Strand - Nature of Science
 
Scientific Laws, Hypotheses, and Theories:
· THEORIES  NS.10.B.2  and  NS.10.B.3
· In layman’s terms, if something is said to be “just a theory,” it usually means that it is a mere guess and unproven.  (Example: Eating yogurt everyday will make people live longer.)
· In scientific terms, a scientific theory implies that something has been proven and is generally accepted as being true.  A theory is an explanation of a set of related observations or events based upon proven hypotheses and verified multiple times by different researchers.  One scientist cannot create a theory; he can only create a hypothesis.  (Example: theory of evolution)
· THEORIES MUST:  NS.12.B.1, NS.12.B.2
· Be supported by data
· Be verified by other experiments (LOTS OF TESTING)
· Subject to review by peers (other scientists)
· May be modified or expanded if additional data is found
· LAWS  NS.10.B.2
· A statement of fact meant to explain an action or set of actions about nature.  (Why do objects fall toward the earth?)  It is generally accepted to be true based upon the fact that they have always been observed to be true.  (Example: law of gravity)
· HYPOTHESES  NS.10.B.2
· This is an educated guess based upon observation but which has not been proved, but must be TESTED.  Most hypotheses can be supported or refuted by experimentation or continued observation.  (Example: DNA can be obtained from the nucleus of plant cells.  This GUESS or hypothesis can be tested by experimenting with different types of plants and trying to extract DNA from them.) 
Pure and Applied Science:   NS.14.B.1
· Pure science is a field of natural science such as biology, chemistry, geology, etc.
· Applied science uses the knowledge from these studies to solve practical problems often using technology (chemical engineering, computer technology, nanotechnology, electronics, etc.)
SCIENTIFIC METHOD:  NS.10.B.4
· Scientists deal with OBSERVATIONS of the NATURAL WORLD which they can SEE and TEST.  NS.10.B.1
· Once an observation is made, scientists form a HYPOTHESIS (suggested explanation) of the observation, phenomena, or event.  This hypothesis or statement MUST BE TESTABLE!
· Testing a hypothesis is the EXPERIMENTATION which provides DATA which must be organized.  NS.11.B.1
· Experiments must test only ONE VARIABLE
· A CONTROL group is needed for COMPARISON and is under NORMAL conditions. (Example: In testing a new drug, one group is given the medicine but the other is given a placebo or fake drug.)
· DATA may be QUANTITATIVE (numbers) or QUALITATIVE (words or text such as interviews or case studies).
· How to ORGANIZE data?

· Charts

· Tables

· Graphs

· GRAPHING Data:
· Y axis   -
vertical axis, independent variable (cause); SCIENTIST  CONTROLS
· X axis   -
horizontal axis, dependent variable (effect); what is measured or observed
· EXAMPLE: If you were measuring the growth rate of plants under full sunlight for 8 hours a day versus plants that only have 4 hours of full sunlight per day, the amount of time per day of full sunlight would be the independent variable - the variable that you control.  The growth rate of the plants would be a dependent variable.
· After an experiment is finished, scientists must write their CONCLUSION
· Must be based on their DATA

· Should be written WITHOUT BIAS (the hypothesis may be WRONG so the experimenter must be OBJECTIVE and not try to make the experimental results come out the way they want them to); ETHICAL
· Should state whether the hypothesis WAS or WAS NOT supported

· Experiment only VALID (correct) if scientist is honest & unbiased

Example of Results and Conclusion:
RESULTS - According to my experiments, the Energizer maintained its voltage (dependent variable) for approximately a 3% longer period of time (independent variable) than Duracell in a low current drain device.  For a medium drain device, the Energizer maintained its voltage for approximately 10% longer than Duracell.  For a high drain device, the Energizer maintained its voltage for approximately 29% longer than Duracell.  Basically, the Energizer performs with increasing superiority, the higher the current drain of the device. Low, medium, and high drain devices where also run and voltage maintained time measured with regular batteries.
CONCLUSION - The hypothesis that Energizer would last the longest in all of the devices tested was supported by the experimental results.  The heavy-duty non-alkaline batteries did not maintain their voltage as long as either alkaline battery at any level of current drain.  The tests went smoothly except for the fact that the batteries recover some of their voltage if they are not running in something.  Therefore, measurements had to be taken quickly.
CONTROL (comparison): Devices run with regular batteries.

INDEPENDENT VARIABLE (scientist manipulates):  Type of batteries, Duracell & Energizer, used.

DEPENDENT VARIABLE (what is observed or measured): Length of time maintained voltage measured in low, medium, and high drain devices.

SUPPORTING DATA (must be included in conclusion): Energizer maintained voltage 3% longer in low drain, 10% longer in medium drain, and 29% longer in high drain devices compared to Duracell.
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