
A Scientific Law is:  

“a descriptive generalization about how some aspect of the natural world behaves under  
stated circumstances".

Animate or inanimate objects, living or dead organisms…     

All living organisms adhere to the same chemical and physical laws

Living Organisms… Cells

So how is “Life” ultimately defined…

A Scientific Law is:  

“a descriptive generalization about how some aspect of the natural world behaves under 
 stated circumstances".



Biochemistry of Living forms “C H O N P S”

..nowadays 118



Which side of the Stage coach was the driver?



Which was first?  Who is/was “more” correct?



The importance of a “handshake”
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Some of the “facts” of Life…?

(a) Living organisms do exist -subject to the laws of chemistry and physics, 

(b) One of the central characteristics of living organisms (but clearly not the 
only one, is the presence and maintenance of some type of reproducible 
boundary. 

(c) the very act of living requires energy.  But according to the "laws of 
physics… energy can neither be “created nor destroyed", so…   

(d) to survive -at least in our world- living organisms use organic 
atoms..."CHONPS " to effectively  cycle and recycle the available energy in all 
its forms…  at the expense of the local environment.
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in all its forms.......at the expense of the local environment. 

(e) Paradoxically, as a consequence of all these "requirements", I would 
suggest that a single living organism cannot exist  
(for any protracted length of time) by  itself…  ?
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(a) Living organisms do exist -subject to the laws of chemistry and 
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“Life” is the ultimate capitalist.
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Gaia hypothesis…. ?



  ...But what am I that dare 
     Fancy that I can 
     Better conduct myself or have more 
     Sense than a common man? 

     William Butler Yeats   "Stream and Sun at Glendalough" 



The Scientific Method…

The scientific method is an empirical method of acquiring knowledge that 
has characterized the development of science since at least the 17th century 
(with notable practitioners in previous centuries). It involves careful 
observation, applying rigorous skepticism about what is observed, given that 
cognitive assumptions can distort how one interprets the observation. It 
involves formulating hypotheses, via induction, based on such observations; 
experimental and measurement-based statistical testing of deductions drawn 
from the hypotheses; and refinement (or elimination) of the hypotheses 
based on the experimental findings. These are principles of the scientific 
method, as distinguished from a definitive series of steps applicable to all 
scientific enterprises.[1][2][3]

https://en.wikipedia.org/wiki/Empirical_evidence
https://en.wikipedia.org/wiki/Knowledge
https://en.wikipedia.org/wiki/Science
https://en.wikipedia.org/wiki/Observation
https://en.wikipedia.org/wiki/Skepticism
https://en.wikipedia.org/wiki/Philosophy_of_science#Observation_inseparable_from_theory
https://en.wikipedia.org/wiki/Perception#Process_and_terminology
https://en.wikipedia.org/wiki/Hypothesis
https://en.wikipedia.org/wiki/Inductive_reasoning
https://en.wikipedia.org/wiki/Experiment
https://en.wikipedia.org/wiki/Deductive_reasoning


The Scientific Method…

Taskmaster; Season 5… 



Biology, as a Scientific discipline, is ultimately 
a "truth-seeking process"...  

It's assertions, however,  
are NOT a collection of unassailable "truths".  

Moreover, these “truths” can be often 
transitory…



Science  
is a  

Dynamic Process!!!! 



Milk
~ 1995

They’re Baaack!





Science vs. Religion ?





http://www.skeptical-science.com/essays/science-religion-richard-dawkins/
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A Scientific Law is "a descriptive generalization about how 
some aspect of the natural world behaves.... under stated 
circumstances”. 

  

A Scientific Hypothesis is a "working assumption based 
upon observations" that can be tested. 

  
A Scientific Theory is "an explanation of some natural 
phenomenon(a) that can incorporate facts, laws, inferences, 
and tested hypotheses to provide a conceptual framework 
that, both explains existing observations, AND predicts new 
ones -that are also able to be tested". 
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This Scientific Method, itself, is ultimately predicate on two fundamental 
components… 

(a) the use of  logic  -promoted by Aristotle in Ancient Greece, and 

(b) a Russian proverb: 

    "Doveryai no Proveryai”. 
                                       

                           borrowed (with some effect) by Ronald Reagan in the ’80's



As a logical argument, the Aristotelian form of logic or “syllogism” presents a 

(a) major premise, (b) minor premise, (c) conclusion. 

A syllogism is almost like a format of poetry, a Limerick or Haiku, if we were to 
compare it to poetry.

                There was a young lady from Lyme, 
                Who married three men at one time.
                When asked “why the third?”,
                She replied,  “One’s absurd,  
                …and bigamy, sir, is a crime”.

Major Premise

Minor Premise
Conclusion

https://www.enotes.com/topics/literary-terms/complete-index/haiku?en_action=hh_answer_body_click&en_label=%2Fhomework-help%2Fwhat-method-teaching-aristotle-563422%23answer-710055&en_category=internal_campaign


As a logical argument, the Aristotelian form of logic or “syllogism” presents a 

(a) major premise, (b) minor premise, (c) conclusion. 

A syllogism is almost like a format of poetry, a Limerick or Haiku, if we were to 
compare it to poetry.

The major premise: the general statement is expressed. 
The minor premise: states an example or supporting detail for why the major premise is a 
fact or might be a fact. 
The conclusion: should extend from the major and minor premises.

         Major premise: A = B
         Minor premise:  A = B and B = C
         Conclusion: Therefore  A = C

For the syllogism to be accepted as true, the first two premises must be true statements 
and must be proven to be so.
 
