
1/5/15	
  

1	
  

Epistemology and the 
Philosophy of Science 

1 

Epistemology 

A branch of philosophy concerned with the 
nature and acquisition of knowledge 
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Governing Philosophy 

The perspective that reason is itself a 
source of knowledge superior to and 

independent of sense perceptions 

Rationalism	
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Governing Philosophy 

13 

Rationalism 

All men are mortal. 
Socrates is a man. Premises	


Conclusion	
 Therefore, Socrates is mortal. 

Syllogism 

Deductive Logic 

14 

Authority A holds that X is true 
A is a legitimate expert on the subject. 
The consensus of experts agrees with A. 

Premises	


Conclusion	


Argument  from  Authority  
argumentum  ad  verecundiam  

	


Therefore, there's a presumption that X is true. 

Inductive Logic 

Statistical Syllogism 
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Rationalism 
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Rationalism Empiricism  

Logic 

Intuition 
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Governing Philosophy 

The perspective that knowledge and 
evidence must be based on that 

which can be physically observed. 

Empiricism	
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Rationalism 

Science 
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Science vs. Pseudoscience 
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Science vs. Pseudoscience 
The Problem of Demarcation 

24 
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Science vs. Pseudoscience 
The Problem of Demarcation 
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Sir  Karl  Popper  	

1902  -­‐‑  1994	
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Sir  Karl  Popper  	

1902  -­‐‑  1994	
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Sir  Karl  Popper  	

1902  -­‐‑  1994	
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The  Criterion  of  Falsifiability	


•  A necessary but not sufficient criterion of 
scientific knowledge 

The perspective that for a hypothesis, theory, 
or enterprise to be regarded as scientific, it 

must be falsifiable (refutable) on the basis of 
some physical observation 
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Characteristics of Science 

34 

Characteristics of Science 

35 

Characteristics of Science 

Empirical Falsifiable 

Objective Public 
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The Scientific Method 

38 

Sir  Francis  Bacon  	

1561  -­‐‑  1626	
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Novum Organum Scientiarum 
 

(new instrument of science) 
 

Published 1620 

40 

The Scientific Method 

Observe 

Hypothesize 

Predict 

Test 

Evaluate 
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No Caffeine 
Group 
n = 50 

82, 77 79, 64, 
81, 92, 74, 
88, 91, 81, 

79, 70... 

Caffeine Group 
n = 50 

86, 76, 89, 
91, 78, 89, 
67, 54, 67, 
88, 75, 90... 

Random 
Assignment 

Group 2 Statistics 
 
Average test score: 75 

Group 1 Statistics 
 
Average test score: 79 

Population 
All UCSD 
Students 

The Scientific Method 

Observe 

Hypothesize 

Predict 

Test 

Evaluate 

Scientific Research 
Methodologies 

Correlational 
Method 

 

Experimental 
Method 

 

44 

Scientific Research 
Methodologies 

Correlational 
Method 

 

Experimental 
Method 
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Correlational Method 

Observing two or more variables as 
they occur naturally to determine if 

there is a relationship between them  

Ice  Cream  Sales	
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Spurious Correlation 

•  Sometimes referred to as a confounding 

When an observed mathematical 
relationship between two variables is 
due to some unseen, unmeasured or 

unknown third variable 
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56 

Causality and the  
Correlational Method 

“Cum hoc ergo propter hoc” 

“Correlation does not imply causation” 
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Causality and the  
Correlational Method 

http://xkcd.com/552/ 

Correlation doesn’t imply causation, but it does waggle its eyebrows 
suggestively and gesture furtively while mouthing “look over there” 

Scientific Research 
Methodologies 

Correlational 
Method 

 

Experimental 
Method 

 

Scientific Research 
Methodologies 

Correlational 
Method 

 

Experimental 
Method 

 

Characteristics of a True Experiment 
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Characteristics of a True Experiment 

•  Manipulation: the experimenter has 
manipulated some independent variable  
to see the effect it has on the dependent 
variable 
 

“Variable” 

•  e.g. Age, Gender, Height, Facebook 
user or not, exam score 

a characteristic or condition that 
changes or has different values for 

different individuals  

Independent Variable 

•  “Levels” of the IV refers to the different types of 
treatments or conditions (e.g. caffeine or no 
caffeine before an exam) 

In an experiment, the independent 
variable (IV) is what is manipulated or 

changed by the experimenter 

Dependent Variable 

In an experiment, the dependent 
variable (DV) is what is measured  
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Characteristics of a True Experiment 

•  Manipulation: the experimenter has 
manipulated some independent variable  
to see the effect it has on the dependent 
variable 
 

John  Stuart  Mill	

1808  -­‐‑  1873	


Canons of Experimental Inquiry  

Direct method of agreement  
"If two or more instances of the phenomenon under investigation 
have only one circumstance in common, the circumstance in which 
alone all the instances agree, is the cause (or effect) of the given 
phenomenon."  

A System of Logic 
John Stuart Mill 

Circumstance A 	
 Circumstance B 	


Factor  1	


Factor  2	


Factor  3	


Factor  4	


Factor  5	


Factor  6	


Factor  7	


Factor  8	


Factor  9	


Phenomenon 
Occurs	


Phenomenon 
Occurs	


Direct Method of Agreement  
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Canons of Experimental Inquiry  

Direct method of agreement  
"If two or more instances of the phenomenon under investigation 
have only one circumstance in common, the circumstance in which 
alone all the instances agree, is the cause (or effect) of the given 
phenomenon."  

Method of difference  
“If an instance in which the phenomenon under investigation occurs, 
and an instance in which it does not occur, have every circumstance 
in common save one, that one occurring only in the former; the 
circumstance in which alone the two instances differ, is the effect, or 
the cause, or an indispensable part of the cause, of the 
phenomenon.”  

