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      Nanotechnology

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


      
        Novel material supercharges innovation in electrostatic energy storage
        Electrostatic capacitors play a crucial role in modern electronics. They enable ultrafast charging and discharging, providing energy storage and power for devices ranging from smartphones, laptops and routers to medical devices, automotive electronics and industrial equipment. However, the ferroelectric materials used in capacitors have significant energy loss due to their material properties, making it difficult to provide high energy storage capability.

      

      
        Scientists explore the strategies of defects and nanostructure fabrication for promoting piezocatalytic activity
        As an important chemical raw material, hydrogen peroxide (H2O2) is widely applied in various aspects of industry and life. The industrial anthraquinone method for H2O2 production has the serious flaws, such as high pollution and energy consumption. By using ubiquitous mechanical energy, piezocatalytic H2O2 evolution has been proven as a promising strategy, but its progress is hindered by unsatisfied energy conversion efficiency.

      

      
        Scientists grow human mini-lungs as animal alternative for nanomaterial safety testing
        Human mini-lungs grown by University of Manchester scientists can mimic the response of animals when exposed to certain nanomaterials. The study is published in Nano Today.

      

      
        Thermal properties of new 2D materials for microchips can now be measured well
        Making ever smaller and more powerful chips requires new ultrathin materials: 2D materials that are only 1 atom thick, or even just a couple of atoms. Think about graphene or ultra-thin silicon membrane for instance.

      

      
        Researchers create nanomembrane to increase reaction rate in chemical production
        Flow-through reactors packed with enzymes can produce certain chemicals in a gentle and careful way. However, their performance has so far been limited. A research team from the Helmholtz-Zentrum Hereon and RWTH Aachen University has now been able to increase the yield a thousandfold.

      

      
        New device harnesses sweat power for fitness trackers
        A small amount of sweat could be all that's needed to power fitness trackers of the future, new research led by Deakin University's Institute for Frontier Materials (IFM) reveals.

      

      
        Atom-by-atom: Imaging structural transformations in 2D materials
        Silicon-based electronics are approaching their physical limitations and new materials are needed to keep up with current technological demands. Two-dimensional (2D) materials have a rich array of properties, including superconductivity and magnetism, and are promising candidates for use in electronic systems, such as transistors. However, precisely controlling the properties of these materials is extraordinarily difficult.

      

      
        Two-dimensional nanomaterial sets expansion record
        It is a common hack to stretch a balloon out to make it easier to inflate. When the balloon stretches, the width crosswise shrinks to the size of a string. Noah Stocek, a Ph.D. student collaborating with Western physicist Giovanni Fanchini, has developed a new nanomaterial that demonstrates the opposite of this phenomenon.

      

      
        Ocean environment safety of nanocellulose investigated in study of mussels
        Cellulose nanofibers represent a promising resource for multiple industrial sectors, but what is their impact on the marine environment? A study published in Environmental Science: Nano recently addressed this issue in a study on marine organisms considered sentinels of sea health: mussels.
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Novel material supercharges innovation in electrostatic energy storage

										

    
        
            [image: Novel material supercharges innovation in electrostatic energy storage]
             
                Schematic illustration of an edge computing system based on monolithic 3D-integrated, 2D material-based electronics. The system stacks different functional layers, including AI computing layers, signal-processing layers and a sensory layer, and integrates them into an AI processor. Credit: Sang-Hoon Bae, from Nature Materials (2023). DOI: 10.1038/s41563-023-01704-z
            
        

    


Electrostatic capacitors play a crucial role in modern electronics. They enable ultrafast charging and discharging, providing energy storage and power for devices ranging from smartphones, laptops and routers to medical devices, automotive electronics and industrial equipment. However, the ferroelectric materials used in capacitors have significant energy loss due to their material properties, making it difficult to provide high energy storage capability.



										      
         
        
        
        

      

																																	
Sang-Hoon Bae, assistant professor of mechanical engineering and materials science in the McKelvey School of Engineering at Washington University in St. Louis, has addressed this long-standing challenge in deploying ferroelectric materials for energy storage applications.

In a study published April 18 in Science, Bae and his collaborators, including Rohan Mishra, associate professor of mechanical engineering & materials science, and Chuan Wang, associate professor of electrical & systems engineering, both at WashU, and Frances Ross, the TDK Professor in Materials Science and Engineering at MIT, introduced an approach to control the relaxation time--an internal material property that describes how long it takes for charge to dissipate or decay--of ferroelectric capacitors using 2D materials.

Working with Bae, doctoral student Justin S. Kim and postdoctoral researcher Sangmoon Han developed novel 2D/3D/2D heterostructures that can minimize energy loss while preserving the advantageous material properties of ferroelectric 3D materials.

Their approach sandwiches 2D and 3D materials in atomically thin layers with carefully engineered chemical and nonchemical bonds between each layer. A very thin 3D core is inserted between two outer 2D layers to create a stack only about 30 nanometers thick. That's about one-tenth the size of an average virus particle.


																																						
    
     




																																			"We created a new structure based on the innovations we've already made in my lab involving 2D materials," Bae said. "Initially, we weren't focused on energy storage, but during our exploration of material properties, we found a new physical phenomenon that we realized could be applied to energy storage, and that was both very interesting and potentially much more useful."

The 2D/3D/2D heterostructures are finely crafted to sit in the sweet spot between conductivity and nonconductivity where semiconducting materials have optimal electric properties for energy storage. With this design, Bae and his collaborators reported an energy density up to 19 times higher than commercially available ferroelectric capacitors, and they achieved an efficiency over 90%, which is also unprecedented.

"We found that dielectric relaxation time can be modulated or induced by a very small gap in the material structure," Bae explained. "That new physical phenomenon is something we hadn't seen before. It enables us to manipulate dielectric material in such a way that it doesn't polarize and lose charge capability."

As the world grapples with the imperative of transitioning toward next-generation electronics components, Bae's novel heterostructure material paves the way for high-performance electronic devices, encompassing high-power electronics, high-frequency wireless communication systems, and integrated circuit chips. These advancements are particularly crucial in sectors requiring robust power management solutions, such as electric vehicles and infrastructure development.

"Fundamentally, this structure we've developed is a novel electronic material," Bae said.

"We're not yet 100% optimal, but already we're outperforming what other labs are doing. Our next steps will be to make this material structure even better, so we can meet the need for ultrafast charging and discharging and very high energy densities in capacitors. We must be able to do that without losing storage capacity over repeated charges to see this material used broadly in large electronics, like electric vehicles, and other developing green technologies."



																																																					
																				
																						More information:
												Sangmoon Han et al, High energy density in artificial heterostructures through relaxation time modulation, Science (2024). DOI: 10.1126/science.adl2835. www.science.org/doi/10.1126/science.adl2835
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Scientists explore the strategies of defects and nanostructure fabrication for promoting piezocatalytic activity

										

    
        
            [image: Oxygen vacancies mediated ultrathin Bi4O5Br2 nanosheets as efficient piezocatalyst for synthesis of H2O2 from pure water]
             
                Bi4O5Br2 is highly attractive as an efficient piezocatalyst that utilizes the ubiquitous mechanical energy for H2O2 synthesis. Oxygen vacancies mediated ultrathin Bi4O5Br2 nanosheets display a better piezoelectric response and stronger adsorption and activation ability of oxygen, leading to an outstanding piezocatalytic H2O2 synthesis performance without any sacrificial agents and co-catalysts in pure water. Credit: Chinese Journal of Catalysis
            
        

    


As an important chemical raw material, hydrogen peroxide (H2O2) is widely applied in various aspects of industry and life. The industrial anthraquinone method for H2O2 production has the serious flaws, such as high pollution and energy consumption. By using ubiquitous mechanical energy, piezocatalytic H2O2 evolution has been proven as a promising strategy, but its progress is hindered by unsatisfied energy conversion efficiency.



										      
         
        
        
        

      

																					
Bi4O5Br2 is regarded as a highly attractive photocatalytic material due to its unique sandwich structure, excellent chemical stability, good visible light capture ability and suitable band structure. Aspired by its non-centrosymmetric crystal structure, piezoelectric performance has begun to enter the vision of researchers recently.

However, its potential as an efficient piezocatalyst is far from being exploited, especially the impacts of defects on piezocatalysis and piezocatalytic H2O2 production over Bi4O5Br2 remains scanty. Thus, mechanical energy-driven piezocatalysis provides a promising method for H2O2 synthesis from pure water with great attraction.

Recently, a research group led by Prof. Hongwei Huang from China University of Geosciences reported outstanding piezocatalytic H2O2 evolution performance that was achieved over ultrathin Bi4O5Br2 nanosheets with appropriate oxygen vacancies, and disclosed the mechanism that thin structure and oxygen vacancies collectively enhance the piezocatalytic activity.

The results were published in the Chinese Journal of Catalysis.

Ultrathin Bi4O5Br2 nanosheets with controllable oxygen vacancy concentrations are synthesized by a one-step solvothermal method by tuning the water to ethylene glycol ratio. Experiments and theoretical calculations have shown that Bi4O5Br2 with appropriate oxygen vacancies exhibits dramatic performance for piezocatalytic H2O2 production.

On the one hand, oxygen vacancies and thin structure largely increase the piezoelectric properties and piezoelectric potential of Bi4O5Br2, which improve the separation and transfer of piezoinduced charges. On the other hand, oxygen vacancies promote oxygen adsorption and activation on the surface of Bi4O5Br2, and lead to constantly decreased Gibbs free energy of the reaction pathway.

Therefore, the piezocatalytic H2O2 production performance of Bi4O5Br2 with appropriate oxygen vacancies is higher than that of other commonly used piezocatalysts.



																														
																				
																						More information:
												Hao Cai et al, Oxygen vacancies mediated ultrathin Bi4O5Br2 nanosheets for efficient piezocatalytic peroxide hydrogen generation in pure water, Chinese Journal of Catalysis (2024). DOI: 10.1016/S1872-2067(23)64591-7
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Scientists grow human mini-lungs as animal alternative for nanomaterial safety testing

										


    
        
            [image: Scientists grow human mini-lungs as animal alternative for nanomaterial safety testing]
             
                Generation of multilineage lung organoids from human embryonic stem cells (hESCs). Credit: Nano Today (2024). DOI: 10.1016/j.nantod.2024.102254
            
        

    


Human mini-lungs grown by University of Manchester scientists can mimic the response of animals when exposed to certain nanomaterials. The study is published in Nano Today.




										      
         
        
        
        

      

																																	Though not expected to replace animal models completely, human organoids could soon lead to significant reductions in research animal numbers, the team led by cell biologist and nanotoxicologist Dr. Sandra Vranic argues.

Grown in a dish from human stem cells, lung organoids are multicellular, three-dimensional structures that aim to recreate key features of human tissues such as cellular complexity and architecture. They are increasingly used to better understand various pulmonary diseases, from cystic fibrosis to lung cancer, and infectious diseases including SARS-CoV-2.

However, their ability to capture tissue responses to nanomaterial exposure has until now not been shown. To expose the organoid model to carbon-based nanomaterials, Dr. Rahaf Issa, lead scientist in Dr. Vranic's group, developed a method to accurately dose and microinject nanomaterials into the organoid's lumen. It simulated the real-life exposure of the apical pulmonary epithelium, the outermost layer of cells lining respiratory passages within the lungs.

Existing animal research data has shown that a type of long and rigid multi-walled carbon nanotubes (MWCNT) can cause adverse effects in lungs, leading to persistent inflammation and fibrosis--a serious type of irreversible scarring in the lung.


																																						
    
     




																																			Using the same biological endpoints, the team's human lung organoids showed a similar biological response, which validates them as tools for predicting nanomaterial driven responses in lung tissue. The human organoids enabled better understanding of interactions of nanomaterials with the model tissue, but at the cellular level.
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                Graphical abstract. Credit: Nano Today (2024). DOI: 10.1016/j.nantod.2024.102254
            
        

    



Graphene oxide (GO), a flat, thin and flexible form of carbon nanomaterial, was found to be momentarily trapped out of harm's way in a substance produced by the respiratory system called secretory mucin. In contrast, MWCNT induced a more persistent interaction with the alveolar cells, with more limited mucin secretion and leading to the growth of fibrous tissue.

In a further development, Dr. Issa and Vranic based at the University's Center for Nanotechnology in Medicine are now developing and studying a ground-breaking human lung organoid that also contains an integrated immune cell component.

Dr. Vranic said, "With further validation, prolonged exposure, and the incorporation of an immune component, human lung organoids could greatly reduce the need for animals used in nanotoxicology research.

"Developed to encourage humane animal research, the 3Rs of replacement, reduction and refinement are now embedded in UK law and in many other countries.

"Public attitudes consistently show that support for animal research is conditional on the 3Rs being put into practice."

Professor Kostas Kostarelos, Chair of Nanomedicine at the University said, "Current '2D testing' of nanomaterials using two-dimensional cell culture models provide some understanding of cellular effects, but they are so simplistic as it can only partially depict the complex way cells communicate with each other. It certainly does not represent the complexity of the human pulmonary epithelium and may misrepresent the toxic potential of nanomaterials, for better or for worse.

"Though animals will still be needed in research for the foreseeable future, '3D' organoids nevertheless are an exciting prospect in our research field and in research more generally as a human equivalent and animal alternative."


																																																					
																				
																						More information:
												Rahaf Issa et al, Functioning human lung organoids model pulmonary tissue response from carbon nanomaterial exposures, Nano Today (2024). DOI: 10.1016/j.nantod.2024.102254
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Thermal properties of new 2D materials for microchips can now be measured well
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                Delft University of Technology researcher Gerard Verbiest in his nanoacoustics lab. Credit: Studio Wavy / TU Delft
            
        

    


Making ever smaller and more powerful chips requires new ultrathin materials: 2D materials that are only 1 atom thick, or even just a couple of atoms. Think about graphene or ultra-thin silicon membrane for instance.



										      
         
        
        
        

      

																																	
Scientists at TU Delft have taken an important step in application of these materials: they can now measure important thermal properties of ultrathin silicon membranes. A major advantage of their method is that no physical contact needs to be made with the membrane, so pristine properties can be measured and no complex fabrication is required.

The findings are published in the journal APL Materials.

"Extremely thin membranes have very different properties from the materials we see around us. For example, graphene is stronger than steel yet extremely flexible," says TU Delft researcher Gerard Verbiest. "These are properties that make these materials very suitable for use in sensors, provided those properties are properly understood."

As with many electronics, heat conduction is a big challenge for realizing the best performance. It helps determine how well a material will respond to certain loads a chip or sensor has to carry. Heat conduction in two dimensions is fundamentally different from that in three dimensions.


																																						
    
     




																																			As a consequence, the thermal properties of 2D materials are of great interest, from both scientific and application points of view. However, few techniques are available for the accurate determination of these properties in ultrathin suspended membranes.

The researchers used an optomechanical methodology for extracting the thermal expansion coefficient, specific heat, and thermal conductivity of ultrathin membranes made of 2H-TaS2, FePS3, polycrystalline silicon, MoS2, and WSe2. It involved driving a suspended membrane using a power-modulated laser and measuring its time-dependent deflection with a second laser. This way, both the temperature-dependent mechanical fundamental resonance frequency of the membrane and characteristic thermal time constant at which the membrane cools down are measured

Collaboration between science and industry is crucial for development of this technology. Verbiest says, "By measuring thin silicon membranes in this project we have shown the technique we developed in Delft to work on materials relevant to the semiconductor industry. This gives research an extra boost, because the insights then potentially lead immediately to a future industrial application, which is important for the Netherlands and a significant motivation for such research."

The obtained thermal properties are in good agreement with the values reported in the literature for the same materials. This research provides an optomechanical method for determining the thermal properties of ultrathin suspended membranes, which are difficult to measure otherwise. It provides a route toward improving our understanding of heat transport in the 2D limit and facilitates engineering of 2D structures with a dedicated thermal performance.



																																																					
																				
																						More information:
												Hanqing Liu et al, Optomechanical methodology for characterizing the thermal properties of 2D materials, APL Materials (2024). DOI: 10.1063/5.0190680
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                Schematic illustration of the general-applicable and scalable flow reactor design by combining well-designed isoporous BCP membranes as carriers with a fusion protein (phytase plus material binding peptide [MBP; namely LCI]) for oriented phytase (YmPh) immobilization. Credit: Nature Communications (2024). DOI: 10.1038/s41467-024-47007-y
            
        

    


Flow-through reactors packed with enzymes can produce certain chemicals in a gentle and careful way. However, their performance has so far been limited. A research team from the Helmholtz-Zentrum Hereon and RWTH Aachen University has now been able to increase the yield a thousandfold.



										      
         
        
        
        

      

																																	
Using a tailor-made nanomembrane, they have succeeded in bringing the molecules to be converted into much closer contact with the enzymes, thereby dramatically increasing the reaction rate. The new process could be used for the sustainable production of phosphate, among other things. The working group presents its results in the journal Nature Communications.

Enzymes are biocatalysts that can be used to produce chemicals in an environmentally friendly and energy-saving way. However, the process does not always make it easy to use them efficiently. One of the concepts is flow-through reactors. They consist of small channels to whose walls the enzymes adhere. When a solution flows through these channels, the molecules contained in the solution can dock onto the biocatalysts in order to react with their help to form the desired product.

So far, these reactors have not worked optimally, as they usually have millimeter-sized channels--the enzymes, on the other hand, are nanometer-sized. As a result, many of the molecules flowing through do not even come into contact with the biocatalysts and therefore have no opportunity for a chemical reaction.

Shock absorber for enzymes

To solve this problem, the working group used a special membrane developed at the Helmholtz-Zentrum Hereon in Geesthacht. "This membrane is created by the self-assembly of so-called block copolymers," explains Dr. Volker Abetz, Head of the Hereon Institute of Membrane Research and Professor of Physical Chemistry at the University of Hamburg. "Their surface has a high density of equally sized cylindrical pores." These are tiny, with a diameter of just 50 nanometers. Below the surface is a more open porous structure made of the same block copolymer.


																																						
    
     




																																			The scientists used a specially designed helper molecule--a kind of adhesive peptide--to lace these pore walls with enzymes. "It binds to the pore wall with one side and to the enzyme with the other," explains Dr. Ulrich Schwaneberg, Professor of Biotechnology at RWTH Aachen University and member of the scientific management of the Leibniz Institute for Interactive Materials. "The peptide acts as a kind of shock absorber that keeps the enzyme at a certain distance from the pore wall at all times."

The team used an enzyme called phytase for their prototype. It causes the decomposition of phytate, a phosphorus-containing compound that is found in cereals, among other things. In practice, the phytase enzyme is added to animal feed, for example. This promotes the release of biogenic phosphate, which can then be used as a sustainable fertilizer.

Successful endurance test

"The prototype of our flow reactor has a relatively simple design," says Hereon researcher Dr. Zhenzhen Zhang. "The membrane is about the size of a sheet of paper, plus a system that allows the phytate solution to flow through the membrane."

As a result, due to the narrow pores densely packed with enzymes, about a thousand times more phytate molecules could be converted into phosphate than in the previous flow-through reactors--a remarkable yield. It was also useful that the membrane pores were electrically positively charged and the phytate molecules negatively charged. The resulting attractive forces also helped to bring the molecules into contact with the enzymes.

"We tested the membrane for 30 days, and it lost very little of its efficiency," says Zhang. "It should certainly be possible to scale up our reactor to an industrial scale." As the Hereon process can also be used to produce membranes with smaller or larger pores, it should also be possible to equip the reactor with other enzymes that can then accelerate other chemical reactions.

However, there are still unanswered questions to be clarified. "We have not yet understood in detail how the membrane structures are formed," explains Abetz. "If we succeed, we hope to be able to produce the cylindrical pores in the membrane in a much more targeted way than before."



																																																					
																				
																						More information:
												Zhenzhen Zhang et al, An enzymatic continuous-flow reactor based on a pore-size matching nano- and isoporous block copolymer membrane, Nature Communications (2024). DOI: 10.1038/s41467-024-47007-y
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New device harnesses sweat power for fitness trackers
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                Credit: Device (2024). DOI: 10.1016/j.device.2024.100356
            
        

    


A small amount of sweat could be all that's needed to power fitness trackers of the future, new research led by Deakin University's Institute for Frontier Materials (IFM) reveals.



										      
         
        
        
        

      

																					
In a paper published today in the journal Device, Deakin researchers have outlined how they have designed a wearable hydroelectric nanogenerator--powerful enough to power small electronics such as FitBits and smartwatches--that combines conductive nanomaterials and the evaporation of sweat to generate and store electrical power.

In the past, the mechanics of hydroelectric nanogenerators were little understood and had several shortcomings, including lower power output density; however, this new technology integrates a single-layer MXene nanosheet with wool as the electrochemically active component.

"Imagine a tiny device that you could wear, like a bracelet or headband, that could generate electricity from something as simple as your sweat," research co-author IFM Associate Professor Jingliang Li said.

"The device only needs a small amount of sweat to operate--only a few drops to cover the surface of the device.

"Operation-wise a device needs sweat to generate the current, but since the device is attached to a capacitor, the generated current can be stored. This does not require the wearer to sweat continuously.

"Similar to a solar panel generating electricity, the generated current can be gradually stored in another device."

Figures have shown that more than half of Australians track their fitness with a smartphone, smart watch or fitness band.

This breakthrough research--led at IFM by Associate Professor Li, Dr. Azadeh Nilghaz and Ph.D. candidate Hongli Su--could provide a greener, and low maintenance alternative to meet that demand.

Further development is needed before the technology can be commercialized for public sale; however, the device shows promise of being easy and low-cost to fabricate.

Looking ahead, the research team hopes to explore how the device can generate electricity if they don't sweat.

"The device can generate electricity from the moisture produced by breathing," Associate Professor Li said. "This is our future work."



																														
																				
																						More information:
												Hongli Su et al, Efficient energy generation from a sweat-powered, wearable, MXene-based hydroelectric nanogenerator, Device (2024). DOI: 10.1016/j.device.2024.100356
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Atom-by-atom: Imaging structural transformations in 2D materials
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                Annular dark field scanning electron microscopy images of a bilayer interface after heat pulses at 500deg (left), 600deg (middle) and 700deg (right). Dashed colored lines mark the positions of the interface as it is displaced with heating. Credit: The Grainger College of Engineering at University of Illinois Urbana-Champaign
            
        

    


Silicon-based electronics are approaching their physical limitations and new materials are needed to keep up with current technological demands. Two-dimensional (2D) materials have a rich array of properties, including superconductivity and magnetism, and are promising candidates for use in electronic systems, such as transistors. However, precisely controlling the properties of these materials is extraordinarily difficult.



										      
         
        
        
        

      

																																	
In an effort to understand how and why 2D interfaces take on the structures they do, researchers at the University of Illinois Urbana-Champaign have developed a method to visualize the thermally-induced rearrangement of 2D materials, atom-by-atom, from twisted to aligned structures using transmission electron microscopy (TEM).

They observed a new and unexpected mechanism for this process where a new grain was seeded within one monolayer, whose structure was templated by the adjacent layer. Being able to control the macroscopic twist between layers allows for more control over the properties of the entire system.

This research, led by materials science & engineering professor Pinshane Huang and postdoctoral researcher Yichao Zhang, was recently published in the journal Science Advances.

"How the interfaces of the bilayer align with each other and through what mechanism they transform into a different configuration is very important," Zhang says. "It controls the properties of the entire bilayer system which, in turn, affects both its nanoscale and microscopic behavior."

The structure and properties of 2D multilayers are often highly heterogeneous and vary widely between samples and even within an individual sample. Two devices with just a few degrees of twist between layers could have different behavior. 2D materials are also known to reconfigure under external stimuli such as heating, which occurs during the fabrication process of electronic devices.


																																						
    
     




																																			"People usually think of the two layers like having two sheets of paper twisted 45deg to each other. To get the layers to go from twisted to aligned, you would just rotate the entire piece of paper," Zhang says. "But what we found, actually, is it has a nucleus--a localized nanoscale aligned domain--and this domain grows larger and larger in size. Given the correct conditions, this aligned domain could take over the entire size of the bilayer."

While researchers have speculated that this may happen, there hasn't been any direct visualization at the atomic scale proving or disproving the theory. Zhang and the other researchers, however, were able to directly track the movement of individual atoms to see the tiny, aligned domain grow. They also observed that aligned regions could form at relatively low temperatures, ~200degC, in the range of typical processing temperatures for 2D devices.

There aren't cameras small enough and fast enough to capture atomic dynamics. How then was the team able to visualize this atom-by-atom movement? The solution is very unique. They first encapsulated the twisted bilayer in graphene, essentially building a little reaction chamber around it, to look at the bilayer at atomic resolution as it was heated. Encapsulation by graphene helps to hold the atoms of the bilayer in place so that any structural transformation could be observed rather than the lattice getting destroyed by high-energy electrons of the TEM.

The encapsulated bilayer was then put on a chip that could be heated and cooled quickly. To capture the fast atomic dynamics, the sample underwent half-second heat pulses between 100-1000degC. After each pulse, the team would look at where the atoms were using TEM and then repeat the process.


																																			"You can actually watch the system as it changes, as the atoms settle in from whatever configuration they were put in initially, to the configuration that is energetically favorable, that they want to be in," Huang explains. "That can help us understand both the initial structure as it is fabricated and how it evolves with heat."

Understanding how rearrangement happens can help tune the interfacial alignment at the nanoscale. "It is impossible to underscore how excited people are about that tuneability," Huang says.

"The macroscopic twist between the two layers is a really important parameter because as you rotate one on the other, you can actually change the properties of the entire system. For example, if you rotate the 2D material graphene to a specific angle, it becomes superconducting. For some materials, if you rotate them, you change the bandgap which changes the color of light it absorbs and what energy of light it emits. All of those things you change by altering the orientation of atoms between layers."



																																																					
																				
																						More information:
												Yichao Zhang et al, Atom-by-atom imaging of moire transformations in 2D transition metal dichalcogenides, Science Advances (2024). DOI: 10.1126/sciadv.adk1874
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Two-dimensional nanomaterial sets expansion record

										

    
        
            [image: 2D nanomaterial sets expansion record]
             
                Remote plasma vapor deposition instrument designed by Fanchini Lab. Credit: Mitch Zimmer/Western Science
            
        

    


It is a common hack to stretch a balloon out to make it easier to inflate. When the balloon stretches, the width crosswise shrinks to the size of a string. Noah Stocek, a Ph.D. student collaborating with Western physicist Giovanni Fanchini, has developed a new nanomaterial that demonstrates the opposite of this phenomenon.



										    
																																	
Working at Interface Science Western, home of the Tandetron Accelerator Facility, Stocek, and Fanchini formulated two-dimensional nanosheets of tungsten semi-carbide (or W2C, a chemical compound containing equal parts of tungsten and carbon atoms), which, when stretched in one direction, expand perpendicular to the applied force. This structural design is known as auxetics.

The trick is that the structure of the nanosheet itself isn't flat. The atoms in the sheet are made of repeating units consisting of two tungsten atoms for every carbon atom, which are arranged metaphorically like the dimpled surface of an egg carton. As tension is applied across the elastic nanosheet in one direction, it expands out in the other dimension as the dimples flatten.
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Prior to this innovation, there was only one reported material that could expand by 10% per unit length in this counter-intuitive way. The Western-engineered tungsten semi-carbide nanosheet can expand to 40%, a new world record.

"We were specifically looking to create a two-dimensional nanomaterial from tungsten semi-carbide," said Stocek. "In 2018, theorists predicted that it might exhibit this behavior to an excellent level, but nobody had been able to develop it, despite extensive attempts by research groups all over the world."


																																						
    
     




																																			It wasn't possible to construct the new tungsten semi-carbide nanomaterial using chemical means, so Stocek and Fanchini relied on plasma physics to form the single-atom layers. Made of charged particles of atoms, plasma is the fourth state of matter (with solid, liquid, and gas). Plasma can be observed in the natural world in the northern lights, or Aurora Borealis, and the sun's corona during the recent solar eclipse. It is also used in neon lighting, fluorescent tubes, and flat-screen TVs.

Typically, the instrumentation used to make two-dimensional nanomaterials is special furnaces where gases are heated at a high enough temperature to react and form the desired substance chemically. This approach simply did not work because any chemical reaction, the most common process, would lead to a product different from the desired nanomaterial.

"That's where most researchers who tried to get this material before us got stuck, so we had to pivot," said Fanchini.

Instead of heating a gas made of tungsten and carbon atoms in furnaces, which would produce neutral particles as you would get for solids, liquids, or gases, Stocek and Fanchini designed a new customized instrumentation that produces a plasma, which is made up of electrically charged particles.
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Stretch goals

There are countless possible applications for these W2C nanosheets, beginning with a new type of strain gauge. These commercially available gauges are a standard way to measure expansion and stretch in everything from airplane wings to household plumbing.


																																			"Imagine if you want to know if a pipe in your house is deforming and risks bursting at some point. You can stick a sensor on the pipe made from this two-dimensional nanomaterial and then use a computer to monitor the current passing through it. If the current rises, it means the pipe is expanding and risks bursting," said Stocek.

The new nanomaterial, in fact, becomes more electrically conductive, and that opens the door for endless possibilities to use in things like sensors or any device that detects events or changes in the environment and sends the information to other electronics. Another application is embedding the material right in stretchable electronics, like wearable technology so that they have more conductivity.

"Normally, strain gauges would rely on the fact that when you stretch a material, it gets thinner, and you change the conductivity of a material to carry a current," said Fanchini. "With this new nanomaterial, this would no longer be the case."

The findings are published in the journal Materials Horizons.



																																																					
																				
																						More information:
												Noah B. Stocek et al, Giant Auxetic Behavior in Remote-plasma Synthesized Few-Layer Tungsten Semicarbide, Materials Horizons (2024). DOI: 10.1039/D3MH02193A
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Ocean environment safety of nanocellulose investigated in study of mussels
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Cellulose nanofibers represent a promising resource for multiple industrial sectors, but what is their impact on the marine environment? A study published in Environmental Science: Nano recently addressed this issue in a study on marine organisms considered sentinels of sea health: mussels.




										      
         
        
        
        

      

																					The work was conducted jointly by the research groups OSCMLab from the "G. Natta" Department of Chemistry, Materials and Chemical Engineering at the Politecnico di Milano (Dr. Laura Riva and Prof. Carlo Punta), and EcoBiomLab from the Department of Physical, Earth and Environmental Sciences at the University of Siena (Dr. Tatiana Rusconi and Prof. Ilaria Corsi), in collaboration with Prof. Montserrat Sole from the Institute of Marine Sciences in Barcelona.

