The Scientific Method

Introduction

This course is about the discoveries of biology. The question becomes how were those
discoveries made? How does science progress from one discovery to another? How do
we know if our findings are correct? The answer to those questions is the scientific
method. In general, the scientific method is how we research a problem and find the
answers. However, to understand the scientific method, you need to understand thought

Processces.

Humans think in one of two ways: inductive thought processes and deductive thought
processes. You are constantly using both processes in your every day decisions.

Inductive Reasoning

Inductive reasoning is reasoning from the specific to the general.
As an example, you may observe that today the sun rose in the
east. You also observed that yesterday the sun rose in the east,
and the day before that, and the day before that. As a matter of
fact, you have observed the sun rises in the east every day. From
that you may conclude that the sun rises in the east on the planet

Question: Why does
the sun rise in the east
on planet earth and not
the west?

earth. You reasoned from specific observations (day 1, day 2, day 3, day 4, etc.) to the

general (the sun rises in the east).

Deductive Reasoning

Deductive reasoning is reasoning from the general to the specific. The simplest form of
deductive thought is called a syllogism. A syllogism is composed of at least three parts:
(1) major premise (2) minor premise and (3) conclusion. Syllogisms may be more
complex, but the simplest has at least these three. Here’s an example.

1. Major Premise — All naval pilots must pass a test for colorblindness.

2. Minor Premise — John is a naval pilot.

3. Conclusion — John is not colorblind — or John passed a test for colorblindness.

Notice how you went from the general to the specific in the syllogism. However,
deductive thought has one inherent drawback. Check the syllogism below.

1. Major Premise — All Boy Scouts are honest.
2. Minor Premise - John is a Boy Scout.
3. Conclusion - John is honest.

Are all Boy Scouts honest? We would like to think so, however, in reality, Boy Scouts
are probably no more ethical than any other segment of the population. For deductive

thought to work, your major and minor premises must be true.
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Truth

What is truth? There’s no simple answer. Philosophers have been debating the topic for
thousands of years. Let’s make it simple and say truth is agreement with the fact.
Unfortunately, what is true today may not be true tomorrow. At one time, scientists
thought sex determination in humans was based in the sperm of males. Inside each sperm
was a perfectly formed human, the homunculus. If the human inside the sperm was male,
a male child would result from the mating. If the human inside was female, then a female
child would result. Meticulous drawings were made when scientists viewed human
sperm under the microscope as they “saw” these tiny figures. Truth today, of course, is a
little different.

In 1694, Nicolaas Haratsoeker described what
appeared to be “animalcules” in the sperm of
humans and other animals. This tiny human inside
sperm was called the homunculus.
From the National Library of
Medicine, “Essay de dioptrique”,
Paris, 1694, p. 230.

If your major and minor premise are true, then you are likely to reach the correct
conclusion. If the major and minor premise are not true, then you can be misled.
Inductive reasoning can also lead to the wrong conclusion. Many people have seen case
after case of specific information and then totally draw the wrong conclusion.

Of the two methods, which do you think scientists predominately use to make
discoveries? The answer is inductive reasoning. Don’t be misled into thinking scientists
never use deductive thought. They do; however, inductive is the process by which we
proceed with the scientific method.

SM2



The Scientific Method

Scientific Method
Depending upon which textbook you pick up, there may be 4, 5, 6, or even 10 steps in the
scientific method. This course will use 5 steps.
1. recognize a problem,
collect data,
organize data,
put for a hypothesis, and
test the hypothesis.

ol

Recognize A Problem
Like the old adage, if it ain’t broke, don’t fix it. The main point is to recognize the
problem and approach it in a logical manner.

Collect Data

What are data? Some people refer to data as information, but that is incorrect.
Information is processed data. Here are some data:

631-345-7889

305-311-3183

954-201-8902

Does it tell you anything? Not really. Here are some more data:
Diana Ross

Bill Gates

Fred Searcy

Those data are not much more enlightening than the first, however, when we put them
together (process the data) then you perhaps understand what we have — telephone
numbers and names.

