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1. SupposeX1,X2 ,···,Xn are drawn from independent and identical normal 

distributionN(µ, o- 2
). 

n n 

LXi L(X;-X)2 
X i=l S2 = _i=_l __ _ =--, 

n n-1 

(a) Prove thatE(s2
) = o-2

• (10%) 
n 

L(X;-µ)(X-µ) 

(b) Define that W = ...;_i=-=-
1
--a-2 ____ What is the distribution ofW variable? 

(10%) 

2. SupposeXi,X2 ,-· ·,Xn are drawn from independent and identical normal 

distributionN(µ,a 2
). There are two unbiased estimators 

fi1 ~ .!.cxl + 0.5X2 + l.5X3 + X4) and fi2 = .lco.sxl + X2 + X3 + l.5X4) forµ; 
4 4 

Compute the correlation coefficient between A and µ2 • (20%) 

3. You plan to conduct a marketing experiment in which students are to taste one of 

two different brands of soft drink. Their task is to correctly identify the brand 

tasted. You select a random sample of 100 students and assume that the students 

have no ability to distinguish between the two brands. (Hint: If an individual has 

no ability to distinguish between the two soft drinks, then the two brands are 

equally likely to be selected.) 

\ a. What is the probability that the sample will have between 50% and 60% of the 

identifications correct? (5%) 

b. The probability is 90% that the sample percentage is contained within what 

symmetrical limits of the population percentage?(10%) 

c. Which is more likely to occur-more than 65% correct identifications in the 

sample of 100 or more than 55% correct identifications in a sample of 500? 

Explain.(5%) 
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4. The per-store daily custom.er count (i.e., the m.ean number of customers in a store 

in one day) for a nationwide convenience store chain that operates nearly 10,000 

stores has been steady, at 900, for som.e tim.e. To increase the custom.er count, the 

ch?in is considering cutting prices for coffee beverages by approximately half. 

The small size will now be $0.59 instead of $0.99, and the medium. size will be 

$0.69 instead of $1.19. Even with this reduction in price, the chain will have a 

40% gross margin on coffee. To test the new initiative, the chain has reduced 

coffee prices in a sample of 36 stores, where customer counts have been running 

almost exactly at the national average of 900. After four weeks, the sample stores 

stabilize at a m.ean custom.er count of 964 and a standard deviation of 105. This 

increase seems like a substantial amount to you, . but it also seems like a pretty 

small sample. Do you think reducing coffee prices is a good strategy for 

increasing the m.ean custom.er count? 

a. State the null and alternative hypotheses and explain the meaning of the Type I 

and Type II errors in the context of this scenario. (5%) 

b. At the 0.05 level of significance, is there evidence that reducing coffee prices is 

a good strategy for increasing the m.ean customer count? (5%) 

c. Using normal distribution instead of student's t distribution, what is the 

probability of the Type II errorifthetruemean-is 950. (5%) 

d. How would it be possible to lower the chance of the Type I and Type II errors? 

(5%) 

2 
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5. The owner of a restaurant serving Continental-style entrees has the business 

objective oflearning more about the patterns of patron demand during the 

Friday-to-Sunday weekend time period. Data were collected from 630 

customers on the type of entree and dessert ordered and organized into the 

following table: 

lYPE OF ENTREE 
TYPE OF 
DESSERT Beef Poultry Fish Pasta Total 

Ice cream 13 8 12 14 47 

Cake 98 12 29 6 145 

Fruit 8 10 6 2 26 

None 124 98 149 41 412 
- - -

Total 243 128 196 63 630 

At the 0.05 level of significance, is there evidence of a relationship 

between type of dessert and type of entree? (20%) 

(Critical Value: x;_05,9 = 16.919,%;_05,12 = 21.026,x;_05 ,16 = 26.296) 

3 
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Z O -_-z=~- ff.oo: ,-_~_o.o(T~o~o(··; _ 0.03 - i - 0.04 I o.os-ro~os-:-1Jro1 J __ 0.08 j 0.09 -=; 
_ -3.4 __ 0.0003 _: 0.0003 J 0.0003 J o.ooo3_J_o.ooo3 .L 0.0003 + 0.0003 t o.0003J_o.0003 j 0.000_2 l 

