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THE (MIS)USE of SCIENTIFIC KNOWLEDGE
Thomas Filk
A (very) long introduction
I will not talk much about the success of science in the past 100-150 years; I am more concerned about how we communicate science because I have a feeling that there is an increasing gap between what scientists do and what the people who eventually have the power (these are the voters, the media, and the political, economical and financial decision makers) know about science. Furthermore, when I was asked to give title to this presentation, I hadn’t really made up my mind what to talk about. After I gave the title my ideas somehow were directed into different directions, but at least some parts of my talk will be related to this title. 
I hope we can all agree that the world is facing several crises. On an everyday level we face the danger of a financial crisis, a political crisis between different countries - America, Europe, England, China, England and others – and we do have a crisis with the resources of our world and with climate change. And in particular, as has been mentioned many times before, we seem to have a crisis of democracy, at least with many of those leaders who have recently come to power. I would no longer consider some of the so-called democracies as the kind of liberal democracy in which I grew up and in which I would be happy to live in in the future.  
Let me say a few words about one the crises mentioned, even though it may be an example of what could be a misuse of scientific thinking. I am a physicist and physicists are always accused of oversimplifying things, so let me now oversimplify the first aspect – financial crises. 
We all know Newton’s first law of physics: An object either remains at rest or continues to move at a constant velocity, unless acted upon by external forces. It is a very simple law, and we use it successfully almost everywhere in physics. You may ask the question whether a similar law exists also for other sciences? Newton’s law is about what happens if we do not intervene, if there is no force acting on things. So, the question is: what is the ‘default’ dynamics in other disciplines, the default behavior of systems if we do not intervene? Is there a kind of first law, like Newton’s first law, for, say, economy? I would say yes, at least how it appears to be: our economy seems to be based on a law which I formulate, perhaps too simply, in analogy to the law of physics: “An open economy either continues to grow with a constant growth rate or with a constantly increasing growth rate, unless acted upon by external forces”. I know that most economists are aware that a constantly increasing growth rate will be of harm in the long run, but somehow decision makers do not always act according to this insight.  
So, according to my impression, most of our economic models are based on exponential growth. What happens if the resources are limited? Biology tells us what happens to exponential growth when resources are limited – the growth stops. Now, mankind came up with an ingenious idea to deal with this problem: We have invented “virtual resources”. This may have started already more than 100 years ago, but the person who started it with respect to the present situation might have been Richard Nixon in 1971, when he essentially removed the balance between paper money and gold reserves. Later, banks and insurance companies introduced virtual money, which only exists as a number in some data base. This makes resources unlimited, well almost, only subject to the memory capacity of computers. Some years ago I was told that that before the 2008 crisis, the ratio of actual values to virtual values was 1 to 20. I do not know exactly what it is today, but I am afraid it could be even worse.[footnoteRef:1] As an illustration of what this means I counted the chairs here in the room, and there are approximately 100 chairs. This implies that only 5 people will get a seat when ‘the music stops’ and the crisis starts. And for about 10 years now we even have virtual currencies that can make the situation even worse. This idea of inventing virtual resources was kind of ingenious when you look at the first law of economics – maintaining exponential growth – because it is very easy to do circumvent the problem of limited resources. [1:  John Cleary later remarked in his presentation at the Blue Sky conference that the situation is slightly better today due to regulations which put massive restrictions on financial instruments for ‘ordinary people’.] 

Of course, one may wonder, as we have found this ingenious solution, why didn’t evolution come up with something similar? However, at present it seems that we cannot live on virtual food or mate with virtual partners. Maybe, in the future we will be able to, I do not know. The way we are dealing with the financial crises reminds me of Douglas Adams who once said: “Human beings who are almost unique in having the ability to learn from the experience of others, are also remarkable for their apparent disinclination to do so”. This is what happened after 2008 and this seems to happen again and again. As I said, this may be simplified physics thinking.
The following picture somehow reflects how I view the situation of the world today.[footnoteRef:2] This is how we are dealing with these crises. I actually saw it first in a TED lecture of Juan Enriquez.  [2:  https://www.twielectric.com/safety-and-energy-saving-tips/dont-swim-shocks/] 

Let me come to the point I actually wanted to talk about. In a certain sense, there is still an ivory tower of science and scientist often have the attitude: “We just write about the world, you guys have to go out and save the bloody thing”. This is something we have to change.
What I want to talk about are two different subjects:
1. The communication of scientific insights: This is not about the communication to our peers, but how we can communicate our scientific results to political and economic decision-makers, to the media, and to the voters. We have to address all three groups, in particular the last one, because otherwise we will have almost no effect and this is a problem because this is where scientific knowledge has been misused a lot. 
2. The second issue is slightly more positive. What we need is a kind of interacting network of global science; and by global I do not mean all over the world, but I mean a science over all disciplines so that different disciplines start to cooperate more and there is more communication between disciplines. This is where I think scientific knowledge can be most useful. 
Misusing Science
Let me start with the first point and with what is called Simpson’s Paradox. I believe many of you know this. It seems to be widely known in the social sciences. I learned about this just two years ago. In physics we do not learn about Simpson’s Paradox, which I find strange. In the following example, I do not want to be politically incorrect, but I will talk about white and black people and criminals and non-criminals, and I use this terminology to make the result more shocking. All the numbers are made up for illustrational purposes, they are not real data.Let us suppose there is a city with 500,000 inhabitants, half of which are white and half of which are black. Let us further assume that we have a clear criterion when to call  

[image: ]  
somebody a criminal and when not. According to statistics, 100,000 white persons (40%) are considered as criminals and 150,000 black persons (60%) are considered as criminals. What does this prove? Black people have a higher tendency to be criminals? No!
We now take the same data set but we distinguish between ‘poor’ and ‘rich’ persons (again we assume that we have a clear criterion). Now we get the following numbers: Among the group of poor people we have 50,000 white persons and 200,000 black persons, among the white persons we have 40,000 criminals (i.e. 80%) and among the black persons we have 140,000 criminals (70%). Similarly, among the group of rich people we have 200,000 white persons of which 60,000 (30%) are criminals and we have 50,000 black persons of which 10,000 (20%) are criminals. 
    [image: ]         [image: ]
In both groups the number of criminals his higher among the white people as compared to the black people. These are the same data (you can add up the numbers in the two tables above and you will get the numbers in the first table), there is no cheating with data.   
So one doesn’t even need ‘fake data’ in order to prove essentially whatever one wants. One only has to split a data set into proper subgroups of data. I think that many people are not aware of this but, in my opinion, it should even be taught in schools.
The second thing I would like to talk about refers to a phrase we all heard before: “Science has proven that …” or “science can prove that …”. When I prepared this talk I accidentally found two pages on the internet, which on first sight look very much alike and in particular I think from a distance you would not notice much difference between these two. In particular, both give the respectable impression which we nowadays attribute to most Wikipedia articles. 
[image: ]

