Writing a Scientific Hypothesis (Student Guide)

Paul K. Strode, Ph.D.

In science, we practice scientific methodology in various ways. Sometimes we make observations about nature, ask questions, answer those questions with explanations (hypotheses), and test our answers with predictions and experiments. However, not all scientific methodologies are hypothesis-driven. Some scientific pursuits are based in discovery science, in other words, looking for relationships in nature or simply measuring and describing things in nature. Other scientific methodology involves testing models. For example, we use the semipermeable model to describe the cell membrane. We can test this model by predicting that some kinds of substances can move across the cell membrane and while others cannot. Finally, we have engineering, which tests neither hypotheses nor models. Engineers identify problems, formulate goals, and seek solutions to the problems.

This document focuses on hypothesis driven science and aims to help young scientists understand what a hypothesis is in science and how the hypothesis is different from the prediction.

Hypothesis

In science a hypothesis is an explanation for an observed phenomenon in nature. The hypothesis is tentative, and therefore falsifiable, and testable. Thus, we can think of the hypothesis in science as an explanation on trial.

Prediction

A prediction in science is a prophecy, a specific and measurable event that is likely to happen in the future as the result of an experiment if the hypothesis is valid.

Teaching the Hypothesis Incorrectly

Many teachers and even many textbooks teach the hypothesis in a way that makes it no different from a prediction. They teach students to write “If – then” statements for their hypotheses. This results in the incorrect form: If I do X, then Y will happen. There is no hypothesis here. This is simply a method (if I do X) followed by a prediction (then Y will happen). Some teachers and textbooks add "…because…" at the end of the "If…, then…" statement. The because statement is often close to the hypothesis that is being tested, but it still does not carefully delineate the hypothesis from the prediction.

How to Correctly Formulate a Hypothesis
Let's say an ecologist notices that in some spring seasons, the migrating birds arrive at their breeding grounds about the same time that their food resources are peaking in availability. The ecologist may explain this observation with the hypothesis that the birds and their food resources, usually insects, are responding to the same environmental cues (warm spring temperatures). The ecologist could then predict that regardless of how early spring comes, the birds and their insect prey will always be somewhat synchronized in time. The ecologist could then test the hypothesis and prediction by carefully recording numbers of birds and their insect prey over several spring seasons. However, there are alternative hypotheses in this scenario. For example, the birds and insects may be using different environmental cues. Perhaps the birds use day length to time their movements north in the spring and the insects do in fact use temperature. If this hypothesis is valid, then the ecologist can predict that the birds and insects will become unsynchronized in early springs--the insects hatching early with the birds arriving the same time on the calendar as they always do.

Hypothesis 1: Birds and insects respond to the same environmental cues, mostly temperature.

Related Prediction: Birds and insects will remain synchronized regardless of the timing of spring.

Hypothesis 2: Birds use day length while insects respond to spring temperatures.

Related Prediction: In early or late springs, the birds will arrive at the same time as always, while the insects will appear either early or late, depending on the timing of spring.

The Research Hypothesis

Some scientists, in their experimental planning stages, write a large, sophisticated statement called the research hypothesis. Research hypotheses force scientists to be very clear to themselves and their colleagues about exactly what the explanation is that they are testing, the general method they are using to test it, and the prediction they can make if their explanation is reasonable. The research hypothesis follows the form: If X is a valid hypothesis (explanation), and I perform Y methods (experiment), then I can predict Z as a specific measurable outcome.

In the birds and their insect prey in spring example, the ecologist may state her research hypothesis the following way:

If birds use day length to time their movements north in the spring while their insect prey respond to warming spring temperatures, and I record the daily number of birds and insects in a forest for several spring seasons in a row, then in early springs the birds will arrive after the insects have already peaked in abundance while in late springs the birds will arrive before there are enough insects for them to eat.

While the above example is a sophisticated way to state a hypothesis, it may not be the best way to communicate a hypothesis and prediction in a scientific report or in a science fair setting.

In summary, here are three things to think about when you are designing your scientific pursuits:

1) Think carefully about your project and decide if a hypothesis is appropriate. You may in fact be doing discovery science, be testing a model, or pursuing an engineering goal.

2) If your project is testing a hypothesis, avoid “If – then” statements because it becomes too likely you will write a method followed by a prediction and forget the hypothesis altogether.

3) Carefully separate your hypothesis from your prediction in your planning so that you are able to articulate, “This is the overarching explanation I am testing and this is the prediction I can make if my hypothesis is valid.”

