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Graphing Causes
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Review

» Distinguish necessary and sufficient causes

» Most causes are neither necessary nor sufficient
~ Rather, contributory or partial

- Increase or decrease the likelihood of an effect

+» Attending class increases the likelihood of
doing well on the exam

» Distinguish proximate and ultimate causes

Clicker Question

Plentiful rainfall is
A. A sufficient cause of wildflowers blooming
A contributory cause of wildflowers blooming

B.

C. Not a cause of blooming because it is not
sufficient to cause blooming

D.

Too ultimate to count as a cause of wildflowers

blooming




Review — 2

» Mill's methods: designed to identify the likely cause
from amongst possible causes
— Method of agreement
+ Start with cases that agree in the effect and find
what possible cause they have in common
— Method of difference
+ Start with cases that differ in the effect and find if
there is one possible cause on which they differ
— Method of concomitant variation
+ Find a possible causal variable that varies (directly
or inversely) with the effect
— Method of residues
+ Find possible causal variable that is left over once
all other effects have been traced to causes

Review — 3: Which method?
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Clicker Question

Which of Mil's methods is llustrated in this example:

You and a friend both sign up for Introduction to Politics but are in
different sections. Your friend gets an A while you get a C+. You
compare yourselves and discover that you each had the same SAT,
same GPA going in, skipped three classes, studied 2 hours a week.
The TA in your section did not give quizzes but the TA in your
friend's class did. Maybe the quizzes made the difference.

A. Method of agreement

B. Method of differance

C. Method of residues

D. Method of concomitant variation




Clicker Question

Which of Mill's methods is Blustrated in this example:
Pariodically your computer crashes. You tend o run several
programs at once. You decide fo keep track of which programs you
are running. On four occasions when your computer crashed you
were running Dynamical Demon. You condude that this is the cause
of your computer crashing.

A. Method of agreament

B. Method of difference

C. Method of residues

D. Method of concomitant variation

Clicker Question

Which of Mill's methods is llustrated in this example:
On Sunday, Tuesday, and Thursday nights you are unable to sleep.
Each of thosa nights you go to a study session where coffee is
served. On Monday, Wednesday, Friday, and Saturday you sleep
fine and on those nights you don't drink any coffee.

A. Method of agreament

B. Method of difference

C. Method of residues

D. Method of concomitant variation

Clicker Question

Which of MilFs methods Is lllustrated In this example:
You have three flashlights. One shines brightly, one shines
weakly, and the third Is barely visible. You take out the
batteries from the three flashlights and test them. The first
registers a full charge, the second a medium charge, and
the third has nearly no charge.

A. Method of agreement

B. Method of differance

C. Method of residues

D. Method of concomitant variation




Review

» In Kentucky the governor approved use of the death
penalty and was defeated. In Tennessee the governor
refused to impose the death penalty and was
reelected.

» In six states the governor seeking reelection is
defeated. In each of those states the defeated
governor had signed a tax increase bill.

» In five states Governors who approved increased
tuition for state colleges were denied reelection,
although their stances on other issues varied. In five
other states the Governors had similar records to
these five on the other issues, but rejected tuition

increases. They were all reelected. %

Mill’s methods and correlation

» Mill's methods only identify factors that are correlated
with the effect

- But correlation does not establish causation
» What gives?
» Mill's methods work to sort among possible causes

-~ Experiments operate like Mill's methods—finding
real causes amongst possible causes

» Must be able to independently identify possible
causes before correlation can help establish causation

n

The Importance of
Hypotheses

» Understanding the world is not just a matter
of observing it
~There is no simple procedure for figuring out what
Is causing something
» Need to start with a good hypothesis
~ In order to figure out what caused TB, Pasteur and
Koch had to advance a hypothesis—there was
something living that was passed from one ill
person to another (a germ)
» Once a cause is proposed (a hypothesis is advanced),
one can test whether it is responsible
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Diagramming causal relations

+ To use correlational evidence in assessing causation, it
helps to portray clearly what causal relations are being
hypothesized

o * Using causal diagrams we can evaluate

— Whether correlational evidence does support
causation

— What manipulations we need to perform when
conducting an experiment
— What factors must be controlled for when experiments
are not possible
* Use nodes (boxes) and arrows to represent actual and
possible causal relations
— Nodes represent variables

— Arrows represent causal relations between variables

v Developing causal
graphs

Representing relations between a
battery, a switch, and a fan

Three variables, each in a box with its possible values

Battery | [ switch | [Fan
luncharged, charged) | | [open, closed] | | foft. on)

Use arrow to represent hypothesized causal relation
between variables
If the value of the switch causally affects the fan,
put an arrow between them

'smm ] | Fan
—
 [open, closed] | | [off, on]

Developing causal graphs - 2
Does the state of the battery causally affect the fan?

| Fan

Battery .
[off, on]

{{uncharged, charged) |

If there are two independent causes, use an arrow
for each

' Switeh L Fan
[open, closed] | loft, on] |
Battery /
. [uncharged, charged] |

No arrow from Switch to Battery if the value of
switch does not affect the value of battery




