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Midterm Exam

I. Multiple Choice Questions: (30%) 
1. The number of degrees of freedom for the appropriate chi-square distribution in a test of independence is

(a) n-1
(b) K-1
(c) number of rows minus 1 times number of columns minus 1
(d) a chi-square distribution is not used

2. In order not to violate the requirements necessary to use the chi-square distribution, each expected frequency in a goodness of fit test must be 
(a) at least 5
(b) at least 10
(c) no more than 5
(d) less than 2

3. A statistical test conducted to determine whether to reject or not reject a hypothesized probability distribution for a population is known as a

(a) contingency test
(b) probability test
(c) goodness of fit test
(d) None of these alternatives is correct.

4. A goodness of fit test is always conducted as a

(a) lower-tail test
(b) upper-tail test
(c) middle test
(d) None of these alternatives is correct.

5. A population where each element of the population is assigned to one and only one of several classes or categories is a

(a) multinomial population
(b) Poisson population
(c) normal population
(d) None of these alternatives is correct.

6. The ANOVA procedure is a statistical approach for determining whether or not

(a) the means of two samples are equal
(b) the means of two or more samples are equal
(c) the means of more than two samples are equal
(d) the means of two or more populations are equal
7. An experimental design where the experimental units are randomly assigned to the treatments is known as

(a) factor block design
(b) random factor design
(c) completely randomized design
(d) None of these alternatives is correct.
8. In an analysis of variance problem involving 3 treatments and 10 observations per treatment, SSE = 399.6.  The MSE for this situation is

(a) 133.2
(b) 13.32
(c) 14.8
(d) 30.0 

9. The critical F value with 6 numerator and 60 denominator degrees of freedom at ( = .05 is

(a) 3.74
(b) 2.25
(c) 2.37
(d) 1.96
10. The standard error is the 

(a) t-statistic squared
(b) square root of SSE
(c) square root of SST
(d) square root of MSE

11. In regression analysis, which of the following is not a required assumption about the error term (?

(a) The expected value of the error term is one.
(b) The variance of the error term is the same for all values of X.
(c) The values of the error term are independent.
(d) The error term is normally distributed.

12. In simple linear regression analysis, which of the following is not true?

(a) The F test and the t test yield the same results.
(b) The F test and the t test may or may not yield the same results.
(c) The relationship between X and Y is represented by means of a straight line.
(d) The value of F = t2.
13. In a regression and correlation analysis if r2 = 1, then 

(a) SSE = SST
(b) SSE = 1
(c) SSR = SSE
(d) SSR = SST
14. In order to test for the significance of a regression model involving 3 independent variables and 47 observations, the numerator and denominator degrees of freedom (respectively) for the critical value of F are

(a) 47 and 3
(b) 3 and 47
(c) 2 and 43
(d) 3 and 43
15. In regression analysis, an outlier is an observation whose

(a) mean is larger than the standard deviation
(b) residual is zero
(c) mean is zero
(d) residual is much larger than the rest of the residual values
II. Problem Sets: (75%) 
1. (12%) A salesperson makes four calls per day. A sample of 100 days gives the following frequencies of sales volumes.

	Number pf sales
	Observed Frequency

(days)

	0
	30

	1
	32

	2
	25

	3
	10

	4
	3

	Total
	100


Records show sales are made to 30% of all sales calls. Assuming independent sales calls, the number of sales per day should follow a binomial distribution. The binomial probability function presented in Chapter 5 is
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For this exercise, assume that the population has a binomial distribution with n=4, p=0.30, and x=0,1,2,3, and 4.

