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SCIENCE/SCIENTIFIC METHOD
• Systematic approach for discovering knowledge about the NATURAL WORLD
• based in making predictions (HYPOTHESES) that are TESTABLE & FALSIFIABLE
• develops PEER-REVIEWED theories that best explain the known DATA
• can lead to TECHNOLOGICAL ADVANCES

OBSERVATIONS of phenomena in the natural world lead to questions

ASK A QUESTION
• Based on observations and information gained through previous research or knowledge
• Must be well defined, measurable, and controllable
    EX: Why is grass green? What is the cause of AIDS? 
          Why does skin wrinkle with age? 

MAKE HYPOTHESIS
speculative guess that has yet to be tested about how things work
NULL HYPOTHESIS-treatment/independent variable has NO EFFECT

PREDICTION 
• Statement of the expected results of the experiment based on the hypothesis. 
• The prediction is often an "if/then statement."
      EX: If increasing fertilizer increases number of beans, then coffee bean 
        plants treated with more fertilizer will have more beans.

A HYPOTHESIS CAN NEVER BE PROVEN TO BE TRUE!
• Experiments are designed to FALSIFY the hypothesis
      If predictions are confirmed, the scientist has supported the hypothesis. 
      If the predictions are not supported, the hypothesis is falsified. 
• A hypothesis is never accepted as absolute truth.
• Future investigations may falsify the hypothesis

TEST WITH AN EXPERIMENT
VARIABLES 
- to study the effect of one particular independent variable,  other factors affecting the outcome must be eliminated

  • DEPENDENT VARIABLE - is what will be measured/what will be affected during the experiment 
        Possible dependent variables number of beans, weight of the plant, leaf surface area, time to maturation, height of stem
  • INDEPENDENT VARIABLE- is what is changed in experiment 
          Possible independent  variables : amount of fertilizer, type of fertilizer, temperature, amount of H2O, day length
  • CONTROLLED VARIABLES -  other factors, that could affect the experiment; must be kept constant   
         If testing amount of fertilizer: pot size, amount of soil,  location of plants,  number of seeds/pot, light exposure, etc

CONTROLLED EXPERIMENT -  contrasts an “experimental group” with a “control group”
   POSITIVE CONTROL -  ‘treatment” is set at standard value;  shows that the set-up was capable of producing results. 
     NEGATIVE CONTROL- “treatment” is eliminated; ensures there is no effect when there should  be no effect.     
          EX: In the coffee bean experiment, if the researcher is hypothesizing that fertilizer affects bean yield,  
                  negative control treatment = beans that did NOT get fertilizer 

IS IT VALID/REPEATABLE?
Need multiple samples (ie., 12 plants/treatment not 1; 1000 patients not 5)
Combine data from multiple trials
Peer review (Can someone else follow your procedure and get same results?)

ANALYZE RESULTS/DRAW CONCLUSIONS
 -to see if the results of the experiment support or refute the hypothesis
- If the data does not support the hypothesis, it must be rejected or modified and re-tested.

COMMUNICATE RESULTS
-presented  in the form of a lab report (for typical classroom work) or a paper or presentation (in the case of publishable academic research)
          EX: New England Journal of Medicine

PEER REVIEW/ independent verification - important results are replicated many times by many different people
REASONING 
• Inductive Reasoning- "bottom up" approach
     move from a set of specific observations to general conclusions 
     EX: Cells are observed in organisms x, y, and z, therefore all animals have cells. (Cell Theory)
• Deductive Reasoning- "top-down" approach
     flows from general to specific
     EX: If all organisms have cells and humans are organisms, then humans should have cells
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WHAT’S THE DIFFERENCE?

FACT  (EX: Pierre is the capital of South Dakota)
    indisputable observations 
HYPOTHESIS
- an educated guess, based on observation.
 -  a statement that uses a few observations
-  an idea based on observations without experimental evidence 
-  statement regarding cause and effect in specific situation
-  can be supported or refuted through experimentation or more observation. 
-  can be disproven, but not proven to be true. 

THEORY ( EX: Cell theory, Germ theory, Evolutionary theory)
         NOTE: the sharp contrast to colloquial usage: “just a theory” implies a great deal of uncertainty 
-  well-tested, verified hypothesis that fits existing data and explains how processes or events are thought to occur
- generalization based on many observations and has loads of experimental evidence
- can be applied to unrelated facts and new relationships
- flexible enough to be modified if new data/evidence introduced 
- basis for predicting future events or discoveries
- can be disproven.    
LAW (EX: law of gravity, Newton's laws of motion, Boyle's law of gases, the law of conservation of mass and energy)
- simple, true, universal, and absolute
- description of how something behaves but does not explain why it behaves that way   
        (Newton's Law of Gravity can predict the behavior of a dropped object, but doesn’t explain why it happens)
-usually considered to be below the level of a theory.
- can be used to make predictions, but they don't offer any explanation of how things work
- stands the test of time, often without change
- experimentally confirmed over and over
- can create true predictions for different situations 
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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.

The biggest difference between a law and a theory is that a theory is much more complex and dynamic. 
A law governs a single action; a theory explains an entire group of related phenomena
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contrast to the linear steps of the simplified scientific method, this process is
non-linear:
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If you can't sas or operate the sbove interactive item, you can try to get the Flazh
Slaver or view a static version of the Interactive contant.

« The process of science is iterative.
Science circles back on itself so that useful ideas are built upon and
used to leam even more about the natural world. This often means that
successive investigations of a topic lead back to the same question, but

at deeper and deeper levels. Let's begin with the basic question of how
hioloical inheritance works Tn the mid-1800<_Greaor Mendel chawed

The real process of science is
complex, iterative, and can take
many different paths.
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Explore the unpredictability of
the process of science and find
out how an investigation of plate
tectonics led researchers in a
surprising direction. Check out
Asteroids and dinosaurs.
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© Learn strategies for buiding
lessons and activities around
the Science Flowchart
Grades 3.
Grades 6
Grades o
Grades 13-16

o Find lesson plans for
introducing the Science
Flowchart to your students in
Grades 3
Grades 6

« Get araphics and pdfs of the
Science Flowchart, including
Spanish language versions,
to use in your classroom.

« High school and college level
students can experience
many aspects of the process
of science with a simple,
take-home assignment (like
this one) in which they make
note of an observation, ask a
relevant question, and make




A theory is NOT a "transitory law, a law in waiting". There is NO hierarchy. A law is not "better than" or "above" a theory. 
Laws and theories "do" different things and have different roles to play in science

Science accepts or rejects ideas based on the evidence;

 it does not prove or disprove them !
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