PGDM (IBM), Batch 2019-21
STATISTICS FOR MANAGERS
INS- 107
" Trimester-l, End-Term Examination: September, 2019

Time Allowed: 2Hrs. & 30Mins.
SECTION-A (30 Marks)

Q1 (A).A survey conducted for the North-western National Life Insurance Company
revealed that 70% of American workers say job stress caused frequent health
problems. One in three said they expected to burn out in the job in the near
future. Thirty-four percent said they thought seriously about quitting their jobs
last year because of-work-place stress. Fifty-three percent said they were
required to work more than 40 hours a week very often or somewhat often.
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4 a. Suppose a random sample of American workers is selected. What is the
- probability that more than seven of them say job stress caused frequent
- health problems? What:is the expected number of workers who say job
stress caused frequent health problems?

- b. Suppose a random sample of 15 American workers is selected .What is the
» expected number of these sampled workers who says they will burn out in
. the near future? What is the probability that none of the workers say they
-] will burnout in the near future?
S c. Suppose a sample of seven workers is selected randomly. What is the
» probability that all seven say they are asked very often or somewhat often
v to work more than 40 hours a week? If this outcome actually happened,
5 what might you conclude? (CILO-1,10 Marks)
;\. OR

~Q1(B) The Zagat Restaurant _Survey provides food .decor, and service ratings for
, some of the top restaurants across the United ‘States. For 15 restaurants
> located in Boston, the average price of a dinner, including one drink and tip,

was $48.60. You are leaving for a business trip to Boston and will eat dinner at
> three of these restaurants. Your company will reimburse you for a maximum of
- $50 per dinner. Business associates familiar with these restaurants have told
- you that the meal cost at one-third of these restaurants will exceed $50.

> Suppose that you randomly select three of these restaurants for dinner.
>

a. What is the probability that none of the meals will exceed the cost covered
by your company?

r

'’

b. What is the probability that one of the meals will exceed the cost covered by
your'company?

v W



c. What is the probability that two of the meals will exceed the cost covered by
your company?

. d. What is the probability that all three of the meals will exceed the cost covered
by your company? o ; (CILO-1, 10 Marks)

Q2(A).Trading volume on the New York Stock Exchange is heaviest during the first
half hour (early morning) and last half hour (late afternoon) of the trading day.
The early morning trading volumes (millions of shares) for 13 days in January

and February are shown here (Barron's, January 23, 2006; February 13, 2006:
and February 27, 2006). '

. ' Trading Volume (millions of shares)
214 ' 171 : 201
202 ' 265 ' 211
174 ¢ 212 Zl 180
163 211 198
194

The probability distribution of trading volume is approximately normal.
a. Compute the mean and standard deviation to use as estimates of the
population mean and standard deviation.

b. What is the probability that, on a randomly selected day, the early morning
trading volume will be less than 180 million shares?

c. What is the-probability that, on a randbmly 'selected day, the early morning
i trading volume will exceed 230 million shares?:

d. How many shares would have to be traded for the early morning trading
volume on a particular day to be among the busiest 5% of days?

—— | A (CILO-2, 10 Marks)
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OR

Q2.(B)An Internal Revenue Oversight Board survey found that 82% of taxpayers said
that it was very important for the Internal Revenue Service (IRS) to ensure that

high-income tax payers do not cheat on their tax returns (The Wall Street
‘Journal, February 11, 2009), '
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a. For a sample of eight taxpayers, what is the probability that at least six
taxpayers say that it is very important to ensure that high-income tax

- payers do not cheat on their tax returns? Use the binomial distribution
probability function to answer this question.

- W

. For a sample of 80 taxpayers, what is the probability that at least 60
taxpayers say that it is very important to ensure that high-income tax
payers do not cheat on their tax returns? Use the normal approximation
of the binomial distribution to answer this question.

ArF W W
T

w g

C. As the number of trails in a binomial distribution application becomes
large, what is the advantage of using the normal approximation of the
binomial distribution to compute probabilities? (CILO-2, 10 Marks)

Q3(A). An online survey by ShareBuilder, a retirement plan provider, and Harris

» 3 Interactive reported that 60% of female business owners are not confident
they are saving enough for retirement (SmallBiz, Winter 2006). Suppose we

: would like to do a follow-up study to determine how much female business
. owners are saving each year toward retirement and want to use $100 as the
. desired margin of error for an interval estimate of the population mean. Use
’

$1100 as a planning value for the standard deviation and recommend a
sample size for each of the following situations.

- A 90% confidence interval is desired for the mean amount saved.

>
_ b. A 95% confidence interval is desired for the mean amount saved.
3 : :
) v A 99% confidence interval is desired for the mean amount saved.
» _ :
}’ d.  When the desired margin of error is set, what happens to the sample size
: as the confidence level is increased? Wogl_d you recommend using a
y ’ 99% confidence interval in this case? Discuss. _ (CILO-3, 10 Marks)
'
; OR
- S

- Q3(B)The 92 million Americans of - age 50 and over control 50 percent of all
> discretionary income (AARP Bulletin, March 2008). AARP estimated that the
; average annual expenditure on restaurants and carryout food was $1873 for

individuals in this age group. Suppose this estimate is based on a sample of 80
persons and that the sample standard deviation is $550.

-

-

il At 95% confidence, what is the margin of error?
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b. What is the 95% confidence interval for the population mean amount

spent on restaurants and carryout food?

- €. What is your estimate of the total amount spent by Americans of age 50
and over on restaurants and carryout food?

d. If the amount spent on restaurants and carryout food is‘skewed to the right,
would you expect the median amount spent to be greater or less than $1873?