When you start reading the first lines you immediately recognize the difference. The page on the left hand side is the actual Wikipedia page on `Age of the Earth’, the other is called Conservapedia, and it starts with the statement that “All verifiable evidence indicates that the Earth is about 6,000 years old.” This page, very much like Wikipedia, claims to give scientific proof this statement. What is wrong? Whom to believe? There are scientists on both sides!
This is just one example. Again, by searching the internet, I came upon a book which essentially is about refuting evolution. It is printed in 500,000 copies, and it is intended to be a handbook for students, parents, and teachers. I guess in the standard sciences you have to be Stephen Hawking to get this number of books sold. And this book sells very well. Essentially this is just one example and there are hundreds of others. In most cases the authors are realy scientists. In this case the author has PhD in chemistry, he has published articles in Nature, he has been the chess master of New Zealand – so in a way he is very respectable. How then does he argue in favor of a young Earth?  
“Science has proven that…”. Essentially, the arguments can be categorized into three different groups: (1) “Science has proven that” the earth is indeed about 6000 years old, (2) “Science can prove that” the earth has to be younger than 4,5 billion years (which is the claim of ‘standard’ science), and (3) “Science can prove that” the methods used in favor of an old Earth (amongst others radioactive age-dating) are wrong. The first group of arguments is mainly based on written records (apart from citations from the bible) and, therefore, is rather a proof that writing systems are not older than about 6,000 years, which I don’t deny. The third group essentially rejects radioactive age-dating by giving examples where the true age of objects is known and where the radioactive age-dating methods yield a different result. Indeed, such examples exist, but in all cases we know why the radioactive methods give wrong results. I admit that such counter-examples should make us more cautious in our argumentation, but we should make clear that it is not only radioactive age-dating of a few samples which leads us to the conclusion but that almost the whole network of scientific insights supports an old earth and that, if indeed the earth were 6,000 years old, almost all of our scientific insights must be wrong, including those which are used for the second group.
The most interesting group – in particular from a scientific point of view – is the second group of arguments: Proofs that the earth has to be younger than 4,5 billion years. There are many examples, and I only list some from the realm of physics: the magnetic field of the earth, the helium concentration in the atmosphere, old supernovae remnants, the receding moon from the earth, the salt concentration in the oceans. Even recent discoveries like the rotation velocities of galaxies (which in standard physics is attributed to a hitherto unknown form of so-called ‘dark matter’), and the acceleration of the expansion of the universe are used for this strategy.
In almost all cases one finds that the explanations sound (and mostly are) very scientific. It is very difficult to put your finger onto something and say “here is the mistake”. For someone who is not an expert, and here I mean a real expert in this special field, not simply a physicist, this is almost impossible. The arguments are often based on exactly the same equations and they use exactly the same numbers as the equations and numbers you will find in standard textbooks. The mathematical argumentation is often surprisingly sophisticated and usually correct. So, what is wrong? The point where the standard arguments start to differ from the ‘alternative’ arguments is often hidden. In many cases either the standard scientific argumentation becomes really complicated while the ‘alternative’ argumentation is much simpler (and the reason why the alternative argumentation is wrong is not so obvious at all), and sometimes the standard argument has to use ‘reasonable numbers’ or reasonable assumptions which can easily be replaced by other numbers or assumptions. 
Let me illustrate this on the example of the receding moon based on tidal forces. The physics behind this phenomenon is fascinating: Due to tidal effects the rotation of the earth is decelerating; days become longer (the order of magnitude is 2 milliseconds per century). The energy is transferred to the velocity of the moon (because due to the coastlines on earth, the tidal bulks are slightly ahead of the earth-moon axis and, thereby, transfer energy to the moon due to gravitational forces). Because of this effect the moon recedes from the earth at present by about 3,8 cm every year. This were not a problem, but for at least two reasons the effect was stronger in the past: the moon was nearer to the earth and the rotation of the earth was faster. Taking these effects into account leads to a number of 1,4 billion years when the moon essentially must have touched the earth, showing that radioactive age-dating must be wrong and the earth must be younger. However, the essential assumption (amongst many other details) is about the above mentioned number 3,8 cm, which can be transformed into a ‘coupling strength’ independent of the earth-moon distance and the rotation rate of the earth. The statement in the ‘alternative’ literature is that this coupling was ‘very likely much larger in the past’ while the statement in the ‘standard’ literature is rather that is was smaller in the past, because this number essentially depends on the shape and distribution of coastlines over the world and this has changed due to continental drifts and was presumably much smaller during periods of ‘supercontinents’. 
This paragraph was not meant to convince you of an old Earth – it cannot.  Rather my intention was to show how difficult and complicated the argumentation often gets. Sometimes the exact numbers and/or physics is not really known and understood. I mentioned the decaying magnetic field of the earth: this happened many times before and in most cases the magnetic poles switched. We do not know the exact mechanisms in the center of the Earth which give rise to this effect, but does that mean that the ‘standard’ arguments are as weak as the ‘alternative’ arguments? In my opinion ‘no’! But often the main reasons in favor of the standard arguments are not the single arguments by themselves, but the general consistency of a whole network of arguments, theories and models – and this is very difficult to communicate.
The essential question for me is, why are ‘alternative’ arguments often easier to communicate than ‘standard’ arguments? 
One reason is that some people hate science. They hate science for many reasons: scientists receive a lot of money for something nobody understands and, in addition, science produced a lot of bad things. For those, who don’t understand science, science can be threatening. And when humans feel threatened they start to ‘hate’. And these people embrace any argument which seems to prove that ‘standard scientists’ are wrong. I receive many emails where people claim that the theory of relativity must be wrong, that quantum theory must be wrong, that the theory of elementary particles must be wrong, etc. There are even people who believe that the earth is flat. Many of the addressors claim to be scientists (and some of them are). This would not be a problem, but many non-scientists tend to believe these claims more than the explanations of standard scientists. 
A second reason is that the ‘alternative’ scientists know much better than the standard scientists how to communicate their ideas. One of the reasons is again the “Science has proven that …”. Most standard scientists avoid this phrase because they know that science cannot prove anything, at least not in the mathematical sense of this word. Science has plausible models and theories, and in lucky circumstances these models are falsifiable or we can find their range of applicability. Statements like “Dr. X Y has proven that …” seem to sound much more convincing (apart from the observation that scientists seldom use academic titles in scientific writings). Another reason is that ‘alternative’ scientists are often better in communicating their science. And this point is often neglected by ‘standard’ scientists; they don’t care about ‘elementarization’ (‘Elementarisierung’ in German) or, even worse, they reject it. But this is needed in order to make science communicable to non-scientists.   
These are just two reasons, but I am convinced there are many more. This is one field where the natural sciences can learn a lot from the social sciences: What do we have to do in order to communicate our science to the people, the media, and the decision-makers? 

