Chapter 7 – Scatterplot, Association and Correlation

In many situations TWO variables are recorded or measured for the individual sampling unit. 

Typical examples
X = weight, Y = blood pressure
X = concentration, Y = rate of reaction
A scatterplot displays a relationship between two quantitative variables.

In a scatterplot a variable assigned to x-axis is called explanatory (or predictor), and a variable assigned to y-axis a response variable. Often a response variable is a variable that we want to predict. 
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Things to look at:

· Direction (negative or positive)

· Strength (no, moderate, strong) 

· Form (linear or not)

· Outliers
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Correlation Coefficient   r  is a measure of the strength of the linear association between two quantitative variables. 
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Properties

1. The sign gives direction

2. r  is always between –1 and 1

3. r= 0 indicates lack of linear association (but could be strong non-linear) 

4. Existence of strong correlation does not mean that the association  is causal, that is change of one variable is caused by the change of the other (it may be third factor that causes both variables change in the same direction) 
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Example:
	
	x
	y
	(x - x)
	(y - y)
	Product

	
	6
	5
	-8
	-2
	16

	
	10
	3
	-4
	-4
	16

	
	14
	7
	0
	0
	0

	
	19
	8
	5
	1
	5

	
	21
	12
	7
	5
	35

	Sum
	70
	35
	0
	0
	72

	Mean
	14
	7
	
	
	

	s
	6.20
	3.39
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x and GMAT Score y
X v X y X h%
3.63 447 236 399 | 280 444
3.59 588 236 482 | 3.13 416
330 563 2.66 420 | 3.01 471
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3.44 692 263 504 | 275 546
348 528 244 336 | 273 467
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Chapter 8 – Linear Regression

Linear regression model is a model of a relationship beween two variables x, and y  

Response = linear function of x + Error
y = bo + b1 x + Error
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bo and  b1 are parameters of the model

Goal:   Estimate bo and  b1 and the regression line 
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Method: Least squares regression line – the line that minimizes the sum of squared vertical distances between points on the scatterplot and the line.  
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where 
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  is the mean of  x 
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  is the mean of  y
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 is the standard deviation of y

r    is the correlation coefficient (in regression analysis we use capital R)
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Residuals:   
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· if  e  is positive then model underestimates the actual data value 

· if  e  is negative then model overestimates the actual data value 

When is a linear model reasonable :

1. Large R2. R2 represents the fraction of the total variance of y attributed to the model. (R = r = correlation coefficient). It should be at least 0.3. 

2. Residuals should be evenly distributed around zero. 

For the scatterplot above 

1. R2 =  0.69

2. Residual plot
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Chapter 9 Regression Wisdom 

Analysis of a linear regression model:

1. Residuals - should be "evenly" distributed around zero; no visible pattern, bell-shape distribution
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2. All data must come from the same group

3. Prediction - reasonable only in the range of x-values or slightly beyond

· Interpolation

· Extrapolation - not reliable
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4. Outliers - points that stands away from others

(x-outlier, y-outlier, model outlier). If there is an outlier you should build 2 models, with and without the outlier, and compare them. 
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5. Influential Points = points which influence regression model very much (for example if moved or removed). Usually these are x-outliers
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6. Lurking variables. Strong association does not mean that one variable causes the change of other. The fact that both variables  x and y change simultaneously could be due to another, so called lurking, variable. 
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