(a) Compute the expected frequencies for x=0,1,2,3, and 4 by using the binomial probability function. Combine categories if necessary to satisfy the requirement that the expected frequency is five or more for all categories.
(b) Use the goodness of fit test to determine whether the assumption of a binomial distribution should be rejected. Use α=.05. Because no parameters of the binomial distribution were estimated from the sample data, the degrees of freedom are k-1 when k is the number of categories.
2. (8%) From a poll of 800 television viewers, the following data have been accumulated as to their levels of education and their preference of television stations:


Level of Educational

	
	High School
	Bachelor
	Graduate
	TOTAL

	Public Broadcasting
	150
	150
	100
	400

	Commercial Stations
	50
	250
	100
	400

	TOTAL
	200
	400
	200
	800


Test at ( = 0.05 to determine if the selection of a TV station is dependent upon the level of education.
3. (10%) A research firm tests the miles-per-gallon characteristics of three brands of gasoline. Because of different gasoline performance characteristics in different brands of automobiles, five brands of automobiles are selected and treated as blocks in the experiment; that is, each brand of automobiles is tested with each type of gasoline. The result of the experiment (in miles per gallon) follow.
	
	
	Gasoline Brands

	
	
	I
	II
	III

	Automobiles
	A
	18
	21
	20

	
	B
	24
	26
	27

	
	C
	30
	29
	34

	
	D
	22
	25
	24

	
	E
	20
	23
	24


(a) At α=.05, is there a significant difference in the mean miles-per-gallon characteristics of the three brands of gasoline?
(b) Analyze the experimental data using the ANOVA procedure for completely randomized designs. Compare your findings with those obtained in part (a). What is the advantage of attempting to remove the block effect?

4. (10%) Allied Corporation wants to increase the productivity of its line workers. Four different programs have been suggested to help increase productivity. Twenty employees, making up a sample, have been randomly assigned to one of the four programs and their output for a day's work has been recorded. You are given the results below.


Program A
Program B
Program C
  Program D


150
150
185
  
 
 175



130
120
220

  
 150



120
135
190

 
 120



180
160
180

 
 130



145
110
175

 
 175

(a) Construct the ANOVA table using the information that SSTR = 9283 and SSE = 8350. .

(b) As the statistical consultant to Allied, what would you advise them? Use a 0.05 level of significance.
(c) Use Fisher's LSD procedure and determine which population mean (if any) is different from the others. Let ( = .05.
5. (10%) We are interested in determining the relationship between daily supply (y) and the unit price (x) for a particular item.  A sample of ten days supply and associated price resulted in the following data:
(x = 66,
(x2= 526, (y = 71, (y2= 605, and (x y = 557.
(a) Develop the least square estimated regression equation.
(b) Compute the coefficient of determination and fully explain its meaning.
(c) At ( = 0.05, perform a t-test and determine if the slope is significantly different from zero.
6.  (15%) A sample of 25 families was taken.  The objective of the study was to estimate the factors that determine the monthly expenditure on food for families.  The independent variables included in the analysis were the number of members in the family (X1), the number of meals eaten outside the home (X2), and a dummy variable (X3) that equals 1 if a family member is on a diet and equals 0 if there is no family member on a diet.  The following results were obtained.


Coefficient
Standard Error

Constant
450.08
53.6


X1
49.92
9.6


X2
10.12
2.2


X3
-.60
12.0


Analysis of Variance


Source of
Degrees of
Sum of
Mean


Variation
Freedom
Squares
Squares

Regression
3,078.39
1,026.13


Error
2,013.90
95.90

(a) Write out the estimated regression equation.
(b) Interpret all coefficients.
(c) Test for the significance of (1, (2, and (3 at the 1% level of significance.
(d) What are the degrees of freedom for the sum of squares explained by the regression (SSR) and the sum of squares due to error (SSE)?
(e) Test whether of not there is a significant relationship between the monthly expenditure on food and the independent variables.  Use a .01 level of significance.  Be sure to state the null and alternative hypotheses.
(f)  Compute the coefficient of determination and explain its meaning.
(g) Estimate the monthly expenditure on food for a family that has 4 members, eats out 3 times, and does not have any member of the family on a diet.

7. (10%) A regression analysis was applied in order to determine the relationship between a dependent variable and 14 independent variables.  The following information was obtained from the regression analysis.


