
SOC 3811/5811: 
BASIC SOCIAL STATISTICS

Causal Inference and Observational Data



Causality and Counterfactuals

When we talk about cause and effect in the social sciences, 
we usually talk about how one variable affects another

The independent variable is said to affect or cause change 
in the dependent variable

Example: “Does poverty cause kids to commit crimes?”

Independent Variable: Whether a child is poor

Dependent Variable: Whether a child commits crimes



Causality and Counterfactuals

X Y

Independent Variable Dependent Variable

Explanatory Variable Response Variable

Predictor Variable Outcome Variable

Upstream Variable Downstream Variable

Exogenous Variable Endogenous Variable

Regressor Variable Regressand Variable

Cause Effect



Example #1

http://ns.umich.edu/new/releases/8398

http://ns.umich.edu/new/releases/8398


Example #2

http://www.reuters.com/article/2007/08/08/us-implants-suicide-

idUSN0836919020070808?feedType=RSS&rpc=22&sp=true

http://www.reuters.com/article/2007/08/08/us-implants-suicide-idUSN0836919020070808?feedType=RSS&rpc=22&sp=true
http://www.reuters.com/article/2007/08/08/us-implants-suicide-idUSN0836919020070808?feedType=RSS&rpc=22&sp=true


Example #3

http://www.standard.co.uk/news/vegetarians-are-more-intelligent-says-study-7082629.html

http://www.standard.co.uk/news/vegetarians-are-more-intelligent-says-study-7082629.html


Example #4

http://sf.oxfordjournals.org/content/71/1/211.short

http://sf.oxfordjournals.org/content/71/1/211.short


Example #5

http://www.hsph.harvard.edu/news/press-releases/2007-releases/press04102007.html

http://www.hsph.harvard.edu/news/press-releases/2007-releases/press04102007.html


Counterfactuals



Causality and Counterfactuals

At the heart of all case and effect statements is a 
counterfactual—the situation that would have existed had 
the explanatory variable not changed

For example, by making the causal claim:

“Living in poverty caused kids to commit crimes” 

we are simultaneously making the counterfactual claim:

“If the kids had not lived in poverty, then they would not have 
committed crimes"

A fundamental problem in explanatory research is that we 
never actually observe the counterfactual



Worksheet

What are the counterfactual claims that are implied by 
these causal statements?

1. Air pollution affects kids’ school performance

2. Breast implants affect women’s suicide rates

3. Eating a vegetarian diet makes you smarter

4. Listening to country music leads to suicide

5. Guns in homes lead to more suicides



Causality and Counterfactuals

The fact that we do not observe the counterfactual presents 
a major logical problem

How do we know what the value of the response variable  
would have been had the explanatory variable taken on a 
different value? 

We cannot get around this fundamental logical problem … 

…but we can design research in such a way that we can 
make good inferences about the nature of the 
counterfactual 



Causality and Counterfactuals

Experimental research designs are—for reasons we’ll 
cover—much stronger with respect to their ability to yield 
valid causal claims

However, we are typically only able to carry out non-
experimental or observational research

Multivariate (multiple-variable) statistics are valuable for 
use in non-experimental, observational research because 
they help us approximate counterfactual situations



Criteria for Establishing Causality



Criteria for Establishing Causality

Three conditions that must be met in order to establish that 
X causes Y:

1. X and Y must be empirically associated (criteria of association)

2. Change in X must precede change in Y in time (criteria of 
temporal ordering)

3. There must be no third variable, Z, which acts as a 
“confounder”—or which induces “spuriousness”—in the 
association between X and Y (criteria of nonspuriousness)

Different research designs have their own ways of meeting 
these criteria, of facilitating inferences about the nature of 
the counterfactual, and thus of allowing us to make 
defensible causal claims



Criteria for Establishing Causality

Criteria of Association

In order to establish that X causes Y—or that change in the 
explanatory variable X causally leads to change in the 
response variable Y—we must observe an empirical 
association between X and Y

We have spent the past several weeks learning how to 
measure the association between variables (with our technique 

for doing so dependent upon whether X and Y are discrete, continuous, or a 
combination of the two)



Criteria for Establishing Causality

How would the association between X and Y be established 
in these examples?

