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Tactics for testing ideas
Experiments are one way to test some sorts of ideas, but science doesn’t live on experiment alone. There are many other ways to scientifically test ideas too …
What are experiments?
An experiment is a test that involves manipulating some factor in a system in order
to see how that affects the outcome. Ideally, experiments also involve controlling as
many other factors as possible in order to isolate the cause of the experimental results. Experiments can be quite simple tests set up in a lab—like rolling a ball down
different inclines to see how the angle affects the rolling time. But large-scale experiments can also be performed out in the real world—for example, classic experiments
in ecology involved removing a species of barnacles from intertidal rocks on the Scottish coast to see how that would affect other barnacle species over time. But whether
they are large- or small-scale, performed in the lab or in the field, and require years
or mere milliseconds to complete, experiments are distinguished from other sorts of
tests by their reliance on the intentional manipulation of some factors and, ideally, the
control of others.

Experiments can even take place on the ocean floor. In this case, a remotelyoperated vehicle retrieves basalt cubes that were placed almost a year earlier
as potential sites for new coral attachment. The experiment is examining how
coral reproduce and disperse.

Natural experiments
Some aspects of the natural world aren’t
manipulable, and hence can’t be studied
with direct experiments. We simply can’t
go back in time and introduce finches to
three separate island groups to see how
they evolve. We can’t move the planets
around to see how their orbits would be
altered by a new configuration. And we
can’t cause volcanoes to erupt in order to
investigate how they affect the ecosystems that surround them. However, such
ancient, distant, and large-scale phenomena can be studied with the methods
described below, and in many cases,
we can observe the results of natural
experiments on these systems. Natural
experiments occur when the universe, in

Though we can’t experimentally manipulate
phenomena like volcanoes, we can carefully observe
the outcomes of these natural experiments. In this
photo, a geologist takes a lava sample from the
Kilauea volcano in Hawaii.

Remotely-operated vehicle photo provided by NOAA; Kilauea photo provided by U.S. Department of Interior, U.S. Geological
Survey
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a sense, performs an experiment for us—that is, the relevant experimental set-up already exists, and all we have to do is observe the results.
More than just experiments

A T. rex tooth can
tell us a lot about
what this animal
ate.

For many ideas in science, testing via experiment is impossible,
inappropriate, or only part of the picture. In those cases, testing
is often a matter of making the right observations. For example,
we can’t actually experiment on distant stars in order to test ideas
about which nuclear reactions occur within them, but we can test
those ideas by building sensors that allow us to observe what forms
of radiation the stars emit. Similarly, we can’t perform experiments
to test ideas about what T. rex ate, but we can test those ideas by
making detailed observations of their fossilized teeth and comparing
those to the teeth of modern organisms that eat different foods. And
of course, many ideas can be tested by both experiment and through
straightforward observation. For example, we can test ideas about
how chlorofluorocarbons interact with the ozone layer by performing
chemical experiments in a lab and through observational studies of
the atmosphere.
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