4 - Examining the Relationship Between Two Variables 
This short section examines the different ways to examine the relationship between two variables.  Most studies involve at a minimum examining the relationship between two variables.  Some hypothetical examples are listed below:


· Height and weight of 13 yr. old boys

· Smoking status of mother during pregnancy and birth weight of baby.

· Drug received and cholesterol level.

· Chemotherapy regimen and length of survival/remission for cancer patients

· Genetic trait and disease presence
· Use of right heart catheter and 30-day survival of heart patients

· Smoking status and hospitalization costs for patients admitted to ICU

· Etc……

This is so fundamental to much of what we do later in the course that getting a decent understanding of the issues at this point serves us well.  If we think of the two variables involved generically as X and Y are interest usually focuses on how Y relates to X.

For example, if Y is the birth weight of an infant and X denotes the smoking status of the mother during pregnancy (smoker vs. non-smoker) then we would interested in displaying graphically the difference in the birth weights between the two groups and then doing some type of analysis to determine if mothers who smoker during pregnancy have infants with a “significantly” lower birth weight in general.  

In all of the hypothetical examples above it is natural to think of one of the variables as being the response (Y) and the other as the predictor or explanatory variable (X).  Sometimes Y is referred to as the dependent variable and X is called the independent variable.   
Later in the course we will examine methods where we have several X’s that we are interested in simultaneously relating to a response of interest (Y).  For example, we might want to relate a mother’s smoking status during pregnancy, age, pre-pregnancy weight, race, education level, number of doctor visits during pregnancy, number of prior pregnancies, etc. to the birth weight of her infant (Y).  Our main interest might be in the potential “effects” of smoking and the other variables are potential confounding factors that we may want to adjust for or take into account when making the comparison of smokers to non-smokers.  We will also consider situations where we have multiple responses as wel..
Our focus is the remainder of this section will be on the bivariate case only, where we are interested in the relationship between a response (Y) and single variable (X).  

What methods we use to examine the relationship graphically and to make inferences about the relationship depend up on the data type of X and Y.  

Examining the Relationship Graphically
The table below show the type of display that would be used given the data types of both X and Y.  (Data File:  Low Birthweight.JMP)
	Y is continuous / 
    numeric
	Scatterplot
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	Comparative Boxplot
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	Y is ordinal

    or nominal
	Logistic Regression Plot
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	2-D Mosaic Plot
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	X is continuous
	X is ordinal or

        nominal


Making Inferences About the Relationship 

The table below gives the types of analyses that can be conducted for each of the data type combinations for X and Y.  Don’t worry if the methods listed do not sound familiar at this point!  We will nearly all of these later in the course.
	

Y is continuous / 
    numeric
	
Correlation and Regression
	  If X has k = 2 levels then use
  Two-Sample t-Test or 
  Wilcoxon Rank Sum Test.

  If X has k > 2 levels then use 
  One-way ANOVA or the
  Kruskal Wallis Test 

	Y is ordinal or  
       nominal
	  If Y has 2 levels then use  
  Logistic Regression
 

  If Y has more than 2 levels 
  then use Polytomous Logistic 
  Regression (not covered)
	   If both X and Y both have two 
   levels then use Fisher’s 
   Exact Test, RR/OR, and 
   Risk Difference.

   If either X or Y has more  
   than two levels use a 
   Chi-square Test.

	 
	
X is Continuous
	       
   X is Ordinal or Nominal


Bivariate Analyses in JMP
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In JMP select Analyze > Fit Y by X and place the response (Y) in the Y, Response box and the explanatory variable (X) in the X, Factor box.  Depending on the data types the appropriate graph will be constructed and additional analyses proceed from there.
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A summary of the types of analyses performed is given below:

· If both x and y have continuous modeling types, Fit Y by X displays a scatterplot. Using options available in the Bivariate Fit... pull-down menu, you can explore various regression fits for the data and select the most suitable fit for further analysis. Each fit is accompanied by tables with supporting statistical analyses and parameter estimates.  (Bivariate)


· If x is nominal or ordinal and y is continuous, Fit Y by X plots the distribution of y-values for each discrete value or factor level of x. You can use options to see means diamonds and comparative boxplots for each x-value and to compare group means with comparison circles. Accompanying text reports show a one-way analysis of variance table. Optionally, you can request nonparametric analyses, view multiple comparisons, and test homogeneity of variance.  (Oneway)

· If x has continuous values and y has nominal or ordinal values, Fit Y by X performs a logistic regression and displays a family of logistic probability curves. Tables show the log-likelihood analysis and parameter estimates for each curve. Used when we want to model the probability of something occurring as function of a numeric explanatory variable or predictor.  (Logistic)


· If both x and y are nominal or ordinal values, Fit Y by X shows a contingency table and a mosaic plot. Accompanying tables show statistical tests, frequencies, proportions, and Chi-squared values for each cell. Optionally, you can request a correspondence analysis.  In cases where both X and Y have two levels you will get the results of Fisher’s Exact Test and can optionally get information about relative risk (RR) and odds ratio (OR).   (Contingency)
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