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Section 2000: Introduction
Causal relations between variables are often represented by diagrams. For example, the claim that the temperature influences the height of the water in Lake Whitney can be represented by the following diagram, where the boxes are variables with the possible values they might take on in square brackets.  
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The causal relations between the state of a light bulb, a light switch and the circuit breaker in the house can be represented by a causal graph involving three variables:
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and the relations between the refrigerator door, the light switch, and the refrigerator light by another:
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We use the same kind of diagram no matter whether the cause tends to prevent the effect or to bring the effect about. So we would represent the claim that Innoculation (with the Salk polio vaccine) prevents Polio by the following graph.
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We use other means to indicate whether the causal factor tends to bring about about or prevent the effect; for example, we might place a plus or minus sign next to the arrow:
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-----------------

This module explains how causal graphs represent, in a qualitative way, the causal relations among a set of variables.  It also introduces and defines features of causal graphs that will be crucial in understanding the connection between causal systems and statistical data, for example: direct vs. indirect causation, causal connection, common cause, and more. 

Section 3100: The Elements of Causal Graphs: Variables
Causal graphs represent the causal relations in a causal system, i.e., among a set of variables.  The graphs involve a set of variables and a set of directed edges. Variables were introduced in the module on Causation in Populations, so proceed to the next section where we discuss directed edges and what they represent.
Section 3200: The Elements of Causal Graphs: Directed Edges
A directed edge in a causal graph is an arrow, where the head of the arrow points to the effect variable and the tail comes from the cause variable.  We say it is a directed edge to distinguish it from an undirected edge:
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A directed edge between two variables indicates that the variable at the tail of the arrow is a direct cause of the variable at the head of the arrow.  

Consider the causal system among the variables Battery, Switch and Light bulb. 

[[ Shockwave app here : exact same app as in Mod 1, section on interacting causes. ]]

The causal graph of this system is as so:
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Notice that there is no arrow from the switch to the battery, nor from the battery to the switch, even though they are physically connected by wire on the circuit.  Why?  Because the state of the battery has no causal influence on the state of the switch, nor does the state of the switch (in this idealized example) have any direct influence on the state of the battery. 

Notice second that there is an arrow from the switch to the light bulb, even though, when the battery is uncharged, changing the switch from open to closed (or from closed to open) will not change the state of the light bulb (it will stay off).

There is an arrow from the switch to the light bulb because there is some state of the battery for which the light depends on which state of the switch has been brought about, even indeterministically. When the battery is charged, the light will not come on unless the switch is closed.   In other words, closing the switch is necessary in context (see section 3200 of the module on Causation in Individuals) when the battery is charged.  

There is an arrow in a causal graph from one variable A to another B, just in case there are some values of the variables in the system (besides B) such that when the variables are fixed at those values, there is some change we could bring about in the value of A that would sometimes result in a change of the value of B.

Deterministic Causation: The Malaria Example

Consider the case of malaria again.   The variables in the first causal system we considered are:

· Bitten (Was bitten by an infected mosquito) [true, false]

· Innoculated  [true, false]

· Has Gene  (Has the sickle cell gene) [true, false]

· Drinker  (Drinks gin and tonics regularly) [true, false]

· Malaria (Gets malaria) [true, false]

The causal structure for malaria was given by the following table in the module on Causation in Populations:

[[Reproduce the table in section 5000 in mod 2]]

Should there be a direct arrow from the variable Bitten to the variable Malaria in the causal graph representing this system?  This question translates into:  

Are there some some values of the variables in the system (besides Malaria) such that when those values are fixed, there is some change we could bring about in the value of Bitten that would sometimes result in a change of the value of Malaria. 

The answer is yes - if the variables besides Malaria take on the values:

· Innoculated:  false

· Has Gene: false

· Drinker: false

· Bitten: false

Then changing the value of Bitten from false to true would produce malaria.  To see this, look at causal situations 8 and 16 in the table above. 

------------

WILLIE Questions

Question 3200-1-1:  Should there be a direct arrow from Innoculated to Malaria?