Developing causal graphs - 3

These are NOT circuit diagrams: power flows
from the battery through the switch, but there is
no causal affect of the battery on the switch

sw‘w ....... 1)......-.. Fan
(open, closed) [0, on)
uncharged, charged] |

Note: with the above circuit diagram, there will be
conditions under which the switch will not affect
the fan

but as long as there are conditions under
which it will, a causal arrow is used

Negative causation
I~ + Sometimes a cause reduces (rather than increases)
¥, thevalue of the effect variable
o ~Flu shots and flu

« Still use arrow between nodes
- r——-_‘

Flu shot Flu
Iyes, no] [0 yes)]

But add minus sign to indicate direction of effect

Example Causal Graph




Indeterministic/Partial Causes

* When causes suffice to produce their effects, we
speak of them as determining their effects

~ Causal determinism

» Causation does not require determinism
-~ Some causes are only contnbutory

» Such causes raise the probability of the effect without
insuring its occurrence

- Example: smoking and lung cancer

Diagramming Indeterministic/
Partial Causes

* In diagramming, we do not distinguish between
deterministic and partial/contributory causes

' Driving intoxicated | Accident . Dying
lyes, no] | |lyes,nol] | [yes, no]

The arrows in this diagram are justified if the
probability of having an accident is raised by driving
intoxicated and the probability of dying is raised by
having an accident
And there is no other causes that are intermediate
or common that screen off the effects

Causal intermediates

» Consider lighting a match
~What is directly produced by the striking action?

& | March struck ? , Match it
besnol N . /! lyes,no],

' Tip temperature

[>350°, <350°]

In this case, if the match tip does not get above
350°, the match will not light, no matter how much it
Is struck
Therefore, no direct arrow from Match struck to
Match it




How do we detect causal

interrr>ediates?
'Match struck Match lit

[yes, no] \X Tip temperature . No
[=350°] <3507
» What if we prevent the temperature of the tip from
exceeding 350°?
~The correlation between match striking and match
lighting is lost
* Preventing the temperature of the tip from
exceeding 350° screens off the match lighting
from the match striking—now no change in the
value of Match struck affect the value of Match
it

¢ Mediated (ultimate) cause -
vs. direct (proximate) cause -, _,
« Consider the light in your refrigerator. A -,;,—_"‘

What happens when you close the door? ., -

/'.
Case Docr Light
1 Open On
2 Closed Ooff

It looks lixe the causal graph should be

Door ___, Light
[open, closed] [on, off]

Indirect (ultimate) vs direct

(proximate) causation
+» But then you discover the light switch

Case Door Switch Light
1 Open Up On
2 Open Down Off
3 Closed Down Off

No situation in which changing the value of the door
variable alone will change the value of the light

Door ‘. Light
[open, closed) K Switen [ofmft)ff]
‘ : [dpydgwn)




Clicker Question

Which statement describes this causal diagram?

Alcohol _=_, Judgment ___ Injure self
[yes, no] [good, bad] [no, yes]
Drinking alcohol promotes good judgment which causes
self injury

. Drinking alcohol impairs good judgment which causes
no self injury

. Drinking alcohol impairs good judgment which causes
self injury

. Drinking alcohol causes good judgment which causes
self injury

Clicker Question

The lack of an arrow directly between alcohol and Injure
salf Indicates

Alcohol __~__ Judgment o Injure self

———

[yes, no] [good, bad] [no, yes]

A. Drinking alcohol does not cause self injury

B. Drinking alcohol causes self injury

C.Only bad judgment can cause self injury

D. The causal effect of alcohol on salf injury is
screened off by bad judgment

Direct cause or common cause?

A thunderstorm wakes Joe up in the middie of the
night. He goes downstairs to get some milk to help
him get back to sleep. On the way to the
refrigerator, he notices that the barometer has
fallen a great deal. Joe concludes that the storm
caused the barometer to fall, and draws the

following causal diagram:
Storm Barometer
[yes, no} > [low, high]




Common causes

* In the morning Joe telis his wife about his conclusion
and shows her his diagram.
~She is not very impressed and tells him that it was
a drop in atmospheric pressure that caused both
the barometer to drop and the storm.
~She shows him her diagram:
- Atmospheric pressure
[low, high]

' Barometer | Storm

[low, high] | lyes, no]|

Common causes - 2

» What is the difference between direct causation and
common cause?

- Altering the value of Barometer alone will not affect
the value of Storm

- Altering the value of Storm alone will not affect the
value of Barometer

~ Storm Is screened off from Barometer

,"Atmosphoric pressure'f

' [low, high)
| Baromeief 'Storm
llow, high] | Lyes, no]|

Lurking possibility of a common
cause

* You are feeling ill and go to the doctor. The doctor
~& does ablood test and it reveals the presence of an
' abnormal number of bacteria.

-cor_xcluslon—the bacteria caused lhe\illness?

'Bacteﬂa T ~' Illhess
[no, yes] [no, yes]|

'Virus
Perhaps the bacteria like you because your body

is already weakened by iliness (e.q., dueto a
virus).




Lurking common causes

» Over saveral weeks the needes from the pine trees along the
Moreau river fell into the water.

