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      “It isn’t what we know that gives us trouble, it’s what we know that ain’t so.” – Will Rogers

      

      As humans, we are brilliant beings. This can be both a blessing and a curse. There are times when we revert to our “teenage ways” and think we know everything we need to about life when nothing could be further from the truth. If there is anything my time on Earth has taught me, it is how little I really know. I was responsible for educating adults and helping them get their start in the world until recently. I am acutely aware I couldn’t teach my students everything they will need to know in their lives. The best I could hope for was to give them a thirst for knowledge and a love of learning, to inspire them to be lifelong learners. I planted the seeds of open-mindedness in their developing frontal lobe to receive and analyze new information even when it differs from their beliefs. I gave them the tools they need to find and recognize good reputable sources.

      

      Many people think they have everything figured out and know all the answers. Take the Nazca civilization, for example. 1  They thrived in the desert ecosystem of southern Peru between 100 BC and 800 CE. Then they disappeared about 1500 years ago. While their disappearance has been a mystery, scientists now theorize that the choices they made as a civilization ultimately lead to their destruction. These tragic choices could have been avoided with a bit of humility and critical thinking.

      

      The Nazca civilization lived in the desert where there was a delicate balance between living things that ensure survival. Despite having built a strong and successful civilization, they made a fateful decision that led to their decline. Their environment was home to the Prosopis pallida or huarango tree. This fantastic plant helped the soil to be more fertile and better able to hold in moisture. As well as support the irrigation system the Nazca had built. The huarango tree had the deepest roots of any tree in their area, which helped hold the soil in place and keep it from being eroded by rivers and wind. Also, as with all living things, it was part of nature’s delicate balance.

      

      The Nazca civilization’s aforementioned fateful decision was to become an agricultural society. This may seem like a sound decision, but it led to a chain of unfortunate events. They made the transition to agriculture rather quickly, cutting down many of the huarango trees to make way for planting crops like cotton and maize. The mass eradication of the trees resulted in the decline of the natural benefits they had to offer. When storms like El Niño brought floods, their roots were not there to help hold the soil in place. The irrigation system didn’t work well as the trees weren’t there to keep the needed moisture in the soil to help their crops grow. The fertility of the soil gradually deteriorated. The Nazca were no longer successful in growing their crops. Food became scarce, there was not enough to feed everybody, so their civilization slowly disappeared as their people starved. 2

      One can’t help but wonder if the Nazca had understood the science of the huarango trees and considered the long-term consequences of their choices, they might have made different decisions that would not have led to such a devastating outcome. 3

      

      The story of the Nazca civilization, while is tragic, is not unique. The history of planet Earth is rich with extinction stories and with choices that led to those extinctions. Again, we are brilliant beings. This sometimes is a blessing; other times, it is a curse. Usually, it is a curse for different species and generations who come after the perpetrators of environmental change. One man is not likely to see the long-term consequences of his actions in his lifetime.

      

      How could the simple farmer of Mesopotamia or Mesoamerica know his accounting system and keeping track of his crops would result in e-books? How could the ancient scientist know that his experiment with metal alloys would result in the atomic bomb? To see the long-term impacts of these changes, thousands of years had to pass, and additional developments had to be made.

      

      Life accelerated in the modern age. Thanks to science and engineering, changes have revealed themselves faster. For instance, biochemical and biological engineering helped increase the quantity of food available. Norman Borlaug was an agricultural researcher. He developed a high-yield type of wheat. It was so successful in Mexico, India, and Pakistan that it earned him the Nobel Peace Prize for preventing more than a billion people from starvation.4 Genetic engineering has helped produce food at higher yields and promised a better life for our children. Physicists can create nuclear power to supply energy to our homes.

      Let’s take a closer look at the timeline of these innovations. The first biological engineering program started in 1966 at the University of California, San Diego. Genetic engineering, as we know it, being a direct manipulation of DNA by humans, has only existed since the 1970s. The first nuclear power plant opened its gates in 1954, in Obninsk, USSR.

      We feel the benefits of these innovations today, even though they happened in our lifetime (the lifetime of fossils like me). What’s even more impressive is that we have already started feeling the secondary impact of some of these innovations.

