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10.  If health insurance companies pay for heart surgery and brain surgery, 
which can both increase an individual’s happiness, then they should 
also pay for cosmetic surgery, which can also increase an individual’s 
happiness. 

11.  A knife is an eating utensil that can cut things.  A spoon is also an 
eating utensil.  So a spoon can probably cut things as well. 

12.  Any artificial, complex object like a watch or a telescope has been 
designed by some intelligent human designer.  But naturally occurring 
objects like eyes and brains are also very complex objects.  Therefore, 
complex naturally occurring objects must have been designed by 
some intelligent non-human designer. 

13.  The world record holding runner, Kenenisa Bekele ran 100 miles per 
week and twice a week did workouts comprised of ten mile repeats on 
the track in the weeks leading up to his 10,000 meter world record.  I 
have run 100 miles per week and have been doing ten mile repeats 
twice a week.  Therefore, the next race I will run will probably be a 
world record. 

14. I feel pain when someone hits me in the face with a hockey puck.  We 
are both human beings, so you also probably feel pain when you are 
hit in the face with a hockey puck. 

15. The color I experience when I see something as “green” has a 
particular quality (that is difficult to describe).  You and I are both 
human beings, so the color you experience when you see something 
green probably has the exact same quality.  (That is, what you and I 
experience when we see something green is the exact same 
experiential color.) 

 
 
3.4  Causal reasoning 
 
When I strike a match it will produce a flame.  It is natural to take the striking of 
the match as the cause that produces the effect of a flame.  But what if the 
matchbook is wet?  Or what if I happen to be in a vacuum in which there is no 
oxygen (such as in outer space)?  If either of those things is the case, then the 
striking of the match will not produce a flame.  So it isn’t simply the striking of 
the match that produces the flame, but a combination of the striking of the 
match together with a number of other conditions that must be in place in order 
for the striking of the match to create a flame.  Which of those conditions we call 
the “cause” depends in part on the context.  Suppose that I’m in outer space 
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striking a match (suppose I’m wearing a space suit that supplies me with oxygen 
but that I’m striking the match in space, where there is no oxygen).  I 
continuously strike it but no flame appears (of course).  But then someone (also 
in a space suit) brings out a can of compressed oxygen that they spray on the 
match while I strike it.  All of a sudden a flame is produced.  In this context, it 
looks like it is the spraying of oxygen that causes flame, not the striking of the 
match.  Just as in the case of the striking of the match, any cause is more 
complex than just a simple event that produces some other event.  Rather, there 
are always multiple conditions that must be in place for any cause to occur.  
These conditions are called background conditions.  That said, we often take 
for granted the background conditions in normal contexts and just refer to one 
particular event as the cause.  Thus, we call the striking of the match the cause 
of the flame.  We don’t go on to specify all the other conditions that conspired 
to create the flame (such as the presence of oxygen and the absence of water).  
But this is more for convenience than correctness.  For just about any cause, 
there are a number of conditions that must be in place in order for the effect to 
occur.  These are called necessary conditions (recall the discussion of necessary 
and sufficient conditions from chapter 2, section 2.7).  For example, a necessary 
condition of the match lighting is that there is oxygen present.  A necessary 
condition of a car running is that there is gas in the tank.  We can use necessary 
conditions to diagnose what has gone wrong in cases of malfunction.  That is, 
we can consider each condition in turn in order to determine what caused the 
malfunction.  For example, if the match doesn’t light, we can check to see 
whether the matches are wet.  If we find that the matches are wet then we can 
explain the lack of the flame by saying something like, “dropping the matches in 
the water caused the matches not to light.”  In contrast, a sufficient condition is 
one which if present will always bring about the effect.  For example, a person 
being fed through an operating wood chipper is sufficient for causing that 
person’s death (as was the fate of Steve Buscemi’s character in the movie Fargo).   
 
