
Relationships between Variables 



Let's say we have a data set like this 

1  M  D 
2  M  D 
3  M  D 
4  M  R 
5  M  R 
6  F  D 
7  F  R 
8  F  R 
9  F  R 
10  F  R 



Let's turn it into a crosstab... 

• Cell frequencies 

• Row and Column Marginals 

• Row or Column Percents (always include one) 



Independent & Dependent Variables 

These describe the role of variables in a theory or 
hypothesis, not anything about the variables 

themselves. 
 

Independent is the cause. 
Dependent is the effect (or outcome). 

 
If we think wealth causes obnoxiousness, then 

wealth is the independent variable, and 
obnoxiousness in the dependent variable. 



How do we describe this 
relationship? 

 
Is there really a relationship or not? 
  Do the cell percentages differ from the 
row and column percentages? 
  Chi-Square Test statistically tests this 
 
What direction is it in? 
  Positive: Both go up and down together 
  Negative: One goes up, the other down 
 
How strong is it? 
  How big are the differences in 
percentages? 



Lets add a third variable 

1  M  D  H 
2  M  D  H 
3  M  D  H 
4  M  R  L 
5  M  R  L 
6  F  D  H 
7  F  R  H 
8  F  R  L 
9  F  R  L 
10 F  R  L 



Why do we add a 3rd variable? 

Adding a control variable can help you discover: 
 

 Spurious relationships 
Intervening variables 

Conditional relationship 



Spurious Relationships 





Spurious Relationships 

X and Y seem to be related. 
 

But really its because Z causes both. 
 

Having a well funded lacrosse team at a school is 
related to Student Achievement 

 
But that's probably because Family Income 

causes both. 



  
Conditional Relationships: Two variables are 

related in different ways in different groups. 
This is called a statistical interaction. 

 
For conservatives, watching Fox makes them 

more conservative. 
For liberals, watching Fox makes them more 

liberal. 
 

Intervening Variables are the causal link 
between two other variables. 

 
Income -> Access to Doctors & Drugs -> Health 



Partial Tables 

When we do multiple crosstabs to compare 
relationships while controlling for a third 

variable. 
 

So we take our crosstab of X and Y and redo it for 
each value of Z. 



Control Variables 

Any additional variable that we include because 
we suspect it affects the relationship between the 

two main variables. 
 



Chi Square Test  (aka ) 

Tests for statistical dependence between two 
categorical variables (ordinal or nominal). 

 
If you know the value of one variable, does that 

tell you what the other might be? 
 

Or are they unrelated (i.e. statistically 
independent)? 



Chi Square 
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Chi Square 

 
 
 

The sum (from all the cells) of the squared 
difference between expected and observed 

frequencies, divided by the expected frequencies. 
 

Its a ratio of how different the crosstab 
frequencies are from what totally unrelated 

variables would produce. 
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Expected Frequencies 

fe = (column marginal)(row marginal) 

       N                        

 

This means that the expected frequency in any 
crosstab cell is the column total times the row 

total, divided by the table total. 

 

(Marginal means total) 

 

This is what the crosstab cells would be for two 
completely unrelated variables. 



Degrees of Freedom for  

Df = (r-1)(c-1) 
 

r is number of rows 
c is number of column 





Warning! 

The  statistic is very sensitive to sample size. 
 

The bigger the sample, the bigger the . 
 

Which means its more likely that small differences 
will be statistically significant. 

 
A very large  only means that we're very sure 

the difference is real (i.e. a very low p).  
 

It doesn't mean the relationship between the 
variables is big. 


