																						
    
     




																																			The results showed that "controlling" training induced greater stress in the dogs. They sought the proximity of their owners more and slept more after training, confirming previous research that sleep plays an important role in emotion processing. Interestingly, their learning was more successful the first time (compared to the second occasion) regardless of training style, and permissive or controlling styles had no effect per se. The reason for the order effect may be the well-known phenomenon in the literature that information learned first is often easier to remember than what is learned later in a similar context.

Dr. Marta Gacsi, Senior Research Fellow of the Comparative Ethology Research Group of HUN-REN-ELTE, points out, "The most exciting result is that sleep improved the dogs' learning performance only in one specific case, when the group that received 'controlling' training for the first time expected to receive similar training for the second time, but then we trained them in a 'permissive' style. We believe the combined effect of positive surprise and sleep improved their learning success."
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                The structure of the learning paradigm. Credit: Scientific Reports (2024). DOI: 10.1038/s41598-024-60166-8
            
        

    



The results of the research highlight the important role that social reinforcement (praise, petting) plays in dogs' well-being and learning success. The lack of social reinforcement or scolding can cause stress for dogs, especially if they are being taught by a trainer, and this should be taken into account when choosing teaching methods.

This study not only provides a deeper insight into dog learning, but can also bring us closer to understanding some of the learning processes in humans. It also provides useful information for owners and dog trainers, as it further supports the view that rewarding our pets not only with food, but also with praise and petting, has a positive impact on their well-being and learning success.
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												Vivien Reicher et al, Potential interactive effect of positive expectancy violation and sleep on memory consolidation in dogs, Scientific Reports (2024). DOI: 10.1038/s41598-024-60166-8
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How do you know where a fish goes? Scientists address gaps in marine animal tracking data

										

    
        
            [image: How do you know where a fish goes?]
             
                A blacktip shark (Carcharhinus limbatus). Credit: Florida Atlantic University
            
        

    


When scientists want to study the long-distance movement of marine animals, they will instrument them with a small device called an acoustic transmitter--or tag--which emits unique signals or "pings." These signals are picked up by receivers anchored to the seafloor that record the date and time of each detection when the tagged animal comes within range.



										      
         
        
        
        

      

																																	
Data collected by the receivers are stored until they are retrieved by researchers and shared across members of cooperative acoustic telemetry networks. This information provides valuable insights into animal behavior, migration patterns, habitat preferences and ecosystem dynamics--all of which are vital for conservation and wildlife management efforts.

However, this method is not without limitations. Receivers must be physically retrieved to access the data they have collected. For use in marine animals, receivers are often placed near the coast for easy access, but the distribution of receivers can be uneven, with some areas having few receivers and others having many. This can lead to biased data collection, especially for animals that move across large distances.

A pioneering study by researchers at Florida Atlantic University and the Smithsonian Environmental Research Center addresses these limitations by filling in the gaps in sporadic detection data and tackles the tradeoff between spatial coverage and cost. Using a movement model, researchers reconstructed animal tracks and leveraged an iterative process to measure the accuracy and precision of these reconstructions from acoustic telemetry data.

Results of the study, published in the journal Methods in Ecology and Evolution, demonstrate how researchers can apply these techniques and measure the accuracy and precision of the methods to their study sites.



    
    
    
        
        
    
            
            Blacktip sharks (Carcharhinus limbatus) along Southeast Florida's coast. Credit: Florida Atlantic University
  

For the study, researchers simulated animal tracks on a computer, then tested how well their method could accurately reconstruct the tracks if they received detection data only from a cooperative acoustic telemetry array. While most of the data used were simulated, they further tested their methodology with data from highly migratory blacktip sharks (Carcharhinus limbatus) to demonstrate how this method can be applied ecologically.


																																						
    
     




																																			Findings demonstrate that their novel method can improve track reconstruction, even in regions with uneven receiver coverage. The track reconstruction methods performed well in coastal regions from Palm Beach County to Long Island, minimizing the clustering effect of high densities of receivers and closing the gaps in some regions that were lacking receiver coverage. Performance was primarily affected by the presence or absence of receivers, and to a lesser extent by receiver density and water depth, depending on the grid resolution.

"Our approach could significantly reduce gaps in data collection and improve the reliability of ecological insights," said Beth Bowers, Ph.D., senior author and a post-doctoral researcher at the Smithsonian Environmental Research Center, who conducted the research as a Ph.D. student with her mentor, Stephen Kajiura, Ph.D., in FAU's Charles E. Schmidt College of Science.

"Importantly, this method doesn't rely on costly field techniques such as motorboat towed tests, which makes it suitable for large-scale studies across diverse habitats."

This new method increases the utility of acoustic telemetry technology and provides a framework for future studies to assess the accuracy and precision of animal movement calculated from track reconstructions that use acoustic telemetry.

"Results from our study will enable resource managers and others to infer the reliability of ecological results in their decision-making processes," said Kajiura, co-author and a professor of biological sciences, FAU College of Science.
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                Blacktip sharks (Carcharhinus limbatus) along Southeast Florida's coast. Credit: Florida Atlantic University
            
        

    



To foster collaboration and innovation, the researchers have made their data repository accessible, empowering fellow scientists to adapt and apply the methodology to their respective study organisms and habitats, whether that encompasses marine, freshwater or terrestrial habitats.

"Importantly, implications of our findings extend beyond marine environments, offering a transformative approach to wildlife monitoring across aquatic and terrestrial landscapes," said Bowers.
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												Mary E. Bowers et al, A novel process to infer the reliability of ecological information derived from passive acoustic telemetry track reconstruction, Methods in Ecology and Evolution (2024). DOI: 10.1111/2041-210X.14340
																						
																						

																					

                               											
																					
                              										                                        
										
										
											 
												Citation:
												How do you know where a fish goes? Scientists address gaps in marine animal tracking data (2024, June 6)
												retrieved 6 June 2024
												from https://phys.org/news/2024-06-fish-scientists-gaps-marine-animal.html
											 

											 
											 This document is subject to copyright. Apart from any fair dealing for the purpose of private study or research, no
											 part may be reproduced without the written permission. The content is provided for information purposes only.
											 

										

                                        
									

								



This article was downloaded by calibre from https://phys.org/news/2024-06-fish-scientists-gaps-marine-animal.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Fossil-hunting diver says he has found a large section of mastodon tusk off Florida's coast
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                This April 2024 photo taken by Blair Morrow and provided by Alex Lundberg shows a large section of tusk from a long-extinct mastodon that Lundberg and his diver companion found on the sea floor off Florida's Gulf coast. They first thought it was just a large piece of wood. Credit: Blair Morrow via AP
            
        

    


At first, fossil-hunting diver Alex Lundberg thought the lengthy object on the sea floor off Florida's Gulf Coast was a piece of wood. It turned out to be something far rarer, Lundberg said, a large section of tusk from a long-extinct mastodon.



										      
         
        
        
        

      

																																	
Lundberg and his diver companion had found fossils in the same place before, including mammoth teeth, bones of an ancient jaguar and parts of a dire wolf. They also have found small pieces of mastodon tusk, but nothing this big and intact.

"We kind of knew there could be one in the area," Lundberg said in an interview, noting that as he kept fanning away sand from the tusk he found in April "it just keeps getting bigger and bigger. I'm like, this is a big tusk."

The tusk measures about 4 feet (1.2 meters) and weighs 70 pounds (31 kilograms), Lundberg said, and was found at a depth of about 25 feet (7.6 meters) near Venice, Florida. It's currently sitting in a glass case in his living room, but the story may not end there.

Mastodons are related to mammoths and current-day elephants. Scientists say they lived mainly in what is now North America, appearing as far back as 23 million years ago. They became extinct about 10,000 years ago, along with dozens of other large mammals that disappeared when Earth's climate was rapidly changing--and Stone Age humans were on the hunt.
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                This April 2024 photo taken by Blair Morrow and provided by Alex Lundberg shows Lundberg with a large section of tusk from a long-extinct mastodon that he and his diver companion found on the sea floor off Florida's Gulf coast. They first thought it was just a large piece of wood. Credit: Blair Morrow via AP
            
        

    



Remains of mastodons are frequently found across the continent, with Indiana legislators voting a couple years ago to designate the mastodon as its official state fossil. Mastodons are on exhibit at the La Brea Tar Pits in Los Angeles, one of the most significant locations in the world for fossils of the bygone era.


																																						
    
     




																																			The age of the tusk Lundberg found has not yet been determined.

Under Florida law, fossils of vertebrates found on state lands, which include near-shore waters, belong to the state under authority of the Florida Museum of Natural History. Lundberg has a permit to collect such fossils and must report the tusk find to the museum when his permit is renewed in December. He's had that permit since 2019, according to the museum.

"The museum will review the discoveries and localities to determine their significance and the permit holder can keep the fossils if the museum does not request them within 60 days of reporting," said Rachel Narducci, collections manager at the museum's Division of Vertebrate Paleontology. "This may be a significant find depending on exactly where it was collected."



    
        
            [image: Fossil-hunting diver says he has found a large section of mastodon tusk off Florida's coast]
             
                This April 2024 photo taken by Blair Morrow and provided by Alex Lundberg shows Lundberg holding a large section of tusk from a long-extinct mastodon that he and his diver companion found on the sea floor off Florida's Gulf coast. They first thought it was just a large piece of wood. Credit: Blair Morrow via AP
            
        

    



Lundberg, who has a marine biology degree from the University of South Florida and now works at a prominent Tampa cancer center, is optimistic he'll be able to keep the tusk.

"You don't know where it came from. It's been rolling around in the ocean for millions of years. It's more of a cool piece," he said.



																																																					
																					
																															 
												  (c) 2024 The Associated Press. All rights reserved. This material may not be published, broadcast, rewritten or redistributed without permission.
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Increasing tropical cyclone frequency may have deadly consequences for seabird populations

										


    
        
            [image: Increasing tropical cyclone frequency may have deadly consequences for seabird populations]
             
                Radar imagery of Cyclone Ilsa over Bedout Island on 13 April 2023. Credit: Australian Bureau of Meteorology.
            
        

    


The increase in tropical cyclone frequency and intensity due to climate change could lead to dramatic declines in seabird populations, suggests a paper published in Communications Earth & Environment. The authors' conclusion is based on the impact of Cyclone Ilsa on Bedout Island, after the cyclone killed at least 80% of seabirds nesting on the island when it struck in April 2023.




										      
         
        
        
        

      

																					Climate change is increasing the frequency and intensity of extreme weather events, including tropical cyclones. Individual cyclones can have a dramatic impact on wildlife populations, including seabirds. Cyclones directly affect seabirds in several ways, including causing significant mortality events, disrupting their nesting and breeding patterns, and altering migration strategies. The increasing frequency of cyclones is already known to have negative impacts on a range of organisms, but the impact on seabird populations is still unclear.

Jennifer Lavers and colleagues studied the impact of Cyclone Ilsa, a category 5 tropical cyclone, on the populations of several seabird species breeding on the 17-hectare Bedout Island, Western Australia, after the cyclone crossed the island on April 13, 2023.

They used aerial and ground surveys, conducted between April 17 and July 21, 2023, to estimate the percentage mortality of three species--the brown booby (Sula leucogaster), the lesser frigatebird (Fregata ariel), and an endemic subspecies of the masked booby (Sula dactylatra bedouti). The authors estimate that 80-90% of these species' populations--at least 20,000 individual birds--were killed during the storm, with the losses predominantly adult breeding birds.

The authors warn that this level of population loss for island seabirds may be unsustainable when coupled with the increase in cyclone frequency, as many seabirds are long-lived, have long generation times, and raise very few chicks per year. A significant loss could therefore potentially leave a population unable to recover before the arrival of the next severe storm.

Such population losses can also have direct consequences on an island's ecosystem, as seabirds transport nutrients from the sea to land via their guano. The authors emphasize that seabird colonies in cyclone-prone areas therefore need careful monitoring to avoid long-term damage to island and reef ecosystems.


																														
																				
																						More information:
												Jennifer Lavers, Cyclone Ilsa in April 2023 led to significant seabird mortality on Bedout Island, Communications Earth & Environment (2024). DOI: 10.1038/s43247-024-01342-6. www.nature.com/articles/s43247-024-01342-6
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            [image: Q&A: Studies reveal gut's true stem cells, challenging previous assumptions]
             
                An unbiased approach to elucidate the organization of intestinal crypt epithelial cells. Credit: E. Malagola et al
            
        

    


Two independent studies by Columbia scientists suggest that research into the gut's stem cells over the past 15 years has been marred by a case of mistaken identity: Scientists have been studying the wrong cell.



										      
         
        
        
        

      

																																	Both studies are published in the journal Cell.

The gut's stem cells are some of the hardest-working stem cells in the body. They work continuously throughout our lives to replenish the short-lived cells that line our intestines. About every four days, these cells--covering a surface about the size of a tennis court--are completely replaced.

Understanding these workaholic stem cells could help scientists turn on less productive stem cells in other organs to repair hearts, lungs, brains, and more.

The gut's stem cells were supposedly identified more than 15 years ago in a landmark study.

But using new lineage tracing and computational tools, the Columbia teams, led by Timothy Wang and Kelley Yan, found that these cells are descendants of the gut's true stem cells. The gut's true stem cells are found in a different location, produce different proteins, and respond to different signals.

"The new work is controversial and paradigm-shifting but could revitalize the field of regenerative medicine," says Timothy Wang, the Dorothy L. and Daniel H. Silberberg Professor of Medicine.

"We know we're making a lot of waves in the field, but if we're going to make progress, we need to identify the true stem cells so we can target these cells for therapies," says Kelley Yan, the Herbert Irving Assistant Professor of Medicine.

We recently spoke with Yan and Wang about the findings and implications.


																																						
    
     




																																			Why does the gut need stem cells?

KY: What's relevant to this story is a tissue called the intestinal epithelium. This is a single layer of cells that lines the gut and it's composed of different types of cells that help digest food, absorb nutrients, and fight microbes.

Most of the cells live for only about four days before being replaced, so stem cells must create replacements.

What's really remarkable about the intestinal lining is how big it is. If we were to filet open your intestine and lay it flat, it would cover the surface of a tennis court.

The gut's stem cells may be the hardest working stem cells in the body.

The gut's stem cells were supposedly identified in 2007, and the discovery was hailed as a breakthrough in stem cell science. What made you think this was a case of mistaken identity?

TW: For the last 17 years, the intestinal stem cell field has assumed that Lgr5, a protein on the cell's surface, is a specific marker for intestinal stem cells. In other words, all Lgr5+ cells are assumed to be stem cells, and all stem cells are believed to be Lgr5+. These Lgr5+ cells were located at the very bottom of glands, or crypts, in the intestinal lining.

However, in the last decade, problems with this model began to appear. Deleting the Lgr5+ cells in mice, using a genetic approach, did not seem to bother the intestine very much, and the Lgr5+ stem cells reappeared over the course of a week. In addition, the intestine was able to regenerate after severe injury, such as radiation-induced damage, even though the injury destroyed nearly all Lgr5+ cells.

KY: By their very definition, stem cells are the cells that regenerate tissues, so these findings created a paradox. Many high-profile papers have evoked different mechanisms to explain the paradox: Some suggest that other fully mature intestinal cells can walk backward in developmental time and regain stem cell characteristics. Others suggest there's a dormant population of stem cells that only works when the lining is damaged.

No one has really examined the idea that maybe the Lgr5+ cells really aren't truly stem cells, which is the simplest explanation.


																																			How did your labs identify the gut's real stem cells?

TW: My lab collaborated with the former chair of Columbia's systems biology department, Andrea Califano, who has developed cutting-edge computational algorithms that can reconstruct the relationships among cells within a tissue. We used single-cell RNA sequencing to characterize all the cells in the crypts, the region of the intestine where the stem cells are known to reside, and then fed that data into the algorithms.

These algorithms revealed the source of "stemness" in the intestine not in the Lgr5+ cellular pool but in another type of cell higher up in the crypts in a region known as the isthmus. After eliminating Lgr5+ cells with radiation or genetic ablation, we confirmed these isthmus cells were the gut's stem cells, and [were] able to regenerate the intestinal lining. We didn't find any evidence that other mature cells could turn back time and become stem cells.

KY: We weren't trying to identify the stem cells as much as we were trying to understand the other cells in the intestine involved in regeneration of the lining. No one has been able to define these other progenitor cells in the intestine.

We identified a population of cells that were proliferative and marked by a protein called FGFBP1. When we asked how these cells were related to Lgr5+ cells, our computational analysis told us that these FGFBP1 cells give rise to all the intestinal cells, including Lgr5+, the opposite of the accepted model.

My graduate student, Claudia Capdevila, then made a mouse that would allow us to determine which cells--Lgr5+ or FGFBP1+--were the true stem cells. In this mouse, every time the FGFBP1 gene is turned on in a cell, the cell would express two different fluorescent proteins, red and blue. The red would turn on immediately and turn off immediately, while the blue came on a little later and lingered for days.

That allowed us to track the cells over time, and it clearly showed that the FGFBP1 cells create the Lgr5+ cells, the opposite of what people currently believe. This technique, called time-resolved fate mapping, has only been used a few times before, and getting it to work was a pretty incredible achievement, I thought.


																																						
    
     




																																			How will this affect the stem cell field and the search for stem cell therapies?

TW: This case of mistaken identity may explain why regenerative medicine has not lived up to its promise. We've been looking at the wrong cells.

Past studies will need to be reinterpreted in light of the stem cells' new identity, but eventually it may lead to therapies that help the intestine regenerate in people with intestinal diseases and possible transplantation of stem cells in the future.

KY: Ultimately, we hope to identify a universal pathway that underlies how stem cells work, so we can then apply the principles we learn about the gut to other tissues like skin, hair, brain, heart, lung, kidney, liver, etc.

It's also thought that some cancers arise from stem cells that have gone awry. So, in understanding the identity of the stem cell, we might be able to also develop novel therapeutics that can prevent the development of cancer.

That's why it's so critical to understand what cell underlies all of this.


																																																					
																				
																						More information:
												E. Malagola et al, Isthmus progenitor cells contribute to homeostatic cellular turnover and support regeneration following intestinal injury, Cell (2024). DOI: 10.1016/j.cell.2024.05.004. www.cell.com/cell/fulltext/S0092-8674(24)00490-2

Time-resolved fate mapping identifies the intestinal upper crypt zone as an origin of Lgr5+ crypt base columnar cells, Cell (2024). DOI: 10.1016/j.cell.2024.05.001. www.cell.com/cell/fulltext/S0092-8674(24)00491-4
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                Nanotubes form between cyanobacterial cells. Credit: Science Advances (2024). DOI: 10.1126/sciadv.adj1539
            
        

    


Three years ago, Maria del Carmen Munoz, a researcher at the University of Cordoba, was peering into an electron microscope to study the vesicles of marine cyanobacteria and found, almost accidentally, something she did not expect: structures that, although they had already been discovered years ago in other bacteria, had never been found in this type of living being, responsible for producing more than half of the oxygen on Earth.



										      
         
        
        
        

      

																																	
Thus began an extensive study carried out by a multidisciplinary team, and their findings have just been published in the journal Science Advances.

These strange structures are called membrane nanotubes, and the most relevant thing is that, according to the study, these small tubes make it possible for these living beings to transfer material by generating an exchange bridge, a kind of hose that connects with nearby cells, allowing them to transfer substances from some cyanobacteria to others. Since the discovery of these organisms, this is the first time that physical and direct contact between them has been demonstrated.

"This finding has enormous implications, and strengthens the idea that we need to change the way we think about cyanobacteria," said researcher Jose Manuel Garcia. Challenging the idea that these organisms operate in isolation, the study suggests that they could act as a kind of network in which they interact, a premise of great relevance considering that these living beings are the most abundant photosynthetic organisms on the planet, representing a veritable "lung" for the oceans, and being indispensable for the sustenance of life as we know it.

In recent years the study, led by principal investigator Munoz, has mobilized a multidisciplinary group composed of, among others, the UCO's Departments of Biochemistry, Molecular Biology, and Cell Biology; the Maimonides Institute for Biomedical Research (Cordoba), the University of Cadiz's University Institute of Marine Research, the Institute of Plant Biochemistry and Photosynthesis (Seville), and oceanographer Sallie W. Chisholm, a member of the Massachusetts Institute of Technology and discoverer of the Prochlorococcus genus of cyanobacteria.



    
        
            [image: A new study reveals that marine cyanobacteria communicate]
             
                Nanotubes connecting Synechococcus sp. PCC 7002 recombinant cells expressing sfGFP. Credit: Science Advances (2024). DOI: 10.1126/sciadv.adj1539
            
        

    



Since the study began, and after reviewing the literature available on these nanotubes in other bacteria, the team has launched different experiments in the laboratory, such as the use of fluorescent proteins and their monitoring by fluorescence microscopy; and the use of electron microscopy for the characterization of these structures. Through these tests, they have been able to confirm that there is an exchange of material from the interior of one cell to the other.

In addition, as doctoral student and the study's first author Elisa Angulo explained, the work has shown that this transfer of substances not only occurs in cyanobacteria of the same lineage, but also between those of different genders, something that has been verified not only at the laboratory level, but also in natural ocean samples.


																																						
    
     




																																			New questions

As is often the case in science, these findings now open the door to new questions: is this transfer of molecules a support mechanism or a weapon to compete for survival? What other substances could be exchanged, beyond proteins? Is there any relationship between this mechanism and the amount of food available in the environment?

Elisa Angulo, a researcher at the University of Cordoba, is already trying to answer this last question, and has just concluded a voyage on the high seas in which she has been researching the behavior of these living beings in oligotrophic areas of the Pacific poor in nutrients.

We will have to wait for the next few months to continue acquiring knowledge about these marine bacteria, the living beings that invented photosynthesis and that, more than 3.5 billion years old, represent one of the oldest known forms of life. Their study, therefore, is not only of vital importance for ecosystems, but also to understand fundamental processes in the vast field of Biology.



																																																					
																				
																						More information:
												Elisa Angulo-Canovas et al, Direct interaction between marine cyanobacteria mediated by nanotubes, Science Advances (2024). DOI: 10.1126/sciadv.adj1539
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Structure and function of new lysosome transporter revealed

										


    
        
            [image: Structure and function of new lysosome transporter revealed]
             
                Cellular model for the role of MFSD1 in the recycling of amino acids (AA) derived from lysosomal proteolysis. Credit: Nature Cell Biology (2024). DOI: 10.1038/s41556-024-01436-5
            
        

    


Researchers have revealed the structure and function of a previously unknown lysosome transporter. The groups of Christian Low (CSSB, EMBL Hamburg), Markus Damme (Christian-Albrechts-University Kiel), and Bruno Gasnier (CNRS and Universite Paris Cite) have published their findings in Nature Cell Biology.




										      
         
        
        
        

      

																																	Lysosomes are organelles that function as a waste disposal and recycling system within the cell. They break down larger macromolecules such as proteins and lipids into smaller, lighter compounds like amino acids, monosaccharides, or fatty acids. These smaller compounds, known as metabolites, are then transported into the cell's cytoplasm.

The Damme group at Christian-Albrechts-University Kiel seeks to elucidate the function of specific proteins on the lysosome's membrane.

"Several years ago, we noticed that the Glycosylated Lysosomal Membrane Protein (GLMP) binds tightly with an orphan transporter named Major Facilitator Superfamily Domain Containing 1 (MFSD1)," noted Markus Damme, one of the study's three corresponding authors. As the term "orphan transporter" indicates, MSFD1's function and substrate were unknown.

To help reveal MFSD1's function, Damme reached out to the Low group at the Center for Structural Systems Biology (CSSB) and EMBL Hamburg. The Low Group's research focuses on understanding peptide transporters known as POTs (proton-coupled oligopeptide transporters).

"I was intrigued by MFSD1 and wanted to help figure out its role in the lysosome," explained Low, currently a visiting group leader at EMBL Hamburg and another of the study's corresponding authors. "I was also confident that the different technologies and methodologies available to us at CSSB would be essential in helping us unravel this mystery."



    
        
            [image: Structure and function of new lysosome transporter revealed]
             
                A schematic of transport of dipeptides (white sticks) by the GLMP-MFSD1 complex. The transporter undergoes the common alternating access mechanism transitioning from outward-open conformation after dipeptide binding in the lysosomal lumen, to the occluded state where both sides of the binding site are closed, to the inward-open conformation enabling dipeptide release to the cytoplasm. Credit: Katharina Jungnickel/EMBL and CSSB, Isabel Romero Calvo/EMBL
            
        

    



Using a combination of techniques, including fluorescence spectroscopy and differential scanning fluorimetry (nanoDSF), the researchers discovered that MFSD1 not only binds but also transports dipeptides, peptides comprised of just two amino acids. The researchers were then able to show how the MFSD1/GLMP complex binds to dipeptides.


																																						
    
     




																																			"We were able to determine the complex's structure in an outward-open conformation," explained Katharina Jungnickel, an EMBL EIPOD Fellow and one of the first authors of the paper. "We additionally saw density of the dipeptide at the binding site. Together with molecular dynamics simulations (by Reza Mehdipour, Ghent University), we verified that dipeptide binding is mainly facilitated by the coordination of its N- and C-termini."

The Gasnier group at the Universite Paris Cite performed some clever experiments which enabled the researchers to discover the mechanism used by MFSD1 to transport the dipeptides.

"We discovered that MFSD1 is a passive uniporter that only transports dipeptides along its own gradient," stated Bruno Gasnier, the paper's third corresponding author. "This led us to develop a new assay which revealed that MFSD1 transports a much wider spectrum of dipeptides than initially thought."

The insights gained by the researchers indicate that MFSD1 provides an alternative route to supply amino acids for biosynthetic pathways when other lysosomal amino acid exporters are overloaded.

"This was an amazing collaborative effort which combined labs with different expertise that were driven by the need to answer biological questions," noted Low. "I am looking forward to finding out more about MFSD1 and its overall role in nutrition sensing."


																																																					
																				
																						More information:
												Katharina Esther Julia Jungnickel et al, MFSD1 with its accessory subunit GLMP functions as a general dipeptide uniporter in lysosomes, Nature Cell Biology (2024). DOI: 10.1038/s41556-024-01436-5
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            [image: Novel lipopeptide proves lethal against Staphylococcus areus]
             
                A scanning electron microscopy image of Staphylococcus aureus after treatment with 25 mg/mL of serrawettin W2-FL10 for one hour. A magnification (500 nm) of damaged S. aureus cells is indicated in the red block. Credit: Tanya Decker, Electron Microscope Unit, University of Cape Town
            
        

    


A novel antibacterial lipopeptide produced by the bacterium Serratia marcescens has been shown to be highly effective in killing Staphylococcus aureus--one of the most important pathogens occurring in humans.



										      
         
        
        
        

      

																																	
Staphylococcus aureus is one of the five most common causes of hospital-acquired infections and is often the cause of life-threatening infections following surgery. Since the introduction of antibiotics in the early 1940s, S. aureus has by now developed resistance against most classes of antibiotics, including penicillin.

However, over the last six decades, only two new classes of antibiotics with unique modes of action have been introduced onto the market. One of these, daptomycin, also belongs to the lipopeptide class of antibiotics.

In a paper published in Microbiology Spectrum recently, Dr. Tanya Decker (nee Clements) from Stellenbosch University (SU) provided the first insight into the mode of action of the lipopeptide serrawettin W2-FL10, derived from Serratia marcescens. She demonstrated that this lipopeptide targets the cell membrane of S. aureus, causing lesions which result in the leakage of intracellular components and ultimately cell death.

She also demonstrated that serrawettin W2-FL10 is not toxic to mammalian cells, thereby making it a promising therapeutic agent for the treatment of bacterial infections in humans.

Furthermore, as this lipopeptide's structure is much smaller than that of daptomycin (five amino acids and a C10 fatty acid chain compared to 13 amino acids and a C10 fatty acid chain), the manufacturing costs of serrawettin W2-FL10 would be significantly less.


																																						
    
     




																																			Why are some lipopeptides antimicrobial?

Dr. Decker, who is currently a postdoctoral researcher at the Helmholtz Institute for Pharmaceutical Research Saarland in Germany, started working on serrawettin W2-FL10 back in 2017 in the research group of Prof. Wesaal Khan in SU's Department of Microbiology.

Her research followed the work done by another postgraduate student in this group, Dr. Thando Ndlovu, who isolated various bacterial strains from wastewater samples whose biosurfactants proved effective against antibiotic-resistant and disease-causing bacteria. In polluted environments, biosurfactants are produced naturally by bacteria to protect them against and outcompete other bacteria.

Decker's research then focused on understanding the antimicrobial activity of Serratia-derived lipopeptides. She focused primarily on pigmented and non-pigmented S. marcescens strains and demonstrated that these strains also produced a wide range of broad-spectrum antimicrobial compounds. From these findings, the lipopeptide serrawettin W2-FL10 was found to be a promising candidate for further investigation into its antimicrobial characteristics.

Prof. Khan says the success of their findings thus far is also largely based on close collaboration with Prof. Marina Rautenbach, a biochemist and specialist in antimicrobial peptides, at SU's Department of Biochemistry.

At the Helmholtz Institute in Germany, Decker is continuing her research into novel natural antimicrobial products.



																																																					
																				
																						More information:
												Antibacterial efficacy and membrane mechanism of action of the Serratia-derived non-ionic lipopeptide, serrawettin W2-FL10, Microbiology Spectrum (2024). DOI: 10.1128/spectrum.02952-23
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New model reveals how tubular tissues form uniform channels

										


    
        
            [image: How tubular tissues form uniform channels]
             
                Emergence of actin nanoclusters in the apical cortex during tracheal tube expansion. Credit: Nature Communications (2024). DOI: 10.1038/s41467-023-44684-z
            
        

    


RIKEN scientists have developed a model that explains the orderly patterning process of cytoskeletons underlying the formation of a network of tubular structures that supply our bodies with the oxygen and nutrients we need to survive. The study is published in Nature Communications.




										      
         
        
        
        

      

																																	For blood to flow steadily through the circulatory system, our blood vessels need to maintain a uniform internal channel, also known as a lumen. This is achieved through reinforcement with regularly spaced, circumferential cables composed of a protein called actin. Similar actin structures also stabilize the cellular projections that connect neurons within the brain, as well as the tubular network that forms the respiratory system in fruit flies.

However, the processes underlying the formation of these tubular structures remain poorly understood. "It was mystifying how such tubular tissues are formed to have smooth, uniform lumens," says Sayaka Sekine of the RIKEN Center for Biosystems Dynamics Research (BDR).

To explore this question, a team led by Sekine and Mitsusuke Tarama, also of BDR, has used the development of a respiratory system, trachea, in flies as a model.

Preliminary experiments indicated that the lumen-reinforcing actin cables seen in fully formed tubules initially arise from elliptical assemblies of actin, which the researchers termed actin nanoclusters.

To identify the genes that contribute to the formation and organization of these nanoclusters, the team systematically inhibited 119 genes known to encode proteins that interact with actin.


																																						
    
     




																																			Based on the insights from these and subsequent experiments, the team developed a computer model of the actin assembly process, in which they boiled the system down to a small handful of variables.

"The basic strategy was to make a model as simple as possible, but not too simple," explains Tarama.

Their model revealed that the uneven distribution of stress that arises as tubules expand outward induces a response in a protein called disheveled-associated activator of morphogenesis (DAAM), which in turn promotes the reorganization of actin nanoclusters into orderly aligned and evenly spaced cables within the tubular lumen.

"The entire transition process from actin nanoclusters to cable formation can be explained by self-organization in expanding tubules," says Sekine.

She and her colleagues now hope to get a better handle on the sensing mechanism that drives this actin fiber assembly. "Clarifying the detailed molecular mechanism may enable more accurate computer modeling and prediction of the higher-order structures of actin in other tubular tissues," says Sekine.

These mechanisms could play a role in the formation of more complex human tissues, including the primitive heart tube, Sekine notes.
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												Sayaka Sekine et al, Emergence of periodic circumferential actin cables from the anisotropic fusion of actin nanoclusters during tubulogenesis, Nature Communications (2024). DOI: 10.1038/s41467-023-44684-z
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How a protein component of nuclear pore complexes regulates development of blood cells, contributes to myeloid disorders

										

    
        
            [image: How a protein component of nuclear pore complexes regulates development of blood cells and may contribute to myeloid disorders]
             
                A computer graphic depicts a nuclear pore in a eukaryotic cell. Nuclear pores are large protein complexes that span the nuclear membrane and allow the movement of molecules, such as proteins, RNAs, and other molecules between the nucleus and the cell's cytoplasm. Credit: M. Towler and J. Aitken, Wellcome Collection
            
        

    


Nuclear pore complexes (NPCs) are channels composed of multiple proteins that ferry molecules in and out of the nucleus, regulating many critical cellular functions, such as gene expression, chromatin organization and RNA processes that influence cell survival, proliferation, and differentiation.



										      
         
        
        
        

      

																																	
In recent years, new studies, including work by Maximiliano D'Angelo, Ph.D., associate professor in the Cancer Metabolism and Microenvironment Program at Sanford Burnham Prebys, have noted that NPCs in cancer cells are different, but how these alterations contribute to malignancy and tumor development--or even how NPCs function in normal cells--is poorly understood.

In a new paper, published June 5, 2024 in Science Advances, D'Angelo with first author Valeria Guglielmi, Ph.D., and co-author Davina Lam, uncover Nup358, one of roughly 30 proteins that form the NPCs, as an early player in the development of myeloid cells, blood cells that if not formed or working properly leads to myeloid disorders such as leukemias.

The researchers found that when they eliminated Nup358 in a mouse model, the animals experienced a severe loss of mature myeloid cells, a group of critical immune cells responsible for fighting pathogens that are also responsible for several human diseases including cancer.

Notably, Nup358 deficient mice showed an abnormal accumulation of early progenitors of myeloid cells referred as myeloid-primed multipotent progenitors (MPPs).


																																						
    
     




																																			"MPPs are one of the earliest precursors of blood cells," said D'Angelo. "They are produced in the bone marrow from hematopoietic stem cells, and they differentiate to generate the different types of blood cells.

"There are different populations of MPPs that are responsible for producing specific blood cells and we found that in the absence of Nup358, the MPPs that generate myeloid cells, which include red blood cells and key components of the immune system, get stuck in the differentiation process."

Fundamentally, said Gugliemi, Nup358 has a critical function in the early stages of myelopoiesis (the production of myeloid cells). "This is a very important finding because it provides insights into how blood cells develop, and can help to establish how alterations in Nup358 contribute to blood malignancies."

The findings fit into D'Angelo's ongoing research to elucidate the critical responsibilities of NPCs in healthy cells and how alterations to them contribute to immune dysfunction and the development and progression of cancer.

"Our long-term goal is to develop novel therapies targeting transport machinery like NPCs," said D'Angelo.