A) Yes

B) No

Answer:  Yes

---

Question 3200-1-2:  Refer to the table on Malaria, and then select a pair of causal situations that show why Innoculated should have an arrow to Malaria:

Choices 1,2, …, 16

Answers:  3 & 7, or 4 & 8.

-----

Question 3200-1-3:  List two causal situations that are identical for the variables Bitten, Innoculated, and Has Gene, but are different for Drinker.

Choices 1,2,…,16

Answers: 1&2, or 3&4, or 5&6, or 7&8, or 9&10, or 11&12, or 13&14, or 15&16

------------

Question 3200-1-4: Are there any two causal situations that are identical for the variables Bitten, Innoculated, and Has Gene, that are different for Drinker, and that are different for Malaria
A) Yes

B) No

Answer:  No

---

Question 3200-1-5: Should there be a direct arrow from Drinker to Malaria?

A) Yes

B) No

Answer:  No

-----

Indeterministic Causation: The Cell Phone Again

Consider the case of the Cell Phone again.  In the full, deterministic causal system, there are three variables:

· Call Placed [Send, End]

· In Range of Tower [Yes, No]

· Connected [Yes, No]

The causal structure for Connected is as follows:

Table 2
Causal Situation
Call Placed
In Range of Tower
Connected 

1
Send
Yes
Yes

2
Send
No
No

3
End
Yes
No

4
End
No
No

Would the causal graph among these three variables have a direct edge from Call Placed to Connected?  Yes, because there are some values of the variables in the system (besides Connected) such that when the variables are fixed at those values, there is some change we could bring about in the value of Call Placed that would sometimes result in a change of the value of Connected.  What are those values?  Causal situation 3.  If we were in range of the tower, and then placed a call, then the value of Connected would always change from No to Yes.  

Now consider the psuedo-indeterministic system involving just the variables:
· Call Placed [Send, End]

· Connected [Yes, No]

Would the causal graph among these two variables have a direct edge from Call Placed to Connected?  Yes, because there are some values of the variables in the system (besides Connected such that when the variables are fixed at those values, there is some change we could bring about in the value of Call Placed that would sometimes result in a change of the value of Connected.  There are no other variables besides Call Placed, so we only need consider changing its values. If we placed a call by hitting the Send button, then the value of Connected would sometimes change from No to Yes.  

Consider adding another variable to this system: Phone Battery Charged [Yes, No]. So now the full system is:

· Call Placed [Send, End]

· In Range of Tower [Yes, No]

· Phone Battery Charged [Yes, No]

· Connected [Yes, No]

Now the causal structure for Connected is as follows:

Table 3
Causal Situation
Call Placed
Phone Battery Charged
In Range of Tower
Connected 

1
Send
Yes
Yes
Yes

2
Send
Yes
No
No

3
Send
No
Yes
No

4
Send
No
No
No

5
End
Yes
Yes
No

6
End
Yes
No
No

7
End
No
Yes
No

8
End
No
No
No

Now suppose we consider the psuedo-indeterministic system in which we cannot observe whether or not we are in range of the tower:

· Call Placed [Send, End]

· Phone Battery Charged [Yes, No]

· Connected [Yes, No]

Is there still a directed edge from Call Placed to Connected?  Yes, because there are some values of the variables in the system (besides Connected) such that when the variables are fixed at those values, there is some change we could bring about in the value of Call Placed that would sometimes result in a change of the value of Connected.  
--------

Willie 
Question 3200-2-1:

What are the other variables besides Connected that we need to consider in deciding whether there should be a directed edge from Call Placed to Connected in the psuedo-indeterministic system described above. 

A) Call Placed

B) Tower Range

C) Phone Battery

D) Connected
Answers: A & C

----------------

Question 3200-2-2:  When the Phone Battery is charged, placing a call:

A) Always brings about Connected = yes

B) Sometimes brings about Connected = yes

C) Not enough information to tell

Answer: B
---------------------------------

Section 4100: Representing Different Varieties of Causation

In this section, and later ones, you will be asked to construct causal graphs to represent causal systems described to you in text.  To do so, you will use the Causality Lab.  To help you get oriented to the Lab, there is on-line manual, which you can get to at any time by going to the main page, clicking on the Causality Lab tab (figure below),
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and then clicking on the Manual link on the Causality Lab front page. 

