The Great Ideas of Science

The following ideas form a superstructure for the edifice of science. If students have this framework in place, they will be scientifically literate.

1. The universe is regular and predictable. The notion that repeated experiments or observations will give the same results is the basis for the scientific method. Understanding this is a necessary condition for doing science. 

2. Energy is conserved and always goes from more useful to less useful forms. This idea helps us understand such concepts as global warming (energy captured by greenhouse gases has to go somewhere—in this case, to warming the planet) and explains why, when we burn coal, two-thirds of its energy will be dumped into the environment as waste heat. 

3. Electricity and magnetism are two aspects of the same force. This law tells us that moving electrical charges produce magnetism—the basic operating principle of the electric motor—and that changing magnetic fields produce electrical currents—the basic operating principle of the generator. 

4. All matter is made of atoms. This idea suggests the basic structure of matter in the universe. Through time, scientists have suggested various models: the atom as indivisible, as a mini-solar system, and as composed of smaller particles (quarks). More currently, matter is being considered as manifestations of vibrating strings (string theory). 

5. Everything comes in discrete units, and you can't measure anything without changing it. This law deals with quantum mechanics—what the world looks like at the atomic level. Although quantum mechanics deals with areas far removed from everyday experience, everyone should be familiar with it. 

6. Atoms are bound by electron glue. This law describes chemical bonding, the glue that holds molecules together. 

7. The way a material behaves depends on how its atoms are arranged. Knowing how atoms come together and form bonds in chemical reactions enables us to understand the kinds of properties the resulting materials will have. This law clarifies how the periodic table of elements was formed. 

8. Nuclear energy comes from the conversion of mass. To understand such issues as nuclear power, radioactivity, and radioactive tracers in medicine, people need to know how a nucleus is put together and how to tap the energy within it. 

9. All matter is made of quarks and leptons. Although this is another topic removed from everyday experience, you won't understand what the Large Hadron Collider is without it. (It's the world's largest and highest-energy particle accelerator.) 

10. Stars live and die. A discussion of stellar lifetimes can lead to investigating supernovae and black holes, always topics of high interest. 

11. The universe was born at a specific time in the past, and it has been expanding ever since. This is the main tenet of the big bang theory of the universe. It serves as the basis for current discussions of an accelerating universe, along with dark energy and dark matter. 

12. Every observer sees the same laws of nature in operation. Known as the principle of relativity, this is the basis of Einstein's famous theories: moving clocks slowing down; nothing traveling faster than the speed of light; E = mc2. 

13. The surface of the earth is constantly changing. This idea encompasses plate tectonics, our current dynamic picture of the earth, and the notion—surprising to many people—that everything is impermanent, from mountains to oceans. 

14. The earth operates in many cycles. Understanding the rock cycle, the water cycle, and the atmospheric cycle will enable students to more effectively look at such environmental problems as acid rain, the ozone hole, and global warming. 

15. All living things are made from cells, the chemical factories of life. This idea helps us understand that the basic reason humans are different from other organisms is that our cells run different chemical reactions than theirs do. 

16. All life is based on the same genetic code. This simple fact provides the scientific basis for genetic engineering. It also raises enormous ethical, moral, religious, and legal issues that are already being hotly debated. 

17. All forms of life evolved by natural selection. This refers to a two-step process. The first is chemical evolution, in which inorganic materials initially gave rise to the first living cell; the second is evolution by natural selection, in which that cell and its descendants produced the millions of species we see around us today. Controversies surrounding this idea often deal with a perceived conflict with religious doctrines. 

18. All life is connected. Living things on earth interact with one another in complex webs called ecosystems. Understanding how these systems work is essential for the future management of our planet. 
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