
Chapter	  14	  	  Inference	  on	  the	  Least-‐Squares	  Regression	  
Model	  &	  Multiple	  Regression	  
	  
14.1	  Testing	  the	  Significance	  of	  the	  Least-‐Squares	  Regression	  
Model	  
Objectives	  
1.	  State	  the	  requirements	  of	  the	  least-‐squares	  regression	  model 

2.	  Compute	  the	  standard	  error	  of	  the	  estimate 

3.	  Verify	  that	  the	  residuals	  are	  normally	  distributed 

4.	  Conduct	  inference	  on	  the	  slope	  of	  the	  least-‐squares	  regression	  model 

5.	  Construct	  a	  confidence	  interval	  about	  the	  slope	  of	  the	  least-‐squares	  regression	  
model 

	  
	  
Review	  of	  Least-‐Squares	  Regression	  
	  
Example	  	  	  
	  
The	  following	  data	  represent	  a	  random	  sample	  of	  three	  bedroom	  homes	  that	  
recently	  sold	  in	  Seattle,	  Washington.	  	  	  The	  Zestimate	  is	  the	  predicted	  selling	  price	  of	  
the	  home.	  	  Treat	  the	  Zestimate	  as	  the	  explanatory	  variable	  and	  selling	  price	  as	  the	  
response	  variable.	  	  
	  

Zestimate	   Sale	  Price	   Zestimate	   Sale	  Price	  
371,485	   355,000	   361,111	   350,000	  
459,767	   455,000	   300,753	   280,000	  
398,718	   420,000	   319,548	   325,000	  
419,374	   400,000	   343,201	   330,000	  
554,154	   513,230	   568,761	   594,450	  
563,803	   620,000	   426,609	   425,000	  

Source:	  	  Zillow.com	  
	  

(a) Draw	  a	  scatter	  diagram	  of	  the	  data.	  	  What	  type	  of	  relation	  appears	  to	  exist	  
between	  Zestimate	  and	  selling	  price?	  	  
	  

	  
	  
	  
	  
	  
	  
	  



(b) Does	  a	  linear	  relation	  exist	  between	  the	  Zestimate	  and	  selling	  price?	  	  
	  
	  
	  
	  
	  
	  
	  
	  

(c) Find	  the	  least-‐squares	  regression	  line.	  	  
	  
	  
	  
	  
	  
	  
	  
	  

(d) Interpret	  the	  slope.	  	  Explain	  why	  it	  does	  not	  make	  sense	  to	  interpret	  the	  y-‐
intercept.	  	  

	  
	  
	  
	  
	  
	  
	  
	  

(e) Predict	  the	  selling	  price	  of	  a	  home	  in	  Seattle	  whose	  Zestimate	  is	  $410,000.	  	  
	  
	  
	  
	  
	  
	  
	  

(f) Can	  this	  model	  be	  used	  to	  predict	  selling	  prices	  of	  homes	  in	  Chicago?	  	  Why	  or	  
why	  not?	  	  

	  
	  
	  
	  
	  
	  
	  
	  



❶ State the Requirements of the Least-Squares Regression Model 
	  
In	  the	  least-‐squares	  regression	  equation	    ŷ = b1x + b0 	  ,	  the	  values	  for	  the	  slope,	  b1,	  and	  
intercept,	  b0,	  are	  statistics.	  	  	  Therefore,	  they	  have	  sampling	  distributions	  associated	  
with	  them.	  	  
	  
To	  find	  the	  sampling	  distribution	  of	  the	  slope,	  b1,	  and	  intercept,	  b0,	  certain	  
requirements	  must	  be	  satisfied.	  	  
	  
	  

	  
	  

	  
	  

“In	  Other	  Words” 

When	  doing	  inference	  on	  the	  least-‐squares	  regression	  model,	  we	  require	  (1)	  for	  any	  
explanatory	  variable,	  x,	  the	  mean	  of	  the	  response	  variable,	  y,	  depends	  on	  the	  value	  of	  
x	  through	  a	  linear	  equation,	  and	  (2)	  the	  response	  variable,	  y,	  is	  normally	  distributed	  
with	  a	  constant	  standard	  deviation,	  σ.	  The	  mean	  increases/	  decreases	  at	  a	  constant	  
rate	  depending	  on	  the	  slope,	  while	  the	  standard	  deviation	  remains	  constant. 
	  
