CHAPTER 9

a E()T- V): E()T)- E(V) =4.1- 4.5=- 4, irrespective of sample sizes.

2 2 2 2
s’,s;_ (8 (207 _ 0724, and the s.d.
m n 100 100

of X-Y =+.0724 =.2691.

b. V(X-Y)=v(X)+Vv(Y)=

c. A normal curvewith mean and s.d. asgiveninaandb (becausem=n=100,the CLT

implies that both X and Y have approximately normal distributions, so X -Y does
also). The shapeisnot necessarily that of anormal curve when m = n = 10, because the
CLT cannot beinvoked. Soif the two lifetime population distributions are not normal,

the distribution of X - Y will typically be quite complicated.

%V
The test statistic valueis Z = z—yz'a”d Ho will berejected if either Z 2 1.96 or
i+s_2
m n

42,500- 40,400 _ 2100

45 45
1.96, rgject Hy, and conclude that the two brands differ with respect to true average tread lives.

=4.85. Since4.85>

z£-1.96. Wecompute Z =

» (- y)- 5000 o .
The test statistic valueis Z = T and H, will bergjected at level .01 if
3.3
m n
z3 2.33. Wecompute Z = (43’500- 36’800) - 5000 = 700 =1.76, whichisnot
+
45 45

> 2.33, sowedon't reject H, and conclude that the true average life for radials does not
exceed that for economy brand by more than 500.
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Chapter 9: Inferences Based on Two Samples

From Exercise 2, the C.l. is

2 2
(x- y)+(1.96), /% + %2 = 2100 + 1.96(433.33) = 2100 + 849.33

= (1250.67,2949.33) . Inthe context of this problem situation, the interval is
moderately wide (a consequence of the standard deviations being large), so the
information about 1M and M, is not as precise as might be desirable.

From Exercise 3, the upper bound is

5700+ 1.645(396.93) =5700+652.95 = 6352.95.

Ha says that the average calorie output for sufferersis more than 1 cal/cn’/min below that
2

2 2 2
for nonsufferers. \/S—l + S—Z = \/M + @ =.1414, so
m n 10 10

L= (64- 2.05)- (- 1)

1414
2.90<-2.33, regject Ho.

=-2.90. Atleve .01, H, isrgectedif Z £ - 2.33; since—

P=F(- 2.90) =.0019

- 1.2+18
b=1- F& 2.33- 9-1- F(- .92)=.8212
e 1414 g
2
m=n= '2(2'33+1'28) =65.15, so use 66.

(-2
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Chapter 9: Inferences Based on Two Samples

(18.12- 16.87)

H, should berejected if Z3 2.33. Since Z = =3.53% 2.33,H,
256, 1.96
40 32
should be rejected at level .01.
1- 0 %
b()=F&.33- =—2=F(- 50)=.3085
& 3539y
256, 196 _ ! ~=.1169 b 190 _ 0520b n=37.06, souse
40 n  (1.645+1.28) n

n=38.

Sincen =32 isnot alarge sample, it would no longer be appropriate to use the large
sampletest. A small samplet procedure should be used (section 9.2), and the appropriate
conclusion would follow.

Parameter of interest: 1M - M, = the true difference of means for males and

females on the Boredom Proneness Rating. Let M = men'saverageand M, =
women’s average.

Hom-m, =0
Hy m - m, >0
Z:(>—<- y)-D, _(x-y)-0

m n m n
RR: 23 1.645

10.40- 9.26)- D

z=(O 0-9 6) =183

4.83° . 4.68°

97 148

Reject Hy. The dataindicates the Boredom Proneness Rating is higher for males
than for females.
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Chapter 9: Inferences Based on Two Samples

Parameter of interest: M - M, = thetrue difference of mean tensile strength of the
1064 grade and the 1078 grade wirerod. Let M} = 1064 grade average and IT), =
1078 grade average.