Using Science
Let me come to the second part of what I wanted to talk about. How can we use science beyond simply inventing new gadgets or getting deeper insights? 
I like the metaphor of Aikido. Aikido is a Japanese word, and in its modern form as a martial art it was invented in Japan slightly more than a hundred years ago, so it is quite young. The three Chinese characters for Aikido, 合氣道, have an interesting meaning: The first character 合 “Ai” means ‘to come together’, ‘to meet’, but it can also have the connotation of ‘to harmonize’, ‘to synchronize’. The second character 氣 “Ki” referred originally simply to ‘a gas’, ‘a gaseous substance’, but it became also a character for ‘mind’, ‘spiritual strength’, ‘spiritual power’, and ‘spiritual energy’. The last one is the famous 道 “Do”, or in Chinese “Dao”, and its meaning is “path”, “way”. In compounds like here it often means ‘the art (way) of how to do things’. So, in this case it refers to the way to bring together or to harmonize the spiritual forces. This is the idea behind Aikido. For me this is a metaphor for ‘how to utilize the thrust in an opponent’, not working against it. This can also refer to nature: throughout history we tried to utilize nature by working against it - cutting trees, rectifying rivers, using natures resources and returning pollution, etc. This has to change. We must start to utilize things in harmony with nature. 
How can this be done? And how can we as individuals contribute? Well, it seems that many projects in this direction were initiated by individuals. Big companies enter when they see that they can make money, and politicians start to act when they see that they can get votes. Some of the most successful models I know of were initiated by individuals and only later economic and political decision makers followed. This is one of the reasons why scientists have to learn how to talk to the public, e.g. about climate change.
I wonder how many people know about Ursula Brunner (1925-2017). She became famous for what has been called the “Banana Women of Frauenfeld” (a community in northern Switzerland). In the 1970s, she saw a movie about the production conditions in banana plantations in Nicaragua and she started asking the question: why are bananas so cheap in Switzerland despite the fact that people in the countries of production live in miserable conditions? Isn’t it possible to sell bananas for a slightly higher price and give the surplus to the really poor people in the producing countries? Today this is called fair trade. She talked to big companies (like Chiquita and Migros, in Switzerland the biggest importers and distributers of bananas) without success. She talked to politicians, but in most cases the reaction was that a woman should be at home with her kids (women were just allowed to vote in Switzerland). So she started to make this a public issue and informed people about the conditions in the producing countries. And she learned the trade. More and more people got to know about these things and some of them started to by their bananas in third world shops, where there was a certain guarantee of fair trade. That was the point where also Migros and Chiquita recognized that one can make money with fair trade (and there is nothing to say against that – forcing companies to give up on profit is ‘against their nature’, this is not Aikido). In 1992, the Max Havelaar Foundation, dedicated to fair trade, was founded in Switzerland and nowadays fair trade means also good business. A few years later, also bananas became part of the Max Havelaar fair trade. Ursula Brunner was not really satisfied with the result, people in developing countries still suffered, but it was a start. And as she was convinced that there should be no competition amongst those who have the same goals, she stopped her ‘trade’ (but two organizations, first gebana and later terrafair, followed). 
I read somewhere that the banana women wanted to follow through with their project without men and I always wondered why. The only reason I can think of is that they wanted to get things done and not just to talk about it. This proves that a single person can do something, but it needs a lot of commitment.  
I want to mention another person. Two months ago I met Hillary Brown (from the City College in New York) in Kőszeg. She gave a presentation at the KRAFT Conference and talked about circular economy. Circular economy is not her invention, but together with students from the US as well as from Hungary she conducted a project with the goal to apply circular economy to the town of Kőszeg. If you look at their plans you will find amazing interrelationships between Kőszeg forest, the Kőszeg environment, the Kőszeg tourism industry, the Kőszeg community, and so on. This is really tailored to the special conditions in Kőszeg. She and her group of students wanted to give an example that at least in a small community you can start to do things which are ‘circular’ and ‘sustainable’. Essentially, the idea of a circular economy is that one has the densely connected network of units – private and public business, municipal activities, companies, shops, etc. – and the waste of one unit becomes the input for another. 
There are similar projects throughout the world. Some of you may have heard about the ‘blue economy’, which has very similar goals. Closely related is the ZERI initiative (zero-emission research initiative). There are roughly 200 projects all around the world (maps of the locations of these projects can be found on their website). If you look at the eastern part of Europe, however, there seem to be remarkably few projects, two or three in Serbia, but nothing in Austria, Hungary, or Poland. I was quite disappointed that there are only few projects in Germany. But on the other hand, this is just one example for such projects. 
Cradle-to-Cradle is based on similar ides: no waste products as far as possible. We must be more careful about being able to recycle or to reuse things which up to now have been considered as waste. This is in the spirit of Aikido: make the problem your partner, make it work for you. 
I can imagine that Kőszeg is an ideal place to implement a Master’s program in circular economy. You start, e.g., by making a BSc in physics, biology, chemistry, or a BA in economics, and then the MA specializes on methods to make processes more sustainable and circular, e.g. how the waste from one economical unit becomes the input for others, or how to organize ‘sustainable festivals’ or ‘sustainable conferences’, etc. If one thinks about it, there are many ways to develop a curriculum for such an MA program and there are many possible applications: The absolvents can become advisors for companies, cities, organizers of events, etc. They have to work in groups because, as I said, you need in principle all sciences working together in order to accomplish this. This is what I meant by ‘global science’.   


