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1.1 (10%) An estimator that has small variance (but may be biased) is called precise. An estimator that has small MSE (Mean
squared error) is called accurate. To illustrate: A standard 100-gm mass was weighted many, many times, on scale A, and

the distribution of measurements is graphed below. Similarly, on scale B, and finally on scale C.

hfeasured
waight
a.Calculate MSE for scales A, B, and C. (5%)

b.Which scale is most precise? Which scale is most accurate? Which is more important for an estimator to be precise or
accurate? Why? (5%)

1.2. (20%) On the average, 6 cars arrive at the drive-up window of a bank every hour. Define the random variable X to be the
number of cars arriving in any hour.

a. What is the appropriate probability distribution for X? Explain how X satisfies the properties of the distribution. (5%)

b. Find the mean and variance of X. (5%)

c. Define the random variable Y to be the time between arrivals of customers at the drive-up window of a bank. Write the
probability density function for Y. (5%)

d. Find the mean and variance of Y. (5%)

1.3. (10%) An investor has decided to form a portfolio by investing 25% of his money into AA stock and 75% into BB stock.
The following data are the expected returns and standard deviations of the investments.

Investment Expected return Standard deviation
AA stock 8% 12%
BB stock 15% 22%

a. Find the expected return on the portfolio. (5%)

b.If p=1, .5, 0 find the standard deviation of the portfolio. Explain the relationship between the standard deviation of the
portfolio and the correlation coefficient (p). (5%)
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1.4. (10%) The chairperson of department of statistics in a certain college believes that 70% of the department’s graduate
assistantships are given to international students. A random sample of 100 graduate assistants is taken.
a. What is the probability that the sample proportion p will be within + .05 of the population proportion p? (5%)
b. If the chairperson would like to reduce the sampling error, how large a sample should be drawn to estimate with 95%
confidence the population proportion to be within 0.05? (Using the assumption p =.70., margin of error = 0.05) (5%)

Areas of the standard normal distribution. The entries in this table are the probabil-
ftdes that a standard normal random variable Is between 0 and z {the shaded area).

0 =z rZ

Second Decimal Placeinz
z 0.60 @01 002 0.03 (X7 0.05 806 0.67 0.68 0.08
00 0.0000 00040 0.0080 0.0120 00160 0.0139 040238 00273 0.0319 0.0359
8.1 0.0398 00438 0.0478 00517 00557 0.05% 0.0536 00675 00714 0.0753
02 00793 0.0832 0.0871 Q0810 0.0348 00987 0.1026 01084 01103 0.1141
03 0.1179 01217 01255 01293 01331 0.1358 0.1406 0.1443 0.1480 01517
04 0.1584 01591 0.1628 01654 0.1700 01736 01712 0.1808 0.1844 0.1879
0s 01815 01950 0185 Q209 0.2054 0.2088 02123 92157 02196 0.2224
08 02257 02291 02324 0.2357 02289 02422 02454 02486 02517 02549
0.7 02580 02611 02642 02673 0.2704 02734 02764 02194 02823 02852
03 0.2881 02910 02939 0.29%7 0.2995 03023 0.3051 03078 03106 03133
09 03159 03186 03212 03238 0.3264 03288 03315 23340 0.3365 0.3%9
10 03413 03438 0.3451 0.3485 03508 03531 0.3554 03577 03599 03621
11 03643 0.3665 0.3686 037108 0.3729 03749 0.3770 0.3790 03810 0.3830
12 03849 03868 03888 03907 03925 03944 0.3952 0.3580 0.3997 0.4015
13 04032 DA049 04056 4082 04099 0.4115 0.4131 0.4147 04162 077
14 04192 04207 04222 Q428 04251 0.4265 0.4279 0.4292 04306 0.4319
15 04332 04345 0.4357 04370 04382 0.4394 0.4406 0.4418 04423 0.4441
1% 0.4452 04463 04474 0.4484 04435 0.4505 04515 04525 04535 0.4545
17 04554 04564 0.4573 Q4582 04591 0.4599 0.4608 0.4516 0.4625 0.4633
18 04641 04649 0.4656 o464 04571 0.4678 0.4685 0.4693 04609 0.4706
19 04713 04719 04726 04732 04738 0.4744 0.4750 0.4756 04761 0.4767
20 04772 04778 04783 04788 04793 0.4798 0.4803 0.4308 04812 0.4817
21 04821 04826 0.4530 04834 04838 04882 0.4846 0.4850 4854 0.4857
22 0.4861 04864 0.4858 0.4871 04875 04878 0.4881 0.4854 04887 0.4890
23 04893 0.4896 04898 04901 04904 0.4306 04908 0.4911 04913 0.4916
24 04918 04920 04922 0495 04927 0.4529 0.490 0.4932 04934 0.4936
25 04938 04330 0.4941 04943 04945 0.4846 0.4948 0.4949 04951 0.4952
26 04953 04955 0.4556 04957 04359 0.4950 04551 0.4962 04963 0.4964
21 04985 04966 0.4967 04958 04969 0.4976 0.4971 04972 04973 0.4974
28 04974 04975 0.4976 04977 04977 0.4978 0.4979 0.4979 04980 0.4981
29 04981 04982 0.4982 Q483 04384 0.4984 0.4985 0.4385 0.4385 0.4986
30 0.4987 04987 0.4%7 04982 04988 0.4989 0.4589 0.4989 04390 0.4930
31 04390 04991 0.4%91 04591 04992 04992 04992 0.4092 04993 0.4993
32 04993 04993 04984 04934 04994 0,494 0.4594 04895 04995 0.4995
i3 04995 04995 0.4585 046 04996 0.4955 04596 0.49% 0499 0.4997
34 04997 0.4997 0.4597 04997 04997 0.4997 0.4997 04997 04397 0.4998
35 04998
40 0.49997
45 0499597
50 04993987

I1. For the following questions, use 0.05 as level of significance unless otherwise specified.

