Environmental Science Notes

Page 1 of 3

Scientific Method Notes

Environmental Science

1 How do Scientists approach problems?

A. Scientific Method:  A process of finding logical answers to questions based upon repeatable experiments.
B. Basic Definitions:

1. Hypothesis:  a possible explanation for a set of observations (it predicts the outcome).

2. Theory:  An explanation of the outcome of an observation or experiment (it explains the outcome).

3. Law: a statement or mathematical expression of some consistency about the behavior of the natural world (it is broad explanation of many various outcomes).

C. Principles of the Scientific Method:

1. Based upon logic.

a. Deductive reasoning:  to infer specific conclusions from a general principle.

b. Inductive reasoning:  to obtain a general principle from a multitude of data.

2. Based upon empirical data.

a. Empirical Data:  relying upon data or observation without regard to theory.

b. Able to be verified or disproved by observation or data.

c. Is not swayed by personal beliefs or expected outcomes.

3. Gives Reproducible Results.

a. Experiments must be reproducible in order to be valid.

4. It is an ongoing, never ending process that is repeated many times.

2 The Scientific Method

A. Observing and Questioning 

1. Make observations about the problem.

a. Use senses (touch, sight, smell, hearing, etc.)

b. Use tools to make observations.

i. Some tools extend the senses (balance, microscope).

ii. Some tools enable scientists to measure what could not otherwise be observed at all (Geiger counter).

c. Observations are followed by a question.  Basically the scientists ask questions about the cause (hidden natural processes) of their observations.  Why do people who work in a particular building often become sick?

B. Researching

1. Research the problem

a. Find out what others think about the problem.

b. Sometimes scientists repeat work that was done by others.  They do this to test the claims and to gain an insight into the work done.

c. Look for relationships between the data.

2. Be specific with the problem.  Limit it to two specific variables.  One, which is being changed, and one, which is being observed, a dependent and independent variable.  Identify the independent and dependant variables.

a. Independent Variable:  Is controlled (changed) by the experimenter.

b. Dependent Variable:  Is the (observed) variable under study.  How is the dependent variable affected by the independent variable?

C. State the hypothesis:

1. The hypothesis is a possible explanation for a set of observations.

2. This should be stated in the "If . . . then . . ." format.

3. The hypothesis should be stated in terms of the independent variable versus the dependent variable.  Examples:

a. If the temperature is changed then the volume will change in direct proportion, when pressure is held constant.

b. If an object is dropped in a vacuum then the size of the object will not effect the acceleration due to gravity.

D. Design Experiment

1. Identify variables:
any factor which may affect the outcome of an experiment.

a. An experiment usually tests only one variable at a time.

2. Develop control group of variables.  Describe in the procedure how you are accounting, controlling, or otherwise managing these variables.

a. The experimental design may have two experiments under the same conditions except the independent variable.

i. Control experiment:  would have all of the factors that were there when the original observations were made.

ii. Independent experiment:  changes one (independent) variable and keeps all other factors the same as when the original observations were made.

b. The experimental design may be one experiment in which the control variables are maintained constant throughout the experiment, and only the independent and dependent variables are able to vary.

3. State explicitly the procedures for the experiment.  Remember that the experiment will only be valid if another experimenter can repeat it.

E. Run Experiment, Collect, Organize, and Analyze Data

1. Math Analysis

a. This is one of the strengths of the scientific method.  Empirical data can be analyzed without prejudice of the individual doing the analyzing.

2. Graph Data if possible.  In bar and line graphs the independent variable is usually shown on the x-axis and the dependent variable is shown on the y-axis.

3. Look for mathematical relationships in the data.

4. Draw Conclusions

a. Compare and contrast conclusion with hypothesis.

b. Make suggestions to improve the experiment.  Propose changes to the procedures, a different way to approach the problem, or even a new hypothesis or problem!

c. If the hypothesis is supported, then try to design another experiment to test the hypothesis.

5. Communicate the work to others.

a. May occur through conversations, lab reports, scientific journals, and/or presentations.

F. Things Science does not study:

1. One-time events.

2. Religion.

3. Ethics

4. Personal Values
Scientific Method

Check List Form

1. Observations about the problem.

a.
Independent Variable (What the experimenter will change).

b.
Dependent Variable (What will change due to the change in the independent variable).

2.
State Hypothesis in "If . . . then . . ." format.   If __________________________


__________________________________________________________________ 

then 
_________________________________________________________________

_______________________________________________________________________.

3.
Design the Experiment:


a.
Other factors that need to be held constant or controlled:

b.
Data to be collected.  (Include constants, independent and dependent variables!)

*4.
Run the Experiment

*5.
Collect Data

*6.
Analyze Data

*7.
Draw Conclusions
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