ROOM TO MOVE: CLIMATE CHANGE AND MIGRATION IN HUMAN HISTORY
Daniel R. Brooks

Climate change unites humanity like it has never been united before. There are two reasons for thinking this is true. First, climate change is literally beyond belief. No matter what religion you believe in, no matter what political system you believe in, no matter what economic system you believe in, you are being treated the same by climate change. Mother Nature does not care what you believe. Second, climate change is a national security issue for every country, and if it is a national security issue for every country it is a global security issue. So, whether we like it or not, this puts us all in the same boat. Climate change is not simply occurring, it is accelerating. We cannot stop or reverse it, and it is becoming more apparent that we probably cannot even slow it down. But there is reason to hope.
There are some good things happening in the world of climate change: global fertility rates are declining faster than anticipated. Use of renewable energy sources is increasing (though aspects, especially storage batteries, threaten to create new forms of pollution). Generally, health is improving around the world. Fresh water is abundant globally. There are more reasons for us to worry about the state of the world.  Population is still increasing (because enhanced health means low infant mortality); The atmosphere is warming. Accelerated melting at both poles is raising sea levels. Agricultural soils are depleted. Droughts and floods occur the wrong places (affecting the distribution of fresh water). Emerging Diseases are everywhere. Socio-economic inequality is rising. Political instability leading to conflict and migration is a global problem.
Discussions of sustainability have had one thing in common – they are discussions of how we would like to improve the world we have. We must reframe this discussion. We do not have the luxury of worrying about the quality of anything at this point; our fundamental interest has to be basic survival. Any questions about sustainability going forward have to start from the standpoint of not what we want but what we need and the first thing we need is to survive.  We do not have a lot of time. It turns out that the Limits to Growth which has been incredibly criticized and misrepresented for being apocalyptic (i.e., everything is going to go to hell) turns out to be the most optimistic analysis that is still floating around. Even the IPCC has finally realized that the year 2100 is not a realistic point for us to start worrying. At the moment the consensus seems to be that 2050 is what we would call the LD50 for Humanity (LD50 is a term from toxicology studies referring to the dose at which your toxin will kill 50% of experimental animals or plants).
	In 1958 Charles Elton warned that humanity has never faced climate change of the magnitude that is happening now and is coming at us, and he predicted that the two major outcomes of that climate change going forward would be conflict and migration (Elton, 1958). This has certainly proven to be true. In making that prediction, Elton drew on substantial knowledge of the evolutionary history of humans and their interactions with their environments. In the 60 years subsequent to Elton’s landmark contribution, our understanding of human evolution has increased dramatically, and everything we have learned reinforces Elton’s concerns for our future.
	What does evolutionary theory “promise?” First, evolution is brutally short-sighted and relentless. There are severe limits to growth with great penalties for overshooting that growth that may be postponed, for example, by the development of technology but never completely avoided. The bills will come due eventually. Second, if you survive long enough you may come up with a better way of doing things, but even if you do the next time the environment changes that solution will be obsolete. Third, biological systems are complex systems and thus sensitive to initial conditions. Inheritance re-sets the initial conditions each generation, and this is the way in which the ability to cope with changes in the surroundings is maintained. But that also means there is never a permanent optimal solution. And finally, there are always unanticipated consequences, so any solution that resolves a current conflict may set the stage for new conflict, requiring yet additional conflict resolution. Evolutionary changes are thus the result of conflict resolution, and conflict resolution requires cooperation (Maynard Smith and Szathmary, 1995; Szathmary, 2005).

Human Evolutionary History: A Precis
In the Beginning
	About 3 million years ago, our ancestors moved from forests to savannahs. Other early humans seemed to have stayed in the forest, persisting at least until 2 million years ago, but none of their descendants are alive today (Desilva et al., 2018). It is possible that the ancestral humans who found themselves on the savannahs were in some way pushed out by those who remained in the forest and who, ironically, no longer exist. Our ancestors brought with them a substantial amount of historical baggage inherited from their ancestors. Like all anthropoids, they were social primates, living in extended family groups. Their social structure likely comprised one group of females and youngsters and another of sub-adult and adult males. Within each group there was some hierarchical structure, headed by an alpha female and an alpha male. They foraged, eating primarily pant material but opportunistically eating animals (bird eggs, mammal and bird nestlings, rodents and lizards). Each such group moved about, motivated by the need for water, food, shelter and safety. Groups would tend to avoid each other, except in cases where the needs could be satisfied in abundance (such as seasonally fruiting trees), in which case more than one group might coexist, at least for a time. In those cases, it would not be uncommon for some unmated females from each group to move to another group and leave with them when they moved on. This reduced the threat of inbreeding problems within each group and was the primary source of cultural transmission, facilitating the spread of knowledge such as tool-making. We also inherited much of our reproductive biology from those remote ancestors. This means females are capable of having a single child, rarely twins, once a year. Females invest a lot of time and energy in their youngsters, and often are not capable of becoming pregnant while nursing. Being pregnant, delivering a baby, taking care of a child is physically demanding for an adult female, and life for most of human history was extremely dangerous for children, so the lifetime reproductive output of women was fairly limited. This was what we brought with us onto the grasslands.
	We need water, food, shelter and security. As a result, we fear flood, drought, famine, conflict, and disease. Climate change produces – directly and indirectly – all of those fears. And the paleontological record shows that whenever climate changed in ways that increased the threats, our ancestors migrated. Necessity, it seems, is not the mother of invention, but the mother of running away hoping to find your needs with decreased fears somewhere else. And in a complementary form, “invention” only occurs when the conditions of life are stable.
	Let's look at what modern human beings have done in the past 150,000 years or so. From 150,000 – 90,000 years ago human beings lived in a period of relative climates stability. During that time of stability, we moved into new places and new habitats and started doing new things. Among other things we changed our diet, eating a lot of meat, and we started making tools that allowed us to stop being scavengers and actually start killing our own meat. This marked our transition to true hunter-gatherer societies. The division of labor between male hunters and female gatherers emerged naturally from the pre-existing social structure. This also marked the beginnings of a recurring theme in human evolution. We acquired a number of interesting new diseases as a result of eating meat, such as tapeworms in the genus Taenia whose closest relatives live in felid, hyaenid and canid predators with which we competed for prey.
	Another major outcome of this change in diet was that human beings started to get bigger, and women got bigger faster than men. Women benefited more than men from adding meat to the diet, but this created a potential problem. The bigger, stronger, better fed a woman is, the bigger and stronger and healthier her babies are. She is not going to start having babies every five months and she is not going to begin having twins or triplets, but she is going to have higher quality, babies, and babies are going to survive more often. 
	From about 90,000-12,000 years ago, human beings lived through a period of climate instability. During warm and wet periods, we expanded geographically in response to abundant food and water.  Every time we moved, we added something to our dietary repertoire; we got bigger; our women got disproportionately even bigger; and we added more diseases. Humans were becoming widely distributed but because we were still extended family hunter-gatherer groups, overall population density was low. We maintained an evolutionary trajectory of hunter-gatherers whose primary innovations were improved hunting weapons.