: .. _-3~ ___ 0,.0005 • O.O~_Q_~J..Q:~05_)_Q_~Q04 t 0.0004 I 0.0004 I 0.0004 i_O.O_~Q~__f 0.0004 l_<!:QQE.~.i 
: __ -3.2 _ '._ 0.0001 : 0.0001 : 0.0006 _; 0.0006 ! 0.0006 0.0006 i o.ooo6J_o.ooo5 ~0.0005 j 0.0005 1 · 

: _ -3.1 · 0.0010 : 0.0009 i 0.0009 i 0.0009 f 0.0008 0.0008 ! 0.0008 l 0.0008 1 0.0001 I 0.0001 i 
i -3.0 0.0013 ; 0.0013: 0.0013 i 0.0012 ! 0.0012 0.0011 ! 0.0011 I 0.00111 0.0010 j 0.0010 i 

-2.9 :·o:o,i19-:--o.001s ; 0.0018 T 0.0011-r 0.0016 0.0016 i 0.0015 r-0~0015 i 0.0014 1 0.0014 , 
_ -2.8 . 0.0026 - 0.0025 0.0024 0.0023 i 0.0023 0.0022 i 0.0021 l 0.0021 l 0.0020 l 0.0019 1 { -·--•--- ·.---~ . ······-:--· .. ---~-~+--------r·-----··r· .. ·----·--------+----·:------~---·~---, 
! -2.7 : 0.0035 : 0.0034 : 0.0033 _ 0.0032 j 0.0031 ! 0.0030 I 0.0029 i 0.0028 i 0.0027 t 0.0026 i 
r---.::2:s- --i ·o~ffD47J 0.0045 -O~Oo« .. T1i:0043 i 0.0041 ' 0.0040 i 0.0039 L 0.0038 [o.0037 I 0.00367 --- o.oos4 i 0.0052 l 0.0051 ·- 0.0049 r 0.0048. 0.0055 ~-- -2.5 .. _ l _ 0.0062) 0.0060 _ 0.0059 l0,0057 
f -2.4 l 0.0082 I 0.0080 0.0078 i 0.0075 
I -2.3 I 0.0101 I 0.0104 , 0.0102 ! 0.0099 
,- -2.2 I 0.0139 f"!i:0136 ! o.013fl 0.0129 

---~-- ----1-------;;--··--·-..... ,_. -- ----

i ••=-2~1 • 0.0179 l o.011no:()110 ! 0.0166 [ 
· ~20-·· : 0.0220 : 0.0222 : 0.0211 ! 0.0212 l 

-1.9 : o.ois1 : 0.0281 : 0.0214 l 0.0268 1 

0.0073 0.0071 I 0.0069 I 0.0068 0.0066 0.0064 
0.0096 0.0094 ! 0.0091 ! 0.0089 0.0087 0.0084 
0.0125 I 0.0122 ! 0.0119 J 0.0116 o.o_!~~ 0.0110 J 
0.016210.0158 ! 0.0154 I 0.0150 o.014~ _ _.!!:0143_J 
0.0207 / 0.0202 j 0.0197 j 0.0192 ! 0.0188 0.0183 l 

- -1.a a.6359 0.0351 : o.0344 f 0.0336 i 0.0329 0.0322 I 0.0~14 j_!>.0307 I o.0301 I 0.0294 I 
-t.:i -:-il0446 -0.0436 ' o.0427 , o.0418 i o.0409 0.0401 o.0392 \ o.0384 l o.0375 I 0.0367 i 

0.0262 0.0256 !-fo2501 0.0244 l 0.0239 o.023i"1 1 ---"'-·---~t.--~-~---- !--~-~---·-- -----•--··--1 

-:.1.5 ·U548 -il053"7 -·: o.os2s ~ o.os16 ·i o.osos o.0495 l 0.0485 J o.0475 t o.o4ss · ! 0.0455 i 
-1:.5 o~ •-~- .O.:!>~ ___ :_o.o~o_j 0.0618 o.o6os (0~0594·ro~oss2Toj>f7-f1o~oss!q 
-t..t ll8U8 OJl793 : O.OTT8 : 0.0764 , 0.0749 0.0735 ! 0.0721 l 0.0708 7· 0.0694 l 0.0681 i 
-u- _ ll9&8 0.,0951 ~0~0934 :o.os18 ' 0.0901 0.0885 10.0869 l 0.0853 i 0.0838 I 0.00237 

