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The Scientific Method

Introduction:

Scientific research involves asking questions about nature and collecting data or evidence that may lead to the answers.  Investigators often frame their questions in the form of testable hypotheses, which are either accepted or rejected on the basic of the observational or experimental data compiled.  In modern ecology this hypothesis-testing approach has become a forceful means of advancing the knowledge base of the discipline, particularly when it has been combined with computer simulations and statistical techniques for accepting or rejecting hypotheses.

The process begins when initial observations or ideas are used as a basis to formulate a null hypothesis (Ho).  The null hypothesis states that two (or more) data sets are no more different than one would expect by chance.
The investigator then collects appropriate data and accepts or rejects the null hypothesis on the basis of that evidence.  

For example, initial observations may have led you to suspect that, in the southern range of its habitat, the white birch tree is more likely to be found on slopes with exposures facing north rather than south.

Your null hypothesis, then, could be framed as follows:

Ho:  In Mono County, there is no significant difference between the number of white birch trees growing on slopes with northern exposures than on slopes with southern exposures.

Your next step would be to make observations of birch trees growing in the two different ecological situations throughout Mono County.  Remember, the greater your sample size (the more observations you make), the better your chances are of determining the correct answer.  

In this case, accepting the null hypothesis means either that there is no significant difference between the number of white birch on north and south facing slopes, or that your data was insufficient to demonstrate a difference.

Rejecting the null hypothesis means that a difference does likely exist.

Rejection of the Ho leads to an alternate hypothesis (H1).


H1:  The difference between the number of white birch growing on north-facing and south-facing slopes is too great to be ascribed to mere chance.

Having determined that a structural difference in form or pattern indeed does exist, the foundation is laid for a functional study to find the cause of that pattern.  This functional phase begins with the framing of a second null hypothesis directed at cause-effect relationships.  For example, you might go on to postulate soil temperature (or some other variable) as a limiting factor and form a null hypothesis that would test that idea. 

Hypothetical Example:  You will see this on the AP exam!
Two neighboring lakes in Lake County Vermont are almost identical in appearance.  Both are small lakes, having a surface area of less than ten hectares, and both are surrounded by vegetation dominated by mature white pine.  Investigators have found one lake to be susceptible to the effects of acid deposition, which the other appears to be in no immediate danger; yet the only significant difference between the two lakes stems from their hydrology (where the water comes from).

Lake A is perched up above the water table, thus it is characterized as a precipitation-dominated system because it receives the bulk of its water input from atmospheric precipitation (with little entering the lake from surface fun-off).  The water column routinely yields measurements exhibiting low alkalinity and low pH.

Lake B is characterized as a seepage lake, receiving significant amounts of water form groundwater influx.  It has high alkalinity and the pH measurements in the water column are usually close to neutral.  

Frame a null hypothesis and outline a hypothetical strategy to investigate precisely why Lake A is more susceptible to acid deposition.  Use the previous example as your guide. 

Your outline should contain the following elements:

1. A general provisional statement about the observed physical and chemical difference between lakes in the two ecological situations.                                     Hint:  The majority of organisms require a neutral pH in order to live       (Phrases such as “appears to be” and “seems to be” would be appropriate here.)

2. A null hypothesis formulated to test this difference.

3. A suggested sampling procedure.

4. A statement rejecting the null hypothesis (we will assume your data suggest a difference).

5. An alternate hypothesis.

6. An explanation of the possible cause of the difference. Hint look at where the water comes from.

7. A null hypothesis of the cause-effect relationship.

8. A suggested test strategy to evaluate the relationship.