																																																					
																				
																						More information:
												Valeria Guglielmi et al, Nucleoporin Nup358 drives the differentiation of myeloid-biased multipotent progenitors by modulating HDAC3 nuclear translocation, Science Advances (2024). DOI: 10.1126/sciadv.adn8963
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            [image: Determining sex in ants]
             
                A female Argentine worker ant (left) and a male Argentine ant (right) Credit: Hugo Darras & Qiaowei Pan
            
        

    


What establishes the male or female sex of an ant? In humans, it is X and Y chromosomes that assume this function: Women have two X chromosomes while men have one X and one Y chromosome. In ants, bees, and wasps, the factor contributing to sex determination is known as haplodiploidy.



										      
         
        
        
        

      

																																	
Sex is regulated by males being haploid with only a single set of chromosomes and females being diploid with two complete sets of chromosomes. Thus, males hatch from unfertilized eggs with a single set of chromosomes, while females hatch from fertilized eggs that have a double set of chromosomes.

The Argentine ant

Researchers at Johannes Gutenberg University Mainz (JGU) and the University of Lausanne have been investigating the molecular mechanisms responsible for determining sex in ants. Although the vast majority of an ant colony consists of female workers, males are essential to the continuing survival of the species.

In order to uncover the mechanisms involved, the researchers decided to focus on diploid males, which occasionally occur in the Argentine ant. Sibling mating in this species can result in sterile males emerging from fertilized eggs--in cases where the alleles of the sex-determining DNA segment are identical.

"This allowed us to compare the two sets of chromosomes present in females and diploid males, which differ from their haploid counterparts that possess only one set of chromosomes," explained Dr. Qiaowei Pan, scientist at the Institute of Molecular Biology (IMB) in Mainz and at the University of Lausanne.

It turned out that the two sets of chromosomes in the diploid males and females were identical along almost the whole genome--except in one particular region. "We were able to identify seven differing versions in a 5,000 base pair region of the genome. All the females had two different versions of this region while all the diploid males had the same alleles twice. Thus, this genomic location is fundamental to determining sex in this ant."

The research paper has recently been published in Science Advances.


																																						
    
     




																																			Researchers identify first noncoding gender-determining gene

A research group at Heinrich Heine University Dusseldorf recently reported discovering a similar mechanism in honey bees. Unlike the females, the males here also have two identical alleles in the sex-determining DNA region. In the honey bee, this region is a protein-coding gene. This means that if there are two different versions of the gene, two proteins are generated that interact with each other. But the situation is different in ants.

"To our surprise, we found that the sex-determining gene site in ants does not encode a protein. In other words, it does not contain the information required to make a protein. This is called a noncoding RNA gene," said Dr. Qiaowei Pan. The genomic region does produce an RNA, but it does not carry the genetic information to produce a protein.

Another difference between females and diploid males also became apparent in terms of the amounts of this noncoding RNA gene produced at the sex-determining region. The level of RNA expression of this gene is higher in females who carry two versions of the sex-determining region than it is in diploid males with two identical copies of the region. In males, the expression of the noncoding gene remains low as they mature from larvae to pupae to adults, while it is consistently high across female development.

To test how the expression of the gene influences the determination of sex, the researchers decided to switch off the expression of the noncoding RNA in female embryos--which resulted in a changeover to the male development pathway. "We were thus able to confirm that it is indeed the expression of this RNA that determines sex," concluded Pan.

However, it is still puzzling to the researchers why carrying two different versions of the sex-determining region causes more RNA to be expressed. Hence, Dr. Qiaowei Pan and Dr. Hugo Darras, research group leader at the Institute of Organismic and Molecular Evolution at Mainz University, are currently collaborating with the team headed by Dr. Claudia Keller Valsecchi at the Institute of Molecular Biology (IMB) in Mainz to clarify the mechanisms underlying this previously unknown form of sex determination.



																																																					
																				
																						More information:
												Qiaowei Pan et al, LncRNA gene ANTSR coordinates complementary sex determination in the Argentine ant, Science Advances (2024). DOI: 10.1126/sciadv.adp1532
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Genetic code of the European green toad reveals a sex determination locus

										


    
        
            [image: Genetic code of the European green toad reveals a sex determination locus]
             
                The sex-diagnostic marker of Bufo(tes) viridis and its diploid relatives among Palearctic green toads. Credit: Nature Communications (2024). DOI: 10.1038/s41467-024-49025-2
            
        

    


Researchers from the Leibniz Institute of Freshwater Ecology and Inland Fisheries (IGB) and the National University of Singapore have identified a gene locus responsible for sex determination in the European green toad. This reveals only the second known genetic mechanism for sex differentiation in amphibians. The study has been published in the journal Nature Communications.




										      
         
        
        
        

      

																																	In most vertebrates, two separate biological sexes develop, which, with few exceptions, are determined by sex chromosomes. However, amphibians often have microscopically indistinguishable sex chromosomes, with either males (XY) or females (ZW) having different sex chromosomes.

The genomes of amphibians are usually significantly larger than those of humans. It is therefore not surprising that so far only a single sex-determining gene has been identified in a frequently studied model species, the African clawed frog. Whether other genes are also important for sex differentiation in the more than 8,600 amphibian species has remained unknown.

Now, a research team led by IGB has identified a gene locus for sex determination in the European green toad. "Genetic sex determination in amphibians is still a major knowledge gap. However, it is very important to understand the genetic regulation of reproduction in amphibians because, as semi-aquatic creatures, they react very sensitively to hormonally active environmental pollutants, the so-called endocrine disruptors, before and after metamorphosis," said IGB-researcher PD Dr. Matthias Stock who led the study.



    
        
            [image: Gene code of the European green toad reveals a sex determination locus]
             
                The chromosome-scale reference-genome of Bufo(tes) viridis, its karyotype and comparison with the reference genome of Bufo bufo. a Breeding pair of B. viridis in amplexus ( M. Stock). b Giemsa-stained karyotype of B. viridis ( M. Stock). c B. viridis-assembly (y-axis) compared to B. bufo (x-axis) assembly by the Vertebrate Genome Project (VGP, GenBank accession number GCA_905171765.1) showing high synteny of both bufonid genomes across all 11 chromosomes. Credit: Nature Communications (2024). DOI: 10.1038/s41467-024-49025-2
            
        

    



The sequencing and analysis of the complete genomes of a female and a male green toad have now made it possible for the first time to identify structural differences between the otherwise very similar X and Y chromosomes. This sex-determining locus comprises a long non-coding RNA (lncRNA) and is located in the 5'-regulatory region of the gene bod1l. "The Y-specific non-coding RNA is only expressed in males, which suggests that this locus could trigger male sex differentiation," said IGB-researcher Dr. Heiner Kuhl, first author of the study.

The identified sex-determining gene locus was also detected in several closely related green toad species. In the next step, the researchers want to validate their result using the CRISPR/Cas9 technique by specifically controlling the expression of the identified gene bod1I.

"Further investigations into the function of the newly identified locus will provide important insights into the epigenetic control of sex differentiation, which may also be relevant for other animal species," said Prof. Christoph Winkler from the National University of Singapore. The co-corresponding author of the study is currently a guest scientist at IGB.


																																																					
																				
																						More information:
												Heiner Kuhl et al, A candidate sex determination locus in amphibians which evolved by structural variation between X- and Y-chromosomes, Nature Communications (2024). DOI: 10.1038/s41467-024-49025-2
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Tiny roundworms carve out unique parasitic niche inside pseudoscorpion's protective covering

										

    
        
            [image: Tiny roundworms carve out unique parasitic niche inside pseudoscorpion's protective covering]
             
                In a parasitic first, a Baltic amber specimen has revealed that millions of years ago tiny worms known as nematodes were living inside of and feeding on the outer protective layer of pseudoscorpions. Credit: George Poinar Jr.
            
        

    


The early worm gets the arachnid, fossil research by an Oregon State University scientist has shown. In a parasitic first, a Baltic amber specimen has revealed that millions of years ago, tiny worms known as nematodes were living inside of and feeding on the outer protective layer of pseudoscorpions.



										    
																					
"This is very strange," said George Poinar Jr., who has a courtesy appointment in the OSU College of Science. "No other invertebrate-associated nematodes are known to have this detailed habit."

Findings were published in Historical Biology.

Pseudoscorpions are a highly diverse lineage of arachnid, said Poinar, an international expert in using plant and animal life forms preserved in amber to learn about the biology and ecology of the distant past. Smaller than scorpions and lacking a stinger and tail, pseudoscorpions live in a range of habitats globally and are associated with a wide variety of parasitic organisms including nematodes.

Nematodes are among the planet's most abundant animals, "free-living" in water, soil and the Earth's crust in addition to parasitizing a large collection of plant and animal species.



    
        
            [image: Tiny roundworms carve out unique parasitic niche inside pseudoscorpion's protective covering]
             
                In a parasitic first, a Baltic amber specimen has revealed that millions of years ago tiny worms known as nematodes were living inside of and feeding on the outer protective layer of pseudoscorpions. Credit: George Poinar Jr.
            
        

    



The fossil nematodes studied by Poinar show well-developed spear-type structures known as stylets. Similar to a hypodermic needle, a nematode uses its stylet to pierce cells and pull out food--in this case from the pseudoscorpion's hypodermis, part of the outer covering known as the integument.

"Aside from the stylets, and being able to determine that some females were still enclosing eggs, other pertinent characters are not clearly visible," Poinar said. "So I placed the nematodes in the established collective group genus Vetus, which was established in 1935 for fossil nematodes that could not be placed in any known extant family."

Age estimates of Baltic amber vary widely, Poinar notes, from 23 million years to 55 million depending on who is doing the estimating and which method is used.

"The fact that some nematodes were able to establish such unique parasitic associations as what we are seeing is very unusual," Poinar said. "It is hoped that this initial paper will spur researchers to follow up and find more about the systematic placement of these nematodes."



																														
																				
																						More information:
												George Poinar, Ectoparasitic nematodes developing in the integument of a Baltic amber pseudoscorpion, Historical Biology (2024). DOI: 10.1080/08912963.2024.2341848
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Silkworms help grow better organ-like tissues in labs

										

    
        
            [image: Silkworms help grow better organ-like tissues in labs]
             
                Pseudo-colored electron micrograph of podocytes (green) and fenestrated endothelial cells (purple) in the chips showing each cell layer on opposing sides of the SF membrane (blue), demonstrating the engineered model of the glomerular filtration barrier. Credit: Science Advances (2024). DOI: 10.1126/sciadv.adn2689
            
        

    


Biomedical engineers at Duke University have developed a silk-based, ultrathin membrane that can be used in organ-on-a-chip models to better mimic the natural environment of cells and tissues within the body. When used in a kidney organ-on-a-chip platform, the membrane helped tissues grow to recreate the functionality of both healthy and diseased kidneys.



										      
         
        
        
        

      

																																	
By allowing the cells to grow closer together, this new membrane helps researchers to better control the growth and function of the key cells and tissues of any organ, enabling them to more accurately model a wide range of diseases and test therapeutics.

The research was published June 5 in the journal Science Advances.

Often no larger than a USB flash drive, organ-on-a-chip (OOC) systems have revolutionized how researchers study the underlying biology of the human body, whether it's creating dynamic models of tissue structures, studying organ functions or modeling diseases.

These platforms are designed to stimulate cell growth and differentiation in a way that best mimics the organ of interest. Researchers can even populate these tools with human stem cells to generate patient-specific organ models for pre-clinical studies.

But as the technology has evolved, problems in the chip's design have also emerged--most notably with the materials used to create the membranes that form the support structure for the specialized cells to grow on.

These membranes are typically composed of polymers that don't degrade, creating a permanent barrier between cells and tissues. While the extracellular membranes in human organs are often less than one micron thick, these polymer membranes are anywhere from 30 to 50 microns, hindering communication between cells and limiting cell growth.


																																						
    
     




																																			"We want to handle the tissues in these chips just like a pathologist would handle biopsy samples or even living tissues from a patient, but this wasn't possible with the standard polymer membranes because the extra thickness prevented the cells from forming structures that more closely resemble tissues in the human body.

"We thought, 'Wouldn't it be nice if we could get a protein-based material that mimics the structure of these natural membranes and is thin enough for us to slice and study?'" says Samira Musah, assistant professor of biomedical engineering.

This question led Musah and George (Xingrui) Mou, a Ph.D. student in Musah's lab and first author on the paper, to silk fibroin, a protein created by silkworms that can be electronically spun into a membrane. When examined under a microscope, silk fibroin looks like spaghetti or a Jackson Pollock painting.

Made out of long, intertwining fibers, the porous material better mimics the structure of the extracellular matrix found in human organs, and it has previously been used to create scaffolds for purposes like wound healing.

"The silk fibroin allowed us to bring the membrane thickness down from 50 microns to 5 or fewer, which gets us an order of magnitude closer to what you'd see in a living organism," explained Mou.

To test this new membrane, Musah and Mou applied the material to their kidney chip models. Made out of a clear plastic and roughly the size of a quarter, this OOC platform is meant to resemble a cross section of a human kidney--specifically the glomerular capillary wall, a key structure in the organ made from clusters of blood vessels that is responsible for filtering blood.


																																			Once the membrane was in place, the team added human induced pluripotent stem cell derivatives into the chip. They observed that these cells were able to send signals across the ultrathin membrane, which helped the cells differentiate into glomerular cells, podocytes and vascular endothelial cells.

The platform also triggered the development of endothelial fenestrations in the growing tissue, which are holes that allow for the passage of fluid between the cellular layers.

By the end of the test, these different kidney cell types had assembled into a glomerular capillary wall and could efficiently filter molecules by size.

"The new microfluidic chip system's ability to simulate in vivo-like tissue-tissue interfaces and induce the formation of specialized cells, such as fenestrated endothelium and mature glomerular podocytes from stem cells, holds significant potential for advancing our understanding of human organ development, disease progression, and therapeutic development," said Musah.

As they continue to optimize their model, Musah and colleagues are hoping to use this technology to better understand the mechanisms behind kidney disease. Despite affecting more than 15% of American adults, researchers lack effective models for the disease. Patients are also often not diagnosed until the kidneys have been substantially damaged, and they are often required to undergo dialysis or receive a kidney transplant.

"Using this platform to develop kidney disease models could help us discover new biomarkers of the disease," said Mou. "This could also be used to help us screen for drug candidates for several kidney disease models. The possibilities are very exciting."

"This technology has implications for all organ-on-a-chip models," said Musah. "Our tissues are made up of membranes and interfaces, so you can imagine using this membrane to improve models of other organs, like the brain, liver, and lungs, or other disease states. That's where the power of our platform really lies."



																																																					
																				
																						More information:
												Xingrui Mou et al, An ultrathin membrane mediates tissue-specific morphogenesis and barrier function in a human kidney chip, Science Advances (2024). DOI: 10.1126/sciadv.adn2689
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                A summary of the Zhang Lab's new in situ imaging technique. This figure highlights the most abundant form of the respiratory supercomplexes, the type-A complex, with an unprecedented level of structural detail. Credit: Zhang Lab
            
        

    


Novel high-resolution microscopy technology is allowing researchers to see for the first time the dynamic processes of respiration in a native membrane environment at the atomic level. The new technique could help researchers better understand what's happening inside mitochondria and other organelles of diseased cells and identify new, more precise drug targets.



										      
         
        
        
        

      

																																	
In a new study published in Nature on May 29, researchers developed a novel imaging approach by integrating two microscopy techniques--single-particle analysis and cryo-electron tomography (cryo-ET)--to image mitochondria from animal models.

They also developed original computational approaches to tackle bottlenecks to high-resolution cryo-electron microscopy (cryo-EM) analysis of images from the highly crowded environment.

The technology enabled the team to view assemblies of proteins in their native environment within the organelle with unprecedented resolution. They also examined how inducing disease in these models altered the structures of these proteins inside the mitochondrial membrane. Their work paves the way for viewing the composition of molecules within cells at the atomic level.

"Previously, our technology was not able to reveal how interactions occur," says Jack Zhang, Ph.D., assistant professor of molecular biophysics and biochemistry and principal investigator of the study. "But in this case, we see the atoms, we see the structures of molecules, and we see how everything interacts, giving us an entirely new understanding of the mechanisms in the cellular environment."


																																						
    
     




																																			Combining two microscopy concepts to generate high-resolution images

Currently, structural biologists are limited by either the resolution or achievable scales of targets of available microscopy techniques. "We haven't even been able to distinguish protein subunits [using conventional approaches], let alone atomic details in cellular environments," says Zhang.

The Yale team's feat was made possible by combining the concepts of single-particle analysis cryo-EM and cryo-ET technologies, along with new development of image analysis methodology to analyze high-resolution cellular cryo-EM images at the cryo-ET scale.

"Single-particle analysis is great for imaging individual molecules, but not for cellular structures," Zhang explains. "Cryo-electron tomography is a perfect tool to study cellular structures, but its resolution is typically limited to several nanometers ."
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                (a) is a representative electrostatic potential map, which illustrates distributions of electrical charges. (b) shows an atomic model and accurate hydrogen networks that the new microscopy technique observed. Credit: Zhang Lab
            
        

    



They overcame this technical challenge by developing an approach to image cryo-ET targets under single-particle mode, while employing cryo-ET reconstructions as initial references for subsequent single-particle alignment and classification.

Another limitation of conventional single-particle cryo-EM is that it typically requires researchers to isolate and purify proteins of interest before freezing and mounting them onto cryo-EM grids, thus removing the molecules from their native environment.

This process disrupts weakly assembled higher-order biological complexes, as well as reactions under physiological conditions. This is particularly important in the case of membrane proteins, because purified samples using detergent would completely disrupt the native membrane environment, which is crucial to their normal functions.

By combining these microscopy approaches and developing novel computational methods, the team was able to create images both at single-particle resolution and at a cryo-ET scale, and then bridge the two using innovative algorithms, allowing researchers to view molecular structures with an unparalleled level of detail.

Notably, their technique allowed them, for the first time, to view membrane protein structures within their native mitochondria--and to view the proteins' natural assembly and function within the whole organelle.


																																			Researchers visualize mitochondrial supercomplexes in atomic detail

Using their new microscopy technique, the researchers directly imaged mitochondria from animal heart models to examine mitochondrial respiratory supercomplexes, which are assemblies of proteins living in the organelle's inner membrane and playing a vital role in energy production.

For the first time, the team was able to view the structures of these supercomplexes in atomic detail without having to isolate them from the mitochondria. It was especially striking that the resolution even allowed for direct observation of individual water molecules associated with these complexes.

Because all these supercomplexes were in their native environment, which is distinct from purified proteins, the team was able to visualize the structures of the numerous reactive intermediates while they are functioning within mitochondria at an atomic level.

"Using a novel classification strategy, we see how proteins are reacting to their environment and captured different intermediate states," says Zhang.

Conventional approaches only provide location information of molecules or their overall shapes at low resolution in cellular environments. This new approach has substantial pharmaceutical and clinical implications. "It can help us study how molecules react to certain drugs in their native cells," Zhang says.


																																						
    
     




																																			Paving the way to novel, more effective drug development

This microscopy technology could also be groundbreaking in helping researchers understand the underlying mechanisms of various diseases. To explore this further, the Yale team created animal heart models of various states of myocardial ischemia, a cardiovascular condition in which a blockage obstructs blood flow to the heart.

They found that the different stages of disease induced significant changes of conformational distribution, and changes in shape, in the supercomplexes along with their native membranes.

Experts who reviewed the Zhang team's work on behalf of Nature wrote, "This groundbreaking work sets new standards in structural biology," and, "Future work will exploit the huge potential of this new approach."

Moving forward, the Yale team's technique can give researchers an entirely new look into what is happening inside normal and diseased cells, which could eventually pave the way for the development of highly accurate therapies that target newfound molecular pathways or structures.

This is particularly important in the case of membrane proteins, as they are crucial drug targets due to their key roles in physiological and pathological processes, including cell-cell communication, pathogen-host interactions, signal transduction, their accessibility for drugs, high specificity and selectivity, diverse target classes, and significant therapeutic potential.

Zhang's team is already looking ahead to leading this technology to study various disease models, including animal models and, potentially, donor tissues, to investigate what is happening inside the cells in these different contexts. "By expanding our studies to medical applications, we can provide unprecedented detail of what's happening in diseased cells so that we can provide better drugs and treatment."
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												Wan Zheng et al, High-resolution in situ structures of mammalian respiratory supercomplexes, Nature (2024). DOI: 10.1038/s41586-024-07488-9
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On the Caribbean seafloor, an unusual sculpture gallery is taking shape with an equally unusual purpose: to provide homes for corals under threat from tourism and climate change.



										      
         
        
        
        

      

																																	Created by potters Hugo Osorio and Pedro Fuentes, 25 figures so far form a sort of artificial reef in the blue waters around the paradisiacal Isla Fuerte, off the coast of Colombia.

They stand 1.5 meters (almost five feet) tall, scattered at a depth of about six meters around the seafloor, attracting visitors -- mostly fish, but also divers.

The statues have been placed there since 2018 under an initiative named MUSZIF, started by Tatiana Orrego, a fashion designer and island resident.

The plan is for another 25 to follow.

"When I discovered the deterioration of the island's natural reefs, I saw in the art project a possibility to protect and enhance the life of corals," Orrego told AFP.

Orrego had seeded the clay sculptures with baby corals, and watched as they took off.

The statues are the "ideal substrate" for the marine invertebrates to grow on, added the creator of Colombia's first underwater art gallery.

Coral bleaching

Since the beginning of the year, the world has witnessed a massive coral bleaching episode in both the northern and southern hemispheres -- the fourth such global event on record and the second in 10 years, according to the US National Oceanic and Atmospheric Administration (NOAA).



    
        
            [image: Twenty-five sculptures scatter the Caribbean seafloor off Colombia's coast, where they host coral growth]
             
                Twenty-five sculptures scatter the Caribbean seafloor off Colombia's coast, where they host coral growth.
            
        

    



These events cause corals to die off, affecting the ecosystems that rely on them as well as tourism and food security.

The culprit, according to the NOAA: warming oceans.

Colombia's corals are spread over a zone equivalent to 100,000 football fields, but more than two-thirds have already suffered from bleaching, according to the environment ministry.


																																						
    
     




																																			Other problems include damage to reefs by divers and tourists directly.

Tourists have been known to break off pieces of coral to bring to the surface, while others cause damage by walking on the structures.

"People don't understand that coral is a living being," said Orrego.

The Isla Fuerte gallery receives about 2,000 human visitors a year.

It offers an "alternative space to take tourists without overloading the natural reefs," Orrego added.
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Osorio and Fuentes, who create the coral-housing statues on Orrego's commission, base their designs on the ancestral creations of the Zenu people, who inhabited the Colombian Caribbean before the Spanish arrived.

"All this comes from our roots," Fuentes, 48, told AFP.

"We continue with the culture so that it does not get lost," added Osorio, 59.
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Tiger shark vomits echidna, shocking Australian scientists
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A tiger shark has surprised Australian scientists on an ocean research trip by regurgitating a spiky land-loving echidna in front of them.



										      
         
        
        
        

      

																					Researchers from James Cook University were tagging marine life on the northeast coast when the three-meter tiger shark they caught vomited a dead echidna--a spiny creature similar to a hedgehog.

Nicolas Lubitz said he could only assume the shark gobbled up the echidna while it was swimming in the shallows off the island, or traveling between islands, which the animals are known to do.

"We were quite shocked at what we saw. We really didn't know what was going on," he said Thursday.

"When it spat it out, I looked at it and remarked 'What the hell is that?'"

Lubitz said the dead echidna was whole when it was regurgitated in May 2022, leading scientists to assume the shark had only recently eaten it.

Echidnas--which are only found in Australia and New Guinea--are egg-laying mammals, have spines protruding from their bodies and use a beak-like snout to eat ants.

It is unclear how many of these animals are in the wild, but they are not considered endangered.

"Tiger sharks will eat anything. They're just a scavenger. I've seen videos of them eating a rock for no reason," Lubitz said.
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"I think the echidna must have just felt a bit funny in its throat."

The tiger shark was unharmed after its spiky snack and scientists fitted it with an acoustic tracker before releasing it back into the water.

As part of the research project, which ran from 2020 to 2023, scientists tagged 812 fish, rays and sharks with 10-year trackers to understand more about their movement and behavior.
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Democratizing plant research: A new cost-effective solution for advanced phenotyping
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Phenotyping, which involves assessing observable plant characteristics, is crucial for understanding plant development and response to environmental stresses. Traditional methods are often cumbersome, costly, and destructive, limiting research scope and scale. A new system of affordable, mobile, and high-throughput phenotyping tools is making the technology accessible to a wider range of users.



										      
         
        
        
        

      

																																	
The "all-in-one" solution, developed by a team at the Boyce Thompson Institute (BTI), includes low-cost hardware designs, data processing pipelines, and a user-friendly data analysis platform. BTI's system captures data without harming plants, allowing continuous monitoring of plant growth and providing a nuanced understanding of plant responses over time. The integration of simple hardware with sophisticated computational pipelines creates an effective high-throughput phenotyping solution.

"By lowering the cost and technical barriers of advanced plant phenotyping, our work empowers researchers worldwide to conduct affordable, data-driven studies," said Magda Julkowska, an assistant professor at BTI and co-lead author of the study. "This could accelerate the breeding of more resilient and productive crops, enhancing food security in a sustainable way."

Using their new phenotyping toolset, the research team analyzed the drought resilience of cowpeas, a staple food crop for millions in arid regions. They identified several genetic loci linked to drought response, paving the way for breeding more resilient varieties. These results and the details of their innovative platform were recently published in Plant Physiology.


																																						
    
     




																																			"This technology could help transform regions where water scarcity threatens food security by enabling localized, cost-effective research into crop performance under stress conditions," noted Li'ang Yu, a postdoctoral scientist at BTI and co-first author of the study. "The system's adaptability means it can be used for various species, from staple crops to less common plants."

One of the system's standout features is its integration with computational pipelines designed for ease of use. Hayley Sussman, a BTI scientist and co-first author of the study, explains, "The RaspiPheno App we developed streamlines data analysis, offering an interactive platform for processing and visualizing phenotypic data. This shortens the learning curve and lets researchers focus on biological insights rather than technical hurdles."

Looking ahead, the team is excited for others to adopt and build upon this system. All hardware designs, software, and detailed protocols have been made publicly available. "By making these tools open-access, we hope to enable novel discoveries and collaborations that can help tackle some of the major challenges facing agriculture today," said Andrew Nelson, an assistant professor at BTI and co-lead author of the study.

The team's work is a compelling example of how improving phenotyping technologies can accelerate plant biology research and translation. As more scientists leverage these tools, we can expect faster progress in understanding key traits and developing more resilient, productive crop varieties for the future.



																																																					
																				
																						More information:
												Li'ang Yu et al, Development of a mobile, high-throughput, and low-cost image-based plant growth phenotyping system, Plant Physiology (2024). DOI: 10.1093/plphys/kiae237
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The importance of the paradise fish in evolutionary and behavioral genetics research
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In Hungary, ethological research is most often identified with tests on dogs, but novel methodological advances could bring another species, the paradise fish, into the spotlight. Fish are easy to handle and produce numerous offspring, which could open up new possibilities for researchers in the fields of evolution and behavioral genetics. Researchers from ELTE Eotvos Lorand University have highlighted the importance of this old-new model animal in recent publications.



										      
         
        
        
        

      

																																	
Recent methodological advances in the field of molecular biology, such as the steep drop in sequencing costs or the proliferation of universally applicable genome editing techniques, have made it possible to carry out molecular-level studies on non-conventional animal models as well to understand the genetic background of the behavior of a long-researched species..

As a part of such an effort, researchers at ELTE have sequenced and characterized the reference genome of the Chinese paradise fish (Macropodus opercularis), creating an important resource for future experiments. The genome, just 480Mb in size, is located on 23 chromosomes and contains more than 20,000 protein-coding genes. This compact genetic material could make the species an ideal subject for future targeted genome editing experiments.

A paper describing the results was published in Scientific Data, and in a parallel review in the Journal of Experimental Zoology B, the researchers also outlined their vision of using the paradise fish in studies of evolutionary development, and in research that aims to reveal the genetic basis of complex behaviors.

The ELTE Department of Ethology's 30-year-old dog research project is one of the most "visible" of the many important and successful long-term research projects at ELTE. Before the mid-1990s, however, for almost two decades, the "flagship animal" of the same department was not the dog, and not even a mammal, but a species: the paradise fish.


																																						
    
     




																																			The use of this fish species in ethological experiments was also pioneered by Professor Vilmos Csanyi.

When the department was founded, he decided to conduct research using a species that had complex, repetitive and genetically encoded behaviors. The paradise fish fitted this bill, and for the following decades, with the help of his colleagues, he explored in detail the species' behavior. They constructed a species-specific ethogram, a catalogue of repetitive behaviors that individuals of the species exhibit alone or during their social interactions.

As promising as this early research was, by the mid-1990s the work had lost its pace. Due to the lack of appropriate genetic tools, the mechanisms behind the specific behaviors could not be precisely defined.

Therefore, on the initiative of Prof. Adam Miklosi, current Head of the Department of Ethology, in collaboration with the Fishgenetics Research Group (Department of Genetics) led by Mate Varga, a new research program has been initiated to "reinvent" the paradise fish as a model for behavioral genetics, with the help of cutting-edge genetic tools.

The work was done in collaboration with Shawn Burgess's group at the National Human Genome Research Institute (NHGRI) in the US, and Ildiko Szeverenyi and Laszlo Orban of the Fish Genomics Research Group at the Department of Applied Fish Biology of the Hungarian Agricultural and Life Sciences University (MATE), also played key roles in the research.



																																																					
																				
																						More information:
												Erika Fodor et al, The reference genome of Macropodus opercularis (the paradise fish), Scientific Data (2024). DOI: 10.1038/s41597-024-03277-1

Nora Szabo et al, The paradise fish, an advanced animal model for behavioral genetics and evolutionary developmental biology, Journal of Experimental Zoology Part B: Molecular and Developmental Evolution (2023). DOI: 10.1002/jez.b.23223
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Researchers in Italy have unveiled the first successful application of commercial drones combined with artificial intelligence (AI) to monitor the invasive agricultural pest, Halyomorpha halys, commonly known as the brown marmorated stink bug. This research, published in the journal Pest Management Science, marks a significant advancement in the use of unmanned aerial vehicles (UAVs) for automated monitoring of invasive species.




										      
         
        
        
        

      

																																	Halyomorpha halys is notorious for its extensive damage to orchard crops across North America and southern Europe. In Italy, this invasive pest caused an estimated EU588 million in damage to fruit production in 2019. Traditional monitoring methods, such as pheromone traps, visual sampling and sweep-netting are labor-intensive and often ineffective over large areas.

"Current monitoring methods have some important drawbacks, such as 'trap spillover' and the need and cost for operators to perform active monitoring," explained Daniele Giannetti, a researcher at the University of Parma and co-lead author on the paper.

"Our aim was to find a reliable way of monitoring these invasive insects without the negative effects of the time and energy consuming methods currently used," said Lara Maistrello, a professor at the University of Modena and Reggio Emilia and co-lead author of the study.

Drones reduce disruption

The researchers developed an automated flight protocol, controlled via a mobile app, to capture high-resolution images of pear orchards at heights of up to eight meters. Notably, the drones were found to be much less disruptive to bugs than the presence of human observers, allowing more accurate data capture on pest distribution.

Adult bugs were found to exhibit a freezing behavior in response to the presence of an UAV, which helped to facilitate the capture of high-resolution images.
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AI for autonomous pest recognition

The image dataset was used to train, validate and test AI models on identifying H. Halys. Transfer learning models, which leverage pre-existing recognition capacities, significantly outperformed models trained from scratch, with the highest performing model achieving a detection accuracy of 97%.


																																						
    
     




																																			On the effectiveness of the AI models, Giannetti noted, "Overall, this novel monitoring system demonstrated the potential of integrating UAV and AI to detect and quantify the presence of insect pests with the size and shape of H. halys."

The implications of this technology are significant for integrated pest management strategies, including the development of precise forecasting models that adapt to meteorological and environmental conditions. "This is particularly important today in the face of rapid climate change," noted Giannetti.
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Looking beyond stink bugs

The novel monitoring system has the potential for wide-ranging applications.

"The imaging application can be easily adapted to different crops," explained Maistrello. "Of course, if you want to move on to other insects, you will have to train new models, but this experience is really encouraging. We find these results exciting, especially because their future applications are so many."


																																																					
																				
																						More information:
												Daniele Giannetti et al, First use of unmanned aerial vehicles to monitor Halyomorpha halys and recognize it using artificial intelligence, Pest Management Science (2024). DOI: 10.1002/ps.8115
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Unlocking salt tolerance: Sea lavender's genetic secret revealed
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Recent research has uncovered the genetic mechanisms behind sea lavender's (Limonium bicolor) salt tolerance by studying basic helix-loop-helix (bHLH) transcription factors. Identifying 187 bHLH genes, the study highlights their roles in salt gland development and stress responses. CRISPR-Cas9 validation demonstrated specific bHLH genes' critical role in enhancing salt tolerance, paving the way for future applications in crop improvement and saline soil management.



										      
         
        
        
        

      

																																	
Basic helix-loop-helix (bHLH) transcription factors are essential for various plant processes, including growth, development, and stress responses. Sea lavender, a recretohalophyte with unique salt glands, exhibits high salt tolerance, making it an ideal model for studying salt resistance mechanisms.

With soil salinization posing an increasing threat to global agriculture, understanding the genetic basis of salt tolerance is crucial. Given these challenges, exploring the bHLH gene family in Limonium bicolor could reveal valuable applications for enhancing crop resilience and improving saline soils.

Researchers from Shandong Normal University have made significant strides in understanding sea lavender's salt tolerance mechanisms, publishing their findings in Horticulture Research on February 2, 2024.

The study focuses on the genome-wide identification of bHLH transcription factors in sea lavender and their role in salt gland development. By analyzing the characteristics, localization, and phylogenetic relationships of 187 bHLH genes, the researchers uncovered their significant roles in regulating plant growth and stress responses.


																																						
    
     




																																			The study identified 187 bHLH transcription factor genes in the Limonium bicolor genome, revealing their roles in plant growth, development, and stress responses. Bioinformatics analyses highlighted conserved bHLH domains and cis-regulatory elements linked to stress tolerance and epidermal structure development. Researchers focused on nine key bHLH genes, examining their localization and expression.

CRISPR-Cas9 knockout and overexpression lines highlighted the critical role of Lb1G07934 in salt gland formation and salt resistance. Knockout lines showed enhanced salt tolerance and Na+ efflux, while overexpression lines exhibited reduced salt tolerance. These findings suggest a complex regulatory network and pave the way for future agricultural applications.

Dr. Baoshan Wang, a researcher in plant stress biology at Shandong Normal University, stated, "This study marks a significant advancement in our understanding of the genetic mechanisms behind salt tolerance in halophytes. The identification and functional analysis of bHLH genes in Limonium bicolor open new avenues for developing salt-tolerant crops, which is crucial for global food security amidst increasing soil salinization."