The study analyzed two types of cellulose nanofibers--oxidized and non-oxidized--to assess their ecotoxicological impact on Mediterranean mussels and to determine how safe they are for the marine environment.

The results showed that cellulose nanofibers can affect the immune response of mussels and alter the functionality of their gills through physical interactions (surface adhesion). However, the study did not observe any toxicity such as to endanger the species' survival, nor conditions of stress capable of altering its response to environmental changes.

Laboratory experiments also ruled out possible changes in the pH and salinity of sea water following the release of nanofibers, mimicking realistic exposure scenarios such as their transport with sewage effluents in coastal marine areas.

"This study raises fundamental questions about the interaction between cellulose nanofibers and marine biodiversity," says Prof. Ilaria Corsi, "stimulating the need for further research to perform an ecological risk assessment that takes into account chronic exposure times and multiple stress conditions, such as those now affecting Mediterranean marine and coastal areas."

"At the same time," adds Prof. Carlo Punta, "it opens the door to a responsible use of this nanomaterial, of growing interest in sustainable applications in the cosmetics, paper, packaging and paint sectors, as well as in construction and the automotive industry."


																														
																				
																						More information:
												Tatiana Rusconi et al, Environmental safety of nanocellulose: an acute in vivo study with marine mussels Mytilus galloprovincialis, Environmental Science: Nano (2023). DOI: 10.1039/D3EN00135K
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        Discovery of new ancient giant snake in India
        A new ancient species of snake dubbed Vasuki Indicus, which lived around 47 million years ago in the state of Gujarat in India, may have been one of the largest snakes to have ever lived, suggests new research published in Scientific Reports. The new species, which reached an estimated length of between 11 and 15 meters, was part of the now extinct madtsoiidae snake family, but represented a distinct lineage that originated in India.

      

      
        Researchers reveal a hidden trait in Mycobacterium genomes governing stress adaptation
        A new study, led by Qingyun Liu, Ph.D., assistant professor in the Department of Genetics, has uncovered a genetic feature known as "transcriptional plasticity," which plays a pivotal role in governing the transcriptional response of Mycobacteria to stressful conditions.

      

      
        Scientists construct organo-phosphatic shells of brachiopods
        Biomineralized columns, stacked in layers like a sandwich gave Cambrian brachiopod shells their strength and flexibility 520 million years ago.

      

      
        Instinct for 'fight or flight' may be much older than we thought
        Evidence in lampreys for the presence of a rudimentary sympathetic nervous system, previously thought to be unique to jawed vertebrates, has been presented in Nature. The finding may prompt a rethink of the origins of the sympathetic nervous system, which operates without conscious thought and controls the fight or flight reaction.

      

      
        Capturing DNA origami folding with a new dynamic model
        Most people are familiar with the DNA double-helix. Its twisted ladder shape forms because the long pieces of DNA that make up our genome are exactly complementary--every adenine paired to a thymine, and every cytosine paired to a guanine. Sequences of these four nucleotides hold the information needed to build the proteins in our bodies, but they also encode their own double-helical structure.

      

      
        Researchers crack mystery of swirling vortexes in egg cells
        Egg cells are the largest single cells on the planet. Their size--often several to hundreds of times the size of a typical cell--allows them to grow into entire organisms, but it also makes it difficult to transport nutrients and other molecules around the cell. Scientists have long known that maturing egg cells, called oocytes, generate internal, twister-like fluid flows to transport nutrients, but how those flows arise in the first place has been a mystery.

      

      
        Researchers train a bank of AI models to identify memory formation signals in the brain
        An international research collaboration between Vanderbilt University and the Madrid-based de la Prida lab in the Cajal Institute led to the development of AI models that detect and analyze hippocampal ripples, which are considered biomarkers of memory.

      

      
        Soil bacteria link their life strategies to soil conditions: Study
        Soil bacteria help regulate the cycling of carbon and nutrients on Earth. Over time, these bacteria have evolved strategies that determine where they live, what they do, and how they deal with a changing environment. However, microbiologists do not fully understand how bacteria's genes relate to their life strategies.

      

      
        Researchers identify genetic variant that helped shape human skull base evolution
        Humans, Homo sapiens, have unique features compared with other closely related hominin species and primates, including the shape of the base of the skull. The evolutionary changes underlying these features were significant in allowing the evolution of our increased brain size.

      

      
        Probiotic feed additive, in place of antibiotics, found to boost growth and health in poultry
        Antimicrobial resistance is an increasingly serious threat for public health, and the use of antimicrobials in livestock feed has been a major contributing factor in the emergence and spread of antimicrobial resistance to many drugs, according to the U.S. National Institutes of Health. The poultry industry is evolving toward antibiotic-free production to meet market demands and decelerate the spread, and Penn State researchers are helping to identify and better understand alternative approaches.

      

      
        New model finds previous cell division calculations ignore drivers at the molecular scale
        When a single bacterial cell divides into two during periods of rapid growth, it doesn't split in half once it reaches a predetermined size. Instead, data has shown, a cell will divide once it has added a certain amount of mass.

      

      
        Rewilding amphibians: Protecting endangered species to restore ecosystems
        In a recent paper published in Biological Conservation, iDiv researchers suggest that given amphibians' ability to act as "canaries in the coal mine" for aquatic environments, they should be reintroduced or rewilded. Rewilding would not only help protect these endangered species but simultaneously promote ecological stability.

      

      
        Arboviruses, mosquitoes and potential hosts tracked in real time in Sao Paulo city
        The technology used to sequence SARS-CoV-2 at record speed early in the COVID-19 pandemic has been successfully tested as a technique to monitor arboviruses and diseases transmitted mainly by mosquitoes.

      

      
        Study shows copper beads in pig feed reshape swine gut microbiome
        Copper is a natural antimicrobial material that, when added to pig feed, may promote the growth and health of the animals. Since pigs can tolerate high levels of the metal, researchers at Texas Tech University in Amarillo recently investigated whether copper might be used to promote their gut health and reduce the shedding of microbes to the environment.

      

      
        Honey bees experience multiple health stressors out in the field
        It's not a single pesticide or virus stressing honey bees, and affecting their health, but exposure to a complex web of multiple interacting stressors encountered while at work pollinating crops, new research from York University has found.
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Discovery of new ancient giant snake in India
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                Anterior trunk vertebrae of Vasuki indicus. IITR/VPL/SB 3102-3, partial vertebra in anterior view. Credit: Scientific Reports (2024). DOI: 10.1038/s41598-024-58377-0
            
        

    


A new ancient species of snake dubbed Vasuki Indicus, which lived around 47 million years ago in the state of Gujarat in India, may have been one of the largest snakes to have ever lived, suggests new research published in Scientific Reports. The new species, which reached an estimated length of between 11 and 15 meters, was part of the now extinct madtsoiidae snake family, but represented a distinct lineage that originated in India.




										    
																					Debajit Datta and Sunil Bajpai describe a new specimen recovered from the Panandhro Lignite Mine, Kutch, Gujarat State, India, which dates to the Middle Eocene period, approximately 47 million years ago. The new species is named Vasuki Indicus after the mythical snake round the neck of the Hindu deity Shiva and in reference to its country of discovery, India. The authors describe 27 mostly well-preserved vertebra, some of which are articulated, which appear to be from a fully-grown animal.

The vertebrae measure between 37.5 and 62.7 millimeters in length and 62.4 and 111.4 millimeters in width, suggesting a broad, cylindrical body. Extrapolating from this, the authors estimate that V. Indicus may have reached between 10.9 and 15.2 meters in length. This is comparable in size to the longest known snake to have ever lived, the extinct Titanoboa, although the authors highlight the uncertainty around these estimates. They further speculate that V. Indicus's large size made it a slow-moving, ambush predator akin to an anaconda.

The authors identify V. Indicus as belonging to the madtsoiidae family, which existed for around 100 million years from the Late Cretaceous to the Late Pleistocene and lived in a broad geographical range including Africa, Europe, and India. They suggest that V. Indicus represents a lineage of large madtsoiids that originated in the Indian subcontinent and spread via southern Europe to Africa during the Eocene, approximately 56 to 34 million years ago.


																														
																				
																						More information:
												Debajit Datta, Largest known madtsoiid snake from warm Eocene period of India suggests intercontinental Gondwana dispersal, Scientific Reports (2024). DOI: 10.1038/s41598-024-58377-0. www.nature.com/articles/s41598-024-58377-0
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Researchers reveal a hidden trait in Mycobacterium genomes governing stress adaptation
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                Schematic diagram illustrating our machine-learning workflow. Credit: Nature Communications (2024). DOI: 10.1038/s41467-024-47410-5
            
        

    


A new study, led by Qingyun Liu, Ph.D., assistant professor in the Department of Genetics, has uncovered a genetic feature known as "transcriptional plasticity," which plays a pivotal role in governing the transcriptional response of Mycobacteria to stressful conditions.



										      
         
        
        
        

      

																																	
Bacterial cells must swiftly modulate the expression of their genes to cope with abrupt changes in the external environment. However, the extent to which certain genes can alter their expression in response to environmental shifts, as opposed to maintaining stable expression levels, has long puzzled scientists. Understanding how bacteria regulate these disparate transcriptional processes and the genetic features that underlie them has remained a challenge.

In a collaboration with researchers from UNC-Chapel Hill, Harvard, and Fudan University, lead researcher Qingyun Liu, Ph.D., set out to unravel the complex factors governing the transcriptional response in Mycobacterium tuberculosis (Mtb), the bacterial pathogen responsible for tuberculosis, which remains the leading cause of death due to a single infectious agent, with more than 10.6 million new cases and 1.6 million deaths each year.

Their study, titled "Genetically encoded transcriptional plasticity underlies stress adaptation in Mycobacterium tuberculosis," was published in the journal Nature Communications.

The researchers analyzed a comprehensive dataset comprising 894 RNA-Seq samples derived from 73 distinct conditions, which were generated in previous studies and curated by the researchers for meta-analysis purposes.


																																						
    
     




																																			The researchers interrogated the transcriptional plasticity (TP) of each gene of Mtb, serving as a proxy for the variability of gene expression in response to environmental changes. Their analysis unveiled significant TP variation among Mtb genes, correlating with gene function and essentiality. Furthermore, they discovered that critical genetic features, such as gene length, GC content, and operon size, independently impose constraints on TP, extending beyond trans-regulation.

For instance, genes with shorter lengths generally exhibited higher TP compared to those with longer lengths. Additionally, genes with the lowest TP profiles were concentrated in a group with GC content aligning closely with the genome-wide average level (65%).

Liu said, "These features, previously not linked to transcriptional regulation in mycobacteria, are now recognized as factors that Mtb has evolved to shape its genes' TP."

Leveraging the genetic features identified as contributing to TP, the researchers were able to partially predict the TP levels of Mtb genes using a machine learning model. However, Liu pointed out that while this model shows promise, it is not yet perfect in predicting TP levels. This suggests that there may still be unidentified factors influencing TP that warrant further investigation.

By extending their analysis to include two other Mycobacteria species, namely M. smegmatis and M. abscessus, the researchers demonstrated a striking conservation of the TP landscape across different species of Mycobacteria, implying an evolutionary significance of TP as a conserved adaptive strategy among mycobacteria.

The researchers emphasized that TP can now serve as a useful supplement to gene essentiality and vulnerability for understanding bacterial physiological processes. This information can help prioritize gene candidates that can be targeted for drug purposes or mechanistic dissection.

Furthermore, the researchers showed that TP can function as a benchmark factor for future transcriptional studies, aiding in the identification of differentially expressed genes. This underscores the broader implications of TP in advancing our understanding of bacterial gene regulation and adaptation mechanisms.



																																																					
																				
																						More information:
												Cheng Bei et al, Genetically encoded transcriptional plasticity underlies stress adaptation in Mycobacterium tuberculosis, Nature Communications (2024). DOI: 10.1038/s41467-024-47410-5
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Scientists construct organo-phosphatic shells of brachiopods
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                Biomineralized columnar architectures of Cambrian Series 2 phosphatic-shelled brachiopods. Credit: Zhang Zhiliang
            
        

    


Biomineralized columns, stacked in layers like a sandwich gave Cambrian brachiopod shells their strength and flexibility 520 million years ago.



										      
         
        
        
        

      

																																	
To gain insights into the evolution and diversity of this intricate biomineralized columnar architecture, Dr. Zhang Zhiliang from the Nanjing Institute of Geology and Paleontology of the Chinese Academy of Sciences, together with collaborators from China and Sweden, examined exquisitely well-preserved fossils of some of the oldest families of linguliform brachiopods, providing new fossil evidence for understanding the biomineralization process and adaptive evolution of the ancestral brachiopod taxa of the Early Cambrian.

The study was published in eLife.

The Cambrian, a geological period about half a billion years ago, witnessed one of the most intense bursts of animal evolution in Earth's history. During this time, most of the groups of marine animals that we would recognize in the oceans today emerged and diversified around the globe. One of the key advances during this explosion of life was the development of biomineralized shells.

Biomineralization, which refers to the biomineralization that produces organic-inorganic composite skeletons and shells, is a process that alters the nature of the Earth's fossil record by associating living soft organic tissues with solid Earth minerals.
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                Scanning electron microscopy image of biomineralized columnar architectures and the underlying epithelial cells in early Cambrian brachiopod fossils. Credit: Zhang Zhiliang
            
        

    



Brachiopods, known as "lamp shells," are one of the most successful biomineralized animal groups, having survived for over 500 million years. Most animal groups only have the ability to secrete only one mineral, but brachiopods are unique animals in that they have the ability to secrete two different minerals, calcium phosphate and calcium carbonate.


																																						
    
     




																																			Although many living brachiopod species have calcium carbonate shells, the calcium phosphatic linguliform brachiopods were one of the earliest shell-bearing animal groups to appear in the fossil record. Linguliform brachiopod shells generally consist of an organic matrix combined with calcium phosphate (apatite) minerals. Linguliform shells are intricately composed of microscopic cylindrical columns, but the development and role of these microscopic columns in brachiopod evolution is unclear.

In this study, the fossil samples, including Eoobolidae, Lingulellotretidae and Acrotretidae, were collected from the Cambrian Series 2 Shuijingtuo Formation of southern Shaanxi and western Hubei in southern China--a region that is widely considered to be one of the centers for the origin and early distribution of linguliform brachiopods.

The researchers showed that the microscopic columns were stacked on top of each other to form a secondary layer of the shell, in what the researchers called a "stacked sandwich model" (because of the resemblance to the cross-section of a sandwich). This stacked sandwich columnar architecture increases the shell's toughness, flexibility, and ability to resist fracture by filling the space in between the columns with organic material--similar to the columns of reinforced concrete often used in building construction.

"Thus, we hypothesize that this efficient and economical shell architecture has likely played an important role in the evolution of linguliform brachiopods," said Zhang, "it may account for the flourishing of phosphatic-shelled acrotretides in the latter half of the Cambrian, and the continued diversification of brachiopods during the Great Biodiversification Event 50 million years later."



																																																					
																				
																						More information:
												Zhiliang Zhang et al, Evolution and diversity of biomineralized columnar architecture in early Cambrian phosphatic-shelled brachiopods, eLife (2024). DOI: 10.7554/eLife.88855.4
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Instinct for 'fight or flight' may be much older than we thought

										

Evidence in lampreys for the presence of a rudimentary sympathetic nervous system, previously thought to be unique to jawed vertebrates, has been presented in Nature. The finding may prompt a rethink of the origins of the sympathetic nervous system, which operates without conscious thought and controls the fight or flight reaction.




										    
																					The sympathetic nervous system is thought to have evolved in jawed vertebrates and--as jawless vertebrates--lampreys were thought to lack one. However, Marianne Bronner and colleagues have discovered paired bundles of sympathetic neurons that span the trunk of the larval sea lamprey in a chain-like arrangement.

This rudimentary sympathetic nervous system is derived from an embryonic structure called the neural crest, they show. The neural crest is a transient population of migratory stem cells that gives rise to many key vertebrate structures.

Although many of these features were present in ancestral jawless vertebrates, others--such as jaws and the sympathetic nervous system--are generally thought to have arisen later, in jawed vertebrates.

The findings here challenge the view that the sympathetic nervous system arose in jawed vertebrates and highlight the lamprey and other jawless vertebrates as important models for understanding the emergence of complex vertebrate features.


																														
																				
																						More information:
												Brittany M. Edens et al, Neural crest origin of sympathetic neurons at the dawn of vertebrates, Nature (2024). DOI: 10.1038/s41586-024-07297-0
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Capturing DNA origami folding with a new dynamic model

										

    
        
            [image: Capturing DNA origami folding with a new dynamic model]
             
                An example of a complex structure built on a flat surface using DNA origami. This is a polarimeter used for determining the polarization properties of light beams and samples. From Ashwin Gopinath et al. ,Absolute and arbitrary orientation of single-molecule shapes. Credit: Science371,eabd6179(2021). DOI:10.1126/science.abd6179
            
        

    


Most people are familiar with the DNA double-helix. Its twisted ladder shape forms because the long pieces of DNA that make up our genome are exactly complementary--every adenine paired to a thymine, and every cytosine paired to a guanine. Sequences of these four nucleotides hold the information needed to build the proteins in our bodies, but they also encode their own double-helical structure.



										      
         
        
        
        

      

																																	
Since the 1980s, however, scientists have hijacked these pairing rules to build structures other than double helices. This field is called DNA nanotechnology, and its most popular implementation, DNA origami, lets researchers fold DNA into any shape, providing a powerful approach for building nanoscale devices and machines.

DNA origami involves putting a long piece of DNA, called a scaffold, together with hundreds of carefully selected short pieces of DNA, called staples, in a test tube, and letting them fold together into the designed structure.

The technology is remarkably efficient, with the whole process happening in one experimental step. Despite the apparent simplicity, the process is complex, and scientists do not have a complete picture of what is happening during folding. Regular microscopes have a hard time seeing DNA origami structures because they are so small, and those that can require the structures to be attached to a surface.

One way to try to understand this process is through computer simulations, using an approach known as molecular dynamics. Researchers have tried to use these simulations in the past to understand what goes on when DNA origami structures fold. However, existing models consider every single nucleotide and the resulting movements of the evolving structure over billions of tiny time steps. The process is computationally demanding, limiting the size of the structures and time over which the dynamics can be simulated.



    
    
    
        
        
    
         
             
         

        Credit: Duke University
  

To get around this hurdle, Gaurav Arya, professor of mechanical engineering and materials science at Duke University, and his doctoral student Marcello Deluca are taking a step back.

Rather than simulating every single nucleotide, they developed a new model that allows them to capture the dynamics of this process while only considering the behavior of groups of eight nucleotides. This simplification means that, while they are still able to simulate the structure for billions of steps, each of those steps can be much bigger, and each step is easier to simulate.


																																						
    
     




																																			Using this approach in a paper published online April 8 in Nature Communications, Arya and DeLuca have shown that they can model the dynamics of folding hundreds of times for DNA origami over 8,000 nucleotides in size. The previous record for a single simulation was 770.

"Our technique lacks the molecular detail of existing models, but that's not what we're after here," said Arya. "We're interested in the global dynamics of entire complex structures as they self-assemble."

The results are already revealing many new insights into the dynamics of origami folding. For example, the study found that these structures start to look a lot like the final, folded structures very early in the process, but take a long time to crystallize into their final form. The study also suggested that a phenomenon called folding momentum, which is very important in protein folding, may be at play in origami folding as well.



    
    
    
        
        
    
            
            Credit: Duke University
  

Arya and DeLuca say this approach could eventually help the hundreds of other research groups working in this field optimize the folding of their structures. By being able to simulate the folding result of a design many times in a short period, scientists will be able to predict the end product and make improvements to their design before it ever has to be purchased and folded in the lab.

They also point out that this modeling approach could help speed up potential applications of DNA origami, for instance in drug delivery, as it gives a more comprehensive understanding of what's happening.

"DNA origami devices can be designed to automatically release trapped molecules once they are exposed to a certain environment, like the lower pH levels found inside a tumor," said DeLuca.

"But a major challenge to getting something like that approved is a sufficient understanding of these devices including how they fold and release their cargo. If we can paint a better picture, it might ease regulatory concerns for these types of therapeutics."



																																																					
																				
																						More information:
												Marcello DeLuca et al, Mechanism of DNA origami folding elucidated by mesoscopic simulations, Nature Communications (2024). DOI: 10.1038/s41467-024-46998-y
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Researchers crack mystery of swirling vortexes in egg cells

										 by Mara Johnson-Groh, 										 										 Simons Foundation									
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                A snapshot from a simulation of how microtubules bend and direct material in a maturing egg cell into a twister-like flow. Credit: S. Dutta et al.
            
        

    


Egg cells are the largest single cells on the planet. Their size--often several to hundreds of times the size of a typical cell--allows them to grow into entire organisms, but it also makes it difficult to transport nutrients and other molecules around the cell. Scientists have long known that maturing egg cells, called oocytes, generate internal, twister-like fluid flows to transport nutrients, but how those flows arise in the first place has been a mystery.



										      
         
        
        
        

      

																																	
Now, research led by computational scientists at the Flatiron Institute, along with collaborators at Princeton and Northwestern universities, has revealed that these flows--which look like microscopic tornados--arise organically from the interactions of a few cellular components.

Their work, published in Nature Physics, used theory, advanced computer modeling, and experiments with fruit fly egg cells to uncover the twisters' mechanics. The results are helping scientists better understand foundational questions about egg cell development and cellular transport.

"Our findings represent a big leap in this field," says co-author Michael Shelley, director of the Flatiron Institute's Center for Computational Biology (CCB). "We were able to apply advanced numerical techniques from other research that we've been developing for years, which allow us a much better look at this issue than has ever been possible before."

In a typical human cell, it takes only 10 to 15 seconds for a typical protein molecule to meander from one side of the cell to the other via diffusion; in a small bacterial cell, this trip can happen in just a single second. But in the fruit fly egg cells studied here, diffusion alone would take an entire day--much too long for the cell to function properly. Instead, these egg cells have developed 'twister flows' that circle around the interior of the oocyte to distribute proteins and nutrients quickly, just as a tornado can pick up and move material much farther and quicker than wind alone.



    
    
    
        
        
    
            
            This looping simulation shows how the movement of microtubules creates swirling flows in a cell. Credit: S. Dutta et al.
  

"After it's fertilized, the oocyte will become the future animal," says study co-author Sayantan Dutta, a researcher at Princeton and the CCB. "If you destroy the flow in the oocyte, the resulting embryo doesn't develop."


																																						
    
     




																																			The researchers used an advanced open-source biophysics software package called SkellySim developed by Flatiron Institute researchers.

With SkellySim, they modeled the cellular components involved in creating the twisters. These include microtubules--flexible filaments that line the inside of a cell--and molecular motors, which are specialized proteins that serve as cellular workhorses, carrying special groups of molecules known as payloads. Scientists aren't exactly sure what these payloads are made of, but they play a key role in generating the flows.

The researchers simulated the motion of thousands of microtubules as they responded to the forces exerted by payload-carrying molecular motors. By going back and forth between experiments and their simulations, the researchers were able to understand the structure of the twister flows and how they arose from the interaction between the cellular fluid and microtubules.

"Our theoretical work allows us to zoom in and actually measure and visualize these twisters in 3D," says study co-author and CCB research scientist Reza Farhadifar. "We saw how these microtubules can generate large-scale flows just through self-organization, without any external cues."



    
    
    
        
        
    
            
            In this looping video of an oocyte cell, material can be seen circulating and helping distribute nutrients throughout the growing cell. Credit: S. Dutta et al.
  

The models revealed that inside the oocyte, microtubules buckle under the force of the molecular motors. When a microtubule buckles or bends under this load, it causes the surrounding fluid to move, which can reorient other microtubules.


																																			In a large enough group of bending microtubules, all the microtubules bend in the same direction, and the fluid flows become 'cooperative.' With the microtubules collectively bent, the moving payloads create a whirlpool or twister-like flow across the whole egg, helping molecules disperse around the cell. With the twisters, molecules can travel across the cell in 20 minutes instead of 20 hours.

"The model showed the system has an incredible capacity for organizing itself to create this functional flow," Shelley says. "And you just need a few ingredients--only microtubules, the geometry of the cell, and molecular motors carrying payloads."

The new findings lay the foundation for a better understanding of egg cell development. The results could also help demystify material transport in other cell types.

"Now that we know how these twisters form, we can ask deeper questions, like how do they mix the molecules inside the cell?" Farhadifar says. "This opens a new dialogue between theory and experiment."

The new work provides a fresh look at microtubules, Dutta says. Microtubules play a central role in various cell types and cell functions--such as cell division--across almost all eukaryotic organisms, such as plants and animals. That makes them "a very important part of a cell's toolbox," Dutta says.

"In better understanding their mechanisms, I think our model will help drive the development in a lot of other really interesting problems in cellular biophysics."



																																																					
																				
																						More information:
												Sayantan Dutta et al, Self-organized intracellular twisters, Nature Physics (2024). DOI: 10.1038/s41567-023-02372-1
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Researchers train a bank of AI models to identify memory formation signals in the brain
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                Extending sharp-wave ripple detection to non-human primates. Credit: Communications Biology (2024). DOI: 10.1038/s42003-024-05871-w
            
        

    


An international research collaboration between Vanderbilt University and the Madrid-based de la Prida lab in the Cajal Institute led to the development of AI models that detect and analyze hippocampal ripples, which are considered biomarkers of memory.



										      
         
        
        
        

      

																																	
The research discoveries, outlined in an article appearing in Communications Biology, could lead to new opportunities to detect seizures and neural changes in people with Alzheimer's disease and other neurological disorders.

Kari Hoffman, associate professor of psychology and biomedical engineering at Vanderbilt, and her Ph.D. student Saman Abbaspoor worked on the study with lead authors Adrian Rubio and Andrea Navas Olive from the de la Prida lab. Hoffman is also a faculty affiliate at the Vanderbilt Brain Institute and the Data Science Institute.

As the group's research outlines, the study of brain oscillations has brought new understanding of brain function. Hippocampal ripples are a type of fast oscillations that underlie the organization of memories. They are affected in such neurological disorders as epilepsy and Alzheimer's disease, so they are considered an electroencephalographic (EEG) biomarker. However, ripples exhibit various waveform features and properties that can be missed by standard spectral methods.

The researchers set out to gain a better understanding of patterns of brain activity after scientists in the neuroscience community called for the need to better automate, harmonize and improve the detection of ripples across a range of tasks and species. In the study, the authors used recordings obtained in laboratory mice to first train a toolbox of machine learning models.


																																						
    
     




																																			They then tested the generalizability of the models using data from non-human primates that were collected at Vanderbilt by Abbaspoor and Hoffman as part of the BRAIN Initiative. The researchers found that it is possible to train AI algorithms primarily on rodent data, and still manage highly accurate detection of ripples in primates with little to no additional training, suggesting that the AI models may be successful in humans.

The model toolbox emerged as a result of a hackathon, which resulted in a short list for the best detection models. The group identified more than 100 possible models from the different architectures that are now available for application or retraining by other researchers.

"This bank of AI models will provide new applications in the field of neurotechnology and can be useful for detection and analysis of high-frequency oscillations in pathologies such as epilepsy, where they are considered clinical markers," said Liset de la Prida, research professor at Instituto Cajal, CSIC.

"There is a great interest in taking advantage of AI to enable greater precision in detection of disease states and for oscillotherapeutics," Hoffman added. "These methods offer the promise to go beyond detecting 'where' in the brain but also to detect and ultimately correct the 'when and how' of oscillopathies."



																																																					
																				
																						More information:
												Andrea Navas-Olive et al, A machine learning toolbox for the analysis of sharp-wave ripples reveals common waveform features across species, Communications Biology (2024). DOI: 10.1038/s42003-024-05871-w
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Soil bacteria link their life strategies to soil conditions: Study
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                The global life history strategies of soil bacterial communities. Credit: Nature Microbiology (2023). DOI: 10.1038/s41564-023-01465-0
            
        

    


Soil bacteria help regulate the cycling of carbon and nutrients on Earth. Over time, these bacteria have evolved strategies that determine where they live, what they do, and how they deal with a changing environment. However, microbiologists do not fully understand how bacteria's genes relate to their life strategies.



										      
         
        
        
        

      

																																	
By analyzing large DNA sequencing datasets from around the globe, researchers discovered a new way of categorizing the dominant life strategies of soil bacteria based on their genes. This technique allowed the researchers to link different life strategies with specific climate and soil conditions. Their paper is published in the journal Nature Microbiology.

Soil bacteria are crucial for planetary health, but they are hard to study because they are so diverse and invisible to the human eye. In their study, researchers used widely available gene sequence data to classify soil bacteria according to their life strategies. This makes it easier for researchers to predict how soils might respond to climate change or to engineer microbes with desirable life strategies. This research also helps solve the longstanding problem in biology of connecting gene sequences to the metabolism of bacteria and other life forms.

The research team categorized the life history strategies of soil bacteria using biological traits derived from metagenomic sequencing data. Next, the researchers used a mathematical technique to group the traits into life history strategies. Three main strategies emerged based on different genetic traits.


																																						
    
     




																																			Some bacteria display a minimalist strategy, with small genomes that support basic metabolism and growth. Other bacteria have larger genomes, allowing them to extend their metabolic capacities. Bacteria with bigger genomes can react more effectively than bacteria with small genomes to changing environmental conditions and can more effectively recycle nutrients.

The most advantageous strategy in a given location depended on variables like soil pH, nitrogen availability, annual precipitation, and seasonality. Minimalist bacteria with small genomes were favored in pH-balanced soils exposed to drought and big seasonal swings, a strategy that the researchers related to stress tolerance.

Under dry, variable, and more acidic conditions, the preferred strategy was expanded metabolism allowing for rapid response to environmental changes. These bacteria resembled weedy plants that grow quickly after disturbances like drought or fire. The third major strategy--with expanded metabolism for nutrient cycling--was prominent among bacteria living in consistently wet, acidic soils. These bacteria are analogous to plants that out-compete their neighbors by overtopping them.



																																																					
																				
																						More information:
												Gabin Piton et al, Life history strategies of soil bacterial communities across global terrestrial biomes, Nature Microbiology (2023). DOI: 10.1038/s41564-023-01465-0
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Researchers identify genetic variant that helped shape human skull base evolution

										

    
        
            [image: Genetic variant identified that shaped the human skull base]
             
                SNP, single nucleotide polymorphisms. Credit: Department of Signal Gene Regulation, TMDU
            
        

    


Humans, Homo sapiens, have unique features compared with other closely related hominin species and primates, including the shape of the base of the skull. The evolutionary changes underlying these features were significant in allowing the evolution of our increased brain size.



