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Epistemology, the study of how we know what we know
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Logic: Two plus two equals four.

AssetsYou can count your change and not loose money
Liabilities: Epimenides paradox: If a Cretan says all Cretam$ias, is he lying or
telling the truth?

Intuition: | just know!

AssetsThe truth you know is absolutely true.

Liabilities: The truth you know may be wrong!

Authority: The expert said so, so it must be true.

AssetsThe Pope speaks for God, so truth is absolute.
Liabilities: The renaissance Popes.

Judicial: Guilty as charged!

AssetsThe jury will decide the truth about the matter.
Liabilities: Innocent people sentenced to death.

Scientific method: Try it and see.

AssetsA self correcting method not subject to opinion.
Liabilities: Can only address testable hypotheses. Not absolute

More detail on the scientific method:

The scientific method is a tool for studying the ntural world. It cannot investigate
“supernatural” or “metaphysical” events or causgsience can only describe the natural
world through repeated observation of natural pgees. Hypotheses are generated, and
experimental results determine if they are conststgth what is observed. This is not to
say that supernatural events or omnipotent beirggsmot exist, just that science cannot
comment on them. Science address the “how” anthectwhy”

Absolute “scientific truth” does not exist. This does not mean that scientific ideas
should not be accepted because they “cannot beprowll scientific knowledge is
tentative and subject to revision and modificatioth the introduction of new evidence.

It is impossible to know if every possible explaoathas been considered or that every
variable has been accounted for. We only have muent explanations. We cannot be
sure that someone in the future will not come ujinwew data and/or theories that better
fit the data.

Hypothesisvs. Theory. A hypothesis is an untested idea. A theory is aa ithat is
supported by experimental evidence. To reachtdtasof theory, an idea must be
supported by many independently replicated obsemnvat Typically, more than one type
of observation or more than one experimental desig)eeded. Any repeatable
observations that directly contradict the theowly sufficient to call the theory into
guestion.

Rememberscience is a human endeavor. As such it is sutgghe human failings.
Politics, social context, egos, all can impact “artfal” science.



Evolution from a scientific standpoint:

From the latin evolutio“to unroll” . A process of change over time. Serious studyalbgical
evolution began with Darwin, who used his obseoratiof the natural world and came up with
the theory that the evolution of new species redutim natural selection. In other words, any
variants among a population that are better adaptadjiven environment will be most
successful at breeding, and over time this procassesult in new species (a Unitarian might
say this shows the importance of diversity!).

Luck of the draw, we can demonstrate principals of evolution wiletieria, which can have
dozens of generations in a few hours. Adding amtiids can Kill virtually all the bacteria in a
population. However, if one or a few out of a p@tan of billions (easily generated overnight
in a test tube) has a lucky mutation that makegdéfigesistant to the antibiotic, the resistant
population will replace the sensitive cells.

Figure 1: The fluctuation test

An example.It is important to
note that the antibiotics do not
‘cause’ the mutations to happen.
The antibiotics only select for the
already existing resistant cell.
This was demonstrated in the
1940’'s by physicists-turned-
biologists Salvador Luria and
Max Delbruck in a famous
experiment called a ‘fluctuation
test’. Figure 1 shows sample
data*. The top row is the pattern
of resistant cells (represented by
the darker spots) expected if
exposure to the antibiotzaused

a mutation. A few would appear
in each culture after exposure. The bottom row shelvat would be expected if the mutation
occurred sometime during growth of the each cdtuce. In repeated experiments (Luria and
Delbruck used resistance to bacterial virusesantbiotics), the bottom row results were seen,
indicatingmutations happened during growth of the cells, wede not “caused” by exposure to
the selective agent

The big picture. With animals, including our species, one theorygasts that evolution occurs
by a “punctuated equilibrium” process. This thesigtes that for long periods of time gradual
change from mutation and selection occurs, buticnally populations can change quickly.
This may be due to population bottlenecks, whey arfew individuals or species survive a
radical environment change or become isolated.stinévors then repopulate the ecosystem. An
example would be the killing off of the dinosaugsabvery large meteorite impact, followed by
repopulation of the earth by many new species ahmals. There are many complexities to the
theory of evolution not touched on here, th basic paradigm of genetic variation and
selection has been supported by an enormous ansbgntentific literature

* From Stent and Calendar, 1978. “Molecular Gengficsintroductory Narrative” % ed., W.H. Freeman and Co.,
San Francisco. Page 161.