Ho: M- m, =-10

Ha m-m <-10

,_(%-3)-D, _(x-)- (10)
m n m n
RR p- value<a

(107.6- 1236)- (-10)_ -6 _ o

13°  20° 210
129 129
For alower-tailed test, the p-value= F (- 28.57) » 0, whichislessthanany a ,

so reject Hy. Thereisvery conpelling evidence that the mean tensile strength of the
1078 grade exceeds that of the 1064 grade by more than 10.

Z=

The requested information can be provided by a 95% confidence interval for Im - M, :

2 2
(x- y)+1.96 %f’_: = (- 6)+1.96(.210) = (- 6.412,- 5.588) .

point estimate X- ¥ =19.9- 13.7 = 6.2. It appearsthat there could be a difference.

(199-137) _ 62

39.1° N 15.82 544

60 60
the p-value = 2[P(z > 1.14)] = 2( .1271) = .2542. Thep valueislarger than any
reasonable a, so we do not reject Hy. There is no significant difference.

Hom-m=0H:m-m?!0,z= =1.14, and

No. With anormal distribution, we would expect most of the data to be within 2 standard
deviations of the mean, and the distribution should be symmetric. 2 sd’s above the mean
is98.1, but the distribution stops at zero on the left. The distribution is positively
skewed.

We will calculate a95% confidence interval for , the true average length of staysfor

patients given the treatment, 10.9+1.960% =19.9+ 9.9 = (10.0,21.8)
/60
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11.

12.

13.

14.

Chapter 9: Inferences Based on Two Samples

a. ThehypothesesareH,: M - M, =5 and Hy M - M, >5. Atlevel .001, H, should
(65.6- 59.8)- 5

2272
rejected in favor of H, at thislevel, so the use of the high purity steel cannot be justified.

= 2.89 < 3.08, H, cannot be

berejectedif z3 3.08. Since z =

b m-m-D,=1sb=F808- —2=F( 53)=.2801
m - m ¢3.08- —>==F (- 59)
()?- 7)+ Z, iz‘+i Standard error = S Substitution yields
Tae\mt I

(R- 9)£ 2,,,4/(SE)? +(SE,)? . usinga =.05, z,,,=196,%

(5.5- 3.8)+1.96,/(0.3)” +(0.2)* =(0.99,2.41). Becausewe selecteda =.05, we

can state that when using this method with repeated sampling, the interval calculated will
bracket the true difference 95% of thetime. Theinterval isfairly narrow, indicating precision
of the estimate.

2 2
TheCl.is (X- )£ 25 % ¥ %2 =(- 8.77)+ 2.58/.9104 = - 8.7 + 2.46

= (- 11.23,- 6.31). With 99% confidence we may say that the true difference between the
average 7-day and 28-day strengths is between -11.23 and -6.31 N/mn?.

S,=S,=.05d=.04a =.0L, b =.05, and thetest is one-tailed, so

(.0025 +.0025)(2.33 +1.645)°
0016

n= = 49.38, so usen =50.

The appropriate hypothesesare Ho: =0 vs.Hx Q <O,whereq =2m - m,.(q <0 is
equivalent to 2ImM < m,, so normal is more than twice schizo) The estimator of q is

q isthe square root

q=2X - \7,withVar(i):4\/ar()7)+Var(\7):%+%,S

of Var ﬁ) and SAq is obtained by replacing each S iz with SZ . Thetest statistic isthen

A

Si (since 0, =0), and H, isrejected if Z £ - 2.33. With q = 2(2.69)- 6.35= - .97

q

2 2
and S, = \/ 423", (403)° _ 0236, 2=27 = 1.05: Because—1065>-23,
43 45 9236

Ho is not rejected.
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Chapter 9: Inferences Based on Two Samples

