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Scientific Method


A. 1st Step – Observation



1. Definition of observation




An observation is information obtained through the senses



2. Description 

We observe an effect – a phenomenon or something that happens.

What we observe starts the search for the cause of the effect we noticed.


B. 2nd Step – Question or purpose



The question specifies what the experimenter is trying to find out from the 

 

experiment.


C. 3rd Step – Hypothesis



1. Definition of hypothesis

A hypothesis is a tentative explanation for an observation, phenomenon, or scientific problem that can be tested by further investigation.



2. Description of a good hypothesis




a. A good hypothesis provides a possible explanation – it links a cause to 

   the observed effect




b. A good hypothesis generates one or more definite predictions.

If-then:  If one does this, then that will result.




c. A good hypothesis is testable by making observations.





Collecting data






astronomy





Making measurements






biology





Performing experiments






chemistry




d. A good hypothesis is measurable.





It can be tested by making numerical measurements.




e. A good hypothesis is falsifiable.

While a hypothesis can never be proven to be absolutely true, a good hypothesis can be proven to be false – usually by additional observations.


D. 4th Step – Experiment



1. Definition of experiment

An experiment is a carefully controlled, repeatable procedure for gathering data to test a hypothesis.



2. Description of a well-designed experiment




a. A well-designed experiment changes only one variable (the independent 

                                        variable) and measures the impact that this change has on another 

                                        variable (the dependent variable).




b. A well-designed experiment produces quantifiable results.





It involves measurements.





It produces numbers.




c. A well-designed experiment is repeatable.

Anyone anywhere should be able to do the experiment under the same conditions and get the same result. 

If you (or someone else) cannot repeat your experiment, there may have been some hidden variable that was not controlled. 

You will need to try to find what that hidden variable was, and then design your experiment more carefully.




d. A well-designed experiment involves multiple trials.





(1) Description of a “trial.”

Well-designed experiments are run more than once.

Each repetition of the same experiment is called a “trial” 

or a “run.”

(2) How many times does an experiments need to be repeated?

(a) As many times as necessary to insure statistical validity

(b) As few times as possible to avoid undue expense



3. Variables




a. Definition of variable

A variable is a factor that can vary or change, and that can affect the result of the experiment.




b. There are four kinds of variables.





(1) Independent variable






(a) Definition of independent variable

The independent variable is the one that is changed by the researcher.






(b) Description of the independent variable

The independent variable is what is assumed to be the cause of the observed effect.






(c) Importance of the independent variable

In a well-designed experiment there is only one independent variable.





(2) Dependent variable






(a) Definition of dependent variable

The dependent variable changes in response to the change the researcher makes to the independent variable.






(b) Description of the dependent variable

The dependent variable is what is assumed to be the effect caused by changes in the independent variable.

The new value of the dependent variable is caused by, and depends on, the value of the independent variable.





(3) Extraneous variables






(a) Definition of extraneous variables

Extraneous variables are variables other than the independent variable that may influence the dependent variable.






(b) Importance of extraneous variables

When the researcher fails to control all extraneous variables they will produces effects that cannot be separated from the effects of the independent variable.

The experiment will be unrepeatable and the data will be inconsistent.






(c) Extraneous variables must be controlled.

(4) Controlled variables






(a) Definition of controlled variables

Controlled variables are quantities that the researcher wants to remain constant.






(b) Description of controlled variables 

Controlled variables are quantities that the researcher must observe as carefully as the dependent variables.

(c) Importance of controlled variables

The researcher expects that the experiment will test only the effect of changes in one variable (the independent variable).

All other factors must be removed or otherwise accounted for.






(d) There are two ways to control extraneous variables.

[1] Literally control them

This is done when dealing with inanimate subjects such as molecules.

Examples would be voltage, pressure, amount of light, etc.

[2] Use a control group

This is done when dealing with animate subjects, such as plants, animals, or people.

A control group is exactly like the experimental group except for the one variable being tested. 


E. 5th Step – Analyze Results

1. If the hypothesis is consistent with all observations:

Move on to drawing a conclusion

2. If the hypothesis is not consistent with all observations:

a. Determine how to modify your original hypothesis and begin the 

    

    process again.

b. Or decide to reject your hypothesis and create a new one.

F. 6th Step – Draw Your Conclusions



1. State a law












A law summarizes all of the many measurements in a mathematical 

equation.

2. Propose a model

A model is a representation of a real structure, event, or class of events intended to facilitate a better understanding of abstract concepts or to allow computer simulation or real world events.



3. Provide a theory




a. The popular verses the correct definition of “theory.”

(1) The popular – but false – definition of theory






A guess, speculation, or suggestion





(2) Correct definition of theory

A scientific theory is a unifying and self-consistent explanation of fundamental natural processes or phenomena that is totally constructed of corroborated hypotheses.

















b. The difference between a hypothesis and a theory

A hypothesis is a specific question or prediction to be tested, 

while a theory integrates a large number of findings and observations.

















c. Description of a scientific theory

(1) A theory is built on much accumulated data.

(2) The purpose of a theory is to provide a framework for 

      

      understanding and explaining major natural processes 

       

       or phenomena.

(3) A theory is testable.

(4) A theory, even after repeated testing, remains subject to 

     

      continued refinement, adjustment, and revision

(5) A theory can also be proven false – such as the caloric theory 

            

      of heat !
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