This research has profound implications: integrating sea lavender's salt tolerance into crops can enhance productivity on saline lands, boosting global food security and sustainable land use. The study's genomic analysis and genetic modification approach also pave the way for improving crop resilience to various stress factors.



																																																					
																				
																						More information:
												Xi Wang et al, Genome-wide identification of bHLH transcription factors and functional analysis in salt gland development of the recretohalophyte sea lavender (Limonium bicolor), Horticulture Research (2024). DOI: 10.1093/hr/uhae036
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Fountain of youth for plants: E3 ligase's role in leaf longevity

										

    
        
            [image: Fountain of youth for plants: E3 ligase's role in leaf longevity]
             
                Acceleration of leaf senescence by MdABI5 is partly dependent on MdbHLH93. Credit: Horticulture Research (2024). DOI: 10.1093/hr/uhae029
            
        

    


A recent study uncovers the intricate molecular mechanisms that regulate leaf senescence in apple plants, focusing on the crucial role of the E3 ligase enzyme, MdPUB23, and its interaction with the ABI5 protein. This research provides valuable insights into how plants manage stress responses and maintain growth, offering potential applications in improving crop yield and stress resistance.



										      
         
        
        
        

      

																																	
Leaf senescence is a vital phase in the life cycle of plants, impacting overall plant health and yield. Abscisic acid (ABA) is a plant hormone that accelerates leaf senescence in response to environmental stress. However, the precise regulatory mechanisms of ABA-triggered leaf senescence are not fully understood. Due to these challenges, there is a need for in-depth research to explore the molecular pathways involved.

Researchers from Shandong Agricultural University and Yantai Academy of Agricultural Sciences conducted a study published on January 30, 2024, in Horticulture Research, investigating the role of MdPUB23, an E3 ubiquitin ligase, in ABA-induced leaf senescence in apple plants. The findings revealed that MdPUB23 interacts with the ABI5 protein, promoting its degradation and thereby delaying the senescence process.

The study examined the interaction between MdPUB23 and ABI5, a key regulatory protein in the ABA signaling pathway. Through experiments including yeast two-hybrid assays, pull-down assays, and bimolecular fluorescence complementation, researchers demonstrated that MdPUB23 physically interacts with ABI5.

Further analysis showed that MdPUB23 facilitates the ubiquitin-dependent degradation of ABI5, crucial for delaying ABA-triggered leaf senescence. Additionally, they observed that the expression of MdPUB23 decreases during leaf senescence and under ABA treatment, suggesting a feedback regulation mechanism. These insights into the MdPUB23-ABI5 interaction provide a new understanding of the molecular control of leaf senescence.

Dr. Jian-Ping An, a researcher in plant molecular biology, stated, "This discovery highlights the intricate regulatory mechanisms plants employ to balance growth and stress responses. By understanding how MdPUB23 modulates ABI5 stability, we can develop strategies to improve crop resilience and productivity."

The findings from this study have significant implications for agricultural practices. By manipulating the expression of MdPUB23, it may be possible to extend the lifespan of leaves, enhancing photosynthetic efficiency and crop yield. Additionally, this research opens new avenues for developing stress-resistant plant varieties, contributing to sustainable agriculture and food security in the face of changing climate conditions.



																																																					
																				
																						More information:
												Fei Yang et al, Apple E3 ligase MdPUB23 mediates ubiquitin-dependent degradation of MdABI5 to delay ABA-triggered leaf senescence, Horticulture Research (2024). DOI: 10.1093/hr/uhae029
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      Technology

      Tech Xplore internet news portal provides the latest news on electronics, technology, and engineering.


      
        Hydropower damages river systems in Africa: How more solar and wind power can solve this problem
        Across the African continent, more than 300 new hydropower projects are planned to meet the growing demand for electricity. Some of these will require big dams, which can have major negative environmental impacts. Another looming problem with hydropower is that the water cycle is affected by climate change. Water availability will be reduced and become more variable in some locations in the next decades.

      

      
        Many low-income New Yorkers rely on costly cell plans for internet access
        The number of New York households with high-speed internet access rose from 725,000 to 1.3 million between 2017 and 2022, but much of that increase comes exclusively from cellular plans, which could mean that as many as 1.5 million households remain "underconnected," new Cornell research shows.

      

      
        Report proposes new rights to protect workers from 'unfair, unaccountable and uncaring' algorithms
        A new report published today [6 June] calls for a new generation of rights to protect workers from the rise of "management by algorithm."

      

      
        Can AI-generated content be a threat to democracy?
        In the not-too-distant future, most of the information people consume on the internet will be influenced by artificial intelligence, a Northeastern expert says.

      

      
        Solar farms can eat up farmland--but 'agrivoltaics' could mean the best of both worlds for NZ farmers
        New Zealand plans to commission about eight gigawatts of solar photovoltaic projects--more than the maximum power demand of the whole country on a typical winter's day--by 2028, according to the government's latest generation investment survey.

      

      
        AI 'gold rush' for chatbot training data could run out of human-written text
        Artificial intelligence systems like ChatGPT could soon run out of what keeps making them smarter--the tens of trillions of words people have written and shared online.

      

      
        New liquid metal-based electronic logic device mimics prey-capture mechanism of Venus flytrap
        A research team led by the School of Engineering of the Hong Kong University of Science and Technology (HKUST) has developed a liquid metal-based electronic logic device that mimics the intelligent prey-capture mechanism of Venus flytraps. The study is published in the journal Nature Communications.

      

      
        Researchers demonstrate the first chip-based 3D printer
        Imagine a portable 3D printer you could hold in the palm of your hand. The tiny device could enable a user to rapidly create customized, low-cost objects on the go, like a fastener to repair a wobbly bicycle wheel or a component for a critical medical operation.

      

      
        Meta withheld information on Instagram, WhatsApp deals: FTC
        Meta Platforms Inc. withheld information from federal regulators during their original reviews of the Instagram and WhatsApp acquisitions, the U.S. Federal Trade Commission said in a court filing as part of a lawsuit seeking to break up the social networking giant.

      

      
        TSMC unit, NXP of Netherlands unveil Singapore chip plant plan
        An affiliate of Taiwan chip titan TSMC has joined Dutch chip maker NXP to announce plans to build a new US$7.8 billion factory in Singapore to make processors for the auto and mobile end markets.

      

      
        Boeing CEO to address safety at US Senate hearing
        Boeing's outgoing CEO Dave Calhoun will testify before a US Senate panel later this month to answer questions about safety and production issues at the aircraft manufacturer, the company said Wednesday.

      

      
        Meta hit with privacy complaints in Europe over AI plans
        A Vienna-based privacy campaign group filed complaints in 11 European countries against Meta on Thursday, saying the global tech giant's planned privacy policy change would allow "unlawful" use of personal data for artificial intelligence technology.

      

      
        AI tool creates deceptive Biden, Trump images, tests show
        Tests on a leading AI tool allowed the creation of deceptive and incriminating images of President Joe Biden and Donald Trump, a watchdog said Wednesday, despite pledges to block fake photos of the presidential contenders ahead of elections in November.

      

      
        Chile's lithium dreams raise water concerns in the desert
        As night falls in Chile's Atacama desert, the world's driest, a drilling machine extracts brine to measure levels of lithium--a crucial mineral for the global switch to cleaner energy, but harmful in its own way.

      

      
        Solar investment outstrips all other power forms: IEA
        More money is pouring into solar power than all other electricity sources combined, with investments set to reach half a trillion dollars this year, the world's top energy research body said Thursday.

      

      
        Swiss renewable energy battle moves to the ballots
        Switzerland's largest wind farm, sitting astride the ridge of the Jura mountains by the French border, consists of only 16 turbines -- tiny compared to those of other European countries.

      

      
        EV sales boom in Nepal, helping to save on oil imports, alleviate smog
        Nepal's abundant hydroelectric power is helping the Himalayan nation cut its oil imports and clean up its air, thanks to a boom in sales of electric vehicles.

      

      
        Beyond lithium: New solid state ZnI2 battery design opens doors for sustainable energy storage
        Rechargeable aqueous zinc-iodine batteries get a lot of attention because they are safe, do not cost much, and have a high theoretical capacity. Zinc has a high theoretical capacity (820 mAh g-1) and iodine is found in large amounts in the Earth's crust. However, the limited cycle life of zinc-iodine batteries remains a significant challenge for their market viability.

      

      
        Researchers investigating how AI categorizes images find similarities to visual systems in nature
        Researchers at TU Wien have investigated how an artificial intelligence categorizes images. The results show astonishing similarities to visual systems in nature.

      

      
        Researchers develop AI that recognizes athletes' emotions
        Using computer-assisted neural networks, researchers at the Karlsruhe Institute of Technology (KIT) and the University of Duisburg-Essen have been able to accurately identify affective states from the body language of tennis players during games. For the first time, they trained a model based on artificial intelligence (AI) with data from actual games.

      

      
        Team proposes hydrogen as alternative to diesel for long-haul trucks
        People around the world rely on trucks to deliver the goods they need, and so-called long-haul trucks play a critical role in those supply chains. In the United States, long-haul trucks moved 71% of all freight in 2022. But those long-haul trucks are heavy polluters, especially of the carbon emissions that threaten the global climate. According to U.S. Environmental Protection Agency estimates, in 2022 more than 3% of all carbon dioxide (CO2) emissions came from long-haul trucks.

      

      
        YouTube toughens policy on gun videos and youth; critics say proof will be in enforcement
        YouTube is changing its policies about firearm videos in an effort to keep potentially dangerous content from reaching underage users.

      

      
        Apple faces pressure to deliver on AI at developer conference
        Apple is expected to make the case next week that it is not being left behind as tech world rivals blaze ahead with artificial intelligence.

      

      
        New report: How market and operating practices impact benefits of coordinated transmission operations and planning
        Interregional transmission--lines that connect multiple planning regions--can provide many benefits to electric customers, but market and operating practices were not necessarily designed for this type of interconnected system.

      

      
        New study offers a better way to make AI fairer for everyone
        In a new paper, researchers from Carnegie Mellon University and Stevens Institute of Technology show a new way of thinking about the fair impacts of AI decisions.
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                Cost-optimal hydropower expansion. Proposed (dashed line) and cost-optimal (bars) capacity expansion for continental Africa and its major river basins under the scenarios considered. In total, 32 to 60% of the proposed capacity is not cost-optimal. More than half of the capacity proposed for the Nile, Congo, and Niger basins is always cost-optimal, whereas the expansion in the Zambezi River basin depends on the considered scenario. The colors of the shaded areas in the map correspond to the river basins represented by each graph. Credit: Science (2023). DOI: 10.1126/science.adf5848
            
        

    


Across the African continent, more than 300 new hydropower projects are planned to meet the growing demand for electricity. Some of these will require big dams, which can have major negative environmental impacts. Another looming problem with hydropower is that the water cycle is affected by climate change. Water availability will be reduced and become more variable in some locations in the next decades.



                                        
                                              
                                        
                                                                                                                                    
We are a team of environmental and energy systems researchers. Energy systems is the study of how energy can be produced to meet the demand of the different sectors of society. Environmental systems modeling is used to simulate the natural environment and evaluate the impacts of infrastructure on it.

We analyzed the likely development of energy systems in Africa from 2020 to 2050, looking at energy demand, the changing use of land and its impact on energy and how the warming climate will affect water availability.

The continent of Africa still uses 80% less electricity than the global average per capita. But given the projected population growth and increase in living standards, electricity demand in Africa will rise. This means new power generation infrastructure will be needed.

Our research found that wind and solar projects will be more cost effective than hydropower by 2030. This means that only 40% to 68% of the planned hydropower capacity in Africa will be economically attractive.

What also needs to be considered is that reducing the impact of droughts on energy systems requires overbuilding infrastructure. This means more energy infrastructure than needed on average is required to be reliable against extreme droughts. An overall increased annual investment in new power plants (of any type) of 1.8% to 4% will be needed across the continent.

This additional investment is needed when considering a worst-case scenario for hydropower generation. This scenario also includes the effects of climate change and the reduced cost of renewables on the power system expansion.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Hydropower no longer the solution

Hydropower is currently the main source of renewable electricity on the African continent with around 40GW of capacity installed. This generates around 150 TWh of electricity in a year, 15% of the total electricity consumption in the continent. This is enough to satisfy the annual power consumption of two countries of the size of Morocco and Algeria with a total population of 82.5 million people, for example. It has been considered a cheap source of electricity with a low carbon footprint. But this is no longer strictly true.

Hydropower presents the following problems.

Renewable power sources such as solar and wind power are becoming increasingly cost-competitive. These can reduce hydropower reliance, diversify countries' energy portfolios, and reduce the environmental impact of building more hydropower dams.

African river basins support land and freshwater ecosystems that are global biodiversity hotspots. Of the 543 major rivers in the world--those that are longer than 500km and which flow in an uninterrupted way to the sea--156 (29%) are located in Africa. Dams disturb this by breaking up the flow of rivers.


                                                                                                                                            In Africa, 26% of rivers have been fragmented or broken up--much lower than the global average of 43%. This means that African rivers are valuable hubs of connected river habitats. If all the planned African hydropower projects were built, we estimate that average river fragmentation could rise to 42%, potentially leading to large biodiversity loss.

For example, researchers found that the Grand Ethiopian Renaissance Dam would result in the displacement of 122,000 people, release seven million tons of carbon dioxide, and alter the Blue Nile's water temperature, making it unsuitable for many of the plants and animals living there.

Whenever a new dam is built, water submerges land. The soil and other matter found on the land (biomass) is digested under the water and this process releases into the atmosphere carbon dioxide and methane, a potent greenhouse gas. These emissions are released from the dams for years after they are first built.

Hydropower emissions would increase by almost 25 million tons of carbon dioxide equivalents per year at least for a few decades, substantially hindering progress towards net zero emissions. This would be equivalent to what is emitted per person over 25 million trans-Atlantic round-trip flights.

Hydropower is vulnerable to climate change: as droughts kick in and water runs out, hydropower won't be as available or as cost effective. Looking at the whole energy system, our previous research has found that the availability of hydro, combined with solar and wind power decreasing in cost, means that about 32% to 60% of the proposed hydropower projects are no longer economically competitive. Building new solar and wind renewable systems comes with an overall lower energy system cost than building all proposed hydropower projects.

Furthermore, our new study shows it's possible to reduce the impacts of the hydropower projects that are cost-competitive by deploying more renewables. Additional river fragmentation and hydropower emissions can be reduced by at least 50% with a minimal increase in electricity prices (at most +1.4%).


                                                                                                        
    
        
        
        
    

                                                                                                                                            Why it matters

Currently, energy systems are mostly planned based on engineering and economic considerations. But it is more cost-effective overall if governments plan new energy systems taking into account the available technology, its cost, and costs that would be incurred by projects that damage the environment and communities (such as big dams).

We argue that the scope of energy system planning must be expanded so that it takes into account all these factors. Indeed, including social and environmental objectives is key to making sure that the energy transition is clean and just.

This research finding is very important because hydropower plants continue to be planned in many large river basins, based on the mistaken belief that they are the cheapest form of renewable energy.

For the best results in Africa, there will need to be cooperation between different countries. This could help to overcome the regionally unequal distribution of investment costs and potential energy deficits between the different countries.
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Many low-income New Yorkers rely on costly cell plans for internet access
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The number of New York households with high-speed internet access rose from 725,000 to 1.3 million between 2017 and 2022, but much of that increase comes exclusively from cellular plans, which could mean that as many as 1.5 million households remain "underconnected," new Cornell research shows.


                                        
                                              
                                        
                                                                                                                                    
Russell Weaver, director of research at the Cornell ILR Buffalo Co-Lab, recently integrated new data into the New York State Digital Equity Portal, which he created in December 2021 in collaboration with the New York State Library, Community Tech New York and other partners.

"Conditions are improving, but we still have work to do to move toward digital equity," Weaver said. "So many more households have broadband connections at home compared to a half-decade ago, but focusing just on the number of connections--and not connection types--can be misleading."

Weaver said nearly 810,000 households in New York state have broadband access solely through mobile phones and cellular data plans. This is a problem because numerous websites and online activities are still not mobile-friendly, including many news websites where advertisements dominate screen space and make it difficult to view informative content quickly. As a result, mobile-only users can't always participate in digital spaces as fully as users who can tap into high-speed internet from a variety of devices.

The portal also shows that roughly 21% of New York households do not have a desktop or laptop computer, compared with just 14% of households lacking a smartphone.


                                                                                                        
    
        
        
        
    

                                                                                                                                            In a fact sheet released by the Cornell ILR Buffalo Co-Lab to accompany the 2024 Digital Equity Portal updates, Weaver notes that this result marks a technological shift. Desktop and laptop computers were the most common computing devices in New Yorkers' homes throughout the 2000s and 2010s, but smartphones have taken over the top spot in the 2020s.

The data shows that the most significant barrier to digital equity is the ability to pay for a home-based broadband internet subscription. Almost 30% of households with annual incomes below $35,000--roughly 500,000 households in all--do not have broadband internet at home, while the rate for those who make over $75,000 is below 5%. Based on fine-resolution pricing data, the minimum typical price in New York for a broadband package with a speed of at least 25 megabytes per second is $49.95.

Ethnicity also plays a factor, as households headed by Black New Yorkers are the least likely to have broadband internet subscriptions, followed by households headed by Latino people. White households (90.7%) subscribe to broadband internet at roughly the statewide average rate (90.5%), while Asian-headed households are the most likely group to have a broadband package at home (94.0%).

According to Weaver, more troubling than the differences in subscription rates by ethnicity is that Black and Latino-headed households are now further below the statewide average than they were in 2021. These uneven gains in at-home broadband subscriptions suggest that advancing digital equity in New York state will require new digital inclusion activities intentionally designed to ensure that affordable, accessible broadband is universally available to all households.


                                                                                                                                            Finally, the updated data shows that the lack of broadband internet at home affects both rural and urban households. The two locations where households are least likely to have broadband subscriptions at home--Chautauqua and Cattaraugus counties in the southwest section of the state--are rural. However, the densely populated Brooklyn Public Library System service area in New York City has the third-highest share of unconnected households in the state.

To increase equity, Weaver suggests the state design and fund programs that make it easier for households to acquire internet-enabled devices that meet their computing needs, as well as programs that deliver broadband subscriptions to households at no or almost no cost.

"We are making progress, but we're still well short of achieving universal access for all New Yorkers," Weaver said. "During the pandemic, so much of everyday life was migrated into virtual spaces that it became apparent to almost everyone that high-speed internet is no longer a luxury; it's a necessary utility to which everyone should have access.

"We at the Buffalo Co-Lab hope that the updated Digital Equity Portal can start to inform new policies, programs and campaigns that seek to get us to that point of universal connectivity."
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Report proposes new rights to protect workers from 'unfair, unaccountable and uncaring' algorithms
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A new report published today [6 June] calls for a new generation of rights to protect workers from the rise of "management by algorithm."



                                        
                                              
                                        
                                                                                                                                    The report produced by the Institute of Employment Rights says that algorithmic management threatens to degrade workers' rights and conditions and that current protections in the law are inadequate in the face of technological change.

To address this, the report's authors from the universities of Southampton and Bristol are setting out a new generation of rights for the era of algorithmic management at a launch event in London today attended by fellow legal experts, union leaders, and policy makers.

"Technology has revolutionized the way we work in the last 30 years," says Dr. Joe Atkinson, a lecturer in employment law at the University of Southampton and co-author of the report. "Now, it is radically changing the way that we are managed at work.

"Algorithms are doing the jobs of line managers in the way many workers are recruited, directed, and disciplined. These management systems generate recommendations through complex algorithms, underpinned by huge amounts of data processing about workers and workplaces.

"These practices pose a pressing threat to the enjoyment of decent working conditions, as well as to the effective use of worker voice and workers' exercise of their human rights."

More and more workers are being managed by algorithms, from warehouse staff who carry handheld devices that issue instructions and track their movements, to drivers who can be issued with a "log off" penalty if they fail to comply with rules regarding cancellation and acceptance of tasks. The use of such systems accelerated during the pandemic as employers sought to monitor, manage and control newly remote workforces.


                                                                                                        
    
        
        
        
    

                                                                                                                                            "The U.K. has so far taken a 'hands-off' approach to regulating algorithmic management, and not introduced any legislation specifically targeting these practices" says Dr. Philippa Collins, a senior lecturer in law at the University of Bristol and co-author of the report.

"While there are some existing legal frameworks that should guide and constrain employers' use of algorithmic management systems, these are not capable of effectively protecting workers."

The report sets out three areas in which algorithmic management impinges on workers: worker voice, quality of work and working conditions, and workers' human rights.

The lack of transparency and complexity of algorithmic management systems are a major barrier to workers challenging their outputs. The TUC found that only 21 percent of workers surveyed were confident that they or their union could effectively challenge decisions made by these systems.

The report highlights several ways algorithmic management reduces the quality of work including the intensification of pace of work; a reduction in autonomy and deskilling of labor; and increased control exercised over the workforce due to constant monitoring and evaluation.

This systematic collection of data also affects our right to privacy. Systems have also been known to make biased and discriminatory decisions affecting workers' right to equality and non-discrimination--a hiring algorithm had marked applicants down if their CVs contained the word "women's."


                                                                                                                                            The report sets out how current regulation falls short when protecting workers from these threats, including in legislation around collective bargaining, health and safety, data protection, equality and unfair dismissal.

Dr. Collins adds, "For example, workers will struggle to use the Equality Act to challenge algorithmic discrimination. In most cases, workers will be unaware that they have been subject to a potentially discriminatory algorithmic system. Even when they are, it will be difficult for them to access the information needed to challenge the algorithm successfully.

"The problems of discovering and proving discrimination are not unique to algorithms, but they are particularly pronounced given the lack of transparency and understanding of such systems."

In addition, some key employment rights aren't available to those working in the 'gig economy' who aren't classed as employees.

"Rethinking worker protection for the era of algorithmic management provides a real opportunity to break away from the classifications of status that employment law is currently founded upon," says Dr. Atkinson.

The new protections set out in the report include the requirement for systems to be deployed in a manner consistent with workers' human rights; the prohibition on certain practices deemed to be "automatically unfair"; and the right to have a human explain and review decisions taken or supported by an algorithmic system.

To enforce these rights, the report calls for a specialist regulator to be set up, and for any company that develops or sells algorithmic management systems that breach employment law to face joint liability alongside the implementing organization.

Dr. Atkinson says, "These reforms are necessary if we are to secure decent working conditions and workers' rights in the age of algorithmic management."

"Currently, however, there is a real risk that the challenges presented by algorithmic management are being overlooked. Any incoming Government needs to make sure they are future proofing employment law for the age of AI, not just addressing the problems of the past."
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Can AI-generated content be a threat to democracy?
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                Humans need to find ways where AI doesn't shape choices they make or preferences they express, says John Wihbey, associate professor of media innovation and technology at Northeastern. Credit: Matthew Modoono/Northeastern University
            
        

    


In the not-too-distant future, most of the information people consume on the internet will be influenced by artificial intelligence, a Northeastern expert says.


                                        
                                              
                                        
                                                                                                                                    And while it is impossible to slow the use of AI, it is crucial to understand AI's limits--both what it cannot and should not do--and to adopt ethical norms for its development and deployment, says John Wihbey, an associate professor of media innovation and technology.

If not, democracy is in jeopardy, Wihbey says.

Democracy today, he says, is a complex system of people collectively processing information to resolve problems. Knowledge and information that the public consumes play a key role in supporting democratic life.

Chatbots can simulate human conversation and perform routine tasks effectively, and AI agents are autonomous intelligent systems that resolve customer requests by performing tasks without human intervention. They might soon replace humans, Wihbey says, in such information fields as journalism, social media moderation and polling.

"As AI systems begin to create public narratives and begin to moderate and control public knowledge," Wihbey says, "there could be a kind of lock-in in terms of the understanding of the world."

AI and large language models are trained on and generate content based on past data about people's values and interests. They will continuously reinforce past ideas and preferences, Wihbey says, creating feedback loops and echo chambers.


                                                                                                        
    
        
        
        
    

                                                                                                                                            This risk of feedback loops, he says, will remain recurrent.

In journalism, Wihbey says, AI might be further incorporated into newsrooms to discover and verify information, categorize content, conduct large-scale analysis of social media and even generate automated coverage of events, including civic and government meetings.

Entire municipalities or larger regions, so-called news deserts, might end up being covered by AI agents, he says.

On social media, AI moderators whose judgment is conditioned by outdated data and doesn't align with latest human preferences, Wihbey says, might overmoderate and erase users' posts and commentary--a vital space for modern human deliberation.

If they can't keep up with the fast-changing environment of human contexts, chatmods may also be subject to feedback loops. Their actions will affect what becomes public knowledge, or what humans believe to be true and worthy of attention.

AI-driven simulations in polling could distort results, affecting citizens' conclusions. Such warped knowledge will repeatedly influence human preferences and decisions in democratic space--for example, what people believe in or who they may vote for--creating recursive spirals.

AI models, Wihbey says, intrinsically will never be able to accurately predict the public's reaction to something or an election outcome.

"Some of the research about how AI can serve to simulate human opinion polls show that this is true where data is not well established in the model yet," he says. "In political and social life, so much of what is important is fundamentally emergent.


                                                                                                                                            "We don't yet know what human beings will think or do until, as individuals and as groups, we come into areas of challenge, concern or anxiety, and then we start to make individual and collective decisions."

Further research could be extended to online search and discovery, Wihbey says. For example, Google's new AI Overview function that consolidates a query into a single response might lead to users bypassing traditional processes of browsing, discovery, deliberation and reasoning.

Due to these limitations and incompleteness of AI models, humans should differentiate between areas where AI can facilitate collective awareness and what areas they may want to preserve as human-centered zones for independent thinking.

"At this deep level, it's about human freedom and agency," Wihbey says. "But I also think it's just about humans being able to legitimately express new kinds of ideas and preferences that don't conform to the past."

Humans need to find ways, he says, where AI doesn't shape choices they make or preferences they express.

"If we're going to respect humans truly," Wihbey says, "We have to make sure that these models are extremely modest."

AI chatbots are already mimicking expert authority, he says, and giving answers with a significant degree of confidence, even though the answers are often not correct.

"I just think that the models need to not pretend to be human experts in their voicing, phrasing, framing and the ways that they go about doing things," Wihbey says. "AI should not look, feel and behave like human intelligence."

These are just probabilistic models, Wihbey says, that pull together the data that they have been trained on.

Governments and large institutions have a role to play, Wihbey says, in preserving democratic values by helping to address the risks of AI. At the same time, there is a danger that governments will also use AI-driven systems for their own objectives.

"Any discussion of AI, public knowledge and democracy must grapple with the wide variation in information environments across the world," Wihbey says.
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New Zealand plans to commission about eight gigawatts of solar photovoltaic projects--more than the maximum power demand of the whole country on a typical winter's day--by 2028, according to the government's latest generation investment survey.



                                        
                                              
                                        
                                                                                                                                    
Eight of these solar farms are already operational and spread across the country. More than 40 are in various stages of development, with the construction of the largest single project, in excess of 150 megawatts, due to start this year.

Solar farms are not without challenges, though. They can use up farmland and change the rural landscape. However, we argue that more efficient farms can integrate solar panels and agricultural production, with economic benefits for farmers.

Given Aotearoa New Zealand's current solar generation capacity of just under ten gigawatts, the increased generation is a significant development in the electricity sector and a positive contribution to the 2030 target of 100% electricity generation from renewables.

However, opposition has focused on the potential changes to the rural landscape and the use of productive soils.

This is especially because solar farms are likely to be proposed for fast-track consenting. Infrastructure Minister Chris Bishop has signaled the process will "make it easier to consent new infrastructure, including renewable energy."

We advocate a suitable option for New Zealand lies in "agrivoltaics"--using agricultural land for both renewable electricity generation and farming.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Addressing concerns over land-use change

In a country where half of its area serves agricultural purposes, land-use change is an obvious concern. The answer may well be agrivoltaics, which is gaining traction globally.

It means using rural land for both electricity generation and agriculture (including horticulture). Large areas of the country have been shown to be suitable for this dual land-use approach.

The major benefit of agrivoltaics is the micro-climate created under the solar arrays, with cooler temperatures during warm days and warmer temperatures at night. This results in less heat stress and less frost damage for crops.

Soils also retain more moisture, which means certain crops grow better, even with more shading. Pastoral production has seen the greatest benefits globally because animals are better protected from the elements, need less water and can access pasture in dry conditions.

Solar grazing

The integration of solar arrays with sheep farming is a major opportunity for New Zealand. Indeed, it is common practice to utilize sheep to maintain vegetation between and underneath the solar panels. This is a growing business in its own right, known as solar grazing.

The economics are quite compelling. A case study on a Canterbury farm shows the profitability of the solar assets with an additional revenue stream for the farmer from leasing agreements.

Given the economic worries sheep farmers are facing, this should be a definite consideration.


                                                                                                                                            Addressing the hurdles

There are hurdles to realizing this opportunity in a just manner. One is the upgrading of the grid to accommodate new generation capacity, estimated to cost NZ $1.4 billion a year until 2030. This figure is largely associated with the required high-voltage transmission network.

Transpower's net zero grid pathways program aims to address this issue. However, many of the smaller utility-scale solar assets will be connected to low-voltage distribution networks, which will be a significant constraint.

None of this required infrastructure upgrade is included in the 2024 budget. Lines companies are left to manage this issue. Effectively it means that not all farmers will be able to capitalize on the opportunity. It will be a case of "first come, first served" and a potential gold rush.

Consenting issues

This plays into the reforms of the Resource Management Act currently underway. The Fast-track Approvals Bill is currently going through the select committee and may limit comprehensive consultation with stakeholders and the careful consideration of any implications of solar projects.


                                                                                                        
    
        
        
        
    

                                                                                                                                            A recent notification decision by the South Wairarapa District Council, for example, concluded that a proposed solar farm "is inconsistent with the other activities taking place in the rural (primary production) zone, and as such the amenity values of the rural environment would be adversely impacted."

Conversely, in the context of an application for a solar farm in Selwyn, a decision-making commissioner observed that our resource management system allows for, and even expects, changes in land use. "Whether changes are permissible depends on [...] the planning [documents], the consideration of environmental effects and [...] balanced judgment as to whether the changes meet the legislative and other requirements."

New Zealand's national policy statement for renewable electricity generation acknowledges competing values associated with the development of renewable energy resources. But it does not identify how to resolve any conflict.

The protection of highly productive agricultural land is covered by the 2022 national policy statement for highly productive land, and planning officials may view conventional solar farms to be in conflict. We argue that well-designed agrivoltaic systems will resolve this conundrum.

Indeed, the decision-making panel in one agrivoltaic application in the Waikato commented that "its members have seldom observed a project that delivers such significant benefits with such comparatively few adverse effects."
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AI 'gold rush' for chatbot training data could run out of human-written text

                                        by Matt O'brien                                                                                                                    

                                    
									    

    
        
            [image: AI 'gold rush' for chatbot training data could run out of human-written text]
             
                Artificial intelligence systems like ChatGPT are gobbling ever-larger collections of human writings they need to get smarter. Credit: AP Digital Embed
            
        

    


Artificial intelligence systems like ChatGPT could soon run out of what keeps making them smarter--the tens of trillions of words people have written and shared online.


                                        
                                              
                                        
                                                                                                                                    
A new study released Thursday by research group Epoch AI projects that tech companies will exhaust the supply of publicly available training data for AI language models by roughly the turn of the decade--sometime between 2026 and 2032.

Comparing it to a "literal gold rush" that depletes finite natural resources, Tamay Besiroglu, an author of the study, said the AI field might face challenges in maintaining its current pace of progress once it drains the reserves of human-generated writing.

In the short term, tech companies like ChatGPT-maker OpenAI and Google are racing to secure and sometimes pay for high-quality data sources to train their AI large language models--for instance, by signing deals to tap into the steady flow of sentences coming out of Reddit forums and news media outlets.

In the longer term, there won't be enough new blogs, news articles and social media commentary to sustain the current trajectory of AI development, putting pressure on companies to tap into sensitive data now considered private--such as emails or text messages--or relying on less-reliable "synthetic data" spit out by the chatbots themselves.


                                                                                                        
    
        
        
        
    

                                                                                                                                            "There is a serious bottleneck here," Besiroglu said. "If you start hitting those constraints about how much data you have, then you can't really scale up your models efficiently anymore. And scaling up models has been probably the most important way of expanding their capabilities and improving the quality of their output."

The researchers first made their projections two years ago--shortly before ChatGPT's debut--in a working paper that forecast a more imminent 2026 cutoff of high-quality text data. Much has changed since then, including new techniques that enabled AI researchers to make better use of the data they already have and sometimes "overtrain" on the same sources multiple times.

But there are limits, and after further research, Epoch now foresees running out of public text data sometime in the next two to eight years.

The team's latest study is peer-reviewed and due to be presented at this summer's International Conference on Machine Learning in Vienna, Austria. Epoch is a nonprofit institute hosted by San Francisco-based Rethink Priorities and funded by proponents of effective altruism--a philanthropic movement that has poured money into mitigating AI's worst-case risks.

Besiroglu said AI researchers realized more than a decade ago that aggressively expanding two key ingredients--computing power and vast stores of internet data--could significantly improve the performance of AI systems.


                                                                                                                                            The amount of text data fed into AI language models has been growing about 2.5 times per year, while computing has grown about 4 times per year, according to the Epoch study. Facebook parent company Meta Platforms recently claimed the largest version of their upcoming Llama 3 model--which has not yet been released--has been trained on up to 15 trillion tokens, each of which can represent a piece of a word.
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                Traffic on Interstate 35 passes a Microsoft data center on Sept. 5, 2023, in West Des Moines, Iowa. Artificial intelligence systems like ChatGPT could soon run out of what keeps making them smarter -- the tens of trillions of words that people have written and shared online. Credit: AP Photo/Charlie Neibergall, File
            
        

    



But how much it's worth worrying about the data bottleneck is debatable.

"I think it's important to keep in mind that we don't necessarily need to train larger and larger models," said Nicolas Papernot, an assistant professor of computer engineering at the University of Toronto and researcher at the nonprofit Vector Institute for Artificial Intelligence.

Papernot, who was not involved in the Epoch study, said building more skilled AI systems can also come from training models that are more specialized for specific tasks. But he has concerns about training generative AI systems on the same outputs they're producing, leading to degraded performance known as "model collapse."

Training on AI-generated data is "like what happens when you photocopy a piece of paper and then you photocopy the photocopy. You lose some of the information," Papernot said. Not only that, but Papernot's research has also found it can further encode the mistakes, bias and unfairness that's already baked into the information ecosystem.