« Shortly thereafter, many dead fish started washing up on the river &
banks.

* The Moreau River Chemical Company claimed that is it was
obvious that the pine needles had killed the fish.

| Pine needies ‘ 'Fish

[on tree, dropped] [alive, dead]
| Toxic Waste.
[no, yes]

Could the chemical company be hiding something?

.' Lawn waterod" 'Lawn fanillzed"_
[yes, no) ] [yes, noj
,'Grass grows‘
Lyes, no]

No screening off relation! /\/

Analyzing causation: what
causes malaria

» Consider the variable Has malana.
= Round up the suspects (aka develop hypotheses)

' Bitten by mosquito. flhoculatedf
[yes, no] | [no, yes]

'Has sickle cell gene. Drinks gin and tonics regularly ' '
[no, yes] | [no, yes]

To determine the relation between these and has
malana we need to consider the possible values on
these variables and whether, for each variable,
there is a case in which it makes a difference
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Causal graph for malaria

'Binen by mosqulto‘ 'Inoculatod‘ 'Has sickle cell gene"
& [yes, no] | |lyes,no] | | [yes, no] X

'Malaria |
[yes, no]

'Drinks gin and tonics regularly '
yes, no]
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Developing Causal Hypotheses

* Consider an effect—rising sea levels
* What might cause that effect?
- Melting glaciers
- Increasing precipitation
* What might cause glaciers to meit?
— Warmer temperatures
- Increased salt in ocean
* What might cause warmer temperatures?

— Increased CO;
> y TTermauofall.n'es ! melﬁng
Increasi
e Ve | feso .\.»
{Increasing ~ Sealevﬁu
oy Steady] Ocean Sait | Precum/[my ng],

[Increasing [Increasing
Steady] | | Steady]




Causal cycles

» Sometimes two variables are related so that each
causes an increase in the other

'Being anxious ™ Unable to sleep
[no,yes] < [no, yes]

Positive feedback: sometimes results in run-away
systems
Negative feedback: used to achieve control

"Fumace, —| Thermostat
L[off, on) [—=llow. high] |

Experiments: testing causation
by manipulating causal variable

« Basic principles of causal reasoning:

- If C causes E, then if we alter the value of C, we
should, at least under some conditions, alter the
value of E

- If C does not cause E, then if we alter the value of
C alone, we should not alter the value of E

« If the causation is direct, there should be no way to
screen off E from C

Reasoning about manipulations

* Manipulations set the value of one of the variables in
~& 2an effort to determine the effect on another

Intervention to close switch

| Fan

' Switch ‘_.(w .

lclosed)

[charged, uncherged)




Mistakes in reasoning about
causes

» There are a variety of ways in which people
mistakenly infer causal relations when they do not
exist

CLASSIC PEANUTS" iy D

» Joe gets a chain letter that threatens him with dire
consequences if he breaks the chain. He laughs at it
and throws it in the garbage. On his way to work he

slips and breaks his leg. When he gets back from the

Post hoc, ergo propter hoc

& * We are prone to see causation when one event
& Precedes another

~ Much superstition begins in this way:

» The sun disappears in a solar eclipse
The members of a community beat drums
The sun returns

» Conclusion:

e . \‘ |( - y
Beat drums ': ol Sun returns |
[no, yes] | \[no, yes] |




& You go to the doctor.

Post hoc, ergo propter hoc - 2

* You are feeling sick.

A few days later you begin to feel better.
Conclusion:

- Go to doctor . Get better
[no, yes] | [no, yes] |

Post hoc, ergo propter hoc - 3

When the street lights start to come on, the sun goes
down. Thus, the tuming on of the street lights causes
the sun to go down.

Roosters crow just before the sun rises. Therefore,
roosters crowing causes the sun to rise.

You have a headache so you stand on your head and
six hours later your headache goes away.

Therefore, . . .

You put acne medication on a pimple and three
weeks |ater the pimple goes away. Therefore, . . .

Confusing cause and effect

» Even when a causal relation seems likely, it is not
always clear which is cause and which is effect.

- |s a child difficult because the parents are short-
tempered?

-~ Or are the parents short of temper because the
child is difficult?

’Parents short~tempered.. — ' Child difficult
[no, yes] J ' [no, yes]




Clicker Question

What causal fallacy Is |llustrated In this example: You

heated popcorn in the microwave, and afterwards It would
not work. You broke the microwave.

A. Ignoring a common cause

B. Treating coincidence as a cause
C. Post hoc, ergo propter hoc

D. Confusing cause and effect

Clicker Question

What causal fallacy Is llustrated in this example: Ted leaves
bagels for a long time in his cupboard. After a while they
have green mold on them. He concludes that they went bad
and that caused them to develop mold.

A. lgnoring a common cause

B. Treating coincidence as a cause

C.Post hoc, ergo propter hoc

D.Confusing cause and effact

Need for Experiments or Well-
Controlled Observations

+ The best evidence as to whether something is a cause ,:‘
of some effect is whether manipulating it changes the 3§
value of the effect

* When that isn't possible, one must rely on controlied
observations that rule out other possibie causes
(confounds)