										      
         
        
        
        

      

																																	
Now, in a study recently published in The American Journal of Human Genetics, a team from Tokyo Medical and Dental University (TMDU), the University of Helsinki, and the University of Barcelona has analyzed a genomic variant responsible for this unique human skull base morphology.

Most of the genomic changes that occurred during human evolution did not occur directly to genes themselves but in regions responsible for controlling and regulating the expression of genes. Variants in these same regions are often involved in genetic conditions, causing aberrant gene expression throughout development. Identifying and characterizing such genomic changes is therefore crucial for understanding human development and disease.

The development of the basicranial region, the base of the skull where it joins the bones of the neck, was key in the evolution of Homo sapiens, as we developed a highly flexed skull base that allowed our increased brain size. Therefore, variants that affect the development of this region are likely to have been highly significant in our evolution.

First, the team searched for variants in just a single letter of the DNA code, called single nucleotide polymorphisms (SNPs), that caused different regulation of genes in the basicranial region in Homo sapiens compared with other extinct hominins. One of these SNPs stood out, located in a gene called TBX1.


																																						
    
     




																																			They then used cell lines to show that the SNP, called "rs41298798", is located in a region that regulates the expression levels of the TBX1 gene and that the "ancestral" form of the SNP, found in extinct hominins, is associated with lower TBX1 expression, while the form found in Homo sapiens gives us higher levels of TBX1.

"We then employed a mouse model with lower TBX1 expression," explains lead author Noriko Funato, "which resulted in distinct alterations to the morphology at the base of the skull and premature hardening of a cartilage joint where the bones fuse together, restricting the growth ability of the skull." The changes in the Tbx1-knockout mice were reminiscent of the known basicranial morphology of Neanderthals.

These morphological changes are also reflected in human genetic conditions associated with lower TBX1 gene dosage, such as DiGeorge syndrome and velocardiofacial syndrome, further indicating the significance of this genetic variant in the evolution of our unique skull base morphology.

The identification of this genomic variant sheds light on human evolution, as well as providing insight into common genetic conditions associated with lower expression of the TBX1 gene, paving the way for greater understanding and management of these conditions.



																																																					
																				
																						More information:
												Noriko Funato et al, A regulatory variant impacting TBX1 expression contributes to basicranial morphology in Homo sapiens, The American Journal of Human Genetics (2024). DOI: 10.1016/j.ajhg.2024.03.012
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Probiotic feed additive, in place of antibiotics, found to boost growth and health in poultry

										

    
        
            [image: Probiotic feed additive boosts growth, health in poultry in place of antibiotics]
             
                Ana Fonseca, graduate assistant in animal science who spearheaded the research, with a chick like those involved in the study. Credit: Penn State
            
        

    


Antimicrobial resistance is an increasingly serious threat for public health, and the use of antimicrobials in livestock feed has been a major contributing factor in the emergence and spread of antimicrobial resistance to many drugs, according to the U.S. National Institutes of Health. The poultry industry is evolving toward antibiotic-free production to meet market demands and decelerate the spread, and Penn State researchers are helping to identify and better understand alternative approaches.



										      
         
        
        
        

      

																																	
The growing need for antibiotic-free products has challenged producers to decrease or completely stop using antimicrobials as feed supplements in the diet of broiler chickens to improve feed efficiency, growth rate and intestinal health. Led by Erika Ganda, assistant professor of food animal microbiomes, a Penn State research team recently conducted a study of natural feed additives that are promising alternatives to substitute for antimicrobial growth promoters.

In findings appearing in Poultry Science, the researchers characterized the effects of a probiotic and a blend of essential oils on broilers' growth and gut health. The team found that supplementing the diet of young chicks with a probiotic over 21 days significantly boosted the abundance of beneficial intestinal microorganisms.

Overall, according to Ganda, research like the work her team conducted is urgently needed to help producers make decisions at the farm. However, she added, the use of these feed additives in broiler production is still in its early stages, and more studies to evaluate the health outcomes, mechanisms and consequences for antimicrobial resistance prevalence will be necessary to better understand the role of feeding antimicrobial growth promoters alternatives on the gastrointestinal tract of broilers.


																																						
    
     




																																			"Because the elimination of antimicrobial growth promoters use is associated with increases in disease and a decrease in growth performance in chicks, antibiotic-free alternative approaches to enhance intestinal health and improve growth performance are of great interest to the poultry industry," she said. "The claim that a product is 'natural' does not make it necessarily more beneficial than antibiotics, so we conducted this experiment to answer this question."

In the research, spearheaded by Ana Fonseca, graduate assistant in Ganda's research group in the College of Agricultural Sciences, a total of 320 one-day-old chicks were raised for 21 days in 32 randomly allocated cages. Treatments consisted of four experimental diets: a standard diet; and a standard diet mixed with the antibiotic bacitracin methylene disalicylate, or an essential oils blend of oregano oil, rosemary and red pepper, or the probiotic Bacillus subtilis.

Probiotics are live microorganisms that--when administered in adequate amounts--confer a health benefit on the host by supporting a more diverse population of beneficial bacteria in the digestive tract. Essential oils are plant-derived extracts that possess various antioxidant, immune-modulating, antimicrobial properties and the ability to change the "microbiome"--in this case, the community of microorganisms living in the chicks' intestines.


																																			The researchers individually weighed all broiler chickens on day one and then at the end of each dietary phase on day 10 and day 21. The feed consumed per pen was monitored at the end of each growth phase. The team also calculated the daily body weight gain average, feed intake and feed conversion ratio of feed consumed divided by weight gain at three periods: the starter phase of one to 10 days, the grower phase of 11 to 21 days and the total period of 1 to 21 days.

The team collected excreta samples daily during the entire experimental period and analyzed DNA to identify bacteria present. Across all time points, supplementing chicken diets with the probiotic or the antibiotic significantly changed the relative abundance of bacterial strains compared to the standard diet, Fonseca noted. However, there were no microorganisms affected by essential oils compared to the standard diet.

"We were somewhat surprised by the results of the essential oils--we were expecting them not only to have some effects on the microbiome, but also on the performance side," she said. "We still think essential oils may present a promising alternative to antimicrobial growth promoters, but their effectiveness can be influenced by various factors. We only observed these animals for 21 days, and maybe the essential oils would have more significant effects when they are older, and their microbiome gets more stable. The benefits of essential oils in this context deserve more research."

Contributing to the research at Penn State were Sophia Kenney, graduate research assistant in molecular, cellular and integrative biosciences doctoral program; Emily Van Syoc, postdoctoral scholar, Penn State One Health Microbiome Center; Stephanie Bierly, former laboratory technician in the Ganda lab, now account manager at Novogene; Francisco Dini-Andreote, assistant professor of phytobiomes; Justin Silverman, assistant professor of information science and technology, statistics and medicine; and John Boney, Vernon E. Norris Faculty Fellow of Poultry Nutrition.
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												Ana Fonseca et al, Investigating antibiotic free feed additives for growth promotion in poultry: effects on performance and microbiota, Poultry Science (2024). DOI: 10.1016/j.psj.2024.103604
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New model finds previous cell division calculations ignore drivers at the molecular scale

										

    
        
            [image: Researchers are solving a mini mystery of cell division]
             
                (a) Homeostasis parameter b is a function of mechanistic parameters g and r in our model. Symbols indicate limiting cases of timer (upper left), adder (lower left), and sizer (lower right). (b)-(d) Dependence of each component of the size noise on g and r . (e) Rescaled size noise ( C V2 ) vs homeostasis parameter b from simulations. Credit: Physical Review Letters (2024). DOI: 10.1103/PhysRevLett.132.098403
            
        

    


When a single bacterial cell divides into two during periods of rapid growth, it doesn't split in half once it reaches a predetermined size. Instead, data has shown, a cell will divide once it has added a certain amount of mass.



										      
         
        
        
        

      

																																	
The two processes sound similar, but they each carry different risks. Many researchers believed it was a safer bet for the cell if it split once it reached a certain size.

New mathematical modeling from the Kenneth P. Dietrich School of Arts and Sciences shows the risks may have been miscalculated, however, because previous calculations have ignored the drivers of cell division at the molecular scale. Their findings were published in the journal Physical Review Letters.

"Trying to hit a target size before dividing seems like the best strategy for maintaining a precise cell size," said Andrew Mugler, associate professor in the Department of Physics and Astronomy. "But when you look at what bacteria do, it looks like they use the second-best strategy."

Dividing each time a cell reaches a target size, known as the sizer strategy, seemed to be the best way to constrain the size of a cell. If something goes wrong and the cell gets too big or too small, it could be easily sorted out in the next generation--it just needs to get back to its target size.

But if something goes wrong using the so-called adder strategy, the cell takes longer to get back to its original size. That's because the method relies on knowing how much a cell grew since its last division. Overall, the adder was thought to result in a less precise size distribution.


																																						
    
     




																																			So why do cells use this adder method?

First author Motasem ElGamel, a doctoral student in the Department of Physics and Astronomy, designed a model that goes beyond the scale of the cell and includes molecular level changes as well. He found the adder method is more precise, researchers have just misunderstood its true nature.

Cells don't divide when they grow a certain amount of mass, but when they add a specific number of a certain molecule. The two measures do grow in parallel--more molecules equals more mass--but considering them together has turned out to be key.

When ElGamel took the number of molecules into account alongside the additional mass, the adder strategy was more precise and less sensitive to mistakes during replication.

"Until this point, models primarily accounted for variables at the scale of the whole cell--its size, or the time it took to divide, etc. But we know the cell makes these decisions based on amounts of certain molecules in the cell body," Associate Professor Mugler said. "That's what needed to be incorporated."



																																																					
																				
																						More information:
												Motasem ElGamel et al, Effects of Molecular Noise on Cell Size Control, Physical Review Letters (2024). DOI: 10.1103/PhysRevLett.132.098403
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            [image: Rewilding amphibians: Protecting endangered species to restore ecosystems]
             
                Rewilding amphibians, such as the lemur leaf frog (Agalychnis lemur), stands to help restore aquatic ecosystems, according to the authors of a new study. Credit: Wikimedia Commons, CC-BY-SA 3.0
            
        

    


In a recent paper published in Biological Conservation, iDiv researchers suggest that given amphibians' ability to act as "canaries in the coal mine" for aquatic environments, they should be reintroduced or rewilded. Rewilding would not only help protect these endangered species but simultaneously promote ecological stability.




										    
																																	Amphibians, such as salamanders, frogs, and newts, are the most threatened of all vertebrates, with over 40% of all species worldwide at risk of extinction. They are also unique in providing early information about aquatic ecosystems' ecological state due to their extremely sensitive and permeable skins.

According to the researchers, the presence and overall health of amphibians as so-called bioindicators is important for setting more ambitious conservation objectives in the future, such as reintroducing mammals.

The researchers also present a reintroduction scheme outlining steps to establish a stable ecosystem using more robust species, like amphibians, with the goal of restoring ecological interactions. Restoring ecological interactions can help conservationists reintroduce other, more specialized species as aquatic ecosystems recover.



    
        
            [image: Rewilding amphibians: Protecting endangered species to restore ecosystems]
             
                Schematic description (based on the guidelines of the IUCN; Griffiths and Pavajeau, 2008; Harding et al., 2016; Linhoff et al., 2021) of proposed steps for the trophic rewilding of habitats, to conserve threatened amphibian species, and restore the natural environment. Credit: Biological Conservation (2024). DOI: 10.1016/j.biocon.2024.110559
            
        

    



The state of the world's amphibians

Amphibian declines and extinctions are attributed to multiple, complex factors, including habitat degradation, climate change, and, most critically, infectious diseases such as Batrachochytrium dendrobatidis.

Addressing these extinction drivers makes it possible to improve the effectiveness of conservation efforts to protect amphibians. However, to date, most conservation programs have yet to effectively take action to support this vanishing group of species. Alternative conservation strategies are needed to protect and promote amphibians in different regions.

Rewilding is an increasingly popular conservation strategy that reintroduces a native species into an environment where it was once found but is no longer present. Beavers, moose, and wolves are some species that have been effectively reintroduced in Europe in recent years.

The researchers argue that incorporating amphibians in rewilding projects can help conserve endangered species, such as tropical frogs, and restore ecosystem functionality for other organisms.


																																						
    
     




																																			Amphibians for rewilding

With their paper, the researchers seek to raise awareness of the benefits of amphibians in rewilding projects. They highlight that amphibians can serve a dual purpose as bioindicators for ecosystem health and as key species in an ecosystem's food webs.

The researcher's well-planned reintroduction scheme for amphibians outlines steps to establish a stable ecosystem using more robust species to restore ecological interactions, which can also be applied to other groups in various regions and help promote rewilding as a leading conservation strategy worldwide.

In general, the steps are divided into three stages: assessing the state of the ecosystem, choosing the most ideal candidate for reintroduction, and reintroducing more sensitive amphibians if the ecosystem is recovering.

The European green toad (Bufotes viridis) would be a strong candidate for reintroduction in degraded aquatic areas in Eastern Germany, and the European tree frog (Hyla arborea) is an example of a more sensitive amphibian that could be considered if an ecosystem is recovering.

These three steps are imperative for an effective restoration action that will improve the status of aquatic ecosystems while boosting their amphibian residents.


																																																					
																				
																						More information:
												Gavin Stark et al, Rewilding a vanishing taxon--Restoring aquatic ecosystems using amphibians, Biological Conservation (2024). DOI: 10.1016/j.biocon.2024.110559
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            [image: Arboviruses, mosquitoes and potential hosts tracked in real time in Sao Paulo city]
             
                The study involved samples from blood-engorged mosquitoes collected at the Sao Paulo zoo. Credit: Lilian de Oliveira Guimaraes/Instituto Pasteur
            
        

    


The technology used to sequence SARS-CoV-2 at record speed early in the COVID-19 pandemic has been successfully tested as a technique to monitor arboviruses and diseases transmitted mainly by mosquitoes.



										      
         
        
        
        

      

																																	
In an article published in the journal Microbial Genomics, researchers affiliated with Pasteur Institute in Sao Paulo, Brazil, and the University of Sao Paulo (USP), in collaboration with colleagues at the University of Birmingham in the United Kingdom, describe the use of the technology to sequence viral RNA and DNA from blood-engorged mosquitoes collected in Sao Paulo city with the aim of finding out how arboviruses circulate as a basis for predicting future outbreaks of dengue, zika, chikungunya and yellow fever, among other diseases.

"The study proved the concept that it's possible to use metagenomics [sequencing the genetic material of all organisms in an environment at the same time without isolating them] to analyze samples from invertebrates. Previously, it was used to analyze samples from vertebrates [such as humans and other primates]. Our protocol can reveal viral diversity and identify mosquito species while also analyzing their feeding habits, and has the potential to extend our understanding of insect genetic diversity and the dynamics of arbovirus transmission," said Karin Kirchgatter, a researcher at Pasteur Institute (Sao Paulo) who coordinated the study jointly with Nicholas J. Loman, Professor of Microbial Genomics and Bioinformatics at the University of Birmingham.

The protocol was developed by researchers affiliated with the Brazil-UK Center for Arbovirus Discovery, Diagnosis, Genomics and Epidemiology (CADDE).

Another key member of the research team was Ester Sabino, a professor at USP. Sabino led the first sequencing of SARS-CoV-2 in Brazil (in March 2020) and genomic analysis of the first cases of infection by the gamma variant in Manaus, the capital of Amazonas state, about a year later.

"The success of the tracking test was important. It showed that the technology can also be used to investigate arboviruses rapidly and efficiently. The test wasn't surveillance but the technique will be an important part of it. We also added information of various kinds, such as epidemiological data, as a basis for predicting new outbreaks of disease," Sabino said.


																																						
    
     




																																			How it works

Nanopore sequencing allows for real-time analysis of long DNA or RNA fragments. It works on the principle of minute changes in electric current when the nucleotides of a single-stranded DNA molecule are pulled through a nanopore, a tiny hole (on the order of 1 nanometer in internal diameter) that is made up of certain transmembrane cellular proteins.

The amount of change in current is characteristic for each nucleotide. The change in the current is directly read, and the sequence is determined by detecting changes in the current specific to the base in question. The results can be compared to genetic sequencing databases to determine the details of interest, such as the species from which the sample was taken.

"The technique is still expensive. No genetic sequencing technology can be considered low-cost to date. With time and expanding use, the cost will come down," said Jeremy Mirza, a researcher at the University of Birmingham and first author of the article. He is also affiliated with CADDE.

Real-time metagenomics can be used to detect emerging viruses and unknown pathogens in samples taken from patients, without requiring reagents developed specifically for certain microorganisms, as do conventional tests.

The protocol described in the article identifies vectors, viruses and hosts by means of a portable device that can be used in future to look for pathogens in remote areas. For the first time, it has now been used to identify not just the virus and mosquito species in a sample, but also the contents of the mosquito's blood meal.


																																			"We tested the technology on samples collected at the Sao Paulo zoo, a biodiversity hotspot and hence an interesting area for this type of study. The diversity of vectors and blood meal sources is huge. Large numbers of people are continuously on the move there, it's a stopover for many migratory birds, and it's also a controlled location with a known number of animals and species. The mosquitoes can be tracked as they move through the zoo on the basis of the blood on which they feed," Kirchgatter explained.

The samples analyzed in the study came from engorged mosquitoes collected at the zoo in 2015 and had already been analyzed using traditional techniques. "This enabled us to compare the results and the time taken in each stage of the process," said Lilian de Oliveira Guimaraes, second author of the article and a researcher at Pasteur Institute.

"In 2015, we analyzed each mosquito individually, identifying the species by classical taxonomy, sequencing specific regions of each specimen and comparing the sequences manually. This took weeks. With the new methodology, molecular identification is feasible in real time. It identifies and correlates species and feeding preferences, as well as the viruses present in the insect," she added.

According to the authors, the positive results of the arbovirus tracking test open the door to further research and discoveries. Combining information about mosquito genetic diversity and the transmission dynamics of mosquito-borne viruses presents an opportunity to link novel arboviruses to the mosquito vectors of these pathogens.

"Further, it can be used to identify animals that may be infected by these viruses and point to risks of spillover into human populations," the researchers note. "The portability of the technology permits discovery of novel arboviruses in remote environments, and the method can form the basis of an early warning detection system by identifying arboviruses before they spread into human populations, providing a system for preempting future arboviral epidemics."



																																																					
																				
																						More information:
												Jeremy D. Mirza et al, Tracking arboviruses, their transmission vectors and potential hosts by nanopore sequencing of mosquitoes, Microbial Genomics (2024). DOI: 10.1099/mgen.0.001184
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Study shows copper beads in pig feed reshape swine gut microbiome
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                Credit: Pixabay/CC0 Public Domain
            
        

    


Copper is a natural antimicrobial material that, when added to pig feed, may promote the growth and health of the animals. Since pigs can tolerate high levels of the metal, researchers at Texas Tech University in Amarillo recently investigated whether copper might be used to promote their gut health and reduce the shedding of microbes to the environment.



										      
         
        
        
        

      

																																	
This week in Microbiology Spectrum, the researchers report that small beads containing copper, when added to pig feed, effectively deliver the metal to the animal gut.

"The copper gets released in the animal system very slowly," says microbiologist Alexandra Calle, Ph.D, the paper's senior author. Instead of just being consumed and absorbed in the stomach, it remains for a longer period in the animal's GI tract.

In the lab, Calle and her colleagues found that exposing Salmonella to the copper bead solution resulted in dramatic reductions in the population of the bacterial pathogen. Based on those results, they hoped that their animal experiments would show that the copper beads could reduce microbial pathogens in the gut, as well.

They divided a group of 48 6-month-old pigs--half female, half male--into two groups. During the second week of a 3-week study, the first group received normal feed, and the other received feed with added copper beads. Researchers collected feces from the pigs throughout the experiment, using atomic spectroscopy to measure copper levels and 16s RNA sequencing to identify microbial species.


																																						
    
     




																																			Calle and her colleagues selected two families of bacteria to study as indicators of how the copper changed the gut microbiome. One was Enterobacteriaceae, a large collection of microbes that includes Salmonella, Shigella, Escherichia coli and others, including many that can be pathogenic. The other family included lactic acid bacteria, which have been linked to health or nutritional benefits.

Animals in the experimental group had about 20 times as much copper in their feces as animals in the control group, and after they stopped receiving copper their levels of the metal returned to baseline. Those measurements confirmed that the beads had effectively delivered the metal.

Analyses of the microbial populations showed that the copper additive led to higher levels of Enterobacteriaceae and lower levels of lactic acid bacteria in the control group--which wasn't the change the researchers had hoped to see.

"Even though our desired target was to reduce levels of Enterobacteriaceae, the opposite happened," Calle said. She suspects that after the copper diminished levels of the lactic acid bacteria, the Enterobacteriaceae had an easier time colonizing the gut.

Despite those findings, though, they're not discouraged. "This was our first test of this project," Calle said. The ultimate goal of the research, she said, is to design what researchers call a "pre-harvest intervention," which would enhance the gut health in the animals before they're slaughtered and processed for food.

The next step toward that goal, she said, is to use the beads to target specific, pathogenic microbes and optimize the gut health benefits.



																																																					
																				
																						More information:
												Mariana Fernandez et al, Novel feed additive delivers antimicrobial copper and influences fecal microbiota in pigs, Microbiology Spectrum (2024). DOI: 10.1128/spectrum.04280-23
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Honey bees experience multiple health stressors out in the field
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                Beekeepers sampling honey bees from colonies near canola crops in Lethbridge, Alberta for the BeeCSI project. Credit: Shelley Hoover
            
        

    


It's not a single pesticide or virus stressing honey bees, and affecting their health, but exposure to a complex web of multiple interacting stressors encountered while at work pollinating crops, new research from York University has found.



										      
         
        
        
        

      

																																	
Scientists have been unable to explain increasing colony mortality, even after decades of research examining the role of specific pesticides, parasitic mites, viruses or genetics. This led the research team to wonder if previous studies were missing something by focusing on one stressor at a time.

"Our study is the first to apply systems-level or network analyses to honey bee stressors at a massive scale. I think this represents a paradigm shift in the field because we have been so focused on finding the one big thing, the smoking gun," says the corresponding author of the new paper York Faculty of Science Professor Amro Zayed, York Research Chair in Genomics. "But we are finding that bees are exposed to a very complicated network of stressors that change quickly over time and space. It's a level of complexity that we haven't thought about before. To me, that's the big surprise of this study."

The paper, titled "Honey bee stressor networks are complex and dependent on crop and region," published in Current Biology, takes a much broader look at the interplay of stressors and their effects. The study team also included researchers from the University of British Columbia, Agriculture and Agri-Food Canada, the University of Victoria, the University of Lethbridge, the University of Manitoba, l'Universite Laval, the University of Guelph, and the Ontario Beekeepers' Association.


																																						
    
     




																																			Not all stressors are the same, however. Some stressors are more influential than others--what researchers call the social media influencers of the bee world--having an outsized impact on the architecture of a highly complex network and their co-stressors. The team also found that most of these influencer stressors are viruses and pesticides that regularly show up in combination with specific other stressors, compounding the negative effects through their interactions.

"Understanding which stressors co-occur and are likely to interact is profoundly important to unraveling how they are impacting the health and mortality of honey bee colonies," says lead author, York Postdoctoral Fellow Sarah French of the Faculty of Science.

"There have been a lot of studies about major pesticides, but in this research, we also saw a lot of minor pesticides that we don't usually think about or study. We also found a lot of viruses that beekeepers don't typically test for or manage. Seeing the influencer stressors interact with all these other stressors, whether it be mites, other pesticides or viruses, was not only interesting, but surprising."
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                A beekeeper samples pollen from the comb of a honey bee hive from a colony located near canola crops in Lethbridge, Alberta for the BeeCSI project. Credit: Shelley Hoover
            
        

    



French says the way influencer stressors co-occur with other stressors is similar to the way humans experience co-morbidities, such as when someone is diagnosed with heart disease. They are more likely to also have diabetes or high blood pressure or both, and each one impacts the other.

"That's similar to the way we examine bee colonies. We look at everything that's going on in the colony and then compare or amalgamate all the colonies together to look at the broader patterns of what is happening and how everything is related. Two or multiple stressors can really synergize off each other leading to a much greater effect on bee health," French explains.


																																			From Quebec to British Columbia, honey bee colonies were given the job of pollinating some of Canada's most valuable crops--apples, canola oil and seed, highbush and lowbush blueberry, soybean, cranberry and corn. The study covered multiple time scales, providing numerous snapshots, rather than the usual single snapshot in time. The research team found that honey bees were exposed to an average of 23 stressors at once that combined to create 307 interactions.

Honey bees are a billion dollar industry. In 2021, honey bees contributed some $7 billion in economic value by pollinating orchards, vegetables, berries and oil seeds like canola, and produced 75 to 90 million pounds of honey. Figuring which stressors would provide the most benefit if managed would go a long way toward developing the right tools to tackle them, something beekeepers are often lacking.

The research is part of the BEECSI: "OMIC tools for assessing bee health" project to use genomic tools to develop a new health assessment and diagnosis platform powered by stressor-specific markers.

More research is needed to unravel how the stressors are interacting and impacting honey bee mortality and colony health going forward, says French. "It's really teasing apart which of these compounds might have that relationship and how can we build off this to study those specific relationships."

It can't come soon enough. Honey bees are currently facing poor health, colony loss, parasites, pathogens and heightened stressors worldwide. Some beekeepers in this country and the United States face a loss over winter of up to 60% of their colonies.

"Our study suggests some combinations are occurring very frequently," adds Zayed, "and that is relevant because we see them again and again, but we don't know how these combinations affect bee health. It helps to prioritize which experiments we can now take back to the lab and establish how these interactions affect bees."
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												Sarah K. French et al, Honey bee stressor networks are complex and dependent on crop and region, Current Biology (2024). DOI: 10.1016/j.cub.2024.03.039
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      Technology

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


      
        For more open and equitable public discussions on social media, try 'meronymity'
        Have you ever felt reluctant to share ideas during a meeting because you feared judgment from senior colleagues? You're not alone. Research has shown this pervasive issue can lead to a lack of diversity in public discourse, especially when junior members of a community don't speak up because they feel intimidated.

      

      
        Mess is best: Disordered structure of battery-like devices improves performance
        The energy density of supercapacitors--battery-like devices that can charge in seconds or a few minutes--can be improved by increasing the 'messiness' of their internal structure.

      

      
        Researchers develop technology to improve offshore wind safety
        Deepwater divers who monitor and maintain underwater transmission lines and cables for offshore wind turbines face hazards such as subfreezing temperatures, low visibility, jellyfish and sharks.

      

      
        Green cement production is scaling up--and it could cut the carbon footprint of construction
        Aside from water, concrete is the most-used material in the world, with about 14 billion cubic meters being used every year. Of that, 40% of that is used to build places for people to live.

      

      
        Visualizing the 1800s or designing wedding invitations: Six ways you can use AI beyond generating text
        As more than half of Australian office workers report using generative artificial intelligence (AI) for work, we're starting to see this technology affect every part of society, from banking and finance through to weather forecasting, health and medicine.

      

      
        Meta's newest AI model beats some peers. But its amped-up AI agents are confusing Facebook users
        Generative AI is advancing so quickly that the latest chatbots available today could be out of date tomorrow.

      

      
        An ink for 3D-printing flexible devices without mechanical joints
        EPFL researchers are targeting the next generation of soft actuators and robots with an elastomer-based ink for 3D printing objects with locally changing mechanical properties, eliminating the need for cumbersome mechanical joints.

      

      
        US Congress to take on TikTok ban bill--again
        The US House of Representatives will again vote Saturday on a bill that would force TikTok to divest from Chinese parent company ByteDance or face a nationwide ban.

      

      
        A new wave of wearable devices will harvest a mountain of personal data
        Web and mobile services try to understand the desires and goals of users by analyzing how they interact with their platforms. Smartphones, for instance, capture online data from users at a large scale and low cost.

      

      
        Floating solar's potential to support sustainable development
        A study, published in Nature Energy, is among the first to explore the floating photovoltaics (FPV) at the continental scale, finding that FPV installed at existing major reservoirs could produce 20-100% of the electricity expected from Africa's planned hydropower dams. Using a state-of-the-art energy planning model covering the continent's entire energy system, the researchers found that FPV is cost-competitive with other renewables and thus a key part of Africa's future energy mix.

      

      
        Harvesting vibrational energy from 'colored noise'
        The energy demands of today's ubiquitous small electronic devices--including sensors, data transmitters, medical implants and 'wearable' consumer products such as Fitbits--can no longer be met by chemical batteries alone. This gap can be filled by energy harvesters, which turn ordinary, ambient vibrational energy into electrical energy.

      

      
        New understanding of energy losses in emerging light source
        The light-emitting electrochemical cell (LEC) can be fabricated in a sustainable and cost-effective way on both rigid and flexible surfaces making it suitable for a broad range of applications, like illumination, health care, and signage. Despite its potential, this technology faces a significant challenge: a decrease in emission efficiency at higher electrical currents, a phenomenon known as "efficiency roll-off."

      

      
        TikTok stops working in Kyrgyzstan after ban proposals
        Kyrgyzstan appears to have blocked TikTok after the Central Asian country's security services called to restrict the social media app to "protect children".

      

      
        Google fires 28 workers protesting contract with Israel
        Google fired 28 employees following a disruptive sit-down protest over the tech giant's contract with the Israeli government, a Google spokesperson said Thursday.

      

      
        UK police say they disrupted cyber fraud network that stole personal data from thousands
        A website that allowed international cyber fraudsters to trick up to 70,000 British victims into revealing personal information such as bank account details and passwords has been infiltrated and disrupted, London police said Thursday.

      

      
        Nokia sees double-digit fall in January-March sales as weak market for 5G technology prevails
        Wireless and fixed-network equipment maker Nokia on Thursday reported a smaller-than-expected profit and a double-digit fall in sales in the first quarter due to a market weakened by a lack of clients investing in 5G technology.

      

      
        Octopus inspires new suction mechanism for robots
        A new robotic suction cup that can grasp rough, curved and heavy stone, has been developed by scientists at the University of Bristol. The team, based at Bristol Robotics Laboratory, studied the structures of octopus biological suckers, which have superb adaptive suction abilities enabling them to anchor to rock.

      

      
        Proof-of-concept nanogenerator turns CO2 into sustainable power
        University of Queensland researchers have built a generator that absorbs carbon dioxide (CO2) to make electricity.

      

      
        Using sim-to-real reinforcement learning to train robots to do simple tasks in broad environments
        A team of roboticists at the University of California, Berkeley, reports that it is possible to train robots to do relatively simple tasks by using sim-to-real reinforcement learning to train them. In their study, published in the journal Science Robotics, the group trained a robot to walk in unfamiliar environments while it carried different loads, all without toppling over.