(CILO-3, 10 Marks)

Section-B(Case Study) (CILO-3, 20 Marks)

~ Harvard University has recently revolutionized its financial aid policies, aimed at
easing the financial strain on middle and upper-middle income families. The expected
contribution of students who are admitted to Harvard has been greatly reduced. Many
other elite private colleges are following suit to compete for top students. The

motivation for these policy changes stems from the competition from public universities
as well as political pressure.

A spokesperson from an elite college claims that elite colleges have been very
responsive to financia!l hardship faced by families due to rising costs of education.
Now, he says, families with income of $40,000 will have to spend less than $6500 to
send their children to prestigious colleges. Similarly, families with incomes of $80,000

and $12,000 will have to spend less than $20,000 and $35,000, respectively, for their
children’s education.

Although in generél, the cost of attendance has gone down at each family-income
level, it still varies by thousands of dollars amongst prestigious schools. The

accompanying table shows information on the cost of attendance by family income for
10 prestigious schools. . s

_Cost of attendance to schools by Family Income

Family Income j
$40,000 $80,000 $120,000
$5,302 $19731 $37558
$5502 $19931 “§37758 1
$4500 $12800 $36845
$5702 $20131 $37958
$3700 $8000 $16000
$6311 $26120 $44146
$5516 $19655 $37283

3887 $11055 $17792
10306 © | $19828 $25039  “
4300 | $6048 $13946 |
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In a report, use the sample information to:

a. Determine whether families with income of $40,00_0 will héve to spend less than
$6,500 to send their children to prestigious colleges.(Use alpha=0.05)

- W @AWW W 9 W

b. Repeat the hypothesis test from part | by testing the Spokesman's claims

concerning college cost for families with income of $80,000 and
) $120,000, respectively.(Use alpha=0.05)

J :

) C. Assess the validity of the spokesman’s claim.
]
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Mean and variance of a binomial probability distribution

Mean= u = E(x)=np -
~Var (x)=0"=np(1- p)= npq
Standard deviation = ¢ = /npg

Poisson formula
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S STABLE A p" —
Blnog?;?l_tl:;(:ib.:‘bmty Probability
FEAIDAUO R 1 3 3 A 5 6 7 8 9
0 900 800

-500 600

n=2
A g
Probability

J W Vv v
WV U YV U us
\I\J!-UUUU“UQ’U

1

v
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v 0
1 : :

- 3 %Y _

& 3 . ’ ;
- £ 4 : : ; 234 311 324 246 gog

g 5 .000 .002 010 037 094 .187 .303 .393 .354
-5 6 000 g 001 004 016 047 118 262 53
: :t (Contirntued)
m ;
P

2

-
-



782 Appendix A Tables

ABL

. 3 n=
e bmarriCoeiued Probobdity |
7 % e 1 2 g 4 5 6 E 8 9
0 478 210 082 028 008 002 000 .000 000 i
1 372 367 247 131 055 017 004 000 000
2 124 275 318 261 164 077 025 004 000 {
3 023 115 227 290 273 194 097 029 003
'y 003 029 097 1194 273 2290 227 .115 023 {
5 000 004 025 077 164 261 318 275 124
6 000 000 004 017 055 131 247 367 372 |
7 000 000 ~.000 002 008 028 082 210 478
{
n=28
Probability {
x 1 2 3 4 5 6 7 8 9
0 430 168 058 017 . 004 .001 .000 000 .000 '
1 383 336 198 090 031 008 001 2000 000
2 149 294 29 209 109 041 010 2001 000 l
3 033 147 254 279 219 124 047 2009 000 |
4 005 046 136 232 273 232 136 046 .oosq'ﬂ’.
5 000 009 047 124 219 279 254 147 2033
6 000 001 010 041 109 209 1296 .294 aa9
7 000 000 001 008 031 090 198 2336 .383
8 000 000 000 001 004 017 058 168 430 1
=19 :
¥ ’ %
x 1 2 3 4 5 6 7 8 9% A
0 387 134 040 010 002 2000 .000 000 000 ‘
1 387 302 156 060 018 004 1000 000 0005
2 an 302 267 161
3 045 176 267 251
4 807 066 172 251
5 001 017 074 167
6 ©00 003 021 074
7 000 000 004 021
8 000 000 000 004
9 000 000 000 000
Probabili
x d 2 3 - |
0 349 107 028 006
1 387 268 121 040
2 194 302 233 121
3 057 201 267 215
4 011 088 1200 251
5 001 026 103 201
6 .000 006 037 111
7 000 .001 .009 042
8 .000 .000 .001 o011
9 .000 000 .000 002
10 000 000 .000 000
?
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Binomial Probability
:_ Distribution (Continued)
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Probability
x ;| e ) 3 4 5 6 7 8 9
0 314 086 020 004 000 000 000 .000 000
1 384 236 093 027 005 001 .000 000 000
2 213 295 200 .089 027 005 001 000 .000
3 071 221 257 177 081 023 004 .000 000
4 016 11 220 236 .161 070 017 002 000
5 002 039 132 221 226 147 057 010 _000
6 000 010 .057 147 226 221 132 039 002
7 000 002 017 070 161 236 220 111 016
8 000 000 004 .023 081 A77 257 221 071
9 000 000 .001 .005 027 089 200 295 213
10 000 .000 000" 001 005 027 093 236 384
11 000 .000 000 000 000 .on4 020 086 314
n=12
Probability
x 1 i 3 4 5 6 T 8 9
0 282 069 014 002 000 000 .000 000 000
1 377 206 071 017 .003 000 000 000 000
2 230 .283 168 064 016 002 000 000 000
3 085 236 240 142 054 012 001 000 000
4 021 133 231 213 121 042 008 001 000
5 004 053 158 227 193 101 029 003 000
6 000 016 079 177 226 177 079 2016 000
7 000 003 029 101 193 27 158 053 004
8 000 001 008 042 321 213 231 1133 021
9 000 000 001 012 054 142 240 236 .085
10 000 000 .000 002 016 064 168 283 230
11 000 000 000 000 003 017 071 206 377
12 .000 000 000 000 000 .002 014 069 282
n=13
e
x a 2 3 A4 5 6 3 8 9
0 254 055 010 001 000 000 000 690 000
1 36F 179 054 011 002 .000 000 000 000
2 245 .268 139 045 010 .. 001 000 000 .000
3 .100 246 218 A1 035 006 001 000 000
4 028 154 234 184 087 024 003 000 000
5 006 069 180 221 457 066 014 001 000
6 001 023 103 197 209 131 044 006 .000
7 .000 006 044 131 209 197 .103 023 001
8 000 001 014 066 A57 221 .180 069 006
9 000 2000 003 024 087 .184 234 154 028
10 000 000 001 .006 035 111 bk 246 .100
11 .000 000 000 001 010 045 139 .268 .245
12 .000 1000 .000 000 002 011 054 179 367
13 000 000 000 000 .000 .001 010 055 254
(Continued)
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Binomial Probability
Distribution (Continued)

