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The Scientific Method:  How Scientists Ask And Answer Questions
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Table 2-1.  Fish death as a function of time and the amount of algae present.





Introduction:

Most of the factual information which is contained in textbooks resulted from the process of scientific inquiry.  In many different disciplines, such as sociology, psychology, biology, physics, and agriculture, investigators use the same process to ask and answer questions of interest.  This process is called the scientific method.  Researchers are individuals who have a high level of curiosity about the world in which we live.  As a result of their educational training, they are able to use this curiosity to answer questions of importance.  The scientific method is a useful model for problem solving in everyday life.  As students of agricultural science, you will encounter many problems in the field and livestock barn which will require investigation.  You will need to be able to identify the problem, identify things which might contribute to or cause the problem, and propose possible solutions.  In order to become proficient at using this problem-solving method, you must first learn how it works.  Let’s explore the scientific method using an example from animal agriculture.
EXAMPLE SCENARIO:

A catfish producer in Mississippi has noticed that the fish in one of his ponds are dying.  When the fish from that pond are dressed, the meat is discolored and has an “off” odor.  He notices that there seems to be a lot of “green stuff” floating on the surface of his pond.  He wonders if the presence of this green stuff could be related to the death of his fish.  The county extension office calls you to consult with the producer to try to find solutions for his problem so that he can salvage at least some of the fish in his pond.

There are several steps involved in the scientific method.  The first step is the formulation of a hypothesis.  A hypothesis is a statement of the problem, and it usually takes the form of a question.  Thinking back to the fish producer, an example of a hypothesis which could be developed from his problem follows:

Is fish death related to the amount of the green stuff on the surface of the pond?

A hypothesis should be testable; that is, you should be able to manipulate one of the parts of the question to get an answer.  In the hypothesis above, two parts or variables are given:  fish death and amount of green stuff.  If the producer reduces or removes the green stuff from the pond surface, can we observe a change in the rate of fish death?  The characteristic or variable which is manipulated (the presence/absence or green stuff in this example) is the independent variable.  The rate of fish death, which changes with the amount of green stuff on the pond surface, is called the dependent variable.  That is to say the number of dead fish is directly dependent upon the amount of green stuff present on the pond surface.  In simple problems, it is easy to identify the independent and dependent variables.
By following the formulation of the hypothesis, and using all the available information, predictions regarding the hypothesis can be made.  You visit the afflicted pond and notice a three-inch-thick mat of blue-green filamentous material.  You suspect that this is some type of algae, and you ask the producer if you can take a sample of his “green stuff’ to the local college for identification.  A biologist at the college confirms your suspicion; it is a blue-green algae called Anabaena.  The producer proposes that if the growth of the blue-green algae can be stopped or greatly reduced, perhaps his fish will have better survival rates.  This prediction is related to the hypothesis and uses all of the available information.  The next step in solving the producer’s dilemma is to design an experiment to test the hypothesis.  In the experiment, the value of the independent variable is changed, and its effect on the value of the dependent variable is observed.  Let’s design an experiment to test your hypothesis, remembering that the independent variable is the amount of blue-green algae, and the dependent variable is the rate of fish death.

Procedure:
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You obtain 6 large aquaria (all the same size), and you fill them with water taken from a healthy catfish pond at the producer’s operation.  You put each aquarium on the same bench in the laboratory where the light and temperature values are identical.  You let the water stand for one day before starting the experiment.  In Aquarium #1, you add 2 grams of algae (no fish), and in Aquarium #2, you place 4 small catfish fingerlings (no algae).  To Aquarium #3, you add 20 small fingerlings and 2 grams of algae.  In Aquarium #4, 20 small fingerlings and 4 grams of algae are added to the water.  In Aquarium #5, 20 small fingerlings and 8 grams of algae are added to the water.  In Aquarium #6, 20 small fingerlings and 16 grams of algae are added to the water.  You make a note in your research notebook that you weighed each group of 20 fingerlings to be certain that their group weight was approximately the same.  The aeration rate of each aquarium is identical.  You make two observations at the same time each day for two weeks.  This is the step of the scientific method which involves making observations and/or the collection of data.  At the end of two weeks, your notebook data looks like Table 2-1, below.