Because the natural world functions in accordance with natural laws (such as the 
laws of physics), causes can be generalized.  For example, any object near the 
surface of the earth will fall towards the earth at 9.8 m/s2 unless impeded by 
some contrary force (such as the propulsion of a rocket).  This generalization 
applies to apples, rocks, people, wood chippers and every other object.  Such 
causal generalizations are often parts of explanations.  For example, we can 
explain why the airplane crashed to the ground by citing the causal 
generalization that all unsupported objects fall to the ground and by noting that 
the airplane had lost any method of propelling itself because the engines had 
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died.  So we invoke the causal generalization in explaining why the airplane 
crashed.  Causal generalizations have a particular form: 
 
 For any x, if x has the feature(s) F, then x has the feature G 
 
For example: 
 
 For any human, if that human has been fed through an operating wood 

chipper, then that human is dead.  
 
For any engine, if that engine has no fuel, then that engine will 
not operate. 
 
For any object near the surface of the earth, if that object is unsupported 
and not impeded by some contrary force, then that object will fall 
towards the earth at 9.8 m/s2. 

 
Being able to determine when causal generalizations are true is an important 
part of becoming a critical thinker.  Since in both scientific and every day 
contexts we rely on causal generalizations in explaining and understanding our 
world, the ability to assess when a causal generalization is true is an important 
skill.  For example, suppose that we are trying to figure out what causes our 
dog, Charlie, to have seizures.  To simplify, let’s suppose that we have a set of 
potential candidates for what causes his seizures.  It could be either:  
 

A) eating human food,  
B) the shampoo we use to wash him,  
C) his flea treatment,  
D) not eating at regular intervals,  
 

or some combination of these things.  Suppose we keep a log of when these 
things occur each day and when his seizures (S) occur.  In the table below, I will 
represent the absence of the feature by a negation.  So in the table below, “~A” 
represents that Charlie did not eat human food on that day; “~B” represents 
that he did not get a bath and shampoo that day; “~S” represents that he did 
not have a seizure that day.  In contrast, “B” represents that he did have a bath 
and shampoo, whereas “C” represents that he was given a flea treatment that 
day.  Here is how the log looks: 
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condition test since it is never present (thus, there can never be a case where B 
is present but S is absent).  However, in order to rigorously test B as a sufficient 
condition, we have to look for cases in which B is present and then see if our 
target condition S is absent.  We have rigorously tested B as a sufficient 
condition only if we have collected data in which B is present.  Otherwise, we 
don’t really know whether B is a sufficient condition or not.   
 
In rigorous testing, we are actively looking for (or trying to create) situations in 
which a candidate feature fails one of the tests.  That is why when rigorously 
testing a candidate for the necessary condition test, we must seek out cases in 
which the candidate is not present, whereas when rigorously testing a candidate 
for the sufficient condition test, we must seek out cases in which the candidate is 
present.  In the example above, A is not rigorously tested as a necessary 
condition and B is not rigorously tested as a sufficient condition.  If we are 
interested in finding a cause, we should always rigorously test each candidate.  
This means that we should always have a mix of different situations where the 
candidates and targets are sometimes present and sometimes absent. 
 
The necessary and sufficient conditions tests can be applied when features of 
the environment are wholly present or wholly absent.  However, in situations 
where features of the environment are always present in some degree, these 
tests will not work (since there will never be cases where the features are absent 
and so rigorous testing cannot be applied).  For example, suppose we are trying 
to figure out whether CO2 is a contributing cause to higher global temperatures.  
In this case, we can’t very well look for cases in which CO2 is present but high 
global temperatures aren’t (sufficient condition test), since CO2 and high 
temperatures are always present to some degree.  Nor can we look for cases in 
which CO2 is absent when high global temperatures are present (necessary 
condition test), since, again, CO2 and high global temperatures are always 
present to some degree.  Rather, we must use a different method, the method 
that J.S. Mill called the method of concomitant variation.  In concomitant 
variation we look for how things vary vis-à-vis each other.  For example, if we see 
that as CO2 levels rise, global temperatures also rise, then this is evidence that 
CO2 and higher temperatures are positively correlated.  When two things are 
positively correlated, as one increases, the other also increases at a similar rate 
(or as one decreases, the other decreases at a similar rate).  In contrast, when 
two things are negatively correlated, as one increases, the other decreases at 
similar rate (or vice versa).  For example, if as a police department increased the 
number of police officers on the street, the number of crimes reported 
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decreases, then number of police on the street and number of crimes reported 
would be negative correlated.  In each of these examples, we may think we can 
directly infer the cause from the correlation—the rising CO2 levels are causing 
the rising global temperatures and the increasing number of police on the street 
is causing the crime rate to drop.  However, we cannot directly infer causation 
from correlation.  Correlation is not causation.  If A and B are positively 
correlated, then there are four distinct possibilities regarding what the cause is: 
 