2.1. (15%) A survey finds that 200 of lower-income households have Internet access at home as compared to 280 of
upper-income households. Assume that the data are based on random samples of size 400 each.
a. Does this demonstrate that upper-income households are more likely to have Internet access than the lower -income
households? Conduct an appropriate test to answer the question. (10%)

b. Construct a 95% confidence interval for the difference of the proportions. (5§%)
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2.2. (10%) The following data are from a completely randomized design:

Treatment
Subject A B C
1 32 44 33
2 30 43 36
3 30 44 35
4 26 46 36
5 32 48 40

Can you reject the null hypothesis that the means of the three treatments are equal?

2.3 (15%, 5% each) The following data are the monthly salaries (Y, in dollars) and the grade point averages (GPA, X) for
students who obtained a bachelor’s degree in business administration.

students GPA Monthly Salary ($)

1 2 3600
2 32 3900
3 34 4400
4 3 3800
5 33 4400
6 3.1 3900

The following results are obtained: MSE(mean sqaure error)= 53750, Z(x,. — ;)“ =1.3

The estimated regression equation for these data is ¥ =2500 + 500X

a. Develop a point estimate of the starting salary for a student with a GPA of 3.0.
b. Develop a 95% confidence interval for the mean starting salary for all students with a 3.0 GPA.
c. Develop a 95% prediction interval for Ryan Dailey, a student with a GPA of 3.0.

2.4. (10%) Suppose the serum cholesterol levels for all 20- to 25-year-old males of the population is normally distributed with a mean of
180 mg/100ml and the standard deviation is 40 mg/100ml. We would expect that the mean cholesterol level of a special diet group to
be higher than 180 mg/100ml. (Assume that the cholesterol levels are normally distributed and have the same standard deviation, i.e.,
40 mg/100ml.) To test whether the mean cholesterol level of this special diet group to be higher than 180 mg/100ml, we conduct a
hypotheses. If we use a sample of size 100 and assume the true mean of this special diet group is 196 mg/100ml, what is the power of

the test using level of significance 0.025?
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Table 1. Entries in the table give Fy 5 critical values, where 0.05 is the area or probability in the upper tail of the F distribution.

For example, with 4 numerator degrees of freedom, 8 denominator degrees of freedom, and a .05 area in the upper tail, Fo o5=

3.84.
F critical values
numerator
1 2 3 4 5 6 7 8 9 10 11 12
1| 161.45 | 199.50 | 215.71 | 224.58 | 230.16 | 233.99 | 236.77 | 238.88 | 240.54 | 241.88 | 242.98 | 24391
2| 1851 | 19.00 | 19.16 | 1925 | 1930 | 1933 | 19.35 | 19.37 | 19.38 | 19.40 | 19.40 | 19.4]
3 (1013 | 955 | 928 | 912 | 901 | 894 | 889 | 885 | 881 | 879 | 876 | 8.74
41 771 | 694 | 659 | 639 | 626 | 6.16 | 6.09 | 6.04 | 6.00 | 596 | 594 | 591
50 661 | 579 | 541 | 519 | 505 | 495 | 488 | 482 | 477 | 474 | 470 | 4.68
o | 6| 599 | 514 | 476 | 453 | 439 | 428 | 421 | 415 | 410 | 406 | 4.03 | 4.00
§ 71 559 | 474 | 435 | 412 | 397 | 387 | 3.79 | 373 | 3.68 | 3.64 | 3.60 | 357
58| 532 | 446 | 407 | 384 | 3.60 | 3.58 | 350 | 344 | 339 | 335 | 331 | 328
1ol 512 | 426 | 386 | 3.63 | 348 | 337 | 329 | 323 | 3.18 | 3.14 | 3.10 | 3.07
10| 496 | 410 | 371 | 348 | 333 | 322 | 3.14 | 3.07 | 3.02 | 298 | 294 | 291
11| 484 | 398 | 359 | 336 | 320 | 3.09 | 3.01 | 295 | 290 | 2.85 | 2.82 | 2.79
12| 475 | 389 | 349 | 326 | 3.11 | 3.00 | 291 | 2.85 | 2.80 | 275 | 2.72 | 2.69
13| 467 | 381 | 341 | 3.8 | 3.03 | 292 | 2.83 | 277 | 271 | 267 | 2.63 | 2.60
14| 460 | 374 | 334 | 3.11 | 296 | 2.85 | 2.76 | 2.70 | 2.65 | 2.60 | 2.57 | 2.53
15| 454 | 368 | 329 | 3.06 | 290 | 279 | 271 | 2.64 | 259 | 254 | 251 | 248
Table 2. Percentiles of the t distributions: Entry is t(A;V) where P{t(v)<t(A;v)}=A for
example, P{t(1) <1(12.706,1)} = 0.975 v is the degree of freedom.
A A
v 0.975 095 v 0.975  0.95
1 12.706 | 6.314 7 2365 | 1.895
2 4303 2.92 8 2.306 1.86
3 3.182 | 2353 9 2262 | 1.833
4 2776 | 2.132 10 2228 | 1.812
5 2571 | 2.015 11 2.201 1.796
6 2447 | 1.943 12 2.179 | 1.782
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