Unlike in Maths, two negatives do NOT equal a positive in syllogisms.

https://www.enotes.com/topics/literary-terms/complete-index/haiku?en_action=hh_answer_body_click&en_label=%2Fhomework-help%2Fwhat-method-teaching-aristotle-563422%23answer-710055&en_category=internal_campaign


A common form of deductive reasoning uses the concept of 
a conditional or hypothetical statement. 

If it rains, then the sidewalks will become wet. 
   
It is raining. 
   
Therefore, the sidewalks are wet.

Be wary of "circular argument” manifesting as logical 
arguments, in which the conclusion turns out to be 
part of the premise. 

Why is counterfeiting illegal? 

I'll tell you why. 

It is because it is wrong, and its against the law! 



Nowadays the Aristotelian method seems pretty obvious. 

We all routinely gather and collect data, then analyze them before 
reaching a conclusion. 

However, we do these things now, without much thought because of 
the Aristotelian method of “deductive reasoning”.

If we compare Aristotle's method to Plato's, the significance of 
Aristotle's method of teaching is that while Plato attempted to 
define the abstract,  “ideal” and/or “absurd” notion, forcing his 
students to adopt an opinion and then reason for or against it, the 
more pragmatic Aristotle attempted to explain the concrete and the 
real. 

Both philosophers and their philosophies are valid, the one is more in 
tune with modern scientific, thinking.



Scientist makes an Observation 

Scientist has an idea: 

Scientist Refines this idea into a(n) hypothesis.  
an idea that is  (a)  testable  

                

Scientist makes a prediction? 



Scientist Designs the experiment  
as to how to test the hypothesis  

and TESTS the hypothesis? 

…Collects the data. 

…Analyzes the data. 

Scientist Decides how he/she will know whether  
data supports or does not support the hypothesis. 

  
makes observation(s)…                      … derives a more "refined" hypothesis. 



Scientific Method /approach



Scientific approach





As history tells it, young Edward Jenner heard a milkmaid brag that 
having cowpox made her immune to smallpox. And years later (1796), 
as a doctor, he drew matter from a cowpox pustule on the arm of a 
milkmaid to vaccinate a young test subject (depicted in the drawing 
above).c 

The New York Academy of Medicine Library (nyamcenterforhistory.org)

"The idea that cowpox could prevent smallpox infection came from 
Fewster's observations in 1768,”… a farmer whom Jenner knew in his 
youth… noticed farmers who had contracted cowpox  were immune to 
small pox  

Boylston. 2018

Viriola vaccinae Pox “of the cow”… Cowpox



"Let’s say you observe a hummingbird like the one pictured in Fig. 1.1 hovering 
near a red flower, occasionally dipping its long beak into the bloom.  

Questions:  
What motivates this behavior?  
Is the bird feeding on some substance within the flower?  
Is it drawn to the flower by its vivid color?  
What benefit, if any, does the flower derive from this busy bird?"



Observation 

define/refine an hypothesis… 

- The colour of flowers has a powerful effect upon humming bird 
behaviour. 

Test, using deductive logic!! 

if, then … 

  
            “Failure is instructive". The person who really thinks learns quite 
as much from his failures as from his successes.” 

- John Dewey (20th Century philosopher)

http://www.c3.lanl.gov/mega-math/gloss/math/lorules.html


Of course, in Science almost ALL scientific statements and affirmations are based 
on “Observations” that can then potentially  
be explained by prior knowledge



The “art” in the “Science”… is how you ASK the questions.





The Null Hypothesis: a scientific approach that is rooted in deductive logic, 
with the general aim being to refute or prove the null hypothesis to be FALSE. 

Generally, therefore, the null hypothesis is the opposite of -or takes a contrary 
position to- the hypothesis that is really being tested... and would only be 
proven to be correct if the idea that is being tested turns out to be FALSE. 

    i.e. - in the case of the humming bird if you wanted to test the importance of  
colour of the flower on the behaviour of the bird the “null hypothesis” might be 

"Flower Colour has NO EFFECT on the behaviour of the humming bird”. 

Now, if one is able to REJECT the “null hypothesis”, then the alternative 
hypothesis:  

that there IS an effect is proven… "proof by contradiction" would stand… and the 
scientist can move forward from a broad hypothesis to a more specific testable 
hypothesis… perhaps as to whether different colours have different effects upon 
the bird's behaviour. 

http://www.ccs3.lanl.gov/mega-math/gloss/math/contrapf.html


*

The Barry Bonds perjury case was a case of alleged perjury 
regarding use of anabolic steroids by former San Francisco Giants 
outfielder and all-time Major League Baseball career home run 
leader, Barry Bonds, and the related investigations surrounding 
these accusations. On April 13, 2011, Bonds was convicted of one 
felony count of obstruction of justice for giving an incomplete answer 
to a question in grand jury testimony. A mistrial was declared on the 
remaining three counts of perjury, and those charges were dropped.
[1] The obstruction of justice conviction was upheld by an appellate 
panel in 2013, but a larger panel of the appellate court overturned 
the conviction in 2015.[2]

https://en.wikipedia.org/wiki/Perjury
https://en.wikipedia.org/wiki/Anabolic_steroid
https://en.wikipedia.org/wiki/San_Francisco_Giants
https://en.wikipedia.org/wiki/Major_League_Baseball
https://en.wikipedia.org/wiki/Barry_Bonds
https://en.wikipedia.org/wiki/Obstruction_of_justice