      

      
        Engineers design spider-like robot that may be used to explore caves on Mars
        A team of roboticists and mechanical and aeronautical engineers at Stanford University has developed a spider-like robot for possible use in exploring caves or lava tubes on Mars. In their paper published in the journal Science Robotics, the group describes their reasons for developing the new robot, their inspiration for the design, and how well it worked when tested in a real-world environment.

      

      
        Media groups urge feds to investigate after Google limits California news in search results
        Two journalism trade organizations representing thousands of publishers this week called on California Attorney General Rob Bonta, the U.S. Department of Justice and the Federal Trade Commission to investigate Google, after the tech giant announced that it was pulling California news articles from its search platforms for some users.

      

      
        Sealing homes' leaky HVAC systems: A sneaky good climate solution
        There's a hidden scourge making homes more harmful to the climate and less comfortable: leaky heating and cooling systems. Plugging those leaks may be the dull stepchild of the energy transition, but that doesn't make it any less important than installing dazzling solar arrays and getting millions of electric vehicles on the road.

      

      
        Russian 'cyber sabotage' a global threat: Security firm
        A cyber group with links to Russian military intelligence is set to become a significant global threat after playing an increasing critical role in the ongoing conflict in Ukraine, a leading cybersecurity firm warned Wednesday.

      

      
        Colorado law protects brain data captured by gadgets
        Colorado on Wednesday expanded its privacy law to include brain data gathered by the booming array of gadgets people use for feedback about sleep, fitness, sports, and lifestyle.

      

      
        Tesla, Starlink entry on agenda when Musk heads to India
        Tech billionaire Elon Musk is set to visit India as his businesses seek new markets in the world's most populous nation, with electric carmaker Tesla--suffering a sales downturn in the United States--reportedly scouting factory locations.
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Have you ever felt reluctant to share ideas during a meeting because you feared judgment from senior colleagues? You're not alone. Research has shown this pervasive issue can lead to a lack of diversity in public discourse, especially when junior members of a community don't speak up because they feel intimidated.


                                        
                                              
                                        
                                                                                                                                    
Anonymous communication can alleviate that fear and empower individuals to speak their minds, but anonymity also eliminates important social context and can quickly skew too far in the other direction, leading to toxic or hateful speech.

MIT researchers addressed these issues by designing a framework for identity disclosure in public conversations that falls somewhere in the middle, using a concept called "meronymity."

Meronymity (from the Greek words for "partial" and "name") allows people in a public discussion space to selectively reveal only relevant, verified aspects of their identity.

The researchers implemented meronymity in a communication system they built called LiTweeture, which is aimed at helping junior scholars use social media to ask research questions.

In LiTweeture, users can reveal a few professional facts, such as their academic affiliation or expertise in a certain field, which lends credibility to their questions or answers while shielding their exact identity.

Users have the flexibility to choose what they reveal about themselves each time they compose a social media post. They can also leverage existing relationships for endorsements that help queries reach experts they otherwise might be reluctant to contact.

During a month-long study, junior academics who tested LiTweeture said meronymous communication made them feel more comfortable asking questions and encouraged them to engage with senior scholars on social media.

And while this study focused on academia, meronymous communication could be applied to any community or discussion space, says electrical engineering and computer science graduate student Nouran Soliman.

"With meronymity, we wanted to strike a balance between credibility and social inhibition. How can we make people feel more comfortable contributing and leveraging this rich community while still having some accountability?" says Soliman, lead author of a paper on meronymity that is available via the pre-print server arXiv.

Soliman wrote the paper with her advisor and senior author David Karger, professor in the Department of Electrical Engineering and Computer Science and a member of the Computer Science and Artificial Intelligence Laboratory (CSAIL), as well as others at the Semantic Scholar Team at Allen Institute for AI, the University of Washington, and Carnegie Mellon University. The research will be presented at the ACM Conference on Human Factors in Computing Systems.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Breaking down social barriers

The researchers began by conducting an initial study with 20 scholars to better understand the motivations and social barriers they face when engaging online with other academics.

They found that, while academics find X (formerly called Twitter) and Mastodon to be key resources when seeking help with research, they were often reluctant to ask for, discuss, or share recommendations.

Many respondents worried asking for help would make them appear to be unknowledgeable about a certain subject or feared public embarrassment if their posts were ignored.

The researchers developed LiTweeture to enable scholars to selectively present relevant facets of their identity when using social media to ask for research help.

But such identity markers, or "meronyms," only give someone credibility if they are verified. So the researchers connected LiTweeture to Semantic Scholar, a web service which creates verified academic profiles for scholars detailing their education, affiliations, and publication history.

LiTweeture uses someone's Semantic Scholar profile to automatically generate a set of meronyms they can choose to include with each social media post they compose. A meronym might be something like, "third-year graduate student at a research institution who has five publications at computer science conferences."

A user writes a query and chooses the meronyms to appear with this specific post. LiTweeture then posts the query and meronyms to X and Mastodon.

The user can also identify desired responders--perhaps certain researchers with relevant expertise--who will receive the query through a direct social media message or email. Users can personalize their meronyms for these experts, perhaps mentioning common colleagues or similar research projects.


                                                                                                                                            Sharing social capital

They can also leverage connections by sharing their full identity with individuals who serve as public endorsers, such as an academic advisor or lab mate. Endorsements can encourage experts to respond to the asker's query.

"The endorsement lets a senior figure donate some of their social capital to people who don't have as much of it," Karger says.

In addition, users can recruit close colleagues and peers to be helpers who are willing to repost their query so it reaches a wider audience.

Responders can answer queries using meronyms, which encourages potentially shy academics to offer their expertise, Soliman says.

The researchers tested LiTweeture during a field study with 13 junior academics who were tasked with writing and responding to queries. Participants said meronymous interactions gave them confidence when asking for help and provided high-quality recommendations.

Participants also used meronyms to seek a certain kind of answer. For instance, a user might disclose their publication history to signal that they are not seeking the most basic recommendations. When responding, individuals used identity signals to reflect their level of confidence in a recommendation, for example by disclosing their expertise.

"That implicit signaling was really interesting to see. I was also very excited to see that people wanted to connect with others based on their identity signals. This sense of relation also motivated some responders to make more effort when answering questions," Soliman says.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Now that they have built a framework around academia, the researchers want to apply meronymity to other online communities and general social media conversations, especially those around issues where there is a lot of conflict, like politics. But to do that, they will need to find an effective, scalable way for people to present verified aspects of their identities.

"I think this is a tool that could be very helpful in many communities. But we have to figure out how to thread the needle on social inhibition. How can we create an environment where everyone feels safe speaking up, but also preserve enough accountability to discourage bad behavior? says Karger.

"Meronymity is not just a concept; it's a novel technique that subtly blends aspects of identity and anonymity, creating a platform where credibility and privacy coexist. It changes digital communications by allowing safe engagement without full exposure, addressing the traditional anonymity-accountability trade-off. Its impact reaches beyond academia, fostering inclusivity and trust in digital interactions," says Saiph Savage, assistant professor and director of the Civic A.I. Lab in the Khoury College of Computer Science at Northeastern University, and who was not involved with this work.
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Mess is best: Disordered structure of battery-like devices improves performance

									    

    
        
            [image: Mess is best: disordered structure of battery-like devices improves performance]
             
                Xinyu Liu with a models of graphene (left) and a disordered carbon electrode (right). Credit: Nathan Pitt
            
        

    


The energy density of supercapacitors--battery-like devices that can charge in seconds or a few minutes--can be improved by increasing the 'messiness' of their internal structure.


                                        
                                              
                                        
                                                                                                                                    
Researchers led by the University of Cambridge used experimental and computer modeling techniques to study the porous carbon electrodes used in supercapacitors. They found that electrodes with a more disordered chemical structure stored far more energy than electrodes with a highly ordered structure.

Supercapacitors are a key technology for the energy transition and could be useful for certain forms of public transport, as well as for managing intermittent solar and wind energy generation, but their adoption has been limited by poor energy density.

The researchers say their results, reported in the journal Science, represent a breakthrough in the field and could reinvigorate the development of this important net-zero technology.

Like batteries, supercapacitors store energy, but supercapacitors can charge in seconds or a few minutes, while batteries take much longer. Supercapacitors are far more durable than batteries, and can last for millions of charge cycles. However, the low energy density of supercapacitors makes them unsuitable for delivering long-term energy storage or continuous power.
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"Supercapacitors are a complementary technology to batteries, rather than a replacement," said Dr. Alex Forse from Cambridge's Yusuf Hamied Department of Chemistry, who led the research. "Their durability and extremely fast charging capabilities make them useful for a wide range of applications."


                                                                                                        
    
        
        
        
    

                                                                                                                                            A bus, train or metro powered by supercapacitors, for example, could fully charge in the time it takes to let passengers off and on, providing it with enough power to reach the next stop. This would eliminate the need to install any charging infrastructure along the line. However, before supercapacitors are put into widespread use, their energy storage capacity needs to be improved.

While a battery uses chemical reactions to store and release charge, a supercapacitor relies on the movement of charged molecules between porous carbon electrodes, which have a highly disordered structure.

"Think of a sheet of graphene, which has a highly ordered chemical structure," said Forse. "If you scrunch up that sheet of graphene into a ball, you have a disordered mess, which is sort of like the electrode in a supercapacitor."

Because of the inherent messiness of the electrodes, it's been difficult for scientists to study them and determine which parameters are the most important when attempting to improve performance. This lack of clear consensus has led to the field getting a bit stuck.

Many scientists have thought that the size of the tiny holes, or nanopores, in the carbon electrodes was the key to improved energy capacity. However, the Cambridge team analyzed a series of commercially available nanoporous carbon electrodes and found there was no link between pore size and storage capacity.


                                                                                                                                            Forse and his colleagues took a new approach and used nuclear magnetic resonance (NMR) spectroscopy--a sort of "MRI" for batteries--to study the electrode materials. They found that the messiness of the materials--long thought to be a hindrance--was in fact the key to their success.

"Using NMR spectroscopy, we found that energy storage capacity correlates with how disordered the materials are--the more disordered materials are able to store more energy," said first author Xinyu Liu, a Ph.D. candidate co-supervised by Forse and Professor Dame Clare Grey.

"Messiness is something that's hard to measure--it's only possible thanks to new NMR and simulation techniques, which is why messiness is a characteristic that's been overlooked in this field."

When analyzing the electrode materials with NMR spectroscopy, a spectrum with different peaks and valleys is produced. The position of the peak indicates how ordered or disordered the carbon is. "It wasn't our plan to look for this, it was a big surprise," said Forse.

"When we plotted the position of the peak against energy capacity, a striking correlation came through--the most disordered materials had a capacity almost double that of the most ordered materials."

So why is mess good? Forse says that's the next thing the team is working on. More disordered carbons store ions more efficiently in their nanopores, and the team are hoping to use these results to design better supercapacitors. The messiness of the materials is determined at the point they are synthesized.

"We want to look at new ways of making these materials, to see how far messiness can take you in terms of improving energy storage," said Forse. "It could be a turning point for a field that's been stuck for a little while. Clare and I started working on this topic over a decade ago, and it's exciting to see a lot of our previous fundamental work now having a clear application."
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Researchers develop technology to improve offshore wind safety
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Deepwater divers who monitor and maintain underwater transmission lines and cables for offshore wind turbines face hazards such as subfreezing temperatures, low visibility, jellyfish and sharks.


                                        
                                              
                                        
                                                                                                                                    
A new project at The University of Texas at Dallas' Wind Energy Center, known as UTD Wind, is designed to make the divers' jobs safer through the development of remote-monitoring technology for offshore wind farms.

The project, which began in March, expands UTD Wind research into a new area focusing on safety. Researchers will develop digital twins, or virtual models, to simulate wind turbines, and algorithms to extract information about failures from simulation data.

"We're focusing on something very important: safety. In every industry, you want zero accidents," said Dr. Mario Rotea, professor of mechanical engineering in the Erik Jonsson School of Engineering and Computer Science and principal investigator. "We're working to develop technology to reduce human exposure to hazardous conditions in the ocean environment."

Working with Rotea are co-principal investigators Dr. Todd Griffith, professor of mechanical engineering, and Dr. Jie Zhang, associate professor of mechanical engineering. The UTD researchers are working with collaborators from NEC Laboratories America and Texas A&M University.

There are two types of offshore wind turbines: fixed platform and floating platform. Fixed platform turbines are built closer to the coast in more shallow water, while floating platform turbines can be miles from the coast, with cables and mooring lines connected to a seabed more than 100 feet below sea level.


                                                                                                        
    
        
        
        
    

                                                                                                                                            The power transmission lines connect to a transmission center, which transfers power to the electrical grid. The water can be as deep as 200 feet. Fixed and floating wind turbine platforms pose risks to personnel and vessels that are not seen at wind power projects on land, Rotea said.

"If we can use technology to provide early warnings and prevent a diver from having to inspect an underwater cable, that would be excellent," said Rotea, who is also the director of UTD Wind.

The researchers' goal is to place sensors in accessible locations to detect damage and transmit early alarms about any problems. The technology will provide information about the conditions and improve safety for offshore wind energy personnel if they need to intervene, Rotea said.

In 2023, wind energy represented nearly 29% of energy generation in Texas, which has more wind turbines--15,300--than any state in the country, according to the state comptroller's office.
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Aside from water, concrete is the most-used material in the world, with about 14 billion cubic meters being used every year. Of that, 40% of that is used to build places for people to live.



                                        
                                              
                                        
                                                                                                                                    
If you were to pour that amount of concrete to make a paving slab ten centimeters thick, it would cover all of England and about half of Wales. In the US, the same amount would cover the state of New York.

But concrete production releases carbon dioxide (CO2), one of the greenhouse gases that drives climate change. About 90% of emissions associated with concrete come from the production of Portland cement--this fine gray powder, the part that binds concrete ingredients together, was named after its resemblence to stone from the Isle of Portland, Dorset. Portland cement accounts for 7%-8% of the world's direct CO2 emissions.

Production of a more sustainable and cost-effective low-carbon cement, often nicknamed "green" cement, is scaling up. A new plant next to an existing cement plant in Redding, California, will produce about 15,000 tons of low-carbon cement every year. This could be used to make about 50,000 cubic meters of concrete, which is less than 0.0004% of the world's concrete production.

At Redding, materials technology company Fortera turns CO2 captured during conventional cement production into ready-to-use green cement, a form of calcium carbonate. This could reduce carbon emissions of cement by 70% on a ton-for-ton basis, according to Fortera.


                                                                                                        
    
        
        
        
    

                                                                                                                                            A concrete issue

People have been using concrete for more than 2,000 years, by blending gravel, sand, cement, water and, sometimes, synthetic chemicals. It's used to create everything from paths and bridges to buildings and pipes.

Currently, the EU uses more than two tons of concrete per person per year--325kg of that is cement. That's equivalent to the amount of food the average European person eats in five months.

Cement production is an energy-intensive process and the greenhouse gas emissions are hard to cut. When limestone is heated in a kiln, often fueled by coal, nearly half that limestone is lost as CO2 emissions.

This happens because limestone (calcium carbonate) breaks down in heat to form clinker, a mix of calcium oxide and CO2. For every ton of ordinary Portland cement made, 0.6-0.9 tons of CO2 are released into the atmosphere.

So many industries rely on this material. The main challenge facing the cement industry is reducing CO2 emissions at the same time as meeting global demand.

So as well as developing new technologies, low-carbon cement production must be established on a global scale to meet infrastructural needs required of economically developing nations.


                                                                                                                                            Low-carbon alternatives

Other ways to reduce the carbon footprint of concrete include using fly ash (a by-product from burning coal in power plants) or slag (a by-product from steel production) to partially replace Portland cement.

However, sources of these materials will reduce as other industries decarbonize. Over time, less iron ore will be used to produce steel as more steel is produced from recycling existing steel, so there'll be less available slag.

Current strategies for decarbonizing cement and concrete rely heavily on using carbon capture and storage technology to capture unavoidable process emissions from cement plants.

So low-carbon cement production doesn't have to involve replacing every cement production plant in operation. Low-carbon cement facilities can be retrofitted to capture CO2 emissions released from manufacturing conventional cement. Plants can also use that captured CO2 within the cement that they are producing or as a product for the food and chemical industries.

In Norway, Heidelberg Materials are building an industrial-scale carbon capture and storage plant at a cement facility that could capture and store an estimated 400,000 tons of CO2 per year--that's half the existing plant's emissions.


                                                                                                        
    
        
        
        
    

                                                                                                                                            However, this technology has a high investment cost for cement producers. Captured CO2 can be stored underground, but this requires specific geological characteristics that aren't guaranteed at cement production sites.

Greenhouse gas emissions in the cement sector are regulated by the EU's emissions trading system. This was established to make polluters pay for their greenhouse gas emissions, reduce emissions and generate revenues to finance the green transition.

This legislation has not significantly reduced carbon emissions in the cement sector over the past decade, according to the International Energy Agency, mainly due to free emissions allowances being granted to cement manufacturers.

Despite sustained healthy profits in the cement industry, there hasn't been enough investment in the widespread uptake of cleaner technologies and the sustainable use of materials. Greater financial incentives could help whereby companies have to pay for emissions associated with the production of cement.


                                                                                                                                            As a design engineer, I appreciate that material choice and good design play a major role in the sustainability credentials of construction. Before low-carbon cement technology becomes more widespread, engineers, designers and builders can use construction materials more efficiently and choose products with lower embodied carbon--that's carbon emissions released during the life cycle of building materials, from extraction through to disposal.

This approach could easily save 20% in embodied emissions associated with new building design.

Some governments could move towards only permitting the use of low-carbon cement. In Ireland, the Climate Action Plan 2024 requires that low-carbon construction methods and low-carbon cement are specified where possible for government-procured or government-supported construction projects.

Could all cement in the future be low-carbon or "green?" How "low-carbon" is defined will play a very important part in how this is translated into practice in the industry.

Retrofitting technology to large-scale existing cement production plants will prove that it's technically possible to produce low-carbon cement efficiently at scale. With the right incentives in place by governments and the construction sector, almost all cement produced around the world could be low-carbon.
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As more than half of Australian office workers report using generative artificial intelligence (AI) for work, we're starting to see this technology affect every part of society, from banking and finance through to weather forecasting, health and medicine.



                                        
                                              
                                        
                                                                                                                                    
Many people are now using AI tools like ChatGPT, Claude or Gemini to get advice, find information or summarize longer passages of text. But our recent research demonstrates how generative AI can be used for much more than this, returning results in different formats.

On the one hand, AI tools are neutral--they can be used for good or ill depending on one's intent.

However, the models powering such tools can also suffer from biases based on how they were developed. AI tools, especially image generators, are also power hungry, ratcheting up the world's energy usage.

And there are unresolved copyright claims surrounding AI-generated outputs, given the content used to train some of the models isn't owned by the organizations developing the AI.

But ultimately, there's no escaping generative AI. Learning more about what these tools can do will improve your digital literacy and help you understand their full impact, from benign to problematic.

1. Imagining what lies beyond the frame

Adobe's recently developed "generative expand" tool allows users to expand the canvas of their photos and have Photoshop "imagine" what is happening beyond the frame. Nine News infamously experimented with this tool for a broadcast featuring Victorian politician Georgie Purcell.

Here's a video that shows how that tool works:



    
    
    
        
        
    
         
             
         

          

But it can also be used more innocently to extend the borders of a landscape or still-life image, for example. You might do this when trying to edit a square Instagram photo to fit a 4x6 inch photo frame.


                                                                                                        
    
        
        
        
    

                                                                                                                                            2. Visualizing the past or the future

Photography was only invented within the past 200 years, and camera-equipped smartphones within the last 25.

That leaves us with plenty of things that existed before cameras were common, yet we might want to visualize them. This could be for educational purposes, entertainment or self-reflection.

One example is the writings of historical figures, like architect Robert Russell, who conducted the first survey of what is now Melbourne in 1836. He wrote at the time:

"The soil is in this country superior to any in the colony, we have a good grazing land, and a fine supply of water: a fine harbor, a Town on which much capital (I am afraid to say how much) has been expended, enterprising settlers and flocks and herds increasing in all directions, a climate well fitted for Englishmen, and events hastening forward the necessity for some scheme of extended emigration from which we shall soon feel the benefit."

We can feed this text from Russell's letters into a text-to-image generator and see what the area may have looked like.

Conversely, we might want to look ahead and see if AI can help us visualize what is to come.

For example, a probe is currently heading to a never-before-seen metal asteroid, 16 Psyche. It's projected to reach the asteroid in 2029. We can feed an AI tool a description from NASA to get a rough sense of what the asteroid might look like.

NASA currently works with artists to illustrate concepts we can't see, but artists could also draw on AI to help create these renderings.


                                                                                                                                            3. Brainstorming how to visualize difficult concepts

Where we might have once turned to Google Images or Pinterest boards for visual inspiration, AI can also help with suggestions on how to show difficult-to-visualize subject matter.

Take the Mariana Trench, for example. As one of the deepest places on Earth, few people have ever seen it firsthand. It's also pitch black and artificial light wouldn't allow you to see very far.

But ask AI for suggestions on how to visualize this spot and it provides a number of ideas, including taking a more familiar landmark, such as the Burj Khalifa, the world's tallest structure, and placing a scaled model next to the trench to better allow audiences to appreciate its depth.

Or creating a layered illustration that shows the flora and fauna that live at each of the ocean's five zones above the trench.

4. Visualizing data

Depending on the tool, you can prompt AI with numbers, not just text.

For example, you might upload a spreadsheet to ChatGPT 4 and ask it to visualize the results. Or, if the data is already publicly available (such as Earth's population over time), you might ask a chatbot to visualize it without even having to supply a spreadsheet.
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It's a great way to speed up such tasks, as long as you keep in mind AI can "hallucinate," or make things up, so you need to double check the accuracy of the results.


                                                                                                        
    
        
        
        
    

                                                                                                                                            5. Creating simple moving images

You can create a simple yet effective animation by uploading a photo to an AI tool like Runway and giving it an animation command, such as zooming in, zooming out or tracking from left to right. That's what I've done with this historical photo preserved by the State Library of Western Australia.



    
    
    
        
        
    
            
            Runway's image animation with historical footage. Credit: T.J Thomson
  

Another way you can experiment with video is using Runway's text-to-video feature to describe the scene you want to see and let it make a video for you. I used this description to create the following video:

"Tracking shot from left to right of the snowy mountains of Nagano, Japan. Clouds hang low around the mountains and they are about 50m away."

6. Generating a color palette or simple graphics

Maybe you're creating a logo for your small business or helping a friend with the design of an event invitation. In these cases, having a consistent color palette can help unify your design.

You can ask generative AI services like Midjourney or Gemini to create a color palette for you based on the event or its vibe.
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                Asking text-to-image generator Midjourney for 'A colour palette for a fancy wedding on the Brisbane waterfront' returned this image. Credit: Midjourney image by T.J. Thomson
            
        

    



If you're designing a website or poster and need some icons to represent certain parts of the message, you can turn to AI to generate them for you. This is true for both browser-based generators like Adobe Firefly, as well as desktop apps with built-in AI, like Adobe Illustrator.



    
    
    
        
        
    
         
             
         

          

Next time you're interacting with a generative AI chatbot, ask it what it's capable of. In addition to these six use cases, you might be surprised to know that generative AI can also write code, translate content, make music and describe images. This can be handy for writing alt-text descriptions and making the web more accessible for those with vision impairments.



                                                                                                                                                                            
                                        											
										                                            
                                                                                                                            
                                                

This article is republished from The Conversation under a Creative Commons license. Read the original article.[image: The Conversation]
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Meta's newest AI model beats some peers. But its amped-up AI agents are confusing Facebook users

                                        by Matt O'brien                                                                                                                    
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                Joelle Pineau, Vice President AI Research, speaks at the at the Meta AI Day in London on April 9, 2024. Meta, Google and OpenAI, along with leading startups, are churning out new AI language models and trying to persuade customers that they've got the smartest or fastest or cheapest chatbot technology. Credit: AP Photo/Kirsty Wigglesworth, File
            
        

    


Generative AI is advancing so quickly that the latest chatbots available today could be out of date tomorrow.


                                        
                                              
                                        
                                                                                                                                    Google, Meta Platforms and OpenAI, along with startups such as Anthropic, Cohere and France's Mistral, have been churning out new AI language models and hoping to persuade customers they've got the smartest, handiest or most efficient chatbots.

Meta is the latest to up its game, unveiling new models Thursday that will be among the most visible: they're already getting baked into Facebook, Instagram and WhatsApp. But in a sign of the technology's ongoing limitations, Meta's amped-up AI agents have been spotted this week confusing Facebook users by posing as people with made-up life experiences.

While Meta is saving the most powerful of its AI models, called Llama 3, for later, it's publicly releasing two smaller versions of the same Llama 3 system that power its Meta AI assistant. AI models are trained on vast pools of data to generate responses, with newer versions typically smarter and more capable than their predecessors. The publicly released models were built with 8 billion and 70 billion parameters--a measurement of how much data the system is trained on. A bigger, roughly 400 billion-parameter model is still in training.

"The vast majority of consumers don't candidly know or care too much about the underlying base model, but the way they will experience it is just as a much more useful, fun and versatile AI assistant," said Nick Clegg, Meta's president of global affairs, in an interview.

Some Facebook users are already experiencing Meta's AI agents in unusual ways. Earlier this week, a chatbot with the official Meta AI label inserted itself into a conversation in a private Facebook group for Manhattan moms, claiming that it, too, had a child in the New York City school district. Confronted by human members of the group, it later apologized before the comments disappeared, according to a series of screenshots shown to The Associated Press.


                                                                                                        
    
        
        
        
    

                                                                                                                                            "Apologies for the mistake! I'm just a large language model, I don't have experiences or children," the chatbot told the moms' group.

Clegg said Wednesday he wasn't aware of the exchange. Facebook's online help page says the Meta AI agent will join a group conversation if invited, or if someone "asks a question in a post and no one responds within an hour."
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                Nick Clegg, President Global Affairs, speaks at the Meta AI Day in London on April 9, 2024. Meta, Google and OpenAI, along with leading startups, are churning out new AI language models and trying to persuade customers that they've got the smartest or fastest or cheapest chatbot technology. Credit: AP Photo/Kirsty Wigglesworth
            
        

    



In another example shown to the AP on Thursday, the agent confused members of a "Buy Nothing" forum for swapping unwanted items near Boston. The agent offered a "gently used" digital camera and an "almost new-portable air conditioning unit that I never ended up using." A member of the Facebook group tried to engage it before realizing no such items existed.

Meta said in a written statement Thursday that "this is new technology and it may not always return the response we intend, which is the same for all generative AI systems." The company said it is constantly working to improve the features and trying to make users aware of the limitations.

Clegg did say that Meta's AI agent is loosening up a bit. Some people found the earlier Llama 2 model--released less than a year ago--to be "a little stiff and sanctimonious sometimes in not responding to what were often perfectly innocuous or innocent prompts and questions," he said.

In the year after ChatGPT sparked a generative AI frenzy, the tech industry and academia introduced some 149 large AI systems trained on massive datasets, more than double the year before, according to a Stanford University survey.


                                                                                                                                            They may eventually hit a limit--at least when it comes to data, said Nestor Maslej, a research manager for Stanford's Institute for Human-Centered Artificial Intelligence.

"I think it's been clear that if you scale the models on more data, they can become increasingly better," he said. "But at the same time, these systems are already trained on percentages of all the data that has ever existed on the internet."

More data--acquired and ingested at costs only tech giants can afford, and increasingly subject to copyright disputes and lawsuits--will continue to drive improvements. "Yet they still cannot plan well," Maslej said. "They still hallucinate. They're still making mistakes in reasoning."

Getting to AI systems that can perform higher-level cognitive tasks and commonsense reasoning--where humans still excel-- might require a shift beyond building ever-bigger models.
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                A panel, moderated by Dr Anne-Marie Imafidon, left, with Meta's Nick Clegg, President Global Affairs, second left, Yann LeCun, Chief AI Scientist, center, Joelle Pineau, VP AI Research, second right, and Chris Cox, Chief Product Officer, right, is held at the Meta AI Day in London, April 9, 2024. Meta, Google and OpenAI, along with leading startups, are churning out new AI language models and trying to persuade customers that they've got the smartest or fastest or cheapest chatbot technology. Credit: AP Photo/Kirsty Wigglesworth, File
            
        

    



For the flood of businesses trying to adopt generative AI, which model they choose could depend on several factors, including cost. Language models, in particular, have been used to power customer service chatbots, write reports and financial insights and summarize long documents.

"You're seeing companies kind of looking at fit, testing each of the different models for what they're trying to do and finding some that are better at some areas rather than others," said Todd Lohr, a leader in technology consulting at KPMG.

Unlike other model developers selling their AI services to other businesses, Meta is largely designing its AI products for consumers--those using its advertising-fueled social networks. Joelle Pineau, Meta's vice president of AI research, said at a London event last week the company's goal over time is to make a Llama-powered Meta AI "the most useful assistant in the world."


                                                                                                        
    
        
        
        
    

                                                                                                                                            "In many ways, the models that we have today are going to be child's play compared to the models coming in five years," she said.

But she said the "question on the table" is whether researchers have been able to fine tune its bigger Llama 3 model so that it's safe to use and doesn't, for example, hallucinate or engage in hate speech. In contrast to leading proprietary systems from Google and OpenAI, Meta has so far advocated for a more open approach, publicly releasing key components of its AI systems for others to use.

"It's not just a technical question," Pineau said. "It is a social question. What is the behavior that we want out of these models? How do we shape that? And if we keep on growing our model ever more in general and powerful without properly socializing them, we are going to have a big problem on our hands."


                                                                                                                                                                            
                                        											
										                                                                                    
                                                (c) 2024 The Associated Press. All rights reserved. This material may not be published, broadcast, rewritten or redistributed without permission.
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                The lab's DNGE prototype "finger" with rigid "bones" surrounded by flexible "flesh." Credit: Adrian Alberola
            
        

    


EPFL researchers are targeting the next generation of soft actuators and robots with an elastomer-based ink for 3D printing objects with locally changing mechanical properties, eliminating the need for cumbersome mechanical joints.


                                        
                                              
                                        
                                                                                                                                    
For engineers working on soft robotics or wearable devices, keeping things light is a constant challenge: heavier materials require more energy to move around, and--in the case of wearables or prostheses--cause discomfort.