1. Air pollution affects kids’ school performance

2. Breast implants affect women’s suicide rates

3. Eating a vegetarian diet makes you smarter

4. Listening to country music leads to suicide

5. Guns in homes lead to more suicides



Criteria for Establishing Causality

Criteria of Temporal Ordering

In order to establish that X causes Y—or that change in the 
explanatory variable X causally leads to change in the 
response variable Y—it must be the case that the change in 
X occurred before the change in Y 

As we will discuss, this can be difficult in observational 
research



Criteria for Establishing Causality

Is the criteria of causal ordering clearly met in these 
examples? Does it depend on how you collected the data?

1. Air pollution affects kids’ school performance

2. Breast implants affect women’s suicide rates

3. Eating a vegetarian diet makes you smarter

4. Listening to country music leads to suicide

5. Guns in homes lead to more suicides



Criteria for Establishing Causality

Criteria of Nonspuriousness

Suppose we observe that shoe size at age 18 is associated 
with frequency of criminal behavior in adulthood, such that 
people with bigger shoes at age 18 commit more crimes 
later on

We've met the first two criteria required to make causal 
statement— but can we say that shoe size at age 18 
causally affects criminal behavior in adulthood?  



Criteria for Establishing Causality

Criteria of Nonspuriousness

If some third variable(s) affects both shoe size at age 18 and 
criminal behavior in adulthood, then the association 
between shoe size and criminal behavior is a spurious
relationship, not a causal relationship

Can you think of any?

The “third variables” are called confounding variables



Criteria for Establishing Causality

Criteria of Nonspuriousness

What is the effect of X on Y?  

In this example, X and Y are associated, but the association 
is entirely spurious owning to Z 

Z is a counfounder

X Y

Z



Criteria for Establishing Causality

Criteria of Nonspuriousness

What is the effect of X on Y?  

Here X and Y are associated

That association is partly spurious (owing to confounder Z) 
and partly causal

X Y

Z



Criteria for Establishing Causality

Could spuriousness threaten the validity of these causal 
claim?

1. Air pollution affects kids’ school performance

2. Breast implants affect women’s suicide rates

3. Eating a vegetarian diet makes you smarter

4. Listening to country music leads to suicide

5. Guns in homes lead to more suicides



Worksheet

Why might the association between A and B be spurious (or 
at least partly spurious) in the following examples?  That is, 
why might the association between A and B not be entirely 
causal in nature?

1. Having a TV set in the bedroom (A) is correlated with couples having lower 
frequency of sexual activity (B) (research finding).

2. Listening to sexually explicit music lyrics (A) is correlated with teen sexual activity 
(B) (research finding).

3. Alcohol consumption (A) is correlated with violent behavior (B) (research 
findings).

http://timesofindia.indiatimes.com/articleshow/1375599.cms
http://pediatrics.aappublications.org/cgi/content/abstract/118/2/e430
http://www.safeyouth.org/scripts/facts/substance.asp


Causality and Research Design



Causality and Research Design

In experimental research cases are randomly assigned to 
two or more comparison groups … X is defined by the group 
to which cases are assigned

The response variable Y is measured before (pre-test) and 
after (post-test) the manipulation of X

If the change in Y between the pre-test and the post-test 
differs across levels of X, then X and Y are associated

Because the value of X is assigned at random, spuriousness 
is not possible



Causality and Research Design

Experimental Design

What is the effect of X on Y?  

X and Y are associated; X precedes Y in time

Because the value of X is assigned at random, spuriousness 
is not possible

X Y

Z



Causality and Research Design

Main weaknesses of experimental methods:

1. Experiments can be expensive or unethical to conduct 
in many circumstances

2. Experimental research does not typically yield any 
information about causal mechanisms

3. Randomly assigning cases to comparison groups is not 
the same thing as randomly selecting a sample … results 
from experiments are not always generalizable



Causality and Research Design

Observational research involves studying naturally-
occurring variation in X (and Y), with no intervention from 
the researcher

There are several techniques for assessing the magnitude of 
association between X and Y

However, in observational research…

…it can be difficult to establish temporal ordering

…it is usually extremely difficult to rule out the possibility that the 
observed relationship is spurious



Causality and Research Design

Despite these threats to making valid causal statements, 
most social science research is observational

If we want to study the effects of most important social it is 
usually not possible (or ethical) to randomly assign cases to 
treatment and control groups

To establish temporal ordering, researchers sometimes use 
longitudinal (as opposed to cross-sectional) designs

To avoid problems with spuriousness, researchers attempt 
to statistically control for confounding variables



Causality and Research Design

Observational Design

What is the effect of X on Y?  