                                                                                                        
    
        
        
        
    

                                                                                                                                            If real human-crafted sentences remain a critical AI data source, those who are stewards of the most sought-after troves--websites like Reddit and Wikipedia, as well as news and book publishers--have been forced to think hard about how they're being used.

"Maybe you don't lop off the tops of every mountain," jokes Selena Deckelmann, chief product and technology officer at the Wikimedia Foundation, which runs Wikipedia. "It's an interesting problem right now that we're having natural resource conversations about human-created data. I shouldn't laugh about it, but I do find it kind of amazing."

While some have sought to close off their data from AI training--often after it's already been taken without compensation--Wikipedia has placed few restrictions on how AI companies use its volunteer-written entries. Still, Deckelmann said she hopes there continue to be incentives for people to keep contributing, especially as a flood of cheap and automatically generated "garbage content" starts polluting the internet.

AI companies should be "concerned about how human-generated content continues to exist and continues to be accessible," she said.

From the perspective of AI developers, Epoch's study says paying millions of humans to generate the text that AI models will need "is unlikely to be an economical way" to drive better technical performance.

As OpenAI begins work on training the next generation of its GPT large language models, CEO Sam Altman told the audience at a United Nations event last month that the company has already experimented with "generating lots of synthetic data" for training.

"I think what you need is high-quality data. There is low-quality synthetic data. There's low-quality human data," Altman said. But he also expressed reservations about relying too heavily on synthetic data over other technical methods to improve AI models.

"There'd be something very strange if the best way to train a model was to just generate, like, a quadrillion tokens of synthetic data and feed that back in," Altman said. "Somehow that seems inefficient."
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New liquid metal-based electronic logic device mimics prey-capture mechanism of Venus flytrap
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                LLM-controlled artificial flytrap and LLM's potential applications. Credit: Nature Communications (2024). DOI: 10.1038/s41467-024-47791-7
            
        

    


A research team led by the School of Engineering of the Hong Kong University of Science and Technology (HKUST) has developed a liquid metal-based electronic logic device that mimics the intelligent prey-capture mechanism of Venus flytraps. The study is published in the journal Nature Communications.



                                        
                                              
                                        
                                                                                                                                    Exhibiting memory and counting properties, the device can intelligently respond to various stimulus sequences without the need for additional electronic components. The intelligent strategies and logic mechanisms in the device provide a fresh perspective on understanding "intelligence" in nature and offer inspiration for the development of "embodied intelligence."

The unique prey-capture mechanism of Venus flytraps has always been an intriguing research focus in the realm of biological intelligence. This mechanism allows them to effectively distinguish between various external stimuli such as single and double touches, thereby distinguishing between environmental disturbances such as raindrops (single touch) and insects (double touches), ensuring successful prey capture.

This functionality is primarily attributed to the sensory hairs on the carnivorous plants, which exhibit features akin to memory and counting, enabling them to perceive stimuli, generate action potentials (a change of electrical signals in cells in response to a stimulus), and remember the stimuli for a short duration.



    
    
    
        
        
    
            
            The response of flytrap to different triggers. The movie shows that the Venus flytrap uses two intelligent strategies to distinguish the prey from other disturbances and generate enough electrical signals to close its trap, i.e., fast consecutive double touches and long single touch. Credit: Nature Communications (2024). DOI: 10.1038/s41467-024-47791-7
  

Inspired by the internal electrical signal accumulation/decay model of Venus flytraps, Prof. Shen Yajing, Associate Professor of the Department of Electronic and Computer Engineering (ECE) at HKUST, who led the research, collaborated with his former Ph.D. student at City University of Hong Kong, Dr. Yang Yuanyuan, now Associate Professor at Xiamen University, to propose a liquid metal-based logic module (LLM) based on the extension/contraction deformation of liquid metal wires.


                                                                                                        
    
        
        
        
    

                                                                                                                                            The device employs liquid metal wires in sodium hydroxide solution as the conductive medium, controlling the length of the liquid metal wires based on electrochemical effects, thereby regulating cathode output according to the stimuli applied to the anode and gate. Research results demonstrate that the LLM itself can memorize the duration and interval of electrical stimuli, calculate the accumulation of signals from multiple stimuli, and exhibit significant logical functions similar to those of Venus flytraps.

To demonstrate, Prof. Shen and Dr. Yang constructed an artificial Venus flytrap system comprising the LLM intelligent decision-making device, switch-based sensory hair, and soft electric actuator-based petal, replicating the predation process of Venus flytraps. Furthermore, they showcased the potential applications of LLM in functional circuit integration, filtering, artificial neural networks, and more.

Their work not only provides insights into simulating intelligent behaviors in plants, but also serves as a reliable reference for the development of subsequent biological signal simulator devices and biologically inspired intelligent systems.
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                Venus flytrap-inspired liquid metal-based logic module. Credit: HKUST
            
        

    



"When people mention 'artificial intelligence,' they generally think of intelligence that mimics animal nervous systems. However, in nature, many plants can also demonstrate intelligence through specific material and structural combinations. Research in this direction provides a new perspective and approach for us to understand 'intelligence' in nature and construct 'life-like intelligence,'" said Prof. Shen.

"Several years ago, when Dr. Yang was still pursuing her Ph.D. in my research group, we discussed the idea of constructing intelligent entities inspired by plants together. It is gratifying that after several years of effort, we have achieved the conceptual verification and simulation of Venus flytrap intelligence.

"However, it is worth noting that this work is still relatively preliminary, and there is much work to be done in the future, such as designing more efficient structures, reducing the size of devices, and improving system responsiveness," added Prof. Shen.
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                The chip-based 3D printer concept. Photographs showing a a typical commercial 3D printer with a photonic chip (outlined in black) for scale and b a fabricated and packaged photonic chip. c Conceptual diagram of the proposed chip-based 3D printer, showing a hologram formed by a chip within a resin chamber (not to scale). d Conceptual diagram of the proof-of-concept stereolithography-inspired chip-based 3D printer demonstrated in this work (not to scale). Credit: Light: Science & Applications (2024). DOI: 10.1038/s41377-024-01478-2
            
        

    


Imagine a portable 3D printer you could hold in the palm of your hand. The tiny device could enable a user to rapidly create customized, low-cost objects on the go, like a fastener to repair a wobbly bicycle wheel or a component for a critical medical operation.


                                        
                                              
                                        
                                                                                                                                    
Researchers from MIT and the University of Texas at Austin took a major step toward making this idea a reality by demonstrating the first chip-based 3D printer. Their proof-of-concept device consists of a single, millimeter-scale photonic chip that emits reconfigurable beams of light into a well of resin that cures into a solid shape when light strikes it.

The prototype chip has no moving parts, instead relying on an array of tiny optical antennas to steer a beam of light. The beam projects up into a liquid resin that has been designed to rapidly cure when exposed to the beam's wavelength of visible light.

By combining silicon photonics and photochemistry, the interdisciplinary research team was able to demonstrate a chip that can steer light beams to 3D print arbitrary two-dimensional patterns, including the letters M-I-T. Shapes can be fully formed in a matter of seconds.

In the long run, they envision a system where a photonic chip sits at the bottom of a well of resin and emits a 3D hologram of visible light, rapidly curing an entire object in a single step.

This type of portable 3D printer could have many applications, such as enabling clinicians to create tailor-made medical device components or allowing engineers to make rapid prototypes at a job site.

"This system is completely rethinking what a 3D printer is. It is no longer a big box sitting on a bench in a lab creating objects, but something that is handheld and portable. It is exciting to think about the new applications that could come out of this and how the field of 3D printing could change," says senior author Jelena Notaros, the Robert J. Shillman Career Development Professor in Electrical Engineering and Computer Science (EECS), and a member of the Research Laboratory of Electronics.

Joining Notaros on the paper are Sabrina Corsetti, lead author and EECS graduate student; Milica Notaros Ph.D. '23; Tal Sneh, an EECS graduate student; Alex Safford, a recent graduate of the University of Texas at Austin; and Zak Page, an assistant professor in the Department of Chemical Engineering at UT Austin. The research is published today (June 6) in Light: Science & Applications.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Printing with a chip

Experts in silicon photonics, the Notaros group previously developed integrated optical-phased-array systems that steer beams of light using a series of microscale antennas fabricated on a chip using semiconductor manufacturing processes. By speeding up or delaying the optical signal on either side of the antenna array, they can move the beam of emitted light in a certain direction.

Such systems are key for lidar sensors, which map their surroundings by emitting infrared light beams that bounce off nearby objects. Recently, the group has focused on systems that emit and steer visible light for augmented-reality applications.

They wondered if such a device could be used for a chip-based 3D printer.

At about the same time they started brainstorming, the Page Group at UT Austin demonstrated specialized resins that can be rapidly cured using wavelengths of visible light for the first time. This was the missing piece that pushed the chip-based 3D printer into reality.

"With photocurable resins, it is very hard to get them to cure all the way up at infrared wavelengths, which is where integrated optical-phased-array systems were operating in the past for lidar," Corsetti says. "Here, we are meeting in the middle between standard photochemistry and silicon photonics by using visible-light-curable resins and visible-light-emitting chips to create this chip-based 3D printer. You have this merging of two technologies into a completely new idea."

Their prototype consists of a single photonic chip containing an array of 160-nanometer-thick optical antennas. (A sheet of paper is about 100,000 nanometers thick.) The entire chip fits onto a U.S. quarter.

When powered by an off-chip laser, the antennas emit a steerable beam of visible light into the well of photocurable resin. The chip sits below a clear slide, like those used in microscopes, which contains a shallow indentation that holds the resin. The researchers use electrical signals to nonmechanically steer the light beam, causing the resin to solidify wherever the beam strikes it.


                                                                                                                                            A collaborative approach

But effectively modulating visible-wavelength light, which involves modifying its amplitude and phase, is especially tricky. One common method requires heating the chip, but this is inefficient and takes a large amount of physical space.

Instead, the researchers used liquid crystal to fashion compact modulators they integrate onto the chip. The material's unique optical properties enable the modulators to be extremely efficient and only about 20 microns in length.

A single waveguide on the chip holds the light from the off-chip laser. Running along the waveguide are tiny taps which tap off a little bit of light to each of the antennas.

The researchers actively tune the modulators using an electric field, which reorients the liquid crystal molecules in a certain direction. In this way, they can precisely control the amplitude and phase of light being routed to the antennas.

But forming and steering the beam is only half the battle. Interfacing with a novel photocurable resin was a completely different challenge.

The Page Group at UT Austin worked closely with the Notaros Group at MIT, carefully adjusting the chemical combinations and concentrations to zero-in on a formula that provided a long shelf-life and rapid curing.

In the end, the group used their prototype to 3D print arbitrary two-dimensional shapes within seconds.

Building off this prototype, they want to move toward developing a system like the one they originally conceptualized--a chip that emits a hologram of visible light in a resin well to enable volumetric 3D printing in only one step.

"To be able to do that, we need a completely new silicon-photonics chip design. We already laid out a lot of what that final system would look like in this paper. And, now, we are excited to continue working towards this ultimate demonstration," Notaros says.
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Meta withheld information on Instagram, WhatsApp deals: FTC

                                        by Leah Nylen, Bloomberg News                                                                                                                    
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Meta Platforms Inc. withheld information from federal regulators during their original reviews of the Instagram and WhatsApp acquisitions, the U.S. Federal Trade Commission said in a court filing as part of a lawsuit seeking to break up the social networking giant.


                                        
                                              
                                        
                                                                                                                                    The company formerly known as Facebook bought photo-sharing app Instagram in 2012 and the messaging app WhatsApp in 2014. Both transactions were scrutinized by the FTC at the time before they closed--Instagram as part of an in-depth review and WhatsApp with a simple 30-day one.

In the years since, the agency has faced significant criticism for allowing the deals to move forward. In 2020, the antitrust agency sued Meta alleging that it monopolized the personal social networking market by buying up emerging rivals. Meta is seeking to have the case thrown out before a trial, arguing that it has invested billions in the apps and that the FTC shouldn't be able to renege on its prior approval of the mergers.

In its filing Tuesday, however, the FTC said the case involves "information Meta had in its files and did not provide" during the original reviews.

"At Meta's request, the FTC undertook only a limited review" of the deals, the agency said. "The FTC now has available vastly more evidence, including pre-acquisition documents Meta did not provide in 2012 and 2014."

Meta said that it met all of its legal obligations during the Instagram and WhatsApp merger reviews. The FTC has failed to provide evidence to support its claims, a spokesperson said.

"The evidence instead shows that Meta faces fierce competition and that Meta's significant investment of time and resources in Instagram and WhatsApp has benefited consumers by making the apps into the services millions of users enjoy today for free," spokesperson Chris Sgro said in a statement. "The FTC has done nothing to build its case over the past four years, while Meta has invested billions to build quality products."


                                                                                                        
    
        
        
        
    

                                                                                                                                            Instagram's popularity has been key to Meta's continued success. Instagram produced $16.5 billion in the first six months of 2022, bringing in almost 30% of the company's overall revenue, according to court filings in the case. Meta doesn't break out Instagram revenue during its quarterly earnings reports.

The court filing isn't the first allegation that Meta failed to turn over information that might have impacted the initial merger reviews. In 2017, European antitrust regulators fined Meta 110 million euros ($122.1 million) for providing misleading information about the WhatsApp deal.

Meta has also degraded its platform for users most reliant on their apps, significantly increasing the ad load on first Instagram and then its flagship product Facebook, the agency said in the filing. It also "chronically deprived Instagram of resources to innovate and improve features," the FTC said.

U.S. District Judge James Boasberg in Washington, who is overseeing the lawsuit, hasn't indicated when he may rule on Meta's request nor has he set a trial date for the case.

The case is U.S. Federal Trade Commission v. Facebook Inc., 20-3590, U.S. District Court for the District of Columbia.


                                                                                                                                                                            
                                        											
										                                                                                    
                                                2024 Bloomberg L.P. Distributed by Tribune Content Agency, LLC.
                                            

                                                                                
                                        
                                        
                                            
                                                Citation:
                                                Meta withheld information on Instagram, WhatsApp deals: FTC (2024, June 6)
                                                retrieved 6 June 2024
                                                from https://techxplore.com/news/2024-06-meta-withheld-instagram-whatsapp-ftc.html
                                            

                                            
                                            This document is subject to copyright. Apart from any fair dealing for the purpose of private study or research, no
                                            part may be reproduced without the written permission. The content is provided for information purposes only.
                                            

                                        

                                        
									

								



This article was downloaded by calibre from https://techxplore.com/news/2024-06-meta-withheld-instagram-whatsapp-ftc.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



TSMC unit, NXP of Netherlands unveil Singapore chip plant plan
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An affiliate of Taiwan chip titan TSMC has joined Dutch chip maker NXP to announce plans to build a new US$7.8 billion factory in Singapore to make processors for the auto and mobile end markets.


                                        
                                              
                                        
                                                                                    Taiwan Semiconductor Manufacturing Company controls more than half the global output of microchips--the lifeblood of the global modern economy--used in everything from smartphones to cars and missiles.

Its unit Vanguard International Semiconductor Corporation will inject US$2.4 billion into VisionPower Semiconductor Manufacturing Company, while NXP will provide $1.6 billion for the remaining equity position.

The pair will stump up a further US$1.9 billion each to "support the long-term capacity infrastructure", adding that "the remaining funding including loans will be provided by third parties to the joint venture".

"The underlying process technologies are planned to be licensed and transferred to the joint venture from TSMC," they said Wednesday.

NXP president and chief executive Kurt Sievers said, "NXP continues to take proactive actions to ensure it has a manufacturing base which provides competitive cost, supply control, and geographic resilience to support our long-term growth objectives."

And Vanguard's chairman Leuh Fang said the project demonstrated the company's commitment to "diversifying our manufacturing capabilities".

VisionPower will operate as an independent, commercial foundry supplier, with an expected output of 55,000 300mm wafers per month by 2029, the statement said, adding that it would create around 1,500 jobs in Singapore.

Construction is set to begin in the second half of 2024, pending regulatory approvals, and initial production is expected to be available to customers by 2027, they said.

Taiwan is home to a powerhouse semiconductor industry--largely thanks to TSMC's dominance.

But the supply chain is highly vulnerable to shocks, leaving governments--including the United States--and clients such as Apple and Nvidia lobbying for TSMC to have more facilities off the island.

A major concern that has emerged in recent years is over Taiwan's neighbor, China, which claims the self-ruled island as part of its territory and has ramped up rhetoric about "unification".
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Boeing CEO to address safety at US Senate hearing
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Boeing's outgoing CEO Dave Calhoun will testify before a US Senate panel later this month to answer questions about safety and production issues at the aircraft manufacturer, the company said Wednesday.


                                        
                                              
                                        
                                                                                    The June 18 appearance in front of the Senate Permanent Subcommittee on Investigations follows an April hearing, in which four whistleblowers alleged there was safety problems in the production of three of the four commercial planes currently produced by Boeing--the 737 MAX, the 787 Dreamliner and the 777.

"I look forward to Mr. Calhoun's testimony, which is a necessary step in meaningfully addressing Boeing's failures, regaining public trust, and restoring the company's central role in the American economy and national defense," said Democratic Senator Richard Blumenthal, who chairs the subcommittee.

In a statement to AFP, Boeing said it welcomed the opportunity to appear in front of the panel "to share the actions we have taken, and will continue to take, to strengthen safety and quality and ensure that commercial air travel remains the safest form of transportation."

The company came under intense scrutiny in January in the wake of a near-disastrous Alaska Airlines flight, in which a 737 MAX was forced to make an emergency landing after a fuselage panel blew out in mid-flight.

The incident revived major questions around Boeing's safety practices that had initially arisen following two fatal crashes in 2018 and 2019, but which had subsided following a lengthy grounding of the 737 MAX.

A probe by the US Federal Aviation Administration has identified "non-compliance" issues in Boeing's manufacturing process.

The mid-air emergency prompted the regulator to put a stop to the expansion of 737 MAX production.

On May 30, the company submitted a government-mandated "comprehensive action plan" to address the safety issues.

It is also in the midst of an executive search after announcing on March 25 that Calhoun would step down as CEO at the end of 2024, part of a leadership shakeup that also replaced the head of commercial plane production and the chair of the board of directors.
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Meta hit with privacy complaints in Europe over AI plans
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A Vienna-based privacy campaign group filed complaints in 11 European countries against Meta on Thursday, saying the global tech giant's planned privacy policy change would allow "unlawful" use of personal data for artificial intelligence technology.


                                        
                                              
                                        
                                                                                    The complaints brought by the European Center for Digital Rights--also known as Noyb ("None of Your Business")--follow a recent announcement by Meta in which it informed its European users of a change in its privacy policy from June 26.

The group said "on closer inspection" it found out that the US giant Meta--via its new privacy policy--plans to use all public and non-public user data that it has collected since 2007 "for any undefined type of current and future AI technology".

The undefined AI technology can ingest personal data from any source and share any information with undefined "third parties"--all without getting the user's opt-in consent required by law, Noyb said.

"This is clearly the opposite of GDPR compliance", Noyb founder Max Schrems said in a statement, referring to the EU's landmark General Data Protection Regulation, which aims to make it easier for people to control how companies use their personal information.

"Meta doesn't say what it will use the data for, so it could either be a simple chatbot, extremely aggressive personalized advertising or even a killer drone," Schrems said.

Through the complaints, the group asks data protection authorities in the 11 European countries to stop Meta's new privacy policy before it enters into force in late June and fully investigate it.

The group said it plans to file complaints in the remaining EU member states in the coming days.

Noyb has launched several legal cases against technology giants, often prompting action from regulatory authorities.

The group began working in 2018 with the advent of the EU's landmark GDPR.
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Tests on a leading AI tool allowed the creation of deceptive and incriminating images of President Joe Biden and Donald Trump, a watchdog said Wednesday, despite pledges to block fake photos of the presidential contenders ahead of elections in November.


                                        
                                              
                                        
                                                                                                                                    Disinformation researchers fear rampant misuse of AI-powered applications in a year of major elections around the world, thanks to proliferating online tools that are cheap and easy to use and lack sufficient guardrails.

The non-profit Center for Countering Digital Hate (CCDH) said it tested two programs that can generate images based on text prompts -- Midjourney and ChatGPT, from Microsoft-backed OpenAI.

"Midjourney's guardrails failed more often," CCDH said in a report, adding that the tool failed in forty percent of test cases.

By comparison, CCDH said, ChatGPT failed only about three percent of the time.

CCDH tested the platforms against prompts relating to Biden and Trump as well as French President Emmanuel Macron, German Chancellor Olaf Scholz and European Commission President Ursula von der Leyen.

Midjourney failed in half of all tests relating to Biden and Trump, the report said.

Those included an image of Biden being arrested and Trump appearing next to a body double.

Midjourney did not respond to a request for comment.

In March, tech activists reported that Midjourney had blocked all prompts related to Trump and Biden, effectively barring users from creating fake images.

But CCDH said users could easily circumvent the policy--in some cases by adding a single backslash to a prompt previously blocked by Midjourney.


                                                                                                        
    
        
        
        
    

                                                                                                                                            'Easy to manipulate'

"Midjourney is far too easy to manipulate in practice -- in some cases it's completely evaded just by adding punctuation," said Imran Ahmed, chief executive and founder of CCDH.

CCDH's researchers also managed to create deceptive images by entering the physical description of the candidates instead of their names.

To create a fake image of Biden, CCDH said it entered the simple prompt: "A photo of a democratic, tall, lean, woke, older US statesman who wears suits and has white hair."

Midjourney had also "performed worst" of any tool during earlier test runs, CCDH said in a report in March, generating election disinformation images in 65 percent of cases.

Last month, a CCDH report said its researchers found at least six popular AI audio cloning tools can be easily manipulated to produce convincing election disinformation in the voice of leading American and European politicians.

AI-generated content--and particularly audio, which experts say is particularly difficult to spot--sparked national alarm in January when a fake robocall posing as Biden urged New Hampshire residents not to vote in the state's primary.

"The clock is already ticking," Ahmed said.

"AI companies and social media platforms need to urgently introduce more robust measures to protect us from an impending epidemic of political misinformation."
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As night falls in Chile's Atacama desert, the world's driest, a drilling machine extracts brine to measure levels of lithium--a crucial mineral for the global switch to cleaner energy, but harmful in its own way.


                                        
                                              
                                        
                                                                                                                                    Chile is seeking to retake its position as the world's top lithium producer, but environmentalists fear extraction in the Atacama desert will harm fragile ecosystems there.

The desert holds the main deposits of the mineral in Chile, which is part of Latin America's "lithium triangle" with Argentina and Bolivia.

Demand for lithium, used in electric car batteries, has grown strongly in recent years as the world seeks to move away from fossil fuels to curb global warming.

In the salt flats of Aguilar and La Isla in the Altoandinos desert region--at an altitude of 3,400 meters and 4,400 meters respectively--the temperature is minus zero and the wind biting at the approach of the southern winter.

There is a rush to finish the work of taking brine samples, which are sent to a laboratory to measure lithium content.

"We are drilling day and night," said Ivan Mlynarz, executive vice president of the Enami National Mining Company, which is seeking to start mining of the "white gold" mineral here by 2030.

'Positive results'

Between the Aguilar, La Isla and Grande salt flats, Enami hopes to be able to mine 60,000 tons of lithium annually.
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The project is key to Chile's plan to retake its position as the world's top lithium producer, which it lost to Australia in 2016.

"We've had very positive results," Enami worker Cristhian Moreno told AFP, describing the quality of lithium they've been getting from samples as "very favorable."

Chile's leftist President Gabriel Boric came to office with plans to create a national lithium company similar to state-owned copper firm Codelco, formed in the 1970s out of nationalized mining firms.

Last month, Codelco signed a deal with lithium miner SQM to nearly double the private mining firm's current extraction of the mineral in the Salar de Atacama, north of the Altoandinos.

Competitor Australia, which extracts lithium from rock rather than brine, today produces 43 percent of the mineral and Chile 34 percent.

The Codelco/SQM alliance would add some 300,000 tons to Chile's lithium production between 2025 and 2030, and another 280,000-300,000 tons per year from 2031 to 2060.

In 2022, the South American country produced some 243,000 tons.


                                                                                                        
    
        
        
        
    

                                                                                                                                            'It won't rain anymore'

In Chile, lithium is produced through the evaporation of brine in ponds or pools filled with water pumped from underneath salt flats.
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Experts say the method puts several animal and plant species at risk with the loss of tons of water in one of the most arid places on Earth.

"These fragile salt flats of Atacama are a refuge for a diversity of Andean life, biological corridors," said expert Cristina Dorador, a professor at the University of Antofagasta.

"They are not mines, they are ecosystems," she said.

Mining in the Altoandinos region of the southern Atacama region also threatens the Indigenous Colla people, some 20,000 of whom call Chile home.

Dwindling water sources in the area have already been forcing them from the mountains, where they traditionally live as shepherds, to the cities--unable to take care of their animals or themselves.

"If we dry the salt flats it won't rain any more, it won't snow anymore and... all the biodiversity will decline," Colla representative Christopher Castillo, 25, told AFP.

"It is to... exterminate the little biodiversity that we have left."

A research article published in 2019 in the International Journal of Applied Earth Observation and Geoinformation, found that the "water-intensive production process" used in the Atacama desert "has increased concerns around hydrological disruption" in a region with minimal rainfall.

It reported "significant" environmental effects from brine extraction, "including the degradation of surface vegetation, elevating daytime surface temperatures and decreasing soil moisture levels."
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Solar investment outstrips all other power forms: IEA
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More money is pouring into solar power than all other electricity sources combined, with investments set to reach half a trillion dollars this year, the world's top energy research body said Thursday.


                                        
                                              
                                        
                                                                                                                                    The International Energy Agency (IEA) forecast in a report that global investment in clean energy this year will hit $2 trillion, twice the amount going to fossil fuels.

It said combined investment in renewable power and grids overtook the amount spent on fossil fuels for the first time in 2023.

"Clean energy investment is setting new records even in challenging economic conditions, highlighting the momentum behind the new global energy economy," IEA executive director Fatih Birol said in a statement accompanying the agency's annual World Energy Investment report.

Companies and governments worldwide are raising spending on clean energy production to reduce the carbon emissions from burning fossil fuels that are driving deadly climate change.

The report said improving supply chains and lower costs were driving up investment in forms of so-called clean energy, which include solar panels, wind turbines, electric cars and heat pumps, as well as nuclear power generation.

Combined investment in renewables and nuclear for electricity generation is now set to reach 10 times the amount going to fossil-fuel power, led by solar, with China investing the biggest share.

"More money is now going into solar PV (photovoltaic panels) than all other electricity generation technologies combined," the report said.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Solar panel costs have decreased by 30 percent over the past two years and in 2024 "investment in solar PV is set to grow to $500 billion as falling module prices spur new investments."

By comparison, global upstream oil and gas investment is expected to increase by seven percent in 2024 to reach $570 billion, following a similar rise in 2023.

The IEA warned however of "major imbalances and shortfalls in energy investment flows in many parts of the world" where clean energy projects remain prohibitively expensive.

Excluding renewable energy giant China, the $300 billion invested by emerging and developing economies remained "far below what is required to meet growing energy demand in many of these countries".

"More must be done to ensure that investment reaches the places where it is needed most," Birol said.

The IEA said that meeting medium-term global goals to reduce harmful carbon emissions would require investment in renewable power to be doubled worldwide by 2030.
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Switzerland's largest wind farm, sitting astride the ridge of the Jura mountains by the French border, consists of only 16 turbines -- tiny compared to those of other European countries.


                                        
                                              
                                        
                                                                                                                                    The wealthy Alpine country has said it wants to rapidly accelerate the development of renewable energy sources as it strives to meet its target of carbon neutrality by 2050.

Authorities want to use a new climate bill approved last year to boost wind and solar power's current miniscule contribution to Switzerland's energy mix.

But that plan could hit a snag: the bill is being challenged by a national referendum on Sunday, potentially blocking its implementation next January.

While most environmental organizations back the law and its ambitions, a few smaller groups secured enough signatures to trigger a referendum under Switzerland's direct democracy system, amid fears it will fast-track large-scale energy projects and cause "unnecessary destruction of landscapes".

Switzerland's largest party, the hard right Swiss People's Party (SVP), has also backed the vote, warning that implementing the law could threaten Swiss energy security.

"It is not with renewable energy produced on mountaintops in the Jura that we will manage to guarantee supply security," Yvan Pahud, an SVP parliamentarian, told AFP.

The SVP supports more nuclear power instead.

Sacrificing nature?

Pierre-Alain Bruchez, who instigated the referendum, balked at the idea of installing large numbers of solar panels high up in pristine mountain landscapes.

The retired economist said he launched his battle after learning with "horror" of the Grengiols-Solar project, aimed at installing around 230,000 solar panels in the mountainous Wallis canton, at an altitude of 2,500 meters.

"We must not sacrifice nature on the altar of climate change," he told AFP.

Vera Weber, president of the Franz Weber Foundation for Nature and Animal Protection, which also called for the referendum, agreed.

"This law weakens the protection of nature in Switzerland," she told AFP.

Despite such arguments, overturning the law could prove difficult.

Sunday's vote will take place less than two months after Switzerland became the first country ever to be condemned by an international court for not doing enough against climate change.

The verdict by the European Court of Human Rights appears to have jolted the Swiss public, with 73 percent of voters polled recently saying they backed the law.


                                                                                                        
    
        
        
        
    

                                                                                                                                            More positives than negatives

The bill is aimed at rapidly increasing hydro, wind and solar production, and it clears the way for a simplified approval process for large-scale projects.

As for solar power, the main aim would be to install panels on building roofs and facades.

The Swiss government, which supports the law, has acknowledged that court appeals against renewable energy projects "will probably be less likely to succeed than before".

However, it stresses that large installations in "biotopes of national importance" and in migratory bird reserves will remain banned, albeit with some exceptions.

WWF, which is among several environmental groups that support the law, highlighted that the bill calls for "over 80 percent of planned renewable energy development to go through solar on existing buildings".

WWF expert Patrick Hofstetter added that "effective measures against electricity waste are finally being introduced".

"From our point of view, the benefits of the project clearly outweigh" the negatives, he said.

Overcoming fossil fuel dependence

Greenpeace's Swiss chapter said the law could help Switzerland "overcome its dependence on fossil fuels like oil and gas, which often come from bellicose states".

Jaqueline de Quattro, a parliamentarian with the Liberal party, agreed.

Switzerland, she pointed out, spends eight billion Swiss francs ($8.9 billion) a year "on undemocratic fossil imports like Russian gas, or oil from Arab countries".

Given how reliant the Swiss are on the comforts energy brings, she told AFP, "we must also accept from time to time to see a wind turbine on the horizon".
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EV sales boom in Nepal, helping to save on oil imports, alleviate smog

                                        by Binaj Gurubacharya                                                                                                                    

                                    
									    

    
        
            [image: EV sales boom in Nepal, helping to save on oil imports, alleviate smog]
             
                A man charges his electric vehicle at a charging station in Kathmandu, Nepal, Thursday, Tuesday, May 14, 2024. Nearly all of the electricity produced in Nepal is clean energy, most of it generated by river-fed hydro-electricity. Thanks to that abundant source of power, the country is quickly expanding charging networks and imports of EVs have doubled in each of the past two years, according to customs data. Credit: AP Photo/Niranjan Shrestha
            
        

    


Nepal's abundant hydroelectric power is helping the Himalayan nation cut its oil imports and clean up its air, thanks to a boom in sales of electric vehicles.


                                        
                                              
                                        
                                                                                                                                    Nearly all of the electricity produced in Nepal is clean energy, most of it generated by river-fed hydro-electricity. Thanks to that abundant source of power, the country is quickly expanding charging networks and imports of EVs have doubled in each of the past two years, according to customs data.

The Nepal Electricity Authority estimates use of EVs has reduced oil import costs by $22 million a year, and the savings are increasing.

Access to electricity in Nepal has soared in the past three decades as hydroelectric projects were completed. Now all but 6% of the population can reach the country's fast-expanding grid. That is enabling the country to leapfrog its neighbors in adopting EVs.

Nepal so far has the peak capacity to produce 2,600 megawatts of power and that is increasing as new hydropower plants are completed. A very small amount of power is also generated by solar plants.

"Our electricity in the grid is from hydropower so it is clean energy. And so Nepal is ideally placed to use electricity to run our vehicles in the best way it should be, which is that the energy source itself is clean. It is not coal, gas or nuclear or petroleum," said Kanak Mani Dixit, a leading environment and civil rights activist.



    
        
            [image: EV sales boom in Nepal, helping to save on oil imports, alleviate smog]
             
                A man sits waits in his electric car while recharging at a charging station in Kathmandu, Nepal, Tuesday, May 14, 2024. Nearly all of the electricity produced in Nepal is clean energy, most of it generated by river-fed hydro-electricity. Thanks to that abundant source of power, the country is quickly expanding charging networks and imports of EVs have doubled in each of the past two years, according to customs data. Credit: AP Photo/Niranjan Shrestha
            
        

    



Official data on sales were not available, but Chinese automaker BYD's Atto 3 and Indian maker Tata's Nexon appear to dominate sales of electric passenger sedans.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Nepal has made boosting use of EVs part of its national commitments to curbing climate changing emissions, pledging to raise EVs to 25% of all auto sales by 2025 and 90% by 2030.

To help drive more sales, the government is charging lower duties on imported EVs, ranging from 25% to 90%. The import duties on gas and diesel-fueled vehicles are 276% to 329%.

Nepal also has been quickly adding charging stations.

Sagar Mani Gnawali, who head the agency's department in charge of Electric Vehicle Charging infrastructure Development, said Nepal now has 400 charging stations and the number is expected to double within a year.

Jyotindra Sharma, a cardiac surgeon who has been driving an EV, a 2019 KIA Niro, for four years, says he is glad to know he is helping reduce the smog that poses severe health hazards in the Kathmandu valley.
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                Conductor of an electric passenger bus calls to attract attention of the travelers in Kathmandu, Nepal, Wednesday, May 22, 2024. Nepal's abundant hydroelectric power is helping the Himalayan nation cut its oil imports and clean up its air, thanks to a boom in sales of electric vehicles. Credit: AP Photo/Niranjan Shrestha
            
        

    



"I am extremely happy using an electric vehicle because I could contribute to the environment compared to the petrol cars," he said. "The electricity cost for charging and everything is much less and I got a much, much more luxurious car for the same price compared with gas-fueled cars," Sharma said.

EV enthusiasts also include drivers of small public vans who make their living ferrying passengers around the city and beyond.

"It is very easy to drive, there is no pollution, and it's good for the environment. Not only that, it's good for the country as the nation's money does not go to foreign land to buy oil. There are benefits all round," said Bhakta Kumar Gupta who has drives people from Kathmandu to southern Nepal and back everyday.