Elastomers are synthetic polymers that can be manufactured with a range of mechanical properties, from stiff to stretchy, making them a popular material for such applications. But manufacturing elastomers that can be shaped into complex 3D structures that go from rigid to rubbery has been unfeasible until now.

"Elastomers are usually cast so that their composition cannot be changed in all three dimensions over short length scales. To overcome this problem, we developed DNGEs: 3D-printable double network granular elastomers that can vary their mechanical properties to an unprecedented degree," says Esther Amstad, head of the Soft Materials Laboratory in EPFL's School of Engineering.

Eva Baur, a Ph.D. student in Amstad's lab, used DNGEs to print a prototype "finger," complete with rigid "bones" surrounded by flexible "flesh." The finger was printed to deform in a pre-defined way, demonstrating the technology's potential to manufacture devices that are sufficiently supple to bend and stretch, while remaining firm enough to manipulate objects.

With these advantages, the researchers believe that DNGEs could facilitate the design of soft actuators, sensors, and wearables free of heavy, bulky mechanical joints. The research has been published in the journal Advanced Materials.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Two elastomeric networks, twice as versatile

The key to the DNGEs' versatility lies in engineering two elastomeric networks. First, elastomer microparticles are produced from oil-in-water emulsion drops. These microparticles are placed in a precursor solution, where they absorb elastomer compounds and swell up.

The swollen microparticles are then used to make a 3D printable ink, which is loaded into a bioprinter to create a desired structure. The precursor is polymerized within the 3D-printed structure, creating a second elastomeric network that rigidifies the entire object.

While the composition of the first network determines the structure's stiffness, the second determines its fracture toughness, meaning that the two networks can be fine-tuned independently to achieve a combination of stiffness, toughness, and fatigue resistance.

The use of elastomers over hydrogels--the material used in state-of-the-art approaches--has the added advantage of creating structures that are water-free, making them more stable over time. To top it off, DNGEs can be printed using commercially available 3D printers.

"The beauty of our approach is that anyone with a standard bioprinter can use it," Amstad emphasizes.

One exciting potential application of DNGEs is in devices for motion-guided rehabilitation, where the ability to support movement in one direction while restricting it in another could be highly useful.

Further development of DNGE technology could result in prosthetics, or even motion guides to assist surgeons. Sensing remote movements, for example in robot-assisted crop harvesting or underwater exploration, is another area of application.

Amstad says that the Soft Materials Lab is already working on the next steps toward developing such applications by integrating active elements--such as responsive materials and electrical connections--into DNGE structures.
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The US House of Representatives will again vote Saturday on a bill that would force TikTok to divest from Chinese parent company ByteDance or face a nationwide ban.


                                        
                                              
                                        
                                                                                    The measure has been written into a massive $61 billion aid bill for Ukraine, Israel and Taiwan, which could ease its passage in both chambers of the US Congress.

Under the bill, ByteDance would have to sell the app within a few months or be excluded from Apple and Google's app stores in the United States.

It would also give the US president the authority to designate other applications as a threat to national security if they are controlled by a country deemed hostile.

TikTok slammed the bill, saying it would hurt the US economy and undermine free speech.

"It is unfortunate that the House of Representatives is using the cover of important foreign and humanitarian assistance to once again jam through a ban bill," a company spokesman said.

He added a ban would "trample the free speech rights of 170 million Americans, devastate 7 million businesses, and shutter a platform that contributes $24 billion to the US economy annually."

Western officials have voiced alarm over the popularity of TikTok with young people, alleging that it is subservient to Beijing and a conduit to spread propaganda, claims denied by the company and Beijing.

Joe Biden reiterated his concerns about TikTok during a phone call with his Chinese counterpart Xi Jinping in early April.

The House of Representatives last month approved a similar bill cracking down on TikTok, but the measure got held up in the Senate.
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Web and mobile services try to understand the desires and goals of users by analyzing how they interact with their platforms. Smartphones, for instance, capture online data from users at a large scale and low cost.



                                        
                                              
                                        
                                                                                                                                    
Policymakers have reacted by enforcing mechanisms to mitigate the risks inherent in tech companies storing and processing their citizens' private information, such as health data.

Wearable devices are now becoming a more significant element in this discussion due to their ability to collect continuous data, without the wearer necessarily being aware of it. Wearables such as smart watches gather an array of measurements on your well-being, such as sleep patterns, activity levels and heart fitness.

Today, there are portable devices to obtain high-quality data from brain activity, eye trackers, and the skin (to detect temperature and sweat). Consumers can buy small devices to measure the body's responses that were exclusively available only to research institutions a few decades ago.

Although wearables are commercially focused on health monitoring, researchers have long envisioned capturing other kinds of data on a user. A computer that could collect useful information related to a person's brain activity, heart and skin function, or their movement patterns would be able to understand a huge amount about the user.

But it's AI that could prove a game changer. Smaller wearables combined with AI algorithms to process the data could produce tools that amplify and augment our goals and performance in life. But there are also downsides to all this information gathering.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Daily routines

Let's imagine a world where wearables play a more prominent role daily. Smart beds could wake us up at the perfect time to feel rested by reading our body temperature, respiration and brain activity. Intelligent kitchens could help us eat more healthily, preparing a tailored diet based on chemical cues in our bloodstream (biomarkers). A smart bike would automatically change gears based on the changing inclination of the terrain, and on our fitness levels, to support an effective workout.

Smart glasses could analyze the responses of the pupils in our eyes and our overall eye movements to feed us content that we are likely to enjoy (supported by AI algorithms). Video calls could evolve into 3D full-body holograms of friends and family. Lastly, immersive entertainment could be projected in our living rooms or exist in headsets to become 360-degree experiences rather than being confined to flat screens.

Although it may seem futuristic, hardware manufacturers are already trying to move screens and devices out of our hands. For example, the Mobile World Congress 2024 showcased several smartwatches, an AI "pin" device made by the company Humane that can remove the need for a screen by projecting images onto the user's hands, or the Air Glass 3 XR smart glasses.


                                                                                                                                            Other companies have also recently released head-worn devices such as the Ray-Ban Meta, the Apple Vision Pro, or the Meta Quest 3. A device known as the Galea project is a kind of helmet that can be attached to XR headsets to capture data from facial muscles, the brain, eyes, the skin and heart.

This is clearly more invasive than a smart ring or smart glasses. It allows researchers to explore how future digital services might look if computers could access a range of data from the human body. This data would go far beyond what they can currently access--such as what we do on our smartphones.

In general, body data from wearables could fundamentally change how we interact with computers and the internet. In 2007, the audience at an Apple product launch was held in awe as Steve Jobs scrolled on an iPhone for the first time, introducing an intuitive interaction that the entire world would eventually take for granted.

Similarly, replacing smartphones with wearables and headsets would free up our hands and require new kinds of interaction with technology. Current prototypes propose using the gaze of our eyes to point and hand gestures in mid-air to click. However, this implies that these systems must continuously collect data on the user's body.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Digital sovereignty

Large datasets based on responses from the human body could unlock the design of digital tools that weave seamlessly into our daily lives with capabilities that are highly personalized. This includes the smart bed and the intelligent kitchen that can suggest a tailored diet.

The next wave of the internet is being designed around data decentralization--where users can potentially have greater control over how their data is used. This could prevent the misuse of personal information.

For example, the inventor of the World Wide Web, Tim Berners Lee, has been working on something called Solid. This open source initiative lets people handle their data in personal web servers and choose which organizations can access it.

Instead of making people create an account for each service they want to use, Solid would provide a protocol to build what the project refers to as personal online data stores. This would be a way to let users host their personal data on their own computer or, alternatively, choose a trusted provider to host it based on their reputation and physical location.

However, to really cement these initiatives, proactive legislation towards digital sovereignty--a person's right to control their own digital data--would be required. This would guarantee an internet that truly takes privacy seriously.

In the era of wearables and powerful AI systems, a decentralized approach to the internet would be vital for letting citizens enjoy the benefits of these technological advances while continuing to own their data. This would move us towards the ability of citizens to make active decisions on where their data is stored, who can access it, and for what purposes.
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Floating solar's potential to support sustainable development
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                Floating solar's potential to support sustainable development in Africa by addressing climate, water, and energy goals holistically. Credit: Politecnico di Milano
            
        

    


A study, published in Nature Energy, is among the first to explore the floating photovoltaics (FPV) at the continental scale, finding that FPV installed at existing major reservoirs could produce 20-100% of the electricity expected from Africa's planned hydropower dams. Using a state-of-the-art energy planning model covering the continent's entire energy system, the researchers found that FPV is cost-competitive with other renewables and thus a key part of Africa's future energy mix.



                                        
                                              
                                        
                                                                                                                                    "Floating solar is fast becoming cost-competitive with land-based solar, and our results suggest it could conceivably avoid the need to build many of the dams planned for hydropower across Africa," said lead author Wyatt Arnold. "This would allow nations to meet future electricity demands while sidestepping the damaging environmental and social impacts of large dams."

The researchers conducted a detailed case study on the transboundary Zambezi watercourse, finding that the capital investment slated for new dam projects could be deployed more efficiently by building fewer reservoirs and supplementing the energy supply with floating solar. Compared to dam-intensive solutions, this approach yielded 12% less interannual variability in electricity supply and proved more robust against potential long-term drought conditions exacerbated by climate change.

"By embracing floating solar and reducing the reliance on hydropower, developing economies can ensure a more stable energy supply that is robust to hydrological uncertainties brought about by climate change," said Prof. Andrea Castelletti. "Moreover, floating solar avoids many of the negative impacts new dams may have on downstream communities and river ecosystems."


                                                                                                        
    
        
        
        
    

                                                                                                                                            The authors emphasize that the work highlights the importance of integrated resource planning and considering transboundary impacts when navigating sustainable development pathways. Traditional energy-water modeling often looks at single sectors like hydropower in isolation. However, this study showcases advanced multisector modeling that can reveal and balance tradeoffs across energy, agriculture, environmental protection, and economic development objectives within transboundary river basins.

"Our findings suggest the benefits of avoiding new dams through strategic floating solar deployments could outweigh the potential impacts on existing reservoir uses like fishing or recreation," said Prof. Matteo Giuliani, "but a collective effort is still needed to continue improving FPV technology and ensure its responsible deployment through robust integrated planning and stakeholder engagement processes."

While the environmental case for FPV is compelling, the authors acknowledge technical and social factors that may constrain its adoption at certain sites. However, they argue these potential impacts would be far less severe than those of new hydropower dam construction and reservoirs that can irreversibly disrupt river ecology, displace communities, and exacerbate regional tensions over shared water resources.
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Wyatt Arnold, Data and code in support of "Floating PV Reduces Risks of Hydro-Dominated Energy Development in Africa", Zenodo (2024). DOI: 10.5281/zenodo.10576226
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Harvesting vibrational energy from 'colored noise'
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                Graphical abstract. Credit: The European Physical Journal B (2024). DOI: 10.1140/epjb/s10051-024-00650-2
            
        

    


The energy demands of today's ubiquitous small electronic devices--including sensors, data transmitters, medical implants and 'wearable' consumer products such as Fitbits--can no longer be met by chemical batteries alone. This gap can be filled by energy harvesters, which turn ordinary, ambient vibrational energy into electrical energy.


                                        
                                              
                                        
                                                                                    
The most efficient types of harvester are tri-stable energy harvesters, which can convert even low-frequency random vibrations into alternating current (AC) and thence into direct current (DC).

Tingting Zhang and Yanfei Jin from Beijing Institute of Technology in China have now investigated how the properties of these systems can be altered to optimize the power output; their findings are published in the European Physical Journal B.

Tri-stable energy harvesters are examples of non-linear energy harvesters, which can use a wider bandwidth of vibrations than the earlier, linear ones. They convert mechanical energy from random vibrations in the environment directly into AC and then, via a rectifier circuit, into the DC that powers electronic devices.

"Control methods can be used to enhance the energy harvesting ability of this system," says Jin. "We optimized the control of a tri-stable energy harvester under a parallel synchronized switching system, or P-SSHI, to obtain the most efficient DC power output from colored noise."

Colored noise is defined as a random vibrational signal in which different vibrational frequencies are present with varying intensities. Jin and Zhang used it for their experiments because it resembles the random vibrations of a natural environment.

"We showed that an energy harvester that is controlled in this way is more efficient than one without control, and our theoretical calculations were well supported by Monte Carlo simulations," adds Jin. "We now hope to optimize the design of the management circuit, which is crucial for the energy supply of these small, low-power electronic devices."
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												Tingting Zhang et al, Stochastic optimal control of a tri-stable energy harvester with the P-SSHI circuit under colored noise, The European Physical Journal B (2024). DOI: 10.1140/epjb/s10051-024-00650-2
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New understanding of energy losses in emerging light source
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                a) Schematic presentation of the optical interference between two light rays that originate from the same spot in the emissive p-n junction (horizontal dotted black line) in a thin-film LEC device, and which are solely distinguished by that one ray is directed directly out of the device through the transparent electrode and substrate, whereas the other ray is directed toward the reflective electrode and first after specular reflection exiting the device. Left part: the p-n junction position is defined to be 0 when located at the transparent electrode interface, and 1 when located at the reflective electrode interface. b) The measured (solid lines) and the best-fit simulated (dashed lines) EL spectra as a function of the viewing angle th for L1-thin, as recorded at steady state with the device driven by a current density of 10 mA cm[?]2. The derived best-fit value for the p-n junction position is 0.59. c) The steady-state position of the emissive p-n junction as a function of the current density for the four LEC devices, as identified in the inset. Credit: Advanced Materials (2024). DOI: 10.1002/adma.202310156
            
        

    


The light-emitting electrochemical cell (LEC) can be fabricated in a sustainable and cost-effective way on both rigid and flexible surfaces making it suitable for a broad range of applications, like illumination, health care, and signage. Despite its potential, this technology faces a significant challenge: a decrease in emission efficiency at higher electrical currents, a phenomenon known as "efficiency roll-off."


                                        
                                              
                                        
                                                                                    
A research team at Umea University has now developed a method to identify and quantify the primary factors contributing to the LEC efficiency.

"This insight will help us to reduce efficiency loss, allowing us to design and develop LEC devices that deliver bright emission at high efficiency," says Xiaoying Zhang, a doctoral student at the Department of Physics at Umea University, and one of the authors of the study that was published in the journal Advanced Materials.

The breakthrough revolves around a detailed understanding and quantification of the internal so-called quenching processes, where collisions between particles in the device lead to energy loss in the form of decreased light production.

"Think of a box with two kinds of tiny balls bouncing around: one kind can glow, and the other kind can't. If a glowing ball bumps into another ball, it stops glowing, and the light is lost. We found that it is specifically the bumping between glowing and non-glowing balls that is the main reason why our devices lose efficiency," says Xiaoying Zhang.

"This loss mechanism is called 'exciton-polaron quenching' and we found that more than half of the light is lost in this way," Xiaoying continues. The findings of this study therefore imply that developing materials, device designs and operation protocols that reduce the impact of this loss mechanism is a feasible path towards brighter and more efficient LECs.
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                The bright LEC device with the logo of Umea University is extremely thin, flexible and lightweigh. Credit: Xiaoying Zhang, Joan Rafols-Ribe
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TikTok stops working in Kyrgyzstan after ban proposals
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Kyrgyzstan appears to have blocked TikTok after the Central Asian country's security services called to restrict the social media app to "protect children".


                                        
                                              
                                        
                                                                                    When AFP journalists in the country tried to access TikTok on Thursday, a message read: "Unable to load, please try again."

Owned by Chinese group ByteDance, TikTok has faced a global backlash from politicians and regulators over issues ranging from the mental health effects of the app on children to the data it allegedly scoops up from users.

Kyrgyzstan's digital ministry said on Tuesday it had "informed telecommunications operators of the need to limit access to TikTok, based on a decision by the security services."

Kyrgyzstan's State Committee for National Security, known as the GKNB, is a successor to the Soviet-era KGB secret police and headed by the powerful Kamchybek Tashiev.

The digital ministry said ByteDance had "failed to comply" with legal requirements outlined in a law to protect the "mental, physical, spiritual and moral development of children."

Reporters Without Borders (RSF) expressed "concern" over the decision earlier this week.

"RSF calls on the government to lift this arbitrary blocking and define a clear legal framework to regulate platforms," the pressure group said in a post on X on Wednesday following local media reports that a ban was imminent.

Bishkek has been mounting an escalating campaign to bring independent media and civil society closer under state control.

Kyrgyzstan, which borders China and has close economic ties with Beijing, had previously been an outlier in Central Asia as a relatively free space for information, compared to its ultra-closed neighbors.

But in recent months authorities have arrested several journalists, suspended independent media outlets and passed a "foreign agents" law designed to silence dissenters.

TikTok is also in the spotlight over its data policies in the United States and European Union amid fears over connections to the Chinese state.
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Google fires 28 workers protesting contract with Israel

                                                                                                                    

                                    
									    

    
        
            [image: Google fires 28 workers after office sit-ins to protest cloud contract with Israel]
             
                A sign is shown on a Google building at their campus in Mountain View, Calif., on Sept. 24, 2019. On Friday, April 12, 2024, Google announced it was testing removing links to California news websites from some people's search results. The search giant said it was preparing in case the Legislature passed a bill requiring it to pay media companies a fee for linking to its content. Credit: AP Photo/Jeff Chiu, File
            
        

    


Google fired 28 employees following a disruptive sit-down protest over the tech giant's contract with the Israeli government, a Google spokesperson said Thursday.


                                        
                                              
                                        
                                                                                    The Tuesday demonstration was organized by the group "No Tech for Apartheid," which has long opposed "Project Nimbus," Google's joint $1.2 billion contract with Amazon to provide cloud services to the government of Israel.

Video of the demonstration showed police arresting Google workers in Sunnyvale, California, in the office of Google Cloud CEO Thomas Kurian's, according to a post by the advocacy group on X, formerly Twitter.

Kurian's office was occupied for 10 hours, the advocacy group said.

Workers held signs including "Googlers against Genocide," a reference to accusations surrounding Israel's attacks on Gaza.

"No Tech for Apartheid," which also held protests in New York and Seattle, pointed to an April 12 Time magazine article reporting a draft contract of Google billing the Israeli Ministry of Defense more than $1 million for consulting services.

A "small number" of employees "disrupted" a few Google locations, but the protests are "part of a longstanding campaign by a group of organizations and people who largely don't work at Google," a Google spokesperson said.

"After refusing multiple requests to leave the premises, law enforcement was engaged to remove them to ensure office safety," the Google spokesperson said. "We have so far concluded individual investigations that resulted in the termination of employment for 28 employees, and will continue to investigate and take action as needed."

Israel is one of "numerous" governments for which Google provides cloud computing services, the Google spokesperson said.

"This work is not directed at highly sensitive, classified, or military workloads relevant to weapons or intelligence services," the Google spokesperson said.
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UK police say they disrupted cyber fraud network that stole personal data from thousands
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A website that allowed international cyber fraudsters to trick up to 70,000 British victims into revealing personal information such as bank account details and passwords has been infiltrated and disrupted, London police said Thursday.


                                        
                                              
                                        
                                                                                    Metropolitan Police said they seized the LabHost site, which enabled more than 2,000 criminals to create phishing sites that got victims to reveal 480,000 bank card numbers and 64,000 PIN numbers.

Law enforcement in the U.K. and abroad arrested 37 people since Sunday, and another 800 were warned that police know their identity. Many of them remain under investigation.

The site set up in 2021 allowed criminals to pay a monthly fee to create fraudulent websites that appeared to be those of legitimate banks, health care agencies or postal services but were designed to steal users' personal information.

The site provided templates and a how-to lesson for less tech-savvy users to use profiles of 170 companies to set up some 40,000 scam sites.

The tutorial ended with a robotic voice saying: "Stay safe and good spamming."

Police have notified as many as 25,000 U.K. victims that their data was compromised.
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Nokia sees double-digit fall in January-March sales as weak market for 5G technology prevails
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Wireless and fixed-network equipment maker Nokia on Thursday reported a smaller-than-expected profit and a double-digit fall in sales in the first quarter due to a market weakened by a lack of clients investing in 5G technology.


                                        
                                              
                                        
                                                                                    The Espoo, Finland-based company reported a net profit of 501 million euros ($535 million) for the January-March period, up 46% from 342 million euros a year earlier. The figure was still lower than analysts had expected.

One-off gains from Nokia's licensing business contributed to the profit.

Net income attributable to shareholders was 497 million euros, up from from 332 million euros a year earlier. Nokia's sales were down 20% at 4.7 billion euros.

The ongoing weakness in the telecom equipment market, where operators are cutting back on investments into 5G and other technology because of economic uncertainty and high financing costs, prevailed in the first quarter "as expected," Nokia's CEO Pekka Lundmark said.

"However, we have seen continued improvement in order intake, meaning we remain confident in a stronger second half and achieving our full-year outlook," Lundmark said in a statement.

Nokia is one of the world's main suppliers of 5G, the latest generation of broadband technology, along with Sweden's Ericsson, China's Huawei and South Korea's Samsung. Earlier this week, Nordic rival Ericsson reported on similar market difficulties, with a major drop in sales in the first quarter.

"While we are conscious of the broader economic environment, considering the on-going order intake strength, we expect Network Infrastructure will return to net sales growth for full year 2024 with a stronger second-half performance," Lundmark said, referring to the situation at Nokia's biggest business unit by sales.

He said the mobile network unit, Nokia's second biggest business entity, was impacted by particularly low levels of spending in 5G technology in North America and India during the first quarter.
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Octopus inspires new suction mechanism for robots
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                Suction cup grasping a stone. Credit: University of Bristol
            
        

    


A new robotic suction cup that can grasp rough, curved and heavy stone, has been developed by scientists at the University of Bristol. The team, based at Bristol Robotics Laboratory, studied the structures of octopus biological suckers, which have superb adaptive suction abilities enabling them to anchor to rock.


                                        
                                              
                                        
                                                                                                                                    
In their findings, published in the journal PNAS , the researchers show how they were able create a multi-layer soft structure and an artificial fluidic system to mimic the musculature and mucus structures of biological suckers.

Suction is a highly evolved biological adhesion strategy for soft-body organisms to achieve strong grasping on various objects. Biological suckers can adaptively attach to dry complex surfaces such as rocks and shells, which are extremely challenging for current artificial suction cups. Although the adaptive suction of biological suckers is believed to be the result of their soft body's mechanical deformation, some studies imply that in-sucker mucus secretion may be another critical factor in helping attach to complex surfaces, thanks to its high viscosity.



    
    
    
        
            
        
             
        

          

Lead author Tianqi Yue explained, "The most important development is that we successfully demonstrated the effectiveness of the combination of mechanical conformation--the use of soft materials to conform to surface shape, and liquid seal--the spread of water onto the contacting surface for improving the suction adaptability on complex surfaces. This may also be the secret behind biological organisms ability to achieve adaptive suction."


                                                                                                        
    
        
        
        
    

                                                                                                                                            Their multi-scale suction mechanism is an organic combination of mechanical conformation and regulated water seal. Multi-layer soft materials first generate a rough mechanical conformation to the substrate, reducing leaking apertures to just micrometers.

The remaining micron-sized apertures are then sealed by regulated water secretion from an artificial fluidic system based on the physical model, thereby the suction cup achieves long suction longevity on diverse surfaces but with minimal overflow.

Tianqi added, "We believe the presented multi-scale adaptive suction mechanism is a powerful new adaptive suction strategy which may be instrumental in the development of versatile soft adhesion.

"Current industrial solutions use always-on air pumps to actively generate the suction however, these are noisy and waste energy.

"With no need for a pump, it is well known that many natural organisms with suckers, including octopuses, some fishes such as suckerfish and remoras, leeches, gastropods and echinoderms, can maintain their superb adaptive suction on complex surfaces by exploiting their soft body structures."

The findings have great potential for industrial applications, such as providing a next-generation robotic gripper for grasping a variety of irregular objects.

The team now plans to build a more intelligent suction cup, by embedding sensors into the suction cup to regulate suction cup's behavior.
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Proof-of-concept nanogenerator turns CO2 into sustainable power
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                Rational design of the NAH electricity generator from CO2 adsorption. a Schematic illustration of the prototype NAH electricity generator. b The process of ion separation induced electricity generation from CO2 adsorption. c TEM image of the as-exfoliated and functionalized h-BN-NH2 nanosheets. d SEM image of the cross-section structure of the NAH composite. The red disks are the trapped h-BN-NH2 nanosheets in hydrogel network. e Photograph of the NAH electricity generator. Credit: Nature Communications (2024). DOI: 10.1038/s41467-024-47040-x
            
        

    


University of Queensland researchers have built a generator that absorbs carbon dioxide (CO2) to make electricity.


                                        
                                              
                                        
                                                                                                                                    
Dr. Zhuyuan Wang from UQ's Dow Center for Sustainable Engineering Innovation says the small, proof-of-concept nanogenerator is carbon negative because it consumes the greenhouse gas. The paper is published in the journal Nature Communications.

"This nanogenerator is made of two components: a polyamine gel that is already used by industry to absorb CO2 and a skeleton a few atoms thick of boron nitrate that generates positive and negative ions," Dr. Wang said.

"We've worked out how to make the positive ions much larger than the negative ions and because the different sizes move at different speeds, they generate a diffusion current which can be amplified into electricity to power light bulbs or any electronic device.

"In nature and in the human body, ion transportation is the most efficient energy conversion--more efficient than electron transportation which is used in the power network."

The two components were embedded in a hydrogel which is 90% water, cut into 4-centimeter disks and small rectangles and then tested in a sealed box pumped full of CO2.



    
    
    
        
        
    
         
             
         

        Credit: University of Queensland
  

"When we saw electrical signals coming out, I was very excited but worried I'd made a mistake," Dr. Wang said.

"I double-checked everything, and it was working correctly so I started dreaming about changing the world using this technology.


                                                                                                        
    
        
        
        
    

                                                                                                                                            "This technology goes further than being carbon neutral--it consumes CO2 as it generates energy.

"At present we can harvest around 1% of the total energy carried intrinsically by gas CO2 but like other technologies, we will now work on improving efficiency and reducing cost."

Director of the Dow Center, Professor Xiwang Zhang, said following the success of the laboratory tests, there are two potential applications for the nanogenerator in the future.

"We could make a slightly bigger device that is portable to generate electricity to power a mobile phone or a laptop computer using CO2 from the atmosphere," Professor Zhang said.

"A second application on a much larger scale, would integrate this technology with an industrial CO2 capture process to harvest electricity."
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                The UQ-developed technology absorbs carbon dioxide and generates electricity. Credit: University of Queensland
            
        

    



The development of the nanogenerator will continue through GETCO2, the ARC Center of Excellence for Green Electrochemical Transformation of Carbon Dioxide which is led by UQ's School of Chemical Engineering with Professor Zhang as Director.

"We want to realize the value in a problematic greenhouse gas and to change the perception of CO2," Professor Zhang said.

"Until now CO2 has been seen as a problem to be solved but it can be a resource for the future."
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Using sim-to-real reinforcement learning to train robots to do simple tasks in broad environments

                                        by Bob Yirka                                                                                , Tech Xplore
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                Deployment to outdoor environments. Credit: Ilija Radosavov
            
        

    


A team of roboticists at the University of California, Berkeley, reports that it is possible to train robots to do relatively simple tasks by using sim-to-real reinforcement learning to train them. In their study, published in the journal Science Robotics, the group trained a robot to walk in unfamiliar environments while it carried different loads, all without toppling over.



                                        
                                              
                                        
                                                                                    Over the past several years, roboticists have used a variety of techniques to train robots to move efficiently and quickly across varied environments. But as the researchers with this new effort note, such robots do not have very many useful applications. They suggest that robots that are able to carry out mundane tasks in a slow but efficient manner would be far more useful. To that end, they have turned to sim-to-real reinforcement learning.



    
    
    
        
        
    
         
             
         

        Deployment in outdoor environments. Credit: Ilija Radosavov
  

The technique involves training a simulated version of a robot to carry out desired tasks by exposing it to billions of examples in simulated environments. The method also involves using a reward/penalty system as part of the robot's training--if it does something right as it attempts to achieve a goal, it is rewarded by receiving a "1," for example. If it does something wrong, however, it receives a "-1." Over time, it improves its performance as it seeks to up its count of rewards.

The research team used the approach to train a robot called Digit to navigate a path along a sidewalk in an unknown part of a town and to recover after being repeatedly assaulted by a large ball, to overcome a physical restraint, to walk across materials that might cause it to trip, to carry a backpack, to carry a bag of trash to a bin and to use a tote bag to carry personal items around.



    
    
    
        
        
    
         
             
         

        Indoor experiments and simulation benchmark. Credit: Ilija Radosavovic
  

The researchers suggest that sim-to-real reinforcement learning could be used to train robots in real-world environments such as the home, office or factory floor. The idea, they note, is to make robots more useful.
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Engineers design spider-like robot that may be used to explore caves on Mars

                                        by Bob Yirka                                                                                , Tech Xplore
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                Close-up photos of ReachBot. Credit: BDML Stanford University
            
        

    


A team of roboticists and mechanical and aeronautical engineers at Stanford University has developed a spider-like robot for possible use in exploring caves or lava tubes on Mars. In their paper published in the journal Science Robotics, the group describes their reasons for developing the new robot, their inspiration for the design, and how well it worked when tested in a real-world environment.



                                        
                                              
                                        
                                                                                    As space scientists develop robots for use as exploratory agents on the surface of other planets or moons, they have typically used two types of designs: small rovers or walkers that can squeeze through tight spaces or larger machines that can roll around on the surface. In this new effort, the research team sought to fill in what they see as a gap in the technology--a midsized robot that can explore areas that would be difficult for other types of robots to access--caves, for example, or lava tubes.



    
    
    
        
        
    
         
             
         

        Field testing photos of ReachBot in a lava tube in the Mojave Desert. Credit: BDML Stanford University
  

To build the robot, the team was inspired by the harvestmen spider, commonly referred to as a daddy longlegs. They noted its ability to move across a wide variety of terrain with relative ease, including cave walls.

The team calls their robot ReachBot. Like its inspiration, it has several extendable, boom-like legs it can use for walking. To allow it to hold onto rock walls, the team designed three-finger grippers as feet. They also gave it the ability to explore on its own by adding a processor that looks at potential terrain and maps out good areas to place its feet--such sites need to be slightly rounded to allow for leverage gripping.
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                Field testing photos of ReachBot in a lava tube in the Mojave Desert. Credit: BDML Stanford University
            
        

    



In testing, the robot could walk up walls and even climb across ceilings. Further testing showed that it was capable of exploring lava tubes in the vicinity of the Pisgah crater in the Mojave Desert.