n=14
Probability
x a 2 3 4 5 6 7 8 9
0 229 044 007 001 .000 000 000 .000 000
1 356 .154 041 007 001 000 000 000 000
2 257 250 113 032 006 .001 .000 000 000
3 114 .250 194 085 022 003 000 000 .000
1 035 172 229 .155 061 014 001 000 000
5 008 086 .196 207 J72 041 007 .000 .000
6 001 032 126 207 183 092 023 002 .000
7 000 009 062 157 209 157 062 009 000
8 .000 002 023 092 183 207 126 032 001
9 000 000 007 041 122 207 196 086 008
10 000 000 001 014 061 .155 229 172 035
11 000 000 000 003 022 085 194 250 114
12 000 000 000 001 006 032 113 2250 257
13 000 .000 000 000 001 007 041 .154 356
14 .000 000 000 000 000 001 007 044 229
n=:15
Probability
x B | 3 3 4 5 6 of 8
0 206 035 005 000 000 000 000 000
1 343 4325 0% 2005 000 000 0600 000
) 267 231 092 022 003 000 000 000
3 129 250 _170 063 014 002 000 .000
4 043 188 219 127 042 007 001 000
5 010 103 206 186 092 024 003 000
6 002 043 147 2074 153 061 012 001
7 000 014 081 177 196 118 035 003
8 000 003 035 118 196 177 081 014
9 000 001 012 061 153 207 147 043
10 000 000 003 024 092 186 206 103
il 000 000 001 007 042 127 219 .188
12 000 000 000 0020 014 063 170 250
13 000 000 1000 000 . .003 022 092 231
w14 000 000 000 000 < -7 000 005 031 132
15 000 .000 000 000+ 000 ¢ .000 005 035
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¥ 2 4 n= 16
. Binomial Probability s
a Distribution (Continued) 3 3 2 3 AW? P 5 8 9
' 0 185 028 003 000 1000 000 000 000 000
| 1 329 113 023 003 000 000 000 000 000
| 2 275 211 073 015 002 .000 000 000 000
, 3 142 246 146 047 009 001 000 .000 000
4 051 200 204 101 028 004 000 000 000
: 5 .0M4 120 210 162 067 014 001 000 000
6 003 055 165 198 122 039 006 000 000
7 1000 020 101 189 175 084 019 001 2000
' g8 000 1006 049 142 .19 142 049 006 000
| 9 000 001 019 084 175 189 101 020 000
| 10 000 000 006 .~ 039 122 198 165 055 003
11 .000 000 001 014 067 162 210 120 014
h’ 12 000 000 000 004 028 101 204 200 051
13 000 000 000 001 009 047 146 246 142
' 14 000 000 000 000 .002 015 073 211 275
15 000 000 000 000 000 003 023 113 329
| 16 000 000 000 000 000 000 003 028 1185
) w =17
| Pty
w ¢ ool 2 3 4 s % g 8 9
| Qi akT 023 002 000 000 000 000 000 000
1 315 09 017 002 000 000 090 000 000
| i 000 191 058 010 001 000 000 000 000
3 . 156 239 125 034 005 000 000 000 000
4 060 209 187 080 018 002 000 000 000
5 017 136 208 138 047 008 001 000 000 |
6 004 068 178 184 094 024 003 000 000
' 9 e W00 T 2OV 120 1035 M8 057 009 1000 000
g . 000 008 064 161 185 107 028 002 000
' 9 . 000 002 028 107 185 161 064 008 2000
10 000 000 009 057 148 193 120 027 001
~ ’ 1 000 1000 003 04 094 184 178 068 004
12 000 000 001 008 047 138 208 136 017
i 3 000 000 000 002 018 080 187 209 060
14 000 % .000 000 . 000 005 034 125 239 156
' 15 000 000 000 . 000 001 010 058 191 280
16 1000 000 000 000 000 002 017 096 315
) 17 000 000 000 000 1000 1000 002 023 167
’ \ (Continued)
)
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‘ - ) n=18

.Bir!omialProbat?ility  Probebil ;
Distribution (Continued) & 1 2 3 i .;Y P P A 9 3
0 150 018 002 000 000 000 .000 000 000 .
1 2300 081 013 001 .000 000 000 000 000 !

2 264 172 046 007 .001 000 000 000 000

3 168 230 105 025 003 000 000 000 .000
4 070 215 _168 061 012 001 000 000 000 ﬂ

5 022 151 202 115 033 004 000 .000 000
6 .005 082 187 .166 071 015 .001 .000 .000 e

7 001 035 138 .189 121 037 005 000 .000
8 .000 012 .081 173 167 077 015 001 .000 E

9 .000 003 .039 128 185 128 .039 003 .000
10 000 001 015 077 167 a73 081 012 000 q

11 .000 000 0054 087 21 189 138 .035 001
12 000 000 001 015 071 166 187 082 .005 ‘

13 000 .000 000 004 033 115 202 151 022
14 000 000 .000 001 012 061 .168 215 070 'ij‘

15 000 000 000 000 003 025 105 230 168 Q
16 000 000 .000 000 001 007 .046 A72 284
17 000 000 000 000 000 001 013 081 2300

000 .000 .002 018 150

2
88
g
g

a
I
L]
o
ey T Y. Y. Yy .