The Holocene: We Change Our Evolutionary Trajectory
	At the beginning of the Holocene, about 12,000 years ago, human beings experienced an almost unparalleled period of climate stability. This was a time of plenty for humans. Human groups were able to find places that satisfied their needs in abundance, with minimal fears. And as I noted previously, innovations occur during periods of safety and security, and this is the time when domestication and agriculture exploded onto the scene. This was the evolutionary transition from hunter-gatherers to agro-pastoralists.
	There are a lot of benefits to a lifestyle of livestock and crops. We got bigger and healthier and could provide for larger groups of people. Our women and children were safer because they did not have to forage in areas where predators might lurk. Men did not have to engage in life-threatening hunting practices. But this is evolution, so we have to ask what this wave of innovations cost. First and foremost, we became less mobile. As the social groups became larger and more sedentary, the potential for conflict increased, and the potential for conflict resolution through one group leaving decreased. As well, we acquired more diseases, both due to crowding resulting from increased population density, from the migration of animal species, from insects and ticks to rodents and birds to human habitations; and even from the companion animals and livestock. By about 9,500 years ago, human beings were building permanent living spaces, even if they were not staying in them constantly all the time. This is marked the transition from agro-pastoralism to urbanization. 
	One underappreciated consequence of the evolution of urban humanity is that cities reduce our ability to run away from climate change. This represented a major transition in our evolutionary trajectory. And there were benefits, costs, and unanticipated consequences. 
	The earliest cities were permanent living settlements where proportionately fewer and fewer people were involved directly in producing food. This freed people to specialize and as the complexity of goods and services provided by those specialists increased. Initially, population size was limited by local food production; cities that had an abundance of water and food could afford the specialists. If food and water became scarce, people who were not directly involved in food production could not afford to live in the city and moved on to cities that could afford their services. Within a relatively short period of time, cities began to value their specialists who were not directly involved in food production. There is evidence of Trans-Eurasian trading routes as early as the Paleolithic, long before there were cities. Urbanization led to a new view of trading, increasing food supplies by trading specialized goods for food. And it seems that the more humans invested in trading for food to maintain specialized services, the less likely they were to abandon the site in the face of climate change or other natural disasters. And yet, most urbanized civilizations affected by major climate change events in the last 9,000 years were destroyed forever. The Angkor civilization in Cambodia, the Mayans in Central America, the Tamil in Sri Lanka (Fletcher, 2019).
	Finally, it soon became known that cities were immobile sites where lots of food and specialized goods were stored, so by about 7,000 years ago we have the first archaeological evidence of organized warfare against settlements, because it is easier to come and take somebody else's stuff than to make it yourself. Technical specialists displaced from one city as a result of such conflicts would migrate to another city, potentially making each city a richer target for attack. Cities thus seemed to catalyze conflict and migration. 

The Anthropocene: We Intensify the Trajectory
	The Anthropocene is arbitrarily considered to have begun in 1758 with the first commercial use of a steam engine. In many ways, the Anthropocene represents the logical outcome of the new evolutionary trajectory established when humans became sedentary and decided to fight against climate change rather than running away from it. When we decided to locate our industry in pre-existing urban centers, we created a situation in which the human population increased so rapidly that neither local food production nor existing trade routes could keep up. Increased population density not outran food supplies, so trading for food became vital, but the trade routes had to become longer, because people began leaving local the agricultural lands for the cities, responding to the hope for a better life in the emerging industrial revolution. 
	This represented the most recent transition in the evolutionary trajectory of humans. First, we stopped migrating away from trouble. Now we migrate toward the very urban centers that create the problems. In 1950, 30% of human beings lived in cities, by 2050, and this is a very conservative estimate and it is probably going to be higher, but at least 70% of the world will live in cities. Between 1950 and 2050, what we have done in the last two generations, is that we have produced two generations of people who are almost entirely urbanized children and that turns out to be important going forward. Modern cities are the ultimate density and connectivity traps. They are places where human beings are crowded together, that only exist because they are connected with external sources of food and essential supplies, and as a result are full of humans that cannot survive outside a highly technological urban environment. Meanwhile, non-urban sources of food and essential resources are being depleted in part by hyper-consumption in the urban areas and in part due to the migration of people from the non-urban to urban areas. as a result they are extremely susceptible to a number of things, including emerging diseases. If urban centers are devastated by climate change, disease, natural disaster, massive migration to other such centers will be their only means of survival, exacerbating pre-existing problems of high density and hyper-connectivity. They will not be welcome. 

