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What is Science?
Science is real hard.  Harder than reading.  We aren’t allowed to 
have it in kindergarten.

Antonio – Kindergarten

The weatherman is science.  He chooses the weather each day and 
writes it on the wall.

Mary Beth – Kindergarten

Science is the same old stuff.  I’ve seen the same DVD on 
earthquakes four years in a row.

Joshua – Grade 4
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Science is an endeavor designed to explore and 
address questions about the natural world 
leading to valid and reliable generalizations 
and explanations, using methods of 
investigation and producing evidence open to 
review by all.

What is Science, Really?

McComas

The Discipline of Science

Science 
Content 

Knowledge

The Toolbox 
of Science

Epistemology 
of Science

Special 
Language of 

Science

o Authentic 
Science Practice 
(Methods of 
Science

o Process Skills 
(i.e. measuring, 
observing, etc.)

o Inquiry Skills and 
Practices

o The Limits of 
Science

o The Rules of 
Science

o Legitimate 
Practices

o Knowledge 
Generation and 
Validation

o Unique uses of 
Terms in 
Science (i.e. 
Theory vs. Law)

o The Content of 
Biology, 
Chemistry, 
Physics, etc.

Taught 
Explicitly

Taught 
Implicitly

Not Taught
Taught 

Implicitly
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Examining Science
We Know about Science from the Following Disciplines

History of Science

Philosophy of Science

Sociology of Science

Psychology of Observation

Scientists look at nature while social  scientists examine science and scientists.

A) Tools, Processes 
and Products

of Science

B) Science has 
Human Elements

C) Science 
Knowledge and 
its Limitations

What Everyone Needs to Know about How Science Works
We Will Explore Some of These Ideas in Biology

 Empiricism
 The Shared Methods of Science
 Laws and Theories

 Creativity
 Subjectivity
 Socio-Cultural Influences

 Science vs. Engineering
& Technology

 Tentative but Durable
 Science has Limits
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Why this Set of NOS Elements?
• These aspects of science are frequently mentioned  (with 

much agreement) by science education/NOS experts
• These aspects function across the science disciplines (with 

some interesting distinctions in the way they operate)
• The list is short and will not burden the traditional science 

curriculum 
• Aspects such as these are accessible to teachers and 

students.  Remember, at this point we are not trying to 
educate philosophers of science!

Biology encompasses all of the disciplines 
devoted to the study of living organisms.  
Sometimes these disciplines are referred to as 
the life sciences – a useful term that 
distinguishes biology from the physical 
sciences, whose focus is on the inanimate 
world.

What is Biology?

Ernst Mayr (1997)  p.24
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These Issues Function in all Sciences 
and in Specific Ways in Biology 

Questions in the Philosophy of Biology

• Is biology an autonomous (independent) science or is it 
really just a part of other sciences like physics and 
chemistry?

• Does biology have the same philosophical status as do 
the physical sciences or is it more like sociology or 
psychology?

• Why is biology sometimes called a “soft” science?
• What is unique about the philosophy of science when 

applied to biology?
• What are the big issues in the philosophy of biology?
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Big Ideas in the Philosophy of Biology 
What is the Role of . . .

Typology (or Platonism)
– The idea that one can examine a single example and 

know about all the members of the group represented 
by the example

– Biology does contain a typological view by naming a 
“type specimen” to represent the species

– However, in biology, the population rather than the 
individual is a better unit of study

Big Ideas in the Philosophy of Biology
What is the Role of . . .

Determinism (Can there be a “clockwork” 
life science?)

–Is it possible to understand all aspects of biology 
such that it is possible to predict future events 
consistently?

–Probably not in biology.  The vagaries and 
complexities of individuals along with a chaotic 
element makes such prediction impossible
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Reductionism (An issue in all the sciences)
– Studying the parts of a system provides some understanding of 

the whole, but is this the best or only research method?

– “. . . Mendel’s discovery of the laws heredity, . . . could not at 
that time (or ever?) have been deduced from molecular biology, 
but which have since been explained in those terms.” (p. vi)

– We have learned much by looking at the parts but “there are 
laws that can only be discovered by research on whole 
organisms or populations of organisms.” p. vii 

Smith, J. M. (1986).  The problems of biology.  New York: Oxford University Press.