1. A is the cause of B 
2. B is the cause of A 
3. Some third thing, C, is the cause of both A and B increasing 
4. The correlation is accidental 

 
In order to infer what causes what in a correlation, we must rely on our general 
background knowledge (i.e., things we know to be true about the world), our 
scientific knowledge, and possibly further scientific testing.  For example, in the 
global warming case, there is no scientific theory that explains how rising global 
temperatures could cause rising levels of CO2 but there is a scientific theory that 
enables us to understand how rising levels of CO2 could increase average global 
temperatures.  This knowledge makes it plausible to infer that the rising CO2 
levels are causing the rising average global temperatures.  In the police/crime 
case, drawing on our background knowledge we can easily come up with an 
inference to the best explanation argument for why increased police presence 
on the streets would lower the crime rate—the more police on the street, the 
harder it is for criminals to get away with crimes because there are fewer places 
where those crimes could take place without the criminal being caught.  Since 
criminals don’t want to risk getting caught when they commit a crime, seeing 
more police around will make them less likely to commit a crime.  In contrast, 
there is no good explanation for why decreased crime would cause there to be 
more police on the street.  In fact, it would seem to be just the opposite: if the 
crime rate is low, the city should cut back, or at least remain stable, on the 
number of police officers and put those resources somewhere else.  This makes 
it plausible to infer that it is the increased police officers on the street that is 
causing the decrease in crime.   
 
Sometimes two things can be correlated without either one causing the other.  
Rather, some third thing is causing them both.  For example, suppose that Bob 
discovers a correlation between waking up with all his clothes on and waking up 
with a headache.  Bob might try to infer that sleeping with all his clothes on 
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causes headaches, but there is probably a better explanation than that.  It is 
more likely that Bob’s drinking too much the night before caused him to pass 
out in his bed with all his clothes on, as well as his headache.  In this scenario, 
Bob’s inebriation is the common cause of both his headache and his clothes 
being on in bed. 
 
Sometimes correlations are merely accidental, meaning that there is no causal 
relationship between them at all.  For example, Tyler Vigen4 reports that the per 
capita consumption of cheese in the U.S. correlates with the number of people 
who die by becoming entangled in their bedsheets: 
 
 
 

 
 
 
 
And the number of Mexican lemons imported to the U.S. correlates with the 
number of traffic fatalities5: 
 

																																																								
4 http://tylervigen.com/spurious-correlations 
5 Stephen R. Johnson, The Trouble with QSAR (or How I Learned To Stop Worrying and Embrace 
Fallacy).  J. Chem. Inf. Model., 2008, 48 (1), pp. 25–26. 
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Clearly neither of these correlations are causally related at all—they are 
accidental correlations.  What makes them accidental is that we have no theory 
that would make sense of how they could be causally related.  This just goes to 
show that it isn’t simply the correlation that allows us to infer a cause, but, 
rather, some additional background theory, scientific theory, or other evidence 
that establishes one thing as causing another.  We can explain the relationship 
between correlation and causation using the concepts of necessary and 
sufficient conditions (first introduced in chapter 2): correlation is a necessary 
condition for causation, but it is not a sufficient condition for causation. 
 