15.
: : m-m-D, .
a. Aseither mornincreases, S decreases, o —————— increases (the numerator is
S
- - D I - - D s
positive), sof?zu1 LS Bl Qdecreases, so b = Fgeza1 (MM 20
e S [} e S [}
decreases.
b. As b decreases, z, increases, andsince z,, isthe numerator of n, nincreases also.
X-y 2
16,  z=——2_=-= Forn=100,z=141adpvae= 2[1- F (1.41)] = 1586
ENERNE
n n n
For n=400, z=2.83 and p-value = .0046. From apractical point of view, the closeness of X
and Y suggeststhat thereis essentially no difference between true average fracture toughness
for type | and type| steels. The very small difference in sample averages has been magnified
by the large sampl e sizes— statistical rather than practical significance. The p-value by itself
would not have conveyed this message.
Section 9.2
17.
+s)
ot 1o 37.21
a N=rT = =17.43» 17
(2f (¢f -694+144
10/ 4 \10
9 9
[£+sf 24,01
b. n= 102 L — = : =21.7»21
(£f (of -694+.411
0/ ,\15
9 14
&+ 7.84
c Nn=—2—2l=__ =18.27 » 18
(zf (zf -o18+411
10/ 4 \i5
9 14
[E+gf 12.84
d n=—2 2 - =" =2605»26
(&) (gf -395+.008
12 + 24
11 23
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Chapter 9: Inferences Based on Two Samples

WithHe: M - M, =0 vs.Hy M - m, * O, wewill rectH,if p- value<a .
) o e rae)
perf |, )
+
5 4
{ = 22.73- 2195 _ .78

/%42 + % 1265

which isless than most reasonable @ 'S, so wereject H, and conclude that thereisa
difference in the densities of the two brick types.

= 6.8» 6, and thetest statistic

= 6.17 leadsto ap-vaueof 2[ P(t > 6.17)] < 2(.0005) =.001,

115.7- 129.3+10 _ - 36 _

= =-1.20,ax
\/@ 3.007

=90.96, soused.f. = 9. Wewill reject H, if

For the given hypotheses, the test statistic t =

(4.2168 + 4.8241)?
(4.2168)° | (4.8241)°

5 5
t£ -1y, =-2764 since—120>-2.764, wedon't reject Ho.

thed.f.isn =

Wewant a95% confidenceinterval for m - m,. t,,., = 2.262, sotheinterval is
- 3.6+2.262(3.007) = (- 10.40,3.20). Becausethe interval is so wide, it does not

appear that precise information is available.

Let M = thetrue average gap detection threshold for normal subjects, and M, =the

corresponding value for CTS subjects. Therelevant hypothesesare Hy,: M - M, =0 vs.
1.71- 253 - .82

J0351125+ .07569 .3329

Ha M - m, <0, and thetest statistic t = =-246.

(0351125 +.07569)
(0351125)° | (.07569)°

7 9
t£ -t =-2.602. Since-2.46isnot £ - 2.602, wefail to reject H,. We have

insufficient evidence to claim that the true average gap detection threshold for CTS subjects
exceeds that for normal subjects.

Usingd.f.n =

=15.1, or 15, the rejection region is
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Chapter 9: Inferences Based on Two Samples

22. Let M = thetrue average strength for wire-brushing preparation and let 1M, = the average
strength for hand-chisel preparation. Since we are concerned about any possible difference
between the two means, atwo-sided test is appropriate. Wetest H, :m - m, =0 vs.

H,:m - m 1 O.Weneed the degrees of freedom to find the rejection region:

158 4 402 )?
n = ( 12 12 ) = 2.3%64 =14.33, which we round down to 14, so we
(1.582 )2 (4.012 )2 .0039+.1632
12 + 5
11 11

reject Ho if [t| 3 t y514 = 2.145. Thetest statistic is
19.20- 2313 _ - 393 _
J(&J,&) 1.2442

12 12
conclude that there does appear to be a difference between the two population average

strengths.