Big Ideas the Philosophy of Biology
What is the Role of . . .
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Is Biology an Autonomous Science?
Yes, because biology has unique elements such as:

– The complexity of living systems
– Evolution
– Population (rather than individual) perspectives
– A genetic component 
– The balance between observation and experiment 
– Historical vs. experimental elements

Mayr, E. (2004). What make biology unique?  Cambridge: Harvard University Press
Mayr, E. (1996).  The autonomy of biology. Quarterly Review of Biology, 71: 97-106
Ayala, F. (1968).  Biology as an autonomous science.  American Scientist, 56: 207-
221

One of the most influential early book on the 
philosophy of science is “What is Life?” 
(1944) by the physicist Erwin Schrodinger

Schrodinger was fascinated by biology and 
wrote . . .

Living matter works “in a manner that 
cannot be reduced to the ordinary laws of 
physics.”  (p. 81)  “The unfolding of events 
in the life cycle of an organism exhibits an 
admirable regularity and orderliness 
unrivaled by anything we meet with 
inanimate matter.” (p.82) 
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Scientists Share 
Many Methods, 
but there is no 

ONE Method or 
Procedure

Tools and Products of Science
Science has Shared Methods, but

There is no single shared step-by-step 
scientific method

THE Scientific
Method

Report Results

Draw Conclusions

Test the Hypothesis

Make Observations

Form a Hypothesis

Gather Information

Define the Problem
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Figure 1. Rebe

Rebecca Reiff-Cox.  
Exchanging the Myth of 
Scientific Method for a 
More Valid Description of 
Science.  In W.F. McComas 
(2020).  Nature of Science
in Science Instruction.
Springer. 

The Nature of Laws 
and Theories when 
Applied to Biology
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• A law is a statement of the relationship 
between two or more kinds of phenomena 
(or events or bodies of data) 

• There is a law-like relationship between 
thunder and lightning

• Laws summarize, generalize predict 
and/or (poorly) explain instances

Scientific Laws

Scientific Laws
•For example, the law of 

gravity is the 
relationship between 
distance, mass and 
gravitational attraction

•The law of gravity can 
be used to plan space 
travel
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•A theory is an explanation for why laws function in the 
way that they do
–We can have laws without good theories
–Even though the theory of gravity is still being 

formed . . .
–The law of gravity is still extremely useful!

•Laws and theories are distinct and equally useful kinds 
of knowledge, but Theories do NOT become laws!

Scientific Theories

Laws and Theories

LAWS THEORIES

Validated by Hypothetico -
Deductive Testing

H/D Testing

Supported by Facts, Experiments
and Observations

Facts, Experiments
and Observations

Relate Cause and Effect Broad Suites of Data

Explain Instances Laws

Predict Future Instances 
and Relationships

Future Observations

Considered to be Discovered Invented

23

24



13

What Kind of Knowledge is Evolution?
• Evolution is the idea that 

living things have changed 
through time

• The pattern of fossils in the 
rocks can be explained by 
stating that evolution is 
responsible
–Evolution in this sense is a law 

because laws explain instances
• But that doesn’t tell us how 

evolution functions

•Darwin and Wallace explained how evolution 
occurs – in part -- with the theory evolution by 
natural selection

•So, depending on its use, evolution can also be 
thought of as a law (general-ization) or a theory 
(explanation), therefore . . .

•it makes no sense to say that evolution is just a 
theory!

What Kind of Knowledge is Evolution?
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• There are two types of laws:

• Property Laws: The most basic type of law that 
shows relationships between properties 
(concepts)
–Example: The Law of Cats

• Sequence Laws: Cause and effect relationships
–Example: DNA codes RNA to form Proteins

More About Laws

There are two strengths of laws
• Deterministic Laws: a relationship that occurs whenever 

certain conditions are met [chemistry / physics]
–Ex: Acid + Base           Salt + Water

• Probabilistic Laws: relationships that occur with some 
degree of predictability (more the better) 
–Ex: Cats have tails

• Biology is sometimes called a “soft” science because 
many laws do not provide 100% predictability

Even More about Laws
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• How universal does a law have to be to be 
called a law?

• How generalizable must a law be in order to 
be useful?