Probability

x = | 2 3 4 5 6 X 8 9

0 135 014 001 000 000 000 000 000 000

1 285 068 009 001 000 000 000 000 000

2 285 154 036 005 000 000 000 000 000

3 .180 218 087 017 002 000 000 000 000

4 080 218 149 047 007 001 000 000 000

5 I 164 192 093 022 002 000 000 000 {
6 007 095 192 145 052 008 001 000 000

7 001 044 153 180 09 024 .002 000 000 {
8 600 017 7 0987 180 144 053 008 000 000

9 600 005 051 1 146 176 098 022 001 000 !
10 000 001 022 098 176 146 051 005 .000

1L 0005 000 008 053 144 .180 098 017 000 &
12 000 000 - 002 0 024 .09 .180 .153 044 .001 ﬁf
13 000 000 001 - 008 052°. .45 192 095 007 /
4 .000 000~ 000 002 02 093 192 .64 027 .
15 000 000 000 001 007 047 .149 218 .080 <
16 000 000 000 000 002 017 087 218 .180

17 000 000 .000 000 .000 005 036 154 285

18 000 000 .000 1000 000 001 .009 068 .285

19 .000 000 .000 000 000 000 .0c1 014 .135
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. n=20
‘ Binomial Probability -
' Distribution (Continued) - 1 2 3 _qpmb’mh.;y i E 8 9
; 0 122 012 001 000 000 000 000 000 000
: 1 270 058 007 000 000 000 000 000 000
. 2 285 137 028 003 000 000 000 000 000
: 3190 205 072 012 001 000 000 000 000
. 4 090 218 130 035 005 000 000 .000 000
5 032 175 179 075 015 001 1000 000 000
) 6 009 109 192  .124 037 005 000 000 000
IR 7, 055 164 166 074 015 001 000 .000
’ 8§ 000 02 .14 180 120 035 004  .000  .000
9 000 007 065 .60 160 071 012 000  .000
p 10 000 002 031 117 176 117 031 002 000
11 000 000 012 071 1160 160 065 007 000
| 12 000 000 004 035 120 180 114 022 000
13 000 000 001 015 074 166 164 055 002
2 ? 14 000 .000 000 005 037 124 192 109 009
15 000 000 000 001 015 075 179 475 032
] 16 000 000 000 000 005 035 a3 218 090
17 000 000 000 .000 001 012 072 205 190
18 000 000 000 000 000 003 028 137 285
19 000 .000 000 000 000 .000 007 058 270
| 20 000 000 000 000 000 000 001 012 122
n=25
e
x a1 3 3 4 5 6 7 8 9
o U 004 000 000 000 000 000 000 000
1 199 024 001 000 000 000 000 000 2000
2 066 071 007 000 000 000 000 000 000
3 I i 136 024 002 000 000 000 000 1000
i elnieg 187 057 007 000 000 000 000 1000
5 065 196 .103 020 002 000 000 000 000
6 024 163 147 044 005 000 000 000 000
7 07 111 171 080 014 o1 000 000 000
s o 062 165 120 ..032  .003 000 000 000
L 4 9 000 029 | .134 151 061 009 000 000 000
’ 10 000 012 092 AL - 097 021 001 000 000
11 2000 004 054 147 133 - 043 004 000 000
127 000 001 027 114 155 076 011 000 000
13 .000 000 011 076 155 114 027 001 .000
14 000 000 004 043 133 147 054 004 000
15 000 000 . .001. 021 097 161 092 012 000
16 .000 000 000 009 061 .151 134 029 .000
17 .000 000 000 003 032 120 165 062 002
18 000 .000 .000 001 014 080 171 11 007
19 000 .000 000 000 005 044 147 163 024
20 000 000 .000 000 002 020 2103 196 065
21 000 000 000 000 .000 007 057 187 138
2 000 000 .000 000 1000 002 024 136 226
23 000 000 .000 .000 .000 .000 007 071 266
24 .000 .000 .000 .000 000 .000 001 024 199
25 .000 2000 000 .000 .000 000 000 004 072

12
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S ETABLE AR -
Poisson Probabilities

e % a9 - M rF e -/ .