631-345-7889 (Diana Ross)
305-311-3183 (Bill Gates)
954-201-8902 (Fred Searcy)

Notice the above are very specific pieces of data which provide information.

Organize Data
Once you have collected data, it is time to organize it so it makes sense and has purpose.
In the case above, publish it in a telephone directory or little black book.

Put Forth A Hypothesis

A hypothesis is an educated guess. Note the emphasis on educated. It’s one thing to
have a garbage man (sanitation engineer) to offer a theory on nuclear physics and quite
another thing for a nuclear physicist to offer an opinion on nuclear physics. To which
viewpoint would you give greater credence? Caution! There may be out-of-work
nuclear physicists who have become sanitation engineers.
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Test the Hypothesis

Once you have an idea as to why some event takes place or why some problem occurs,
you need to test your theory. Testing the hypothesis is an area mistakes are often made.
You must take into consideration variables, controls, and repeatability.

Variables

In essence, variables are things which screw up your experiment. Suppose I decide to
develop a new medicine for headaches. I create the medicine and now, thanks to the
pesky Food and Drug Administration of the federal government, I need to prove the
medicine actually works. I bring a group of people into the testing area, administer one
half of the group my headache medicine and the other half receive something that looks,
smells, and tastes like my headache medicine, but in reality, is not (that’s called a
placebo). I then ask how many people have headaches. None of the people who took my
medicine do, and some of the people who received the placebo do have headaches. Have
I really proven anything? No. What’s wrong with this test? How do I know people had
headaches at the beginning? Whether or not someone has a headache at the start of the
experiment is a variable. Some variables can be mitigated or accounted for. Others
cannot and the experiment must report exact conditions under which the test took place
and with which variables the experiment cannot deal. In the case of my experiment, I’1l
hit everyone in the head with a baseball bat to ensure everyone has a headache before
testing!

Placebos and Controls

What about the group that received a facsimile of my headache medicine (the placebo)?
Why bother. The group that received the placebo is the control group. If both groups tell
me they don’t have headaches, then apparently placebos cure headaches as well as my
medicine. I should get the opposite response from the placebo group. Controls are
essential to any well designed experiment. In medicine, there are often double blind
controls. Not only does the group receiving the placebo not know they’re getting the
medication, but the researchers don’t know which group is the control. An independent
group keeps the data from both groups.

Repeatability

It does no one any good if the results of an experiment aren’t repeatable by a different
group of researchers performing the same method of experimentation. Science requires
discoveries be made public so others can test the results of the experiment and confirm
(or refute) them. Unfortunately, today discoveries often happen so fast, there’s not
enough time to do follow-up experiments and it has often resulted in tragic consequences.
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An Example of the Scientific Method in Action

In 1981, the Centers for Disease Control (CDC) Atlanta received five requests for the
drug pentamidine isothionate. This drug, at the time, was solely administered by the
CDC and used to treat an extremely rare type of pneumonia caused by Prneumocystis
Jjarvocei, (formerly P. carinii) a protozoan. The prescription of this drug was so rare that
between 1967 and 1979, only 2 previous requests for the drug were recorded by CDC.
CDC knew the drug was mostly used for transplant patients whose immune system had
been artificially depressed to allow the transplant to take. These five requests were not
transplant patients. Was there a unifying factor with these five?

About same time, CDC received an increase in reports of a rare form of cancer, Kaposi’s
sarcoma. This skin cancer was usually found in Jews of eastern Mediterranean origin,
and coincidentally, also transplant patients. Twenty-six cases were reported to CDC in a
30 month span.

