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Publishing. It involves careful observation, applying rigorous skepticism about what is observed,
given that cognitive assumptions can distort how one interprets the observation. It involves
formulating hypotheses, via induction, based on such observations; experimental and
measurementbased testing of deductions drawn from the hypotheses; and refinement or elimination
of the hypotheses based on the experimental findings.People are naturally inquisitive, so they often
come up with questions about things they see or hear, and they often develop ideas or hypotheses
about why things are the way they are. The best hypotheses lead to predictions that can be tested in
various ways. The most conclusive testing of hypotheses comes from reasoning based on carefully
controlled experimental data.

Depending on how well additional tests match the predictions, the original hypothesis may require
refinement, alteration, expansion or even rejection.The hypothesis might be very specific, or it might
be broad. Scientists then test hypotheses by conducting experiments or studies. There are
difficulties in a formulaic statement of method, however.This is in opposition to stringent forms of
rationalism the scientific method embodies that reason alone cannot solve a particular scientific
problem. A strong formulation of the scientific method is not always aligned with a form of
empiricism in which the empirical data is put forward in the form of experience or other abstracted
forms of knowledge; in current scientific practice, however, the use of scientific modelling and
reliance on abstract typologies and theories is normally accepted. The scientific method is of
necessity also an expression of an opposition to claims that e.g. revelation, political or religious
dogma, appeals to tradition, commonly held beliefs, common sense, or, importantly, currently held
theories, are the only possible means of demonstrating truth.If the answer is already known, a
different question that builds on the evidence can be posed.A statistical hypothesis is a conjecture
about a given statistical population. For example, the population might be people with a particular
disease. The conjecture might be that a new drug will cure the disease in some of those people.
Terms commonly associated with statistical hypotheses are null hypothesis and alternative
hypothesis. A null hypothesis is the conjecture that the statistical hypothesis is false; for example,
that the new drug does nothing and that any cure is caused by chance. Researchers normally want
to show that the null hypothesis is false. The alternative hypothesis is the desired outcome, that the
drug does better than chance.

A final point a scientific hypothesis must be falsifiable, meaning that one can identify a possible



outcome of an experiment that conflicts with predictions deduced from the hypothesis; otherwise, it
cannot be meaningfully tested.One or more predictions are then selected for further testing. The
more unlikely that a prediction would be correct simply by coincidence, then the more convincing it
would be if the prediction were fulfilled; evidence is also stronger if the answer to the prediction is
not already known, due to the effects of hindsight bias see also postdiction .Scientists and other
people test hypotheses by conducting experiments. The purpose of an experiment is to determine
whether observations of the real world agree with or conflict with the predictions derived from a
hypothesis. If they agree, confidence in the hypothesis increases; otherwise, it decreases. Agreement
does not assure that the hypothesis is true; future experiments may reveal problems. Karl Popper
advised scientists to try to falsify hypotheses, i.e., to search for and test those experiments that seem
most doubtful. For example, tests of medical treatments are commonly run as doubleblind tests. Test
personnel, who might unwittingly reveal to test subjects which samples are the desired test drugs
and which are placebos, are kept ignorant of which are which. Such hints can bias the responses of
the test subjects. Furthermore, failure of an experiment does not necessarily mean the hypothesis is
false. Astronomers do experiments, searching for planets around distant stars. Finally, most
individual experiments address highly specific topics for reasons of practicality. As a result, evidence
about broader topics is usually accumulated gradually.The predictions of the hypothesis are
compared to those of the null hypothesis, to determine which is better able to explain the data.