The research team concludes that their concept idea is sound and that a wide variety of similar robots could prove useful in developing new kinds of probes for exploring other planets such as Mars. The robot could allow for study of places no other kind of robot could reach, perhaps finding evidence of earlier habitation.
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Media groups urge feds to investigate after Google limits California news in search results

                                        by Andrew Sheeler, The Sacramento Bee                                                                                                                    
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Two journalism trade organizations representing thousands of publishers this week called on California Attorney General Rob Bonta, the U.S. Department of Justice and the Federal Trade Commission to investigate Google, after the tech giant announced that it was pulling California news articles from its search platforms for some users.


                                        
                                              
                                        
                                                                                                                                    Google's actions were in response to a bill being considered by the state Legislature that would require platforms such as Google and Meta, the parent company of Facebook and Instagram, to pay news publishers for content they link to.

The California News Publishers Association and the News/Media Alliance--two leading news industry advocacy groups that lobby on issues related to press freedom and government transparency--argued in a letter sent Tuesday that it is possible that Google violated both state and federal antitrust and unfair competition laws.

"Importantly, Google released no further details on how many Californians will be affected, how the Californians who will be denied news access were chosen, what publications will be affected, how long the compelled news blackouts will persist, or whether access will be blocked entirely or just to content Google particularly disfavors," the letter said.

"Because of these unknowns, there are many ways Google's unilateral decision to turn off access to news websites for Californians could violate California laws."

Google Vice President for Global News Partnerships Jaffer Zaidi said in a blog post last week that Google's decision was in response to the California Journalism Preservation Act, also known as Assembly Bill 886. The move was an escalation in the company's opposition to the bill, which has not yet become law but has already sparked debate over who would benefit, and whether restricting access to news content might inhibit democracy.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Google issued a statement via email Wednesday pushing back against the industry groups.

"These baseless claims deflect the real issues with CJPA--this bill is unworkable and will hurt small, local publishers to benefit large, out-of-state hedge funds," said Brianna Duff, Google spokeswoman.

"We have proposed reasonable alternatives to CJPA that would increase our support for the California news ecosystem and support Californians' access to news. We've long said CJPA isn't the right approach, and we've taken a responsible and transparent step to prepare for its possible implementation."

AB 886 passed the California Assembly last year but stalled in the Senate. It currently sits in the Senate Judiciary Committee without a scheduled hearing.

Zaidi said that the bill would impose a "link tax" and that such a policy would be unworkable for the company.

McClatchy--which owns The Sacramento Bee, The Fresno Bee, The Modesto Bee, the San Luis Obispo Tribune and the Merced Sun-Star--supports AB 886.

Billie McConkey, McClatchy's chief administrative officer, said in a statement last week that Google's response "is typical of how the dominant tech platforms have responded. They would rather block citizens' access to essential information than simply pay fair market value for the content from which they profit."

The Bee has reached out to Bonta's office for comment.

When asked by a reporter Tuesday about Google's move to take down news links to California publishers, Gov. Gavin Newsom responded: "We're in conversations with the company you referenced. Let's leave it at that."
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There's a hidden scourge making homes more harmful to the climate and less comfortable: leaky heating and cooling systems. Plugging those leaks may be the dull stepchild of the energy transition, but that doesn't make it any less important than installing dazzling solar arrays and getting millions of electric vehicles on the road.


                                        
                                              
                                        
                                                                                                                                    The problem, however, is that energy efficiency pays back over time, but it comes with high upfront costs.

"It can be a very, very labor intensive process to capture all the efficiency improvements in the housing stock and a lot of the issues--as well as a lot of the solutions--are pretty much unknown, or invisible to the average consumer," said Jennifer Amann, a senior fellow with the American Council for an Energy Efficient Economy's buildings program.

"You could pay somebody a few $1,000 to come in, and insulate your home and do air sealing, but those aren't improvements that you are going to see or engage with," Amann said. "So a lot of times people are thinking, 'Well, do I want to do that, or do I want to make some improvements in my kitchen or in my bathroom.'"

Aeroseal, a company whose technology was developed in conjunction with Lawrence Livermore National Laboratory, has an ingenious solution. Its computer-tracked system finds and targets leaks, including even those behind walls, and then releases an aerosolized sealant to fill them.

Taking it to leaks

Typically, sealing a home involves a technician searching for cracks and filling them by hand. It's a time-consuming and costly process. Aeroseal's technology makes the hunt for leaks easier.

The startup, which won a BloombergNEF Pioneers award, works on new construction just after the drywall stage. For a new building, the contractors seal the entire structure--sometimes by putting a bubble over the house--and then use a fan to blow air into the home and essentially pressurize the interior. Technicians then insert a sensor that can take pressure readings to discover how much air is leaking through cracks in the floorboards or joints in the wall.

After this stage is complete, the company releases an aerosol into the home that spreads like a fog. The pressure differential allows it to be quickly sucked into the leaks.

The non-toxic, water-based sealant coagulates on contact with the edge of the crack and forms a new barrier. Technicians monitor the leakage rates in real time on a computer. For an average-sized residence, the whole process can take 60 minutes and cut leakage by about 80%, the company says.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Behind the walls

But it is not just new homes that Aeroseal tackles. Ductwork in older homes is a major energy efficiency issue. A typical American house loses 20% to 30% of hot and cold air through leaky ducts, according to the Department of Energy, creating an incredible opportunity for savings.

If you have high energy bills or big temperature differentials from room to room, you likely have leaking ducts. But HVAC contractors rarely make this connection for homeowners and renter, says Amann. It's also hard for individuals to understand, let alone, prioritize behind-the-scenes repairs.

Sealing ducts is also an arduous process: Accessing them can be difficult because most are behind walls once a building is completed.

For existing buildings, including single-family homes and commercial buildings, Aeroseal can narrow the process so that technicians focus on ducts alone instead of sealing the whole building.

The first step is to block all the known vents in the system and detach the boiler. Technicians then attach a tube to the vent system and hook up the computerized measurement machine, allowing them to do the pressurization. This process can reduce leakage by 95%, the company says.


                                                                                                                                            Going forward

Amit Gupta, the company's president, previously worked in energy efficiency at Carrier Global, the Florida-based HVAC systems giant. He recalled being wowed by the possibilities of Aeroseal's technology.

"Here we were spending millions to improve the efficiency of a new boiler by just 2% and this is a way to address something that is there and a problem in every building," he said.

So far, Aeroseal has been doing about 56,000 seals (sometimes there are multiple seals in a big building) a year. Last year, the company had revenue of just under $40 million.

Part of the challenge to growing the company further, said Gupta, is getting contractors to pay upfront for the energy savings that will accrue over time. The average national cost for an Aeroseal treatment is $2,500, the company says. If no one is measuring the emissions of a building, an owner might opt for a cheaper option with a far less thorough seal.

But new laws, like New York City's Local Law 97, which goes into effect this year and aims to reduce emissions of buildings over 25,000 square feet by 40% by 2030, are creating standards that strengthen Aeroseal's position, Gupta says.

This law "creates the driver for building owners to reduce their greenhouse gas emissions," said Gupta, and it is already fueling growth in the business.
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Russian 'cyber sabotage' a global threat: Security firm
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A cyber group with links to Russian military intelligence is set to become a significant global threat after playing an increasing critical role in the ongoing conflict in Ukraine, a leading cybersecurity firm warned Wednesday.


                                        
                                              
                                        
                                                                                                                                    Google-owned Mandiant said in a report that it is seeing nefarious operations by the group referred to as "Sandworm" in places around the world considered political, military, or economic hotspots for Russian interests.

"We have observed the group sustain access and espionage operations across North America, Europe, the Middle East, Central Asia, and Latin America," Mandiant researchers said in the report.

"With a record number of people participating in national elections in 2024, Sandworm's history of attempting to interfere in democratic processes further elevates the severity of the threat the group may pose in the near-term."

A US grand jury five years ago indicted a dozen Russian military intelligence officers on charges stemming from their alleged interference with the 2016 US presidential election that put Donald Trump in the White House, according to the FBI.

Trump is again running for president, after losing re-election in 2020.

Sandworm has repeatedly targeted Western electoral systems and institutions, including those in current and prospective North Atlantic Treaty Organization member countries, according to the Mandiant report.

Sandworm has "attempted to interfere with democratic processes in select countries by leaking politically sensitive information and deploying malware to access election systems and misreport election data," Mandiant determined.


                                                                                                        
    
        
        
        
    

                                                                                                                                            The group established itself as Russia's preeminent cyber sabotage unit and has been relied on by the country's military in its war on Ukraine, according to the researchers.

Sponsored by Russian military intelligence, Sandworm "is actively engaged in the full spectrum of espionage, attack, and influence operations," Mandiant said.

"We assess with high confidence that (Sandworm) is seen by the Kremlin as a flexible instrument of power capable of servicing Russia's wide ranging national interests and ambitions, including efforts to undermine democratic processes globally," researchers concluded.

The group's activities such as trying to influence elections or retaliate against international sporting bodies in athlete doping controversies suggest "no limit to the nationalistic impulses" that may drive Sandworm's agenda, according to the report.
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Colorado law protects brain data captured by gadgets
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Colorado on Wednesday expanded its privacy law to include brain data gathered by the booming array of gadgets people use for feedback about sleep, fitness, sports, and lifestyle.


                                        
                                              
                                        
                                                                                                                                    Nonprofit Neurorights Foundation said it worked with the state on the unprecedented legal protection for neurological data gathered by devices not governed by privacy laws applied to medical information.

A bill signed into law by the Colorado governor expands a 2021 privacy act to include protection of neural data, defined as "measurement of the activity of an individual's central or peripheral nervous systems and that can be processed by or with the assistance of a device."

The foundation strives to warn authorities to risks posed by devices such as headbands for improving sleep, earpieces to aid meditation, sensors for improving golf swings and the like.

Users are typically unaware that consumer "neurotechnology" can record or even influence brain activity, foundation co-founder Jared Genser told reporter while discussing a freshly released report on the topic.

"The human brain is unlike any other organ, as it generates all of our mental and cognitive activities," the foundation report stated.

Such neural data "is therefore capable of revealing enormously sensitive information about the people from whom it was collected, including identifiable information about their mental health, physical health, and cognitive processing," it contended.

The gadgets function outside privacy rules applied to professional medical care, according to Genser.


                                                                                                        
    
        
        
        
    

                                                                                                                                            "Your thoughts, your memories, your imagination, your emotions, your behavior and even subconscious things you are not aware of are carried in the brain," said foundation president Rafael Yuste, director of the Neurotechnology Center at Columbia University.

The foundation study shows that companies, many of them small startups, behind gadgets often harvest more data than is needed for products to function.

Most companies also allow sharing of collected neural data with unspecified third parties, according to the foundation.

Advocates also worry about long-term dangers as the sensitivity of sensors improves.

"Sooner or later, a company will sell magnetic stimulators to improve memory, Yuste predicted.

"Which will make it possible to manipulate brain activity, not just record it."

The underlying technology is advancing rapidly, thanks to neural implants placed directly in brains and artificial intelligence that helps interpret activity detected.

Tech titans could accelerate adoption of such gadgets by tying data to popular services or features on their platforms.

Genser noted that Apple recently filed a patent application to add electroencephalography sensors that sense brain activity to AirPods wireless earpieces.
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Tesla, Starlink entry on agenda when Musk heads to India

                                        by Anuj SRIVAS                                                                                                                    
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Tech billionaire Elon Musk is set to visit India as his businesses seek new markets in the world's most populous nation, with electric carmaker Tesla--suffering a sales downturn in the United States--reportedly scouting factory locations.


                                        
                                              
                                        
                                                                                                                                    Another Musk-owned business, satellite internet operator Starlink, is set to receive initial approvals to operate in India, a government source told AFP.

Also likely to be on the agenda for the self-described "free speech absolutist" is the large number of content takedown orders India's government imposes on X, the social media platform he took over in 2022.

"Looking forward to meeting with Prime Minister Narendra Modi in India!" Musk wrote on X last week without giving a date for the visit.

Indian media reports suggest the trip will begin as soon as Sunday and last two days, coming after months of aggressive courtship between the billionaire and Modi.

The two met last June in New York, after which Musk said Modi had pushed the entrepreneur to "make significant investments in India"--something he said his companies intended to do.

Tesla is currently battling increased Chinese competition and a demand slump in the United States, with reports claiming the company plans to slash its workforce.

Musk, who has described himself as a Modi fan, also said India "has more promise than any large country in the world".

But India often struggles to attract foreign direct investment, even as multinational companies seek alternatives to China, and Musk's admiration has not yet translated into multibillion-dollar commitments.

India's steep import taxes for electric vehicles--Musk once complained that they were among the "highest in the world"--have prevented Tesla from making inroads in the absence of local manufacturing.


                                                                                                        
    
        
        
        
    

                                                                                                                                            And in 2021, the communications ministry delivered a rare public rebuke to Starlink when it claimed the company had started "preselling" its services in India without a license to operate.
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Red carpet

This year though, the government has eased regulations in the hope of attracting greater foreign investment ahead of national elections that will last six weeks beginning Friday.

Last month it cut import taxes on electric vehicles for global automakers that committed to invest $500 million and start local production within three years.

The new policy allows companies to import up to 8,000 electric vehicles priced at $35,000 or higher every year with greatly reduced import duties of 15 percent.

The Financial Times reported earlier this month that Tesla would send a team to scout locations in at least three states for a factory.

Indian media has reported that Tesla will first look to import cars from its Berlin factory until it takes a final decision on where to set up a production line.

Experts say it's unlikely the Indian market will be an immediate shot-in-the-arm for the company, mostly due to the high price tag of its cars.

Tesla's cheapest model right now is the Model 3 sedan, which retails for around $39,000 in the United States.

"Cars that are priced more than Rs 20 lakh ($23,900) have only a five percent market share in India," Soumen Mandal, senior analyst at market research firm Counterpoint, told AFP.


                                                                                                                                            He added however that Tesla would be looking to position itself for an inflection point that saw greater demand as disposable incomes rise and electric vehicle production costs drop.

Counterpoint projects that the percentage of electric vehicles in all automotive sales will jump from two percent last year to nearly 30 percent by 2030.
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Posting battles

Musk's present business interest in India is limited to the one he inherited--the social media platform X, formerly Twitter.

He is continuing a legal battle that predates his ownership to challenge takedown orders mandating the removal of tweets and accounts critical of Modi's government.

India, which has seen a precipitous decline in press freedoms since Modi took office a decade ago, petitions X for content removals more than almost any other country.

Former X boss Jack Dorsey last year claimed government officials threatened to shut down the platform in India unless it yielded to their demands--a claim information technology minister Rajeev Chandrasekhar said was an "outright lie".

Under its new owner, X is appealing a court verdict last year ordering the platform to abide by government takedown requests.

But Musk has been sanguine about the restrictions faced by the company in India.

"The rules in India for what can appear on social media are quite strict and we can't go beyond the laws," he told a BBC journalist last year.

"If we have a choice of either our people go to prison or we comply with the laws, we will comply with the laws."
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      The latest science news on archaeology, fossils, mathematics, and science technology from Phys.org


      
        CEOs' human concern translates into higher stock price, says study
        Compassionate leadership has tangible benefits: CEOs' expressions of empathy correlate with positive stock performance, a study led by the University of Zurich shows. The researchers analyzed data from conference calls between CEOs and financial analysts during the COVID-19 pandemic. The paper is published in the journal Academy of Management Discoveries.

      

      
        'They don't have enough'--schools in England are running food banks for families
        The peak of the cost-of-living crisis may have passed, but millions of families are struggling to buy enough food to feed their children. Experiencing food insecurity can be deeply damaging for children and negatively affects their achievement at school.

      

      
        The effects of climate variability on children's migration and childcare practices in sub-Saharan Africa
        Shifting weather caused by climate change, especially drought and heat, is linked to a rise in the number of children being raised outside of their biological parents' households in sub-Saharan Africa, according to a study led by researchers at Penn State. The findings highlight the effects climate change may have on children and social support systems, researchers said, a question that has received relatively little attention from researchers and the policy community.

      

      
        Why being humble can make you a better leader
        When we consider how leaders get to the top, we might think of somebody like Jordan Belfort, the millionaire stockbroker portrayed by Leonardo DiCaprio in the Wolf of Wall Street. And humility is probably not the word that comes to mind.

      

      
        Social media for sex education: South African teens explain how it would help them
        Most teenagers dread talking about sex with their parents. Their parents feel the same way. In some societies it's considered taboo to even broach the subject. And, even where sexuality education is taught at schools, research has shown that effective communication between young people and teachers is hindered because of age differences and, in some places, because of the societal taboos.

      

      
        Analysis shows lone actors more likely to commit terrorist acts than US extremist groups
        Extremist groups like the Ku Klux Klan and the Proud Boys have long been an ugly undercurrent of American culture. But despite these groups' hateful rhetoric, their ranks have largely refrained from committing violent acts over the past three decades, according to research conducted by Andrew Vitek, associate teaching professor of political science and director of the Department of Political Science's counterterrorism option at Penn State.

      

      
        No, getting your boyfriend to peel an orange won't prove his loyalty--why TikTok relationship 'tests' are useless
        Have you ever wondered if your partner really loves you? Well apparently so have thousands of TikTok users, who are testing their theories for the world to see.

      

      
        First evidence of ancient human occupation found in giant lava tube cave in Saudi Arabia
        If you look from above, you can see thousands of stone structures dotting the landscape of the Arabian peninsula. On the ground, you can find a bounty of stone tools and ancient fireplaces scattered along the edges of ancient lakes, as well as rock art depicting hunting and herding scenes in the surrounding mountains.

      

      
        Training of brain processes makes reading more efficient
        A team of researchers from the University of Cologne and the University of Wurzburg have found in training studies that the distinction between known and unknown words can be trained and leads to more efficient reading. Recognizing words is necessary to understand the meaning of a text. When we read, we move our eyes very efficiently and quickly from word to word.

      

      
        Data-driven music: Converting climate measurements into music
        A geo-environmental scientist from Japan has composed a string quartet using sonified climate data. The 6-minute-long composition--titled "String Quartet No. 1 "Polar Energy Budget"--is based on over 30 years of satellite-collected climate data from the Arctic and Antarctic and aims to garner attention on how climate is driven by the input and output of energy at the poles.

      

      
        Mind the gender gap: Study finds London police least trusted by women
        Across all England's regions, a study appearing in the journal Policing & Society spotlights London's Metropolitan Police as the area where women trust the least.

      

      
        Current police response to intimate partner violence calls for change, researchers say
        Policing of intimate partner violence (IPV) may result in adverse consequences for survivors, according to a new study at Columbia University Mailman School of Public Health. However, the evidence concerning the generalized consequences of IPV policing has not been comprehensively evaluated until now and the results call into question whether IPV policing benefits survivors.

      

      
        Fracking the future: How Congolese oil extraction has shaped its history and its fate
        In 1969, the recently independent Republic of Congo discovered an enormous oil field off its coast. The find represented both a rare opportunity for the burgeoning nation, and a potential threat--the revenue generated by oil extraction could either pave the way for a stable socialist society, or doom the country to exploitation much like that it had endured under French colonialism.

      

      
        Researchers find lower grades given to students with surnames that come later in alphabetical order
        Knowing your ABCs is essential to academic success, but having a last name starting with A, B or C might also help make the grade.

      

      
        Study examines influence of social media on televised debate viewing
        Anyone who regularly watches news or sports has likely noticed the steady creep of content competing for screen space, whether it be stock market prices, social media posts, game scores or some other graphic display. Previous studies have indicated that high-intensity visuals that employ vibrant displays of information tend to hamper both long- and short-term memory.

      

      
        Researchers investigate culture-specific trauma responses in Switzerland
        The heavy impact of traumatic experiences can differ depending on culture and geography. According to a new study from the University of Zurich, the culture-specific sequelae of trauma found in Switzerland align with the norms of a competitive and individualistic society. Post-traumatic coping strategies in Switzerland tend to involve closer connections to nature.

      

      
        In life cycle diagrams, small changes make a big difference
        Life cycle diagrams are ubiquitous in science textbooks, and they may be due for some updates. A new study finds simple design changes in these diagrams can have a dramatic impact on the ability of undergraduate students to understand key biology concepts.

      

      
        How groups and technology tackle complex problems together
        Picture a group of students tackling a complex project: some are brainstorming, others are researching, and some are planning the presentation. Each student plays a unique role, yet they all work together.

      

      
        Research highlights new ways to tackle outlaw motorcycle gangs
        Deakin University criminology research can provide clues for law enforcement about the relationship between outlaw motorcycle gang (OMCG) clubs and how to combat gang crime.

      

      
        Exploring why young women in Australia are reluctant to enter politics
        Despite growing momentum to increase female representation in Australia's national parliament, it continues to be a male dominated domain. New research from Monash University explores why young women still feel reluctant to become a member of the national parliament.

      

      
        UK study finds young adults taking longer to find work than preceding generation
        The proportion of U.K. graduates who found work straight out of university fell by nearly 30% between those born in the late 70s to those a decade younger, according to a new study involving a University of Liverpool researcher.
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Compassionate leadership has tangible benefits: CEOs' expressions of empathy correlate with positive stock performance, a study led by the University of Zurich shows. The researchers analyzed data from conference calls between CEOs and financial analysts during the COVID-19 pandemic. The paper is published in the journal Academy of Management Discoveries.




										      
         
        
        
        

      

																																	The COVID-19 pandemic prompted an unprecedented financial crisis. Between 24 February 2020, and 20 March 2020, the value of U.S. companies on the stock market decreased significantly, surpassing the decline during the 2008-2009 financial crisis.

At the onset of the pandemic, several CEOs made statements in conference calls with financial analysts that were not directly related to the business at hand, expressing their concerns for people. These statements are the focus of a new study by researchers from the University of Zurich, the London School of Economics and Political Science and Cambridge Judge Business School.

The researchers analyzed 510 CEO conference calls by 448 large U.S. companies during the COVID-19 pandemic. They discovered that, despite the human-centric context of the pandemic, just over a half (51.8%) of the CEOs made at least one statement that expressed care for people during the calls. Furthermore, most of these statements were superficial and lacked concrete actions. Despite this, companies whose CEOs acknowledged the human impact of the pandemic had better stock prices than those whose CEOs did not.

Surprising effect of cheap talk

First author Lauren Howe remembers reading transcripts of conference calls that executives held with financial analysts in May 2020.

"I was intrigued by the fact that some CEOs referenced their concern for the health and safety of employees, customers and others affected by the virus. At first glance, these statements seem to be of little relevance for financial analysts and therefore should not affect them."

At the same time, conference calls are one of the prime ways in which investors get live access to CEOs. What CEOs say on these calls, and how they say it, can significantly impact markets. During a crisis like COVID-19, it is plausible that investors pay even closer attention to these calls.

While the fact that CEOs addressed the human impact of the crisis is commendable, their statements did not indicate any tangible actions to protect people and their well-being. However, the researchers surprisingly discovered that a CEO's use of human care statements seemed to have a positive impact on their company's stock prices during the market crash--despite the superficial nature of these statements.

Making just one additional human care statement was associated with a 2.49 percentage point increase in cumulative returns. Given that the median market value of equity in the sample of companies analyzed in the study was approximately $3.17 billion, this effect resulted in roughly $78.9 million of company financial value preserved in the wake of the crisis.


																																						
    
     




																																			Leadership is about performance and people

In follow-up analyses, the researchers discovered that human care statements were linked to lower stock volatility during the crisis, but not to analysts' assessments of future earnings. The findings about volatility indicate that market participants were less likely to discount a company's future earnings--perceiving these stocks as less risky--when the CEO expressed concern for people.

The discovery is remarkable given that these statements communicated generic acknowledgments of care for people without specific plans or actions and had little direct financial relevance.

The findings emphasize the significance of CEOs showing humanity in their communications and its implications for investor perception and company performance. CEOs who solely focus on communicating about performance miss the chance to demonstrate the care for people that is expected from them.

"Leadership is about both performance and people," last author Jochen Menges said. "Our study provides evidence that care for people pays off--even in conference calls with analysts and investors who are expected to focus squarely on performance."

Statements from CEOs in conference calls during the COVID-19 pandemic

"I mean, first of all, any time people are sick or tragically lost their lives that's a much more important topic than anything we're covering today. So, I just want to sort of put a fine point on that," said Strauss H. Zelnick, CEO of Take-Two Interactive Software, Inc.

"First off, the whole coronavirus situation is a human situation. It's kind of a human tragedy," said Andrew Anagnost, CEO of Autodesk, Inc.

"Obviously, the coronavirus makes a very fluid situation. [...] I'll start by saying, our first priority is making sure that our employees, partners and customers are safe," said Anders Gustafsson, CEO of Zebra
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												Lauren Howe et al, CEOs Showing Humanity: Seemingly Generic Human Care Statements in Conference Calls and Stock Market Performance during Crisis, Academy of Management Discoveries (2024). DOI: 10.5465/amd.2021.0225
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The peak of the cost-of-living crisis may have passed, but millions of families are struggling to buy enough food to feed their children. Experiencing food insecurity can be deeply damaging for children and negatively affects their achievement at school.




										      
         
        
        
        

      

																																	
My research, alongside other studies, shows that schools are operating their own food banks and providing charitable food aid to families. This shows how the education system--from early years to secondary schools--is increasingly at the front line in responding to child poverty, food insecurity, and destitution.

At the start of the financial crisis in 2008 there were few food banks in the UK. Now they are in towns and cities across the country. In 2010-11, charity the Trussell Trust operated 35 food bank centers. Now, the charity runs over 1400.

Recent research from the charity the Food Foundation estimates that one in five families with children do not have secure access to food.


																																						
    
     




																																			After almost a decade and a half of Conservative governments, a significant number of schools are running food banks to support families and children.

I interviewed school staff at 25 schools across England, in towns and cities including Bristol, Liverpool and London. I wanted to understand how and why schools are providing charitable food to families.

The message was clear: schools were running food banks because they were faced with growing poverty and families struggling financially. Parents can't afford to buy food or pay bills, and turn to schools for help. As one staff member I spoke to said, "They don't have enough food, they don't eat typically well because they can't afford it, and that's no fault of their own."

Teachers talked about the cost of living crisis and changes to the UK's benefit system--in particular the replacement of a number of previous benefit allowances with universal credit--as reasons the food banks were necessary. Research has suggested that the switch to universal credit is leaving some families worse off. "It's less than what they're on before. And we have that period where you swap [systems] where you haven't got any money," one teacher said.

Some of the families supported by school food banks did not qualify for free school meals for their children but were still struggling. Commenting on who made use of the foodbank, one teacher said, "Sometimes it's the ones who have free school meals and sometimes it's the next lot up that are working families and just have absolutely no money at all and no-one to support them or help them with that because they just miss it."

The growth of food banks in schools shows how schools are often acting as an emergency service. "The government has dismantled public services over the past decade and schools are the last people standing," Ann Longfield, former children's commissioner for England, has recently commented.


																																			A growing problem

The latest research I am working on with colleagues throws the situation facing families and schools into even starker relief. We are currently investigating how many school-based food banks there are in England and the sorts of schools they are located in.

Our new research, which has not yet been published in a peer-reviewed journal, suggests that 21% of primary and secondary schools operate some kind of food bank. We estimate that this amounts to more than 4,000 school-based food banks across England.

This would mean that there are now more food banks inside schools than the combined total of food banks operated by charities the Trussell Trust--the UK's largest food bank operator--and the Independent Food Aid Network.

If schools are now systematically supporting families through charitable food aid, they need guidance, support and funding. Families need well-paid and secure work and a social security system that provides people with both dignity and the financial means to buy essentials, which includes being able to buy food and clothes and heat their homes.

It's worth remembering that the goal of a well-functioning welfare state should be to prevent poverty and destitution in the first place rather than provide relief for them after the fact.

Plans to dramatically reduce child poverty, food insecurity and inequality must be central to all political parties' election manifestos.
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The effects of climate variability on children's migration and childcare practices in sub-Saharan Africa
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Shifting weather caused by climate change, especially drought and heat, is linked to a rise in the number of children being raised outside of their biological parents' households in sub-Saharan Africa, according to a study led by researchers at Penn State. The findings highlight the effects climate change may have on children and social support systems, researchers said, a question that has received relatively little attention from researchers and the policy community.



										      
         
        
        
        

      

																																	
The researchers found that when households in sub-Saharan Africa experienced less than typical precipitation in the year prior--droughts, in many cases--they were less likely to add a foster child to their household. Among the households with the most children, precipitation deficits also increased the likelihood a child would be out-fostered--sent to live in another household. Heat stress was also associated with changes in children's living arrangements, reducing the likelihood that better-off households would in-foster children.

In many parts of Africa, fostering is a common and often informal practice, the researchers said, with children living with families other than their biological parents for anywhere between a few months and several years. Fostering can serve several purposes, including to help children access better educational opportunities, to reduce the resource demand in the sending household and to provide labor to the receiving household.

This study, published in the journal Population and Environment, suggests that environmental stressors can shape many of these incentives and opportunities across the region. The paper also received an award for the best graduate-student-led paper from the University of Minnesota's IPUMS program.


																																						
    
     




																																			Co-author Brian Thiede, associate professor of rural sociology, sociology and demography in Penn State's College of Agricultural Sciences, said these findings may reflect the fact that droughts can constrain household resources, which incentivizes moving children to other households and reduces the likelihood that even better-off households will want to host an additional child.

"We knew that child fostering--the transfer of children from one household to another--is used in some contexts to adapt to economic stress," Thiede said. "It therefore seemed plausible to expect the effects of climate shocks to affect fostering."

He added that while previous work has shown that climate change can influence children's health and education, these new findings suggest that it also may influence whether they remain in their household of birth.

"In some cases, parents might decide to foster their children out to other households as a way to increase the children's chances for education and nutrition, among other outcomes," Thiede said. "So, when fewer households take in those fosters, these children may lose those opportunities."

As climate change shifts temperature patterns and increases the chances of severe weather events around the globe, the researchers said there has been significant interest among academics and policymakers in how climate change may displace populations and increase migration.

Most of the studies on this topic have focused on the migration of working-age adults, with much less attention given to mobility among other populations, such as children, Thiede said. But understanding whether and how environmental stressors can affect child fostering is important, he added, since fostering is associated with many aspects of children's well-being, including their health and education.


																																			For the study, Thiede teamed up with Sara Ronnkvist, lead author on the paper and now a doctoral student in sociology at the University of Wisconsin-Madison, who he mentored through the 2019 Drawdown Scholars Program hosted by Penn State. They were joined by Emma Barber, who graduated from Penn State in 2020 with a bachelor of science in community, environment, and development and who worked on the project with the support of an undergraduate research award from the College of Agricultural Sciences.