      Pesticides created by biochemical engineering have killed pests only in the short term, allowing many to develop resistance. And at the same time, the number of other, untargeted insects such as wild bees dropped significantly.5 Norman Borlaug, who has been considered the father of modern agriculture, got a lot of criticism from environmentalists and nutritionists. The Green Revolution produced many adverse side effects, such as increased cancer rates in rural areas, water, soil depletion, and fossil fuel dependence. 6 Due to the heat nuclear reactors release, the spawning pattern of fish in the affected areas has changed.

      Not only science and engineering-related changes have accelerated to show their primary and secondary impact. Social, political, and economic changes operate at a higher speed too. It took hundreds of years to switch from a hunter-gatherer lifestyle to an agricultural-based society for our ancestors. How many years did it take to create a society where we can’t imagine living without high-speed internet? Ten? I don’t even want to talk about “internet” as a stand-alone term anymore. Could you imagine going back to dial-up? How have these developments affect us so fast? How did they affect the environment? And more importantly, what are the changes and consequences that are most likely to happen in the next twenty, fifty, or one hundred years? Future generations are all going to have kyphosis because we spend all our time hunched over the phone. I don’t even dare thinking about a more distant future.

      

      Had I been imagining the next hundred years in 1918, I would have never guessed what today would look like.

      

      Traditionally, we have been taught to look at things in a linear analytical fashion to search for clear cause-and-effect relationships. If the car runs out of gas, the car stops. Easy, right? But how could we explain with the same logic the multidisciplinary changes nuclear power plants create? How could we tell that if the nuclear reactor releases heat, the spawning habits of fish will change? Can we explain this phenomenon purely through biology? Or chemistry? Or physics? No, we can’t give a proper explanation with a reductionist, mono-disciplinary approach.

      

      Systems thinking is a paradigm shift in the way we view the world. A system is a group of things that are interconnected and demonstrate their own behavior pattern over time. When we think in systems, we slow down and dig deeper, finding solutions and explanations to given phenomena. Systems thinking encourages us to look at events and patterns in our lives and around us; to focus our attention on the connection and relationship between the system’s parts instead of only looking at the individual parts in isolation.

      

      Systems thinking leads us from trying to come up with a quick fix to a problem in favor of considering the long-term consequences our actions may cause. It supports a deeper level of understanding than we typically take the time to seek.

      

      In our fast-paced and complex society, the information we think we know can quickly become obsolete. We have to be open and receptive to new knowledge in science and technology and be willing to view it through our systems thinking lens. This way, we can rid ourselves of false information. We can be ready to face the future armed with the most accurate information available and make a more precise prognosis for the future.

      

      Many of the significant issues I was tackling in my introduction aren’t black and white. They have a lot of gray areas and multiple points of view to consider. For example, many people thought Norman Borlaug a hero.  Some people believed his Green Revolution movement to be responsible for deforestation and devastating the soil in the areas his technique was practiced. Others disagree with bioengineering foods and argue that the region that was saved a million starvation death could also not economically support those lives. Borlaug circumvented a kind of cruel natural selection.

      My point is that cases like Borlaug’s aren’t at either end of the extreme spectrum, the hero of starvation prevention or the cause of mass environmental deterioration.

      Taking more viewpoints into consideration and examining them through systems thinking lens can prevent or rectify some tragedies. We can try to fix the most significant social problems with a higher chance of success. Ultimately, we can find more profound understanding and empathy in our experiences with other cultures.

      Let’s begin by taking a closer look at the evolution of systems thinking…
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      Today’s science has come a long way from where it used to be. In the past, science tended to look at events as individual occurrences that seemingly happened in isolation. Different science fields would concentrate on the event level without seeing how to fit it into the bigger picture. It is strange to carefully study, examine, and report on what you had observed about one puzzle piece without ever looking at the whole puzzle, isn’t it? Well, pre-modern science functioned similarly.

      Different fields of science have evolved throughout the years, and there has been a paradigm shift in data assessment. Scientists are still concerned with carefully examining individual events, but now looking at how it fits into the whole picture is also relevant. Things are more often interdependent than independent.

      The world, in general, has drifted toward a scientific working-togetherness. Different specialties communicate with each other to cover every possible aspect of a given field of research. For example, you’re studying a sub-tropical environment’s soil erosion. To conduct proper research, you’d have an expert on vegetation, someone who can analyze soil samples, water samples, specialists for animals - both marine and land… All these professionals come together from different fields of science: biology, microbiology, geology, and so on.

