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Philosophy of Science

general methodology special sciences
& nature of theories <« physics

< confirmation <+ biology

« explanation « psychology

« modeling & €CcoNnomics

< idealization % chemistry!
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Philosophy of Chemistry

nature of substances and their individuation criteria
relationship between chemical and physical theories
explanation in chemistry

nature of the chemical bond



Are Chemical Bonds Real?

Sometimes it seems to me that a
bond between two atoms has
become so real, so tangible, so
friendly that I can almost see it.

And then I awake with a little
shock; for a chemical bond is
not a real thing: it does not
exist: no one has ever seen it, no
one ever can. It is a figment of
our own imagination.

Charles Coulson, 1951



Are Chemical Bonds Real?

Bonds are Not Real Bonds are Real

% The structural concept of < Chemistry is pragmatic: We
bonds is not robust across have different bond concepts
models of molecular structure. for different purposes.

% Models that produce better < Highly successful practice is
experimental fit to the data based on the structural
especially cast doubt on the concept. What better evidence

concept. is there that the concept refers?
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IUPAC Mission Statement

“In fulfilling this mission,
IUPAC effectively contributes
to the worldwide understanding
and application of the chemical
sciences, to the betterment of
the human condition.”




Pennsylvania Science Standards

for Grade 12

e Apply rules of systematic nomenclature and formula writing to
chemical substances.

e Classify and describe, in equation form, types of chemical and nuclear
reactions.

e Explain how radioactive isotopes that are subject to decay can be used
to estimate the age of materials.

e Explain how the forces that bind solids, liquids and gases affect their
properties.

o Characterize and identify important classes of compounds (e.g., acids,
bases, salts)
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L.essons from Evolution
Education?

“ISomel speculate that disbelief in evolution stems from a
misunderstanding of Darwin’s theory, for anyone who grasps
the explanatory power of natural selection cannot help but
affirm its validity. However, studies that have measured both
participants’ belief in natural selection and participants’
understanding of natural selection have found no significant

correlation between the two.”

Shtulman, 2006
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[llusion of Explanatory Depth

“The great obstacle to
progress is not ignorance but
the illusion of knowledge.”

Daniel Boorstin
12th Librarian of Congress
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Phosphor Cathode Exhaust Tube

Bqlb Coaling inside the bulb "Hot cathodes” at each Air is exhausted through
Usually slratgh! 93;5 lube. transforms ultraviolet end of lamp are coated this tube during manufacture
May also be circular or radiation into visible light.  with emissive materials and inert gas introduced
U- shaped Color of light produced which emit electrons. into the bulb.
Gas depends on composition  Usually made of coiled-coil
Usually argon or a of phospfor. or single-cpil tungsten wire.
mixture of inert gases
at low pressure. Krypton
iIs sometimes used.
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Arc Discharge C Lea:js-ltn ::ﬁrzs :
The arc excites the oG tr(: erra‘s::tpms
mercury vapor which cda;rylngth e Clljh Z v n~
Base _ Mercury Atom generates radiant energy. oA L et e
Connects to the electrical An atom of mercury Stem Pr the mercury arc.
circuit and supports the from a minute amount The | ae 4-in \;f:s haie
lamp in the lampholder. of liquid mercury placed 5 Haid saal'and
within the bulb. T ey

assure the same coefficient
of expansion as the glass.




[llusion of Explanatory Depth

“Most people feel they understand the world with far greater detail,
coherence, and depth than they really do ... laypeople, unlike some
scientists, usually remain unaware of the incompleteness of their
theories.”

“Laypeople rarely have to offer full explanations for most of the
phenomena that they think they understand. Unlike many teachers,
writers, and other professional ‘explainers,” laypeople rarely have cause
to doubt their naive intuitions.”

Rozenblit and Keil, 2002



Iveryone gets in, as long as
they behave scientifically.

Understanding Science Project undsci.berkeley.edu



EXPLORATION
AND
DISCOVERY

COMMUNITY
ANALYSIS
AND
FEEDBACK

BENEFITS
AND
OUTCOMES

Understanding Science Project undsci.berkeley.edu



Gathering data

Expected Actual

Hypotheses (g its/observations  results/observations

Interpreting data

Supportive, contradictory, surprising
or inconclusive data may...

EXPLORATION

..inspire
revised
assumptions.

DISCOVERY

.support a
hypothe5|s

COMMUNITY . Insplre
ou ... OPPOSE 4 revised/new
hypothesis. hypothesis.
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