Conclusion:

The numbers in each column represent fish death.  From the data you collect, it is obvious that as the amount of algae increases, the rate of fish death increases.  You notice also that as the amount of algae present increases, the fish die earlier.  You share your results with the producer who asks why you did not put any fish in the first aquarium or any algae in the second aquarium.  You tell the producer that these two aquariums are controls for the experiment.  The first aquarium allowed you to observe algal growth in the pond water.  The second aquarium gave you an estimate of fish mortality in the absence of any algae.  This is important, because the fish could have been dying in response to something else in the pond water.  Since no fish in Aquarium #2 died, you conclude that the fish death was attributable to Anabaena.  You have analyzed your results with respect to the original hypothesis.  The data collected support the hypothesis, but the experiment does not provide you or the producer with any solutions.  So you suggest to the producer that you look at some additional data you collected while conducting the experiment.  You suggest that the algae may be using all of the available oxygen dissolved in the water; the fish are suffocating.  Many scientific investigations yield additional questions for further study.

Now that you have had a thorough introduction to the scientific method, it is time to practice applying what you have learned. The description of several agricultural problems follows.  For each problem, identify the independent and dependent variables, formulate a hypothesis, and design an experiment to test the hypothesis.  Remember that making qualitative measurements is more subjective than making quantitative measurements.


PROBLEM 1:
You are raising hogs for market, and your veterinarian recommends that you switch the type of feed given to the mature hogs.  The veterinarian is concerned that the present feed is too high in protein.  While a high protein diet is recommended for growing juveniles, food too high in protein can cause kidney problems in adult animals.  You switch feed and notice that the weights of your mature animals drop.  You want healthy animals with maximum weight, but you do not know how to solve the problem.  You call the agriculture teacher for help.

Write a hypothesis which describes the problem:

Identify the independent variable(s):

Identify the dependent variable(s):

Are the variables quantitative or qualitative?  Explain your answer.

Design an experiment to test the hypothesis you have written.

PROBLEM 2:

You have planted soybeans in a field with clay soil.  The field is predominantly flat with a slight slope at one end where a creek borders the field.  You notice that germination and growth is slowest in the flattest portion of the field.  Conversely, you also notice that you got good germination and rapid growth on the slight hill which meets the creek.  You wonder why there should be differences in growth and germination in different parts of the field.  Is it due to the extra water near the creek?  Is there something different about the soil in that portion of the field, or is it due to the difference in slope or site orientation (north, south, east, and west).  Baffled, you call the agronomist at the nearest experimental station in an effort to salvage your crop.
Write a hypothesis which describes the problem:

Identify the independent variable(s):

Identify the dependent variable(s):

Are the variables quantitative or qualitative?  Explain your answer.

Design an experiment to test the hypothesis you have written.
PROBLEM 3:

You have recently purchased a small farm, and the previous owners provided you with copies of their crop yields and planting schedules.  The growing season is long enough for two crops per year in each field.  You notice that in two fields, winter wheat was alternated with corn as a summer crop.  In the other three fields, winter wheat was alternated with soybeans as a summer crop.  Initially, the winter wheat yield/acre in all fields was about the same.  After four years, the winter wheat yields in the fields containing summer corn crops were lower than in the fields containing soybean crops.  Following two years of poor wheat and corn harvests, the application of a high-nitrogen fertilizer in those field brought crop yields close to those of the soybean/wheat fields.  You are puzzled by the differences in crop yield and fertilizer application rates in the corn/wheat fields as compared to the soybean/wheat fields.

Write a hypothesis which describes the problem:

Identify the independent variable(s):

Identify the dependent variable(s):

Are the variables quantitative or qualitative?  Explain your answer.

Design an experiment to test the hypothesis you have written.
QUESTIONS FOR THOUGHT:
1. List the steps in the scientific method.

2. Is the scientific method just for “scientists”?  Why is it important that a non-science student understand the scientific method?  How do you think that this method can be used in everyday life?

3. Distinguish between independent and dependent variables.  Give an example of each.

4. What is the purpose of a control in an experiment?

5. Differentiate between qualitative and quantitative measurements.  Under what circumstances would you make qualitative measurements/observations?  Give an example of an experimental situation in which quantitative measurements might be taken.



Objectives:


Upon completion of this lab exercise, students should be able to:


List the steps involved in the scientific method


Write a hypothesis given a brief description of a scientific problem


Identify the dependant and independent variables in a hypothesis statement


Describe the purpose of a control in a scientific experiment
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