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1.(15%) When a machine that is used to make bolts at a Steel Corporation is working properly, the
mean length of these bolts is 2.5 inches. However, from time to time this machine falls out of
alignment and produces bolts that have a mean length of either less than 2.5 inches or more than
2.5 inches. When this happens, the process is stopped and the machine is adjusted. To check whether
or not the machine is producing bolts with a mean length of 2.5 inches, the quality control
department at the company takes a sample of bolts each week and makes a test of hypothesis.
(1)One such random sample of 49 bolts produced a mean length of 2.49 inches and a standard
deviation of 0.021 inches. Using the 5% significance level, can we conctude that the machine
needs to be adjusted? (7%)

(2)Suppose the null hypothesis stated in that example is false and the true mean length of all bolts
produced by the machine at the time of the selection of the sample was 2.498 inches. What is
the probability of making a Type II error if a=0.05? What is the power of the test? (8%)

2.{10%) According to the Census Bureau, the mean monthly salary of people with a professional
degree was $4,961 in 2020. Assume that this result holds true for the 2020 population of all people
with a professional degree. A random sample of 400 people with a professional degree taken
recently showed that their mean monthly salary is $5,067 with a standard deviation of $985.

(1) Find the p-value for the test of hypothesis with the alternative hypothesis that the current mean
monthly salary of all people with a professional degree is greater than $4,961. (8%)

(2) If 0=0.01, based on the p-value calculated in part (1), would you reject the null hypothesis?
(2%)

3.(25%) The following table was obtained form the regression analysis.
y=a+ B + Baxs + Baxz + fuDy +€

PREDICTOR COEF STDEV -RATIO
CONSTANT 46.36 (A 3.76

X -0.05201 B) -3.04

X 0.09208 _© 3.12

X -0.001704 (D) -0.19

Dy 1.032 (E) 1.02
S=_(F) R-SQ= _(G) R-SQ(ADI) = 99.6%
ANALYSIS OF VARIANCE
SOURCE DF SS MS F
REGRESSION () m o L)
ERROR 9 725 K
TOTAL 13 2918.00

Please answer the following questions.

(1) Fill the blanks (A)-(L). (6%)

(2) Write the estimated regression equation. (1%)

(3) Explain the meaning of b, obtained by estimating the given regression model. (2%)

(4) What are the values of the standard deviation of errors, the coefficient of multiple determination,
the adjusted coefficient of multiple determination, SST, SSR, SSE, MSR, and MSE? (3%)

(5) Write the values of the standard deviation, the observed value of ¢ for the estimated coefficient

bs. (1%)
LE "




A% ¢ 315 Hre2BAE 110 FFEALERLZEHRA
#8 : %ﬁ%(E)

B
xR

Ak 315
# é Rz® 2- K

(6) What is the predicted value of y for x,;=210, x,=195, x3=260, and D;=1? (1%)

{7) What is the point estimate of the expected (mean) value of y for all elements given that
x,=290, x,=230, x3=195, and D;=0? (1%)

(8) Determine a 99% confidence interval for the coefficient of x,? (3%)

(9) Using the 2.5% significance level, can you conclude that the coefficient of x, is positive? (3%)

(10) Using the 5% significance level, test whether or not the coefficients of all independent
variables in the population regression model are equal to zero. (4%)

4 {10%) Find the moment generating function corresponding to the following probability density
functions:

O f(x)=~23;», O<x<ec, wherec>0. (5%)
¢

@ f(x):%exp(—}x—a[), —o0 < x <0, where —oo < <c0. (5%)

5.(15%) Let X and ¥ be two independent random variables that follow a Poisson distribution with
rate parameter 6 and 2, respectively, i.e., X ~ Poisson(6) and ¥ ~ Poisson(1). Show that the
distribution of X/(X+Y) is binomial with success probability G/(6+4).

Note: the probability density function of a Poisson distribution with rate parameter y is

fz=n=L,
z!

6.(25%) Suppose the distribution of ¥, conditional on X = x, is normal with mean x and variance x
and that the marginal distribution of X is uniform (0,1).
(D)Find E[Y], Var[Y], and Cov(X, ¥). (15%)
(2)Prove that ¥/X and X are independent. (10%)
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