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1. (10 points) Consider the following back-to-back stem-and-leaf plot for two

groups:
A B
0 1348
1 101256
843 2 129
65210 3 2557 Group ntean Standard
921 4 deviastion
7552 5 |6 A 9SO3L
6 1458 B 54 857
61 7 (09
8541 8
90| 9

(a) (3 points) Which of the following are true statements?
(1) The distributions have the same median.
(2) The distributions have the same IQR (interquartile range).
(3) The distributions have the same standard deviation.

(b) (7 points) The table provides summary statistics on the data. Use these
statistics to calculate a 95% confidence interval for the difference between
average score of group A and Group B, and interpret this interval in the
context of the data.

2. (7 points) Suppose the summary statistics for a sample of 100 observations is
given by
Min.  1stQu. Median Mean  3rd Qu. Max.
0.00125 0.13000 0.27800 041100 056200 2.11000

(@) (5 points) Are there outliers in this sample? Justify your answer.
(b) (2 points) Would you expect the distribution in part (a) to be left-skewed. right-
skewed or symmetric? Justify your answer.

3. (5 points) The water from a lake is tested and is found to contain on average four
bacteria per litre (L) of water. 1t is assumed that the number of bacteria contained
in the lake follows a Poisson distribution. Now, a sample of 250 ml is collected
from the lake. Calculate the probability that the 250 ml water sample will contain
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at least two bacteria.

4. (10 points) Fasting blood glucose levels for normal non-diabetic individuals are
normally distributed in the population, with mean p = 85 mg/dL and standard
deviation ¢ = 7.5 mg/dL.

(a) (5 points) What is the probability that a randomly chosen member of the
population has a fasting glucose level higher than 100 mg/dL?

(b) (5 points) What is the probability of observing 30 or fewer individuals with a
fasting glucose level higher than 100 mg/dL in a random sample of 1000
members from the population?

5. (13 points) Suppose the table below represents a cohort of 100,000 women age 40
- 49 in whom mammogram screening and breast cancer behaves just like the

larger population.
Breast Cancer Mammogram Result
e - Total
present Positive Negative
Yes 3,296 37 3,333
No 8,313 88,354 56,667
Totai 11,609 88,391 100,000

(a) (3 points) Using this data, calculate the sensitivity and specificity of the
mammogram test. .

(b) (5 points) If the prevalence of breast cancer in the population is 10%, please
calculate the PPV (positive predictive value) and NPV (negative predictive
value) of the test. ' 4

(c) (5 points) Many studies have shown that breast cancer is almost twice as
prevalent in women with family history. Would you expect the positive
predictive value of the mammogram test to be larger or smaller than what you
calculated in part (b).

6. (5 points) A university newspaper is conducting a survey to determine what
fraction of students support a $200 per year increase in annual fees to pay for a
new gymnasium. How big of a sample is required to ensure the error of the
sample proportion estimate is smaller than 0.04 using a 95% confidence level?

7. (24 points) When we have a data set (x5, ¥),1=1,2,..,27. Fit simple linear
regression:
Model: Y; = o+ f1X1 + ¢
The summary of results shown below
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Call: Im(formula=Y1 ~ X1)
Coefficients: |

Estimate. Std. Error. t-statistic Pr(>|t])
(Intercept) 10.4838 04391 23.878 <2e-16

X1 1.5863  0.7603  2.08 0.0473
R? =0.1483
(a) (2 points) What is the degree of freedom of t-statistic for testing Hy: B = 0 vs.
Hy: By #07?

(b) (2 points) For testing Hy: f; = 0 vs. Hy: B; # 0, what is the F-statistic?
(c) (2 points) For testing Hy: 8, = 0 vs. Hy: f; < 0 with significant level a=0.05.
What is the p-value?
(d) (2 points) Fine T2, (y; - 99 =?
When fit model: Y; = 8, + X, + &, where X, = 10X,, and e~N{0, 0%)
(e) (2 points) What is the t-statistic for testing Hy: 8; = 0 vs. Hy: B; # 07
(f) (2 points) What is the £,?
When fit model: X; = B, + ;1Y + &, where e~N(0,0?)
(g) (2 points) What is the t-statistic for testing Hy: §; =0 vs. Hj: B, #07?
(h) (2 points) R? = 0.1487. True or False?
When fit model: ¥; = By + B1X5 + &,,where X; = X; + 2 and e~N(0,6%)
(i) (2 points) What is the t-statistic for testing Hy: f; =0 vs. Hi: 8, # 0?2
() (2 points) R? <0.1487. True or False?
When fit model: Y; = 8y + B1X, + &, where Y, and X, are separately the
normalizations of Y; and X, and e~N(0, ?).
(k) (2 points) R? > 0.1487. True or False?
(1) (2 points) S, is equal to the correlation coefficient of ¥; and X, . True or False?