The team analyzed nationally representative data on 23 sub-Saharan African countries from the U.S. Agency for International Development's Demographic and Health Surveys (DHS), which included information on demographics, health and nutrition among households included in the program.

They also used DHS birth records and household roster data to find the number of children fostered out to other families, as well as the number of children taken in by foster families. Finally, the researchers combined these data with detailed temperature and precipitation records for each of the communities covered by their dataset.

Thiede said the findings underscore the need to think more critically about how climate change may affect migration as weather patterns continue to evolve.

"While popular theories suggest that climate change will lead to large-scale population displacements, the empirical evidence suggests that impact will vary widely across groups," he said. "How and whether these displacements happen will depend on whether migration increases or decreases, how far those who migrate move and the needs of impacted individuals."

The researchers said future studies could continue to build on their findings by studying how climate-related changes in fostering patterns affect children's health and education. They also emphasized the need to study how social protection policies could reduce the hardships associated with environmental change and improve outcomes among the children who continue to live in kinship care arrangements.
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When we consider how leaders get to the top, we might think of somebody like Jordan Belfort, the millionaire stockbroker portrayed by Leonardo DiCaprio in the Wolf of Wall Street. And humility is probably not the word that comes to mind.



										      
         
        
        
        

      

																																	
However, Belfort's rise was followed by a fall (he ended up in jail). For those who want to reach the top and stay there, it may be best to stay humble.

Humble leaders express their humility in three dimensions. They view themselves accurately and acknowledge their limitations. They show appreciation for their followers' contributions. They are also open to ideas and feedback. When leaders show all three attributes, they are considered to be humble.

So how can humility help those who want to reach the top? We studied how humble leaders can become more promotable and found that they accomplish that by growing others in what is known as a "humility route."

Human capital theory suggests that employees' value can be enhanced by investing in their knowledge, skills and abilities. It's not only important for employees, it also creates value for organizations.

Using human capital theory, our research shows that humble leaders focus on the learning and growth of their followers. By doing so, they also create human capital value for themselves in the process.


																																						
    
     




																																			Humble leaders tend to engage in more informal mentoring, and through that they gain influence and power in terms of promotability. They provide career guidance to their proteges and help them to prosper.

But at the same time, their engagement in learning also boosts their own human capital. In such a developmental relationship, humble leaders gain respect, prestige and prominence, and they gather a group of followers with high human capital.

This enhances their status in the organization. It's a win-win for leaders, their followers and the organizations they work for.

Our study used survey data from a sample of 610 leaders who worked in 18 industries and across 21 job functions. The leaders' direct followers, peers, immediate bosses and superiors reported back on the leaders.

The measures in the survey included the leader's humility, informal mentoring, status and promotability. We found that humble leaders earn higher status and enhanced promotability through engaging in mentoring behaviors.

So if you want to be more promotable, it may pay to stay humble.


																																			A more sustainable path to the top

But why are some leaders so arrogant if there is a "humility route" to success? A great deal of evidence shows that humble leaders outperform arrogant leaders. And yet, many leaders at every level have a hard time admitting mistakes, praising followers' strengths and being teachable.

The arrogant, narcissistic, bullying and dominating Wolf of Wall Street stereotype may be the most common and immediate route to the top. After all, this sort of behavior can lead to quick wins which are are easily noticed and glamorized, reinforcing the stereotype in popular culture and media.

But while this path can offer short-term gains, it often lacks stability. Even the famed Renaissance Italian political theorist Niccolo Machiavelli--a well-known figure of dominance strategy--ended up being tortured, imprisoned and then exiled.

In contrast, humility offers a more stable and less visible route to success. Humble leaders typically achieve their status through fostering growth in others, engaging in mentoring, and creating a network of highly capable, loyal and enthusiastic followers.

This network in turn provides the humble leader with high status, leading to them being viewed favorably by superiors. But such an approach may not grab attention or fit the dramatic narratives preferred by media, making it less visible to the public.

The key difference lies in the nature of success each approach brings. Dominance may lead to a rapid ascent but is often accompanied by volatility.

Humility, on the other hand, cultivates a foundation of strong relationships and a positive reputation, leading to a more stable and enduring success. This explains why the Wolf of Wall Street stereotype persists, despite the proven benefits of humility in achieving long-term leadership success.


																																						
    
     




																																			How to foster humility

Expressing humility helps leaders earn career success as they increase human capital, which is vital to organizations. In recent years there has been a growing interest in humility in the workplace, particularly among leaders. It's time to re-evaluate perceptions about the value of humility in leadership.

You can show more humility as you lead. You can evaluate your own limitations and be sensitive to them. You can try to admit them by saying, "This is something I could do better."

You can also put your focus on the followers, acknowledge what they have done well and give them positive feedback. You can also be more open to feedback yourself and consider your followers' ideas more.

There are a few ways that organizations can cultivate humility. They can build the perception that expressing humility is valued. They can also organize training programs that develop humility in leaders and consider including humility as part of performance evaluations.

And lastly, they can encourage feedback on humble behaviors, promote informal mentoring and foster a culture of humility that centers on learning. That way, they can develop groups of employees who focus on the "humility route" to career success.
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Most teenagers dread talking about sex with their parents. Their parents feel the same way. In some societies it's considered taboo to even broach the subject. And, even where sexuality education is taught at schools, research has shown that effective communication between young people and teachers is hindered because of age differences and, in some places, because of the societal taboos.




										      
         
        
        
        

      

																																	
How might technology improve the situation?

Adolescents spend a lot of time on their electronic devices. A study in the US found that teens were using their phones, tablets or laptops for social media, gaming and texting for about 81/2 hours every day; tweens (ages eight to 12) rack up about 5.5 hours daily.

Much has been written about the downsides of screen time for teens. But, as a public health scholar who studies adolescent sexual and reproductive health, I believe that social media platforms could be a powerful resource for sexuality education and support. These platforms can also be a gateway for young people who need to access essential resources and support services.

This is already happening in some parts of the world. For instance, Planned Parenthood in the US has accounts on several social media platforms (Twitter, Instagram, Facebook and YouTube) where it shares public health messaging, contact details and information about sexual and reproductive health and rights. It also invites people to get in touch and ask questions.

The potential value of social media to sexuality education in South Africa was underscored during a recent study I conducted in the country's KwaZulu-Natal province. Learners were asked how their schools' sexuality education program could be improved. Many suggested that social media had an important role to play.

Integrating social media into school-based sexuality education programs in South Africa has the potential to reinforce curriculum messages and, ultimately, lead to improved sexual and reproductive health outcomes among learners--particularly those in rural areas where access to information and services is limited.


																																						
    
     




																																			The study

I conducted my study in KwaZulu-Natal's King Cetshwayo area. The municipality's main city is Richards Bay and the area I worked in is largely rural and under-served.

The participants came from nine schools. They were all aged between 14 and 19, were fluent in either English or isiZulu, and were enrolled in grades 10 or 11. Participation was voluntary; ultimately I worked with 35 boys and 49 girls.

The study revealed that about 60% of the participants were sexually active, with many having had multiple partners in the past three years. While most sexually active participants (41) reported condom use, eight used them inconsistently. Four girls had been pregnant before.

During our discussions, it became clear that many learners found it difficult to talk about sex even during Life Orientation lessons (this subject includes modules on sexuality and reproductive health).

A 17-year-old male said, "Most of us are not comfortable talking about sex in (Life Orientation) classes because some students will tease you or joke about you. Some teachers also will judge you and treat you like you don't have morals if you talk about sex too much."

An 18-year-old male said, "My family avoid talking about sex with me. They just warned me not to do it. We don't talk about sex in our church either. It is uncomfortable to talk about what we learnt in LO with my parents."

Both participants said that social media spaces and informational websites, where they could remain anonymous, would be helpful.

Others suggested that social media could complement what they were taught in the Life Orientation curriculum. A 17-year-old female said, "It is difficult to remember everything in the class. Many of us have phones so maybe a WhatsApp group can be created so we can continue the discussion at home."

However, participants also pointed out the potential problems with using social media for sexuality education. These included poor internet connectivity, the high cost of both mobile devices and data, and the risk of social media platforms sharing inaccurate or deliberately misleading information.

Said one 17-year-old male: "We need to be careful, our teachers must be involved in forming the social media because they know us and the problems we face. We cannot believe everything we see on the social media if we don't know the person who posted it. It could be misinformation."


																																			Implications

It is clear from my findings that using social media platforms for sexuality education has potential even in low-income settings in African countries.

To deal with the prohibitively high cost of data, major internet service providers and information and communications technology companies should be engaged to negotiate potential discounts for teen users. They could also be lobbied to zero-rate any social media platform that offers scientifically accurate sexuality and reproductive health information. Users can access zero-rated sites for free.

Teachers, parents, health care providers and community actors can come together on these platforms to share resources, exchange knowledge and coordinate efforts towards improving adolescent sexual health outcomes. From peer and professional development among sexuality education teachers to parent-teacher engagement and school-community partnerships--the possibilities are endless.

Of course, as some of my participants pointed out, not all parents will necessarily be open to this approach: "My parents think the teachers are 'spoiling' us by teaching us about sexuality. They think teacher should not expose us to information like that at our age. If our teachers can form a WhatsApp group with our parents, maybe they will understand." (Male, 17)

This will need to be addressed. Policymakers, educators, health care professionals, community leaders and parents can be brought together for awareness and education sessions to help everyone understand why this approach is helpful.

Investment in research and innovation is also essential to ensure that South Africa stays ahead of the curve in using technology for health promotion. This includes developing evidence-based interventions, monitoring and evaluating their effectiveness, and adapting strategies to meet the evolving needs of young people in a rapidly changing digital landscape.
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Analysis shows lone actors more likely to commit terrorist acts than US extremist groups
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Extremist groups like the Ku Klux Klan and the Proud Boys have long been an ugly undercurrent of American culture. But despite these groups' hateful rhetoric, their ranks have largely refrained from committing violent acts over the past three decades, according to research conducted by Andrew Vitek, associate teaching professor of political science and director of the Department of Political Science's counterterrorism option at Penn State.



										      
         
        
        
        

      

																																	
Using the University of Maryland's Profiles of Individual Radicalization in the United States (PIRUS) dataset, Vitek analyzed a pool of 1,064 individuals found guilty of ideologically motivated crimes between 1990 and 2017.

He found that those who were involved in formal organizations were significantly less likely to commit a terrorist act because the groups have a vested interest in keeping their membership out of legal trouble. He published the study findings in the journal Dynamics of Asymmetric Conflict.

The study draws a distinction between acts of extreme violence, or what Vitek calls indiscriminate violence, and other forms of violence that may not bring the same amount of attention from law enforcement.

"We tend to fixate on events like Jan. 6, 2021, but that's not indicative of what domestic terrorism in this country looks like," Vitek said. "It looks like the Buffalo grocery store shooting. It looks like the Tree of Life Synagogue shooting in Pittsburgh. It looks like lone actors with automatic weapons attacking soft targets in mass shooting events.

"The article adds to what researchers on violent extremism have been saying for a long time--these movements aren't encapsulated within specific groups," Vitek added. "If you're trying to understand the vectors and pathways of violent radicalization, it's not enough to look at hate groups or formal organizations that are advocating hate. These movements are highly decentralized and not dependent on a particular organization."


																																						
    
     




																																			Through PIRUS, a cataloging of individuals in the U.S. convicted of ideologically motivated crimes, Vitek broke down the types of crimes committed--everything from planned terror attacks to drunken brawls to violent rhetoric--and examined the organizational affiliations of the perpetrators.

From there, he looked at the organizations in the context of law enforcement responses and research highlighting the strategic shift within the white power movement, including the concept of leaderless resistance, where the legal and paramilitary wings of an extremist group are kept separate. The concept came from law enforcement's extensive targeting of extremist organizations during the late 1970s and early 1980s.

"During this period, many of these groups were infiltrated, a number of their key leaders were either arrested or killed, and there were numerous shootouts and standoffs with the FBI," Vitek said.

"The general consensus that these groups formed was that to avoid being targeted by law enforcement, the visible elements of the organization needed to be completely compartmentalized from any kind of violent activity--because violent activity brings the feds. If one of the members starts messing around, that's when the feds start looking at you and the organization becomes exposed in ways that could threaten its entire existence."

Of course, Vitek noted, the groups continued to engage in violent rhetoric. And thanks to the internet, there became less of a need for those with extremist views to join formal organizations.


																																			"You don't need to attend a Klan meeting to be exposed to white power propaganda--you just need to be on the right websites," he said.

The findings show that those who committed hate crimes during the study period were more likely to be lone actors, or those working within unofficial small groups of extremists, as was the case with Oklahoma City bomber Timothy McVeigh.

Vitek also cited Dylan Roof, the mass shooter who killed nine African Americans at Charleston, South Carolina's Emanuel African Methodist Episcopal Church in 2015. In his manifesto, Roof said literature published by an extremist group played a role in his radicalization.

"That group gave very clear public statements--'Hey, this guy is not a member of our organization. All we did was tell him the truth about Black on white crime,'" Vitek said. "Putting that propaganda out there is chum in the water for these lone actors."

Many extremist groups avoid publicity, while others are what Vitek calls "semi-public facing," like the Oath Keepers militia, which, like the Proud Boys, had several of its members charged and convicted of seditious conspiracy for their role in the Jan. 6 mob attack on the U.S. Capitol Building.

If anything, Vitek said, events like Jan. 6 and the 2017 Charlottesville "Unite the Right" white nationalist rally have re-emphasized the need for caution among public-facing extremist groups.

"Combating violent extremism is going to come down to research that's being done on tools of counter-radicalization as well as a lot more digital and media literacy," Vitek said.
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Have you ever wondered if your partner really loves you? Well apparently so have thousands of TikTok users, who are testing their theories for the world to see.



										      
         
        
        
        

      

																																	
In the past year we've seen a rise in TikTok trends that purport to "test" a partner's loyalty or the strength of a couple's relationship. These tests vary in severity, from telling your partner you saw a cool bird and hoping they respond with equal enthusiasm, to asking an influencer to flirt with them to see if they'll cheat.

If this sound stressful or potentially problematic to you, that's because it is.

What are these tests?

Generally, TikTok relationship tests involve the tester acting a certain way in front of their partner, while making a video, and posting the results on TikTok for others to judge.

Several different tests have trended this year. One of the most popular is the orange peel "theory" (we use the word very lightly here), in which the tester tells their partner they feel like eating an orange.

Some partners simply acknowledge the comment, while others actually go and get an orange. But the "winners" are those who first retrieve the orange and then happily peel or cut it up for their significant other.

In another popular test, women TikTokers ask their partners to "name a woman." If they respond with any name other than the tester's, the woman pretends to act shocked, surprised or angry.


																																						
    
     




																																			Why do we watch?

So why do millions of people watch and comment on these videos? There are two things we can point to here.

The first is the close resemblance these videos have to reality television, which research has shown we watch, in part, to feel better about ourselves.

Research has also found people are more likely to like, share and comment on stories when they feel a sense of moral outrage. It then comes with a pleasurable payoff once the source of the outrage seemingly gets what they deserve.

One emotion at play here is "schadenfreude," which refers to taking pleasure from another's pain. Whether we agree someone's boyfriend deserves to be called out, or that the original poster "had it coming" with the response, we tend to feel satisfied by being part of the mob response.

Unfortunately, this motivates a hostile online environment. In such spaces, where we see others piling on the shame, we're also more likely to do so ourselves.

Are the 'tests' legitimate in any way?

It's safe to assume relationship TikTok tests aren't even close to what would be recommended by relationship science. Currently in psychology research there is no single diagnostic test that can give us exact information about the validity or longevity of someone's relationship.

Such psychological assessment is complex and can require multiple types of assessment. Moreover, these assessments are often done in various contexts and with feedback from multiple others. Even well-designed personality tests can give questionable, useless or misleading information when applied at an individual level.

Relationships benefit from all parties taking the time to understand one another--not from rushing to diagnose and assign labels.


																																			How might the tests be harmful?

Sometimes we treat our partner as an object: a means to the end of our own desires, with no recognition of their desires.

These TikTok video are often driven by a desire for personal fame, reassurance about the security of one's relationship, or wanting to feel like the "superior" partner. Of course this can backfire, especially if the person being unwittingly "tested" has their response shared online against their will.

People in relationships are interdependent. This means they influence each other and can choose to meet or deny each other's needs.

When our needs aren't met, communication is necessary to understand what matters to each person, and why a particular behavior or pattern of behavior is hurtful. It also requires a shared understanding of how to move forward together.

Working through what happened, taking time to recognize each other's needs and agreeing on the shared values underpinning a conflict are important for repairing a relationship. Using a shame-based video to prove a point suggests the absence of healthy communication.

Beyond that, people tend to seek out information that confirms what they already think. This is called "confirmation bias". If someone feels insecure about their partnership, they may subconsciously seek out information that confirms their insecurities, or interpret new information in this way.

Research has found if you act in a way that's untrustworthy--such as setting up your partner to fail in a TikTok "test"--you are more likely to create insecurity in your relationship.

The line between humor and harm

Of course, some people posting these videos are just doing so to be playful or funny. Their partner may not mind, or may even be in on the gag. As long as a behavior is an expression of a couple's shared values, is done with consent (especially in terms of uploading the video online) and makes both parties feel respected, who are we to judge?

At the same time, many TikTok relationship tests presented as "jokes" will often portray women as being stereotypically jealous, needy or manipulative. And like all media that stereotype men and women, such content can further feed sexist attitudes and harm our relationships.
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                The western passage of the Umm Jirsan lava tube. Credit: Green Arabia Project
            
        

    


If you look from above, you can see thousands of stone structures dotting the landscape of the Arabian peninsula. On the ground, you can find a bounty of stone tools and ancient fireplaces scattered along the edges of ancient lakes, as well as rock art depicting hunting and herding scenes in the surrounding mountains.




										      
         
        
        
        

      

																																	
Despite the visibility of these sites, only in the past decade or so have archaeologists taken a dedicated interest in them. Some of the structures have now been dated at up to 10,000 years old.

However, the arid climate, baking days and freezing nights, and intense wind erosion are not kind to some of the other relics archaeologists prize. To date, there has been little found in the way of fossils or the kind of deeply buried, layered deposits that can open a window onto the history of a place.

Until recently, no archaeologists had surveyed any of the hundreds of caves and lava tubes recorded across northern Arabia. In 2019, our team began to look in these subterranean locations--and in a new study published April 17 in PLoS ONE, we report on the first documented occupation of a lava tube in the Arabian Peninsula.

The Umm Jirsan lava tube

The Umm Jirsan lava tube lies some 125 kilometers north of the city of Madinah, in the Harrat Khaybar lava field. The tube formed long ago by cooling lava. It winds an impressive 1.5 kilometers, and reaches 12 meters in height and 45 meters in width in some sections.
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                At the mouth of the eastern passage of Umm Jirsan. Credit: Green Arabia Project
            
        

    



The first thing you notice when venturing into the tube's dark and meandering tunnels is the sheer number of animal remains. The floor is strewn with piles of bones containing thousands--if not hundreds of thousands--of exceptionally preserved fossils.


																																						
    
     




																																			These bone-piles are the work of striped hyenas, which drag bones underground to eat, stash away for times of food scarcity, or process and feed to cubs. This process, repeated over millennia, has produced some of the most incredible accumulations of fossils seen anywhere in the world.

But it's not all just bones. When we surveyed the entrances of Umm Jirsan--essentially areas where the roof has collapsed, providing access to the lava tube--we uncovered hundreds of stone artifacts made from obsidian, chert and basalt.

Although exciting, these artifacts were all surface finds, making them extremely difficult to date. We needed to look deeper.
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                Saudi archaeologist Badr Zahrani working on the excavation. Credit: Green Arabia Project
            
        

    



Digging in

We excavated in the mouth of the eastern passage, near a series of semi-circular stone structures of an unknown age or function. The excavation uncovered more stone artifacts--all made from fine-grained green obsidian--as well as animal bones and charcoal.

Most of the stone artifacts came from a discrete sediment layer roughly 75 centimeters beneath the surface. Radiocarbon dating of the charcoal, and dating of the sediments using a method known as optically stimulated luminescence dating, revealed this main occupation phase likely occurred between 7,000 and 10,000 years ago.

We also found some interesting objects in the surrounding landscape. These included more stone artifacts and circular structures, as well as a so-called "I-type" structure. These constructions are believed to date to around 7,000 years ago, based on their association with large rectangular structures known as mustatils, which we believe were used for ritual animal sacrifices.


																																			We also found the first rock art discovered in the area. This includes depictions of herding scenes of cattle, sheep and goat, and even hunting scenes involving dogs. This art has similarities with other rock art in Arabia from the Neolithic and the later Bronze Age. It includes overlapping engravings, suggesting people visited the area repeatedly over thousands of years.

We also found human remains at Umm Jirsan, which we dated to the Neolithic and Bronze Age periods. By analyzing the carbon and nitrogen in these remains, we found these people's diets were consistently high in protein--though they ate more fruit and cereals over time.



Interestingly, this change in diet appears to coincide with the arrival of oasis agriculture in the region. This saw the emergence of sophisticated farming and water management techniques that enabled people to settle in the deserts more permanently and cultivate plants such as dates and figs.

We made another interesting finding after coming home from the dig. Studying maps of archaeological structures in the wider area, we noticed Umm Jirsan sits along a "funerary avenue" connecting two major oases.

These funerary avenues, which consist of chains of tombs stretching hundreds of kilometers, are believed to have been routes used by Bronze Age pastoralists as they transported their herds between water sources.

We think Umm Jirsan may have been a stopping-off point for pastoralists, a place that offered shelter and water in an otherwise dry and harsh environment.

Archaeologists have made remarkable finds in Arabia in recent years, in settings such as ancient lakebeds. Our finds at Umm Jirsan add another important element to the story of Arabian societies over time, and how they interacted with this dramatic landscape.
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                The lexical categorization process and its implementation in the left-ventral occipito-temporal cortex. Credit: npj Science of Learning (2024). DOI: 10.1038/s41539-024-00237-7
            
        

    


A team of researchers from the University of Cologne and the University of Wurzburg have found in training studies that the distinction between known and unknown words can be trained and leads to more efficient reading. Recognizing words is necessary to understand the meaning of a text. When we read, we move our eyes very efficiently and quickly from word to word.



										      
         
        
        
        

      

																																	
This reading flow is interrupted when we encounter a word we do not know, a situation common when learning a new language. The words of the new language might have yet to be comprehended in their entirety, and language-specific peculiarities in spelling still need to be internalized. The team of psychologists led by junior professor Dr. Benjamin Gagl from the University of Cologne's Faculty of Human Sciences has now found a method to optimize this process.

The current research results were published in npj Science of Learning under the title "Investigating lexical categorization in reading based on joint diagnostic and training approaches for language learners." Starting in May, follow-up studies extending the training program will be carried out.

"Reading is essential for information processing," said lead author Benjamin Gagl, who has been studying the cognitive and neural processes of word recognition for years. Two years ago, he and a team of researchers showed that in our understanding of the processes implemented in word recognition, psychological theories do not make sufficiently precise assumptions about the exact functions of one of the most frequently activated brain areas in the left temporal lobe.

To close this knowledge gap, Gagl and his colleagues developed a model that uses established behavioral findings from psychology to predict the activation of this reading area in the brain; this model serves as the basis for the training program described in the new study.


																																						
    
     




																																			Word filters as a building block for efficient reading

The model assumes that this brain region functions like a filter and separates already-known words from irrelevant or not-yet-known letter combinations; only known words are allowed to 'pass' to initiate consequential linguistic processing. However, when we encounter a new word, we cannot continue reading but would need to look up the word in a lexicon or on the Internet to understand its meaning.

The training procedures central to the current study were motivated by the assumptions of the "Lexical Categorization Model." Behavioral studies showed that reading skills improved when participants were trained in this filtering process central to efficient reading. The training procedure included simple tasks in which readers should distinguish words from non-words (e.g., path vs. poth) by pressing a button.

After three training days, reading performance substantially improved in three separate studies. The team also used a machine learning-based diagnostic procedure that can increase the efficiency of training as it can detect participants who would likely not benefit from further training. This allows a decision to be made individually for each learner as to whether the lexical categorization training is worth the effort or whether alternative training should be carried out instead.

New ways to compensate for reading problems

As part of a newly acquired project starting on 1 May, the researchers will further develop the computer models, motivating new training approaches for language learning or for the compensation of other reading disorders. In addition to the field of German as a foreign language, the training approaches can potentially be used in dyslexia treatment.

"Neuro-cognitive computer models can be used to implement basic scientific findings to be used in individual diagnostic training programs in educational and clinical settings. This enables us to help individual learners to optimize their reading skills and thus significantly improve their information processing skills," said Gagl.



																																																					
																				
																						More information:
												Benjamin Gagl et al, Investigating lexical categorization in reading based on joint diagnostic and training approaches for language learners, npj Science of Learning (2024). DOI: 10.1038/s41539-024-00237-7
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Data-driven music: Converting climate measurements into music

										

    
        
            [image: Data-driven music: Converting climate measurements into music]
             
                This photograph is a still from the performance of String Quartet No. 1 "Polar Energy Budget," composed by Hiroto Nagai. Credit: Hiroto Nagai
            
        

    


A geo-environmental scientist from Japan has composed a string quartet using sonified climate data. The 6-minute-long composition--titled "String Quartet No. 1 "Polar Energy Budget"--is based on over 30 years of satellite-collected climate data from the Arctic and Antarctic and aims to garner attention on how climate is driven by the input and output of energy at the poles.



										    
																																	The backstory about how the composition was put together is published April 18 in the journal iScience as part of a collection "Exploring the Art-Science Connection."

"I strongly hope that this manuscript marks a significant turning point, transitioning from an era where only scientists handle data to one where artists can freely leverage data to craft their works," writes author and composer Hiroto Nagai, a geo-environmental scientist at Rissho University.



    
    
    
        
        
    
            
            A recording of "String Quartet No. 1 'Polar Energy Budget;" composed by Hiroto Nagai. Credit: Hiroto Nagai
  

Scientist-composer Hiroto Nagai asserts that music, as opposed to sound, evokes an emotional response and posits that "musification" (as opposed to sonification) of data requires some intervention by the composer to build tension and add dynamics. For this reason, Nagai was more liberal in adding a "human touch" compared to previous data-based musical compositions, aiming to meld sonification with traditional music composition.

"As a fundamental principle in music composition, it is necessary to combine temporal sequences from tension-building to resolution in various scales, from harmonic progressions to entire movements," Nagai writes. "So far, there haven't been published attempts and open discussion on sonification-based music composition, nor attempts to demonstrate the methodology required to intentionally affect the audience's emotions with an artistic piece."
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                A photograph of Hiroto Nagai, composer of String Quartet No. 1 "Polar Energy Budget." Credit: Hiroto Nagai
            
        

    



To do this, he first used a program to sonify environmental data by assigning sounds to different data values. The publicly available data was collected from four polar locations between 1982 and 2022: an ice-core drilling site in the Greenland ice sheet, a satellite station in Norway's Svalbard archipelago, and two Japanese-owned research stations in the Antarctic (Showa Station and Dome Fuji Station). For each of the sites, Nagai used data on monthly measurements of short- and longwave radiation, precipitation, surface temperature, and cloud thickness.


																																						
    
     




																																			Next, he transformed this collection of sounds into a musical composition to be played by two violins, a viola, and a cello. This process involved many steps, including manipulating the pitch of different data points and assigning sections of data to the different instruments, overlaying passages created from different data, and introducing musical playing techniques such as pizzicato and staccato.

Nagai also intervened in more artistic ways by introducing rhythm, deliberately removing certain sounds, and introducing handwritten (non-data derived) parts into the composition.

The quartet's premiere live performance was shared at Waseda University in Tokyo in March 2023 followed by a panel discussion. A filmed performance of the piece by PRT Quartet, a Japanese professional string quartet, was also released on YouTube in March 2023.



    
    
    
        
        
    
         
             
         

        Credit: Geo-Sonif Lab
  

"Upon listening, my initial reaction was like, 'What is this?' It felt like a typical contemporary piece," said Haruka Sakuma, the professional violinist who performed 2nd violin. "The flow of the music was a bit hard to memorize quickly, and it was quite challenging at first."

Nagai says that, in contrast to graphical representations of data, music elicits emotion before intellectual curiosity and suggests that using graphical and music representations of data in conjunction might be even more powerful.

"It grabs the audiences' attention forcefully, while graphical representations require active and conscious recognition instead," Nagai writes. "This reveals the potential for outreach in the Earth sciences through music."


																																																					
																				
																						More information:
												String Quartet No. 1 "Polar Energy Budget" - Music composition using Earth observation data of polar regions, iScience (2024). DOI: 10.1016/j.isci.2024.109622
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Mind the gender gap: Study finds London police least trusted by women
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Across all England's regions, a study appearing in the journal Policing & Society spotlights London's Metropolitan Police as the area where women trust the least.




										      
         
        
        
        

      

																																	Researchers surveyed more than 8,000 men and women between July 2022 and September 2023 and found that women generally trust police more than men. But among the nine English regions surveyed, compared with men, women's trust is at its lowest in London.

It comes after a 2023 investigation triggered by outrage at the rape, abduction and murder of Sarah Everard by a serving officer, uncovered hundreds of other incidents of violence against women by serving Metropolitan Police Officers.

"Baroness Louise Casey ran an investigation into the Met, and she issued a scathing report, saying drastic action was needed," said Brunel University London Honorary Professor, Steven Pickering. "But our research suggests that public trust in the Met is even lower than Baroness Casey found. This is especially pronounced among women and ethnic minorities."

Trust in the police is crucial for a stable society, but it's not the same for everyone. Some feel safer than others depending on factors like age, race, income, politics and past brushes with the law. Older people have higher levels of trust in the police, researchers found, while ethnic minority people have significantly lower levels of trust. And people from ethnic minorities living in the North East trust police markedly less than anywhere else in England.

Countrywide, average levels of trust in the police were highest in the East Midlands, South East and South West and lowest in London, the North East and North West. Conservative voters and people living in Tory constituencies also have significantly higher levels of trust than non-Conservatives.


																																						
    
     




																																			Baroness Casey's report highlights poor recruitment, vetting and management in the Met, and researchers think they might have had a different result if they'd done the same study a decade earlier.

"Regrettably, events involving women and the Metropolitan Police, especially the murder of Sarah Everard, the overreaction by the police on vigils related to this and numerous other negative events," they note, are crucial in considering trust in the police.

