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Most scientific research is hypothesis-driven. That is, it seeks to address a specific, measurable, and answerable question, which may be intermediate to its ultimate objective, but essential to attaining the same. A well constructed hypothesis has several characteristics: it is clear, testable, falsifiable, and serves as the basis for constructing a clear set of experiments that will allow either its acceptance or rejection. One of the most frequent comments OSQR receives from reviewers is that plans contain hypotheses that do not meet these standards. There are several potential areas of difficulty (thanks to Dr. Steve Shafer, Midwest Area Director):

Too Complex: Hypothesis statements that contain words like “and” and “or” are essentially “compound hypotheses. This makes testing difficult if not impossible because while part may be true the other may not be so. 

Imprecise:  Hypotheses should be definite statements for which the answer can be confirmed or rejected. Use of “may”, “might”, “could” make the statement equivocal and render it impossible to reject the hypothesis (it may be true even if your result says it’s not!).

Misdirected to Researcher:  The hypothesis is a test that tells you something about what you are researching. It does not address your capabilities. Example: “Discovering the mechanism behind X will enable us to better detect the pathogen.” This tests the ability of the researchers to take information and use it. It is a result of successful hypothesis driven research. Rather the hypothesis should focus on the experimental system. 

Statements of the Obvious:  “Disease results from expression of genes for virulence in the genes for susceptibility in the host.” Actually this also is too complex (see the “and”?). Instead the hypothesis should focus on a particular expression of a particular gene or set of genes.

Global Statements:  “Quantifying X will provide significant increases in income for industry.” This is utterly untestable in 5-year plan and is really a potential outcome, not a hypothesis.

Some ARS research is not hypothesis-driven. This work may include model development, plant breeding, database development, high throughput genomics, service work, and engineering. Even where research is not guided by a hypothesis, there should be a clearly articulated goal to assure the reviewer that the work has a clear direction and is not a “random walk.” For example, plant exploration is not, typically, hypothesis-driven, but the work should have a clearly stated set of goals that will guide it over the research period.

There is a wealth of Internet resources on how to prepare clear, testable hypotheses. In addition many areas have statisticians available who can work with project teams to construct hypotheses and, help you assess whether your research might not be better focused by adding them. In general, we have found that reviewers find equal fault with plans that omit hypotheses where they are appropriate and with those that artificially “squeeze” in one of the above examples.
