Science Reading:  

What is the difference between a Scientific Law, a Scientific Theory and a Hypothesis??? 
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Lay people often misinterpret the language used by scientists. For that reason, they often draw the WRONG conclusions as to what the scientific terms mean. I want you to be people who do not get confused by science language, so lets clarify~

Three very important terms that are often confused are "scientific law," "hypothesis," and "theory." In NON SCIENTIFIC terms, if something is said to be “just a theory,” it usually means that it is a mere guess, or is unproved. “Theory” is a term used loosely to mean just about any kid of guess and is often used in everyday language to mean an unsupported guess. But in SCIENTIFIC terms, a theory implies that something has been proven by much supporting data and is generally accepted as being true. 

Here is what each of these terms means to a scientist: 

Scientific Law:  A rule that DESCRIBES, but does not explain a pattern in nature and predicts what will happen under specific conditions. It is generally accepted to be true and universal, and can sometimes be expressed in terms of a single mathematical equation. Specifically, scientific laws must be simple, true, universal, and absolute. They represent the cornerstone of scientific discovery, because if a law ever did not apply, then all science based upon that law would collapse. 

Some examples of scientific laws, also called “laws of nature”, include the law of gravity, Newton's laws of motion, the laws of thermodynamics, Boyle's law of gases, the law of conservation of mass and energy, and Hook’s law of elasticity.
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Hypothesis: This is an educated guess based upon observation. It is a logical, thought out explanation of a single event or phenomenon based upon what is observed, but which has not been proved. Most scientific hypotheses can be supported or refuted by experimentation or continued observation. 

Theory: 
An explanation of the whys and hows of a specific natural phenomenon.  A theory will  explanation of a set of related observations or events based upon several or many proven hypotheses and verified multiple times by separate groups of researchers. Theories can be used as the bases to generate new hypotheses.  One scientist cannot create a theory; he or she can only create a hypothesis.
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Further clarification of “Theory” vs “Law”:

In general, both a scientific theory and a scientific law are accepted to be true by the scientific community as a whole. Both are used to make predictions of events. Both are used to advance technology. 

Laws are associated with theories that seek to explain them. For example, the law of gravity is expressed as a single mathematical expression and is presumed to be true all over the universe and all through time. The law of gravity says that Gravitational Force equals the product of the masses of the two objects involved, divided by the square of the distance between them.   Without the description of this natural phenomenon, we can do no science based on gravity's effects. From the law, we derived Einstein's General Theory of Relativity in which gravity plays a crucial role. In a simplified explanation of Einstein’s theory of general relativity, gravitation is due to spacetime curvatures which causes inertially moving objects to tend to accelerate towards each other. The basic law is that Gravity is affected by the masses of the objects and the space between them, but the theory expands it to include various and complex situations involving space and time to try to explain WHY gravity exists.   Einstein’s theory of relativity is a compilation of ideas that were generated from many tested, supported hypotheses.

Differences between a law and a theory include that a theory is much more complex and dynamic, laws describe, theories explain, and a law governs a single action, whereas a theory explains an entire group of related phenomena. 

An interesting analogy described by Jerry Wilson in a page on his website wilstar.com used a slingshot and an automobile: 

“A scientific law is like a slingshot. A slingshot has but one moving part--the rubber band. If you put a rock in it and draw it back, the rock will fly out at a predictable speed, depending upon the distance the band is drawn back. 

An automobile has many moving parts, working in unison to perform the chore of transporting someone from one point to another point. An automobile is a complex piece of machinery. Sometimes, improvements are made to one or more component parts. A new set of spark plugs that are composed of a better alloy that can withstand heat better, for example, might replace the existing set. But the function of the automobile as a whole remains unchanged. 

A theory is like the automobile. Components of it can be changed or improved upon, without changing the overall truth of the theory as a whole. 

Some commonly-known scientific theories include the theory of evolution, the theory of relativity, the atomic theory, and the quantum theory. All of these theories are well documented and proved beyond reasonable doubt. Yet, scientists continue to tinker with the component hypotheses of each theory in an attempt to make them more elegant and concise, or to make them more all encompassing. Theories can be tweaked, but they are seldom, if ever, entirely replaced. “

A theory is developed through the scientific method as it is applied repeatedly to test many hypotheses that are tested, proven and contributes to the theory development.  A theory never becomes a law unless it was very narrow to begin with. Scientific laws must exist BEFORE the start of using the scientific method because: laws are the foundation for all science. Here is an oversimplified example of the development of a scientific theory; it does NOT include a law that describes any natural phenomena that the initial hypothesis incorporated, but, it is a good example to show the scientific steps involved in theory development: 

Development of a Simple Theory by the Scientific Method:
· Observation: Every swan I've ever seen is white. 

· Hypothesis: All swans must be white. 

· Test: A random sampling of swans from each continent where swans are indigenous produces only white swans. 

· Publication: "My global research has indicated that swans are always white, wherever they are observed." 

· Verification: Every swan any other scientist has ever observed in any country has always been white. 

· Theory: All swans are white. 

· Prediction: The next swan I see will be white. 

Note, however, that although the prediction is useful, the theory does not absolutely prove that the next swan I see will be white. Thus it is said to be FALSIFIABLE. If anyone ever saw a black swan, the theory would have to be tweaked or thrown out. Real scientific theories must be falsifiable. Layman "theories" based on religion, such as creationism are, therefore, not scientific theories. They are not falsifiable and they do not follow the scientific method. They can certainly be described and held, as beliefs, but are not included in science textbooks because they are not falsifiable and not developed using good scientific methods.  When you read or hear in the news about new “theories”  always ask yourself, “Is the reporter using the word ‘theory’ to mean “scientific theory’ or is it being used loosely to mean ‘idea’???”  You will then be on your way to being a critical consumer of the news!
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A hotly discussed scientific theory comes from the world of biology.  Evolution is a change in the inherited traits of a population from one generation to the next.  This change is repeatedly observed in nature (bacteria, insects, and other organisms with short life spans provide us easily and repetitively observed occurrences of evolution in action).  This natural phenomenon of change can be observed to happens without fail, it is not debatable that it occurs predictably. Because this natural phenomena of change can can be counted on  to occur, it can be and is referred to as a scientific law. Even so, news media try to diminish the occurrence of change by referring to it in layman’s terms as a “theory” as if it is an idea from one person that can be tossed away. What they really are objecting to is not evolution of species,  but  the theories that seek to explain why this change occurs.  

One such theory that seeks to explain the whys and hows of evolution is the Theory of natural selection.  Natural selection is the process by which favorable traits that are heritable become more common in successive generations of a population of reproducing organisms, and unfavorable traits that are heritable become less common.  The theory of natural selection has been supported by much data from many scientific endeavors from many of the different fields of science like genetics, microbiology, botany, and zoology.  The scientific community is in general acceptance of the theory even while the tweaking of the fine points of the process are occurring through scientific methods,  This explains why natural selection is called a theory and why it is taught in Biology classes across the country.  Some feel that natural selection theory as an explanation of evolution contradicts their religious beliefs and try to interfere with the presentation of these ideas in science classes, therefore you will hear about the issue in the news fairly often.  Again as you read about this and other science news  in life always go back to what you understand about how scientific theories are developed and changed and how science is done.  If only everyone know the scientific meaning of the word “theory”, the news would be a lot less confusing!!!  Perhaps we could come up with a new word that distinguishes the concept “scientific theory” from “layman’s theory”….
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