Before doing the first exercise in this section, read the following sections of the Causality Lab Manual:

Section 4100, 4200, 4410 and 4420.  

4200 Interacting Causes

Consider a simple three variable causal system involving agriculture:

· Water (did crops get rain) [yes, no]

· Fertilizer (did fertilizer get water) [yes, no]

· Growth (did plants grow well) [yes, no]

 ----------

Willie 
Question 4200-1
Assuming that crops will not grow well unless they have both adequate rain and are fertilized, is this a case of interacting causes?

A) Yes

B) No

Answer: yes

 ----------

Causality Lab Exercise

Construct the causal graph that describes the causal relations among thee three variables: Water, Fertilizer, Growth.

[Correct graph is obvious]

------------------------
Willie Question

Must adequate rain and fertilizer guarantee that crops will grow in order for there to be a direct edge from Rain to Growth?

A) Yes

B) No

Answer: No

-------------------------
4300 Causal Chains & Direct vs. Indirect Causation

If one variable only influences another through some intermediate variable, then there is no arrow between the first feature and the third feature in the chain. For example, in this simulation, the amount of water coming from the dam through the spout influences the speed of the turbine which influences whether electricity is generated to power the light bulb:

[[ Reproduce 1st shockwave app from section 4400 in mod 1 ]]

--------------------------------

The water is still a cause of the light bulb, but only an indirect one.  If the variables and their values are:

· Water [flowing, not flowing]

· Turbine [spinning, not spinning]

· Light Bulb [on, off], 

then the causal graph is as so:
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In the simulation, you cannot actually directly control whether the turbine spins, but only set a switch next to the turbine (the Turbine Switch) to up or down.  When the switch is up, then the water is diverted away from the turbine, but if the switch is down water flows over the turbine.  

---------

Causality Lab Exercise

Construct a causal graph that represents the causal relations among these variables:

· Water [flowing, not flowing]

· Turbine [spinning, not spinning]

·  TSwitch (turbine switch) [up, down]

· Light Bulb [on, off]

Answer graph: water -> turbine,  tswitch -> turbine, turbine->light bulb

---------------------------------

The idea of direct causation only makes sense relative to the causal system under consideration.  In the causal graph below, for example, the variable Refrigerator Door is a direct cause of the variable Light Switch, and the variable Light Switch is a direct cause of the variable Refrigerator Light, but the state of the Refrigerator Door is not a direct cause of the state of the Refrigerator Light relative to the system : {Refrigerator Door, Light Switch, Refrigerator Light}.
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Why? Because if we fix the variable Light Switch at either of its values, then bringing about a change in the state of the Refrigerator will have no influence on the Refrigerator Light. 

If we were only discussing the system: {Refrigerator Door, Refrigerator Light}, then the door is a direct cause of the light:
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--------

Causality Lab Exercise
Exercise: Construct the causal graph that represents the causal relations over the three variables: 

· Exposure (Exposed to Chicken Pox) [yes, no]

· Infected (Infected with the Chicken Pox virus) [yes, no]

· Symptoms (Have Chick Pox Symptoms) [yes, no]

Answer: Exposure ( Infected ( Symptoms

-------------------------

Question Set-up

In the following simulation, there are four variables:

· Circuit Switch [Closed, Open]

· Fan Switch [Up, Down]

· Fan [Spinning, Not Spinning]

· Light Bulb: [Off, Dim, Bright]

---Reproduce shockwave app in section 4400 of mod 1 - but with battery NOT manipulable and permanently in a charged state ----

Causality Lab Exercise

Question: Create a causal graph that correctly represents the causal relations among the variables Circuit Switch, Fan Switch, Fan, Light Bulb