Our discussion of causes has shown that we cannot say that just because A 
precedes B or is correlated with B, that A caused B.  To claim that since A 
precedes or correlates with B, A must therefore be the cause of B is to commit 
what is called the false cause fallacy.  The false cause fallacy is sometimes 
called the “post hoc” fallacy.  “Post hoc” is short for the Latin phrase, “post hoc 
ergo propter hoc,” which means “before this therefore because of this.”  As 
we’ve seen, false cause fallacies occur any time someone assumes that two 
events that are correlated must be in a causal relationship, or that since one 
event precedes another, it must cause the other.  To avoid the false cause 
fallacy, one must look more carefully into the relationship between A and B to 
determine whether there is a true cause or just a common cause or accidental 
correlation.  Common causes and accidental correlations are more common 
than one might think. 
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7. 
 

 
 
 
8. 

 
 
 
 
9. 

 
 
 
 
10. 

 
 
 
 
 
Exercise 26: For each of the following correlations, use your background 
knowledge to determine whether A causes B, B causes A, a common 
cause C is the cause of both A and B, or the correlations is accidental. 
 
1. There is a positive correlation between U.S. spending on science, 

space, and technology (A) and suicides by hanging, strangulation, and 
suffocation (B). 

2. There is a positive correlation between our dog Charlie’s weight (A) 
and the amount of time we spend away from home (B).  That is, the 
more time we spend away from home, the heavier Charlie gets (and 
the more we are at home, the lighter Charlie is. 

3. The height of the tree in our front yard (A) positively correlates with 
the height of the shrub in our backyard (B). 

4. There is a negative correlation between the number of suicide 
bombings in the U.S. (A) and the number of hairs on a particular U.S 
President’s head (B). 

Case 1 A B ~C D G 
Case 2 ~A ~B C D ~G 
Case 3 A ~B C ~D ~G 

Case 1 A B ~C D ~G 
Case 2 ~A ~B ~C D ~G 
Case 3 A ~B ~C ~D ~G 

Case 1 A B C D G 
Case 2 ~A ~B C D G 
Case 3 A ~B ~C D ~G 

Case 1 ~A B ~C D ~G 
Case 2 ~A B C D G 
Case 3 ~A ~B ~C D G 
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5. There is a high positive correlation between the number of fire 
engines in a particular borough of New York Cite (A) and the number 
of fires that occur there (B). 

6. At one point in history, there was a negative correlation between the 
number of mules in the state (A) and the salaries paid to professors at 
the state university (B).  That is, the more mules, the lower the 
professors’ salaries. 

7. There is a strong positive correlation between the number of traffic 
accidents on a particular highway (A) and the number of billboards 
featuring scantily-clad models (B). 

8. The girth of an adult’s waist (A) is negatively correlated with the height 
of their vertical leap (B). 

9. Olympic marathon times (A) are positively correlated with the 
temperature during the marathon (B).  That is, the more time it takes 
an Olympic marathoner to complete the race, the higher the 
temperature. 

10. The number gray hairs on an individual’s head (A) is positively 
correlated with the number of children or grandchildren they have (B). 

 
 
3.5  Probability 
 
As we have seen, a strong inductive argument is one in which the truth of the 
premises makes the conclusion highly probable.  The distinction between strong 
inductive arguments and valid (deductive) arguments is that whereas the 
premises of strong inductive arguments make their conclusions highly probable, 
the premises of valid arguments make their conclusions certain.  We can think of 
probability as how likely it is that something is (or will be) true, given a particular 
body of evidence.  Using numbers between 0 and 1, we can express 
probabilities numerically.  For example, if I have a full deck of cards and pick one 
at random, what is the probability that the card I pick is a queen?  Since there 
are 52 cards in the deck, and only four of them are queens, the probability of 
picking a queen is 4/52, or .077.  That is, I have about a 7.7% chance of picking 
a queen at random.  In comparison, my chances of picking any “face” card 
would be much higher.  There are three face cards in each suit and four different 
suits, which means there are 12 face cards total.  So, 12/52 = .23 or 23%.  In any 
case, the important thing here is that probabilities can be expressed numerically.  
In using a numerical scheme to represent probabilities, we take 0 to represent 