- 3.159, whichis £ - 2.145, so wereject H, and

23.
a. Normal plots

Normal Probability Plot for High Quality Fabric Normal Probability Plot for Poor Quality Fabric

999 4

99 1
95 4

80 4
50 1

Probability

20 1

/'/
05 o i

01 1
001 4

Probability
o . . . . . .. i
2ERERB 883 88 8

08 13 1.8 2.3 1.0 15 20 25

Average: L5683 Arderson-Daring Narmality Test g’ge'ag% 235;73500 Amfrson:arllm?g :”ﬂfg% Test
SDev : 044206 A-Squared: 096 pey PVSqI o

N 24 P-Vale: 034 -Vale oo

Using Minitab to generate normal probability plots, we see that both plotsillustrate
sufficient linearity. Therefore, it isplausible that both sasmples have been selected from

normal population distributions.
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Comparative Box Plot for High Quality and Poor Quality Fabric

Poor
Quality

High
Quality ]

T T T
0.5 15 25

extensibility (%)

The comparative boxplot does not suggest a difference between average extensibility for
the two types of fabrics.

c. Wetest Hy:m-m =0vs H, :m - m,* 0. with degrees of freedom

_ (.0433265) _ _ o
=+————=10.5, which we round down to 10, and using significance level
.00017906
.05 (not specified in the problem), we reject Hy if |t| 3t o510 = 2.228. Thetest
statisticis t = -8 =-.38, whichisnot 3 2.228 in absolute value, so we

\/( .0433265)

cannot reject Hy. Thereisinsufficient evidence to claim that the true average
extensibility differs for the two types of fabrics.

A 95% confidenceinterval for the difference between the true firmness of zero-day apples

. . 66° .39
and the true firmness of 20-day applesis (8.74 - 4.96) u P 20 + >0 We

2
266~ N 39° 0
20 20 4
calculate the degrees of freedom N = —— ~~ = 30.83, so we use 30 df, and
=) |, &)
19 19
toos30 = 2.042, sotheinterval is 3.78 £ 2.042(.17142) = (3.43,4.13). Thus, with

95% confidence, we can say that the true average firmness for zero-day apples exceeds that of
20-day apples by between 3.43 and 4.13 N.

269



25.

26.

27.

Chapter 9: Inferences Based on Two Samples

(5-_52 782\
We calcul ate the degrees of freedom N = (2282—122 =53.95, or about 54 (normally
Ay,
28) , \31
27 30

we would round down to 53, but this number isvery close to 54 — of course for thislarge
number of df, using either 53 or 54 won’t make much differencein the critical t value) so the

desired confidence interval is (91.5- 88.3)+1.68,/3% + &
=3.2+2931= (.269,6.131) . Because 0 does not lieinside thisinterval, we can be
reasonably certain that the true difference 1M - M, isnot 0 and, therefore, that the two

population means are not equal. For a95% interval, thet value increases to about 2.01 or so,

which resultsintheinterval 3.2+ 3.506. Sincethisinterval does contain 0, we can no
longer conclude that the means are different if we use a 95% confidence interval.

Let M =thetrue average potential drop for alloy connectionsand let I, = the true average
potential drop for EC connections. Since we areinterested in whether the potential dropis
higher for alloy connections, an upper tailed test is appropriate. Wetest H, :m - m, =0
vs. H, :m - m, > 0. Using the SAS output provided, the test statistic, when assuming
unequal variances, ist = 3.6362, the corresponding df is 37.5, and the p-value for our upper
tailed test would be ¥z (two-tailed p-value) = 5 (.0008) =.0004. Our p-vaue of .0004 is

less than the significance level of .01, so wergject H,. We have sufficient evidenceto claim
that the true average potential drop for alloy connectionsis higher than that for EC
connections.

The approximate degrees of freedom for this estimate are
2
o= (1 +82)  go3sg
(ﬁ)2 (&)2 101.175
6 +\8

5 7
and the desired interval is (40.3- 21.4) + 2.306,/ L% + 8£ =189 + 2.306(5.4674)
=18.9+12.607 = (6.3,31.5) . Because 0 is not contained in thisinterval, thereis strong

evidence that IM - IM,isnot 0; i.e., we can conclude that the population means are not equal.