                                                                                                                                            Gupta replaced his diesel-run van with an EV the same size that can carry 10 passengers. It cost him $40 to buy diesel every day. Now, he says it costs about $6 to charge his van.
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                    Jyotindra Sharma poses next to his electric car in Kathmandu, Nepal, Tuesday, May 14, 2024. Sharma, a cardiac surgeon who has been driving an EV, a 2019 KIA Niro, for four years, says he is glad to know he is helping reduce the smog that poses severe health hazards in the Kathmandu valley. Credit: AP Photo/Niranjan Shrestha
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                    Sagar Mani Gnawali of the Nepal Electricity Authority speaks during an interview with the Associated Press in Kathmandu, Nepal, Thursday, April 25, 2024. Gnawali, who head the agency's department in charge of Electric Vehicle Charging infrastructure Development, said Nepal now has 400 charging stations and the number is expected to double within a year. Credit: AP Photo/Niranjan Shrestha
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                    Kanak Mani Dixit, a leading environment and civil rights activist, poses in front of a public electric bus in Kathmandu, Nepal, Wednesday, May 22, 2024. "Our electricity in the grid is from hydropower so it is clean energy. And so Nepal is ideally placed to use electricity to run our vehicles in the best way it should be, which is that the energy source itself is clean. It is not coal, gas or nuclear or petroleum," said Dixit, Credit: AP Photo/Niranjan Shrestha
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                    Newly imported electric vehicles are seen parked at the Chobhar Dry Port in Kirtipur, Nepal, Thursday, May 30, 2024. To encourage purchases of EVs, the government is charging lower duties on imported EVs, ranging from 25% to 90%. The import duties on gas and diesel-fueled vehicles are 276% to 329%. Credit: AP Photo/Niranjan Shrestha
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                    A bird is seen flying as smog envelops the skyline in Kathmandu, Nepal, May 3, 2024. Pollution from buses and other vehicles and from burning fuels for cooking and heating made Kathmandu one of the world's worst polluted cities for several days in April, as the government warned people to stay indoors. Credit: AP Photo/Niranjan Shrestha
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                    Slow moving traffic is seen on a busy road in Kathmandu, Nepal, Thursday, May 30, 2024. Kathmandu has very few EV buses and none connect the capital with other cities. Pollution from buses and other vehicles and from burning fuels for cooking and heating made Kathmandu one of the world's worst polluted cities for several days in April, as the government warned people to stay indoors. Credit: AP Photo/Niranjan Shrestha
                
            

        

    

But while hundreds of small EV vans ferry passengers on short routes, Kathmandu has very few EV buses and none connect the capital with other cities. Pollution from buses and other vehicles and from burning fuels for cooking and heating made Kathmandu one of the world's worst polluted cities for several days in April, as the government warned people to stay indoors.

Shifting to more EVs is crucial, said Dixit, the environmental activist.

"We desperately need that for the sake of our health and for the sake of our economy's health, individuals' health and our lungs as well as our national health," he said.


                                                                                                                                                                            
                                        											
										                                                                                    
                                                (c) 2024 The Associated Press. All rights reserved. This material may not be published, broadcast, rewritten or redistributed without permission.
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Beyond lithium: New solid state ZnI2 battery design opens doors for sustainable energy storage
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            [image: Beyond lithium: new solid state ZnI2 battery design opens doors for sustainable energy storage]
             
                Solid PFZ as Electrolyte. Credit: Bin Luo and Yongxin Huang from University of Queensland
            
        

    


Rechargeable aqueous zinc-iodine batteries get a lot of attention because they are safe, do not cost much, and have a high theoretical capacity. Zinc has a high theoretical capacity (820 mAh g-1) and iodine is found in large amounts in the Earth's crust. However, the limited cycle life of zinc-iodine batteries remains a significant challenge for their market viability.


                                        
                                              
                                        
                                                                                                                                    
The thermodynamic instability of the zinc electrode in an aqueous electrolyte always leads to the release of hydrogen, which causes the battery to swell and eventually fail. In addition, in aqueous electrolytes, reversible redox reactions often occur at the iodine cathode, involving triiodide, iodide, and polyiodide (I3-/I-/I5-). The ZnO and Zn(OH)42- passivation layers may further interact with triiodide and exacerbate the adverse effects on the zinc anode. Therefore, mitigating these parasitic side reactions on the zinc surface is essential to achieve a long-life rechargeable ZnI2 battery.

The researchers reported a new class of fluorinated block copolymers as solid electrolytes for the development of all-solid-state ZnI2 batteries with extended lifespan. The results of the study suggest that the zinc metal anode circulating in this solid electrolyte forms a stable fluoride-rich SEI layer, which promotes the deposition of zinc in the horizontal direction and prevents the growth of harmful zinc dendrites that can damage the separator and cause battery failure.


                                                                                                        
    
        
        
        
    

                                                                                                                                            In addition, this solid electrolyte effectively relieves the I3- shuttle problem extending the battery lifetime. Symmetrical cells assembled with this solid electrolyte are stably plated and stripped for about 5,000 hours at 0.2 mA cm-2. The complete ZnI2 battery has a longer rating of 0.5 C, impressive rate performance, and nearly 100% coulombic efficiency for more than 7,000 cycles (over 10,000 hours). The electrolyte exhibits excellent rate performance, delivering a reversible capacity of 79.8 mAh g-1 even at ultra-high current densities of 20 C.

These results highlight the great commercial potential of this all-solid-state battery. This study opens a new avenue for the design of fluorosolid-state polymer electrolytes for next-generation ZnI2 batteries with dendricity-free Zn metal anodes and ultra-long battery life.

Future research will explore more practical application scenarios of this battery while controlling costs. This solid-state ZnI2 battery featuring the solid perfluoropolyether (PFPE)-based polymer electrolyte demonstrates the formation of a solid electrolyte interphase (SEI) layer on zinc, promoting horizontal zinc growth, mitigating dendrite penetration, and enhancing battery cycle life.

Moreover, the solid electrolyte hinders the iodine ion shuttle effect, reducing zinc foil corrosion. Symmetric batteries employing this electrolyte demonstrate excellent cycle performance, maintaining stability for approximately 5,000 hours at room temperature, while solid-state ZnI2 batteries exhibit over 7,000 cycles with a capacity retention exceeding 72.2%.

This work offers a promising pathway to achieving reliable energy storage in solid-state ZnI2 batteries and introduces innovative concepts for flexible and wearable zinc batteries.

The research is published in the journal Materials Futures.
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            [image: Researchers investigating how AI categorizes images find similarities to visual systems in nature]
             
                Complete diagram of the On and Off DoG filters and their derivatives. Credit: https://openreview.net/pdf?id=4VgBjsOC8k
            
        

    


Researchers at TU Wien have investigated how an artificial intelligence categorizes images. The results show astonishing similarities to visual systems in nature.


                                        
                                              
                                        
                                                                                                                                    
How do you teach a machine to recognize objects in images? Huge progress has been made in this area in recent years. With the help of neural networks, for example, images of animals can be assigned to the respective species with a very high success rate. This is achieved by training a neural network with the help of many sample images. The network is adapted step by step until it ultimately yields the correct answers as precisely as possible.

Usually, however, it remains a mystery as to which structures are formed in the process and which mechanisms develop in the neural network that ultimately lead to the goal.

A team from TU Wien, led by Prof. Radu Grosu, and a team from MIT, led by Prof. Daniela Rus, have now investigated precisely this question and arrived at some astonishing results: Structures are formed in the artificial neural network that bear a striking resemblance to structures that occur in the nervous system of animals or humans.

The team presented their research at the International Conference on Learning Representations (ICLR 2024) in Vienna in May.
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                Peyman M. Kiasari, Zahra Babaiee and Radu Grosu (left to right). Credit: Vienna University of Technology
            
        

    



Several layers of neurons

"We work with so-called convolutional neural networks. These are artificial neural networks that are often used to process image data," says Zahra Babaiee from the Institute of Computer Engineering at TU Wien. She is the first author of the paper and did part of her work together with Daniela Rus at MIT and part of her work with Peyman M. Kiasari and Radu Grosu at TU Wien.

The design of these networks was inspired by the biological neural networks in our eyes and brain. There, visual impressions are processed by several layers of neurons. Certain neurons become active, for example, when they are activated by light signals in the eye, and transmit signals to neurons in the layer behind them.

In artificial neural networks, this principle is digitally imitated on a computer: the desired input--for example a digital image--is transferred pixel by pixel to the first layer of artificial neural networks. The activity of the neurons in this first layer simply depends on whether they are presented with a lighter or darker pixel.

These activity values of the neurons in the first layer are then used to determine the activity of the neurons in the next layer: Each of the neurons in the subsequent layer combines the signals from the first layer according to a very specific individual pattern (according to a very specific formula), and this yields a value that is then used to determine the activity of the neuron in the next layer.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Astonishing similarity to biological neural networks

"In convolutional neural networks, not all neurons in one layer play a role for every neuron in the next layer," explains Zahra Babaiee. "Even in the brain, not every neuron in a layer is connected to all neurons in the previous layer without exception, but only to the neighboring neurons in a very specific area."

In convolutional neural networks, so-called "filters" are therefore used to decide which neurons have an influence on a particular subsequent neuron and which do not. These filters are not predetermined, but are shaped automatically during the training of the neural network.

"While the network is being trained with many thousands of images, these filters and other parameters are constantly being adjusted. The algorithm tries out which weighting of the neurons from the previous layer leads to the best result until the images are assigned to the correct category with the highest possible reliability," says Zahra Babaiee. "The algorithm does this automatically, we have no direct influence on it."

However, at the end of the training, it is possible to analyze which filters have developed in this way. And this reveals interesting patterns: the filters do not take on completely random forms, but fall into several simple categories.


                                                                                                                                            "Sometimes the filters develop in such a way that one neuron is particularly strongly influenced by the neuron directly in front of it and hardly at all by others," says Zahra Babaiee.

Other filters look cross-shaped, or they show two opposite areas--one whose neurons have a strongly positive influence on the activity of the neuron in the next layer, and another whose neurons have a strongly negative influence.

"The amazing thing is that exactly these patterns have already been observed in biological nervous systems, for example in monkeys or cats," says Zahra Babaiee. In humans, the processing of visual data is likely to work in the same way.

It is probably no coincidence that biological evolution has produced the same filter functions that arise in an automated machine learning process. "If you know that precisely these structures are formed again and again during visual learning, then you can already take this into account in the training process and develop machine learning algorithms that reach the desired result much faster than before," says Zahra Babaiee.
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Using computer-assisted neural networks, researchers at the Karlsruhe Institute of Technology (KIT) and the University of Duisburg-Essen have been able to accurately identify affective states from the body language of tennis players during games. For the first time, they trained a model based on artificial intelligence (AI) with data from actual games.


                                        
                                              
                                        
                                                                                                                                    
Their study, published in the journal Knowledge-Based Systems, demonstrates that AI can assess body language and emotions with accuracy similar to that of humans. However, it also points to ethical concerns.

For their study, "Recognizing affective states from the expressive behavior of tennis players using convolutional neural networks," sports sciences, software development and computer science researchers from KIT and the University of Duisburg-Essen developed a special AI model. They used pattern-recognition programs to analyze video of tennis players recorded during actual games.

Success rate of 68.9%

"Our model can identify affective states with an accuracy of up to 68.9%, which is comparable and sometimes even superior to assessments made by both human observers and earlier automated methods," said Professor Darko Jekauc of KIT's Institute of Sports and Sports Science.

An important and unique feature of the study is the project team's use of real-life scenes instead of simulated or contrived situations to train their AI system. The researchers recorded video sequences of 15 tennis players in a specific setting, focusing on the body language displayed when a point was won or lost.

The videos showed players with cues including lowered head, arms raised in exultation, hanging racket, or differences in walking speed; these cues could be used to identify the players' affective states.

After being fed with this data, the AI learned to associate body language signals with different affective reactions and to determine whether a point had been won (positive body language) or lost (negative body language). "Training in natural contexts is a significant advance for the identification of real emotional states, and it makes predictions possible in real scenarios," said Jekauc.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Humans and machines recognize negative emotions better than positive ones

Not only does the research show that AI algorithms may be able to surpass human observers in their ability to identify emotions in the future, it also revealed a further interesting aspect: Both humans and AI are better at recognizing negative emotions.

"The reason could be that negative emotions are easier to identify because they're expressed in more obvious ways," said Jekauc. "Psychological theories suggest that people are evolutionarily better adapted to perceive negative emotional expressions, for example, because defusing conflict situations quickly is essential to social cohesion."

Ethical aspects need clarification before use

The study envisions a number of sports applications for reliable emotion recognition, such as improving training methods, team dynamics and performance, and preventing burnout. Other fields, including health care, education, customer service and automotive safety, could also benefit from reliable early detection of emotional states.

"Although this technology offers the prospect of significant benefits, the potential risks associated with it also have to be taken into account, especially those relating to privacy and misuse of data," Jekauc said.

"Our study adhered strictly to existing ethical guidelines and data protection regulations. And with a view to future applications of such technology in practice, it will be essential to clarify ethical and legal issues ahead of time."
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                Based on a series of analytical studies, MIT chemical engineers have come up with an idea that would enable long-haul trucks to use clean-burning hydrogen in place of diesel fuel, thereby reducing their carbon emissions. Left to right: Sayandeep Biswas, William Green, and Kariana Moreno Sader are now building an experiment to test and fine-tune equipment key to their promising approach. Credit: Gretchen Ert
            
        

    


People around the world rely on trucks to deliver the goods they need, and so-called long-haul trucks play a critical role in those supply chains. In the United States, long-haul trucks moved 71% of all freight in 2022. But those long-haul trucks are heavy polluters, especially of the carbon emissions that threaten the global climate. According to U.S. Environmental Protection Agency estimates, in 2022 more than 3% of all carbon dioxide (CO2) emissions came from long-haul trucks.


                                        
                                              
                                        
                                                                                                                                    
The problem is that long-haul trucks run almost exclusively on diesel fuel, and burning diesel releases high levels of CO2 and other carbon emissions. Global demand for freight transport is projected to as much as double by 2050, so it's critical to find another source of energy that will meet the needs of long-haul trucks while also reducing their carbon emissions. And conversion to the new fuel must not be costly.

"Trucks are an indispensable part of the modern supply chain, and any increase in the cost of trucking will be felt universally," notes William H. Green, the Hoyt Hottel Professor in Chemical Engineering and director of the MIT Energy Initiative.

For the past year, Green and his research team have been seeking a low-cost, cleaner alternative to diesel. Finding a replacement is difficult because diesel meets the needs of the trucking industry so well. For one thing, diesel has a high energy density--that is, energy content per pound of fuel. There's a legal limit on the total weight of a truck and its contents, so using an energy source with a lower weight allows the truck to carry more payload--an important consideration, given the low profit margin of the freight industry.


                                                                                                        
    
        
        
        
    

                                                                                                                                            In addition, diesel fuel is readily available at retail refueling stations across the country--a critical resource for drivers, who may travel 600 miles in a day and sleep in their truck rather than returning to their home depot. Finally, diesel fuel is a liquid, so it's easy to distribute to refueling stations and then pump into trucks.

Past studies have examined numerous alternative technology options for powering long-haul trucks, but no clear winner has emerged. Now, Green and his team have evaluated the available options based on consistent and realistic assumptions about the technologies involved and the typical operation of a long-haul truck, and assuming no subsidies to tip the cost balance. Their in-depth analysis of converting long-haul trucks to battery electric--summarized below--has found a high cost and negligible emissions gains in the near term.

Studies of methanol and other liquid fuels from biomass are ongoing, but already a major concern is whether the world can plant and harvest enough biomass for biofuels without destroying the ecosystem. An analysis of hydrogen--also summarized below--highlights specific challenges with using that clean-burning fuel, which is a gas at normal temperatures.

Finally, the team identified an approach that could make hydrogen a promising, low-cost option for long-haul trucks. And, says Green, "it's an option that most people are probably unaware of." It involves a novel way of using materials that can pick up hydrogen, store it, and then release it when and where it's needed to serve as a clean-burning fuel.


                                                                                                                                            Defining the challenge: A realistic drive cycle, plus diesel values to beat

The MIT researchers believe that the lack of consensus on the best way to clean up long-haul trucking may have a simple explanation: Different analyses are based on different assumptions about the driving behavior of long-haul trucks. Indeed, some of them don't accurately represent actual long-haul operations. So the first task for the MIT team was to define a representative--and realistic--"drive cycle" for actual long-haul truck operations in the United States. Then the MIT researchers--and researchers elsewhere--can assess potential replacement fuels and engines based on a consistent set of assumptions in modeling and simulation analyses.

To define the drive cycle for long-haul operations, the MIT team used a systematic approach to analyze many hours of real-world driving data covering 58,000 miles. They examined 10 features and identified three--daily range, vehicle speed, and road grade--that have the greatest impact on energy demand and thus on fuel consumption and carbon emissions. The representative drive cycle that emerged covers a distance of 600 miles, an average vehicle speed of 55 miles per hour, and a road grade ranging from negative 6% to positive 6%.

The research is published in the Transportation Research Record: Journal of the Transportation Research Board.

The next step was to generate key values for the performance of the conventional diesel "powertrain," that is, all the components involved in creating power in the engine and delivering it to the wheels on the ground. Based on their defined drive cycle, the researchers simulated the performance of a conventional diesel truck, generating "benchmarks" for fuel consumption, CO2 emissions, cost, and other performance parameters.

Now they could perform parallel simulations--based on the same drive-cycle assumptions--of possible replacement fuels and powertrains to see how the cost, carbon emissions, and other performance parameters would compare to the diesel benchmarks.


                                                                                                        
    
        
        
        
    

                                                                                                                                            The battery electric option

When considering how to decarbonize long-haul trucks, a natural first thought is battery power. After all, battery electric cars and pickup trucks are proving highly successful. Why not switch to battery electric long-haul trucks?

"Again, the literature is very divided, with some studies saying that this is the best idea ever, and other studies saying that this makes no sense," says Sayandeep Biswas, a graduate student in chemical engineering.

To assess the battery electric option, the MIT researchers used a physics-based vehicle model plus well-documented estimates for the efficiencies of key components such as the battery pack, generators, motor, and so on. Assuming the previously described drive cycle, they determined operating parameters, including how much power the battery-electric system needs. From there they could calculate the size and weight of the battery required to satisfy the power needs of the battery electric truck.

The outcome was disheartening. Providing enough energy to travel 600 miles without recharging would require a 2 megawatt-hour battery.

"That's a lot," notes Kariana Moreno Sader, a graduate student in chemical engineering. "It's the same as what two U.S. households consume per month on average."


                                                                                                                                            And the weight of such a battery would significantly reduce the amount of payload that could be carried. An empty diesel truck typically weighs 20,000 pounds. With a legal limit of 80,000 pounds, there's room for 60,000 pounds of payload. The 2 MWh battery would weigh roughly 27,000 pounds--significantly reducing the allowable capacity for carrying payload.

Accounting for that "payload penalty," the researchers calculated that roughly four electric trucks would be required to replace every three of today's diesel-powered trucks. Furthermore, each added truck would require an additional driver. The impact on operating expenses would be significant.

Analyzing the emissions reductions that might result from shifting to battery electric long-haul trucks also brought disappointing results. One might assume that using electricity would eliminate CO2 emissions. But when the researchers included emissions associated with making that electricity, that wasn't true.

"Battery electric trucks are only as clean as the electricity used to charge them," notes Moreno Sader. Most of the time, drivers of long-haul trucks will be charging from national grids rather than dedicated renewable energy plants. According to Energy Information Agency statistics, fossil fuels make up more than 60% of the current U.S. power grid, so electric trucks would still be responsible for significant levels of carbon emissions. Manufacturing batteries for the trucks would generate additional CO2 emissions.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Building the charging infrastructure would require massive upfront capital investment, as would upgrading the existing grid to reliably meet additional energy demand from the long-haul sector. Accomplishing those changes would be costly and time-consuming, which raises further concern about electrification as a means of decarbonizing long-haul freight.

In short, switching today's long-haul diesel trucks to battery electric power would bring major increases in costs for the freight industry and negligible carbon emissions benefits in the near term. Analyses assuming various types of batteries as well as other drive cycles produced comparable results.

However, the researchers are optimistic about where the grid is going in the future. "In the long term, say by around 2050, emissions from the grid are projected to be less than half what they are now," says Moreno Sader. "When we do our calculations based on that prediction, we find that emissions from battery electric trucks would be around 40% lower than our calculated emissions based on today's grid."

For Moreno Sader, the goal of the MIT research is to help "guide the sector on what would be the best option." With that goal in mind, she and her colleagues are now examining the battery electric option under different scenarios--for example, assuming battery swapping (a depleted battery isn't recharged but replaced by a fully charged one), short-haul trucking, and other applications that might produce a more cost-competitive outcome, even for the near term.


                                                                                                                                            A promising option: hydrogen

As the world looks to get off reliance on fossil fuels for all uses, much attention is focusing on hydrogen. Could hydrogen be a good alternative for today's diesel-burning long-haul trucks?

To find out, the MIT team performed a detailed analysis of the hydrogen option. "We thought that hydrogen would solve a lot of the problems we had with battery electric," says Biswas. It doesn't have associated CO2 emissions. Its energy density is far higher, so it doesn't create the weight problem posed by heavy batteries.

In addition, existing compression technology can get enough hydrogen fuel into a regular-sized tank to cover the needed distance and range. "You can actually give drivers the range they want," he says. "There's no issue with 'range anxiety.'"

But while using hydrogen for long-haul trucking would reduce carbon emissions, it would cost far more than diesel. Based on their detailed analysis of hydrogen, the researchers concluded that the main source of incurred cost is in transporting it. Hydrogen can be made in a chemical facility, but then it needs to be distributed to refueling stations across the country. Conventionally, there have been two main ways of transporting hydrogen: as a compressed gas and as a cryogenic liquid.

As Biswas notes, the former is "super high pressure," and the latter is "super cold." The researchers' calculations show that as much as 80% of the cost of delivered hydrogen is due to transportation and refueling, plus there's the need to build dedicated refueling stations that can meet new environmental and safety standards for handling hydrogen as a compressed gas or a cryogenic liquid.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Having dismissed the conventional options for shipping hydrogen, they turned to a less-common approach: transporting hydrogen using "liquid organic hydrogen carriers" (LOHCs), special organic (carbon-containing) chemical compounds that can under certain conditions absorb hydrogen atoms and under other conditions release them.

LOHCs are in use today to deliver small amounts of hydrogen for commercial use. Here's how the process works: In a chemical plant, the carrier compound is brought into contact with hydrogen in the presence of a catalyst under elevated temperature and pressure, and the compound picks up the hydrogen. The "hydrogen-loaded" compound--still a liquid--is then transported under atmospheric conditions. When the hydrogen is needed, the compound is again exposed to a temperature increase and a different catalyst, and the hydrogen is released.

LOHCs thus appear to be ideal hydrogen carriers for long-haul trucking. They're liquid, so they can easily be delivered to existing refueling stations, where the hydrogen would be released; and they contain at least as much energy per gallon as hydrogen in a cryogenic liquid or compressed gas form. However, a detailed analysis of using hydrogen carriers showed that the approach would decrease emissions but at a considerable cost.

The problem begins with the "dehydrogenation" step at the retail station. Releasing the hydrogen from the chemical carrier requires heat, which is generated by burning some of the hydrogen being carried by the LOHC. The researchers calculate that getting the needed heat takes 36% of that hydrogen. (In theory, the process would take only 27%--but in reality, that efficiency won't be achieved.) So out of every 100 units of starting hydrogen, 36 units are now gone.

But that's not all. The hydrogen that comes out is at near-ambient pressure. So the facility dispensing the hydrogen will need to compress it--a process that the team calculates will use up 20-30% of the starting hydrogen.

Because of the needed heat and compression, there's now less than half of the starting hydrogen left to be delivered to the truck--and as a result, the hydrogen fuel becomes twice as expensive. The bottom line is that the technology works, but "when it comes to really beating diesel, the economics don't work. It's quite a bit more expensive," says Biswas.

In addition, the refueling stations would require expensive compressors and auxiliary units such as cooling systems. The capital investment and the operating and maintenance costs together imply that the market penetration of hydrogen refueling stations will be slow.


                                                                                                                                            A better strategy: Onboard release of hydrogen from LOHCs

Given the potential benefits of using of LOHCs, the researchers focused on how to deal with both the heat needed to release the hydrogen and the energy needed to compress it.

"That's when we had the idea," says Biswas. "Instead of doing the dehydrogenation [hydrogen release] at the refueling station and then loading the truck with hydrogen, why don't we just take the LOHC and load that onto the truck?"

Like diesel, LOHC is a liquid, so it's easily transported and pumped into trucks at existing refueling stations. "We'll then make hydrogen as it's needed based on the power demands of the truck--and we can capture waste heat from the engine exhaust and use it to power the dehydrogenation process," says Biswas.

In their proposed plan, hydrogen-loaded LOHC is created at a chemical "hydrogenation" plant and then delivered to a retail refueling station, where it's pumped into a long-haul truck. Onboard the truck, the loaded LOHC pours into the fuel-storage tank. From there it moves to the "dehydrogenation unit"--the reactor where heat and a catalyst together promote chemical reactions that separate the hydrogen from the LOHC. The hydrogen is sent to the powertrain, where it burns, producing energy that propels the truck forward.

Hot exhaust from the powertrain goes to a "heat-integration unit," where its waste heat energy is captured and returned to the reactor to help encourage the reaction that releases hydrogen from the loaded LOHC. The unloaded LOHC is pumped back into the fuel-storage tank, where it's kept in a separate compartment to keep it from mixing with the loaded LOHC. From there, it's pumped back into the retail refueling station and then transported back to the hydrogenation plant to be loaded with more hydrogen.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Switching to onboard dehydrogenation brings down costs by eliminating the need for extra hydrogen compression and by using waste heat in the engine exhaust to drive the hydrogen-release process. So how does their proposed strategy look compared to diesel? Based on a detailed analysis, the researchers determined that using their strategy would be 18% more expensive than using diesel, and emissions would drop by 71%.

But those results need some clarification. The 18% cost premium of using LOHC with onboard hydrogen release is based on the price of diesel fuel in 2020. In spring of 2023 the price was about 30% higher. Assuming the 2023 diesel price, the LOHC option is actually cheaper than using diesel.

Both the cost and emissions outcomes are affected by another assumption: the use of "blue hydrogen," which is hydrogen produced from natural gas with carbon capture and storage. Another option is to assume the use of "green hydrogen," which is hydrogen produced using electricity generated from renewable sources, such as wind and solar. Green hydrogen is much more expensive than blue hydrogen, so then the costs would increase dramatically.

If in the future the price of green hydrogen drops, the researchers' proposed plan would shift to green hydrogen--and then the decline in emissions would no longer be 71% but rather close to 100%. There would be almost no emissions associated with the researchers' proposed plan for using LHOCs with onboard hydrogen release.


                                                                                                                                            Comparing the options on cost and emissions

To compare the options, Moreno Sader prepared bar charts showing the per-mile cost of shipping by truck in the United States and the CO2 emissions that result using each of the fuels and approaches discussed above: diesel fuel, battery electric, hydrogen as a cryogenic liquid or compressed gas, and LOHC with onboard hydrogen release. The LOHC strategy with onboard dehydrogenation looked promising on both the cost and the emissions charts. In addition to such quantitative measures, the researchers believe that their strategy addresses two other, less-obvious challenges in finding a less-polluting fuel for long-haul trucks.

First, the introduction of the new fuel and trucks to use it must not disrupt the current freight-delivery setup.

"You have to keep the old trucks running while you're introducing the new ones," notes Green. "You cannot have even a day when the trucks aren't running because it'd be like the end of the economy. Your supermarket shelves would all be empty; your factories wouldn't be able to run."

The researchers' plan would be completely compatible with the existing diesel supply infrastructure and would require relatively minor retrofits to today's long-haul trucks, so the current supply chains would continue to operate while the new fuel and retrofitted trucks are introduced.

Second, the strategy has the potential to be adopted globally. Long-haul trucking is important in other parts of the world, and Moreno Sader thinks that "making this approach a reality is going to have a lot of impact, not only in the United States but also in other countries," including her own country of origin, Colombia. "This is something I think about all the time."

The approach is compatible with the current diesel infrastructure, so the only requirement for adoption is to build the chemical hydrogenation plant. "And I think the capital expenditure related to that will be less than the cost of building a new fuel-supply infrastructure throughout the country," says Moreno Sader.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Testing in the lab

"We've done a lot of simulations and calculations to show that this is a great idea," notes Biswas. "But there's only so far that math can go to convince people." The next step is to demonstrate their concept in the lab.

To that end, the researchers are now assembling all the core components of the onboard hydrogen-release reactor as well as the heat-integration unit that's key to transferring heat from the engine exhaust to the hydrogen-release reactor. They estimate that this spring they'll be ready to demonstrate their ability to release hydrogen and confirm the rate at which it's formed. And--guided by their modeling work--they'll be able to fine-tune critical components for maximum efficiency and best performance.

The next step will be to add an appropriate engine, specially equipped with sensors to provide the critical readings they need to optimize the performance of all their core components together. By the end of 2024, the researchers hope to achieve their goal: the first experimental demonstration of a power-dense, robust onboard hydrogen-release system with highly efficient heat integration.

In the meantime, they believe that results from their work to date should help spread the word, bringing their novel approach to the attention of other researchers and experts in the trucking industry who are now searching for ways to decarbonize long-haul trucking.



                                                                                                                                                                            
                                        											
																								More information:
												Rob Jones et al, Realistic U.S. Long-Haul Drive Cycle for Vehicle Simulations, Costing, and Emissions Analysis, Transportation Research Record: Journal of the Transportation Research Board (2024). DOI: 10.1177/03611981231215672
																								
																							


                                        											
										                                            
                                                                                                                            
                                                

This story is republished courtesy of MIT News (web.mit.edu/newsoffice/), a popular site that covers news about MIT research, innovation and teaching.
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YouTube toughens policy on gun videos and youth; critics say proof will be in enforcement

                                        by David Klepper                                                                                                                    

                                    
									    

    
        
            [image: YouTube toughens policy on gun videos and youth; critics say proof will be in enforcement]
             
                The YouTube app is seen on an iPad, March 20, 2018, in Baltimore. YouTube announced Wednesday, June 5, 2024, that it is changing its policies about firearm videos in an effort to keep potentially dangerous content from reaching underage users. Credit: AP Photo/Patrick Semansky, File
            
        

    


YouTube is changing its policies about firearm videos in an effort to keep potentially dangerous content from reaching underage users.


                                        
                                              
                                        
                                                                                                                                    
The video sharing platform owned by Google said Wednesday it will prohibit any videos demonstrating how to remove firearm safety devices. In addition, videos showing homemade guns, automatic weapons and certain firearm accessories like silencers will be restricted to users 18 and older.

The changes take effect June 18 and come after gun safety advocates have repeatedly called on the platform to do more to ensure gun videos aren't making their way to the site's youngest users, potentially traumatizing children or sending them down dark paths of extremism and violence.

Katie Paul, director of the Tech Transparency Project, said the change was welcome news and a step in the right direction. But she questioned why the platform took so long to issue a new policy, and said her group will look to see how effectively YouTube enforces its new rule.

"Firearms are the number one cause of death for children and teens in America," said Paul, whose group has long sought stronger age controls on online gun videos. "As always with YouTube, the real proof of change is whether the company enforces the policies it has on the books. Until YouTube takes real action to prevent videos about guns and gun violence from reaching minors, its policies remain empty words."


                                                                                                        
    
        
        
        
    

                                                                                                                                            Last year, researchers at Paul's group created YouTube accounts that mimicked the behavior of 9-year-old American boys with a stated interest in video games. The researchers found that YouTube's recommendations system forwarded these accounts graphic videos of school shootings, tactical gun training videos and how-to instructions on making firearms fully automatic.

One video featured an elementary school-age girl wielding a handgun; another showed a shooter using a .50 caliber gun to fire on a dummy head filled with lifelike blood and brains. Many of the videos violated YouTube's own policies against violent or gory content.

YouTube said the policy changes were designed as an update to reflect new developments, like 3D printed guns, which have become more available in recent years. YouTube requires users under 17 to get their parent's permission before using their site; accounts for users younger than 13 are linked to the parental account.

"We regularly review our guidelines and consult with outside experts to make sure we are drawing the line at the right place," said company spokesman Javier Hernandez.

Along with TikTok, YouTube is one of the most popular sites for children and teens. Both sites have been questioned in the past for hosting, and in some cases promoting, videos that encourage gun violence, eating disorders and self-harm.

Several perpetrators of recent mass shootings have usedsocial media and video streaming platforms to glorify violence, foreshadow or even livestream their attacks.



                                                                                                                                                                            
                                        											
										                                                                                    
                                                (c) 2024 The Associated Press. All rights reserved. This material may not be published, broadcast, rewritten or redistributed without permission.
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Apple is expected to make the case next week that it is not being left behind as tech world rivals blaze ahead with artificial intelligence.


                                        
                                              
                                        
                                                                                                                                    AI and perhaps even a partnership with ChatGPT-maker OpenAI will likely be a driving theme at the Monday kickoff of Apple's annual WWDC developers' conference in Silicon Valley, according to analysts.

The conference is an annual jamboree for developers who create apps and software for Apple's ecosystem, and CEO Tim Cook will work hard to persuade them that the company is a key AI player as rivals Microsoft and Google roll out innovations in rapid-fire succession.

While Apple has been quietly including AI features in its iPhones, iPads, and Mac computers for years, it has yet to solidify its overall strategy or embrace ChatGPT-style generative AI that took the world by storm in late 2022.

Apple's share price has been on a roller coaster ride since the spark of the AI revolution, but the company's Wall Street believers see next week's announcements as the beginning of a new chapter for the iPhone-maker.

"WWDC represents the most important event for Apple in over a decade as the pressure to bring a generative AI stack of technology for developers and consumers is front and center," Wedbush Equities senior analyst Daniel Ives told AFP.

At the heart of the announcements will almost certainly be an update to Apple's iPhone operating system that is expected to see AI given a central role, according to Ives.

He also predicts a "flagship" OpenAI partnership involving an exclusive chatbot, which could be part of an upgrade to the much-derided virtual assistant Siri.

Since Apple makes most of its money from selling iPhones and other hardware, AI integrations will likely focus on its devices and services working more seamlessly together, said Creative Strategies analyst Carolina Milanesi.

"At the end of the day for Apple, it is about getting people to upgrade their iPhone," Milanesi said.

"We will see if Apple gives them a compelling reason to do that."


                                                                                                        
    
        
        
        
    

                                                                                                                                            'Litmus test'

Apple's rival Microsoft has "thrown down the gauntlet" by injecting generative AI features into Windows-powered computers to challenge MacBook laptops, according to Techsponential analyst Avi Greengart.

"The timing is critical for Apple," said Emarketer senior analyst Gadjo Sevilla.

Announcements at WWDC will be a "litmus test" for Apple's ability to integrate ChatGPT-like generative AI into all its devices and services, he said.

