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Appendix A How to Form a Hypothesis
What is a hypothesis?
A hypothesis is a possible explanation for a set of observations or a possible answer to a scientific question. A hypothesis is designed to be tested in an experiment. Thus, hypotheses are a central part of scientific methodology. Knowing how to form a hypothesis is an important skill.

Many scientific investigations begin with observations. For instance, you may notice that one pond has more algae growing in it than another, or that a bumblebee in a field visits one type of flower more than others. Observations like these often lead to questions such as, “Why does one pond have more algae than another pond? Why do bumblebees seem to prefer one type of flower more than others?” To answer questions like these, you must first make a hypothesis.

Why should you make a hypothesis?

The main purpose of a hypothesis is to set up a statement that can be supported or disproved by evidence. Once you’ve made a hypothesis, you can design an experiment to help you determine whether it is right or wrong.

Sometimes what you observe and the data you collect will not support your hypothesis. In science, the important thing is not whether a hypothesis is right or wrong. The important thing is what you learn from an experiment. In fact, for scientists, a hypothesis that is wrong can be just as valuable as a hypothesis that is right.

You will need to design a procedure for some experiments. But often you will be asked to do experiments that have been designed for you. A hypothesis is a useful tool even when you are following a predesigned procedure. Making a hypothesis will ensure that you understand the purpose of a lab and why you will be asked to make certain types of observations.

This appendix describes the “full version” of a hypothesis, which tends to be long and full of details. Such detailed statements are essential for a scientist who is doing research. But for most of the labs in this manual, it will be acceptable for you to write shorter hypotheses with fewer details.

How is a hypothesis related to experimental design?

Most experiments test the relationship between two factors. You change the independent variable. Then you observe whether the dependent variable changes in response. A useful hypothesis should state how you think the variables are related. In the full version, you must also state how the relationship will affect the results of the experiment.

The following statement is a fully developed hypothesis. If the presence of fertilizer is related to increased algal growth, then algae that are provided with fertilizer will exhibit greater growth than algae that are not provided with fertilizer. Is this hypothesis useful? Yes, because it relates the use of fertilizer to the growth of algae. It also describes what results to expect if the hypothesis is correct.

Practice Identify the variables in this hypothesis. If the heart rate of Daphnia is related to the concentration of salt in their water, then changing the salt concentration of a Daphnia’s water will cause its heart rate to change.

Dependent variable: ___________________ ___________________________________ 

Independent variable:__________________ ___________________________________
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How can you evaluate a hypothesis?
For a hypothesis to be of value during the experimental design process, it must be possible to test the hypothesis. This rule is true whether the hypothesis is fully developed or a shorter version with fewer details.

A statement like “My cat’s favorite food is tuna” may or may not be true, but there is no way to test it. However, it would be possible to test the statement “If a cat prefers tuna to dry cat food, then the cat will eat the tuna first when the two foods are placed side by side.”


A hypothesis should also contain language that suggests how it can be tested. A useful hypothesis often will take the form of an “if, then” statement. In the first part of the statement, you should summarize the relationship you think might be taking place (If the presence of fertilizer is related to algal growth in ponds…). In the second part, you should predict how you think this relationship will affect the results of your experiment (…then algae that are provided with fertilizer in the laboratory will exhibit greater growth than algae that are not provided with fertilizer).

	Comparison of Hypotheses

	Poor Hypothesis 
	Useful Hypothesis

	Salt water will decrease plant growth.
	Full version: If a high concentration of salt in water causes decreased plant growth, then potted plants that are given salt water will grow more slowly than potted plants that are given tap water.

Short version: Plants that are given salt water will grow more slowly than plants that are given tap water.

	The effectiveness of enzymes may be affected by water temperature.
	Full version: If the effectiveness of enzymes is related to water temperature, then the amount of product from an enzyme-catalyzed reaction will vary at different temperatures.

Shorter version: The amount of product from an enzyme-catalyzed reaction will vary at different temperatures.

	Bumblebees prefer yellow flowers to red flowers.
	Full version: If bumblebees visit yellow flowers more often than red flowers, then bumblebees that are kept in the laboratory will visit a fake yellow flower more often than a fake red flower.

Shorter version: When both types of flowers are present, bumblebees will visit fake yellow flowers more often than fake red flowers.
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Practice Your Skills
1. Both of these hypotheses are in the form of an “if, then” statement. Which hypothesis is more useful, and why?
a. If heart rate is related to caffeine intake, then coffee drinkers will have higher heart rates.

b. If a higher heart rate is related to caffeine intake, then the heart rate of most people will be higher 30 minutes after they drink a cup of coffee.

2. Write the missing “if” statement for this “then” statement: …then ants placed halfway between solutions of sugar and an artificial sweetener will move toward both solutions with equal frequency.
Rewrite the hypotheses in Questions 3–5 so that they are more useful for experimental design.

3. Mouthwash A will kill more bacteria in laboratory cultures than Mouthwash B will.
4. Colonies of E. coli bacteria will grow faster in culture dishes kept at 35°C than in dishes kept at 25°C.

5. Bean plants will grow more slowly when exposed to acid rain.
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