      You can see the same phenomenon in academia today. When a faculty member is going to take on a research project, they are never alone. The research includes at least some students to gather data and manage the project. Often, the faculty is working on the grant with other faculties. For example, the social sciences faculty can study the needs of refugees who may require special education services. The psychology faculty can devise mental support systems. The foreign languages department can provide information on the refugees’ mother tongue.

      Let’s take a closer look at the changes major science fields have gone through over time.

      

      Physics

      Classic physics focused on breaking things down into their smallest element to examine and study them. Physicists believed that these atomic pieces would act the same way whether they operated in isolation or as a part of a larger group. Things were viewed as a haphazard collection of atoms behaving determined by the laws of nature. The behavior was called “deterministic laws.” This approach was later replaced by statistical laws rooting in Boltzmann’s derivation of the second principle of thermodynamics.

      Modern physics shifted its focus on problems of organization and how things may be interrelated.

      

      Biology

      Biology has been evolving in a very similar way as physics. In the past, biology aimed to break down living things to their smallest parts,  cells, to be studied. Characteristics of organisms could be analyzed in isolation to understand how they worked, so they said. An organism is considered to be a multitude of cells working together. Organismic conceptions have gained greater importance as modern biology has evolved. It became crucial and necessary to study individual parts and the relation of organizations coming from interaction dynamics and behavior differences. Like physics, a more modern view of biology sees the value in learning how the parts of living things are interconnected and fit together in the bigger picture.

      

      Medicine

      Similarly, medicine was once most concerned with examining illness at the cellular level. There is value in that. Modern medicine, however, has evolved into seeing patients and their pain as a whole instead of merely zooming on their illness. Some doctors offer house calls. Patients can seek out a doctor who listens to them. The US medical schools teach bedside manners to young doctors to relate to their patients as people, not just a body on a table.

      

      Sociology

      Sociology, too, has undergone an evolution. It moved away from thinking about society as a sum of individuals who live within a given geographical circle. In the past, the classic economy defined society as the sum of its individuals. Modern sociology looks at a society, a country, or a nation as a whole which gives the basis of collectivism. This view can create unpleasant consequences as individual needs get “sacrificed” for the good of the community and country. Whether common good overpowers individual interests depends on the political zeitgeist of a given country. 1

      

      What do all of these scientific disciplines have in common? They have moved away from studying only the smallest parts of things to expanding their focus and include how those parts interconnect and interact. This is true whether objects of study are physical things, living things, or groups of people.

      Many scientific fields shifted from deconstructing elements to their particles to analyzing their dynamics and working-togetherness. This shift seems to be present regardless of the scientific field. The question becomes, what is the driving force guiding these changes? Is there an isomorphic law2 or guiding principle that extends beyond individual fields of science and connects them all?

      The focus on examining whether identical laws run through all the different scientific fields is a relatively new approach. Until recently, it would have been virtually unheard of to look for similarities between atoms, molecules, people, bacteria, animals, and physical objects across all scientific disciplines. We are in the process of finding more similarities among them than we could have ever expected.

      Where do these isomorphic similarities come from? Ludwig von Bertalanffy, the father of general systems theory, identified three reasons why different fields of study share the same isomorphic natural laws:

      •There is a finite number of scientific laws for solving things. It makes sense that we use and adapt the laws available all across the scientific disciplines.

      •We can apply these laws to our world.

      •Natural laws, like the exponential law3, can be true across a variety of scientific fields. They are valid in the same types of systems, even when the system elements are different.

      

      Let’s take a closer look at how exponential law produces the same outcome across scientific disciplines. If the exponent is negative, the same rule applies to the decay of oxygen, the loss of body substance in a starving organism, molecular reactions, population decrease, financial decrease, or skill acquisition based on effort and time devoted. If the exponent is positive, exponential growth can be observed in all the areas above. The subjects involved in each scenario are different. The processes that lead to the general decay or growth are also different. Yet exponential law itself produces the same outcome in chemistry, biology, economics, demography, or individual skill acquisition efforts. 4

      The transition of thinking from part to whole across disciplines has made General System Theory possible. When Ludwig von Bertalanffy first established his famous thesis, he was hesitant to call it a theory. He didn’t want to face the typical constraints of scientific theories of his time, confined to one field of science or area of study. He was examining systems as a whole and wanted to be free to use this view across multiple disciplines. He sought a more modern way of looking at the world and science to take a new, unifying direction.