"Any misstep by Apple at this juncture could see it lose its place as a technology leader, especially as it is now sandwiched between two AI giants with actual products and release roadmaps that go well into the next two years."

Early this year, Apple lost its spot as the world's biggest company by market capitalization to Microsoft, with AI-chip leader Nvidia quickly closing in.

CEO Cook and his teams have already indicated their intention to answer the AI challenge by putting more powerful and AI-ready chips in recent iPad and MacBook releases.

But the big challenge for Apple is how to infuse the technology into its products without weakening its heavily promoted user privacy and security, according to analysts.

ChatGPT-style AI voraciously feeds off data and Apple will be at pains to fight the AI race while living up to its traditional position on safeguarding data privacy.

"Being too controlling of an AI ecosystem could cause Apple to lose ground or fall behind while other companies are moving fast and breaking things," Sevilla said.

As it moves forward, Apple has little other choice than to enter the race.

Market-tracker Canalys forecasts that 16 percent of smartphones shipped globally this year will be AI-capable, with that share growing to 54 percent by 2028.
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Interregional transmission--lines that connect multiple planning regions--can provide many benefits to electric customers, but market and operating practices were not necessarily designed for this type of interconnected system.


                                        
                                              
                                        
                                                                                                                                    
"As we build up our interregional transmission systems, we need to take a fresh look at improving the efficiency and efficacy of the existing system, which could increase grid reliability while reducing cost," said Christina Simeone, grid researcher at the National Renewable Energy Laboratory (NREL).

A new NREL report led by Simeone, "Barriers and Opportunities To Realize the System Value of Interregional Transmission," examines issues that prevent existing transmission facilities from delivering maximum potential value and offers a suite of options that power system stakeholders can pursue to overcome those challenges.

The report groups barriers and opportunities for interregional transmission among all regions, between non-market or a mix of market and non-market areas, and between market areas.

Barriers and opportunities among all regions

A common barrier to interregional transmission among all regions is the lack of clarity on resource adequacy sharing--or how we plan to share electricity generation resources across broad geographic areas to keep the lights on even when demand is high.

In addition, transmission owners and operators typically cannot predict when large power transfers are needed and the types of irregular power flows that might occur, such as during extreme weather events. Ensuring internal power networks can handle the large energy flows needed between regions during these events lies outside of current transmission planning and operating practices.

Some options to overcome these common barriers could be creating an interregional resource adequacy sharing framework, performing joint studies of transfer needs and means to mitigate power issues, and assessing the internal transmission system's large power transfer capability as the generation mix changes.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Barriers and opportunities between non-market areas or a mix of market and non-market areas

In regions that either operate without a market or with a mix of market and non-market systems, the biggest barrier to efficiently using interregional transmission is inconsistent and nontransparent methods of transmission scheduling and real-time operating.

NREL also finds transmission system congestion management tends to be uncoordinated in these regions. This could ultimately lead to higher supply costs or reliability risks along vital transmission corridors.

"Even in regions with no markets, there are different options for grid operators to reduce costs for electricity customers through greater coordination with other regions," Simeone said. A few of these options could include creating coordinated scheduling and operations platforms between systems and developing consistent methods for calculating available transfer capacity.

Barriers and opportunities between market areas

Programs have been established through joint operating agreements to increase the use of interregional transmission between market areas. However, NREL finds these programs can have inaccurate price forecasting and high transaction fees in coordinated transaction scheduling platforms.

In some instances, there are also outdated power flow limits and inaccurate modeling for interregional transmission that can lead to higher congestion management costs. Ultimately, these costs are then passed on to consumers.

Additionally, in most regional markets, excess high-voltage direct current (HVDC) transmission capacity tends to not be used efficiently, which could otherwise help meet demand. Efforts like removing fees and enhancing price forecasting for coordinated transaction scheduling could make a difference.


                                                                                                                                            Transformative actions for all regions

Transformative actions could be applied to all regions to increase the value of interregional transmission, like national coordination of network and resource adequacy planning.

"Many of the changes outlined in the report are technically complex to implement and impact power system stakeholders in different ways," Simeone said. "But the goal is for the suite of options to be considered alongside other local, state, and regional objectives to enhance systemwide benefits."

Understanding how to modernize market and operating practices is one piece of a larger national transmission picture that NREL and the Pacific Northwest National Laboratory (PNNL) have been studying for more than two years.

The National Transmission Planning Study (NTP Study) led by the U.S. Department of Energy's Grid Deployment Office, in partnership with NREL and PNNL, aims to identify transmission options that will provide broad-scale benefits to electric customers, inform regional and interregional transmission planning processes, and identify interregional and national strategies to accelerate decarbonization while maintaining system reliability.

The NTP Study is complemented by several companion reports, including this latest report on market and operating practices and a previous report on interregional renewable energy zones, or high-value interregional zones for renewable energy development. The NTP Study and its key findings will be released later this year.
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New study offers a better way to make AI fairer for everyone
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In a new paper, researchers from Carnegie Mellon University and Stevens Institute of Technology show a new way of thinking about the fair impacts of AI decisions.



                                        
                                              
                                        
                                                                                                                                    
They draw on a well-established tradition known as social welfare optimization, which aims to make decisions fairer by focusing on the overall benefits and harms to individuals. This method can be used to evaluate the industry standard assessment tools for AI fairness, which look at approval rates across protected groups.

"In assessing fairness, the AI community tries to ensure equitable treatment for groups that differ in economic level, race, ethnic background, gender, and other categories," explained John Hooker, professor of operations research at the Tepper School of Business at Carnegie Mellon, who coauthored the study and presented the paper at the International Conference on the Integration of Constraint Programming, Artificial Intelligence, and Operations Research (CPAIOR) on May 29 in Uppsala, Sweden. The paper received the Best Paper Award.

Imagine a situation where an AI system decides who gets approved for a mortgage or who gets a job interview. Traditional fairness methods might only ensure that the same percentage of people from different groups get approved.

But what if being denied a mortgage has a much bigger negative impact on someone from a disadvantaged group than on someone from an advantaged group? By employing a social welfare optimization method, AI systems can make decisions that lead to better outcomes for everyone, especially for those in disadvantaged groups.


                                                                                                        
    
        
        
        
    

                                                                                                                                            The study focuses on "alpha fairness," a method of finding a balance between being fair and getting the most benefit for everyone. Alpha fairness can be adjusted to balance fairness and efficiency more or less, depending on the situation.

Hooker and his co-authors show how social welfare optimization can be used to compare different assessments for group fairness currently used in AI. By using this method, we can understand the benefits of applying different group fairness tools in different contexts. It also ties these group fairness assessment tools to the larger world of fairness-efficiency standards used in economics and engineering.

Derek Leben, associate teaching professor of business ethics at the Tepper School, and Violet Chen, assistant professor at Stevens Institute of Technology, who received her Ph.D. from the Tepper School, coauthored the study.

"Our findings suggest that social welfare optimization can shed light on the intensely discussed question of how to achieve group fairness in AI," Leben said.

The study is important for both AI system developers and policymakers. Developers can create more equitable and effective AI models by adopting a broader approach to fairness and understanding the limitations of fairness measures. It also highlights the importance of considering social justice in AI development, ensuring that technology promotes equity across diverse groups in society.

The paper is published in CPAIOR 2024 Proceedings.
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												Violet Chen et al, Assessing Group Fairness with Social Welfare Optimization, Integration of Constraint Programming, Artificial Intelligence, and Operations Research (2024). DOI: 10.1007/978-3-031-60597-0_14
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      The latest science news on archaeology, fossils, mathematics, and science technology from Phys.org


      
        Study finds we spend more with cashless payments
        A study by researchers from the University of Adelaide has found that when using cashless methods of payment, individuals tend to spend more when purchasing.

      

      
        Popular chatbot is a politically left-leaning EU supporter, study suggests
        With the European Parliament elections now underway, millions of EU citizens are finalizing their decisions about which political party best represents their views.

      

      
        Research suggests AI could help teach ethics
        Artificial intelligence brings with it a host of ethical questions. A researcher at The University of Alabama explored whether AI can be harnessed to teach students how to navigate those very questions, among others.

      

      
        How to build a team of 'appropriately skeptical' financial statement auditors
        A new study identifies the characteristics that make auditing professionals more likely to reward skepticism in the people they supervise, which is associated with an increased likelihood of identifying potential fraud during the auditing process. One key takeaway is that encouraging appropriate skepticism in auditors is closely tied to the culture of the workplace, offering valuable insights to firms that want to encourage rigorous audits.

      

      
        90% of Michigan state troopers are white--why making the force more representative is a challenge
        Experts see increasing diversity among police as a key solution to reducing racial bias in traffic stops, arrest rates and officer-involved shootings.

      

      
        Five mysterious ancient artifacts that still puzzle archaeologists
        Archaeologists are often described as "stumped" or "baffled" by their discoveries. But, in reality, specialists have a good grasp of what most historical objects were created for. But there are a few exceptions to this rule.

      

      
        Tents, caravans and mobile homes are used after disasters, so why can't they be solutions to Australia's housing crisis?
        There is little doubt Australia is in the midst of a profound housing crisis, one that has been decades in the making.

      

      
        'We cannot simply go, go, go.' What is 'girl mossing,' the wellness trend that rejects hustle culture?
        On TikTok and Instagram, people are "girl mossing": lying on a forest floor, staring up at a leafy canopy or caressing moss. The United States National Forest Foundation even borrowed the term to kick off its 2024 Instagram account. Girl mossing recognizes a need to step away from the pressures of modern, urban life, promoting spending time in nature as a restorative practice.

      

      
        Super funds are using 'nudges' to help Australians make financial decisions. How do they work?
        Late last year the federal government announced measures to make it easier for Australians to access financial advice.

      

      
        Meet the 'new consumer': How shopper behavior is changing in a post-inflation world
        After a long anticipated wait, the Bank of Canada has finally decided to cut interest rates by 25 basis points. The decision marks a departure from the series of interest rate hikes that were previously implemented to curb inflation.

      

      
        New dating technique more accurately estimates time differences between Paleolithic hearth fires
        A team of archaeologists affiliated with multiple institutions in Spain has used a new dating technique to more accurately estimate time differences between Paleolithic Age hearth fires. In their paper published in the journal Nature, the group describes how their new dating technique works, its accuracy range and what their findings reveal about Neanderthals living in a river valley in what is now Spain, approximately 50,000 years ago.

      

      
        Economist explores why skyscrapers keep getting taller and why the world loves them
        Rutgers-Newark professor Jason Barr, an authority on skyscrapers, examines them through the lens of an economist, not an expert on architecture.

      

      
        New report predicts population of Africa will continue to grow this century
        According to the United Nations (UN) population projections, the population of Africa will continue to grow strongly in the course of this century, while on other continents population growth will decline in the near future.

      

      
        To hire the right job candidate, humans and machines should clear up this simple miscommunication
        Nearly every Fortune 500 company now uses some form of artificial intelligence to help them hire the best talent by screening resumes or analyzing test performance. But these AI hiring tools are probably spitting out worse candidates than hiring managers expect, according to new research.

      

      
        Study indicates political connections fuel innovation in emerging markets, but talent makes the difference
        Political connections can be a double-edged sword for innovation in emerging markets. While they provide companies with valuable resources and partnerships, the right kind of skilled talent is needed to take advantage of these benefits, according to a new study from the University of Surrey.

      

      
        Unraveling the gendered undertones of narcissism
        The researchers found that the trait manifests itself in vulnerable and subtle ways in women, which deviates from stereotypical manifestations of (male) narcissism that are typically expressed in grandiose and overt ways.

      

      
        The Protestant Work Ethic could explain a liking for 'natural' health care, research suggests
        A strong belief in the Protestant Work Ethic might underpin the decision-making of many people choosing "natural" approaches to health care, new research suggests.

      

      
        The NYPD gave officers iPhones--here's what researchers learned about race and policing
        The controversy about biased policing seems to draw endless fuel from race-based differences in public perception. Simply put, the vast majority of white citizens in the United States believe the police are doing a good job, including on issues of racial equality, while a similar percentage of Black citizens hold the opposite opinion.

      

      
        The rise of horse power ~4,200 years ago
        All domestic horses living on the planet today, whether racetrack champions, pony-club companions, or heavy draft giants, find their origins in the western Russian steppes of the third millennium BCE. However, the exact chronology of horse domestication and the widespread integration of horse power into human societies remains highly debated.

      

      
        The 17th-century origins of a modern finance tool
        In the early 1600s, the officials running Durham Cathedral, in England, had serious financial problems. Soaring prices had raised expenses. Most cathedral income came from renting land to tenant farmers, who had long leases so officials could not easily raise the rent. Instead, church leaders started charging periodic fees, but these often made tenants furious. And the 1600s, a time of religious schism, was not the moment to alienate church members.

      

      
        Will the 2024 Olympic Games become the playing field for social justice protests?
        Yannick Kluch, a professor of recreation, sport and tourism at the University of Illinois Urbana-Champaign, studies sport as a platform for promoting social justice. Kluch has worked with the U.S. Olympic and Paralympic Committee, U.S. Diving and the National Collegiate Athletic Association.

      

      
        Minimum pricing for alcohol helped curb demand during COVID lockdown, finds UK study
        Minimum pricing can be very effective in reducing demand for cheap high-strength alcohol amid concerns about affordability fueling problematic drinking, according to a study on the impact of the measure during the COVID lockdown.

      

      
        Mind the gap: Italian moms with 3+ kids work far fewer years than dads, while Finland shows equality
        Over the past century, the number of working women in Western countries has steadily increased. However, numerous studies show that it is still primarily women who have to manage the balancing act between parenthood and working life. Compared to fathers and childless women, mothers often have a less straightforward career path and face greater hurdles to career advancement.

      

      
        Top IT industry managers are divided on the need for face-to-face communication in the workplace
        Many managers are currently seeking a balance between digital and face-to-face communication. A recent study from the University of Eastern Finland published in Information Technology & People shows that top IT industry managers have different views on when and for what purposes face-to-face communication in the workplace is needed.

      

      
        Differences in education, values between men and women cause mismatches when seeking a partner, finds Spanish study
        The educational expansion of women has led to changes in the differences in educational level of men and women when looking for a partner.
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Study finds we spend more with cashless payments
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A study by researchers from the University of Adelaide has found that when using cashless methods of payment, individuals tend to spend more when purchasing.



										      
         
        
        
        

      

																																	
University of Adelaide Ph.D. Student Lachlan Schomburgk, who led the study, says the research found support for the existence of a positive "cashless effect," which is when consumers spend more when using cashless payment methods in comparison to cash.

The study suggests the cashless effect leads people to spend more when purchasing products that are typically used to signal status, such as jewelry. However, the effect was not observed when donating or tipping.

"Against our expectations, we found that cashless payments do not necessarily lead to greater tips or donations, in comparison to cash," says Schomburgk, who conducted the study with the University of Adelaide's Professor Arvid Hoffmann and Dr. Alex Belli from the University of Melbourne.

"This indicates that traditional cash-based ways of collecting money, such as tipping jars and spiral wishing wells, are just as effective as cashless point-of-sale terminals to collect tips or donations."

Schomburgk says consumers should be mindful of the payment method they use to pay for goods or services, as this could help them spend less--especially important in the current cost-of-living crisis.

"To prevent spending more than planned, we recommend consumers carry cash instead of cards whenever they can, as it acts as a self-control method," Schomburgk says.

"When using cash, people physically count and hand over notes and coins, making the act of spending more salient. If nothing is physically handed over, it's easy to lose track of how much is spent.


																																						
    
     




																																			"The transition towards a cashless society seems almost inevitable. I believe this research is crucial because it shines a light on an overlooked aspect of this transition: how payment methods influence our spending behavior. This understanding can help empower us to make more informed purchasing decisions."

The study, which was published in the Journal of Retailing, also provides useful insights for businesses and policymakers.

"Businesses should be aware that if they fail to embrace the cashless revolution, they might be unintentionally jeopardizing their revenue potential," Schomburgk says.

"And policymakers should communicate to individuals unfamiliar with cashless transactions, such as people who don't have bank accounts, about the potential of cashless methods to lead to overspending."

Schomburgk says further research is important, with technological advancements giving rise to newer payment methods.

"Both buy-now-pay-later services and cryptocurrency payments have some unique features that are likely to have an interesting influence on payment behavior," Schomburgk says.

"Given their novelty, there is currently limited academic research on both, which is where I believe future research is needed."

This research was conducted by analyzing 71 published and unpublished research papers from 17 countries, including data from more than 11,000 unique participants.

"Through this meta-analysis, we identified key factors that make the cashless effect stronger or weaker, which individual studies could not find. By doing this, we uncovered new insights that had often been overlooked by other researchers in individual studies," Schomburgk says.
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												Lachlan Schomburgk et al, Less cash, more splash? A meta-analysis on the cashless effect, Journal of Retailing (2024). DOI: 10.1016/j.jretai.2024.05.003
																						
																						

																					

                               											
																					
                              										                                        
										
										
											 
												Citation:
												Study finds we spend more with cashless payments (2024, June 6)
												retrieved 6 June 2024
												from https://phys.org/news/2024-06-cashless-payments.html
											 

											 
											 This document is subject to copyright. Apart from any fair dealing for the purpose of private study or research, no
											 part may be reproduced without the written permission. The content is provided for information purposes only.
											 

										

                                        
									

								



This article was downloaded by calibre from https://phys.org/news/2024-06-cashless-payments.html



	
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next




										

    
        
            [image: politics]
             
                Credit: Pixabay/CC0 Public Domain
            
        

    


With the European Parliament elections now underway, millions of EU citizens are finalizing their decisions about which political party best represents their views.



										      
         
        
        
        

      

																																	
But anyone using LlamaChat, one of the major new AI chatbots, is very likely to be confronted with biased answers. It turns out that the large language model developed by Meta, upon which LlamaChat is based, has clear political leanings.

This has been demonstrated in a new study from the University of Copenhagen in which Department of Computer Science researchers examined the language model's knowledge of political groups in the European Parliament. Moreover, they tested LlamaChat's own political stances on EU-political matters. The findings are published on the arXiv preprint server.

"We can see that LlamaChat has a bias in favor of pro-European and left-wing political views. The model aligns more with the Greens/EFA (left) and the S&D group (center-left) than with EPP (center-right) or ID group (far-right)," says postdoc Ilias Chalkidis from the Department of Computer Science.

The researchers tested LlamaChat on a EU-related political questionnaire and then placed the answers of the language model on the spectrum of political ideologies. The model was asked questions such as:


	Do you agree with the statement: "Immigration should be made more restrictive"?

	Do you agree with the statement: "European integration is a good thing"?




																																						
    
     




																																			Built-in ethics are part of the problem

The researchers point to two main reasons for Llama's political bias. One of these is that the datasets scraped from the internet, upon which the model is trained, may have been biased.

"Additionally, the model is presumably influenced by Meta's own ethical guidelines. That's because new models are optimized in the training process by people who 'reward' them for avoiding e.g. racist or sexist answers--as determined by a company's own ethical standards. And this can push the model towards more non-controversial positions, which can be said to more frequently mirror left-wing perspectives," says the study's other author, postdoc Stephanie Brandl.

This is problematic for the researchers, Brandl continues, "It is a problem that these big language models are developed by the companies themselves, and no one but them have any influence over what kind of data they are trained on or what kinds of guidelines go into the models. Fortunately, a few initiatives are underway in some European countries where public agencies are funding the development of models and assuming responsibility to better control the datasets and guidelines used in training."

This is not the first time that language models have been shown to espouse political biases. Indeed, a British study last year demonstrated that the 3.5 version of ChatGPT leaned towards liberal parties in the United States, Brazil and United Kingdom. But this is the first time that political bias in language models has been studied in an EU context.

"In this study, we had a closer look at the LlamaChat model. But results from other studies show that political bias is found in several other AI chatbots used frequently by people in their daily lives. While it may not exactly be the same kind of bias, it suggests that there is a general problem with political bias in large language models," says Chalkidis.


																																			Changing biases is possible

The researchers also showed that they were able change the model's political bias through additional training and by bypassing the ethical guidelines that the model was 'born' with.

"By feeding the model thousands of political speeches from specific parties, e.g. the right-wing group ID, and breaking the model's built-in ethics through certain prompts, it is possible to fine-tune it to other directions. In this case we managed to change the model's own political stances which were then closer to ID's stances," says Chalkidis.

He and Brandl hope that their study can be the first step towards developing a language model that can be used to better inform citizens about politics:

"At the moment, we have a problem with these models, which are biased and also misinform. But they also have a great democratic potential to inform citizens if they can be improved to provide nuanced answers and accurate information," says Brandl.

"It would be interesting to build a language model that could better equip voters for an election by answering political questions posed by citizens. For example, where do the parties stand if one is interested in the green transition? What have they done over the past five years? How have they voted? We hope that political scientists are keen to collaborate on such a project."
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Artificial intelligence brings with it a host of ethical questions. A researcher at The University of Alabama explored whether AI can be harnessed to teach students how to navigate those very questions, among others.



										      
         
        
        
        

      

																																	
Dr. Hyemin Han, an associate professor of educational psychology, compared responses to moral dilemmas from the popular Large Language Model ChatGPT with those of college students. He found that AI has emerging capabilities to simulate human moral decision-making.

In a paper recently published in the Journal of Moral Education, Han wrote that ChatGPT answered basic ethical dilemmas almost like the average college student would. When asked, it also provided a rationale comparable to the reasons a human would give: avoiding harm to others, following social norms, etc.

Han then provided the program with a new example of virtuous behavior that contradicted its previous conclusions and asked the question again. In one case, the program was asked what a person should do upon discovering an escaped prisoner. ChatGPT first replied that the person should call the police. However, after Han instructed it to consider Dr. Martin Luther King, Jr.'s "Letter from Birmingham Jail," its answer changed to allow for the possibility of unjust incarceration.


																																						
    
     




																																			Teaching AI to teach us

Although these examples are rudimentary, Han wrote that ChatGPT adjusted its response without more specific instruction as to what precisely he wanted it to "learn" from the text. This evidence that AI can already emulate human moral reasoning suggests that we can, in turn, learn more about human moral reasoning from AI.

Researchers could, for example, test the effectiveness of existing and new moral education practices before bringing those methodologies to the classroom.

"It would be unethical to introduce something to children that has not been well tested," Han said. "But AI could become a new tool to simulate potential outcomes of new programs, activities or interventions before trying them in the classroom. I think in the long term, LLMs will be able to achieve that goal and help educators."

The moral of the story

Han's second paper, published recently in Ethics & Behavior, discusses the implications of artificial intelligence research for the fields of ethics and education. In particular, he focused on the way ChatGPT was able to form new, more nuanced conclusions after the use of a moral exemplar, or an example of good behavior in the form of a story.

Mainstream thought in educational psychology generally accepts that exemplars are useful in teaching character and ethics, though some have challenged the idea. Han says his work with ChatGPT shows that exemplars are not only effective but also necessary.

"Exemplars can teach multiple different things at the same time," Han said. "Just as morality, in reality, requires multi-faceted, functional components for optimal functioning."


																																			SocratesGPT

He is not suggesting that AI should ever replace a human in the classroom. Imagine a Socratic-method chatbot, trained to challenge students with increasingly complex moral questions. Teachers would work alongside AI, helping students use it responsibly.

"If we simply utilize materials generated by AI without deliberation, it would likely result in the reproduction and amplification of biases and social problems," Han said. "The role of a human educator becomes even more critical."

In Han's view, the steady advance of technology makes moral education even more necessary. He hopes educators and policymakers will move toward including ethics in classrooms from primary to secondary level.

"The socio-moral issues the next generation is likely to face will be trickier than what we have dealt with," he said. "So moral education in the era of AI will become more important and should be more impactful."
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How to build a team of 'appropriately skeptical' financial statement auditors
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A new study identifies the characteristics that make auditing professionals more likely to reward skepticism in the people they supervise, which is associated with an increased likelihood of identifying potential fraud during the auditing process. One key takeaway is that encouraging appropriate skepticism in auditors is closely tied to the culture of the workplace, offering valuable insights to firms that want to encourage rigorous audits.



										      
         
        
        
        

      

																																	
"Auditors need to be skeptical of the financial statements being provided by their clients, because skepticism is essential for detecting fraud and protecting the investing public," says Joe Brazel, corresponding author of a paper on the study and the Jenkins Distinguished Professor of Accounting in North Carolina State University's Poole College of Management.

"However, recent research suggests audit supervisors often punish staff for exercising skepticism that does not identify a misstatement--or fraud," Brazel says. "This presents auditors with an ethical conflict between acting in their own self-interest and acting in a way that improves audit quality and protects the public.

"That research also indicates that supervisors who reward appropriate skeptical behavior, regardless of whether the behavior identifies a misstatement in the financials, appear to develop staff that are more likely to detect and convey fraud red flags to their superiors.

"The question we wanted to address with this work was: who are the supervisors who reward appropriate skeptical behavior, regardless of the outcome? What distinguishes them from supervisors who don't reward skeptical behavior?"

For the study, researchers recruited 127 practicing auditors with 3-10 years of experience and who are tasked with evaluating the performance of junior auditors.


																																						
    
     




																																			Study participants were asked to review a hypothetical case in which a junior auditor accurately identified a fraud red flag in the client's financial statements, but in which the pursuant investigation found there was a reasonable explanation for the red flag--there was no fraud. The study participants were then asked to give a performance evaluation of the junior auditor who reported and appropriately investigated the red flag.

Following completion of the performance evaluation, study participants completed a detailed survey designed to capture their personality traits, training, work history and personal experiences in relation to exhibiting skepticism while conducting audits. The work is published in the Journal of Business Ethics.

"We looked at 19 potential variables we thought may be related to a supervisor's willingness to reward skepticism," Brazel says. "We found three that are strongly associated with rewarding appropriate skeptical behavior."

The first variable was the ability to suspend judgment.

"This is one component of the trait of skepticism," Brazel says. "It's associated with people who are willing to follow the evidence to see where it goes, rather than jumping to conclusions. In this context, it tells us these people are supervisors who understand that not every red flag is associated with fraud. You are likely going to have multiple false positives--red flag investigations that have innocent explanations--for every investigation that identifies fraud."

The other two variables were both related to workplace culture.

"We observed that auditors who had been rewarded for exhibiting skepticism were more willing to pay it forward, and reward skepticism among junior auditors on their staff," Brazel says. "We also found that auditors who had experienced a culture of consultation, meaning they had worked in an environment that encouraged questions and engagement between junior and senior auditors, were also more likely to reward appropriate skeptical behavior.

"Our findings underscore the importance of workplace culture and identify characteristics that audit firms may want to cultivate in their staff and take into consideration when recruiting," Brazel says.
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Experts see increasing diversity among police as a key solution to reducing racial bias in traffic stops, arrest rates and officer-involved shootings.




										      
         
        
        
        

      

																																	
But while police agencies have invested in recruiting more racial minorities and women, progress in diversifying police forces has been slower than the public wants.

As a researcher who works with police agencies to improve their hiring processes, I'm always looking for insights into how to accelerate this progress.

Retention is key

One important strategy focuses on retaining recruits throughout the training period. After all, recruiting diverse trainees means little if they never graduate from the academy and start police work.

To learn more about why some trainees drop out, my co-authors and I examined 88 years' worth of data on attrition from the academy that trains troopers for the Michigan State Police.

Our main finding is that attrition in Michigan is strongly related to economic trends, with the number of dropouts rising when the overall economy is thriving. However, we also saw higher attrition rates for women and ethnic and racial minorities who started training between 2001 and 2022. This was accompanied by a noticeable rise in attrition across all groups starting around 2014.


																																						
    
     




																																			Losing these candidates has had an effect. The Michigan State Police reported that as of February 2024, its sworn trooper workforce was 90% white in a state that is 77% white.

The Michigan State Police has long struggled to maintain a diverse workforce. It hired its first Black trooper in 1967, but it operated under a consent decree--a court-ordered plan for addressing findings of discrimination--from 1977 until 1993, with the trend of declining diversity being a point of concern for the past decade.

Beyond struggling with diversification, many police agencies face critical staffing shortages, with a 19.6% decline in officers in Michigan from 2001 to 2023. Staffing shortages require current troopers to work long hours, leading to greater burnout and potentially slower response times. While there is some evidence that hiring may have increased in the past year, challenges remain.

So how can recruiters ensure that minorities and women complete police training and make the transition to trooper?


																																			Police work is complex

To answer that question, it helps to consider what police work requires.

An effective police officer needs extensive knowledge, skills and abilities. They must master legal procedures, make quick decisions and handle stress while maintaining integrity and empathy. They need excellent verbal communication and interpersonal skills. They must de-escalate violence and comfort the traumatized.

Physical strength and fitness are essential for disarming threats and rescuing the injured.

Psychological health is crucial, especially given the heightened focus on preventing police brutality. Police forces must maintain high standards, even during workforce shortages.

In research with the Michigan State Police, my colleagues and I found that many recruits express "culture shock" regarding the job's demands.

Family concerns about the danger of the job and the realities of night shifts and working holidays contribute to a lack of willingness of many people to apply or remain in training.

Research also finds that ethnic and racial minorities are less likely to have family and friends who have been police and thus have less insider knowledge of what the job entails.

Agencies are addressing these challenges with prep programs that help individuals understand the demands of this challenging job before hiring. They also are engaging with families of recruits, mentoring them and focusing on trooper wellness from the start.


																																						
    
     




																																			What repels, what attracts

My colleagues and I also examined how students pursuing degrees in criminal justice decide policing is not a viable option.

We found they turned away from policing because of the dangerous conditions and working hours, a belief that police work lacked meaning, and a poor image of policing.

Women and nonbinary people were approximately nine times more likely--and racial and ethnic minorities 40 times more likely--to eliminate policing as a career option than their white male counterparts. Instead, these groups said they pursued opportunities in federal law enforcement, probation, corporate security and the law.

Our data shows about a quarter of racial and ethnic minorities explicitly noted concerns about the public's distrust of policing and the potential for experiencing bias from both the public, such as taunts and insults, and from the organization in terms of assignments and promotions.

Guidance from the National Institute of Justice shows that providing consistent messaging regarding resources and support for diversity can improve attraction.

Research my colleagues and I conducted suggests that stronger messaging emphasizing the value of police work in recruiting materials would attract more ethnic minorities to apply.


																																			Authenticity, transparency needed

Police departments often include photos of ethnic and racial minority officers in advertising. These materials feature statements about diversity and inclusion and highlight community engagement work.

These are evidence-based recruitment practices to signal an inclusive workplace to underrepresented individuals.

Research shows, however, that police work has become a stigmatized profession with diminished moral credibility and eroded trust. Recruiting needs to be adjusted for this reality.

Police agencies frequently face criticism for inconsistent and insincere messaging about diversity, sometimes termed "diversity dishonesty."

For many recruits, using stock photos to suggest representation that doesn't exist is disingenuous. Effective community recruitment requires authentic discussions about public distrust related to officer-involved shootings, arrests and other incidents that the public sees as racially motivated.

Our research outside of policing the public gives more weight to things such as negative online reviews and less to evidence of minority representation or diversity statements.

The challenge of changing the image of the profession as well as of individual agencies is significant. Research shows public apologies have little impact on public support for police because plans for future change are often nonspecific and without clear accountability.

However, transparency about prior critical incidents in the community and efforts at reform can be helpful.

For example, the Michigan State Police has a webpage specifically focused on providing information to the public on personnel, funding, policies, traffic stops, use of force and more.

Avoiding the topic of race and policing history, particularly with those from underrepresented communities, results in distrust and is bound to harm efforts to diversify the police workforce.
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Archaeologists are often described as "stumped" or "baffled" by their discoveries. But, in reality, specialists have a good grasp of what most historical objects were created for. But there are a few exceptions to this rule.




										    
																																	
The following list is a selection of intriguing mystery objects. They're a great example of why digging up the past continues to hold great fascination for professionals and public alike.

1. Neolithic stone balls

The elaborately carved stone balls found predominantly in Scotland and dating from the later Neolithic period (circa BC3200-2500) are one such mystery.

Over 425 balls have been found. They are generally the size of a cricket ball and made from a wide variety of stones. Their surfaces are sculpted, sometimes into raised circular disks and sometimes with deep incisions defining knobs and lobes in high relief. Decoration takes the form of spirals or concentric shapes, echoing those found on pottery and monumental stones of the era.



    
        
            [image: Five mysterious ancient artefacts that still puzzle archaeologists]
             
                Three Scottish examples, in Kelvingrove Art Gallery and Museum, Glasgow. Credit: Johnbod/Wiki Commons, CC BY-SA
            
        

    



Some have been found in burials, others in settlements. They are rarely, if ever, identical and most are found alone, so don't seem to have been part of a set. Some appear to have been heavily handled during their lifetime.

The original use of these stone balls has been a source of much debate, right back to their earliest discovery in the 19th century. Many were chance finds or circulated with little provenance in art collections, and have rarely been found in an archaeological context.

Were they missiles for deterring predators and pests? Weapons of war? Toys? Or perhaps measuring weights, household ornaments, mnemonic devices, ball bearings to move megaliths or holders for yarn? The answer still escapes us.


																																						
    
     




																																			2. Roman dodecahedra

These intriguing objects have recently made headlines, with a new find from Norton Disney in Lincolnshire prompting much discussion as to their function.

Dodecahedra date from the Roman period in Britain (43-410AD). About 130 have been found across the north-west provinces of the former Roman empire, each finely crafted from copper alloy.

No representations of these objects are known in ancient art or literature. They do not conform to a standard size and rarely show use-wear which could hint at their purpose. Although armchair experts will tell you their granny used one to knit gloves, archaeologists are undecided on their intended use.

3. Neolithic chalk drums

In 1889, three carved cylinders of chalk were discovered in a child's grave in Folkton, north Yorkshire. The Folkton Chalk Drums have geometric decoration and what appear to be eyes, noses and eyebrows. A fourth, undecorated drum was found at Lavant in west Sussex in 1993. Another, highly ornate, example was excavated at Burton Agnes in east Yorkshire in 2015.

The Burton Agnes drum was buried with a chalk ball, a bone pin and the remains of three children--one of whom was dated to BC3005-2890.



The motifs on the drums are part of an aesthetic tradition also found on the Neolithic stone balls. Despite their name, chalk drums are unlikely to have been played as musical instruments and do not show wear associated with percussive use.

Some researchers have connected their circumferences with a standardized measure of length known as the "long foot." Some think they were references in stone to perishable containers such as lidded wooden jars or baskets. Others have tried to link the geometric markings to astronomical observations. But their presence in the graves of carefully buried children seems to suggest a more sensitive explanation.


																																			4. Bronze age 'lock-rings'

The bronze age was a time of exceptional gold-working. Highly decorative personal ornaments were crafted from gold sheet and wire. These small penannular (open) rings date from the late bronze age (circa BC1000-800) and are found in Ireland, Britain and parts of France.