What We Can Do
	Human beings have always made decisions coping with immediate problems of the day in the way that seemed appropriate at the time. This is evolutionary in the sense that it is brutally short-sighted, but relentless, because we kept doing this and as long as we were not dead, we kept solving one problem after another on a contingency basis. Until Darwin (1859) we had no scientific framework for thinking about unanticipated consequences of actions. This is why technological humanity in its highly urbanized form is at risk. The change in our evolutionary trajectory created technical infrastructure that has put us at risk. We have been living beyond our means in this technological niche we have constructed, and the bill is now due. 
	There is hope. Evolutionary history is not destiny. Think of climate change threats as the things that came out of Pandora's Box. Left crushed at the bottom of the box, was Hope. You cannot cope with all the fears of the world if you do not have hope, but hope is not a plan, hope is only a reason to have a plan. Crisis response is too expensive and time-consuming. If we do not anticipate what is coming at us and try to mitigate its impacts, we are not going to be able to afford to survive. We need a sense of urgency, but not panic. The time is short, the danger is great, and we are largely unprepared. But we can change that. Our policies have to be based on the idea that in order to survive we have to buy time to figure things out at a time when the rate of climate change is accelerating, and the only way to accomplish that is by cooperating. Human beings are capable of great amounts of cooperation, but it has to be with somebody we feel warm and fuzzy about and overcoming that piece of our evolution because for many years it was not necessarily a good thing to automatically feel warm and fuzzy about the next stranger that came around the bend in the forest. We will not survive if we do not cooperate with people we do not like. We cannot defeat a common foe if we are at war with ourselves. 
	We are now a technological urbanized species. Despite the fact that there are more abandoned than occupied cities on this planet, humans have never thought that cities might be the problem – cities are the solution. Because with our technology, especially our internet technology, it is potentially possible to link together a group of cooperating small cities each of which is sustained by a circular economy, to emulate the benefits of a big city while mitigating the problems, the vulnerabilities associated with a big city like population density. This is the strategic perspective that drives proposals such as the one for the Pannonian region of Hungary (Brown, 2018).
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NARRATIVES, NETWORKS AND KNOWLEDGE: 
FINDING PATHWAYS TO SUSTAINABLE FUTURES
Ilan Chabay


Let me start with some questions and a normative assertion that, as previously mentioned, we are living in the Anthropocene Era. We are in the midst of a great acceleration as well, which makes changing the patterns of unsustainability essential, even existential, and urgent. How can this kind of collective behavior change so more sustainable futures occur? That is really my fundamental question, because it is not just about separating your own garbage. It is a question of how communities, at whatever scale one would like to talk about, handle the kinds of fundamental changes in behavior as a community and as a collective, whether on a global, a regional, a national,  or a local village scale – not only how do they change, but how do we make them coherent, so they are not competing with each other and canceling each other out. The questions that I would like to address are:
· Can social movements for sustainable futures with justice and equity be catalyzed? 
 I use the term ‘sustainable futures’ in preference to ‘sustainable development' because development has different connotations and meanings as people understand it, and because the pathways and processes for moving toward sustainability depends on context and culture, rather than being uniform globally. 
· What are the drivers and the hindrances of transformations to sustainable futures? 
· What insights do narrative expressions of vision and identity provide in moving towards sustainable futures? 
· How can narrative-driven role-playing games support moving towards sustainability by helping people grasp the consequences of living in the midst of a complex system, indeed a complex system of systems?
I will talk about what I mean by narrative expressions a bit later. 
[image: ]
We already know that we are in the Anthropocene at present, but how do we get out? We can’t just reverse course, we must move forward and change the negative consequences of human behaviors. We can talk about planetary boundaries, but I will not spend time on this since it has already been discussed, except to say that the Earth's system trends are not separable from the social and economic trends. What we are facing is something that is a critical, perhaps existential issue, but one that is changing very rapidly, and indeed accelerating. 
[image: ]

I like the ideas of Kate Raworth very much. She came up with the “doughnut” and she has written a wonderful book on “Doughnut Economics”
[image: ]
The doughnut of social and planetary boundaries Raworth 2017

The point there is that yes, we have the planetary limitations and boundaries, but what are we going to do about it?  What would we have to change?  How do we make that change? – that is my question. What Kate has done with this doughnut shows that on the outside are these hard limitations that have to do with the physical conditions, physical materials on earth, about 'planetary boundaries’ like ocean acidification, ozone layer depletion, freshwater withdrawal, and climate change.  The inside has to do with the social foundations and the fact that society operates within this physical environment.
How do we stay in this safe and just space for humanity is another way to look at this whole thing; and, of course, we have the Sustainable Development Goals, which are a major accomplishment in actually coming to such a comprehensive set.  On the other hand, they are also a very complex set, because they are deeply interconnected and interdependent, and therefore they cannot be addressed simply by the kind of reductionist science that we have been using to teach and perform.  There is also perhaps a question here too, at what scale does this make sense and how do different cultures, different conditions affect this?  I worked for a few of years in the Arctic, in East Asia, and with a graduate student, who is working in the slums of Nairobi. In these different places, a sustainable future most likely would be quite different. What common pathways can be useful and which aspects of sustainability must be addressed differently in those different conditions and cultures? It is a difficult, but absolutely essential to consider how sustainability can be attuned to be successful in the local cultures, values, and contexts (e.g., political, demographic, economic). 
Let me just summarize by saying that science is embedded in the natural systems on which it is entirely dependent, yet sometimes when you talk to people about ecology and sustainability they say something like “there is a very nice forest about three kilometers over there.”  But you ask, wait a minute, what are you breathing, what are you drinking, what are you wearing? The point is that society itself defines what is relevant and valuable in the relationship to the local and global environment, including ecology, biodiversity and resources. It is not a given. Sustainability depends on how people conceive their relationship to their environment and each other, and therefore very crucially the terms “agency” and “responsibility” arise.  What is your responsibility? What is your agency?  What are you capable of doing? Maybe as importantly: What do you think you are capable of doing? For well-being and survival, I would say, in this case of really rapid indeed accelerating change, it means that societies must continually learn and innovate for societal needs. We cannot keep doing things the same way. We do not have a playbook. We do not have a textbook that says: 'just do this and we are fine’.  We do know what to do in some fields like physics or biology, but how do we do this for society? That is a really tough question. The term ‘codesign’ is an important process that highlights engagement with society in the design of some types of research. I will talk more about that in a moment. Ultimately, I think the question is how do we change patterns of behaviors moving forward, rather than focusing on how to fix what we have screwed up and we continue to screw up? Let's get ahead of the curve and figure out how not to walk into the next trap. 
In order to address these questions, about twelve years ago I started a project as part of the International Human Dimensions Programme in Global Environmental Change (IHDP). It was known as the Knowledge, Learning, and Societal Change Alliance, which I now call ‘KLASICA’ and now is based in Potsdam Germany at the Institute for Advanced Sustainability Science (IASS). 
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KLASICA seeks to understand how knowledge, meaning making, and societal change are interconnected and in particular:
• identifying and understanding conditions under which collective behavior change (CBC) toward sustainable futures occurs (or fails) in different places and contexts
• using that understanding to advance solutions for and promote actions on pathways to sustainable futures.