      Bertalanffy’s theory was a new approach that came about during his studies following World War II. He focused on the similarities across all areas of science and didn’t place more importance on one field over others. He recognized that the phenomena we observe in the world have much in common when considered a whole rather than just parts in isolation. He took a significant step toward the way we use systems thinking today.

      

      The General System Theory had three main goals:

      •To bring together the analytical way of investigating things and provide a scientific method for looking at the organismic domain by focusing on similarities between different scientific disciplines.

      •To find connections between systems that, on the surface, appear to be very different but have a lot in common once analyzed deeper.

      •To show that facts and values in science can and should harmoniously coexist in scientific investigations by adhering to a humane code of ethics. 5

      

      General System Theory sought to make generalizations about whole systems. It didn’t want to abandon the foundation of knowledge of any field of science. It aimed to be transdisciplinary. Each field would bring its expertise to the table. They would actively engage in working together to create a common base of methods and for all scientific disciplines to share.

      General Systems Theory wanted to “expand the tent;” to be more inclusive of knowledge from all areas. To stop being so focused on the little pieces that seeing the bigger picture becomes impossible. Bertalanffy didn’t want to miss the forest for the trees.

      Today systems thinking – while its methodology has changed and refined throughout the years - is actively used in politics, economics, sociology, demographic analysis, and environmental studies.

      

      Today’s Problems

      When studying events, we look at them through analytical, logical lenses. We break them down into small, understandable chunks, and we fish for scapegoats while looking for cause-and-effect relationships. Is the economy going south? It must be the result of the poor decisions of a politician. Is the newspaper arriving late? That lazy mailman. For sure, he stopped to chat with the neighbor. Is your wife cold and distant lately? It must be her job.

      We seek linear, immediate, sensible explanations to problems surrounding us. But doing so, we run the risk of seeing issues as being inflicted upon us rather than looking for our responsibility in creating them. We voted for the politician, after all. Or, if we didn't, what did we do to prevent their election? It was our choice to use one delivery service over another. And when it comes to our relationship, we have our mistakes in the mix.

      Even if we assume personal responsibility for how our actions affected 'the system' we're only half way to understanding the picture as a whole. Our nearsighted view of the world focuses only on the areas closest to us, and the big picture remains fuzzy.

      How can we zoom out? Interestingly, there were times when we had a more farsighted view.  Before we even knew how to think logically, we were able to subconsciously operate complex systems. We are a complex system. We have intuitively built up our body-system with all its complexities. Our cells did this without any analysis or logic.

      

      Our body is a self-maintaining system. We know we need hydration and food, but we don't think about how and when to digest, divide and absorb the nutrients, and so on. It seems we were born knowing instinctively how to relate to and understand complex systems.

      Although systems thinking is relatively new as a discipline, its principles have been around for a long time. Some wisdom sprouted from our ancestors' heads a while ago. Let's look at a few examples:

      Have you ever heard the proverb "A stitch in time saves nine?" This wise saying tells us that it is better to take a little time right away to deal with a problem. If we put it off, we might find that the problem has grown much larger and more challenging to solve. This idea is supported by systems thinkers. Escalation, for example, occurs when a situation goes unaddressed, and those affected get entangled in defenses instead of solutions. The butterfly effect shows us that an insignificant initial condition can compound into a monster problem over time. Think about cancer cells. They stay almost unnoticeable in the body for years. Then they grow into our worst nightmare in a matter of months. Regular check-ups and early discovery can be life saving.

      

      "To the victor belongs the spoils" is another saying that describes systems thinking. It points out that the winner is the one receiving the rewards. Often, this reward, paves the path of the winner to win again. Let's say, the prize for winning was a million dollars. This money can buy the winner better equipment, quality food, and coaches. Systems thinkers call this phenomenon an archetype. Namely, "Success to the successful." Reinforcing feedback loops reward the victorious. And boost the likelihood that the same people will continue to win. This process eliminates most competitors. 6

      This process work on the other end of the spectrum, too. The current pandemic shed light on how vulnerable low-income families really were. They were in the majority to contract the coronavirus. Why? Because they lived month to month and couldn't afford not to work. They were often exposed to the virus, had lower quality masks, so they became sick. The tragedy is that -because of their income- their health was not built on organic, quality nutrition from Whole Foods. Thus the virus hit them even harder or longer. They were without payment for a painfully long time. They got trapped in a vicious reinforcing feedback loop that made their life harder every day.