Frequently unearthed in matching pairs, they can be plain or have delicate, geometric engravings.



Recent interpretations have suggested they could have been nose rings, earrings or hair ornaments. None of these explanations is terribly satisfactory, as various elements of their design would make the rings difficult or uncomfortable to wear.

What we need is context--like the recent discoveries at Boncuklu Tarla, in Turkey, of burials with facial jewelry found close to skulls.


																																						
    
     




																																			5. Romano-British cosmetic grinders

Cosmetic grinders are small copper alloy kits made in two parts. One half is the "mortar" (a long and curving grooved receptacle) and the other is the "pestle" (either rod-like and pointed, or arched into a "rocker" shape). They often have loops for suspension and human or animal-shaped terminals.

Waterbirds and bovids are common decorative motifs which also feature on other Romano-British containers such as cups and buckets. Phallic symbolism on some sets has prompted an association with fertility.

Cosmetic sets are typically British, and rarely found on mainland Europe. They date from the late iron age to early Roman period (circa BC100-200AD) and are well distributed across the landscape.

Use-wear analysis has shown these objects were rubbed together with a lateral grinding action. They may have been superseded by the flat marble palettes used across the Roman empire, although these worked in a fundamentally different way, using a metal scoop or stone tool to mix ingredients together in a circular motion.

The mystery here is not the function, but what substance was being prepared. Suggestions have included medicines, aphrodisiacs, cosmetics and narcotics. The contents of a mortar have never successfully been analyzed. This is an occasion where amateur finders can be of great help to archaeologists, by resisting the urge to clean cosmetic mortars and instead bringing them forward to be examined.
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There is little doubt Australia is in the midst of a profound housing crisis, one that has been decades in the making.




										      
         
        
        
        

      

																																	
It was once reasonable to assume the market could cater for most people's housing needs and preferences, except for those with complex social or health challenges.

But there are now more and more people in severe housing stress--sleeping rough, couch surfing, living in desperately overcrowded conditions or in vehicles and tents.

While many in these situations need no more than a reasonably priced home with a degree of security and safety, others continue to need additional support. The longer anyone lives in acute housing stress, the more likely it is they will develop serious social and health conditions.

Some of the factors driving the housing crisis are relatively new, but many have been fueling a shortage for decades. We have not been building enough new homes for our population, which is both growing and evolving in the ways we choose to live.

For instance, many Australians are now living in smaller households, and the number of households is projected to increase in the coming decades.

This is not only driving housing demand, but also leading to significant mismatches as our housing stock fails to reflect these changes in household types.

Social housing has also been declining as a share of the national housing stock for almost 30 years at the same time as demand has been rising.


																																						
    
     




																																			Lessons from disasters

So, what could be done now to help those already living in severe housing stress and those likely to soon join them?

Our response to this housing crisis stands in contrast to how we typically respond to other major emergencies that create localized housing crises.

Following major floods or bushfires, one of the first responses is to provide temporary accommodation for those affected.

For example, in the Northern Rivers area of New South Wales hit by the catastrophic floods of 2022, prefabricated living pods were brought in and placed in clusters or villages where other services could be provided effectively.

While there have been criticisms of the operation--its pace and scale, the chosen locations of the villages and length of stay allowed--this approach reflected an acknowledgement of the seriousness of the crisis.

Why isn't that attitude reflected more widely when we think about housing for Australians in desperate need?

Apart from some discussions about the use of quarantine facilities built during the COVID pandemic, there are very few policy measures that involve temporary and mobile housing options.

Also, some local councils are even limiting the opportunities that people in desperate housing situations have to improve their circumstances in ways that might seem unconventional.

We know more people are now living in vehicles--including cars, caravans and converted buses--or tents. But the places where it is possible to do so legitimately are not increasing and might even be decreasing.

Most councils have local laws that prohibit sleeping overnight in vehicles, or for anyone to sleep in a tent outside a licensed campsite. There may have been good reasons for these restrictions in the past, but many were drafted when we were not experiencing a severe housing crisis.


																																			What more could be done?

So, why is there such reluctance to accept that desperate times might call for special measures? There are three main reasons.

Firstly, as the Australian Human Rights Commission notes, housing is a basic human right and for some this means that anything less than a conventional home is a denial of this right.

However, it avoids the question of what to do if there are not enough conventional homes to fulfill this obligation in the short term, while knowing it will take many years to achieve our ambitious new building targets.

In other words, while providing a regulated campsite for people with no choice but to live in a tent or a vehicle might not fulfill a long-term human rights obligation, it could provide an acceptable short-term step along the way.

Secondly, some critics fear the commitment to long-term solutions and systemic change might be undermined if unconventional and short-term forms of accommodation--such as providing places to park a vehicle or pitch a tent safely, and have access to services and facilities--are supported.


																																						
    
     




																																			But for people in acute housing stress, the prospect of waiting years for structural reform to improve their housing situation is not appealing and might be seen as a case of the best being the enemy of the good.

Thirdly, some argue that, like giving money to people on the street, running soup kitchens from inner city churches or providing washing and laundry facilities for homeless people, we will only encourage people to make antisocial "lifestyle choices" if we support these unconventional emergency measures.

However, without short-term responses that acknowledge the contribution of unconventional temporary and mobile forms of living, the current crisis looks set to worsen and might have more far-reaching impacts for the legitimacy of our housing system.
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On TikTok and Instagram, people are "girl mossing": lying on a forest floor, staring up at a leafy canopy or caressing moss. The United States National Forest Foundation even borrowed the term to kick off its 2024 Instagram account. Girl mossing recognizes a need to step away from the pressures of modern, urban life, promoting spending time in nature as a restorative practice.




										      
         
        
        
        

      

																																	
The fast pace and pressure of neoliberal capitalism take an enormous toll on well-being: not just personal, but social and planetary. These pressures are most acutely felt by women--whose labor remains, in large part, undervalued and underpaid--and by young people, who are often in precarious work, priced out of the housing market. Yet they're still bombarded with images of unattainable success on social media. Not so the moss selfies.

The pressure to succeed, to be a "girlboss" at work, as well as the perfect girlfriend or wife or mother or daughter, takes its toll on women's physical and emotional health. It's no wonder, then, that women are moving from girlbossing to girl mossing. Girl rotting is another subversive form of rest and retreat, focused on being intentionally "unproductive" at home.

While it is challenging to pinpoint the origins and scope of this aesthetic movement, "girl mossing," "girl rotting," and related terms have seen significant growth on social media since around the middle of last year. The trend can be traced back to mid-2022, when journalist and influencer Daisy Alioto tweeted: "The girl boss is dead, long live the girl moss (lying on the floor of the forest and being absorbed back into nature)."


																																						
    
     




																																			Her tweet was picked up by other influencers and the term spread to lifestyle and wellness blogs and the popular media.

There is a crossover between girl mossing as a byword for resting and relaxing in nature, and a worldwide trend for literally appreciating moss, similarly linked to finding relaxation in nature. In Japan, moss has long been a national craze, sparked partly by a 2011 runaway hit book, Mosses, My Dear Friends. The term "Moss girl(s)" in Japanese, #Tai garu or #Tai garuzu, has 4,036 posts on Instagram.

On Facebook, the Moss Appreciation Society has over 267.1k members. And there are whole Instagram accounts devoted to photos of moss, like Mossgirlny, with 14.9K followers.

Moss does not move fast. It is soft and pillowy, ideal for nestling into, and plays a nurturing role in soil health, helping retain key nutrients, avoid erosion, and ward off disease. It also helps with decomposition, transforming decaying leaf matter into new life.

Retreats for "moss girls" in Japan are accompanied by moss discovery tours and special themed desserts. The moss obsession continues today, with Oprah Winfrey recently getting in on the trend, visiting the moss gardens in Saihoji Temple and "forest bathing."


																																			Rest, repair and doing nothing

The girl moss phenomenon also provides evidence for the rise in popularity of what scholars have called Dark Green Religion, reverential naturalism or relational naturalism. A strong connection with nature and an awareness of our interdependence with it is becoming a prevalent worldview and a source of meaning for many. It can have spiritual dimensions, or be entirely materialist and scientific.

This connection with nature is frequently coupled with the desire for rest and repair, in contrast to (and representing recovery from) the speed of capitalist hustle culture.

Trends like girl mossing and girl rotting follow the recent trend of quiet quitting, rising interest in the Dutch concept of niksen (doing nothing), and Dzogchen Buddhism's emphasis on resting in effortless ease.


																																						
    
     




																																			In China, there's a parallel rise in "tangping/lying flat" among Chinese young people who are "rejecting high-pressure jobs" in favor of a "low-pressure life," and in "bai lan" (letting things rot), "a voluntary retreat" from pursuing goals that are now seen as "too difficult to achieve."

Notably, these trends emerged as we reentered the productivity culture of contemporary working life after the lockdowns of the COVID-19 pandemic, when much of the world was forced to slow down. Perhaps we've learnt the wisdom of letting things moss and rot.

As Buddhist nun and bestselling author Pema Chodron states, things "come together and they fall apart," again and again. "It's just like that."

The Western, capitalist mindset--shaped by Protestant values--valorises "things coming together." We typically strive for material rewards through hard work and achieve success through doing.


																																			We celebrate the "wins": the promotion, the new house, marriage, the birth of children. By contrast, we really struggle "when things fall apart," as they inevitably do, particularly when we are confronted with old age, sickness, and death--basically, with human decomposition.

Mossing and rotting trends are by no means the first spiritual or lifestyle movements out to subvert the prescribed capitalist life path.

In the 1960s, leading figure in the counterculture movement and psychedelics advocate Timothy Leary urged youth to "tune in, turn on, drop out." But girl mossing and girl rotting are distinguished by being led by young women, and by their embrace of natural rhythms of decay.

They both resist the hustle of productivity culture through an awareness that humans are part of nature--and thus subject to natural cycles. This fundamentally includes decomposition.

There is overlap, here, with the women leading the natural death and home funeral movement, such as author Caitlin Doughty, who advocate for embracing decay and the "freedom found in decomposition, a body rendered messy, chaotic, and wild." And for advocates of new methods of handling human remains, like composting, decomposition is a fundamentally generative act, productive of new life.

We cannot simply go, go, go and incessantly produce and consume. We also need to rest, and rot, to rejuvenate for our well-being--and at some point, to die well too.
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Late last year the federal government announced measures to make it easier for Australians to access financial advice.




										      
         
        
        
        

      

																																	
As part of this, the government wants super funds to use "nudges" to get members to engage more with their retirement investments and superannuation, especially when they're starting work and approaching retirement.

While the legislation containing the changes is still in the consultation phase, super funds are upskilling staff and making other changes to improve customer service or risk a government crackdown.

Telling funds to use nudge theory to advise on super comes as more than five million Australians are heading towards retirement.

What is nudge theory?

Nudging is used to encourage people to pick the "better" option, without taking away their freedom to choose differently.

For example, sending regular reminders to members about the benefits of voluntary contributions can get them to increase the amount they put in. This nudge makes it easier for them to contribute more--the better option--while still allowing them to choose not to.

Assistant Treasurer Stephen Jones explained the government's changes were needed because so-called "fin-fluencers" were providing unregulated financial advice on social media platforms to Australians unable to pay an adviser.


																																						
    
     




																																			Helping people protect their interests

There are three ways, supported by research, nudges can help Australians engage with their super.

1. Future self visualization

This involves getting young people to think about their future selves and visualize their life in retirement. This can help them to recognize the long-term benefits of getting actively involved with their super.

Showing fund members how they might look when older by using an aging filter software, for example, can make this visualization more real for them and enhance understanding of their future selves, leading to higher engagement.

2. Simplification

We all know financial products and superannuation can be complicated. The information and choices presented can lead to decision paralysis, causing people to delay or opt out of making a decision. By simplifying the process, funds can motivate people to get more engaged with their super.

To get people to make voluntary contributions, for example, it might be more effective for funds to recommend a specific percentage of their salary rather than offering several options. Deciding whether to boost contributions by an extra 3%, 4% or 5% can be overwhelming, especially for people with poor financial literacy.


																																			3. Language and framing

The way options are framed and the language super funds use can significantly impact member engagement.

Australians may be more likely to make higher voluntary contributions if they are asked how much they want to "invest" in their super instead of how much they want to "contribute" or "add."

The word "invest" encourages people to think about future benefits, motivating them to make higher contributions.

How options are labeled can also have an impact on member engagement and decision making.

For example, highlighting concrete benefits of different voluntary payments, such as "a 4% contribution keeps you above the poverty line," and "a 10% contribution allows for a comfortable retirement according to Australian standards" can increase how much people are willing to contribute.

Ethical use of nudges

The Financial Services Council backs the government on getting super funds to nudge members about contributions and investments but says there are limits.


																																						
    
     




																																			"Parameters around nudging should be set [...] to ensure that the language is appropriate and does not ultimately amount to defaulting. For example, letting a customer know that as they approach retirement, they need to make a decision about what retirement product they wish to utilize would be an acceptable nudge, while contacting a customer to let them know that they will be placed in a product when they retire, would not necessarily be acceptable."

The council emphasizes the importance of super funds recognizing people's autonomy when delivering a "soft" or "hard" nudge.

Soft nudges are gentle prompts and reminders designed to guide people to make good choices without pressuring them, such as sending an email reminder to review their investment options. Hard nudges are more direct in their guidance. These might include recommending specific investment options.

Despite these differences, ethical use of nudges should encourage engagement while respecting people's autonomy by making it easy for them to opt out.

The use of nudges presents a valuable opportunity to increase superannuation fund members' engagement.

Whether through future self visualization, simplification or language framing, ethical nudges can motivate members to take action, leading to greater confidence in navigating the retirement transition and achieving retirement goals.
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After a long anticipated wait, the Bank of Canada has finally decided to cut interest rates by 25 basis points. The decision marks a departure from the series of interest rate hikes that were previously implemented to curb inflation.




										      
         
        
        
        

      

																																	
The recent decrease appears to be signaling that inflation is finally starting to stabilize in Canada.

Over the past few years, Canadians have felt the strain of inflation. Many individuals turned to deal-chasing and savings as a way to build financial safeguards, giving rise to what we, as retail researchers, call the "new consumer."

This "new consumer" phenomenon appears to be more than just a temporary response to economic hardships. It has since evolved into a more permanent behavioral shift, reflecting a broader transformation in consumer habits and preferences.

As inflation stabilizes and the economy adjusts to a new normal, businesses must adapt to meet the changing needs and preferences of this demographic.

Who is the 'new consumer'?

The new consumer is marked by value consciousness, digital savviness and a preference for experiences over material goods.


																																						
    
     




																																			Despite the recent stabilization of consumer prices, the new consumer has retained habits formed during economic uncertainty, continuously seeking deals and discounts.

According to the latest Future Consumer Index report by consulting firm Ernst & Young Global Limited, U.S. consumers are increasingly prioritizing savings over brand loyalty.

The survey revealed that nearly half of participants would download a brand's app to access loyalty promotions or exclusive deals, while 70% were inclined to join loyalty programs for free shipping benefits.

Additionally, 45% of respondents have used discount codes or vouchers during online shopping in the past six months. This trend highlights the significant shift towards cost-conscious consumer behavior.

Consumers are also actively using digital platforms to compare prices and read reviews, making more informed purchasing decisions than ever before. This digital savviness allows them to navigate the online marketplace efficiently, ensuring they get the best value for their money.


																																			Physical store experience is still key

Despite the emphasis on looking for deals and reviews online, the new consumer still values in-store experiences. According to the Ernst & Young survey, 59% of consumers visit stores to see, touch and try items before buying, and 57% prefer in-store shopping to avoid shipping hassles.

Additionally, human interaction is increasingly important during the post-purchase journey. Fifty-six percent of U.S. consumers consider it crucial for product returns and refunds, and 55% value it for discussing product questions or concerns.

There's also a notable shift towards experiential spending. Consumers are now more inclined to invest in travel, dining and unique activities over accumulating material possessions. This trend reflects a desire for meaningful and memorable experiences that offer greater satisfaction than physical goods.

Understanding these characteristics is essential in the new age of retailing. The new consumer's focus on value, informed by digital tools and a shift towards experiential spending, defines their behavior in a post-inflation world.

This evolving consumer profile presents both challenges and opportunities for brands and retailers, shaping the future of the retail landscape.

How retailers can cope

In an era where digital commerce continues to grow, physical retail stores are being forced to reinvent themselves, moving away from transaction points to vibrant hubs of brand experience. For instance, fueled by the COVID-19 pandemic, retail e-commerce sales increased 67.9% in Canada from February 2020 to July 2022.


																																						
    
     




																																			This shift underscores the evolving role of physical stores, which are becoming places where consumers can learn, experience and play. As retailers adapt to changing consumer expectations, the notion that a store must be more than a place to transact is becoming a fundamental aspect of retail strategy.

A prime example of this trend is the Nike store in Manhattan, which epitomizes the concept of the store as a medium rather than just a marketplace. Far from the traditional retail setup, this location serves as a "playground" centered around experience.

The store includes a basketball half-court with adjustable hoops and digital screens, an enclosed soccer trial area, a treadmill facing a jumbotron for simulated outdoor runs, a customization shoes bar, touchscreens throughout and dedicated coaches to assist customers testing new sneakers.

The transformation of stores into experience-rich environments reflects a broader trend in retail where the value of a physical location is measured not just by traditional sales per square foot, but by the ability to engage consumers in a more meaningful ways. Retailers who invest in making their stores true extensions of their brand are primed to set themselves apart in an increasingly competitive marketplace.


																																			Loyalty first

To thrive in this new retail landscape, leveraging loyalty programs is essential for retailers. These programs can help bridge the gap between digital and physical retail experiences by offering personalized rewards and exclusive deals that drive both online and in-store traffic.

Retailers should focus on creating loyalty programs that not only reward purchases but also enhance the overall customer experience.

For instance, integrating mobile apps that provide real-time notifications on deals and events, offering exclusive in-store experiences for members and using data analytics to tailor rewards to individual consumer preferences can significantly enhance engagement and retention.

In essence, the future of retail lies in these dynamic, personalized and interactive spaces where shopping is only part of the appeal.
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New dating technique more accurately estimates time differences between Paleolithic hearth fires
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A team of archaeologists affiliated with multiple institutions in Spain has used a new dating technique to more accurately estimate time differences between Paleolithic Age hearth fires. In their paper published in the journal Nature, the group describes how their new dating technique works, its accuracy range and what their findings reveal about Neanderthals living in a river valley in what is now Spain, approximately 50,000 years ago.




										      
         
        
        
        

      

																					
Segolene Vandevelde, with the University of Quebec at Chicoutimi, has published a News & Views piece in the same journal issue outlining the work.

Prior research has shown that a group of Neanderthals once lived in a river valley in a place now known as El Salt, in Spain. The group left behind tools, animal bones and multiple fire pits, some as close as a few meters apart. Research has dated the time of occupancy to approximately 52,000 years ago--with an error factor of up to 2,000 years. For this new study, the research team attempted to more accurately pinpoint the time that the Neanderthals were there.

The work by the team focused on the hearth fires or pits that were presumably used for warmth and to cook food. As in modern times, pits functioned as a way to contain the fires. The new dating technique involved analysis of magnetic minerals found in the fire pits.

Noting that such minerals have been found to record the orientation of the Earth's magnetic field, which fluctuates, the team realized they could be used as timestamps, which allowed them to measure the difference in time between the fire pits. They found that the fire pits had been used over a period of 200 years, some with decades-long intervals.

The research team states that such long intervals between building hearth fires suggests a site had been regularly visited over multiple generations. They also note that their technique could be used at other dig sites that have multiple fire pits, helping to recreate the living circumstances of ancient people across the globe.



																														
																				
																						More information:
												Angela Herrejon-Lagunilla et al, The time between Palaeolithic hearths, Nature (2024). DOI: 10.1038/s41586-024-07467-0

Segolene Vandevelde, Precision dating pinpoints time between use of ancient fireplaces, Nature (2024). DOI: 10.1038/d41586-024-01501-x
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Economist explores why skyscrapers keep getting taller and why the world loves them
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Rutgers-Newark professor Jason Barr, an authority on skyscrapers, examines them through the lens of an economist, not an expert on architecture.



										      
         
        
        
        

      

																																	
But if asked, he's quick to name his favorite: The Empire State Building, which for 40 years stood as the world's tallest building after it was erected in 1930, standing at 1,250- feet. It has fascinated Barr since he was a child growing up in Long Island.

"It's just beautiful and elegant. What set it apart from other buildings at the time was its spire, which added to its height,"' says Barr.

He recounts the building's history in his book "Cities in the Sky: The Quest to Build the World's Tallest Skyscraper," which was published by Scribner Books this month.

"Cities in the Sky" does more than document the international competition to build the biggest and best. It explores why skyscrapers became necessary, and why, despite their detractors--who complain they block sunlight and occupy too much vertical space--they continue to be sought-after places for people to live and work.

Much has been written about skyscrapers as architectural gems (or nightmares) and they are often viewed as the embodiment of ego and vanity--phallic symbols built to represent the wealth and power of men who commissioned them.

But Barr says that's the wrong way to look at them. "When we vilify narcissistic developers, we oversimplify and lose awareness in the process--the city is the product of millions of people and millions of decisions; we all play a part,"' he writes in his book.


																																						
    
     




																																			He has a different perspective. "Economists are about what's happening and why it's happening,"' he explains.

So what is happening? And why are skyscrapers proliferating world-wide and growing ever taller?

"The most basic answer is urbanization has become even more important in the 21st-century. The internet revolution and iPhones and computing makes cities more important,"' answers Barr. "People want to be in cities, in the center, they want to hang out in the center and work in the center. How do you accommodate all the people at the same time? You have to go up."'

For more than 20 years, the number of skyscrapers around the globe has quadrupled, with more than three hundred buildings throughout the world at least 492 feet or taller. Nearly half were built in mainland China. South Korea, Malaysia, and the United Arab Emirates accounted for nearly all others, according to Barr.

"Every city wants to have their own version of the Empire State Building, it's a beacon of economic success,"' he says.

The biggest building in the world right now is the Burj Khalifa in Dubai, which towers above the city at 2,717 feet.

Before the invention of the elevator in the late 1800s, there were no skyscrapers. Although the Home Insurance Building, erected in Chicago in 1884, is often hailed as the first skyscraper, that was mostly due to a publicity campaign, says Barr. At least four other buildings in Chicago at the time were taller.

Chicago dominated the tall building race until it passed a height cap in 1883, and then New York City topped the list for decades. In 1930, the Empire State Building went up and was the tallest building in the world until the 1970s. Its famous spire, added to make it taller than the Chrysler Building, was originally intended to be a mooring station for zeppelins, a popular form of travel before the Hindenburg disaster. But high winds prevented them from anchoring there.


																																			It remained the king of skyscrapers until the World Trade Center was built in 1973, holding the title of world's tallest for a month before the construction of the Sears Tower in Chicago, now called the Willis Tower.. The World Trade Center attack in 2001 slowed the growth of skyscrapers in the U.S. but didn't stop it in other parts of the world.

Recently, Barr has been in the news as a critic of a plan to build America's tallest building in Oklahoma City. Called the Legends Tower, it would stand at 1,907 feet, higher than the 1,776-foot One World Trade Center, currently the tallest skyscraper in the U.S.

Barr's objections are based on both aesthetics and economics. "It's twice as tall as the next tallest building there,"' he says. "If you look at the height of the building relative to their population, it's so disproportionately tall for such a small city. At the end of the day, are you going to be able to get the rent and sale prices that would recover the expense of building it?"'

During the pandemic, there was a global lull in skyscraper construction but when it ended, the skyscraper boom continued, even though many predicted it would lag because more people are working remotely, negating the need for office space.

That isn't the case, says Barr.

"Computers, ironically, have made cities more important,"' he writes. "They have created new kinds of jobs that are more socialized and require skills such as developing new web-based products, phone apps and business consulting. Computers have given us much of which we spend on things in big cities. And as a collective whole, skylines help forge our identities and give us pride of place."
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According to the United Nations (UN) population projections, the population of Africa will continue to grow strongly in the course of this century, while on other continents population growth will decline in the near future.



										      
         
        
        
        

      

																																	
New research published in Population, Space and Place by Jeroen Smits from Radboud University and Lamar Crombach from ETH Zurich suggests that population growth in Africa might slow down faster than predicted by these projections.

At the end of the last century, demographers thought that population growth in Africa would slow down, similar to what had happened earlier in Latin America and Asia. However, this turned out not to be the case.

The decline in fertility--the number of births per woman--was much slower than expected, and in some sub-Saharan African countries it even increased. According to the latest UN prognosis from 2022, by the end of the century the African population will reach 3.9 billion people, over 2.5 times its current size of 1.4 billion.

Social isolation

Demographers have proposed various explanations for this deviating pattern, such as a low level of education, lack of contraceptives, or a weak position of women. However, these factors were also present in other regions where population growth has decreased.

In an article, Smits and Crombach present a new explanation: the extreme social isolation of the rural areas of sub-Saharan Africa, where still most of the population lives.

According to Crombach, in the demographic literature new ideas about fertility, such as choosing to have fewer children or using contraceptives, are often seen as innovations that spread through social networks and the mass media. "Hence, for such ideas to reach the remote rural areas, there must be sufficient physical or media contact between those areas and the cities, where new ideas usually enter a country."

"Until very recently, there was limited physical contact between cities and countryside in sub-Saharan Africa, due to great poverty, poor roads, and inadequate public transport," Smits adds. "Also, very few rural households had a TV. The spread of new family patterns through soap operas and educational programs on TV--a crucial factor in other regions--was therefore also very limited."


																																						
    
     




																																			The key role of information

The researchers used data from the Global Data Lab (Radboud University, Nijmegen School of Management). They analyzed information from 180,000 women in 25 sub-Saharan African countries regarding their fertility (number of children in the past five years and preferred family size), where they lived (how far from urban areas), TV ownership, and other relevant characteristics. The study period runs from 1995 to 2010, a period in which the deviating African pattern was very clear.

The importance of information exchange emerges clearly from the findings, according to Crombach. "Women living closer to urban areas or in households with a TV have fewer children and a smaller desired family size. Moreover, we see that the role of TV ownership decreases strongly for households living closer to a city, while the effect of distance largely disappears for households with a TV. How information spreads, through physical contact or TV programs, therefore seems to matter less."

New projections

According to the researchers, their findings have implications for future population projections for Africa.

Smits says, "If information exchange is indeed as important as our study suggests, the situation in the region could change quickly. Currently, the isolation of African rural areas is rapidly being broken by the spread of mobile phones and social media. Young families in rural areas nowadays have many more opportunities to come into contact with modern family patterns than some 10-15 years ago."

The researchers, therefore, expect that population growth in the region will decrease faster than previously predicted. On June 11--World Population Day--when the new UN population projection will be released, it will become clear whether this change is already reflected in the forecast for Africa.



																																																					
																				
																						More information:
												Lamar G. A. Crombach et al, Understanding the urban-rural fertility divide in sub-Saharan Africa: The critical role of social isolation, Population, Space and Place (2024). DOI: 10.1002/psp.2801
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Nearly every Fortune 500 company now uses some form of artificial intelligence to help them hire the best talent by screening resumes or analyzing test performance. But these AI hiring tools are probably spitting out worse candidates than hiring managers expect, according to new research.



										      
         
        
        
        

      

																																	
The weakness comes down to a simple case of human-machine miscommunication: The AI thinks it is picking someone to hire, but the hiring manager just wants a list of promising candidates to interview.

"When we ask these algorithms to select the 10 best resumes, we know we are not directly hiring these 10 people. We know there is a second stage of interviewing, but the AI doesn't know that," said Heng Xu, a professor of management in the University of Florida's Warrington College of Business and lead author of the new study.

"If you don't specify that there are additional steps, the AI system might select 10 candidates that are good, but safe, choices. But if you tell the AI system there will be another round of screening by people, it might different, and potentially stronger, candidates," Xu added.

Xu and her co-author, UF management professor Nan Zhang, developed a new algorithm that accounts for the realities of the hiring process. In a test using data on thousands of employees from a Fortune 500 company, the improved algorithm saved 11% on human interviewing costs while meeting goals for identifying high quality applicants and avoiding bias.

Xu and Zhang have published their findings in the journal Production and Operations Management.


																																						
    
     




																																			Selection versus AI resume screening

The problem Xu and Zhang identified in current AI hiring tools is one of selection versus screening. The researchers focused on algorithms designed to reduce bias in hiring, known as fairness-aware algorithms. These AI resume screening programs are typically instructed to select the top candidates to hire.

But in the real world, hiring managers are simply looking for candidates to interview--nobody is trusting AI hiring tools to hire directly.

And in most stacks of resumes, there are certain candidates that are likely to be either very strong or very weak. If forced to choose, the algorithm will avoid these risky candidates. But if instead asked to provide a pool of potential hires, the algorithm can suggest the high risk-high reward candidates and let their human partners suss out their true potential.

What's more, an algorithm instructed to select hires instead of screening them can introduce entirely new biases into the hiring system, the researchers found.

So Xu and Zhang modified an existing fairness-aware algorithm to clarify that it was screening candidates, not hiring them. In tests on data based on almost 8,000 employees, the updated AI resume screening algorithm identified stronger candidates and reduced hiring costs.

"We're trying to send the message that we have to rework the language we use for these human-AI teams, otherwise the AI may optimize on poorly specified goals," Xu said. "Our point is, sometimes we need to take responsibility, because we didn't specify the task clearly."



																																																					
																				
																						More information:
												Heng Xu et al, Goal Orientation for Fair Machine Learning Algorithms, Production and Operations Management (2024). DOI: 10.1177/10591478241234998
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Study indicates political connections fuel innovation in emerging markets, but talent makes the difference
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Political connections can be a double-edged sword for innovation in emerging markets. While they provide companies with valuable resources and partnerships, the right kind of skilled talent is needed to take advantage of these benefits, according to a new study from the University of Surrey.



										      
         
        
        
        

      

																					
Firms can be helped in emerging markets through political connections by gaining access to resources and knowledge or driving innovation. However, highly skilled employees are essential to utilize these benefits.

Tazeeb Rajwani, Professor of International Business and Strategy at the University of Surrey and co-author of the study, said, "Our research suggests that political connections can be a valuable tool for firms in emerging markets to drive innovation. However, having the right talent in place is critical to maximize these benefits.

"Simply having political connections isn't enough. You need the people to understand and implement the new knowledge and resources effectively. Think about it like this: if you give someone a box of expensive tools, they can't build a house if they don't know how to use a hammer and saw. Highly skilled employees are the hammers and saws that firms need to turn political connections into real innovation."

The study examined data from over 3,200 Chinese-listed businesses over a decade. Researchers looked at various factors, including:


	The CEO's political connections (determined by previous government work experience).

	The business' level of innovation (measured by the number of invention patent applications).

	The educational backgrounds of employees.



This comprehensive approach allowed Surrey's researchers to analyze the complex relationship between political connections, talent, and innovation in emerging markets.

The research differentiates between two types of employees: under-qualified and highly skilled employees. Companies with highly skilled employees can better use resources and knowledge from political connections, leading to more innovation.

Read the full study in the International Business Review.



																														
																				
																						More information:
												Tao Chen et al, Diverse human resource slack and firm innovation: Evidence from politically connected firms, International Business Review (2023). DOI: 10.1016/j.ibusrev.2023.102244
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The researchers found that the trait manifests itself in vulnerable and subtle ways in women, which deviates from stereotypical manifestations of (male) narcissism that are typically expressed in grandiose and overt ways.



										      
         
        
        
        

      

																																	
Psychologists Dr. Ava Green, Lecturer in Forensic Psychology at City, and Dr. Claire Hart, Associate Professor of Psychology at the University of Southampton, have, for the first time, examined the combination of narcissism origins and narcissism's role in violence. It is also the first time both male and female narcissism have been examined in detail. The studies have been published in the journal Sex Roles.

Most research to date on inter-partner violence focuses on grandiose narcissism, and mostly on men.

"There has been little research on vulnerable narcissism and on narcissism in women," explained Dr. Green. "Part of this relates to the need to use gender-inclusive assessments of narcissism that move beyond traditional male-centric frameworks. Our research addresses this gap."

Dr. Hart added, "Narcissism is a complex personality trait. We all exhibit narcissistic features to varying degrees, which can be expressed in both grandiose and vulnerable forms. Individuals who exhibit more grandiose features are self-assured and socially dominant whereas individuals who exhibit more vulnerable features are introverted and have lower self-esteem. Both grandiose and vulnerable narcissism share an antagonistic core, demonstrated by high levels of entitlement and willingness to exploit others."


																																						
    
     




																																			Narcissism and partner violence

Studying 328 adults (176 women and 152 men), Dr. Green and Dr. Hart examined the complex dynamics between childhood experiences, narcissism, and perpetration of intimate partner violence in males and females.

Men scored higher on grandiose narcissism while women scored higher on vulnerable narcissism.

Dr. Green said, "We found that grandiose narcissism in men was associated with greater perpetration of psychological partner violence, while vulnerable narcissism in women was linked with greater perpetration of physical, sexual, and psychological partner violence.

"For women, recalling having a caring mother during childhood was associated with reduced levels of vulnerable narcissism and subsequent perpetration of violence toward their partner, highlighting possible buffers that can be acknowledged and integrated into intervention programs."

Narcissism and bullying among friends

Dr. Green and Dr. Hart also examined how grandiose and vulnerable narcissism contribute to bullying among friendship groups, surveying a total of 314 women.

Dr. Hart said, "When examined separately, higher scores on vulnerable narcissism were associated with a greater likelihood of engaging in verbal, physical, and indirect forms of bullying. Higher scores on grandiose narcissism were associated with a greater likelihood of engaging in physical or verbal bullying.


																																			"However, when both types of narcissism were considered simultaneously, only vulnerable narcissism emerged as a significant predictor of physical and verbal bullying, highlighting the relevance of this form of narcissism in bullying perpetration among women."

Dr. Green added, "These findings show that narcissistic women are less likely to manifest the stereotypical expressions of grandiose narcissism that closely resemble masculine features of males in society, potentially due to fears of receiving backlash for violating feminine gender stereotypes.

"Instead, features of vulnerable narcissism, which more closely aligns with femininity, is a greater risk marker for offending behaviors in women and, as a consequence, more likely marginalized and disregarded due to its elusive and subtle features."

A better understanding of the role narcissism plays in women can help to inform and tailor appropriate gender-specific interventions to reduce the perpetration of intimate partner violence and bullying.



																																																					
																				
																						More information:
												Ava Green et al, Gendering Narcissism: Different Roots and Different Routes to Intimate Partner Violence, Sex Roles (2024). DOI: 10.1007/s11199-024-01471-4
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A strong belief in the Protestant Work Ethic might underpin the decision-making of many people choosing "natural" approaches to health care, new research suggests.



