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and plant physiologists have been studying the functions of com-
plex organ systems for centuries. Likewise, ecologists have been
characterizing ecosystems for a very long time. The excitement sur-
rounding systems biology in recent years has been the result of new
experimental tools that allow biologists to study complex interac-
tions at the molecular level.

A Hypothesis Is a Proposed Idea, Whereas
a Theory Is a Broad Explanation Backed
by Extensive Evidence

Let’s now consider the process of science. In biology, a hypothesis
is a proposed explanation for a natural phenomenon. It is a proposi-
tion based on previous observations or experimental studies. For
example, with knowledge of seasonal changes, you might hypoth-
esize that maple trees drop their leaves in the autumn because of
the shortened amount of daylight. An alternative hypothesis might
be that the trees drop their leaves because of lower temperatures. In
biology, a hypothesis requires more work by researchers to evaluate
its validity.

A useful hypothesis must make predictions—expected out-
comes that can be shown to be correct or incorrect. In other words,
a useful hypothesis is testable. If a hypothesis is incorrect, it should
be falsifiable, which means that it can be shown to be incorrect
by additional observations or experimentation. Alternatively, a
hypothesis may be correct, so further work will not disprove it.
In such cases, we say that the researchers have failed to reject the
hypothesis. Even so, in science, a hypothesis is never really proven
but rather always remains provisional. Researchers accept the pos-
sibility that perhaps they have not yet conceived of the correct
hypothesis. After many experiments, biologists may conclude that a
hypothesis is consistent with known data, but they should never say
the hypothesis is proven.

By comparison, the term theory, as it is used in biology, is a broad
explanation of some aspect of the natural world that is substantiated
by a large body of evidence. Biological theories incorporate obser-
vations, hypothesis testing, and the laws of other disciplines such as
chemistry and physics. Theories are powerful because they allow us
to make many predictions about the properties of living organisms. As
an example, let’s consider the theory that DNA is the genetic material
and that it is organized into units called genes. An overwhelming body
of evidence has substantiated this theory. Thousands of living species
have been analyzed at the molecular level. All of them have been found
to use DNA as their genetic material and to express genes that produce
the proteins that lead to their characteristics. This theory makes many
valid predictions. For example, certain types of mutations in genes are
expected to affect the traits of organisms. This prediction has been con-
firmed experimentally. Similarly, this theory predicts that genetic mate-
rial is copied and transmitted from parents to offspring. By comparing
the DNA of parents and offspring, this prediction has also been con-
firmed. Furthermore, the theory explains the observation that offspring
resemble their parents. Overall, two key attributes of a scientific theory
are (1) consistency with a vast amount of known data and (2) the ability
to make many correct predictions.

The meaning of “theory” is sometimes muddled because the
word is used in different situations. In everyday language, a theory

is often viewed as little more than a guess. For example, a person
might say, “My theory is that Professor Simpson did not come to
class today because he went to the beach.” However, in biology, a
theory is much more than a guess. A theory is an established set of
ideas that explains a vast amount of data and offers valid predictions
that can be tested. Like a hypothesis, a theory can never be proven
to be true. Scientists acknowledge that they do not know everything.
Even so, biologists would say that theories are extremely likely to
be true, based on all known information. In this regard, theories are
viewed as knowledge, which is the awareness and understanding of
information.

Discovery-Based Science and Hypothesis
Testing Are Scientific Approaches That Help
Us Understand Biology

The path that leads to an important discovery is rarely a straight
line. Rather, scientists ask questions, make observations, ask modi-
fied questions, and may eventually conduct experiments to test their
hypotheses. The first attempts at experimentation may fail, and new
experimental approaches may be needed. To suggest that scientists
follow a rigid scientific method is an oversimplification of the pro-
cess of science. Scientific advances often occur as scientists dig
deeper and deeper into a topic that interests them. Curiosity is the
key phenomenon that sparks scientific inquiry. How is biology actu-
ally conducted? As discussed next, researchers typically follow two
general types of approaches: discovery-based science and hypothesis
testing.

Discovery-Based Science The collection and analysis of data
without the need for a preconceived hypothesis is called discovery-
based science, or simply discovery science. Why is discovery-based
science carried out? The information gained from discovery-based
science may lead to the formation of new hypotheses and, in the long
run, may have practical applications that benefit people. Research-
ers, for example, have identified and begun to investigate previously
unknown genes within the human genome without already knowing
the function of those genes. The goal is to gather additional clues that
may eventually allow them to propose a hypothesis that explains a
gene’s function. Discovery-based science often leads to hypothesis
testing.

Hypothesis Testing In biological science, the scientific method,
also known as hypothesis testing, is usually followed to formulate
and test the validity of a hypothesis. This strategy may be described
as a five-step method:

1. Observations are made regarding natural phenomena.

2. These observations lead to a hypothesis that tries to explain the
phenomena. A useful hypothesis is one that is testable because it
makes specific predictions.

3. Experimentation is conducted to determine if the predictions are
correct.

4. The data from the experiment are analyzed.

5. The hypothesis is considered to be consistent with the data, or it
is rejected.
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