Answer: Circuit Switch ( Fan, Circuit Switch ( Light Bulb, Fan Switch ( Fan, Fan ( Light Bulb

--------------------------

4400 Overdetermination

Consider the simulation of the causal system among four variables:

· Dynamite: [Explodes, Doesn't Explode

· Plunger: [Up, Down]

· Lever: [Up, Down]

· Button: [Up, Down]

[[Andrew Shockwave app -  specs:  Reproduce the app from mod 1, section, but add a lever that connects to the button and the plunger, such that when the lever is pulled down, it causes the plunger to depress AND the button to go up, thereby triggering both overdetermining causes of the explosion simultaneously.  ]]

Causality Lab Exercise
Exercise: Construct the causal graph that represents the causal relations over the four variables: Dynamite, Plunger, Lever, Button
Answer: Lever (Plunger, Lever ( Button, Button ( Dynamite, Plunger ( Dynamite

 --------------------

4500 Common Causes

Consider the following three variables applied to TVs that function normally.  

· Sound: [Yes, No]

· Power switch [On, Off]

· Picture [Yes, No]
The causal graph for these variables is:
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When one variable X is a cause of two others Y and Z, we say that X is a common cause of Y and Z.  

----------------

Willie Question

Question 4500-1-1: Check each of the following that is plausibly a common cause of the variables: 

· In Jail [Yes, No]

· Income [High, Low]

A) Born in the U.S. [Yes, No]

B) Education [HS, College]

C) Parent's Income [High, Low]

D) Travel A lot [Yes, No]

Answers:  B & C

---------------

Question 4500-1-2: Check each of the following that is plausibly a common effect of the variables: 

· In Jail [Yes, No]

· Income [High, Low]

A) Born in the U.S. [Yes, No]

B) Education [HS, College]

C) Parent's Income [High, Low]

D) Travel A lot [Yes, No]

Answers:  D


5000 Test Your Knowledge

5100 Multiple Choice CMU Online questions

-----

1) Check all that apply.  A causal graph contains:

A) Causal situations and variables

B) Causal structures, causal situations, and variables

C) Variables and directed edges
D) Variables, directed edges, and causal structures

Answer: C

----------------

2) Consider the three variables: Has a chipped tooth, Pain, Takes Aspirin.  Check all that apply:

A) There is a directed edge from Has a chipped tooth to Pain because chipping your tooth produces pain.

B) There is no directed edge from Takes Aspirin to Pain because taking aspirin reduces pain.

C) There is a directed edge from Has a chipped tooth to Takes Aspirin because chipping your tooth causes you to take aspirin in order to reduce the pain.

D) None of the above.

Answer: A & C.

-------------------------

3) Question:  Check all that apply.  If there is an edge from variable X to Y, then:

A) Bringing about some value of X is, in some causal situation, necessary for Y.

B) Bringing about some value of X is, individually sufficient for Y.
C) Bringing about some value of X will, in some causal situation, always bring about Y.
D) None of the above

Answer: D.

-------------
4) Question:  Check all that apply.  There is an edge from variable X to Y, if:

A) Bringing about some value of X is, in some causal situation, necessary for Y.

B) Bringing about some value of X is, individually sufficient for Y.
C) Bringing about some value of X will, in some causal situation, always bring about Y.
D) Bringing about some value of X will, in some causal situation, sometimes bring about Y.

E) None of the above

Answer: A & B & C & D.

--------------------
5) Suppose we are considering a causal system that involves variables X, Y, W, and Z. Which variables must we consider when deciding whether X  is a direct cause of Y?

A) X & Y only

B) X, Y, and Z.

C) W & Z
D) X, Y, W, and Z.
E) None of the above.

Answer: D.
5200 Free Form Text Entry - CMU Online Questions

1) Read again the article on SAT scores and gender gap:

http://www.post-gazette.com/regionstate/19990831sat7.asp

a) Identify at least 3 variables in the article
b) specify the causal graph that the authors of the article maintain holds between the variables. To do this, simply list the directed edges, e.g.,

X -> Y, Y-> Z, etc.

c) for  each edge, explain why you included it.
d) for each edge you excluded, explain why you excluded it.