! A
x .605 01 .02 03 04 05 06 07 08 09
0 9950 9900 9802 9704 9608 9512 9418 9324 913 9139
1 0050 L0099 0196 L0291 0384 0476 L0565 0653 0738 0823
2 0000 0000 0002 0004 0008 0012 0017  .0023 0030 0037
3 0000 0000 0000 0000 0000 0000 0000 0001 0001 0001
x P | 2 3 4 S 6 7 8 9 1.0
0 9048 8187 7408 6703 6065 5488 4966 4493 4066 3679
1 L0905 1637 2232 2681 3033 3293 3476 3595 3659 3679
2 0045 0164 .0333 0536 0758 0988 1217 .1438 1647 1839
3 0002 0011 0033 0072 0126 0198 0284  .0383 0494 0613
4 0000 0001 <0003 0007 0016 0030 0050  .0077 0111 0153
5 0000 0000 0000 0001 0002 0004 .0007 .0012 0020 0031
6 0000 0000 0000 .0000 .0000 0000 0001  .0002 0003 0005
2 0000 0000 0000 0000 0000 0000 0000  .0000 0000 0001
x | 12 13- i 1.5 1.6 1.7 1.8 1.9 2.0
0 3329 3012 2725 2466 2231 2019 1827  .1653 1496 1353
| 3662 3614 3543 3452 3347 3230 3106 2975 2842 2707
5 2014 2169 2303 2417 2510 2584 2640 2678 2700 2707
3 Q738 0867 0998 1128 1255 1378 1496  .1607 .1710 1804
4 0203 0260 0324 0395 0471 0551 0636 .0723 0812 0902
5 0045 0062 0084 0111 0141 0176 0216  .0260 0309 0361
6 0008 0012 00i8 0026 0055 0047 0061 0078 0098 0120
2 0001 0002 0003 0005 0008 0011 0015 0020 0027 0034
§ ~ 0000 0000 0001 0001 6001 0002 0003  .0005 0006 0009
9 G000 0000 0000 0000 0000 0000 0001  .0001 0001 0002
x 24 22 23 24 25 26 27 28 2.9 3.0
0 1225 1108 .1003 0907 0821 0743 0672 0608 0550 0498
1 2572 2438 2306 2177 2052 1931 1815 .1703 1596 .1494
2 7700 2681 2652 2613 2565 2510 2450 2384 2314 2240
3 1890 1966 2033 2090 2138 2176 2205 2225 2237 2240
4 0992 1082 1169 1254 1336 1414 1488 1557 1622 1680
5 0417 0476 0538 0602 0668 0735 0804 0872 0940 1008
€  0i46 0174 0206 0241 0278 0319 0362 0407 0455 0504
7 =044 0055 0068 0083 0099 O0LI8 0139 0163 0188  .0216
§ 0011 0015 0019 0025 0031 .0038 0047 005/ 0068 0081
9 0003 0004 0005 0007 0009 00W 0014 0018 0022 0027
10 0001 0001 0001 0002 0002 .0003 0004 .0005 0006 0008
11 0000 0000 0000 .0000 0000 0001 0001 0001 0002 0002
12 0000 0000 0000 .0000 0000 .0000 -.0000 0000 0000 0001
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Poisson Probabilities
(Continued)
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A

x 31 32 33 3.4 3.5 3.6 3.7 38 39 4.0
0 0450 0408 .0369 0334 0302 .0273 0247 0224 0202 0183
i 1397 - 1304 1217 . 1135 1057 0984 0915 0850 .0789 0733
2 2165 2087 2008 1929 .1850 1771 1692 1615 1539  .1465
3 2237 2226 2209 2186 2158 2125 2087 2046 2001 1954
4 1733 1781 1823 1858 .1888 1912 1931 1944 1951 1954
3 1075 1140 1203 1264 1322 1377 1429 1477 1522 1563
6 0555 0608 .0662 0716 0771 0826  .0881 0936 0989  .1042
7 0246 0278 0312 0348 0385 .0425 0466 0508 0551  .0595
- 8§ 009 0111 0129 0148 0169 .0191 0215 0241 0269 0298
9 .0033 .0040 0047 0056 0066 0076  .0089 0102 0116 .0132
10 0010 .0013 0016 0019 . 0023 .0028  .0033 0039 .0045 .0053
11 0003 .0004  .0005 0006 0007 0009 .0011 0013 0016 .0019
12 0001 20001 0001 0002 0002  .0003 0003 0004 0005 .0006
13 L0000 .0000 L0000 0000 0001 L0001 L0001 0001 L0002 .0002
14 0000 .0000 0000 .0000 0000 0000 .0000 0000 L0000 0001

x 41 42 43 4.4 4.5 4.6 4.7 48 49 5.0
0 0166 0150 0136 0123 0111 0101 0091 0082 .0074 = .0067
1 0679 0630 0583 0540 0500 0462 0427 0395 0365 0337
5 ., 1593 1383 1254 1188 1125 .1063  .1005 0948 0894 0842
3 .1904 1852 1798 1743 1687 1631 1574 1517 1460  .1404
4 1951 .1944 1933 1917 1898 .1875 .18¢49 1820 1789 A5
5 1600 .1633 .1662 . 1687 .1708 1725 .1738 747 A7 1755
6 .1093 .1143 1191 1237 1281 1323 1362 1398 1432 1462
7 0640 0686 0732 0778 - 0824 0869 0914 0959 1002 .1044
8§ 0328 0360 0393 0428 0463 0500 0537 0575 0614 0653
9 0150 0168 .0188 0209 0232 0255 0281 0307 0334 0363
10 .0061 0071 0081 0092 0104 0118 0132 0147 0le4 0181
11 0023 0027 0032 0037 0043 0049 0056 0064 0073  .0082
12 0008 0869 0011 0013 0016 0019 0022 0026 0030 0034
13 0002 .0003 .0004 0005 0006 0007 0008 0009 0011 0013
14 0001 20001 20001 0001 0002 0002 0003 L6003 0004 0005
15 0000 0000  .0000 0000 0001 0001 0001 0001 0001  .0002

- { Continued)
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A

P°'S“{‘°Cz:;f$22;““es x 51 52 53 54 5.5 56 &7 5.8 59 g
: 0 .0061 0055 .0050 .0045 .0041 0037 .0033 0025
L .0311 0287 .0265 .0244 .0225 0207 .0191 0149

