
TODAY: Chapter 5, Sections 5.1 and 5.2 

Homework: 

#5.18, 5.76 (use R, data on CD and class website) 

 

Relationship between 

Two Quantitative Variables 



Algebra Review (Linear relationship) 

Equation for a straight line: 

y = b0 + b1x 

b0 = y‐intercept, the value of y when x = 0 

b1 = slope, the increase in y when x goes up by 1 unit 

Example: One pint of water weighs 1.04 pounds. (“A pint’s a 
pound the world around.”) 

Suppose a bucket weighs 3 pounds. Fill it with x pints of water. 
Let y = weight of the filled bucket. 



Example, continued: 

b0 = y‐intercept, the value of y when x = 0 

This is the weight of the empty bucket, so b0 = 3 

b1 = slope, the increase in y when x goes up by 1 unit; this is 
the added weight for adding 1 pint of water, i.e. 1.04 pounds. 

The equation for the line:  

y = b0 + b1x  

y = 3 + 1.04 x 

x = 1 pint → y = 3 + 1.04(1) = 4.04 pounds 

x = 2.5 pints → y = 3 + 1.04(2.5) = 5.6 pounds 
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You have just seen an example of a deterministic relationship – 
if you know x, you can calculate y. 

Definition: In a statistical relationship there is variation in the 
possible values of y at each value of x.  

If you know x, you can only find an average or approximate 
value for y. 



We are interested in describing linear relationships between 
two quantitative variables. Usually we can identify one as the 
explanatory variable and one as the response variable. We 
always define: 

x = explanatory variable 

y = response variable 

Examples:      Example 5.12    Example 5.6 

Explanatory 
Variable: 

Avg parent 
height 

Verbal SAT 
Score 

Age 

Response 
Variable: 

Male’s 
height 

College GPA Highway sign 
reading distance 

 



Features we will look at for two quantitative variables: 

1. Graph – “Scatter plot” – to visually see relationship 

2. Regression equation – to describe the “best” straight line 
through the data, and predict y, given x 

3. Correlation coefficient – to describe the strength and 
direction of the linear relationship 

Example 1: Can height of male student be predicted by knowing the 
average of his parents’ heights? 

Example 2: Can college GPA be predicted from Verbal SAT? 

Example 3: Can the distance at which a driver can see a road sign be 
predicted from the driver’s age? 



Creating a scatter plot: 

• Create axes with the appropriate ranges for x (horizontal 
axis) and y (vertical axis) 

• Put in one “dot” for each (x,y) pair in the data set. 

Example 1: Scatterplot of 3 points, x = avg parent ht, y = height 

First 3 points 
in the data: 
x           y 
64.5   72 
68      68 
69.5   70 
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Scatterplot of all 73 individuals, with a line through them 

 

What to notice in a scatterplot: 
1. If the average pattern is linear, 

curved, random, etc. 
2. If the trend is a positive 

association or a negative 
association 

3. How spread out the y‐values 
are at each value of x (strength of 
relationship) 

4. Are there any outliers – unusual 
combination of (x,y)? 

1. Average pattern looks linear 
2. It’s a positive association (as x goes up, y goes up, on average) 
3. Student heights are quite spread out at each average parents’ height 
4. There are no obvious outliers in the combination of (x,y) 



REGRESSION LINE (REGRESSION EQUATION) 
 
Basic idea: Find the “best” line to 

1. Estimate the average value of y at a given value of x 
2. Predict y in the future, when x is known but y is not 

 
Definition: A regression line or least squares line is a straight line 
that best* describes how values of a quantitative response variable 
(y) are related to a quantitative explanatory variable (x).  
 *”Best” will be defined later. 
 
Notation for the regression line is: 
 

 



 
Example 1:           xy 809.03.16ˆ +=  
For instance, if parents’ average height = 68 inches, 

xy 809.03.16ˆ +=  
16.3 + 0.809(68) = 71.3 inches 

 
Interpretation – the value 71.3 can be interpreted in two ways: 
1. An estimate of the average height of all males whose 

parents’ average height is 68 inches 
2. A prediction for the height of a single male whose parents’ 

average height is 68 inches 
 
NOTE: It makes sense that we predict a male to be taller than 
the average of his parents. Presumably, a female would be 
predicted to be shorter than the average of her parents. 



Example 1, continued 
Interpreting the y‐intercept and the slope: 
 
Intercept = 16.3 is the estimated male height when parents’ 
average height is 0. This makes no sense in this example! 
 
Slope = +0.809 is the difference in estimated height for two 
males whose parents’ average heights differ by 1 inch. 
 
For instance, if parents’ average height is 65 inches, 

ŷ = 16.3 + 0.809(65)=68.9 inches 
One inch higher parents’ average height is 66 inches, and  

ŷ = 16.3 + 0.809(66)=69.7 inches 
(difference of .809 rounded to .8) 



DEFINING THE “BEST” LINE 
 
Basic idea: Minimize how far off we are when we use the line 
to predict y, based on x, by comparing to actual y. 
 
For each individual in the data 
Define “error” = “residual” = yy ˆ− = observed y – predicted y 
 
Definition: The least squares regression line is the line that 
minimizes the sum of the squared residuals for all points in the 
dataset. The sum of squared errors = SSE is that minimum sum. 
 
 



ILLUSTRATING THE LEAST SQUARES LINE 
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Scatterplot of Height vs Average Parents' Height

SSE = 376.9 (average of about 5.16 per person)

Example 1: 
This picture shows 
the residuals for 4 of 
the individuals. The 
blue line comes 
closer to the points 
than any other line, 
where “close” is 
defined by 

∑
valuesall
residual2

 

 



 
EXAMPLE OF A NEGATIVE ASSOCIATION 

• A study was done to see if the distance at which drivers 
could read a highway sign at night changes with age.  

• Data consist of n = 30 (x,y) pairs where x = Age and y = 
distance at which the sign could first be read (in feet). 
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The regression equation is 
xy 3577ˆ −=  

Notice negative slope 
Ex: 577 – 3(20) = 577 – 60 = 517 

Age Pred. distance 
20 years 517 feet 
50 years 427 feet 
80 years 337 feet  



SUMMARY OF WHAT YOU SHOULD KNOW 
 
1. How to read a scatterplot to look for  

a. Linear trend or not 
b. positive or negative association (or neither) 
c. strength of relationship 
d. outliers 
 

2. Given a regression equation, 
a. Use it to predict y and estimate y for given x (useful 

when using the equation in the future, x known, y not) 
b. Interpret slope and intercept 
c. Find residual for a given individual, when given x and y 

for that individual. 
 


