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Science is….



What is Science?

 A method that we can 

use to carefully gain 

knowledge of the 

physical and social world

 Reasoned inquiry on the 

basis of observation and 

experimentation

 A process







Does Shaving Cause Hair to Grow Back 

Thicker?



Does Sugar Give You a “Sugar Rush”?



Science and Critical Thinking

 No scientific theory is ever beyond all doubt

 But some theories are best supported by the 

evidence we have!

 The scientific method provides each of us with 

guidelines about how to think: how to develop, 

test, and verify what we consider real  



Four Key 

Ingredients of 

Science
1. Observation



Four Key 
Ingredients of 
Science

2. Proposing an explanation

 Hypothesis:

 An educated guess about 

how the world works 

 A provisional answer to 

one’s question and 

explanation for one’s 

observations



Four Key Ingredients of Science

3. The Explanation is testable + tested, with something being 

measurable/quantifiable

 Testable: there are some observations that would confirm 

that the hypothesis is true



Falsification

 For an explanation to be 

scientific, there has to be 

something that could prove 

that it is false



Spontaneous Generation



Francesco Redi (1612-1697)

1. If spontaneous generation occurs, then there will be maggots in all 

the jars.

2. There aren’t maggots in all the jars.

3. Spontaneous generation does not occur.

Explanation falsified



Four Key Ingredients of Science

4.Test results must be replicable + replicated

 Textbook science: The (established) science found in textbooks, which 

has been rigorously (thoroughly) tested and is usually highly reliable

 Frontier science: The (new) science found in scientific journals, which 

may not have been reproduced and is therefore much less reliable



Scientific Theory

 A body of well-substantiated explanations about how 

some part of the natural world works, composed of 

claims that have been repeatedly confirmed through 

observation and experiment

 Theories explain facts

NOT just guessing 

or speculation



Pseudoscience (Fake Science)

 Lacking when it comes to one or more of the ingredients of science:

 Ignoring past evidence collected by scientists and well-supported scientific 
theories

 Making claims that are not testable, measurable, or falsifiable

 Not clearly defining the terms that one uses, so that it’s not clear if a claim has 
been confirmed through observation/experimentation or not

 Overreliance on personal experience or anecdotes to form beliefs/explanations

 Not controlling for bias in the testing of one’s claims

 Not accepting evidence that goes against one’s hypothesis or beliefs

 Lack of openness: being secretive with information related to test results or 
methodology, so that others cannot verify or reproduce your findings

 No self-correction and progression of ideas over time 



Confirmation 

Bias

 The tendency to look 

for evidence that 

matches one’s pre-

existing beliefs, and 

interpret new 

information as 

confirmation of these 

beliefs



For Example: 



Why are people 

skeptical of 

science?



“

”
One reason for skepticism…

"Scientists change their 

minds!"





Science is a 

Process

 Scientists don’t claim to have 

an eternal, unchanging truth

 Part of science is self-

correction and this is a 

strength of science as a means 

of gaining knowledge

 Paradigm shift: a change in 

the dominant explanation of a 

phenomenon in response to 

new evidence



Aristotle’s (384-322 

BCE) Cosmology

 Observing the world 

around him, Aristotle 

noticed that:

 Every object on Earth falls 

to the ground when it is 

dropped

 No object moves unless 

there is a force acting on it

 But the “heavenly bodies” 

all move in perfect, never-

ending circles across the sky

 They appear to orbit the 

Earth



Aristotle’s Cosmology:
Geocentrism

 The heavenly bodies are 
perfect (made of ‘aether’) 
and they all orbit in perfect 
circles around the Earth 
within celestial spheres of 
aether



The Problem of Backwards Motion

 Problem: 
sometimes the 
planets aren’t 
observed to 
move in perfect 
circles around 
the Earth

 This backward 
motion is called 
“retrograde 
motion”

 An anomaly



Ptolemy (90-168 CE): “Fixing” Aristotle’s 

Theory

 Saved Aristotle’s theory by adding more 

spheres!

 These smaller circles are called “epicycles”



More and More Epicycles…



Copernicus (1473-1543): Heliocentrism

 Complexity of Ptolemy’s 

model bothered him

 Ockham’s Razor: all else 

being equal, the simplest 

explanation is better 

 Simpler explanations 

make fewer assumptions

 Path to simpler theory: 

put the sun at the 

centre: heliocentrism



Galileo (1564-1642): New 

Tools = New Evidence

 Half a century later, Galileo used 

a new tool to prove that the 

Aristotle/Ptolemy model was 

wrong

 Craters on the moon

 Jupiter’s moons



Phases of Venus

 If geocentrism were true, Venus could never be viewed as fully lit from the 

perspective of Earth, but it can be viewed this way.

  We now know that the planets orbit the sun, not the earth – a paradigm shift!



“

”

Denied the comforting blanket of illusory 

permanence and absolute truth, we have the 

opportunity and obligation to do something 

extraordinary: to see the world as it is, and to 

understand and appreciate that our images will 

keep changing, not because they are 

fundamentally flawed, but because we keep 

providing ourselves with better lenses 

- David Barash





 Textbooks have tended to describe the behaviour of sperm 

as active and eggs as passive



Why Are Some People Skeptical of 

Science? Other Reasons…

 Many scientific findings run counter to common sense 

 Science can conflict with religious belief

 Scientific findings can be a challenge to some ways of 

doing business

 Some instances of scientists being influenced by 

financial motives or being unscrupulous



Dietary Research at Harvard in the 1960s



“

”

If you listen to the experts, 

you’re just a sheep!

Does critical thinking require that you figure 

it out all on your own?



The Dunning-Kruger Effect

 "You need expertise to be 

able to recognize lack of 

expertise accurately...So 

those who lack expertise 

lack the knowledge to know 

that they're lacking 

[expertise].“ – David 

Dunning





 Ideally, the scientific method is not 

dogmatic: a powerful tool for learning 

about reality

 You can take a scientific approach to 

knowledge seeking

 There is value in understanding what 

scientists do, and carefully considering 

scientific findings
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