2 0793 0746 0701 0659 0618 0580 .0544 0446
5 1548 1293 1239 - 1185 1133 G082 1033 0892
4 1719 1681 1641 1600 .1558  .1515 .1472 1339
5 1753 - 1748 1740 1728 1714 .1697 1678 .1606
6 1490 1515 1537 1555 .IS71 1584 1594 .1606
7 .1086 .1125 1163 .1200 1234 .1267 .1298 1377
8 L0692 0731 0771 0810 .0849 0887 .0925 .1033
9 0392 0423 0454 0486 .0519 0552 .0586 0688
10 .0200 0220 .0241 .0262 .0285 .0309 .0334 0413
11 0093 0104 0116 .0129 0143 0157 0173 0225
120039 .0045 0051 .0058 .0065 0073 0082 0113
13 0015 .0018 .0021 .0024 0028 .0032 .0036 .0052
14 0006 0007 0008 0009 0011 .0013 .0015 0022
15 0002 0002 .0003 ' .0003 0004 0005 0006 .0009
16 0001 000! 0001 .0001 0001 .0002 0002 .0003
17 0000 0000 0000 .0000 0000 0001  .0001 0001
x 6.1 6.2 6.3 6.4 65 66 6.7 68 69 7.0
0 0022 0020 0018 .0017 0015 0014 0012 .0011 0010 0009
1 0137 0126 0116 0106 .0098 609 0082 0076 .0070 0064
2 06417 0390 0364 0340 0318 0296 0276 0258 .0240 .0223
3 0848 0806 0765 0726 0688 0652 0617 0584 0552 0521
4 1294 1249 1205 1162 1118 1076 L1034 0992 0952 0912
3 1579 1549 (1519 1487 1454 1420 1385 1349 1314 1277
6 1605 .1601  .I1595 .1586 .1575 .1562 .1546 1529 1511 1490
71399 1418 1435 1450 1462 1472 1480  .1486 1489 1490
8 1066  .1099 1130 1160 1188 1215 1240 1263 1284 1304
9 0723 0757 0791 0825 0658 0891 0923 0954 0985 1014
10 0441 0469 0498 0528 0558 0588 0618 0649 0679 0710
11 0244 0265 .0285 0307 0330 0353 0377 0401 0426 0452
12 0124 0137 0150 0164 0179 0194 0210 0227 0245 0263
I3 0058 % 0065 0073 0081 0089 0099 0108 0119 0130 .0142
14 0025 0029 0033 .0037 0041 0046 0052 0058 0064 .0071
15 0010 .0012° .0014 0016 0018 0020 .0023 .0026 0029 0033
16 0004 0005 0005 0006 .0007 .0008 .0010 0011 0013 L0014
170001 0002 .0002 .0002 .0003 0003 .0004 .0004 0005 .0006
18 .0000 © .0001 .0001 .0001 0001 .0001 .0001 .0002 0002 0002
19 0000 .0000 .0000 .0000 0000 0000 .0001 .0001 0001 0001

/é

« W



w W

-’

>

Appendix A Tables 791

- A

& By Probabilities % . il 7.2 R 7.5 7.6 il 7.8 797 40

{Continued)

e 0  .0008 0007 0007 0006 0006 0005 0005 0004 0004 .0003
1 0059 0054 .0049 0045 0041 0038 0035 - 0032 0029 .0027

2 0208 0194 0180 0167 .0156 0145 0134 0125 .01l6 0107

- 3 0492 0464 0438 0413 0389 0366 .0345 0324  .0305 .0286
” 4 0874 083 0799 0764 0729 0696 0663 0632 0602 0573
s 1241 .1204 1167 .1130 .1094 .1057 .1021 0986  .0951 .0916

P 6 1468 1445 .1420 1394 1367 1339 .1311 1282 .1252 .1221
7 1489 .1486 1481 1474 1465 .1454 .1442 1428 .1413 .13%

P 8§ 1321 .1337 1351 .1363 .1373 .1381 .1388 1392 .1395 .1396
9 1042 .1070 1096 1121 1344 1167 2187 1207 1224 L1241

; 10 0740 0770 0800 0829 0858 .0887 .0914 0941  .0967 0993
| 11 0478 0504 0531 0558 0585 0613 .0640 0667 0695 .0722
v 12 .0283 0303 .0323 0334 0366 .0388  .0411 0434 0457 .0481
13 0154 0168 0181 .019%  .0211 0227 0243 0260 0278 .029

) 14 0078 0086 0095 .0104 0113 .0I123 0134 0145 0157 .0169
15 0037 0041 0046 0051 0057 0062 0069 .0075 0083 0090

a 9 16 0016 0019 .0021 0024 0026 0030 0033 0037 0041 .0045
17 0007 0008 0009 0010 0012 0013 0015 0017 0019 0021

) 18 0003 0003 0004 0004 0005 0006 0006 - 0007 0008 .0009
19 0001 0001 0001 0002 .0002 0002 0003 0003  .0003 .0004

) 20 0000 0000 0001 0601 0001 .00CI 0001 0001  .0001 .0002
21 0000 0000 0000 .0000 0000 0000 0000 0000 0001 .0001

.

4 3 R B 8.3 8.4 85 8.6 87 88 8.9 9.0
> 0 0003 0003 0002 0002 0002 0002 0002 0002 0001 0001
| 0025 0023 0021 0019 0017 0016 6014 0013 0012 .00l

) 2 0100 0092 008 0079 0074 0068 0063 0058 0054 .0050
3 0269 0252 0237 0222 0208 0195 0183 0171 .0l160 0150

) 4 0544 0517 0491 0466 0443 0420 0398 0377 0357 0337
5 0882 0849 0816 0784 0752 0722 0692 0663 0635 .0607

, 6 1191 1160 1128 1097 1066 .1034 1003 0972 0941 0911
7 378 1358 .1338 .1317 1294 .1271 1247 1222 1197 1171

, 8 1395 1392 .1388 .1382 .1375 .1366 .1356 .1344 1332 .1318
9 125 1269 .1280 .1290 .1299 .13066 1311 .1315 1317 .1318

) 10 1017 1040 1063 .1084 .1104 .1123 1140 .1157 1172 .1186
11 0749 0776 0802 0828 0853 0878 0902 0925 0948 0970

