Scientific Method
How do biologists do their thing? Or, What is the scientific process?  Or, Do all biologists think alike?
I. Ask questions or identify a problem – make observations

A. Scientists use two types of logical thought processes

1. Science tends to rely on inductive reasoning to discover new general principles.

2. Science relies on deductive reasoning to infer consequences of a general principle

a) Provides predictions about results of experiments.

b) Allows logical conclusions to be derived from general principles.

3. Mathematics relies on deductive reasoning.  (remember theorems in geometry)

B. Example 1: Coral Atolls

1. Inductive reasoning
a) Observation: Coral atolls are usually composed of a circle of islands.

b) Observation: Coral atolls are formed from the deposits of living animals.

c) Observation: Animals without direct access to fresh sea water tend to die.

d) Observation: The interior of an atoll seems to be comprised of sunken coral.

e) Generality: Coral atolls are formed as the coral animals secrete deposits.  The center, lacking nutrient-laden water, dies and sinks, leaving a ring that, in turn, breaks apart to form a circle of islands.

2. Deductive reasoning
a) Generality: Coral atolls are formed as the coral animas secrete deposits.  The center, lacking nutrient-laden water, dies and sinks, leaving a ring that, in turn, breaks apart to form a circle of islands.

b) Deduction: Coral atolls will have a sunken center.

c) Deduction: Coral animals need contact with fresh sea water.

d) Deduction: Sea water contains something that coral animals need.

e) Deduction: Coral atolls comprised of more nearly complete rings of land are probably recently formed.

C. Example 2 – The Redi Experiment

1. Inductive Reasoning
a) Observation: Flies land on dead rabbits.

b) Observation: Eggs and maggots appear on the decaying rabbit flesh.

c) Observation: Eggs develop into maggots.

d) Observation: Maggots develop into flies.

e) Generality: The flies that land on the dead rabbits lay eggs.  These eggs hatch into maggots that in turn develop into adult flies.  This suggests that life begets life.

2. Deductive Reasoning
a) Generality: The flies that land on the dead rabbits lay eggs.  These eggs hatch into maggots that in turn develop into adult flies.  This suggests that life begets life.

b) Deduction: Flies are attracted to rotting flesh.

c) Deduction: Flies lay their eggs on rotting flesh.

d) Deduction: Flies and their larvae eat rotting flesh.

e) Deduction: Dogs have puppies that grow up into adults that have puppies.

f) Deduction: My brother isn’t from Mars after all.

D. Example 3 – Dying frogs

1. Inductive Reasoning
a) Observation: Frogs lay their eggs in shallow, open water.

b) Observation: Frog populations are declining in lakes.

c) Observation: There is a hole in the ozone layer.

d) Observation: Levels of ultraviolet radiation are increasing.

e) Observation: Ultraviolet radiation is lethal to cells.

f) Generality: Frog populations are decreasing in lakes where their eggs are laid in open, shallow water.  Such eggs are exposed to lethal levels of ultraviolet radiation resulting from a hold in the ozone layer.

2. Deductive Reasoning
a) Generality: Frog populations are decreasing in lakes where their eggs are laid in open, shallow water.  Such eggs are exposed to lethal levels of ultraviolet radiation resulting from a hole in the ozone layer.

b) Deduction: Frog eggs can be found in shallow, open water where they receive direct sunlight.

c) Deduction: The ozone hole allows ultraviolet radiation to reach frog eggs.

d) Deduction: Ultraviolet radiation kills frog eggs thus reducing frog populations in lakes.

II. Formulate hypotheses and make predictions

A. Formulate a tentative explanation of observations that can be used to make testable prediction.

1. Hypotheses usually stated as:

a) Null (HO)

b) Alternate (HA)

2. Hypotheses for Example 2:

a) HO: The maggots observed on rotting dead rabbits come from eggs laid by flies.

b) HA​: The maggots observed on rotting dead rabbits do not come from eggs laid by flies that land on the dead rabbit.

3. Hypotheses for Example 3:

a) HO:

b) HA:

B. Predictions often result from deductive reasoning!

III. Experiment – devise a test

A. Elements of an experiment

1. Independent variable: The factor that is being studied.

2. Dependent variable: The response that will be measured.

3. Control: The part of the experiment that regulates the factor being studied.

B. Design experiment for Example 2

1. Place dead rabbit in open container so flies can land on carcass.

2. Place dead rabbit in container covered with a screen that prevents flies from landing on carcass.

3. Observe both carcasses for maggots after one week.

IV. Evaluate the results

A. Collect the data (measure the dependent variable)

B. Statistical Analysis

V. Draw conclusions as they relate to hypotheses

A. Accept or reject the hypotheses based on the results of the experiment.

B. The statistical analysis provides the tool to do this.

VI. Examine alternative hypotheses

A. If HO is rejected what are the other possible explanations?

B. What other experiments are suggested.

VII. Hypotheses, Theories, Principles, & Laws

A. Hypotheses are tentative explanations of observations used to make predictions that can be tested in an experiment.

B. Theories have relatively lofty positions in the scientific world.

1. If hypothesis is supported by a lot of experimentation and becomes generally accepted by scientific community it becomes a theory.

2. Public perception of theory is more that of hypothesis.

3. Broad general concepts.

a) Theory of evolution

b) Mendel’s genetic theory

c) Theory of biogenesis

d) Theory of relativity

C. Principles are theories that, over long periods of time, have proved to be true and are generally accepted as fact. (Almost semantic)

1. Theory of biogenesis has become a biological principle.

2. Theory of evolution is a biological principle.

3. Principles of genetics.

D. Laws are absolutes and are generally reserved for physics.  They are observations that are always true.

1. Gravity

2. Conservation of Energy

Is there anything that science can’t do?

A. Limitations of science

a. Science tends to answer objective questions that can be subjected to experimentation.

i. How much toxic substance is too much?

ii. How do plants use light?

iii. Why do animals need food?

iv. Why do trees have flowers?

v. Will AZT prevent AIDS from developing?

b. Cannot answer subjective questions that are governed by moral, aesthetic, economic, and philosophical standards.

i. Why do we exist, for what purpose?

ii. What is the meaning of life?

iii. Does God exist?

iv. Did God create the universe?

v. Is Cindy Crawford pretty?

c. Subject areas that are not science because deal with subjective judgments and standards.

i. Philosophy

ii. Sociology

iii. Creationism

iv. Religion
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