-- --- - - -------·---.----- - : -~---·---~ .. i--,·----~ .... -----1-,--~~--~"-··.---'"-~···-----!·--------·---~ 
-~ 2-!1-St u_1131 , 0.1112. 0.1093: 0.1075 0.1056 1 0.1038 i 0.1020 I 0.1003 l 0.0985; 
~-4! -0~1357 0.1335 o:i314-;·-o:1m·: 0.1271 0.1251 l 0.1230 l 0.121-0-·~ 0.1190 i 0.1170 l 

-- - - - --- ----- . -- : --·r I --
- :!})_ Q.1587 _ 0.1562, 0.1539 ! 0.1515 i 0.1492 0.1469 :_0.14461 0.1423t0.1401 _ 0.1379 
. ___ --0.9_ -~-1~_, 0.1814; 0.1788 l 0.176~_10.1736 0.1711 j 0.1685 l 0.1660 0.1635 0.1611 
; -0.8 : 02119 '. 02090 ! 0.2061 i 0.2033 I 0.2005 0.1977 I 0.1949 0.1922 0.1894 0.1867 
i --~o.f -- 02420 : 0.2389 i o.2358To:2321 1 0.2296 02266 0.2236 0.2206 0.2111 0.2148 r 

:,:o:s·-ro.2143To.2109 l o.2676 l 0.26431 o.2611 o.2578 0.2546 r o.2514 o.2483 0.2451 
!"" -=o:s-·: o.3085 ! o.3050 I o.3015 : 0.2981 o.2946 02912 0.2011 I o.2843 0.2010 0.2116 
, -0.4 ; 0.3446 ! 0.3409 i 0.3372 i 0.3336 0.3300 0.3264 0.3228 I 0.3192 I 0.3156 0.3121 
1-:o3-1 o.3821 l o.3783 I o.3745 lo.3101 o.3669 o.3632 : o.3594 i o.3557 i o.3520 o.3483 
I -0.2 i o.4201 I o.4168 I 0.4129 i o.4o9o o.4052 o.4013 o.3974 I o.3936 I o.3897 o.3859 
I -0.1 i o.4602 l o.4562 I o.4522 i o.4483 0.4443 o.4404 j __ Q.4~_~4 o.4325 i o.4286 o.424f; 
) -0.0 j 0.5000 ! 0.4960 l 0.4920 I 0.4880 0.4840 0.4801 i 0.4761 l 0.4721 0.4681 0.4641 j 
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TAB1I B; t-DISTRI.BUTION CRmCAL VALUES 

Tail ptObabllity p 

'd( ,'25 .20 .15 .10 ~OS .025 .02 .01 .oos .oo25 

1 1.000 1.376- us· 3..o'i8 6.314 12.71 15.89 31.Bl· 63.66 127.3 
2 .816 U>61 1.S86 -1.886 2.920 4.303 4.849 ~ 9.m 1-4.09 
3 :76S !118 J..2S(} .1.638 2.353· 3.182. 3.482 4.541 5,241 7.453 
4 ,741 .941 1.190 1~· 2.132 2.116 2$99 '3.141 4.604 • 5.598. 
s .727 . .920 1..156 1.416· 2..0is 2.571 2.-757 ~Ms 4.032. 4,713 
6 - .1is ..206 1.134 IMO 1.943 2.447 1.612 3.143 '3.m 43l7, 
7 .711 .896 u;., 1.415 iB9S 2.36S 2.517· 2.99S 3.499 4,029 
g .:106, ..889 ll08' 1.3~ 1.860. 2.306 2.449 2.896· 3.3$S .3.833 
9 .:m ..883 uoo 1.383 1.833 2.262 2.398 2.821 125'0 3,690 