A 12 0505 0530 0555 0579 0604 0629 0654 0679 0703 0728
.’ 13 0315 D334 0354 0374 0395 0416 0438 0459 0481 0504
14 0182 019 0210 0225 0240 0256 0272 0289 .0306 .0324

' 15 0098 0107 0116 .0126 .0136 0147 0138 0169 0182 .0194
' 16 0050 0055 0060 0066 0072 0079 0086 .0093 .0101 .0109
17 0024 0026 0029 0033 0036 0040 0044 0046 0053 .0058

| 18 0011 0012 0014 0015 0017 0019 0021 .0024 0026 .0029
' 19 0005 .0005 .0006 .0007 .0008 .0009 .0010 .0011  .0012 .0014
, 20 0002 .0002 0002 0003 .0003 0004 0004  .0005  .0005 .0006
’ 51 0001 .0001 0001 .0001 .0001 0002 .0002 .0002 .0002 .0003
: ' 22 0000 .0000 0000 .0000 0001 .COOL .0001  .0001  .0001 .0001
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CTABLESAS 5
PO'STZZ;::::E;'“'“ . 91 20 Coe R N g 97 98 99 100
0 0001 0001 0001 0001 0001 0001 0001 0001 0001 .0GOO
1 0010 0009 .0009 0008 0007 0007 0006 0005 0005 0005
2 0046 0043 0040 0037 0034 0031 .0029 0027 0025 0023
3 0140 0131 0123 0115 0107 0100 0093 G087 0081 0076
4 0319 0302 0285 0269 0254 0240 0226 0213 0201 0189
5 0581 0555 0530 0506 0483 0460 0439 0418 0398 0378
6 0881 0851 0822 0793 0764 0736 0709 0682 0656 0631
7 .1145¢ 1118  .1091 1064 1037 1010  .0982 0955 0928  .0901
8 1302 1286 .1269 1251 1232 1212 1191 1170 1148 - .1126
9 317 LA3MST 1313 13067 1300 1293 (384 1974 1263 1951
100 1198 1210 1219 1228 1235 1241 .1245 1249 1250 .1251
11 0991 1012  .1031 .1049 .1067 1083 1098 .1112 1125 .1137
12 0752 0776 0799 0822 0844 0866 0888 0908 0928 0948
13 0526 0549 0572 0594 0617 0640 0662 0685 0707 0729
14 0342 0361 0380 0399 0419 0439 0459 0479 0500 0521
15 0208 0221 0235 0250 0365 0281 0297 0313 0330 0347
16 0118 0127 0137 0147 0157 0168 .0180 0192 0204 0217
17 0063 0069 0075 0081 0088 009 0103 0l11 0119 0128
18 0032 0035 0039 0042 0046 0051 G055 0060 0065 0071
19 0015 0017 | 0019 0021 0023 0026 0028 0031 0034 0037
20 0007 0008 0009 0010 011 G012 G014 0OIS G017 0019
21 0603 G003 0004 G004 6005 0006 Q006 0007 0008 0009
22 0601 0601 0002 0002 0002 G662 0003 0003 0004 0004
23 0000 0001 6601 0001 G001 0001 6001 0001 6002 0002
24 0000 0000 6000 0000 0000 0060 0000 0001 0001 000!
Appendix A Tables 793
. x €™ x r 3 X e” x e*
The e™ Table 0.0 1.0000 30 0.0498 6.0 0.00248 9.0 0.00012
o 0.1 0.9048 3.1 0.0450 6.1 0.00224 9.1 0.00011
0.2 0.8187 3.2 0.0408 6.2 0.00203 9.2 0.00010
03 . 0.7408 33 0.0369 63 0.00184 9.3 0.00009
04 0.6703 34 0.0334 6.4 0.00166 9.4 0.00008
05  0.6065 35 0.0302 65 0.00150 9.5 0.00007
06 - 05488 3.6 0.0273 6.6 0.00136 9.6 0.00007
0.7 0.4966 37 0.0247 6.7 0.00123 9.7 0.00006
0.8 0.4493 38 0.0224 6.8 0.00111 9.8 0.00006
09 0.4066 3.9 00202, 69 0.00101 9.9 0.00005
1.0 0.3679 4.0 0.0183 7.0 0.00091 10.0 0.00005
1.1 0.3329 44 0.0166 7.1 0.00083
1.2 0.3012 4.2 0.0150 i) 0.00075
13 0.2725 43 0.0136 73 0.00068
14 0.2466 44 0.0123 7.4 0.00061
1.5 0.2231 45 0.0111 75 0.00055
1.6 0.2019 46 0.0101 7.6 0.00050
1.7 0.1827 47 0.0091 77 0.00045
1.8 0.1653 4.8 0.0082 7.8 0.60041
1.9 0.1496 , 49 0.0074 79 0.00037
2.0 0.1353 5.0 0.0067 8.0 0.00034
2.1 01225 - 5.1 0.0061 8.1 0.00030
22 0.1108 5.2 0.0055 8.2 0.00027
23 0.1003 5.3 0.0050 8.3 0.00025
24 0.0907 5.4 0.0045 8.4 0.00022
25 0.0821 5.5 0.0041 8.5 0.00020
2.6 0.0743 56 0.0037 8.6 0.00018
2.7 0.0672 5.7 0.0033 8.7 0.00017
2.8 0.0608 58 0.0030 8.8 0.00015

