BIOL1108L – Thinking Like a Scientist – Part 2


Before coming to lab, you should read through this entire handout

Written by Stephen Burnett, 2009, Clayton State University, Morrow, GA.  Do not copy or use this document without permission.


Introduction

Developing a suitable scientific hypothesis is only the first step in the scientific process.  Once you have a hypothesis, you have to develop a procedure that will test your hypothesis and its predictions.  Remembering the logical fallacies from the last lab is an important thing – your experiment should be designed with those problems in mind.  In particular, the experiment you design should be capable of disproving at least one of your hypotheses.  An experiment can do this by showing that one or more of the predications that came from that hypothesis are incorrect.  There are several things that are usually required for an experiment to do this properly:

1. You should identify an experimental treatment, which is a condition that you will manipulate. 
2. You should identify a control treatment, which is a condition that will use to compare to the experimental treatment. 

3. You should identify clearly defined, measurable variables

a. This includes the independent variable, which you plan to change. 

b. The dependent variable, which you have hypothesized will change in response to the independent variable. This change should be measurable.
c. Controlled variables, which are kept constant so that they do not affect the outcome of your experiment

4. You should replicate the experiment to test the consistency of the results and to enable you to statistically test the results for significance.This is usually done by having multiple organisms in your experimental and control treatments.  For example, if you are studying plants, you would not have one experimental plant and one control plant.  You would more likely have multiple plants in each treatment (sometimes hundreds or thousands!).  This way you make sure that any differences you observe are due to the independent variable and not just the fact that some plants grew differently because they were healthier, etc.

The independent variable, which you will be modifying in the experimental treatment, should fit with your predictions from your hypothesis.  For example, if you said that having a particular nutrient in the soil makes plants live longer, you might take soil and add that nutrient to it (making the nutrient the independent variable).  For example, you may have multiple experimental treatments, where you apply  one gram of nutrient to the soil for some plants , and other plants are in soil that gets 10 grams of nutrient.

The dependent variable is the one that you hypothesize will change in response to the independent variable and is measurable., For example, If you predicted that a particular nutrient would increase the lifespan of the plants, then you would be measuring number of days survived and consistently measure this value for all your treatments.
The control treatment is to serve as a comparison, and often lacks the variable that is important to your prediction.  For the above example, the control treatment might be growing plants in a soil that lacks the particular nutrient you are studying.  However, it is not required that your control treatment entirely lack the condition that represents the independent variable. For example, if you hypothesize that more water makes plants live longer, you would have to specify that the control group might get a set amount of water, and your experimental group would get more water.  A control treatment with no water would be useless because the plant would be unable to survive to produce measurable data. 
It is important to note that the control treatment and controlled variables are not the same things.  The controlled variables are the conditions in your experiment that you strive to keep constant in all your treatments.  This is done to assure that the independent variable is the only difference between your control and experimental treatments.  For example, if you are studying nutrients in the soil as we have been discussing, then your controlled variables might be things such as amount of sunlight, number of plants in each pot, amount of water each plant receives, etc.  By keeping these constant, you will be more confident that your independent variable is responsible for any difference between your control and experimental treatments.

In all cases, it is important that you have specific variables that you can measure with the equipment available to you.  If you are going to use relative terminology (e.g., “taller”, “longer”, “healthier”, etc.) you must have a specific way to measure that variable, and you must have a way to compare the control and experimental treatments.  If you cannot give a clear, numerical definition of your terms, then they cannot serve as a variable in your experiment (e.g., how do you measure “health” in plants?).  You also need to consider how to take the measurements and for how long.  If you are studying the lifespan of a plant, your experiment could last anywhere from a few months to hundreds of years, depending on the species you have chosen to study.  This is one reason why scientists often pick “model” organisms for their experiments, such as mice, fruit flies, or particular species of plants – you want to still be a practicing scientist when the experiment is completed. It is important to be aware of your organism’s characteristics before you design your experiment!

In the end, to rigorously test your hypothesis, you will need to collect measurements of your dependent variable to compare between your control and experimental treatments. You will also need to perform replications of the experiment. The data that you collect will be used to help you perform statistical analyses, which will be covered in the next lab. A statistical analysis of your data will determine whether the measurable changes in the dependent variable, in response to your manipulated independent variable, are significantly different.
It is also important to note that there is no requirement that use of the scientific method take place in a lab. It is also possible to make hypotheses about events that occurred in the distant past, and look for the evidence that tests the predictions of those hypotheses.  In the end, it is the ability to test a hypothesis with measurable data that makes the scientific method useful.  For example, if you hypothesize that a particular species went extinct because of a cataclysmic event such as a volcanic eruption, you could search for evidence of volcanic activity (such as ash levels in sediments with the fossils) in areas where the species lived. If you find that volcanoes were not active when your species went extinct, then your hypothesis and the predictions that go with it would not be supported by the data.  For such historical questions, it is more difficult to control all the possible variables, but these types of questions are still scientific!
Assignment

Use the information in this handout to write up the materials and methods for the hypotheses you developed for a bean beetle experiment. Make sure you identify the experimental and control treatment and the controlled, dependent and independent variables. Be very clear and specific.  Someone may need to replicate your experiment.
Objectives


Upon completion of this exercise, you will be able to:


Be able to design an experiment that will adequately test a hypothesis


Understand the definitions of all bold-face terms
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