While the Met says itself that its vision is "to be the most trusted police service in the world," in 2023, more than 1,000 Met officers were suspended or on restricted duties for allegations including violence against women and girls, sexual violence and domestic violence, according to figures from the BBC.

"Our findings suggest that the task ahead of the Met police is monumental," said Prof Pickering, a political scientist. "Some of the factors are national problems, such as the lower trust among people with an ethnic minority background, while other factors are an issue for the Met alone, such as the clear problem for the Met in re-establishing trust among women."

The study goes on to question whether Met leaders and the Mayor of London accept that the force has a problem with women.

"Overall, our results suggest that there is significant work ahead for police forces generally in England with regards to restoring trust in the police among ethnic minority citizens and in London especially also among women."


																																																					
																				
																						More information:
												London, you have a problem with women: Trust towards the police in England, Policing & Society (2024). DOI: 10.1080/10439463.2024.2334009
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Current police response to intimate partner violence calls for change, researchers say
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Policing of intimate partner violence (IPV) may result in adverse consequences for survivors, according to a new study at Columbia University Mailman School of Public Health. However, the evidence concerning the generalized consequences of IPV policing has not been comprehensively evaluated until now and the results call into question whether IPV policing benefits survivors.



										      
         
        
        
        

      

																																	
This is the first review on the consequences of IPV policing in the U.S. The findings are published in the journal Aggression and Violent Behavior.

IPV, which includes physical violence, sexual violence, psychological abuse, and other forms of coercion between current or former spouses or dating partners, impacts more than 40 percent of people in the U.S. The U.S. has long maintained a police-centric response to IPV despite increased recognition of the harms of mass criminalization and incarceration and growing calls for criminal legal reform.

Research on the effectiveness of IPV policing has primarily been limited to studies on the effect of arrest on individual revictimization. Despite about three decades of research on this topic, there is mixed evidence that arrest reduces subsequent victimization.

Moreover, little attention has been paid to other generalized consequences of IPV policing, such as police violence against survivors, reduced help-seeking, survivor arrest, or child protective services involvement. The authors aimed to synthesize evidence on such generalized consequences and assess whether studies considered differential effects by race.


																																						
    
     




																																			The authors searched Web of Science, ProQuest, and EBSCO Host for all scholarly articles published in 1980 or later. They restricted their analysis to the past 40 years because the police-centric response to IPV arose in the 1980s. In total, their scoping review uncovered 36 studies that assessed generalized consequences of IPV policing beyond individual revictimization.

"In essence, we found that survivor criminalization is the most studied consequence of IPV policing, and existing studies have documented a positive association between mandatory arrest laws and risk of survivor arrest," said Sandhya Kajeepeta, a researcher in the Department of Epidemiology at Columbia Mailman School, and first author. "Additional longitudinal studies would strengthen understanding of the causal nature of this relationship."

The authors also identified gaps in the evidence base, including a lack of studies focused on police violence or child protective services involvement as potential consequences of IPV policing despite case studies suggesting that these are consequences of IPV policing.

"With a dearth of research on police violence, child protective services involvement, and survivor health outcomes as potential consequences of IPV policing, there is no doubt that additional research is necessary--not only on the potential consequences of IPV policing such as police violence against survivors, but also on involving child protective services, and the psychosocial and physical health outcomes of survivors," said Seth Prins, Ph.D., assistant professor in the Department of Epidemiology and senior author.


																																			Kajeepeta also points out that only 31 percent of studies included a racial analysis of the consequences of IPV policing. "Of the studies that assessed differences among Black and white survivors, some found that Black survivors experienced more pronounced adverse outcomes compared to their white counterparts, suggesting there may be a racialized impact of IPV policing."

"For example, one study documented that IPV arrest was associated with an increased risk of victim all-cause mortality, and this effect was largely explained by the effect among Black participants: arrest increased mortality by 98 percent among Black victims compared to 9 percent among white victims."

"The existing evidence demonstrates that there is an urgent need to critically re-evaluate the current police-centric response to IPV, including the widespread use of mandatory arrest laws. Current carceral and police-centric policies have societal costs and have disparate impacts on Black communities," said Kajeepeta.
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												Sandhya Kajeepeta et al, Generalized and racialized consequences of the police response to intimate partner violence in the U.S.: A systematic scoping review, Aggression and Violent Behavior (2024). DOI: 10.1016/j.avb.2024.101947
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Fracking the future: How Congolese oil extraction has shaped its history and its fate
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In 1969, the recently independent Republic of Congo discovered an enormous oil field off its coast. The find represented both a rare opportunity for the burgeoning nation, and a potential threat--the revenue generated by oil extraction could either pave the way for a stable socialist society, or doom the country to exploitation much like that it had endured under French colonialism.



										      
         
        
        
        

      

																					
A new paper in Critical Historical Studies, titled "Enclosed Futures: Oil Extraction in the Republic of Congo," demonstrates how efforts to draw on the Congolese oil field for profit also necessitated drawing on the very future of the nation.

The article, written anonymously, its author citing concerns that the paper's claims might jeopardize their future research in Congo, narrates the history of the nation under "colonial territorialism," "postcolonial capitalism," and the "(un)certain futures" it faced after independence. The French colonial period saw the first efforts to "modernize" the Congolese through resource exploitation, forced labor, and conversion to Christianity. With the advent of the twentieth century, external interest in monetizing the region grew even more systematic, with researchers "collecting, recording, and mapping" the land in order to better package it for export.

The postwar period determined the great value of oil to the global economy at the same time that Congo was achieving its independence. The first leaders of the new Republic, like French-backed Fulbert Youlou, continued to allow Western access to Congolese oil despite growing poverty in the country. Mass demonstrations within Congo and the nationalist turn of the OPEC states inspired subsequent Congolese presidents to wrench back some control over the oil field.

The last of these, Marien Ngouabi, was assassinated in 1977. His successor, Denis Sassou-Nguesso, transformed the Republic into a military dictatorship and facilitated relations with French oil conglomerate Elf-ERAP, reversing the efforts of the past decades to give Congo greater ownership over its valuable resource. The future of the country, once unsettled and open, was again tied to its ability to sell oil to the West.

"With the prospect of a decline in oil production now seeming irreversible," the author concludes, the fate of the African nation is once again in jeopardy. "Whether this inexorable decline of offshore infrastructures will put an end to the authoritarian forms of politics that they brought about remains to be seen."



																														
																				
																						More information:
												Anonymous, Enclosed Futures: Oil Extraction in the Republic of Congo, Critical Historical Studies (2023). DOI: 10.1086/726776
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Researchers find lower grades given to students with surnames that come later in alphabetical order
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Knowing your ABCs is essential to academic success, but having a last name starting with A, B or C might also help make the grade.



										      
         
        
        
        

      

																																	
An analysis by University of Michigan researchers of more than 30 million grading records from U-M finds students with alphabetically lower-ranked names receive lower grades. This is due to sequential grading biases and the default order of students' submissions in Canvas--the most widely used online learning management system--which is based on the alphabetical rank of their surnames.

What's more, they find, those alphabetically disadvantaged students receive comments that are notably more negative and less polite, and exhibit lower grading quality measured by post-grade complaints from students.

"We spend a lot of time thinking about how to make the grading fair and accurate, but even for me, it was really surprising," said Jun Li, associate professor of technology and operations at U-M's Ross School of Business who co-authored the study with doctoral students Jiaxin Pei from U-M's School of Information and Helen (Zhihan) Wang from Ross.

"It didn't occur to us until we looked at the data and realized that sequence makes a difference."



    
    
    
        
        
    
         
             
         

        Credit: University of Michigan
  

The researchers collected available historical data of all programs, students and assignments on Canvas from the fall 2014 semester to the summer 2022 semester. They supplemented the Canvas data with university registrar data, which contains detailed information about students' backgrounds, demographics, and learning trajectories at the university.


																																						
    
     




																																			Although the data is from U-M, the researchers say the findings can be generalized across institutions and courses. They are driven by a common design issue of learning management systems--the default setting of ranking students' assignments alphabetically by their names.

Their research uncovered a clear pattern of a decline in grading quality as graders evaluate more assignments. According to Wang, students whose surnames start with A, B, C, D or E received a 0.3-point higher grade out of 100 possible points than compared to when they were graded randomly. Likewise, students with later-in-the-alphabet surnames received a 0.3-point lower grade--creating a 0.6-point gap.

Wang notes for a small group of graders (about 5%) that grade from Z to A, the grade gap flips as expected: A-E students are worse off, while W-Z students receive higher grades relative to what they would receive when graded randomly. Such observations confirm their hypothesis that it's the order of grading that leads to the initial gap in grades.

A 0.6-point difference might seem small, but such a disparity did affect students' course grade-point averages, which negatively influences opportunities in their respective career paths.

"Our conclusion is this may be something that happened unconsciously by the graders that's actually creating a real social impact," Wang said.

Pei says the idea for the study came up during a discussion he had with Wang in which they were talking about their research: She studies educational technology and he studies artificial intelligence. He observed that a fundamental task of machine learning is data labeling, also a sequential task that can be long and tedious--but one that is randomized.


																																			It got them thinking about educational systems like Canvas and led to some pilot studies to see if there was any disparity among grades based on the amount of time spent in the task of grading.

"We kind of suspect that fatigue is one of the major factors that is driving this effect, because when you're working on something for a long period of time, you get tired and then you start to lose your attention and your cognitive abilities are dropping," Pei said.

The researchers note the option exists to grade the assignments in a random order, and some educators do, but alphabetical order is the default mode in Canvas and other online learning management systems. One simple fix would be to make random order the default setting.

They also suggest academic institutions could hire more graders for larger classes, distribute the workload among more people or train them to be aware of and lessen the bias while grading.

Li, Wang and Pei have been sharing their research at conferences and it's been positively received--many are impressed by their work though it confirms suspicions many harbor. One reaction in particular stands out to Li--no doubt an information-age wrinkle on "the dog ate my homework" excuse.

"A college student emailed us afterward asking us to share the paper with him," she said. "He mentioned that his last name started with W. He's going to tell his parents it's not because of him--it's because of his last name."

The study is under review by the journal Management Science and currently available as a working paper.



																																																					
																				
																						More information:
												Zhihan (Helen) Wang et al, 30 Million Canvas Grading Records Reveal Widespread Sequential Bias and System-Induced Surname Initial Disparity (2023). On SSRN: ssrn.com/abstract=4603146
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Study examines influence of social media on televised debate viewing
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Anyone who regularly watches news or sports has likely noticed the steady creep of content competing for screen space, whether it be stock market prices, social media posts, game scores or some other graphic display. Previous studies have indicated that high-intensity visuals that employ vibrant displays of information tend to hamper both long- and short-term memory.



										      
         
        
        
        

      

																																	
With that in mind, a new study set out to answer a narrower question: how does the inclusion of social media in televised presidential primary debates impact the viewer's experience?

If the purpose of primary debates is to help viewers differentiate between candidates they would like to see lead their party in a national election, then the answer is that including social media in debates undermines that process and reduces confidence in their party's candidate.

That was the finding of a paper recently published in the Journal of Visual Political Communications by a multidisciplinary team of researchers, most of whom are affiliated with the University of Arkansas. The paper, titled "Visual Overload: The influence of broadcast social media visuals on televised debate viewing," included faculty and former graduate students from the departments of Communication, Journalism and Political Science.

The researchers primarily focused on the 2015-2016 primary debates in which the televised screen showed a live Twitter feed on the right side of the screen, often featuring disputatious posts from candidates of the opposing party, as well as a trend line at the bottom of the screen highlighting which candidate was most tweeted about.

The researchers then did content analysis, which took into account things like the number of tweets featured, the time each tweet was on the screen, and the number of followers the account holder had. This analysis was combined with visual tracking, in which 116 participants were presented with a clip from the primary debates to evaluate which area their attention was drawn to and for how long.


																																						
    
     




																																			Ultimately, after sifting through this data, the researchers were able to make three determinations:


	Competing visual stimuli may distract viewers from what is being said, hindering learning outcomes.

	Counterarguments and negative information (in the form of tweets disputing what candidates were saying in the live debates) could influence how and to what extent viewers attend to candidate messages, thus affecting their persuasiveness.

	Partisan social identities are activated, heightening competition between the parties and increasing affective polarization in the electorate.



Finally, the authors commented that "During the CBS debates from 2015 and 2016, social media visuals distracted, undermined knowledge acquisition and policy support for Democratic candidates and widened the affective gap between the left and the right."

The authors weren't certain why there were stronger effects associated with the Democratic debates. They speculated that "Republican Party candidates used Twitter more effectively to gain publicity during the Democratic Party debate, while Democratic candidates, along with politicians and political actors in general, were less likely to appear during the Republican Party debate."

But what benefits one party in one election can swing the other way the next. As such, the authors recommended simplifying the way in which debates are presented visually to ensure greater cognitive elaboration by the viewers and voters.

"A successful democracy necessitates an informed electorate that is willing to deliberate political issues with people that hold different opinions," said Freddie J. Jennings, first author of the article and a teaching assistant professor in the Department of Communications.

"We, as a society, need to find ways to build political knowledge, foster perspective-taking and reduce polarization. Past research has shown that televised debates have the power to do this. The inclusion of additional information on screen, including live counterarguments via social media, undermines many of the benefits of televised debates."



																																																					
																				
																						More information:
												Freddie J. Jennings et al, Visual overload: The influence of broadcast social media visuals on televised debate viewing outcomes, Journal of Visual Political Communication (2024). DOI: 10.1386/jvpc_00029_1
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The heavy impact of traumatic experiences can differ depending on culture and geography. According to a new study from the University of Zurich, the culture-specific sequelae of trauma found in Switzerland align with the norms of a competitive and individualistic society. Post-traumatic coping strategies in Switzerland tend to involve closer connections to nature.



										      
         
        
        
        

      

																																	
The clinical study by the Department of Psychology at the University of Zurich investigated the impact of traumatic events on Swiss people from a psycho-cultural perspective. In the study, published in PLOS ONE, Swiss trauma survivors and health care professionals in a focus group setting reported on culture-specific trauma responses.

While many of the observed post-traumatic changes corresponded to the known pattern of complex post-traumatic stress disorder, reflecting a cross-cultural phenomenon, other effects of trauma can be seen in the context of the Swiss worldview.

Following the cultural script

When it comes to culture-bound responses, participants often reported post-traumatic changes that impact individual performance. These include the belief that one has to stay functional at any cost and overcompensate for one's own shortcomings, the urge to remain in control, and the tendency to play down one's own suffering.

Swiss people who have experienced trauma tend to push themselves hard in order to live up to perceived standards and expectations: being productive members of society, for example, or holding down a job and avoiding dependence on welfare.

"Our findings are consistent with the core values of Swiss society, which places great emphasis on individual performance and success," says first author Rahel Bachem. "Switzerland also scores high on individualism, which means that independence, freedom to make one's own decisions and the self-directed pursuit of personal goals are all highly valued."


																																						
    
     




																																			The results of the study also point to the tendency of Swiss trauma survivors to direct their anger inward at themselves rather than outward toward others. This has to do both with pronounced feelings of self-devaluation, in which the self is devalued as opposed to others, and with the pressure to conform that people feel in Swiss society, in which open expressions of anger are stigmatized as deviant behavior.

Participants in the study reported that although they face numerous psychological difficulties, they have also experienced positive changes in connection with their trauma. Changes of this kind are referred to as posttraumatic growth. Swiss trauma survivors described cultivating a more conscious and intense connection with nature--a culture-specific form of post-traumatic growth that can be understood as an important resource in Swiss culture.



																																																					
																				
																						More information:
												Rahel Bachem et al, A new approach to cultural scripts of trauma sequelae assessment: The sample case of Switzerland, PLOS ONE (2024). DOI: 10.1371/journal.pone.0301645
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In life cycle diagrams, small changes make a big difference
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Life cycle diagrams are ubiquitous in science textbooks, and they may be due for some updates. A new study finds simple design changes in these diagrams can have a dramatic impact on the ability of undergraduate students to understand key biology concepts.



										      
         
        
        
        

      

																																	
"We were shocked by the study results," says Jennifer Landin, corresponding author of the study and an associate teaching professor of biological sciences at North Carolina State University. "Making two small adjustments had a profound impact on the ability of college students to answer questions related to ecology and evolution accurately."

For the study, researchers enlisted 684 undergraduates. Each study participant was given one of three different life cycle diagrams and asked to answer six questions related to an organism's evolution and the survival of its offspring.

One diagram was the "traditional" format, showing the life cycle as a circle with the organism producing a single offspring. A second diagram showed the life cycle as a circle but gave the organism multiple offspring. The third diagram gave the organism multiple offspring but presented the life cycle in a linear format, moving from left to right.

On questions about offspring survival, the researchers found that students who were given a diagram showing multiple offspring scored 28% to 30% higher than students who had the diagram showing only a single offspring. Students who received the linear diagram scored 19% to 30% higher than the other students on questions about evolution.


																																						
    
     




																																			Overall, students who received the linear diagram with multiple offspring earned the highest average score--answering 54.5% of the questions correctly. Students who received the traditional diagram--a cyclical layout with a single offspring--had the lowest average score. They were only able to answer 26.1% of the questions correctly.

"There are a couple of examples that underscore how powerful the effect of design can be," Landin says. "For example, a common misconception among undergraduates is that all offspring survive to adulthood. We found that 30% of study participants who received the traditional diagram with a single offspring answered this misconception. However, only 3% to 5% of participants who received diagrams showing multiple offspring thought all of the offspring survived. That's a meaningful difference."

"Another example is the common misconception that offspring are identical to their parents when we know that children actually have different traits from their parents," Landin says.

When researchers gave study participants diagrams with a cyclical format, 68% to 78% of those study participants thought offspring would have identical traits to their parents. However, of the study participants who received the linear diagram, only 38% thought offspring would have identical traits to their parents.

"This is an important concept for biology students, and the format of these diagrams appears to make a big difference in helping students grasp that concept," Landin says.

"This study suggests textbook publishers can improve student understanding of key concepts by revisiting the design of these life cycle diagrams. Furthermore, our findings suggest there may be value in studying the design elements in other life science diagrams to see if we can make them more effective teaching tools."

The study, "Redesign of a Life Cycle Figure Improves Student Conceptions of Ecology and Evolution," is published open access in the journal Education Sciences.
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												Jennifer M. Landin et al, Redesign of a Life Cycle Figure Improves Student Conceptions of Ecology and Evolution, Education Sciences (2024). DOI: 10.3390/educsci14040403
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How groups and technology tackle complex problems together
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Picture a group of students tackling a complex project: some are brainstorming, others are researching, and some are planning the presentation. Each student plays a unique role, yet they all work together.



										      
         
        
        
        

      

																																	
This everyday scene in classrooms inspired the research by the Tepper School of Business at Carnegie Mellon University described in a new paper titled "Understanding Collective Intelligence: Investigating the Role of Collective Memory, Attention, and Reasoning Processes," published in Perspectives in Psychological Science. This article is part of a special issue on the Psychology of Collectives.

The paper introduces the Transactive Systems Model of Collective Intelligence (TSM-CI). It's a new way of looking at how groups, be it students or professionals, manage their knowledge, focus, and decision-making processes, ensuring that everyone's strengths are used effectively. Just like a medical doctor evaluates whether a body is healthy based on how the body's various systems are functioning, they use the TSM-CI framework to articulate the systems that can determine whether a team is healthy.

"Our framework really gets to the heart of what makes a team work well together," said Anita Williams Woolley, Associate Dean of Research and Professor of Organizational Behavior at the Tepper School, who led the research the framework is based upon. "It's not just about having a group of people; it's about how they use what they know, stay focused, and make decisions as a team."


																																						
    
     




																																			Woolley highlighted that this can help us build better teams and tools, especially now when people work more with technology and in different settings. "It's all about understanding that the key to a great team is how everyone works together, not just who is in the team."

The TSM-CI framework revolves around the idea that successful teamwork relies on collective intelligence. Intelligence within any system is based on three interrelated functions--memory, attention, and reasoning. Effective teams cultivate a Transactive Memory System (TMS) enabling them to identify which team members possess different pieces of information or expertise. This facilitates efficient sharing and retrieval of information, ensuring the right knowledge is accessed at the right time.

Subsequently, the Transactive Attention System (TAS) ensures that the team's collective focus is appropriately coordinated and distributed, akin to a conductor guiding an orchestra to ensure each musician plays their part at the right moment. Lastly, the Transactive Reasoning System (TRS) aligns the team on common goals and priorities, guiding decisions, mirroring how a sports team strategizes together to win a game.

"With an increasing amount of collaboration occurring in digital environments, we can develop indicators of healthy team functioning that computers understand," said Pranav Gupta, Assistant Professor of Business Administration at the University of Illinois Urbana-Champaign's Gies College of Business and a co-author on the research. "This opens up new possibilities to integrate AI 'teammates' into our human teams, and can really change the way we work together."

This research holds implications for enhancing teamwork across various domains, from classrooms to corporate boardrooms. Future endeavors will explore how technology can bolster these collective cognitive systems and develop tools to further enhance collaboration.
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												Anita Williams Woolley et al, Understanding Collective Intelligence: Investigating the Role of Collective Memory, Attention, and Reasoning Processes, Perspectives on Psychological Science (2023). DOI: 10.1177/17456916231191534
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Research highlights new ways to tackle outlaw motorcycle gangs
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Deakin University criminology research can provide clues for law enforcement about the relationship between outlaw motorcycle gang (OMCG) clubs and how to combat gang crime.



										      
         
        
        
        

      

																																	
The research, led by Professor of Criminology David Bright, builds on previous research by Deakin and the Australian Institute of Criminology (AIC) that examined the inner workings within and between rival OMCG clubs. The research was published in the Journal of Quantitative Criminology.

"Previous studies of OMCG clubs have tended to focus on offending at the individual level, but do not address the question of how gangs collaborate together in crime, or the role that club structures and hierarchies play in setting up these collaborations," Professor Bright says.

"Our research delves into the interactions between club members such as co-offending in criminal activities."

The research reveals that office bearers--such as club presidents--act as brokers to organize collaboration between rival clubs, using lower ranked members to carry out offenses on behalf of more senior members.

"Lower ranked members are more likely to offend than office bearers. This supports previous research showing that leaders tend to maintain distance from direct criminal activities, so they aren't at risk of arrest or conviction," Professor Bright says.

"Our findings suggest that office bearers, rather than simply offending less, may play some role in directing or influencing the offending of other members from behind the scenes, while taking care not to become directly involved in crime and risk attracting the attention of law enforcement."


																																						
    
     




																																			"We also found that when lower ranked club members engaged in co-offending with members from other OMCG clubs, they were more likely to co-offend with members of the same rank."'

The fascinating insights come after extensive analyses of de-identified NSW police records. Professor Bright says law enforcement needs to examine and combat these criminal networks in its efforts to disrupt and prevent illegal activity.

"Specifically, intelligence agencies and law enforcement agencies should collect data on co-offending within and across OMCG clubs and seek to disrupt connections between some of the key players."

"Our results suggest the focus of law enforcement should be on the co-offending networks involved in serious crime such as organized crime, rather than on specific clubs."

Most OMCG members have histories of offending, including fighting, traffic violations, drug possession and disorderly conduct, as well as more serious violent and organized crime. OMCG clubs are sometimes portrayed as organized criminal groups.

Professor Bright says this is a contentious issue, both for criminology academics and law enforcement.

"There is often an assumption that all OMCG clubs are criminal or organized crime groups, but research tends to find that the reality is more nuanced. Some clubs do appear to operate as organized criminal groups, and some do not. Some OMCG members engage in crime, while others do not," he says.

"This has direct implications for how these gangs are policed. Our work suggests that rather than focusing on all outlaw motorcycle clubs--and all bikers for that matter--police should focus on intelligence collection and focus disruption attempts on the members and clubs that are involved in serious crime."

Commencing in mid-2024, Professor Bright will embark on a three-year research project. The project will also involve Deakin's Professor Chad Whelan and includes research partnerships with police agencies across Australia. The project aims to improve our understanding of OMCG crime and policies and practices that reduce such crime and related social harms.



																																																					
																				
																						More information:
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Exploring why young women in Australia are reluctant to enter politics
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Despite growing momentum to increase female representation in Australia's national parliament, it continues to be a male dominated domain. New research from Monash University explores why young women still feel reluctant to become a member of the national parliament.



										      
         
        
        
        

      

																																	
The research, now published under the title "Investigating the ambitions of young women to run for national parliament: the case of Australia" in the Australian Journal of Political Science, found that for many young women the appeal of becoming an MP was significantly curtailed by beliefs that the institution maintains stereotypical gender norms as well as a masculine, misogynistic culture. Many women were also more likely to doubt their ability to participate in politics than their male counterparts.

Dr. Zareh Ghazarian, Head of Politics and International Relations at Monash University, said gender-based inequality of opportunity is diminishing the political ambition of young women.

"Our research shows that young women feel parliament is not a place for them. Social constraints, sexism and toxic parliamentary culture is contributing to entrenched gender disparity," Dr. Ghazarian said.

The research used data from the Our Lives longitudinal research study that follows a large cohort of young Queenslanders from adolescence into adulthood. The cohort of 28- to 29-year-olds were interviewed in the weeks prior to the May 2022 election. Of the 47 participants, 27 were female and 20 were male.


																																						
    
     




																																			The interviews focused on participants' views on Australian politics as well as their thoughts on women's representation. The interviews also explored the ambitions of young people to be active in Australian politics.

With misogyny and gender-based violence prominent issues in the lead up to the 2022 election, participants were deeply concerned about how safe the national parliamentary workplace was, particularly for women. Recent allegations of sexual misconduct in parliament was the issue that most concerned women and had a significant impact on their political ambition.

While the research found participants were critical of the status quo, there was a concerning degree of acquiescence about the situation. Participants were reluctant to stand up to, and tackle, the issues from within. Instead, they preferred to avoid such a toxic environment altogether.

"This highlights a deeply unhealthy element in Australian politics whereby individuals, especially women, are choosing not to participate in democratic processes. It is critical that greater efforts be made to advance the political ambitions of women to stand for election to the Australian Parliament," Dr. Ghazarian said.

The research concluded that greater efforts be made to advance the political ambitions of women to stand for election to the Australian Parliament. This may be done through building the confidence and opportunities for women to participate, while changing broader attitudes to the role of women in politics. Recommendations included targeted school-based education programs, as well as advocacy projects that empower young people, particularly women, to engage with, and participate in, politics from an early age.

"Without addressing these entrenched issues, women's political under representation and an exclusionary masculine culture will continue to mar young people's political ambitions and the practical operation of Australia's liberal democracy."
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												Zareh Ghazarian et al, Investigating the ambitions of young women to run for national parliament: the case of Australia, Australian Journal of Political Science (2023). DOI: 10.1080/10361146.2023.2269866
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UK study finds young adults taking longer to find work than preceding generation
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The proportion of U.K. graduates who found work straight out of university fell by nearly 30% between those born in the late 70s to those a decade younger, according to a new study involving a University of Liverpool researcher.



										      
         
        
        
        

      

																																	
Additionally, people born in the late 1980s who did not attend university were almost twice as likely to experience a turbulent start to their working lives, characterized by periods of unemployment, part-time employment, and inactivity, compared to those born in the 70s.

Published today in Population, Space and Place, the study, which is led by UCL alongside the University of Liverpool, used Understanding Society data from The UK Household Longitudinal Study and the British Household Panel Survey to analyze the school to work trajectories of 1,860 people in three birth cohorts--those born in the periods 1974-1979, 1980-1984 and 1985-1990--across 10 years after they completed school, between the ages of 16 and 26.

The study found that the younger cohort (born 1985-1990) experienced more complex and unstable transitions into the world of work, even among those who ended up having successful careers, reflecting increased uncertainty in the labor market and the rise of "patchwork careers."

Lead author Dr. Alina Pelikh (IOE, UCL's Faculty of Education & Society) said, "Our findings suggest that the distinctive British early transition from school to work, whereby the majority of British young adults go straight from compulsory schooling into the workplace, was still prevalent among those born in mid-1970s and 1980s.


																																						
    
     




																																			"However, early employment experiences have become more complex, diverse and precarious with periods of unemployment, part-time employment, and inactivity becoming an integral part of the early labor market experience.

"It is striking that nearly all young people born in late 80s have experienced some sort of instability during their school-to-work transition, even those who would ultimately be considered successful in their careers a decade after finishing school.

"Our findings fit with wider research that shows millennials are reaching milestones once considered to be the markers of adulthood, such as marriage, home ownership, and stable employment, at a later stage than earlier generations."

The research found that although younger cohorts spent longer in education or vocational training, the transition into employment remained challenging. Furthermore, those from disadvantaged backgrounds were less likely to achieve professional and managerial occupations than their more advantaged peers.

Co-author of the study Professor Francisco Rowe, who heads up the Geographic Data Science Lab at the University of Liverpool, added, "While the 90s and 2000s saw wider access to university for those from disadvantaged backgrounds, we found that despite their qualifications, graduates from lower socio-economic backgrounds experienced more turbulent transitions into work, often struggling to find a suitable job after studies and settling for jobs requiring lower qualifications."


																																			Indeed, the study demonstrates the persistence of disadvantage over time, with 13% of those surveyed having spent long spells in economic inactivity or unemployment (seven years). In particular, those from disadvantaged backgrounds were more likely to be engaged in low skilled occupations, or experience longer periods of unemployment.

Gender also played a role in the school to work trajectories of the participants, with female school leavers most likely to experience turbulent transitions with longer spells of part-time work and inactivity.

Dr. Pelikh added, "Strikingly, more than 65% of the young women in the sample who faced precarious career paths had given birth before the age of 20. This highlights the need for a more nuanced understanding of female career trajectories, especially for those without the benefit of higher education. Addressing the unique challenges women face, from balancing work and family responsibilities to overcoming entrenched biases, will be crucial if we are to make meaningful progress in closing gender imbalances."

Commenting on what these trends mean for the youngest members of the British work force, Gen Z, Dr. Pelikh said, "Based on the current labor market and economic trends, we could expect that the transitions from school to work among Gen Z are likely to be as diverse, complex and turbulent as those experienced by the millennials--and potentially even more challenging."

University of Liverpool co-author Professor Rowe, who specializes in population data science with specific expertise in human mobility, migration and geographic data science, added, "Overall, the findings of the study indicate that young people will need wider societal and government support to make a 'successful' transition into the labor market and navigate a reduction in full-time entry-level employment opportunities, and lack of well-developed long-term career pathways from entry-level to higher-level roles."



																																																					
																				
																						More information:
												Alina Pelikh et al, Increasing diversity, precarity and prolonged periods of education in the transition from school to work in Britain, Population, Space and Place (2024). DOI: 10.1002/psp.2771
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