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Exercise Science
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“Imagine you are floating in outer space and blindfolded. You have no 
sense of up, or down, of left or right, or forward or reverse, other than 
of course your own body. Yet in the expanse of space, with no reference 
point, you are unable to make progress in any direction. This is what 
humanity has struggled with in science for all of history. What is our 
reference point?”

Teaching Students Scientific Philosophy
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How can we make science more successful = innovative?
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Seven Important Questions

What is science?

When or how do you know something told to you is true?

Is there ever really an ultimate truth (complete 
understanding) to anything?

What is the connection between philosophy and science?

Will science ever be perfect, and why?

Why do people/societies need knowledge?

Does your education enlighten you, constrain you, or both?

What Is Science?
The majority of our definitions are narrow and vague.
… the intellectual and practical activity encompassing the systematic study of the 

structure and behavior of the physical and natural world through observation and 
experiment.

… a systematic enterprise that builds and organizes knowledge in the form of 
testable explanations and predictions about the universe.

… the pursuit and application of knowledge and understanding of the natural and 

social world following a systematic methodology based on evidence.
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Karl Popper; 1902-1994

1935 2014

The tenant of FALSIFICATION.

The criterion of demarcation.

It is impossible to prove or confirm anything outright. Best proof 
comes from failed attempts at falsifying evidence and theories.

“… not the verifiability but the falsifiability of a system 
is to be taken as the criterion of demarcation.”

Popper KR. 2014, p. 40. 

“… what characterizes the empirical method is its manner of exposing to 
falsification, in every conceivable way, the system to be tested.”

Popper KR. 2014, p. 42. 

It is the critical challenging of ideas, theories and 
observations that separates science from 
pseudoscience.

Thomas Kuhn; 1922-1996

1962

Paradigms Shifts and Normal Science.
Kuhn was not a scientific philosopher. Kuhn wrote about the 
historical trends of scientific discovery.

Normal science

Paradigm shifts
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“NORMAL” AND “EXTRAORDINARY” SCIENCE

Popper KR. Normal science and its dangers. In: Lakatos I, Musgrave A. editors. Criticisms and the growth of knowledge. Cambridge: Cambridge University Press; 1995. p. 51-58.

Kuhn TS. Logic of discovery or psychology of research. In: Lakatos I, Musgrave A. editors. Criticisms and the growth of knowledge. Cambridge: Cambridge University Press; 1995. p. 1-23.

Time

‘normal science’
‘crisis’

‘Paradigm Shift’

‘normal science’

“…. the normal scientist …. is a person one ought to be sorry for …. has been taught badly ….. 

a victim of indoctrination …. has learned a technique which can be applied without asking for 

the reason why.” (Popper, 1995)

“..when engaged with a research problem, 

the scientist must premise current theory 

as the rules of his (her) game. His (her) 

object is to solve a puzzle, preferably one 

at which others have failed, and current 

theory is required to define that puzzle

and guarantee that, given sufficient 
brilliance, it can be solved.” (Kuhn, 1995)
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What is Science?

Topic-Socio-
cultural-ethical-
moral-religious-

political-
industrial-

military- context
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An Example Of A Recent Problem/Puzzle?
1. For more than 150 years, scientists assumed that cells produce lactic acid, and that 

it was lactic acid that caused metabolic acidosis.

2. Empirical evidence from organic and computational chemistry proves that cells 

cannot produce lactic acid; they produce lactate.

3. Lactate production consumes not releases a proton (H+).

4. Given the evidence, why did the lactic acidosis theory/paradigm exist for so long?

5. In 1983 Stewart proposed that, “…H+ movements into or out of solution do not 

provide quantitative explanations for changes in [H+] (pH).” 

6. If there is no lactic acid production, then where do the H+ come from?

7. What is the capacity of cellular metabolic H+ exchange?

8. Can the H+ exchange from chemical reactions alter the pH of biological solutions?

9. What is the biochemistry of metabolic acidosis?

Hill Meyerhoff

Peter Stewart

When Is something true?

It is impossible to prove or confirm anything outright. Best proof 
comes from failed attempts at falsifying evidence and theories.

“… what characterizes the empirical method is its manner of exposing to 
falsification, in every conceivable way, the system to be tested.” Popper KR. 2014, p. 42. 
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Is There An Ultimate Truth To Anything?

What Is The Connection Between Philosophy & 
Science?

……………..

Philosophy

Epistemology
The study of knowledge

When is knowledge true?

Science …………
Still a work in progress!

A way of looking at the world and giving it meaning.
Who? Why? What? Where? When? How?
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Will Science Ever Be Perfect, & Why?
What I discovered last October.

Atkins P. Conjuring the universe: The origins of the laws of nature. Oxford University Press,  Oxford, UK, 2018.

p. 15

“The scientific method is a liberal polity and the gut plays an important role in 

the early stages of comprehension. Scientists have hunches, make intellectual 

leaps, certainly make mistakes, nick ideas from others, muddle through, and then 

just occasionally see the light. That is the scientific method, despite the 

idealizations of the philosophers of science. Their idealization is like a limiting 

law, identifying the essence of the scientific method stripped of its human mud, a 

human activity practised to the limit of the absence of humans and their frailties”

Why Do We Need Knowledge?
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“I do admit that at any moment we are prisoners caught in the framework of our theories; our 

expectations; our past experiences; our language.” (Popper KR. p. 56. in Lakatos I., 1995)

Perceived reality

True reality

KNOWLEDGE

UNIVERSAL TRUTH

Discovery

Does Your Education Constrain You, Enlighten 
You, Or Both?

Seven Important Questions

What is science?

When or how do you know something told to you is true?

Is there ever really an ultimate truth (complete 
understanding) to anything?

What is the connection between philosophy and science?

Will science ever be perfect, and why?

Why do people/societies need knowledge?

Does your education enlighten you, constrain you, or both?
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Where I Often Contemplate Science
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