10 .m 1..093 1.972. ·uu 2228 ~359 2.764 3.169 - 3.581 _;et 
11 .5!11 .116 1.083 1.363. l.'796 2.201 2.32$ i718 3.106 3A~ 
n .E .IE 1.083 ~ L782 2.179 2.303 2,681 3.055 3.428 
13 S4- -~ l.ffl 1.3SO i.m 2J.6') l.282· . 2.650 .3.012' 3.372. 
u :.s::?' ·.s ·LO?f l.345 L76l 2.14-S 2..264 2.624 -1.!111- S.326< .. 
li i .st .2Si UJ'}lC ·J.341 l.753 2.131 2.249 2.602. l.947 3.286 

• Hi ·.sg- ~ um L337 1.14§ 2.120 2.235 µ83 ~ 3.251. 
·u ..s;e. .llE: us I.333 L740 ~O 2.224 2.567 ~98 3.222 
a .AR JllS2 LOfii" .1.330 1.734- llDl l.214 2-,SSZ_ 2.878 3,1'11 
IS .fiB .J6l l..Dl5G 1.323 1.729 l.093 220S 2.539 2.861 ·3,l74 
2D a; ..IQJ LJJ6' J.325 .1.72S 2.086 2.1'7 2.SZ8 2.845 3.1.53 
21 .686 . .!S9 1.-063 1.323 1.721 2.080 2-189 2.518 2.831, 3.135 
27 .636 .!S8 1.-061 • l.321 1.711 2JT14 2.183 l.S08 2.819' 3.119 
Z3 .685' .!Si l,()61)· U19 L114 2.069 2.171 l.500 2$11 3.104 

- 24 . • 685 .m 1.059 1318 l.711 2.~ U72 2.492 z.:m 3.091 

I ~ -.684 .856 l.QSS 1316 1.708 2.060 :u'7 24&S 2:/'l'I 3.078 
26 ..684 .8S6 I.OS& U:lS 1.706 2.056. 2.l~ i.479 i.m·- ·3.061· 
'XI .684 .sss 1:()57 1.314 L703 2052 2.158 2.473 2.771 3J)S1 

28 .633 .sss J.056' 1.313 1.101 2.04& 2.154 2.467 2.763 3.041 
~.9 m ~ l.OSS LIil U99 2.045 USO 2~ 2.156 S.033 
3D .633 $1 1.055 1.310 1.69'7 2.042 2.147 2..'4Sl 2.750 !!.()30 

40 .6Sl m LOSO 1.303 1.ff-4 2.021 i.123 2.42j 2.104 2,971 
.SD .679 .M9 1.,047 1.299 1."76 2.ot» 2..109 2..403 2.673 2.931 
:60 .619 .848 Ul45 1.296 .1.671 2.000. 2..099 2.390 Z.660 2.915 

·. 80 .678 .846 µm 1,291 l,66'4 1-996 :2"038 2.374 2..639' 2..88'1 . . . 
100 .m .345 1»41 1.290 1,660 l.98ii · ;'2.illl ~ 2:626 1871 

1009 .61S .842 um 1:m 1.646 1.962 .. ·2.QS6 2.330 2.581 2.813 
~ .674 .841 t.(}36 1.282 1.645 1.960 .2.bs,4 2..326 2.51~ 2.807 

SO* 609& 70S goj, 90,r, 95% 969& 989' 99~ 99.S9ii 

Confidence level C 

.001 ,0005 

3i8.3 - 636.6 
22.33 31.60 
10.21 12.92 
7.173 8.610 
S.893 6.869 
5:208 5359 
4.78S 5.408 
4.SOl S.:041 
.,:2r:n 4.7&1 
4.144 4.587 
4.025 4.437 
3.930 4.318 . 
l.852 4.221 
'3,787 •4.140 
3,733, 4.073 .. 
3,686 4.01S 
3.646 3,965 
3~11 3.922· 
•3..5i9 3.883 
3.552 · 3..3.SO. 
3..527 3.819 
3.505 3,792 

·SASS 3."768 
l.467. 3,74$ 
3.45(} 3.72S 
3..435· 3.7(11 
3,411 3.690 
~.408 3.674. 
3.396 3.659 
3.38S M46 
3.307 3-"1 ,.u1 3.4%' 
3.232 3.460 
,3.i.95 3.416 
3.174 3.390 
3.098 .3.300 
3,091 3,291 

99.8~ 99.9% 