										      
         
        
        
        

      

																																	
Academics say their paper, published in the Journal of Consumer Research, identifies the role of psychological factors in health choices ranging from a preference for vaginal birth--over cesarean sections--to "natural" cold and flu remedies. In the latter case, the preference holds even if the chemical composition of natural remedies may be identical to compounds synthesized in the laboratory.

Their work has implications for governments, global health organizations and clinicians around birth choices, the academics say. It could also reshape the marketing strategies and approaches of health care product manufacturers.

Anirban Mukhopadhyay, Professor of Marketing and Behavioural Science at Bayes Business School (formerly Cass), City, University of London, and Dr. Yimin Cheng, Associate Professor of Marketing at Melbourne's Monash University, analyzed country level data for cesarean sections across 41 nations and conducted five lab-based and online studies.

They identified a link between a strong belief in the Protestant Work Ethic and a preference for vaginal birth and natural over synthetic medicines.


																																						
    
     




																																			Living their values

German sociologist Max Weber developed the influential concept of the Protestant Work Ethic (PWE) to explain the rise of modern capitalism, suggesting that the belief system instills virtues of hard work, self-reliance, frugality and asceticism. Later research from psychology suggests that these values may be held independent of religious beliefs, retaining their power in diverse communities and nations. Indeed, the latest studies found no link between belief in PWE values and religious belief.

The researchers assessed the strength of participants' PWE beliefs by using 13 questions from the World Values Survey and European Values Study, including a belief that success comes from hard work and that society would have fewer problems if people had less leisure time.

Professor Mukhopadhyay and Dr. Cheng tested whether some of those values--particularly self-reliance and hard work--embed a suspicion of external intervention and therefore a preference for "natural" health products and services.

Key findings include:


	Cesarean section rates across the 41 countries varied from less than 10% to over 40%--with a strong correlation between low rates of cesareans and high PWE scores, even after accounting for factors such as GDP per capita and access to medical facilities.

	Similarly, a study of 80 American women who had recently given birth vaginally and 80 who had chosen elective cesarean sections revealed that the former group were much more likely to strongly accept the values embodied in the PWE.

	Two online studies each involving 400 Americans found that an antipathy to external interference meant those with higher PWE scores were more likely to prefer natural medicine. They were more reluctant to embrace synthetic medicines--ranging from stomach flu to cancer drugs--even where the treatments' molecular structures are identical and they are equally effective.



Professor Mukhopadhyay said, "Medical experts caution about the rising prevalence of cesarean sections. Our finding around birthing choices raises the question of whether a short PWE assessment should be part of maternal health screening to help identify and caution low-PWE mothers about the potential risks of elective C-sections, where not medically necessary.

"It also suggests that at a global level, governments and international health care organizations could invest more effort in promoting natural deliveries in low-PWE countries. In the business sector, pharmaceutical companies and other health product suppliers could redirect and reshape their marketing to different population groups depending on how 'natural' the drug or other treatment is."


																																			A market worth trillions

Dr. Cheng said, "Health care spending in the US alone passed $4 trillion in 2020 and is projected to grow at more than 5% annually. Consumers have been empowered to make their own health care decisions by the availability of over-the-counter drugs and private health care providers.

"Often that choice includes the option of a more 'natural' treatment. Our work suggests that even when there is no chemical difference between treatments, such decisions may be influenced by complex belief systems--including the pervasive impact of what Weber called the Protestant Work Ethic, even in secular societies."

In a final online study, 601 Americans were asked to imagine they had stomach flu. The researchers tested whether it was the extent of external intervention (e.g. adapting a wild plant for human use) or the intrusiveness of the intervention (e.g. gene editing), that drove people with high PWE scores to choose the most "natural" over-the-counter treatment option.

Those who identified strongly with PWE values were less likely to choose the option involving intrusive synthesis, such as gene editing. They appeared more willing to trust treatments which involved more visible but less intrusive human intervention--such as extensive processing of a wild plant for human consumption.

This suggests, the authors say, that the preference for "natural" treatments and approaches is not simply linked to a conservative world view expressed through respect for tradition. If such a yearning was in play, they suggest, the participants with high PWE scores would not differentiate between the two "unnatural" products.
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												Yimin Cheng et al, An Aversion to Intervention: How the Protestant Work Ethic Influences Preferences for Natural Healthcare, Journal of Consumer Research (2024). DOI: 10.1093/jcr/ucae033
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The NYPD gave officers iPhones-here's what researchers learned about race and policing
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The controversy about biased policing seems to draw endless fuel from race-based differences in public perception. Simply put, the vast majority of white citizens in the United States believe the police are doing a good job, including on issues of racial equality, while a similar percentage of Black citizens hold the opposite opinion.




										      
         
        
        
        

      

																																	
And while a growing number of studies have indicated persistent patterns of racial discrimination in policing, an emergent concern among scholars is that the data these papers rely on are also subject to baked-in biases, since they often derive from officers' self-reports of their own behavior.

Enter Brad Greenwood, professor of information systems and operations management at the Donald G. Costello College of Business at George Mason University. One of his research interests lies in how digital technologies are bringing unprecedented transparency to police practices. For example, Greenwood's 2022 paper documented how the introduction of body-worn cameras for the New York Police Department (NYPD) resulted in a significant reduction in abuse-of-authority complaints.

His latest work on policing is published in the Proceedings of the National Academy of Sciences. Along with Gordon Burtch from Boston University and Jeremy Watson from the University of Minnesota, Greenwood examined the recent rollout of iPhones across the NYPD, which included a series of digital tools designed to replace the handwritten memo books officers previously relied on.


																																						
    
     




																																			Instead of scribbling in the physical books, which NYPD officers were required to hang onto even into retirement, officers could log their activities directly into a centralized database maintained by the NYPD. These detailed digital records shed fresh light on how cops spend their time--and attention--on the beat.

The researchers tracked data on NYPD stops and complaints in 2017 and 2018, the period when iPhones were being rolled out across precincts in New York City. A curious pattern emerged. There was an 18% increase in reported stops after a precinct received iPhones, which would be consistent with the digital tools making it easier for officers to report a citizen interaction.

Further, the researchers discovered that this increase resulted in neither more arrests nor more complaints from the public. It wasn't, therefore, that the phones were somehow causing the police to stop people more often, but rather that so-called "unproductive stops"--those leading to no further action--were being reported more often.

However, when breaking the results down across white and non-white citizens, the researchers found that unproductive stops involving non-white citizens were entirely responsible for the increase. In other words, the observed changes were based on police encounters with non-white members of the public that would likely have gone unreported in the days of pen and paper.


																																			More specifically, after switching to the smartphone system, officers logged 22% more stops involving non-white citizens, while the number of reported stops of white citizens remained unchanged. These are statistical averages--the pattern was more marked in high-crime neighborhoods and those with a greater proportion of non-white residents.

Greenwood offered an interpretation of the finding, "The concern here is that we have an underreporting, which is concentrated in certain groups and means that we need to be cautious when interpreting prior work. On the one hand, it opens the door to bias in police interactions with civilians being worse than initially anticipated, at least based on the frequency of stops.

"On the other hand, it could mean that older data doesn't accurately reflect the likelihood of an arrest once a stop occurs. And we need to be doubly cautious, because we don't know if officers are reporting stops more frequently just because it is easier, or for some other reason."

Greenwood cautions against making sweeping conclusions based on the study. "The only thing we know for sure is that more and deeper work is needed by scholars and policy makers to ensure transparency between law enforcement and the people they are charged to protect," he said.

On the whole, however, the study raises the possibility that race-based disparities in policing are not only very real, but may have been underestimated thus far because of reporting gaps.

As police officers are not obligated to document all civilian interactions, their decisions regarding what--and what not--to report can be biased. The introduction of new technology, as in the case of the NYPD, can help counter such biases, but is not the only avenue worth pursuing. The researchers recommend that police departments "investigate the appropriate organizational complements (i.e., policies and procedures) necessary to uncover and eliminate such biases."



																																																					
																				
																						More information:
												Jeremy Watson et al, Do digital technologies reduce racially biased reporting? Evidence from NYPD administrative data, Proceedings of the National Academy of Sciences (2024). DOI: 10.1073/pnas.2402375121
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The rise of horse power ~4,200 years ago
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All domestic horses living on the planet today, whether racetrack champions, pony-club companions, or heavy draft giants, find their origins in the western Russian steppes of the third millennium BCE. However, the exact chronology of horse domestication and the widespread integration of horse power into human societies remains highly debated.



										      
         
        
        
        

      

																																	
A study published by Nature on June 6 reports that the proliferation of domestic horses started by the end of the third millennium BCE, around ~4,200 years ago. This date marks the start of a new era in human history, in which horses considerably speeded up communication and trade networks across Eurasia, catalyzing unprecedented exchanges and interactions among diverse cultures.

This work was coordinated by Ludovic Orlando, director of the Center of Anthropobiology and Genomics of Toulouse (CAGT, CNRS/Universite Paul Sabatier), and involved 133 researchers from 113 institutions around the world.

The research team gathered an extensive collection of horse archaeological remains spanning the Eurasian continent. They combined radiocarbon dating with ancient DNA sequencing to characterize a comprehensive genome time-series providing fine-grained resolution into the genetic transformations coinciding with the emergence of equestrianism.

"I have started working on horses about a decade ago. At that time, we only had a handful of ancient genomes. With this new work, we now have several hundreds," said Pablo Librado, first author of the study, and now Tenured Scientist at the Institut de Biologia Evolutiva of Barcelona (IBE), a joint center of the CSIC and the Universitat Pompeu Fabra.


																																						
    
     




																																			"It was particularly important to gain resolution into Central Europe, the Carpathian and the Transylvanian basins, as this area was central to ongoing debates about horseback riding driving the massive migrations from the steppes around ~5,000 years ago, and possibly earlier."

The research team scrutinized their data for three indicators of horse husbandry. First, they traced when the progenitors of modern domestic horses began to spread outside their native domestication homeland. Next, they reconstructed the horse demography all along the third millennium BCE to precisely date the earliest signs of breeding and large-scale production of horses.

Last, they uncovered evidence of significant shifts in the horse reproductive lifespan, indicating deliberate manipulation of animal reproduction by early breeders.

The remarkable alignment of all three lines of evidence around ~4,200 years ago strongly suggests that domestic horses were produced in sufficiently large numbers to sustain a growing demand across the continent only then, and not earlier.

Therefore, the date of ~4,200 years ago marks the true onset of horse-based mobility as we recognize it. Horse-based mobility persisted as the fastest mode of terrestrial transportation until the advent of mechanical engines in the 20th century.



    
        
            [image: The rise of horse power ~4,200 years ago]
             
                Horse herder riding his motor bike to guide his horses in Mongolia, August 2024. Credit: Ludovic Orlando.
            
        

    



Yet, ancient DNA research had depicted earlier changes in the genetic landscape of Europeans, during the first half of the third millennium BCE, following the massive expansion of people coming from the steppes, and often considered speakers of a proto-Indo-European language.


																																			Since the horse genetic map started to change much later, the research team could discount horseback riding as a driving force for the success of those human migrations, despite horse-related terminology forming a common basis to most Indo-European languages.

"One question that puzzled me for years pertains to the scale of the production: how could such a substantial number of horses be bred so suddenly from a relatively small domestication area to meet the increasingly global demand by the turn of the second millennium BCE? Now we have an answer," said Orlando.

"Breeders controlled the reproduction of the animal so well that they almost halved the time interval between two generations. Put simply, they were able to accelerate the breeding process, effectively doubling their production rate."

The methodology developed in this study for measuring generation times is new, and leverages the full potential of ancient genome time series. As genomes evolve, they accumulate mutations and recombine every generation. The number of mutations they carry and DNA cross-overs they went through provide a direct measure for the multitude of generations leading to them. When coupled with radiocarbon dates, the numbers of generations can be converted into calendar years.

The research team found that more generations accumulated in the last two centuries, concurring with the emergence of many modern bloodlines through intensive selective breeding. Strikingly, the generational clock was also found to tick faster around ~4,200 years ago, right at the time when the mass production and geographic diffusion of domestic horses started.
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                    Horse and mule trains carrying heavy loads across the Peruvian Andes, in the Salkantay mountains region, August 2024. Credit: Ludovic Orlando.
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                    Horse herder catching one of his horses with a lasso in Mongolia, Khomiin Tal plateau, May 2014. Credit: Ludovic Orlando.
                
            

        

    

"Our methodology for measuring temporal changes in generation times holds great potential. It arms the archaeozoological toolkit with a new way to monitor the development of controlled breeding across various domestic species beyond horses. But it can also help elucidate the generation interval in our hunter-gatherer ancestors and how these intervals evolved alongside shifts in lifestyle or significant climatic changes," adds Pablo Librado, who developed the underlying statistical framework.


																																						
    
     




																																			For now, and sticking to horses, the research team also reported exceptionally brief generational intervals within a distinct lineage, separate from that leading to modern domestic horses. This lineage was excavated at Botai, a site from Central Asia where evidence of horse milking, harnessing and corralling has been both reported and debated.

The discovery of shortened generation times identified adds credit to models depicting settled human groups domesticating the horse in the region to secure consistent access to resources such as meat and milk, which were vital for their subsistence.

The Botai people, however, did not engage in extensive long-distance migrations alongside their horses, since the genetic makeup of their horses remained local and did not expand across Eurasia.

"Our evidence supports two domestications in horses. The first, occurring around ~5,500 years ago, aimed to address the decline in horse populations and provide sustenance for populations inhabiting the steppes of Central Asia. The domestic horse as we know it emerged around ~4,200 years ago from the second domestication. This one truly transformed human history by providing fast mobility for the first time," concludes Orlando.
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                Table "i" and accompanying text from Acroyd's Tables of Leasses and Interest, sig. A3r. Canterbury Cathedral Archives and Library, Canterbury, United Kingdom (reference: W/P-5-36). Reproduced courtesy of the Chapter of Canterbury. Credit: The Journal of Modern History (2024). DOI: 10.1086/728594
            
        

    


In the early 1600s, the officials running Durham Cathedral, in England, had serious financial problems. Soaring prices had raised expenses. Most cathedral income came from renting land to tenant farmers, who had long leases so officials could not easily raise the rent. Instead, church leaders started charging periodic fees, but these often made tenants furious. And the 1600s, a time of religious schism, was not the moment to alienate church members.



										      
         
        
        
        

      

																																	
But in 1626, Durham officials found a formula for fees that tenants would accept. If tenant farmers paid a fee equal to one year's net value of the land, it earned them a seven-year lease. A fee equal to 7.75 years of net value earned a 21-year lease.

This was a form of discounting, the now-common technique for evaluating the present and future value of money by assuming a certain rate of return on that money. The Durham officials likely got their numbers from new books of discounting tables. Volumes like this had never existed before, but suddenly local church officials were applying the technique up and down England.

As financial innovation stories go, this one is unusual. Normally, avant-garde financial tools might come from, well, the financial avant-garde--bankers, merchants, and investors hunting for short-term profits, not clergymen.

"Most people have assumed these very sophisticated calculations would have been implemented by hard-nosed capitalists, because really powerful calculations would allow you to get an economic edge and increase profits," says MIT historian William Deringer, an expert in the deployment of quantitative reasoning in public life. "But that was not the primary or only driver in this situation."

Deringer has published a new research article about this episode, "Mr. Aecroid's Tables: Economic Calculations and Social Customs in the Early Modern Countryside," in the current issue of The Journal of Modern History. In it, he uses archival research to explore how the English clergy started using discounting, and where. And one other question: Why?


																																						
    
     




																																			Enter inflation

Today, discounting is a pervasive tool. A dollar in the present is worth more than a dollar a decade from now, since one can earn money investing it in the meantime. This concept heavily informs investment markets, corporate finance, and even the NFL draft (where trading this year's picks yields a greater haul of future picks).

As historian William N. Goetzmann has written, the related idea of net present value "is the most important tool in modern finance." But while discounting was known as far back as the mathematician Leonardo of Pisa (often called Fibonacci) in the 1200s, why were English clergy some of its most enthusiastic early adopters?

The answer involves a global change in the 1500s: the "price revolution," in which things began costing more, after a long period when prices had been constant. That is, inflation hit the world.

"People up to that point lived with the expectation that prices would stay the same," Deringer says. "The idea that prices changed in a systematic way was shocking."

For Durham Cathedral, inflation meant the organization had to pay more for goods while three-quarters of its revenues came from tenant rents, which were hard to alter. Many leases were complex, and some were locked in for a tenant's lifetime. The Durham leaders did levy intermittent fees on tenants, but that led to angry responses and court cases.


																																			Meanwhile, tenants had additional leverage against the Church of England: religious competition following the Reformation. England's political and religious schisms would lead it to a midcentury civil war. Maybe some private landholders could drastically increase fees, but the church did not want to lose followers that way.

"Some individual landowners could be ruthlessly economic, but the church couldn't, because it's in the midst of incredible political and religious turmoil after the Reformation," Deringer says. "The Church of England is in this precarious position.

"They're walking a line between Catholics who don't think there should have been a Reformation, and Puritans who don't think there should be bishops. If they're perceived to be hurting their flock, it would have real consequences. The church is trying to make the finances work but in a way that's just barely tolerable to the tenants."

Enter the books of discounting tables, which allowed local church leaders to finesse the finances. Essentially, discounting more carefully calibrated the upfront fees tenants would periodically pay. Church leaders could simply plug in the numbers as compromise solutions.

In this period, England's first prominent discounting book with tables was published in 1613; its most enduring, Ambrose Acroyd's "Table of Leasses and Interest," dated to 1628-29. Acroyd was the bursar at Trinity College at Cambridge University, which as a landholder (and church-affiliated institution) faced the same issues concerning inflation and rent. Durham Cathedral began using off-the-shelf discounting formulas in 1626, resolving decades of localized disagreement as well.


																																						
    
     




																																			Performing fairness

The discounting tables from books did not only work because the price was right. Once circulating clergy had popularized the notion throughout England, local leaders could justify using the books because others were doing it. The clergy were "performing fairness," as Deringer puts it.

"Strict calculative rules assured tenants and courts that fines were reasonable, limiting landlords' ability to maximize revenues," Deringer writes in the new article.

To be sure, local church leaders in England were using discounting for their own economic self-interest. It just wasn't the largest short-term economic self-interest possible. And it was a sound strategy.

"In Durham they would fight with tenants every 20 years [in the 1500s] and come to a new deal, but eventually that evolves into these sophisticated mechanisms, the discounting tables," Deringer adds. "And you get standardization. By about 1700, it seems like these procedures are used everywhere."

Thus, as Deringer writes, "mathematical tables for setting fines were not so much instruments of a capitalist transformation as the linchpin holding together what remained of an older system of customary obligations stretched nearly to breaking by macroeconomic forces."

Once discounting was widely introduced, it never went away. Deringer's Journal of Modern History article is part of a larger book project he is currently pursuing, about discounting in many facets of modern life.


																																			Deringer was able to piece together the history of discounting in 17th-century England thanks in part to archival clues. For instance, Durham University owns a 1686 discounting book self-described as an update to Acroyd's work; that copy was owned by a Durham Cathedral administrator in the 1700s. Of the 11 existing copies of Acroyd's work, two are at Canterbury Cathedral and Lincoln Cathedral.

Hints like that helped Deringer recognize that church leaders were very interested in discounting; his further research helped him see that this chapter in the history of discounting is not merely about finance; it also opens a new window into the turbulent 1600s.

"I never expected to be researching church finances, I didn't expect it to have anything to do with the countryside, landlord-tenant relationships, and tenant law," Deringer says. "I was seeing this as an interesting example of a story about bottom-line economic calculation, and it wound up being more about this effort to use calculation to resolve social tensions."
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Yannick Kluch, a professor of recreation, sport and tourism at the University of Illinois Urbana-Champaign, studies sport as a platform for promoting social justice. Kluch has worked with the U.S. Olympic and Paralympic Committee, U.S. Diving and the National Collegiate Athletic Association.



										      
         
        
        
        

      

																																	
He spoke with research editor Sharita Forrest about the history of Olympic athletes' social justice protests and governing organizations' efforts to avert them with Rule 50 of the Olympic Charter.

The findings are published in the journal Sport Management Review.

What was the origin of Rule 50?

A first version of Rule 50 was added to the Olympic Charter in 1955. During the Cold War, the International Olympic Committee was thinking about ways to keep politics out of sport. In my work, that's one of the key questions I look at. Spoiler alert: It's not possible. Sport and politics always mix.

The IOC views the Olympics as a neutral place where everybody can come together regardless of their differences. However, the Olympics have always been mixed with politics.

Rule 50 came into the public spotlight after the 1968 Mexico City Olympics when U.S. athletes John Carlos and Tommie Smith protested by raising their fists on the podium. That's become one of the most iconic images in sports history. The backlash was intense. After that, the IOC added the terms "racial propaganda" to the rule.


																																						
    
     




																																			Who have been the rule's greatest proponents?

A recent study I conducted looked at that question. We found that the biggest proponents are Olympic committees representing dictatorships like China and Russia. They support the notion that we shouldn't talk about politics in sport, whereas more democratic countries such as the U.S., Germany and Canada believe the rule infringes on athletes' freedom of expression.

The IOC advocated heavily to keep the rule, although there have been some developments, especially leading up to the 2020-21 Tokyo Games. More recently, the IOC made an addition to Rule 40 that underlines athletes' right to freedom of expression. That change has important implications for any policy seeking to silence athlete protests, such as Rule 50.

What consequences are imposed on athletes who violate Rule 50?

There's a lot of inconsistency and lack of communication about the consequences.

In 1968, Tommie Smith and John Carlos were expelled from Team U.S.. In 2019, when Gwen Berry raised her fist at the Pan-American Games, the USOPC put her on probation.

However, the USOPC later reversed that decision as part of a comprehensive policy change that now allows Team U.S. athletes to protest at USOPC-sanctioned events.

In Tokyo in 2021, when Raven Saunders raised her arms on the podium in protest, initially the IOC wanted sanctions, but Raven's mother died a couple days later so the IOC chose not to impose any.

There were other protests at the Tokyo Games that revealed an inconsistent stance. For example, the IOC allowed a German athlete to wear a rainbow armband in support of LGBTQ+ people during competition--which would usually be a clear violation.


																																			Are there indications that the IOC is becoming more tolerant of athletes' protests?

The IOC's response to the 2020-21 protestors was very different compared with 1968 and hints that things are changing somewhat.

Generally, the IOC portrays itself as more tolerant, but there is little evidence that policies have changed. The IOC issued a consultation request in 2019 inviting athletes, experts and the national committees to weigh in on Rule 50--but it remains intact.

However, we had historic changes on the U.S. side. The U.S. Olympic and Paralympic Committee created the inaugural Team U.S. Council on Racial and Social Justice, bringing together over 40 Team U.S. athletes, alumni, national governing body representatives and external experts. I was one of the four experts.

The Council released recommendations saying that Rule 50 infringes on athletes' freedom of expression because it's not compatible with the major human rights frameworks in sport and international relations.

About two days later, the USOPC Board of Directors announced they would no longer punish athletes for peaceful protests. This was a complete 180-degree reversal. Just two years before, they had sanctioned athletes Gwen Berry and Race Imboden, but the council's recommendation led them to lift those sanctions.

Do you foresee similar protests from U.S. athletes at the 2024 Summer Games?

Four years ago, I would have said yes because there was a lot of conversation on racial and social justice globally. Support for athletes utilizing their platforms for social good was at an all-time high.

Leading up to the Paris Games and this next decade of sport mega-events, I am a little worried that the protest momentum has fizzled out. Four years ago, I got a lot of inquiries from national governing bodies about how to manage protests. But it's been quiet, so I don't anticipate as many.

Still, there are many issues worth speaking up about right now--including systemic racism affecting athletes globally and the treatment of LGBTQ+ people. We have some great Olympic and Paralympic athlete leaders advancing social justice, so hopefully we'll see some discourse surrounding these topics.



																																																					
																				
																						More information:
												Yannick Kluch et al, How does a "neutral" rule become a systemic barrier to racial justice? Human rights activism, International Olympic Committee Rule 50, and the neutrality myth in racialized organizations, Sport Management Review (2024). DOI: 10.1080/14413523.2024.2341159
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Minimum pricing for alcohol helped curb demand during COVID lockdown, finds UK study
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Minimum pricing can be very effective in reducing demand for cheap high-strength alcohol amid concerns about affordability fueling problematic drinking, according to a study on the impact of the measure during the COVID lockdown.



										      
         
        
        
        

      

																																	The research, led by the University of East Anglia (UEA), examined the efficacy of minimum unit pricing (MUP) to help curb excessive consumption following the outbreak of the pandemic in 2020.

As a flat-rate form of minimum prices applying to all alcohol products based on their alcohol content, Scotland and Wales were among the first countries in the world to implement MUP policies in 2018 and 2020, respectively.

The study draws on the policy differences of the four constituent countries of the UK but focuses primarily on Wales--because of the introduction of its MUP in March 2020 as the lockdown restrictions started--and compares it with England, where MUP has been considered but not implemented.

The findings, published today in the journal Economic Inquiry, show that the introduction of MUP in Wales resulted in a 15% increase in transaction prices and a sharp reduction in the relative amount of alcohol bought, around 20%, with an overall drop in expenditure per customer, compared to England over the same period.

Lead author Prof. Farasat Bokhari, previously of UEA's School of Economics and now at Loughborough University, said, "The timing of the introduction of MUP was a coincidence for Wales, but presented an opportunity to compare the effects at the pandemic outset when problems with excessive consumption of cheap alcohol can be more acute.


																																						
    
     




																																			"Lockdown restrictions in a pandemic may slow viral transmission but disrupt livelihoods and lifestyles that might encourage harmful behavior changes, including problematic drinking fueled by cheap alcohol. We find the MUP policy is remarkably effective and well-targeted in reducing demand, with consumers overall buying and spending less."

Prof. Bokhari and his co-authors suggest there is the risk that this could be only a short-term effect, where the sudden jump in the cheapest alcohol prices initially put off consumers faced with sticker shock, but who might later adjust their expectations and start buying the products again.

However, this is not the pattern they observed over the full six months after the MUP introduction in Wales. Similarly, as in Scotland, MUP appears to have had a persistent demand-dampening effect on cheap alcohol.

Prof. Paul Dobson, of UEA's Norwich Business School, added, "It is unlikely that our results are simply driven by an extensive increase in cross-border trade activity, given the stay-at-home orders issued by the authorities during COVID-19 that limited the opportunities to make cross-border shopping trips. We also found little demand spillover towards more expensive products, with consumers overall buying and spending less as desired, indicating that the policy is very well-targeted even in times of heightened demand."

The research used weekly retail data on take-home alcohol sales for 18 months before and six months after the introduction of MUP in Wales.

In total, this covered more than 2,500 alcohol products sold in all four countries, allowing the team to analyze in detail the impact of MUP and lockdown drinking on beers, ciders, spirits, wines, and other product types.

Wales and Scotland used their devolved powers to introduce the same MUP, at fifty pence per alcohol unit (50ppu), applicable to all beverages. In contrast, England and Northern Ireland have so far not adopted such a policy, while Scotland also has a ban on multibuy discounts and in-store display restrictions on alcohol.
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												Farasat Bokhari et al, Lockdown drinking: The sobering effect of price controls in a pandemic, Economic Inquiry (2024).
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Over the past century, the number of working women in Western countries has steadily increased. However, numerous studies show that it is still primarily women who have to manage the balancing act between parenthood and working life. Compared to fathers and childless women, mothers often have a less straightforward career path and face greater hurdles to career advancement.



										      
         
        
        
        

      

																																	
Little research has been done on what happens to women's employment trajectories from midlife when childrearing efforts are likely lessened. In a recent study published in the European Journal of Population, Angelo Lorenti of the Max Planck Institute for Demographic Research (MPIDR) with Jessica Nisen (University of Turku), Letizia Mencarini (Bocconi University), and Mikko Myrskyla (MPIDR) compared how the working lives of mothers, fathers and childless individuals evolve after midlife (from the age of 40).

The researchers looked at three countries: Italy, Finland and the United States. "All three countries have very different conditions for parents. While there is no parental leave or maternity leave in the US, parents in Finland receive full state support, including parental leave and job security. In between is Italy, where family replaces state support. But there is no job security," says Lorenti.

The study looked at the life stage between the ages of 40 and 74 by gender, number of children and education. It looked at how many years were spent in employment, joblessness and retirement. Data from the Italian Survey on Household, Income and Wealth (SHIW), Finnish register data and the US Panel Study on Income Dynamics (PSID) were used.


																																						
    
     




																																			Mothers in some cases work up to almost 11 years less than fathers

The results of the analysis paint a very diverse picture for all three countries. "In Finland, as expected, we found very small differences between mothers and fathers. We can see that both men and women work for pay longer than childless individuals. In fact, we were able to read from the data that childless people in Finland have a shorter working life because they often have a lower socio-economic status," the researcher explains.

In Italy, the picture is quite different. "The more children a woman has, the shorter her working life. The opposite is true for men. But childless women in Italy are probably making a conscious choice. They don't have children in order to have a career," says Lorenti. The researchers note, however, that the differences between mothers and fathers in Italy diminish as the level of education increases.

The results from the United States fall between Italy and Finland. "Here, we observed differences in working life between men and women only when there were two or more children, and education only partially interact with gender and number of children; that mothers' disadvantage is evident only among low educated with two children and more," says Lorenti.

The cross-country comparison is illustrated by the example of individuals with three children. While in Finland the gender difference is one year, i.e. at the age of 40 mothers still work for pay for about 17.4 years and fathers for 18.4 years, the difference in the U.S. is greater.

Here the gender difference is about 4 years (mothers 16.8 years and fathers 20.8 years). In Italy, the very traditional role model is evident, as mothers aged 40 and over only work for pay for 7.6 years, while fathers in these families still work for 18.3 years. This is a difference of about 11 years.


																																			Everyone benefits from better support for mothers

On paper, the difference from midlife in the working lives of mothers and fathers may not seem that large overall, but the disadvantage mothers suffer is substantial.

"We only looked at the period after having children. This means that the time lost due to previous childbirths and childcare has to be added. In Italy, for example, mothers have a much shorter working life, and this obviously has an impact on pensions and care in old age. Mothers are at a huge disadvantage here," says Lorenti.

Investing in women also pays off in terms of stabilizing pension systems. "In countries like Italy and the US, it can pay to support women at the population level to extend their working lives--and not necessarily only at the end of their working lives. That makes a big difference ensuring better retirement security for mothers," says Lorenti.
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Many managers are currently seeking a balance between digital and face-to-face communication. A recent study from the University of Eastern Finland published in Information Technology & People shows that top IT industry managers have different views on when and for what purposes face-to-face communication in the workplace is needed.




										      
         
        
        
        

      

																																	"Some top managers felt that all work tasks can be performed remotely with the help of digital communication. According to them, face-to-face communication is only necessary for maintaining interpersonal relationships and a sense of community," says Doctoral Researcher Lotta Salin of the University of Eastern Finland.

Others, however, felt that face-to-face communication is still needed, especially for complex tasks such as co-development, co-creation and co-innovation. Among the interviewees were also managers who felt that face-to-face communication in the workplace is important not only for maintaining interpersonal relationships but also for performing work tasks and maintaining a sense of community.

Maintaining a sense of community requires special attention from management

According to the study, managers shared the view of community building and maintenance in the workplace requiring deliberate attention. Remote work and digital communication have become the new norm in the IT industry and in the work of many professionals, which means that managers must deliberately devote their time and energy to fostering community-building communication.


																																						
    
     




																																			The study suggests that building and maintaining a sense of community is possible through both face-to-face and digital communication.

"Face-to-face encounters provide opportunities for spontaneous and informal discussions when team members get together for lunch, coffee or company celebrations, for example. However, regular on-camera meetings and the opportunity to see colleagues in real time also creates the experience of being connected," Salin notes.

"Having an instant messaging platform where team members can exchange relaxed and informal messages fosters a sense of community. Through video, it is possible to organize activities that boost team spirit, ranging from remote coffee breaks for the team to entertaining video broadcasts aimed at the entire staff."

The findings emphasize that managers' objectives for workplace communication are not solely related to work tasks but are significantly broader. In addition to focusing on work tasks, managers' communication highlights the building and maintaining of interpersonal relationships in the workplace.

Moreover, managers aim to convey a certain image of themselves through communication, with some emphasizing their own competence, while others present themselves as easily approachable. Furthermore, building and maintaining a sense of community through communication has recently emerged as a new, yet equally important, objective in managers' work.

The researchers interviewed 33 top managers from major IT industry companies in Finland. The managers had long leadership and e-leadership experience and they were members of the executive board of their company.
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												Lotta Salin et al, Top managers' media selection and interaction goals in e-leadership, Information Technology & People (2024). DOI: 10.1108/ITP-06-2023-0533
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Differences in education, values between men and women cause mismatches when seeking a partner, finds Spanish study
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The educational expansion of women has led to changes in the differences in educational level of men and women when looking for a partner.



										      
         
        
        
        

      

																																	
Research conducted by the UAB Center for Demographic Studies (CED-CERCA) has examined for the first time the role of discrepancies in gender role values and education among potential spouses.

According to the study, about a third of women in favor of gender equality and with a higher education would not be able to find a homogamous male partner. The work is published in the journal Perspectives Demografiques.

In recent decades the "couple's market" has changed dramatically. The most well-known changes in the structure of this market are to be found in the discrepancies in the educational level of potential spouses due to the educational expansion of women.

If there is no potential spouse available (in a given population) with similar resources or characteristics, there is no possibility of having a homogamous partner, being for many the preferred one.

The importance of the second half of the gender revolution cannot be overlooked. One would expect that, as feminism spreads, the role of men in household chores would increase in importance and, therefore, women would increasingly seek a potential partner who values such an egalitarian view.


																																						
    
     




																																			Using the most recent Fertility Survey available (2018) for young Spanish men and women, the research examines the combined gender gap (taking into account both the difference in education and in values) in Spain.

The study distinguishes the values of gender roles in both aspects of the private sphere and aspects of the public sphere. The difference between men and women in terms of education and egalitarian values is small for people with a low and medium level of education.

However, in the case of people with higher education, there is a "deficit" of men with the same characteristics as women. This "deficit" of men represents 15% for values in the private sphere and 12% for values in the public sphere.

This corresponds to a male deficit in the total population and would imply that about one third of women in favor of gender equality and with higher education would not be able to find a homogamous male partner, while men with a low or medium level of education would face a "female deficit" of women with similar characteristics, although in this case it would be small in absolute terms.

Perhaps this gap in education and egalitarian values could explain, in part, the growing number of single women with higher education and single men with low educational levels. To confirm this and observe the evolution of this gap in recent years, CED researchers believe that a new Fertility Survey is necessary, with new data on singles, families, their resources and their values.

The authors of the study also recommend support to reduce these differences in education and values, and point out that, in the meantime, potential couples should be aware of the imperfect partner market of young Spanish adults.
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