In cases where an experiment is repeated many times, a statistical analysis such as a chisquared test
may be required. If the evidence has falsified the hypothesis, a new hypothesis is required; if the
experiment supports the hypothesis but the evidence is not strong enough for high confidence, other
predictions from the hypothesis must be tested. Once a hypothesis is strongly supported by
evidence, a new question can be asked to provide further insight on the same topic. Evidence from
other scientists and experience are frequently incorporated at any stage in the process. Depending
on the complexity of the experiment, many iterations may be required to gather sufficient evidence
to answer a question with confidence or to build up many answers to highly specific questions in
order to answer a single broader question.This prediction was a mathematical construct, completely
independent from the biological problem at hand. The results showed an Xshape. Each step of the
example is examined in more detail later in the article.As a result, it is common for a single
experiment to be performed multiple times, especially when there are uncontrolled variables or
other indications of experimental error. Replication has become a contentious issue in social and
biomedical science where treatments are administered to groups of individuals. Typically an
experimental group gets the treatment, such as drug, and the control group gets a placebo.Some
journals request that the experimenter provide lists of possible peer reviewers, especially if the field
is highly specialized. Peerreview does not certify the correctness of the results, only that, in the
opinion of the reviewer, the experiments themselves were sound based on the description supplied
by the experimenter. If the work passes peer review, which occasionally may require new
experiments requested by the reviewers, it will be published in a peerreviewed scientific journal.

This allows scientists to gain a better understanding of the topic under study, and later to use that
understanding to intervene in its causal mechanisms such as to cure disease. The better an
explanation is at making predictions, the more useful it frequently can be, and the more likely it will
continue to explain a body of evidence better than its alternatives. In general, explanations become
accepted over time as evidence accumulates on a given topic, and the explanation in question proves
more powerful than its alternatives at explaining the evidence. Often subsequent researchers
reformulate the explanations over time, or combined explanations to produce new explanations.That
is, no theory can ever be considered final since new problematic evidence might be discovered. If
such evidence is found, a new theory may be proposed, or more commonly it is found that
modifications to the previous theory are sufficient to explain the new evidence.For example,
Newtons laws explained thousands of years of scientific observations of the planets almost perfectly.



However, these laws were then determined to be special cases of a more general theory relativity ,
which explained both the previously unexplained exceptions to Newtons laws and predicted and
explained other observations such as the deflection of light by gravity. In subsequent modifications,
it has also subsumed aspects of many other fields such as biochemistry and molecular
biology.Muybridges photographs of The Horse in Motion, 1878, were used to answer the question of
whether all four feet of a galloping horse are ever off the ground at the same time. This
demonstrates a use of photography as an experimental tool in science. This is frequently possible in
certain areas, such as in the biological sciences, and more difficult in other areas, such as in
astronomy.

For example, preexisting beliefs can alter the interpretation of results, as in confirmation bias; this is
a heuristic that leads a person with a particular belief to see things as reinforcing their belief, even if
another observer might disagree in other words, people tend to observe what they expect to
observe.The scientific community and philosophers of science generally agree on the following
classification of method components. These methodological elements and organization of procedures
tend to be more characteristic of natural sciences than social sciences. Nonetheless, the cycle of
formulating hypotheses, testing and analyzing the results, and formulating new hypotheses, will
resemble the cycle described below.These activities do not describe all that scientists do see below
but apply mostly to experimental sciences e.g., physics, chemistry, and biology.For example, when
Einstein developed the Special and General Theories of Relativity, he did not in any way refute or
discount Newtons Principia. Einsteins theories are expansions and refinements of Newtons theories
and, thus, increase confidence in Newtons work.Elmos fire was electrical in nature, but it has taken
a long series of experiments and theoretical changes to establish this.Scientific measurements are
usually tabulated, graphed, or mapped, and statistical manipulations, such as correlation and
regression, performed on them. The measurements might be made in a controlled setting, such as a
laboratory, or made on more or less inaccessible or unmanipulatable objects such as stars or human
populations. The measurements often require specialized scientific instruments such as
thermometers, spectroscopes, particle accelerators, or voltmeters, and the progress of a scientific
field is usually intimately tied to their invention and improvement.The uncertainty is often estimated
by making repeated measurements of the desired quantity.