The aim is to understand collective behavior change and to use that to catalyze movements along pathways to sustainable futures in different cultures with equity and justice. Let me iterate this slightly and expand it. It is about learning, innovation, negotiation, navigation toward sustainability. But there is an inescapable uncertainty, not because we are doing bad science or doing science badly, but because uncertainty and ambiguity are fundamental and inescapable in a complex system. In a complex system, one cannot necessarily assign causality. In many instances, people do not distinguish ‘causality’ from correlation. In a truly complex system, we simply cannot know for sure that we understand the fundamental causality. Second, there is a normative ambiguity due to the fact that multiple value systems and beliefs can influence the design and interpretation of science.  The choices and actions taken now may have unanticipated, unintended consequences that come back and bite us later, maybe tomorrow, maybe 10 years from now, because we are not aware of all the loops, interconnections, and causalities in the complex system.  
Earlier I mentioned the idea of co-design and my experience in the Arctic. In order to understand the context and local knowledge and priorities, we met with rights holders and stake holders in several places in the Arctic, including the Arctic Circle Conference and meetings of the Arctic Council Sustainability Development Working Group. Recently, I worked with communities dealing with earthquake recovery in a small town near Kumamoto in Kyushu, southern Japan. 
Transdisciplinary Dialogues
	Stakeholder and
rights-holder
dialogue in Arctic
Circle Conference,
Reykjavik
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	Community
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Nishihara, Kyushu
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Regardless of location or context, it is not about giving communities or society solutions; it is about employing existing information in a form that people can use in their context and aligning research with local priorities and concerns in order to support the capacity of stakeholders and rights-holders to make decisions about how to move forward towards their own sustainable future.
A schema that I developed for our Arctic project at (IASS). 
Schema for Stakeholder Participation (Elements)
· Choose, frame, and prioritize research questions
· Collect data
· Analyze data
· Interpret analyzed data
· Develop scenarios for decision-making at multiple governance levels and spatial scales
· Write academic papers
· Produce policy briefs and reports
· Open dialogues and communication channels with all relevant actors & groups
· Identify rights- and stakeholder groups, characterize them, and contact key members
· Build capacity for and support of decision making by rights- and stakeholders
· Establish collaboration with rights- and stakeholders
· Researchers choose broad sustainability topic based on core competencies, research priorities, and funding

It shows the elements needed to engage with the stakeholders, rights holders, and shareholders. The key point, which often gets missed, is the interpretation of data. Data does not speak to us.  Here we are today in the Hall of Musicology. Let’s say you are given a piece of paper with some lines on it and a bunch of dots and maybe some other symbols;  you take an instrument and start playing each note, one after the other. That is not very interesting as music. What is interesting is the interpretation – how you play, how you make sense of it, and how the audience hears and makes meaning of the sounds – and that is equally true with science. We have data, we make a story, out of it, we try to make sense of it, but we do not all agree as to what that story really means. How we do that, how we interpret with the stakeholders and rights holders is absolutely essential in my view. 
I want to speak a bit more about data computation and narratives. There are many kinds of efforts to model trajectories toward sustainability. I am involved in one project called The World In 2050 (TWI2050) that the International Institute for Advanced System Analysis (IIASA) in Austria and the Stockholm Resilience Center have organized. This project uses integrated assessment models that look at trajectories from today through 2030, 2050 and beyond. Great, but what if society changes rapidly and the baseline or starting point for the trajectory shifts so rapidly and radically that the projection is fundamentally flawed? In the report that was issued in July 2018 at the UN in the High-Level Political Forum, attention was called to the fact that we really have to understand the social dynamics in order to make more meaningful long-term integrated assessment models by either forward or backcasting. We need to understand the social dynamics to have a better basis for considering potential societal bifurcations in their pathways and conditions. 
That leads me to the question of narratives for critical insights that can be the basis for what I call ‘provocative modeling’. We are not predicting – we cannot, we are not doing system dynamics where you start out with what the system description looks like and project it out.  It doesn't work the same way in considering possible tipping points or bifurcations and emerging phenomena in coupled socio-ecological systems.  Basically, the idea is that computation with big data allows us to make critical distinctions, recognize nuances, and not only to produce statistical averages of behaviors. 
A rather novel source of data and insights into incentives and motivations for behaviors comes from narratives of vision and of identity. Of course, narratives are fundamental as human communication from earliest times. What I am focusing on are what I call “narrative expressions” meaning the condensed and affective expression distilled from longer narrative discourses. In some cases, narrative expressions take the form inter alia of songs, dance, paintings, or puppet theater, each of which gives the core idea resonance in particular contexts and cultures. Most people do not know the entire very powerful speech that M.L. King gave, but they do know the phrase: ’I have a dream’. In the case of children in a village in Taiwan, they don't know the whole story of their village and the loss of it due to a typhoon and mudslide, but an artist created the narrative in painting that can be understood and remembered.  Picasso painted Guernica on a wall in 1937 that changed the way millions of people thought about war. Examples are shown below 
[image: ]

From Narratives to Social Dynamics Models
Analytic concepts for categorizing narrative expressions
1. The type of evidence that is brought in to make the narrative convincing (associative plausibility),
2. The setting, scope or context that the narrative is being connected to (framing),
3. The core value(s) the narrative is affirming or pointing toward (normative affirmation)
4. The thing within the narrative meant to catalyze emotional response from the listener (Ortwin:“emotional identification”)
5. The emotional drivers for action (motivational incentives)