8. (12 points) Let X be the number of insects collected during a fixed time period in
a farm, and follow a Poisson distribution. Poisson distribution with pmf:

PX=x:2)=2etx=012.. TotestHy:A2 3 vs. Hy:1<3andwe

have

X 0 1 2 3 4 5 6 7 8
PX=x,A=4) | 0.018 | 0.073 | 0.147 | 0.195 | 0.195 | 0.156 | 0.104 { 0.060 | 0.030

P(X=x,A=3)|0.050|0.149 [ 0.224 | 0.224 | 0.168 | 0.101 | 0.050 { 0.022 | 0.008
P(X=2x,A=2)|0.135]0.271 | 0.271 | 0.180 | 0.090 | 0.036 | 0.012 | 0.003 | 0.001

(a) (2 points) If the rejection region of X is {0, 1}, what is the probability of type I
error?
(b) (2 points) When significant level is 0.05, what is the rejection region of X.
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(¢} (2 points) If significant level is 0.05 and A = 4, what is the probability of type
I error?

(d) (2 points) If significant level is 0.05 and A = 2, what is the probability of type
I error?

(e) (2 points) If X = 2, what is the p-value?

(f) (2 points) When testing result is rejecting Hy, that also imply rejecting Hy: 1 >
4. True or False?

(6 points) A dice was tossed 30 times to test whether the dice is fair. The outcome
of the 30 trials is shown in the table.

Dice point 1 (2131415 |6
The frequency of dice point 2 (31617110 |2
Note: P(x3r4 > 9.5) = 0.05; P(y3;-5 > 11.1} = 0.05;

P(x3f=s > 12.6) = 0.05;

Q: What is the testing result when significant level is 0.05? Please show the detail.
of your calculation.

(8 points) To test whether an insect is randomly spatially distributed on the farm.

20 plots with a fixed size were randomly selected from the farm and counted the

number of individuals in each selected plot. The sampling outcome was shown in
the table.

The number of insects 0il 21314
The number of plots 51211416 (3

Note: P(x3r_3 > 7.8) = 0.05; P(x%s=4 > 9.5) = 0.05;
P(x3r=s > 11.1) = 0.05;
Q: What is the testing result when significant level is 0.057 Please show the detail

of your calculation.
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Z 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 .08
-3.4 0.0003 0.6003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0002
-3.3 0.0005 0.0005 0.0005 0.0004 0.0004 0.0004 0.0004 0.0004 0.0004 0.0003
-3.2 0.0007 0.0007 0.0006 0.0008 0.0006 0.0006 0.0006 0.0005 0.0005 0.0005
-3.1 0.0010 0.0009 0.0009 | 0.0009 0.0008 0.0008 0.0008 0.0008 0.0007 0.0007
3.0 0.0013 0.0013 0.0013 0.0012 0.0012 0.0011 0.0011 0.0011 0.001C | 0.0010

-2.9 0.0019 0.0018 0.0018 0.0017 0.0016 0.0016 0.0015 0.0015 0.0024 0.0014
-2.8 0.0026 0.0025 0.0024 0.0023 0.0023 0.0022 0.0021 0.0021 0.0020 00018
2.7 0.0035 0,0034 0.0033 0.0032 0.0031 0.0020 0.0029 0.0028 0.0027 0.0026
-2.6 0.0047 0.0045 0.0044 0.0043 0.0041 0.0040 0.0039 0.0038 0.0037 0.0036
~2.5 0.0062 0.0060 0.0059 0.0057 0.0055 0.0054 0.0052 0.0051 0.0049 0.0048

-2.4 0.0082 0.0080 0.0678 0.0075 0.0073 0.0071 0.0069 0.0068 0.0066 0.0064
-2.3 0.0107 | 0.0104 0.0102 0.0099 0.0096 0.0094 0.0091 0.0089 0.0087 0.0084
-2.2 0.0139 0.0136 0.0132 0.0129 0.0125 0.0122 0.0119 0.0116 0.0113 0.0110
2.1 0.0179 0.0174 0.0170 0.0166 0.0162 0.0158 0.0154 0.0150 0.0146 0.0143
-2.0 0.0228 0.0222 0.0217 0.0212 0.0207 0.0202 0.0197 0.0192 0.0188 0.0183