R Square = 0.70


SSR = 7,000


Total number of observations n = 45

(a) Fill in the blanks in the following ANOVA table.
(b) At ( = 0.05 level of significance, test to determine if the model is significant.


Source of
Degrees
Sum of
Mean


Variation
of Freedom
Squares
Squares
F

Regression
       ?
       ?           ?        ?


Error (Residual)
       ?
       ?           ?


Total
       ?
       ?

解答：
I. 選擇題：

1. c
2. a
3. c 

4. b 
5. a

6. d
7. c
8. c
9. b
10. d
11. a

12. b
13. d
14. d
15. d

II. 計算題：
1. The expected numbers of x = 0, 1, 2, and 3+4 are 14.1, 41.16, 26.46, and 8.37. Comparing to the observed numbers 30, 32, 25, and 13, the chi-square statistics equals 6.1. This is smaller than (2(0.05,df=3) = 7.81. We do not reject the hypothesis that the data are from a binomial distribution. 
2. The chi-square statistics for testing the independence is 75, larger than (2(0.05, df=3) = 5.99. Therefore, we reject that these two factors are independent. 
3. (a) The one-way ANOVA table is given below: 
Source  DF   SS   MS   F      P

Gas.    2   23.3  11.7  0.61  0.561

Error   12  230.4  19.2

Total   14  253.7


So, there is no differences among 3 brands of gasoline if using one-way ANOVA.  The averages of 3 brands of gasoline are 22.8, 24.8, and 25.8. 

(b) The ANOVA table of randomized block design is as following: 
Source  DF     SS     MS      F      P

Gas      2   23.333  11.6667   7.00  0.017

Car      4  217.067  54.2667  32.56  0.000

Error    8   13.333   1.6667

Total   14  253.733

We can see that there are differences among 3 brands of gasoline if using randomized block design. 
4. 變異數分析表如下


來源
變異總數
自由度
均方變異
F檢定值


處理
  9283

  3
 
 3094.3

  5.93


誤差
  8350

 16

  521.9


總和
 17633
     19


由上表及F＝5.93 > F(3,16)＝3.04可知Program間存在差異。由Fisher LSD可發現Program C的數值特別大。
5. (a) b1 = (557(66*71/10)/(526-66*66/10) = 0.978 & 

b0 = 71/10 ( b1*66/10 = 0.646, i.e. y = 0.646 + 0.978 x.
(b) R2 = (Sxy)2 / (Sxx Syy) = 


(557 – 66*71/10)2/[(526–66*66/10)(605–71*71/10)] = 0.857.  
(c) SSE = Syy –(Sxy)2 / Sxx = 14.456 ( s(b1) = 
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So, t = 0.978/s(b1) = 6.94, which is larger than t(8,0.025) = 2.306.
6. (a) Regression equation is y = 450.08 + 49.92 X1 + 10.12 X2 ( 0.60 X3. 
(b) Increasing an unit in X1, X2, and X3 indicates increasing 49.92, 10.12, and (0.60 units in Y., respectively. 

(c) We can use t-test = estimate/s.e. and compare to the test statistics to critical value t(0.005,df=21) = 2.83. The test statistics of b1, b2, and b3 are 5.2, 4.6, and (0.05, which means that we reject b1=0 & b2=0, but do not reject b3=0. 
(d) Degrees of freedom for SSR and SSR are 3 and 21, respectively. 

(e) We can use F-test = MSR/MSE = 10.7, or the results in (c) to reject the null hypothesis. 

(f) R2 = SSR/SST = 0.605. 

(g) Plugging into the values of X’s, the estimate of Y is 680.12. 
7. 
Source of
Degrees
Sum of
Mean


Variation
of Freedom
Squares
Squares
F

Regression
14
7,000       500 
5

Error (Residual)
30
3,000       100

Total
44
10,000
   Since the critical value of F(14,30) at ( = 0.05 is 1.948, we reject the null hypothesis and conclude at least one independent variables is significant. (Note: With F = 5, the p-value is approximately 0.00003.)
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