There is also, unfortunately, the other side of the story. It is hard to imagine, but there was a campaign to outlaw sustainability that was successful in two states in the United States. They passed a law outlawing sustainability in Alabama and in Kansas, which is an agricultural state that has been suffering from drought for 35 years now.  The point is they were operating with very different narratives. The narrative that drove their decisions was about individual freedom, not about sustainability per se. In terms of science, we need to pay attention to existing narratives and their significance in the communities and in the reasons for their emotional resonances. If we don’t take these into account and address them in the communities where the narrative expressions resonate, we can’t communicate meaningfully and we will be ineffective at best and actually counter-productive, at worst.  
We developed a preliminary version of an analytic typology of narrative expressions in the 2nd Taipei KLASICA Symposium in September 2018. The analytical categories we considered were associative plausibility (relation to evidence), framing (scope and context), normative affirmation (core values), emotional identification (resonance with values), and motivational incentives (affective drivers of actions). We looked at the how narratives link with social identify or catalyze an emotional response and motivations or internal incentives for action. These come from, on the one hand, the vision (where do we want to go as a society and how do we express desire as a narrative) and, on the other hand, on identity, which plays a critical role, yet has been often overlooked. This comes up in people’s discussion of identity politics. Why is that important? – because it is motivational; it is what tells me that I should act in a certain way because everybody around me with whom I am socially connected acts that way. An interesting example came from work discussed by Dan Kahan on farmers in rural Kentucky, in an area with relatively good farming and where the farmers were part of a community of conservative Republicans.  He asked them about climate change, which they denied being human induced. In their fields they said that things were changing quickly and they needed to change practices to adapt to changes in conditions. The story seems to be that they identify with their community and the views of the community. This is important to them, because this is a small community and they are linked to and dependent on their community. If you say there is human-induced climate change, then you are at odds with and may be quickly kicked out of the community. You cannot rely on your neighbors for support which in rural farming areas is essential. These kinds of identity issues, therefore, play a real role in how people make decisions. 
In the last part of my talk, I want to outline some of the ways we can engage people in experiences and dialogues that stimulate their interest and open their perspectives on the crucial issues of global change in the Anthropocene Era. 
The relationship between science, as a way of making sense of experiences in the world, of   models (often embedded in or generative of narratives) and learning need to build toward inclusive sustainable futures. We need changes in education, including lifelong learning, to better enable all members of society to engage meaningfully in the processes of moving to sustainable societies. Education is the infrastructure for the formal schooling. Informal learning also plays an important role, since we do more learning outside of the formal structure than we do within. 
Among significant shortcomings in our education generally is that we fail to teach about and learn from models. We often mention theories without discussing how they evolved and were tested, or that they are models of our understanding of the world. When we teach physics, at least at the undergraduate level, we usually don't talk about the model, we talk about results of the models. Yet in my experience, even young children do really well at coming up with models, even if they don’t know that is what they are doing. Upon encountering a surprising or compelling phenomenon, they spontaneously speculate or guess why something they see is happening. The question then becomes: what do you do with that guess? How do you do more than just express your guess or opinion. We have talked here in the Blue Sky conference already about falsification as a part of the social contract that is science. First you test every idea or model by trying to replicate results and to see if and how the model fails to produce the observed results. If you cannot find an instance of failure of the model, despite multiple efforts, maybe the model or theory is adequate for use and we can test it even more widely. 
It is also particularly important in dealing with complex systems that one intentionally looks for multiple solutions, rather than focusing on finding a unique optimized solution. Brainstorming and finding multiple solutions can be a very productive (and fascinating) process done by collaboration with people who learn and think differently and not only with people who have been acclimatized into thinking the same way. Individually, and even more so in collaborative groups, it is difficult, but crucial to take intellectual and emotional risks, to try ideas that are exciting and potentially valuable, but may also fail.  
Taking risks by questioning what may be accepted knowledge and then learning to sharpen inquiry is a fundamental aspect of doing science. I remember sitting in the chemistry department office at Stanford one day when one of my colleagues, a well-known, excellent scientist, complained that his graduate students in the lab just hadn’t been doing well over the last couple of years. I asked: “Well, how did you pick them?”, he said: “They were the best students; they had fantastic grades; they had great recommendations”.  I replied: “I think that is the problem. They know how to game the system, but they do not necessarily know how to ask the questions.” If you are trying to do innovative research, it is essential to think about how to formulate the questions, otherwise you won’t get very far.
Outside of the laboratory or scientific workspace, inquiry and experiential learning are key ideas for engaging publics. The point is to stimulate questions by nurturing curiosity, and supporting the ownership of ideas in thinking both individually and collaboratively. This stimulates opportunities for creative ideation with diverse groups of people who are thinking about some of the same problems, but in very different ways.
Engaging people with experiences that stimulate their curiosity and provide them with memorable experiences that can lead to their building a vocabulary for thinking.  After leaving my first career in natural science research, I founded and ran a company in which we invented and developed a couple of hundred devices, which were produced for 230 museums around the world. I am glad that the exhibits have been used by millions of people. The question that arose for me was what is the ultimate impact of the experiences on how people look at the world around them and do such exhibitions change in any way the attitudes, awareness, and behaviors of people as a consequence of their experiences?
I think to be able to experiment with complex systems is important. Already in the 1990s I  designed a game called “Stranded on Mars” which later became essentially the basis for the movie  “Martian”.  Several years ago, Ortwin Renn, then at Stuttgart University, and I designed exhibits and a game for the interior of a truck that traveled around Baden-Würrtemburg state in Germany. Around 700,000 people visited the truck on the energy transition in Germany and used the exhibits and the game. Six people at a time could play the game, each in his or her virtual home doing laundry, the dishes, getting food, etc. At the start the players decide how much energy in the virtual town should be from renewable sources and how much from coal? If the players decide something like: we are going to be really forward-thinking want 80% renewable 20% coal. While playing for about four minutes (which is a virtual week), the problem soon arises that all the energy supplied by people with hand cranked generators, is not enough to provide for the group’s activities if the renewables are not available (without storage) and you get a blackout. That comes as a surprise to the players, which then provides an interesting opening for discussion. Then you can play again, but give people necessary signals to allow players to avoid uncoordinated high peak loads on the power supplies. People do not forget this coordination exercise, because it is surprising, simple, and engaging.
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Lastly, I will mention that a couple of years ago a few colleagues at the University of Rome and I were involved in the Kreyon Days project funded by the Templeton Foundation and Lego Foundation. We designed a game that I called “Gaming the Future” and, oxymoronic as it sounds, it was meant to be a simple way to understand complexity – not in detail, but to understand the consequences of complexity.  The game is played on a large flat Lego board. You build a landscape on which you build components in any way and anywhere you want. Because of a video camera (like a satellite earth monitoring system) above and models that interpret the consequences of the structures on the landscape, you see the consequences of what you have done in terms of for example, air pollution, CO2 output, traffic density, river flow, and river pollution. 

Kreyon City Prototype of GtF
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As you build or move components around, you make what seems like very simple decisions, such as I am going to build an extra apartment building because I need more workers in my factory or farm. Rather than just seeing the Lego bricks on the board, you would see the many kinds of possible consequences of the building on large screens above the board. Legos work well because they are physical devices that people know how to use and the construction is in a common space seen by all. This augmented reality, in a sense, works better because everybody sees what everybody is doing. This can lead to constructive dialogues about the consequences of actions and the questions raised. 
I will close by saying that we are only in the initial steps on pathways towards our sustainable futures. 
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