X and Y are associated; X may precede Y in time

The association between X and Y that remains after 
statistically controlling for Z is causal in nature
(but only if we statistically adjust or “control” for all Z variables!)

X Y

Z



Statistical Control



Statistical Control

Statistical control is a set of technique used in observational 
research to reduce the risk of spuriousness

The confounding variables Z are “held constant” so that we 
can observe the association between X and Y “net of” Z

Conceptually, holding Z “constant” means observing the 
association between X and Y among people with equal 
values on the confounding Z variables

We presume that the association between X and Y that 
persists after statistically controlling for Z is causal in nature 
(as long as the other criteria have been met)



Statistical Control

Example: What is the effect of shoe size on criminality?

Criteria of Association?  … OK

Temporal Ordering Criteria? … OK

Nonspuriousness? … What about gender?

Shoe Size at age 15

Small Medium Large

Criminal? Yes 16 24 32

as an Adult? No 3,984 3,976 3,968

Gamma = 0.22



Statistical Control

Example: What is the effect of shoe size on criminality?

MEN Shoe Size at age 15

Small Medium Large

Criminal? Yes 10 20 30

as an Adult? No 990 1,980 2,970

Gamma = 0.00

WOMEN Shoe Size at age 15

Small Medium Large

Criminal? Yes 6 4 2

as an Adult? No 2,994 1,996 998

Gamma = 0.00



Statistical Control

Example: What is the effect of education on family income 
as an adult?

Criteria of Association?  … OK

Temporal Ordering Criteria? … OK

Nonspuriousness? … What about family background?

Family Income as Adult

< Avg Avg > Avg

< H.S. 2,141 2,959 440

Education H.S. 2,346 5,252 1,403

> H.S. 2,525 5,682 4,406

Source: GSS Gamma = 0.37



Statistical Control

Example: What is the effect of education on family income 
as an adult net of father’s education?

The association between

X and Y is partially

spurious

Father:   

<H.S. 

Family Income as Adult

< Avg Avg > Avg

< H.S. 1,811 2,445 341

Education H.S. 1,461 3,106 731

> H.S. 908 1,981 1,300

Source: GSS Gamma = 0.34

Father:   

H.S. 

Family Income as Adult

< Avg Avg > Avg

< H.S. 242 359 53

Education H.S. 613 1,594 467

> H.S. 684 1,776 1,190

Source: GSS Gamma = 0.30

Father:   

>H.S. 

Family Income as Adult

< Avg Avg > Avg

< H.S. 88 155 46

Education H.S. 272 552 205

> H.S. 933 1,925 1,916

Source: GSS Gamma = 0.32



Myths about Causality



Causality: Myths Dispelled

Myth #1: “X isn’t the only (or even the most important) 
cause of Y, so it’s wrong to say that X causes Y”

– Mechanical vs. probabilistic explanations

– Whether you get lung cancer depends on a lot of things … only 
one of which is cigarette smoking

– Just because smoking isn’t the only factor that affects whether 
you get lung cancer doesn’t mean it isn’t a causal factor



Causality: Myths Dispelled

Myth #2: “Exceptions Disprove the Rule”

– Mechanical vs. probabilistic explanations

– Remember that causal statements pertain to how one variable
affects another

– Even if smoking does cause lung cancer, we should still expect to 
find many smokers who don’t get lung cancer and many people 
with lung cancer who never smoked



Causality: Myths Dispelled

Myth #3: “X doesn’t always—or even usually—lead to Y, so 
therefore X doesn’t cause Y”

– Does driving drunk cause people to crash their cars?  

– The vast majority of drunk drivers get home safely

– Does this mean that drunk driving has no effect on the odds of 
crashing?  No…

– As long as the probability of crashing is higher for drunk drivers 
than for sober drivers — even if the probability is still very low 
for drunk drivers — then it is still true that driving drunk is 
causally related to crashing