      

      Warren Buffet wisely said, "Never test the depth of the river with both of your feet." This reminds us to protect ourselves from unfortunate events by diversification. Putting all of our efforts, hopes, and resources into one basket is risky. If something bad happens, we will find ourselves on shaky ground. Systems thinkers know that diversification is a crucial component of long-term stability.

      

      Today's world view and its problems

      When we shifted from an agricultural society to an industrial one, we began to rely more on scientific thinking and logic rather than instinctual reasoning. This shift made our lives easier. We accelerated transportation and shipping, found the cure for deadly diseases, and rallied together behind worthy causes to fight for. These improvements fixed some of our immediate problems. However, they resulted in new issues. Overpopulation-related issues and mass environmental destruction worsened over the decades.

      Linear thinking doesn't explain the complex system problems that elude our efforts to find solutions. Issues like the opioid addiction epidemic, finding the cure for diseases like cancer and Alzheimer's, poverty, and rising suicide rates have not been solved despite the effort of multiple groups. Let's take drug abuse as an example.  Interventionists and drug recovery leaders, scientists in the cutting edge of medical research, training groups helping families get out of generational poverty, and proper legislative changes are all needed to curb this problem. Their joint work is essential to address each life area where drug addiction is present. Just because you try to fix the problem in one field, it will still persist in other fields. Say, in town Z, there is a free rehabilitation center for people with drug problems. John, a long-time heroin user, decides that he had enough and joins the program. He spends three months there and recovers. But when he goes home, he finds his mom passed out after using heroin. The area where John lives is still filled with dealers keen on getting their old customer back. Before he knows it, John falls back to his old vice. The intention behind a free rehabilitation clinic is noble but it is insufficient to solve the bigger problem. Drug abuse is embedded in many layers of a large problem.

      Making most drugs illegal was a quick fix to the drug problem on the political level. But it caused a lot of unintended consequences. Let's take drug-related violence as an example. Banning drugs forces dealers to sell drugs illegally, in secret. It "helped" organized crime to become more cunning and smart. And the price of the drugs increased. The users now have to pay higher costs for the products. This often means they will spend their last buck on drugs. While we can say that politically the drug question was handled, the problem itself didn't disappear following new laws and policies. Are politicians and lawmakers to blame in this situation? Or drug dealers? Or the users? Who is responsible for this problem? And more importantly, who will fix it?

      

      If I had the answer to these questions, I'd be a millionaire and hold speeches at UN conferences. The solution to drug addiction and drug-related violence won't be fixed by finding a scapegoat and blaming it. Policies that follow a cause-and-effect logic won't solve it either. The solution will come to light due to intuitive, empathetic listening, open communication, and problem-solving. When we find the wisdom and guts to restructure the system itself, we will undo the harm system structure deficits produced.

      If we only do what we have always done, we will continue to get the same results we have always gotten. As Albert Einstein said, "We cannot solve our problems with the same thinking we used when we created them."

      We have to the blame game and wait for an outside source to improve our situation. We need to engage in systems thinking so we can get to the root of the problem, looking at both our part in the process and the system as a whole. Each of us can contribute positively. Together we can craft real solutions. We can create the change we wish to see in the world.

      

      The blind men and the elephant

      You may have heard of the ancient Indian fable about the blind men and the elephant. The story is about a group of blind men who encountered an elephant for the first time. Each man touches one part of the elephant; the ears, legs, trunk, and tusk. They try to understand what is in front of them. They create a picture in their minds. No two men touched the same part. When the blind men try to tell each other what they have felt, their descriptions vastly differ. They could not understand why others had such a different narrative. They assumed that the other men must either be wrong or lying.

      This story teaches us an essential lesson about systems thinking: it is impossible to understand a system if we focus on its elements in isolation. To get the full story, we need to see systems as a whole and study the interactions and interdependence of its parts.

      Are you ready to learn more?
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