Kaposi’s sarcoma
Image courtesy of Dermatlas.com

Both these events caused CDC to immediately put people into the field to investigate
these rare occurrences. They were concerned some type of epidemic might be at hand.
When CDC investigated, they tried to find a common thread among all these cases of
pneumocystis and common threads among the Kaposi’s patients. Upon checking with the
sources of the reports, CDC discovered most of these people had since died. This
increased their problem because they could not do direct interviews. Instead, they needed
to interview parents, loved ones, employers, co-workers, and anyone else that came into
contact with the deceased. In the U.S. eventually, most of these cases were traced to
male homosexuals.
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Pneumocystis jiroveci (formerly carinii)
Photo courtesy Centers for Disease Control & Prevention
National Center for Infectious Diseases
Division of Parasitic Diseases.

Later in 1982, CDC confirmed three patients with hemophilia having P. jarvocei. In
1983, two cases of heterosexual IV drug users were discovered with the infection. CDC
recognized a problem. People are dying of opportunistic infections (normally harmless)
where the immune system seems to be depressed. They originally had a healthy immune
system, but something destroyed it. What? This appears to be an acquired immune
deficiency as opposed to someone born without an immune system (natural immune
deficiency). I assume you understand what I am talking about here is Acquired Immune
Deficiency Syndrome (AIDS). What can cause a healthy person’s immune system to
become artificially depressed?

Disease Agents

In the world today, there are several recognized agents of disease. These include:
1. Environmental factors (formaldehyde, UV radiation, smoking, efc.)

Protozoans (as in Pneumocystis jirovect)

Bacteria (Staphylococcus as 1 n strep throat)

Viruses (Varicella as in measles)

Prions (specially folded proteins) i.e. Mad Cow Disease or as it is known in

humans, Crutzfeld-Jacob syndrome.

ol

Collect Data and Organize the Data
Reports continued to come into the CDC about opportunistic infections in people whose
immune system had collapsed. Soon, several opportunistic infections were documented.

Opportunistic Infections Reported to CDC:
Pneumocystis carinii
Kaposi’s sarcoma
lymphadenophathy
diffuse, undifferentiated non-Hodgkin’s lymphoma
thrush caused by the fungus Candida albicans
encephalopathy
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The list continued to grow and as of today, the number of opportunistic infections related
to this disorder has increased dramatically. There were several things the CDC knew. Of
cases diagnosed in 1981, 92% were deceased as of 1988. This was a very deadly disease.
It was commonly found in several categories of individuals:

1. homosexual or bisexual men

2. heterosexual IV drug users

3. hemophiliacs

Of the agents of disease, how do you determine which orne is the cause of disease? You
must use Koch’s postulates. Robert Koch was a German microbiologist who established
the parameters for determining the agent/disease relationship.

Koch’s Postulates
1. isolate a single organism common only to diseased individuals
2. the microorganism should be isolated from disease animals and cultured
3. inoculate healthy individuals with supposed disease causing agent and that
individual should come down with the disease.
4. The microorganism should be re-isolated in pure culture from the experimental
infection.

Robert Koch (1843-1910)
Image courtesy of the
Library of Congress. Image: LC-USZ62-43604 (b&w film copy neg.)

Koch’s postulates are the basis for determination of disease agent worldwide. If you
think a virus is the causative agent of polio, you must first isolate a single virus strain
common to all polio victims, inoculate healthy individuals with the isolated virus strain,
and those healthy individuals must come down with the disease. Any volunteers to prove
Koch’s postulates with the polio virus? Hopefully not. So how do you prove Koch’s
postulates since experimentation on humans is not acceptable? You use an animal model.
What animal is the closest to humans? The answer may surprise you — the chimpanzee.
It shares 99% of its genes with humans (the chip actually has one more than we do).
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Robert Gallo and the AIDS Virus