1.8 0.0287 { 00281 | 00274 | 0.0268 | 0.0262 | 00256 | 0.0250 | 00244 | 00238 | 0.0233
138 0.0359 | 0.0351 | 0.0344 | 0.0336 | 0.0329 | 0.0322 | 00314 | 00307 | 00301 | 0.0294
1.7 0.0446 | 0.0436 | 0.0427 | 0.0428 | 00409 | 00401 | 00392 | 0.0384 | 00375 | 0.0367
-1.6 0.0548 | 00537 | 00526 | 0.0516 | 0.0505 | 0.0495 | 0.0435 | 0.0475 | 06.0465 | 0.0455
15 0.0668 | 0.0655 | 00643 | 0.0630 | 0.0618 | 0.0605 | 0.0594 | 00582 | 0.057t | 0.0559

-1.4 0.0808 0.0793 0.0778 | 0.0764 0.0749 0.0735 0.0721 0.0708 0.0694 0.0681
-13 0.0968 0.0851 0.0934 0.0918 0.0901 0.0885 0.0869 0.0853 0.0838 | 0.0823
-1.2 0.13151 0.1131 0.1112 0.1093 0.1075 0.1056 0.1038 0.1020 0.1003 0.0985
1.1 0.1357 0.1335 0.1314 0.1292 0.1271 0.1251 0.1230 0.1210 0.1180 0.1170
-1.0 0.1587 0.1562 0.1539 0.1515 0.1492 0.1469 0.2446 0.1423 0.1401 0.1379

0.8 0.1841 0.1814 0.1788 0.1762 0.1736 0.1711 0.1685 0.1660 0.1635 0.1611
-0.8 0.211%8 0.2080 0.2061 0.2033 0.2005 0.1977 0.1949 0.1922 0.1894 0.1867
0.7 0.2420 0.2389 0.2358 0.2327 0.2296 0.2266 0.2236 0.2206 0.2177 0.2148
-0.6 0.2743 0.2709 0.2676 0.2643 0.2611 0.2578 0.2546 0.2514 0.2483 0.2451
-0.5 0.3085 0.3050 0.3015 0.2981 0.2246 0.2912 0.2877 0.2343 0.28:}.0 0.2776

0.4 0.3446 0.3409 0.3372 0.3336 0.3360 0.3264 03228 0.3192 0.3156 03121
0.3 0.3821 0.3783 0.3745 0.3707 0.3669 0.3632 0.3594 0.3557 0.3520 0.2483
-0.2 0.4207 0.4168 0.4129 0.4050 0.4052 0.4013 03974 0.3536 0.3897 0.3859
0.1 0.4602 0.4562 (.4522 0.4483 04443 1 0.4404 0.4364 0.4325 0.4286 0.4247
0.0 0.5000 | 0.4960 0.4920 0.4880 0.4840 0.4801 0.4761 0.4721 0.4681 0.4641
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Tables of the Poisson Cumuiative Distribution

The table below gives the probabitity of that a Poisson random variable .\ with mean = A is less than or equal o ¥, That is. the table gIves

~h

PR

9.1

0.1

0.3 0.4 0.5 0.6 9.7 0.8 0.9 140 1.2 1.4

- 1.6

1.8

VNN -G

0.5048
0.9853
0.0988
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

0.8187
0.9825
0.9589
0.0999
1.0000
1.0000
1.0000
1.0000
1.0600
1.0000

0.7408 0.6703 0.8085 0.5488 0.4566 0.4403 0.4088 0.3670 0,3012 0.2466
0.9531 0.9384 0.9098 0.8781 0.0442 0.8088 0.7725 0.7358 0.6628 0.5918
0.9564 0.9921 0.9858 0.9769 0.9559 0.9526 0.8371 0.9197 0.8795 0.8335
0.9897 0.9887 0.9882 0.9965 0.9942 0.9809 0.8885 D.9810 0.9662 0.9483
1.0000 0.9899 0.9958 0.9906 0.9692 0.9986 0.8977 0.9963 0.9923 0.9857
1.0000 1.0000 1.0000 1.0G00 0.95909 0.9998 0.9997 0.9994 0.9985 0.9958
1.0000 1.0000 1.0000 1.0000 1.0000 1.0080 1.0000 0.999% 0.9887 0.9904
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9999
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0006 1.0000 1.0000
1.0000 1.0000 1.0000 1,0000 1.0000 1.0000 1.G000 1.0000 1.0000 1.0000