• Must a law be accompanied by a theory in 
order to be a valid law?

• Some of these issues make laws in one 
discipline a bit different than those in other 
disciplines

Philosophical Questions about Laws
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Tricky Business: Cell “Theory”
Every biology text contains 
some aspects of an idea 
frequently called the cell theory 
(in K-12 schools)

A. All living organisms are 
composed of cells

B. Cells are the structural and 
functional units of all organisms

C. Cells arise from pre-existing cells

Tricky Business: Cell Theory

So, what’s the problem?
• The cell theory is composed of free-standing law-like 

elements (many theories have such elements)
• However, what does the cell theory explain?
• It explains instances not generalizations
• This makes the cell theory law-like not  theory-like
• Interestingly, in almost all post-secondary biology texts, 

the cell notion is called the cell principle NOT the cell 
theory.  
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The Issue of Generalizability

• Consider Bergman’s Body and Allen’s 
Appendage Rules (common generalizations 
in biology)

• Bergman = mammals found near the poles have a 
lower surface to volume relationship than do 
organisms found near the equator

• Allen = mammals found near the poles have 
shorter appendages than those near the equator

Bergman’s Body Rule 
holds true for about 70% 
of mammals studied
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• Do we insist on 100% applicability before we consider 
a notion like Bergman’s body rule a “law.”

• What about Mendel’s laws?
• In reality, the amount of variation in living systems 

makes biology quite different from the physical 
sciences

• Many laws in biology and most “facts” are best seen as 
probabilistic rather than deterministic laws 

• So, what about universality?

Biological Ideas: Generalizability

Biological Ideas: Universality

• Some philosophers of science reject the 
notion of “laws” of biology because they are 
likely not valid elsewhere in the universe

• Would the “law of independent assortment” 
function in a living system in some other 
galaxy?

• Carl Sagan explored some of these notions 
in “The Cosmic Connection” (1973)

• Science fiction might be used as an 
engaging teaching tool
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Biological Ideas: Universality

Generalization
(Law)  

Evidence
(Facts)

Induction Deduction

Thinking Like Scientists:
The Arch of Knowledge

Hypothetico-
Deductivism as a 

Testing Mechanism
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Scientific Knowledge is Tentative, but 
the Rigor and Methods of Science 
Make Such Knowledge Durable 

(Strong and Long Lasting) 

Science is also Self-correcting

It’s a Myth that Scientific Ideas are Absolute 

• Many believe that because something is “scientific” 
it must be absolutely true

• However, one of the “rules” of science is that as 
new data appear, old conclusions are reevaluated 
and may be changed

• Therefore, all scientific ideas are tentative because 
of the limits of science and the problems of 
induction 

• Science is self correcting!
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The tentativeness 
and self-correcting 
nature of science 
occurs through rare 
revolutions and 
through much more 
common 
improvements to 
the basic idea(s)

Consider the following new developments . 
. .
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Generalization
(Law)  

Evidence
(Facts)

Induction

Deduction

The        Arch of Knowledge

Creative 
Insight

The Creative 
Component of 
Science

Some see the pattern, and some 
do not.  

That is a fact of creative 
thinking, a main aspect of 
science
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Science has a Subjective Component

• We all observe the world through our own biases and 
prior conceptions

• This is called a “theory-laden” observation; scientists 
make such observations too

• Most of the time this is an advantage because it helps 
observers (scientists) sift through useless data 
(observations)

• Sometimes prior conceptions may block the ability to 
“see” something interesting

Watson and Crick 
and the Double Helix

Linus Pauling and 
the Triple Helix
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Final Thoughts: The Philosophy of the Biology

A wide range of interesting questions 
remain in the domain of the philosophy of 
biology

– How did life begin?
– What does it mean to be alive?
– What is a species? (Is there any 

hope of a definition of higher taxa?) 
– What is an individual organism? 

(Consider the case of symbiotic 
evolution and hyper-organisms)

What does it mean to be alive?

What about 
mycoplasmas?

What about prions?

What 
about 
viruses?

Final Philosophical Puzzles in Biology
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Final Philosophical Puzzles in Biology

What does it mean to be 
an individual?

Is this the world’s largest organism?

Are eukaryotic cells individuals or communities? 
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