	  
	  
	  
	  
	  
	  
	  
	  



	  
	  

	  
	  
❷ Compute the Standard Error of the Estimate 
 

	  
	  
Example	  	  	  Zillow	  Data	  
	  
Find	  the	  standard	  error	  of	  the	  estimate	  for	  the	  Zillow	  data.	  	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  



❸ Verify That the Residuals Are Normally Distributed 
 

	  
	  
Example	  	  Verify	  Residuals	  Are	  Normally	  Distributed	  
	  
Verify	  the	  residuals	  for	  the	  Zillow	  data	  are	  normally	  distributed.	  	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
❹ Conduct Inference on the Slope of the Least-Squares Regression Model 
	  
	   We	  want	  to	  know	  if	  the	  sample	  data	  suggest	  a	  linear	  relation	  exists	  between	  
the	  explanatory	  and	  response	  variables.	  	  	  To	  do	  this,	  we	  conduct	  one	  of	  three	  
hypothesis	  tests.	  	  
	  

	  
	  
Activity	  	  	  Exploring	  the	  Sampling	  Distribution	  of	  the	  Slope	  
	  
Open	  the	  data	  set	  “Home	  Runs	  2016”	  in	  StatCrunch.	  	  	  This	  data	  set	  represents	  all	  
home	  runs	  hit	  in	  the	  2016	  baseball	  season.	  	  Therefore,	  it	  is	  population	  data.	  	  	  The	  
variable	  “Distance”	  represents	  the	  distance	  the	  ball	  traveled	  (in	  feet).	  	  The	  variable	  
“Speed	  Off	  Bat”	  represents	  the	  speed	  the	  ball	  left	  the	  bat	  when	  hit	  (in	  miles	  per	  
hour).	  	  

(a) Draw	  a	  scatter	  diagram	  between	  Distance	  and	  Speed	  Off	  Bat,	  treating	  Speed	  
Off	  Bat	  as	  the	  explanatory	  variable.	  	  

	  
	  
	  
	  
	  
	  



(b) Find	  the	  least-‐squares	  regression	  line	  treating	  Speed	  Off	  Bat	  as	  the	  
explanatory	  variable.	  	  	  What	  are	  the	  values	  of	   β0 	  	  and	   β1 	  ?	  	  

	  
	  
	  
	  
	  
	  
	  
(b)	  Using	  StatCrunch,	  select	  Data	  >	  Sample.	  	  Select	  the	  columns	  Distance	  and	  Speed	  
Off	  Bat.	  	  	  Let	  the	  sample	  size	  equal	  12	  and	  draw	  1000	  samples.	  	  Check	  the	  box	  
sample	  all	  columns	  at	  one	  time.	  	  Check	  the	  box	  open	  in	  a	  new	  data	  table.	  	  Click	  
Compute!	  	  	  Now	  find	  the	  least-‐squares	  regression	  for	  each	  sample	  and	  save	  the	  
estimates	  in	  the	  data	  table.	  	  	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
(c)	  Draw	  a	  histogram	  of	  the	  values	  of	  b1.	  	  Find	  the	  mean	  and	  standard	  deviation	  of	  
b1.	  	  Compare	  the	  mean	  of	  b1	  to	  the	  value	  of	   β1 	  from	  part	  (b).	  	  	  	  	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
(d)	  The	  formula	  for	  the	  standard	  deviation	  of	  b1	  is	  	  

.	  	  Compute	  this	  value	  for	  the	  first	  sample.	  	  	  



	  
	  
	  

	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  



Example	  	  Testing	  for	  a	  Linear	  Relation	  
	  
Test	  whether	  a	  linear	  relation	  exists	  between	  Zestimate	  and	  Sale	  Price	  using	  the	  
Zillow	  data.	  	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
❺ Construct a Confidence Interval about the Slope of the Least-Squares 
Regression Model 
 

 
 
 
 
 
 
 



Example    Constructing a Confidence Interval for the Slope of the True Regression  
                   Line 
 
Determine a 95% confidence interval for the slope of the true regression line for the Zillow data.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
14.2 Confidence and Prediction Intervals 
Objectives 
1.	  Construct	  confidence	  intervals	  for	  a	  mean	  response 

2.	  Construct	  prediction	  intervals	  for	  an	  individual	  response 

 
If we use the least-squares regression model from the Zillow data to make a prediction where the 
Zestimate is $410,000, it has two interpretations.  
 

1. It would be the mean selling price of all homes in Seattle whose Zestimate is $410,000.  
2. It would be the predicted selling price of a particular home in Seattle whose Zestimate is 

$410,000.  
 

 

 
 



 
 

 
 
Example  Confidence and Prediction Intervals 
 
Construct a 95% confidence interval for the mean selling price of all homes in Seattle whose 
Zestimate is $410,000.   Construct a 95% prediction interval for the selling price of a particular 
home in Seattle whose Zestimate is $410,000.  
 


