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What is Science?
• Science is a body of
knowledge (and more)
• but only looks to
find “what is there?”

• Based upon:

•

•

observation

•

repeatability

This NASA image is a composite of several satellite-based views of
Earth. To make the whole-Earth image, NASA scientists combine
observations of different parts of the planet. (credit: modification of
work by NASA)

• objectivity

What is Science?
• Repeated objective observations
may eventually lead to a theory
• Theory – A general set of principles,
supported by evidence
(observations), that explains
some aspect of nature.
– Very different from a
“theory” outside of science.
• conjecture
•

Sir Francis Bacon is credited with being
the first to document the scientific
method.
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Two Approaches to Science
• Scientific method
• a series of defined steps including
experiments and careful
observation
• If a hypothesis is not
supported by data, a new
hypothesis can be
proposed
• Discovery Science
• Hypothesis Driven Science
• most scientists use a
combination of both types
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Hypothesis and Prediction
• Hypothesis
• a scientific “prediction”
• based on prior knowledge
• a type of “if …. then” statement
• that is testable and only has
ONE factor or variable
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Design the Experiment
• hardest part of the experiment
• many factors will affect your
experiment
• called variables
• independent variable
• what you change
• dependent variable
• what you measure
• in a controlled experiment
• it is “assumed” that you have
accounted for as many of the
variables as possible
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Collect the Data
• defining your dependent variable is the
Researchers work on excavating
dinosaur fossils at a site in Castellón,
Spain. (credit: Mario Modesto)

most important step
• Again, is it testable?
• you may have to refine your technique
• Organized trial and error

This forensic
scientist works in
a DNA extraction
room at the U.S.
Army Criminal
Investigation
Laboratory.
(credit: U.S. Army
CID Command
Public Affairs)

Evaluate
• Correlation versus causation
• Very rarely will a “good”
scientist say that results are
causation.
• Correlation
• Statistically supported
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Example
• An example of hypothesis

Scientific method at work: Pasteur tests “spontaneous generation”
Observation

experiment regarding the
spontaneous generation of

growth of
new material
in broth

sterile flask

testing is Louis Pasteur’s

sterile broth
When you start with a sterile
. . . a growth of new living material
flask of sterile meat broth. . .
generally appears in the broth.
Question: What is the source of the living material?
Hypothesis:

life

Hypothesis 1

Hypothesis 2

– Prior to this
experiment, many

The living material is derived from nonliving
material (spontaneous generation).
Pasteur’s experiments:

remove trap

believed life could
arise from nothing…
• Maggots appear
to “spontaneously
generate” on meat
left exposed

The living material is derived from
living material outside of the flask.

sterile flask
Particle
trap

dust trapped
in neck of flask
growth
no growth

sterile
broth
growth
tip flask to mix trapped
dust into broth
Conclusion: No growth appears in the broth unless dust is admitted from outside.
Reject “spontaneous generation” hypothesis.
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When is a Theory Proven?
• Never! (officially anyway)
– Only falsifiable
• Every assertion regarding the natural world is subject to challenge and
revision.
– Hence, repeatability
• As hypotheses are independently repeated, they are either “supported” or
“unsupported”
– Only after many repetitions with the same result will a hypothesis
become a theory
• Always and forever subject to further testing or knowledge

The Nature of Biology
A toad represents a
highly organized
structure consisting of
cells, tissues, organs, and
organ systems. (credit:
“Ivengo(RUS)”/
Wikimedia Commons)

• Biology is the study of life
– Bio = life
– ology = study of
• So, What defines life?

The leaves of this sensitive
plant (Mimosa pudica) will
instantly droop and fold
when touched. After a few
minutes, the plant returns to
its normal state. (credit:
Alex Lomas)

Polar bears and other mammals
living in ice-covered regions
maintain their body temperature
by generating heat and reducing
heat loss through thick fur and a
dense layer of fat under their
skin. (credit: “longhorndave”/
Flickr)

Although no two look alike,
these kittens have inherited
genes from both parents and
share many of the same
characteristics. (credit: Pieter
& Renée Lanser)

The Nature of Biology
Life is defined by a group of eight characteristics possessed by living things.
– 1. Assimilate energy.
– 2. Respond to their environment.
– 3. Maintain a relatively constant internal environment.
– 4. Reproduce.
– 5. Possess an inherited information base, encoded
in DNA, that allows them to function.
– 6. Are composed of one or more cells.
– 7. Evolve
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Now It’s Your Turn!
• Design a scientific investigation
• Choose one of these testable questions
A. Do playing video games make people more violent?
B. Do Band-Aids actually help cuts heal faster?
C. Does watching reality TV make a person less intelligent?
D. Does organic food contain more nutrients than non-organic food?
• Design must include:
• Hypothesis
• Methods
• Variables (Independent, Dependent, and as many Controls as you can
identify)
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