2.9 0.0550 5.9 0.0027 8.9 0.00014
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—
¥ S
< Areas of the Standard Normal Distribution
o s The entries in this table are the
- /l \ probabilities that a standard normal
- - 4 I }\ random variable is between 0 and z
"0 7 (the shaded area).
—
- z 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
: _0.0 L0000 0040 0080 0120 0160 0199 0239 .0279 .0319 .0359
0.1 0398 0438 0478 0517 0557 0596 0636 0675 0714 0753
: 0.2 0793 0832 0871 L0910 0948 .0987 1026 1064 L1103 L1141
0.3 1179 1217 1255 11293 1331 .1368 1406 .1443 .1480 1517
: 04 1554 1591 .1628 1664 1700 1736 1772 .1808 1844 .1879
- 0.5 1915 1950 1985 2019 .2054 .2088 2123 2157 2190 2224
J 0.6 2257 2291 2324 2357 2389 2422 2454 .2486 2517 2549
0.7 2580 .2611 2642 2673 2704 2734 2764 2794 2823 .2852
: 0.8 2881 .2910 2939 2967 2995 3023 3051 .3078 3106 3133
0.9 3159 3186 3212 3238 3264 .3289 3315 3340 .3365 .3389
aJ 1.0 3413 3438 3461 . .3485 3508 3531 3554 3577 3599 3621
1.1 3643 3665 3686 3708 3729 3749 3770 3790 3810 3830
, 1.2 3849 3869 3888 3907 3925 3944 3962 .3980 3997 4015
1.3 4032 4049 A066 4082 4099 4115 4131 4147 4162 4177
’ 1.4 4192 4207 4222 4236 _ 4251 4265 4279 4292 4306 4319
- 1.5 4332 4345 4357 4370 4382 4394 4406 4418 4429 4441
4 1.6 4452 4463 4474 4484 4495 4505 4515 4525 4535 4545
- 1.7 4554 4564 4573 4582 4591 4599 4608 4616 4625 4633
4 1.8 4641 4649 4656 4664 4671 4678 4686 4693 4699 4706
- 1.9 A713 4719 4726 4732 4738 A744 4750 4756 4761 4767
F 2.0 4772 4778 4783 4788 4793 4798 4803 4808 4812 4817
: 2.1 4821 4826 4830 4834 4838 4842 4846 4850 4854 4857
2.2 4861 4864 4868 4871 4875 4878 4881 .4884 4887 4890
; 23 4893 4896 4898 4901 4904 4906 4909 4911 4913 4916
' 2.4 4918 4920 4922 4925 4927 4929 4931 4932 4934 4936
; ¥.ihe] 4938 .4940 4941 4943 4945 4946 4948 4949 4951 4952
: 2.6 4953 4955 4956 4957 4959 4960 4961 4962 4963 4964
J 27 4965 4966 4967 4968 4969 4970 4971 .4972 4973 4974
2.8 4974 4975 4976 4977 4977 4978 4979 4979 4980 4981
m = 29 4981 4982 4982 4983 4984 4984 4985 - 4985 4986 4986
9 3.0 4987 4987 4987 .4988 4988 . 4989 4989 4989 4990 4990
y 3.1 4990 4991 4991 4991 4992 4992 4992 4992 4993 4993
. 3.2 4993 4993 4994 4994 4994 4994 4994 4995 4995 4995
4 33 4995 .4995 4995 4996 4996 4996 4996 .4996 4996 4997
4 3.4 4997 4997 4997 4997 4997 4997 4997 4997 4997 4998
; 35 4998
- 4.0 49997
¥ . 45 499997
. 5.0 4999997
2 6.0 499999999
b
r
\
y
h
4
/
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Critical Values from the / \\ .

Distribution
e ————————
g a

Values of « for one-tailed test and «f2 for two-tailed test

df 1,00 1050 Taxs 1910 1g05 501
1 3.078 6314 12.706 31.821 63.656 318.289
2 1.886 2920 4.303 6.965 9925 22.328
3 1.638 2.353 3.182 4.541 5.841 10.214
4 1.533 2.132 2.776 3.747 4.604 7.173
5 1.476 2.015 2.571 3.365 4.032 5,894
6 1.440 1.943 2.447 3.143 3.707 5.208
3 1.415 1.895 2.365 2.998 3.499 4.785
8 1.397 1.860 2.306 2.896 3.355 4.501
9 1.383 1.833 2.262 2821 3.250 4.297
10 1.372 1.812 2228 2.764 3.169 4.144
1 1.363 1.796 2.201 2718 3.106 4.025
12 1356 1.782 2.179 2681 3.055 3.930
3 1.350 1.771 2.160 2.650 3012 3,852
14 1345 1.761 2.145 2624 2977 3787
15 1.341 1.753 2.131 2602 2.947 3.733
16 1.337 1.746 2.120 2.583 2921 3.686
17 1.333 1.740 2.110 2.567 2.898 3,646
18 1.330 1.734 2.101 2552 2878 3.610
19 1.328 1.729 2.093 2 2.861 3.579
20 1.325 1.725 2.086 2528 2.845 3.552
21 1.323 1.721 2.080 2518 2.831 3.527
22 1.321 1.7 2.074 2.508 2.819 3.505
23 1319 1.714 2.069 2,500 2.807 3485
24 1318 1.711 2.064 2.492 2.797 3467
25 1.316 1.708 2.060 2.485 2.787 3450
26 1315 1.706 2.056 2.479 2.779 3.435
27 1.314 1.703 2.052 2473 2771 3421
24 * 1313 1.701 2.048 2.467 2763 3.408
2 1311 1.699 2.045 2.462 2.756 - 5308
30 1.310 1.697 2042 2.457 2.750 3.385
40 1.303 1.684 2021 2423 2.704 3.307
50 1.299 1.676 2.009 2.403 2678 3.261
60 1.296 1.671 2.000 2.390 2.660 3232
70 1.294 1.667 1994 Py 2381 2.648 3211
80 1292 1.664 1.990 ' 2374 2,639 3.195
90 1.291 1.662 1.987 2.368 2.632 3.183

100 1.290 1.660 1.984 2.364 2.626 3.174

150 1.287 1.655 1.976 2351 2.609 3,145

200 1.286 1.653 1972 2345 2.601 3.131

960 2326 2.576 3.090

00 1.282 1.645 1
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