A System of Logic 
John Stuart Mill 

Circumstance A 	
 Circumstance B 	


Factor  1	

Factor  2	

Factor  3	

Factor  4	

Factor  6	

Factor  7	

Factor  8	

Factor  9	


Factor  5	


Phenomenon 
Occurs	


Phenomenon 
Does Not Occur	


Method of Difference 

Canons of Experimental Inquiry  

Direct method of agreement  
"If two or more instances of the phenomenon under investigation 
have only one circumstance in common, the circumstance in which 
alone all the instances agree, is the cause (or effect) of the given 
phenomenon."  

Method of difference  
“If an instance in which the phenomenon under investigation occurs, 
and an instance in which it does not occur, have every circumstance 
in common save one, that one occurring only in the former; the 
circumstance in which alone the two instances differ, is the effect, or 
the cause, or an indispensable part of the cause, of the 
phenomenon.”  

Method of concomitant variations  
"Whatever phenomenon varies in any manner whenever another 
phenomenon varies in some particular manner, is either a cause or 
an effect of that phenomenon, or is connected with it through some 
fact of causation  

A System of Logic 
John Stuart Mill 

Ice  Cream  Sales	
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fact of causation  

A System of Logic 
John Stuart Mill Characteristics of a True Experiment 

•  Manipulation: the experimenter has 
manipulated some independent variable  
to see the effect it has on the dependent 
variable 
 

Characteristics of a True Experiment 

•  Manipulation: the experimenter has 
manipulated some independent variable  
to see the effect it has on the dependent 
variable 
 

•  Control: extraneous variables are held 
constant across the levels of the 
independent variable 
 

Extraneous Variable 

Variables that have some relationship to 
the dependent variable but are not of 

direct interest in the experiment 
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Characteristics of a True Experiment 

•  Manipulation: the experimenter has 
manipulated some independent variable  
to see the effect it has on the dependent 
variable 
 

•  Control: extraneous variables are held 
constant across the levels of the 
independent variable 
 

Characteristics of a True Experiment 

•  Manipulation: the experimenter has 
manipulated some independent variable  
to see the effect it has on the dependent 
variable 
 

•  Control: extraneous variables are held 
constant across the levels of the 
independent variable 
 
o  Random Assignment: chance alone dictates 

what treatment each individual receives  

Random Assignment 

•  Ensures that there are no systematic 
differences across groups before treatment 
(groups will only differ due to chance) 

The process of assigning treatments 
(levels of the IV) to subjects so that only 

chance is responsible for which 
treatment each subject receives 

Characteristics of a True Experiment 

•  Manipulation: the experimenter has 
manipulated some independent variable to 
see the effect it has on the dependent 
variable 
 

•  Control: extraneous variables are held 
constant across the levels of the 
independent variable 
 
o  Random Assignment: chance alone dictates 

what treatment each individual receives  
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Characteristics of a True Experiment 

Can Provide Evidence of Causality 

Julian	
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F-­‐‑18  “Hornet”	
 F-­‐‑22  “Raptor”	


  
Hanger	


Record  Top  
Speed	


Record  Top  
Speed	


Access  Logs	


Access  Logs	


Julian’s  Correlational  Study	


Sample  2  
n  =  50	


Sample  1  
n  =  50	
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=  1,327  miles/hour	


=  1,683  miles/hour	


Confounding Variable 

An extraneous variable that correlates 
with both the dependent variable and 

the independent variable.  

  
Hanger	
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Speed	


Record  Top  
Speed	


Access  Logs	


Access  Logs	


Julian’s  Correlational  Study	


Sample  2  
n  =  50	


Sample  1  
n  =  50	


Circumstance A 	
 Circumstance B 	


Factor  1	

Factor  2	

Factor  3	

Factor  4	

Factor  6	

Factor  7	
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Factor  9	
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Method of Difference 
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Circumstance A 	
 Circumstance B 	


Factor  5	


Phenomenon 
Occurs	


Phenomenon 
Does Not Occur	


Method of Difference 

Factor  4	

Factor  6	


Factor  1	

Factor  2	

Factor  3	


Factor  7	

Factor  8	

Factor  9	


Confounded 	


  
Hanger	


Record  Top  
Speed	


Record  Top  
Speed	


Access  Logs	


Access  Logs	


Julian’s  Correlational  Study	


Sample  2  
n  =  50	


Sample  1  
n  =  50	


=  1,327  miles/hour	


=  1,683  miles/hour	


  
Hanger	


Sample  2  
n  =  50	


Sample  1  
n  =  50	


Randomly  
Assign	


Measure    
Top  Speed	


Measure  
Top  Speed	


Measure  	

Dependent  Variable	


Run  Test  in  Tunnel	


Control  Extraneous  
Variables	


Run  Test  in  Tunnel	


Julian’s  True  Experiment	

Manipulate  

Independent  Variable	


Control  Extraneous  
Variables	
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Circumstance A 	
 Circumstance B 	


all  factors,  	

measured  and  	

unmeasured,  	

equivalent  on    

average	


Factor  5	


Phenomenon 
Occurs	


Phenomenon 
Does Not Occur	


Method of Difference 
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Run  Test  in  Tunnel	


Julian’s  True  Experiment	

Manipulate  

Independent  Variable	


Control  Extraneous  
Variables	


Characteristics of a True Experiment 

•  Manipulation: the experimenter has 
manipulated some independent variable to 
see the effect it has on the dependent 
variable 
 

•  Control: extraneous variables are held 
constant across the levels of the 
independent variable 
 
o  Random Assignment: chance alone dictates 

what treatment each individual receives  