2) Read the article: 
http://www.post-gazette.com/healthscience/19981015binge2.asp

a) Identify at least 3 variables in the article

b) The authors are unsure of the causal graph that holds between the variables they mention.  Express this uncertainty by listing alternative causal graphs over the variables you identify that the authors cannot decide among. 

5300 Our Questions
CAUSALITY LAB question

Question: The speed of an automobile does not depend on how much the accelerator pedal is pushed if the gearshift is in neutral. Even so, for other settings of the gear shift the accelerator pedal does influence the speed of the car. Diagram the causal relations between the Accelerator (position of the accelerator pedal), Gear (the setting of the gear shift), and Speed (of the car).

Answer: Accel ( Speed, Gear ( Speed

--------------------

Causality Lab question (If we can't handle more than 5 vars, eliminate the clutch)

Question: Water falling over the damn at Lake Whitney (Water) is used to generate electricity (Electricity). The water turns a turbine (Turbine). To generate electricity, the turbine must turn in a magnetic field (Magfield). The magnetic field can be changed by moving magnets closer or farther from the turbine with a gear (Gear). For emergencies, a clutch (Clutch) can disconnect the turbine from the falling water, so that when the clutch is in the turbine does not turn. 

Draw a diagram of the causal relations among Water, Electricity, Turbine, Magfield, Gear and Clutch.

--------------------

Question Set-up 

Here is a simulation of a system involving five variables:

Light Switch: [Open, Closed]

Light Bulb: [On, off]

Solar Panel: [Illuminated, Not-illuminated]

Fan: [Spinning, Not spinning]

Fan Switch [Open, Closed]

---Reproduce Solar Panel Shockwave app from section 3200 of Causation in Pop--

CAUSALITY LAB Exercise

Question: Create a causal graph that correctly describes the causal relations among the variables in the simulation: Light Switch, Light Bulb, Solar Panel, Fan, Fan Switch
---------------------------------------

A mysterious device is shown below. The device has two levers, one with two settings, the other with three settings, and a slot that a single dollar can slide out of. 

A correct causal diagram for the machine is shown below:

 

------

Question: From this diagram, and the information that the settings of the blue handle and the red handle are the only causes of the appearance (or not) of a dollar from the slot, which of the following can you be sure are true:

 

(1) If blue handle = 1 then some setting of the red handle produces money from the slot

(2) If blue handle = 2 then some setting of the red handle produces money from the slot

(3) If blue handle = 3 then some setting of the red handle produces money from the slot

(4) At least one of (1), (2) or (3) is true.

(5) All of (1), (2) and (3) are true.

(6) Exactly one of (1), (2), (3) is true.

(7) None of the above

[Answer: 4]

----------

Question: For the same system with the same information:

(9) If blue handle = 1 then some setting of the red handle produces no money from the slot

(10) If blue handle = 2 then some setting of the red handle produces no money from the slot

(11) If blue handle = 3 then some setting of the red handle produces no money from the slot

(12) At least one of (9), (10) or (11) is true.

(13) All of (9), (10) and (11) are true.

(14) Exactly one of (9), (10), (11) is true.

(15) None of the above is true

[Answer: 12]

--------

Question: For the same system with the same information:

(16) If red handle = 1 then some setting of the blue handle produces no money from the slot

(17) If red handle = 2 then some setting of the blue handle produces no money from the slot

(18) At least one of (16), (17) is true.

(19) Both of (16) and (17) are true.

(20) None of the above are true.

[Answer: 18]

----------------------

Question: For the same system with the same information

(21) If red handle = 1 then some setting of the blue handle produces money from the slot

(22) If red handle = 2 then some setting of the blue handle produces money from the slot

(23) At least one of (21), (22) is true.

(24) Both of (21) and (22) are true.

(25) None of the above are true

[Answer: 23]

--------------------
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