The Scientific Method

Observation
A good scientist is observant and notices things in the world around him. He sees, hears or in some way notices what’s going on in the world and becomes curious about what’s happening.

For centuries, people based their beliefs on their interpretations of what they saw going on in the world around them without testing their ideas to determine their validity. Rather, they based their conclusions on untested observations.

Among these ideas, people believed in spontaneous generation – the idea that non-living objects can give rise to living organisms. It was “common knowledge” that simple organisms like worms, beetles, frogs and salamanders could come from dust, mud, food, etc. For example, carcasses were hung and customers selected which chunk the butcher would carve off for them. Trips to the butcher shop, especially in summer, meant battling the flies around the carcasses (observation). Obviously, the meat that had been hanging in the sun all day was the source of the flies (conclusion).

Observation: Carcasses are always surrounded by flies.

Question
Scientists observe but they are careful not to make conclusions. Instead, the scientist raises a question about what he sees going on. The question raised must have a simple, concrete answer that can be tested for accuracy. For example, “How many students came to school today?” could be answered by counting the students present on campus, but “Why did you come to school today?” couldn’t really be answered by counting or doing an experiment.
Question: Do flies come from rotten meat?
Hypothesis
A hypothesis is a tentative answer to the question, a testable explanation for the observation. The scientist tries to explain what caused his observation.

Hypothesis: Rotten meat does not turn into flies. Only flies can make more flies.
In a cause and effect relationship, what you observe is the effect, and hypotheses are possible causes. A hypothesis is not an observation. It is a tentative explanation for the observation. For example, I might observe the effect that my throat is sore. Then I might form hypotheses as to the cause of that sore throat – a bacterial infection, a viral infection or yelling too much at a ball game.
We base our hypotheses on previous knowledge, facts and general principles. Your answer to the question of what caused the observed effect will be based on previous knowledge of what caused similar effects in similar situations. For example, I know that colds are contagious and I don’t know anyone with a cold. I was at the ball game yesterday and I was doing a lot of yelling while I was there. I think the yelling caused my sore throat.
Hypotheses should be testable by experimentation. For example, throat culture and other tests yielded no signs of a bacterial or viral infection. I have no fever or other signs or symptoms. The doctor says my vocal cords are swollen in a way that would indicate overuse.
We can prove hypotheses are wrong or incorrect, but we can never prove or confirm hypotheses with absolute certainty. It is impossible to test all given conditions and someone with more knowledge, sometime in the future, may find a condition under which the hypothesis is not true.
Prediction
Next, the experimenter is ready to test the hypothesis. Generally, if a particular hypothesis is true and we conduct an experiment, then we should expect a certain result (prediction). This involves the use of “if-then” logic. A prediction is the expected results of an experiment if the hypothesis and other underlying assumptions and principles are true.

Prediction: If meat cannot turn into flies, rotting meat in a sealed (fly-proof) container should not produce flies or maggots.
testing

Scientific experiments are always controlled experiments. The scientist must contrast an experimental group with a control group. We treat the two groups EXACTLY alike except for the ONE variable we’re testing. Sometimes several experimental groups may be used.


When conducting an experiment, replication is important. We try everything several times on several subjects.


The experimenter gathers data from the subjects. We'll talk about data a lot this semester, but here I want to make a fundamental distinction between two types of data: qualitative and quantitative. The way we typically define them, we call data quantitative if it is in numerical form and qualitative if it is not. Too, we can’t necessarily look at every (in our example) fly. Sampling is the process of selecting units (e.g., people, organizations, flies) from a population of interest so that by studying the sample we may generalize our results back to the population from which we chose them. 
Testing: Wide-mouth jars, each containing a piece of meat, were open to varying degrees while all other variables were the same.


Control Group – These jars were set out without lids.

Experimental Groups – One group of jars was sealed with lids and another group of jars had gauze placed over them.

Replication – Several jars were included in each group.
Data: The presence or absence of flies and maggots seen in each jar was recorded. In the control jars, flies were seen entering the jars. Later, maggots, then more flies were seen on the meat. In the gauze-covered jars, no flies were seen in the jars, but were observed around and on the gauze, and later a few maggots were seen on the meat. In the sealed jars, no maggots or flies were ever seen on the meat.
Conclusions: Only flies can make more flies. In the uncovered jars, flies entered and laid eggs on the meat. Maggots hatched from these eggs and grew into more adult flies. Adult flies laid eggs on the gauze on the gauze-covered jars. These eggs or the maggots from them dropped through the gauze onto the meat. In the sealed jars, no flies, maggots or eggs could enter, thus none were seen in those jars. Maggots appeared only where flies were able to lay eggs. This experiment disproved the idea of spontaneous generation for larger organisms. 

Research is cumulative and progressive. Scientists build on the work of previous researchers and an important part of any good research is to first do a literature review to find out what previous research has been done in the field. Science is a process — new things are discovered and old, long-held theories are modified or replaced with better ones as more data/knowledge is accumulated.
THEORY

A theory is a generalization based on many observations and experiments, a well-tested, verified hypothesis that fits existing data and explains how processes or events occur. It is a basis for predicting future events or discoveries. Theories may be modified as new information is gained. This definition of a theory is in sharp contrast to popular usage, where people say something is “just a theory,” thereby implying a great deal of uncertainty.