In 1980, Robert Gallo of National Institute of Health, isolated the first human retrovirus:
human T-lymphotrophic virus type I (HTLV I). Retroviruses reverse the usual flow of
genetic information from DNA->RNA->protein. Retroviruses are RNA viruses. Up
until Gallo’s time, no retrovirus had ever been associated with any disease. However,
with the discovery of HTLV I, Gallo assigned it as the causative agent of adult T-cell
leukemia. Gallo also isolated HTLV II and stated it as the cause of hairy-cell leukemia.
In 1983, Gallo proclaimed HTLV III, a third discovery, as causative agent of AIDS.
Controversy immediately arose as to who really discovered HTLV III. Luc Montagnier
of the Pasteur Institute claimed it a virus he sent to Gallo for study. In any case, the virus
was later renamed to Human Immunodeficiency Virus (HIV). Today, both Gallo and
Montagnier are considered the co-discoverers of the causative agent of AIDS.
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Does HIV Obey Koch’s Postulates

The short answer is no. As a matter of fact, Peter Duesberg of the University of
California at Berkeley says there are no known retroviruses that harm humans. He
considers the entire group to be benign. What about Gallo’s claim for HTLVI and
HTLVII and their diseases? They were later to be proved as not the causative agents.

In reality, you do not isolate HIV in every AIDS patient. There are some people that
show definite signs of AIDS and yet have no detectible virus. Can we give chimps

AIDS? Yes, but it is so difficult, that it does not match the course of disease in humans.

Later, both Gallo and Montagnier have stated that HIV does not act alone. Are there
other factors? Possibly. Shyh-Ching Lo of the Armed Forces Institute of Pathology
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states he can replicate symptoms of AIDS with mycoplasmas (an organism smaller than a
bacterium but larger than a virus).

Who Should Consider Themselves at High Risk for AIDS?
1. sexually active homosexual or bisexual men

heterosexual IV drug users

hemophiliacs

sexually active heterosexual men and women

you if you are sexually active.

el

Safe Sex
If you are sexually active, you should be practicing safe sex. What constitutes safe sex?
Not much.

1. Hugging

2. petting

3. light kissing.

Possibly Safe
1. Sexual intercourse with condom.

Unsafe Sex Practices
1. Any sexual intercourse without condom
2. Any exchange of bodily fluids (semen, saliva, tears, blood)

Serendipity and the Scientific Method

If would be comforting to assume all science marches forward by the scientific method.
In reality, it sometimes stumbles and staggers, but in the end, it gets to where it wants to
carry us. However, some of the more important discoveries occurred simply by accident.
A case in point is the vulcanization of crude rubber by Charles Goodyear. He discovered
completely by accident (after trying via the scientific method) that sulfur and heat are
needed to stabilize rubber for use.
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Charles Goodyear (1839-1930)
Image courtesy of the Library of Congress. Image: LC-USZ6-7162 (b&w film copy neg.)

Theories and Laws

It is through the scientific method that, over time, we develop the theories and laws of
science. There is a public misconception a theory is less viable or less significant or less
true than a law of science. For example, we speak of Newton’s laws of motion and
Darwin’s theory of evolution. For that reason, many people assume Darwin’s theory of
evolution untrue since it has never been elevated to the status of a law in science.

What is the difference between a theory and a law? A law in science has withstood every
conceivable test devised and has held true every time tested. There is no reason to think a
law will ever fail us.

The immediate tendency is to assume Darwin’s theory has failed some tests. Take
another example. Einstein’s general and special theories of relativity. Notice I didn’t say
“laws”. I would daresay most people would assume Einstein is right, yet we still call his
ideas theories. Why? To be honest, some of Einstein’s theories will never be tested. In
other cases, we simply haven’t devised the methods to test the theories.

Back to Darwin’s theory of evolution. One argument against Darwin’s theory is there are
gaps in the fossil record. The truth is, yes there are. Perhaps not for the reason you think.
The reason is some things just don’t form fossils very well. Jellyfish are not good species
to form fossils. It’s not that Darwin’s “theory” is any less valid than Newton’s laws, it’s
just that it hasn’t been tested for all the possible permutations and may never be.
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