0.20%9
0.324%9
0.7834
0.9212
0.9763
0.9940
0.9087
0.9997
1.0000
1.0000

0.18583
0.4828
0.7306
0.8913
0.9836
0.9896
0.9974
0.9984
0.99599
1.0000

A=

2.0

2.2

2.4 2.6 1.8 3.0 3,2 34 3.6 3.3 4.0

Y

btk
bl el Y IO PR PR P

9.1353
0.4060
0.6767
0.8571
0.9473
0.9834
0.5955
0.9989
0.9998
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

0.1108
0.3546
0.6227
0.8194
0.9275
0.9751
0.9825
0.9880
0.9895
0.9999
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.00400
1,0000

0.0807 0.0743 0.0608 0.0488 0.0408 0.0334 0.0273 00224 0.0163 0.0111
0.3084 0.2674 0.2371 0.1981 01712 0.1468 0.1257 0.1074 0.0916 0.0811
0.5697 0.5184 0.4895 04232 0.3799 0.3397 0.3027 0.2689 0.2381 0.1736
0.7787 0.7360 0.6919 0.6472 0.6025 0.5584 0.5152 0.4735 0.4335 0.3423
0.9041 D0.8774 0.8477 0.8153 0.7805 0.7442 0.7054 D.6678 0.6288 0.5321%
0.9643 09510 0.9349 0.9161 0.8946 0.8705 (0.8447 0.8158 0.7851 0.7029
0.9884 0.9828 0.9756 0.9665 0.9554 0.9421 0.9267 0.9091 0.8893 0.8211
0.9987 0.9947 0.9915 0.9881 0.9832 0.9768 0.8692 0.9599 0.9489 0.9134
0.9951 0.9985 0.8876 0.9962 0.9943 0.9917 0.9883 0.9840 0.9786 0.9597
0.9988 0.9996 0.9993 0.0089 0.9982 0.9973 0.9960 0.9942 0.9919 0.9823%
1.0000 0.9995 0.9898 0.9997 09995 0.9992 0.9987 0.9981 0.9972 0.9933
1.6000 1.0000 1.0000 0.8999 0.9999 0.9988 0.9995 0.9594 0.9951 0.9576
1.0000 1.0000 1.0000 1.0000 1.0000 0.9998 0.9989 0.9998 0.9997 0.9992
1.0000 1.0000 1.0000 1.0000 1.0000 1.000C 1.0000 1.0000 0.9889 0.9997
1.0000 1.0000 1.0000 1.0000 4.0000 t1.0000 1.0000 1.0000 4.000C 0.$99%9
1.0000 1.0000 10000 1.0000 4.0000 $.0006 1.0000 1.0000 4.0000 1.0800
1.0000 1.0000¢ 1.0000 1.0000 1.0000 4.0000 1.0000 1.0000 4.0000 1.0000
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 41.000G 1.0000 +1.0000 1.0800

0.0067
0.0404
0.1247
0.2850
0.4405
0.6160
0.7622
0.8666
0.931%
0.9682
0.5863
0.9945
0.9880
0.9993
0.9988
0.8939
1.0000
1.0000

4.5 5,0 5.5

0.0041
0.0266
0.0884
0.2017
0.3575
0.5289
0.6860
0.8095
0.8944
0.9462
0.9747
0.9890
0.9955
0.9983
0.9984
0.5908
0.5099
1.0000
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cum. prob .20 tas T
ang-tail 0.50 0.25 0.20
two-taltls 1.00 0.50 0.40

fas Lo bos Cars Ly tans LN [T

015 010 005 0.025 001 0.005 0.001 0.0005|
030 020 040 005 002 0.01 0.002 0.001

df
1 0.000 1.000 1.376
0.000 0.816 1.061

0.000 Q.741. 0.941

12 0.000 . 0695 0.873

13 0.000 0694 0870
14 0.000 0692  0.868

G0 0.000 0679 0.848
80 0.000 0678 0.846
100 0.060 0677 0.845

2
3 0.000 0.765 0.978.
4

1.963
1.386
1.250
1.190

1.083 1.356 1.782 2.179 2681 3.055 3.930 4.318
1.978 1.350 1.7 2.160 2.650 3.012 3.852 4.221
1.076 1.345 1.761 2,145 2.624 2977 3.787 4140

1.045 1.296 1.671 2000 2,390 2.660 3.232 3.460
1.043 1.292 1.664 1.890 2374 2,639 3.195 3.416
1.042 1.280 1.660 1.964 2.364 2626 3174 3.380

0%  50% _ 60%

70% _ B0% _ 90%  95%  98%  99% 99.8% 99.9%

Confidence Level






