Chapter 1.4 - The Process of Life
A. Scientific Method
    1. Biology is the scientific study of life.
    2. The general process of science is said to be characterized by this sequence of stages.
B. Observation
    1. Scientists believe nature is orderly and measurable.
    2. Science also considers that natural laws do not change with time.
    3. Phenomena can therefore be understood from observations.
    4. Actual science research may also involve chance (e.g., Alexander Fleming’s discovery of penicillin).
*This principle of science is known as NATURAL CAUSALITY, by its nature it excludes supernatural phenomenon*
C. Hypothesis
    1. Inductive reasoning allows a person to combine isolated facts into a cohesive whole.
    2. A hypothesis is a possible explanation for a natural event - must be testable
	[image: image3.jpg]it Tha Mciia- /8 Dompimian fes. Paksbiskon i il for preeiverion oc gy

Test pots. [Test pots

90 kg of nitrogen/na [ Fosonpeaiiner vhan ot

Gonvol o
8 - o frtizaton teatmant
TostPots
8 - 45 g of nvogenina
505t nitrogenvna

Jgean paawinter wheatroaton

a. Control pots and test pots.
of three types 45 kg of nitrogena.

Wheat Biomass (grams/pot)

year 1 year 2 year3

b. Results



Examples of hypotheses, check those that are valid and can be tested
_____Bluebirds sing to attract mates. 
_____ Bluebird songs are beautiful.
_____ Only male bluebirds sing. 
_____ Sparrows will leave territories where they hear bluebird songs.. 
_____ Bluebirds hate sparrows.


D. Experiments/Further Observations
    1. Testing a hypothesis involves either further observations or conducting an experiment.
    2. Deductive reasoning involves “if, then” logic that predicts what will happen based on the hypothesis.
    3. An experimental design is proposed that tests the hypothesis.
    4. Scientists may use a model (global warming, but models are not always valid) 
    5. If a model cannot be tested, it always will remain a hypothesis.
E. Data
    1. Data are the results of experiments, and are observable and objective.
    2. Data are often displayed in a graph or table.
    3. Often the data must be inspected for the probability the data could show a relationship by chance; this
         is a measure of “significance.”  - statistical analysis
F. Conclusion
    1. Whether the data support or reject the hypothesis is the basis for the “conclusion.” - avoid the word "prove" 
    2. The conclusion of one experiment can lead to the hypothesis for another experiment.
    3. Science findings are reported in scientific journals (peer review).
    4. The experiments and observations must be repeatable or the research is suspect.
G. Scientific Theory
1. The ultimate goal is to understand the natural world in scientific theories, conceptual schemes supported by a broad range of data.
2. The terms “principle” and “law” are also used for generally accepted theories.
Basic theories of biology are:
a. Cell theory: all organisms are made of cells.
b. Biogenesis theory: life only comes from life.
c. Evolution theory: living things have a common ancestor and are adapted.
d. Gene theory: Organisms contain coded information that determines their form, function, and
behavior.
Other Theories. 
e. Germ Theory - proposes that microorganisms are the causes of many diseases
f. Heliocentric Theory - the sun is the center of the solar system, planets revolve around the sun
g. Law of Gravity - masses attract each other
H. A Controlled Study

a. A variable is a factor that can cause an observable change.  
b. All variables should be kept constant except the one you are testing
b. The experimental  - independent variable is the step that is deliberately manipulated 
c. A dependent variable is component of an experiment that changes due to the experimental variable (yield).
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2. Study I  - Pigeon Pea vs Fertilizer
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3. Study II
a. To test the hypothesis that pigeon pea residues will build up over time and will increase winter wheat production, compared to nitrogen fertilizer, the test is continued.
b. All results and conclusions were then reported in a science journal.
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4. Study III 
Observation: Babies are born with severe birth defects, mothers of these babies report taking the drug thalidomide during pregnancy for morning sickness.
Question: Does thalidomide cause birth defects?
Hypothesis: Thalidomide causes birth defects.
Experiment: Group A mice given thalidomide,  Group B mice not treated
Which group is the control group?  __________________________________________
What is the independent variable? __________________________________________
What is the dependent variable? ____________________________________________
In this experiment, mice born from both the control and variable group will not have birth defects. This experiment was performed long before thalidomide was marketed and prescribed to pregnant women.
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Does these mean that the hypothesis is not supported?

5. A Field Study
1. Observations led the researcher to the hypothesis that male bluebirds vary their aggressiveness toward other males depending on the time during the cycle of breeding.
2. To test the hypothesis, a male bluebird model was placed by the nest while the male was gone and observations were made upon his return.
3. A control consisted of a model of a robin placed in the same position for some nests.
4. Resident male bluebirds did not bother the control model but were aggressive toward the male bluebird model depending on the stage in nesting.
5. The conclusions confirmed the researchers hypothesis and were published in a science journal


What is a Theory?
A Theory is an explanation for natural events that is based on a large number of observations. Can also be referred to as a PRINCIPLE or a LAW.
Scientific Theories join together well supported and related hypotheses
Its important to realize that theories EXPLAIN what we observe. For instance, the Germ Theory explains why we get sick and why we get infections, in short it uses observation of viruses and bacteria as well as data from those who get ill to create a theory on what causes the illness. 
	· Theories must explain a wide range of observations
· Theories must be falsifiable
· Theories can be changed if new evidence presents itself
 
	Keep in mind that scientists do not "believe" in something. Instead, they have levels of confidence in explanations for natural phenomena.



If the Theory of Evolution is valid, why isn't Creationism (God created life) a theory?
Keeping in mind that there is nothing wrong with religious beliefs, things like creationism are not considered scientific because they do not meet the criteria of a scientific theory itself.
1. Creationism -tells- us what happened, and doesn't explain how, when, why or through what mechanisms
2. Creationism cannot be proven false - ie, you cannot disprove the existence of a divine creator
3. The nature of creationism means that the primary tenant (divine creation) can never be changed, much for the same reason you can't disprove it.
4. Not based on natural causes (natural causality)
What is Occam's Razor?
Ockham's Razor (Occam is the latinized and more common spelling) is a principle proposed by William Ockahm in the 15th century.
The original principle stated "Pluralitas non est ponenda sine necessitate" which translates as "entities should not be multiplied unnecessarily"
Modern times - it basically means that the simplest explanation is usually the right one.
Example: A paper clip is placed on a scale, the scale reads 600 pounds. The following hypotheses can be proposed
· The paperclip weighs 600 pounds
· The scale is broken
· There is a miniature black hole producing a gravitational pull on the paperclip at that moment, creating such a force to make the paperclip weigh 600 pounds
Though all three hypothesis may be correct, in fact we could probably make up a dozen other explanations, occam's razor would suggest that the simplest explanation is probably the correct one (the scale is broken)
