Module 3: Multiple Linear regression – practice problems

1. A variable that takes on the values of 0 or 1 and is used to incorporate the effect of qualitative variables in a regression model is called


a.
an interaction


b.
a constant variable


c.
a dummy variable


d.
None of these alternatives is correct.

2. A multiple regression model has the form 
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 = 7 + 2 x1 + 9 x2

As x1 increases by 1 unit (holding x2 constant), y is expected to


a.
increase by 9 units


b.
decrease by 9 units


c.
increase by 2 units


d.
decrease by 2 units

3.
A multiple regression model has


a.
only one independent variable


b.
more than one dependent variable


c.
more than one independent variable


d.
at least 2 dependent variables

4. A regression model between sales (Y in $1,000), unit price (X1 in dollars) and television advertisement (X2 in dollars) resulted in the following function:
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Y

 = 7 - 3X1 + 5X2

The coefficient of the unit price indicates that if the unit price is


a.
increased by $1 (holding advertising constant), sales are expected to increase by $3


b.
decreased by $1 (holding advertising constant), sales are expected to decrease by $3


c.
increased by $1 (holding advertising constant), sales are expected to increase by $4,000


d.
increased by $1 (holding advertising constant), sales are expected to decrease by $3,000

5. deleted
Exhibit 13-5 (for the next question)
Below you are given a partial Excel output based on a sample of 25 observations.


Coefficients
Standard Error

Intercept
145.321
48.682


X1
25.625
9.150


X2
‑5.720
3.575


X3
0.823
0.183

6.
Refer to Exhibit 13-5.  The estimated regression equation is


a.
Y = (0 + (1X1 + (2X2 + (3X3 + (

b.
E(Y) = (0 + (1X1 + (2X2 + (3X3

c.
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Y

 = 145.321 + 25.625X1 - 5.720X2 + 0.823X3

d.
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Y

 = 48.682 + 9.15X1 + 3.575X2 + 0.183X3
7.
Refer to Exhibit 13-5.  The interpretation of the coefficient on X1 is that


a.
a one unit change in X1 will lead to a 25.625 unit change in Y


b.
a one unit change in X1 will lead to a 25.625 unit increase in Y when all other variables are held constant


c.
a one unit change in X1 will lead to a 25.625 unit increase in X2 when all other variables are held constant


d.
It is impossible to interpret the coefficient.

8.  consider the following printout where 
Y= salary

X1=years= years of experience on the job

X2= gender= 1 if male, 0 if female

Alpha is set at 0.05
	SUMMARY OUTPUT
	
	
	
	
	
	

	
	
	
	
	
	
	

	Regression Statistics
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y


Multiple R


	0.75802
	
	
	
	
	

	R Square
	0.57459
	
	
	
	
	

	Adjusted R Square
	0.54308
	
	
	
	
	

	Standard Error
	6055.01
	
	
	
	
	

	Observations
	30
	
	
	
	
	

	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F
	

	Regression
	2
	1337061905
	6.69E+08
	18.23442
	9.7464E-06
	

	Residual
	27
	989904761.9
	36663139
	
	
	

	Total
	29
	2326966667
	 
	 
	 
	

	
	
	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%

	Intercept
	41923.810
	2575.710
	16.277
	0.000
	36638.889
	47208.730

	Years
	1542.857
	255.871
	6.030
	0.000
	1017.854
	2067.861

	Gender
	733.333
	2210.977
	0.332
	0.743
	-3803.216
	5269.883


8a. write the estimated regression equation

8b. discuss the statistical significance of the model
8c. report and interpret the adjusted R Square.

8d. What is the average error in fitting the linear model through the data set?

8e. predict the salary for a female worker with 6 years of experience and the 95% confidence interval for the prediction.

8f. what is the meaning of the regression coefficient for Gender variable?

9. Given the following data for a transportation company, develop a multiple regression equation to predict time in hours (Y) based on miles (X1), number of deliveries in the assignment (X2) and weather conditions (X3), where X3=1 if wet conditions, X3=0 if not.

Start with a full model E(Y) = B0 + B1 (X1) + B2 (X2) + B3 (X3) and remove the independent variables which are not significant to arrive at the ‘best’ significant model.

	Assignment
	Miles
	Deliveries
	Weather
	Time

	1
	100
	8
	1
	9.3

	2
	50
	7
	0
	4.8

	3
	100
	10
	1
	8.9

	4
	100
	7
	0
	6.5

	5
	50
	4
	0
	4.2

	6
	80
	4
	0
	6.2

	7
	75
	5
	1
	7.4

	8
	65
	9
	1
	6

	9
	90
	6
	1
	7.6

	10
	90
	9
	0
	6.1


Answers

1  ANSWER:  c

2. ANSWER:  c

3.ANSWER:  c

4. ANSWER:  d

5. deleted

6.
ANSWER:  c

7.
ANSWER:  b

8a. E(sal) = 41923+1542 (years)+733 (gender)

8b. Since p-value of the F-test is 9.74E-6 < alpha, reject Ho and conclude the model is statistically significant. However, since the p-value for gender is 0.743 and is > alpha, the slope of gender is not significant (should be removed from the model)

8c Adjusted R2 = 0.54 < 0.7 but > 0.4….moderate practical use (model fit)

8d. SE= $6055

8e E(sal) = $51,175 and the 95% CI is $51175 +- 2*6055

8f. In the average, males make $733.33 more than  females

9.

First full model: Number of deliveries are not significant to predict time

	 
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%

	Intercept
	1.701726
	0.88134422
	1.93083055
	0.102
	-0.45485
	3.858298

	Miles
	0.054809
	0.01109651
	4.93934549
	0.003
	0.027657
	0.081962

	Deliveries
	-0.03188
	0.10280502
	-0.3100582
	0.767
	-0.28343
	0.219679

	Weather
	1.666912
	0.39752593
	4.19321552
	0.006
	0.694201
	2.639623


Removing Deliveries from first full model we have:  E(Y) = B0 + B1 (X1) + B3 (X3)
	 
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%

	Intercept
	1.594175
	0.756097
	2.108426
	0.072958
	-0.19371
	3.38206

	Miles
	0.053592
	0.009686
	5.53319
	0.000875
	0.030689
	0.076495

	Weather
	1.636893
	0.359804
	4.549404
	0.002638
	0.786092
	2.487694


All independent variables are significant.  The estimated model:

E(time) = 1.594 + 0.053 (Miles) + 1.636 (Weather) is statistically significant and the ‘best’ model.
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