= 8.83, whichweround downto 8, s0 t o5 ¢ = 2.306

Calculating a confidenceinterval for M, - M would change only the order of subtraction of
the sample means, but the standard error calculation would give the same result as before.
Therefore, the 95% interval estimate of M, - M would be ( -31.5, -6.3), just the negatives of

the endpoints of the original interval. SinceOisnotinthisinterval, we reach exactly the same
conclusion as before; the population means are not equal.
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Wewill test the hypotheses: Hy:m - m, =10 vs. H, :m - m, >10. Thetest
(Xx-y)-10 _ 45

275 4 448 217
A\ 10 5

_leas) 2208

BN
9 4

which is< .10 so wergject Hg and conclude that the true average lean angle for older females
is more than 10 degrees smaller than that of younger females.

statisticis t = = 2.08 The degrees of freedom

= 5.59 » 6 and the p-value from table A.8 is approx .04,

Let M = the true average compression strength for strawberry drink and let IM, = thetrue
average compression strength for cola. A lower tailed test is appropriate. We test
Ho:m-m =0vs H,:m - m, <0. Thetest statisticis

- 14 (44.4) 1971.36
t=——=2 _=.210.n= . = 25.3, souse =25,
J294+15 " " 0.4y L5 778114 o
14 14

Thep-value » P(t <-2.10) =.023. Thisp-valueindicates strong support for the

aternative hypothesis. The data does suggest that the extra carbonation of colaresultsin a
higher average compression strength.

a. Wedesirea99% confidenceinterval. First we calculate the degrees of freedom:

(2.22 432 )2
22° 4 437
n= (2262—2622 =37.24 , which we would round down to 37, except that thereis
22 ) (4.3 )
+

126) 4 \2%6)
26 26
no df =37 row in Table A.5. Using 36 degrees of freedom (amore conservative choice),

toosss = 2.719,andthe 99% C.l. is

(33.4- 42.8)£2.719,/2Z + 4% =-04+2576 = (- 11.98- 6.83). Weare

very confident that the true average load for carbon beams exceeds that for fiberglass
beams by between 6.83 and 11.98 kN.

b. The upper limit of the interval in part a does not give a 99% upper confidence bound.
The 99% upper bound would be - 9.4 + 2.434(.9473) = - 7.09, meaning that the true
average load for carbon beams exceeds that for fiberglass beams by at least 7.09 kN.
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Comparative Box Plot for High Range and Mid Range

470 —

460 —

450 —

440 —

mid range

430 —

420 —

T T
mid range high range

The most notabl e feature of these boxplotsisthe larger amount of variation present in the
mid-range data compared to the high-range data. Otherwise, both |ook reasonably
symmetric with no outliers present.

b.  Using df = 23, a95% confidenceinterval for Mg ange = Mhigh range 1S

(438.3- 437.45)+ 2,069,/ BL + 582 = 85+8.69 = (- 7.849.54). Since

plausible valuesfor My range = Mhign range @€ both positive and negative (i.e., the

interval spans zero) we would conclude that thereis not sufficient evidence to suggest
that the average value for mi d-range and the average value for high-range differ.

Let M = thetrue average proportional stress limit for red oak and let M, = the true average
proportional stress limit for Douglasfir. Wetest Hy :m - m, =1vs. H,:m - m, >1.
(8.48- 6.65)-1_ 1.83

The test statisticist = = 1.818. with degreesof freedom
9% 4 128 +/.2084
1410
2
n= 2('3084) Y =13.85 » 14, the p-value » P(t >1.8) =.046. Thisp-value
&), )
13 9

indicates strong support for the alternative hypothesis since we would reject H, at significance
levels greater than .046. Thereis sufficient evidence to claim that true average proportional
stress limit for red oak exceeds that of Douglas fir by more than 1 MPa.
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Let M =thetrue average weight gain for steroid treatment and let M, = thetrue average
weight gain for the population not treated with steroids. The exercise asksif we can conclude
that IM, exceeds M by more than 5 g., which we can restate in the equivalent form:

M - m, <-5. Therefore, we conduct alower-tailedtestof H,:m - m, =-5 vs.
H, :m - m, <-5. Thetest statisticis

t= ()_(' 7)' (D) - 32.8- 40.5- (‘ 5) Y - 2235 2.2. Theapproximatedf. is

i+i 2.62 . 252 1.2124
m n 8 10
2 2 \2
28 +25 2.1609
n= (28 > 10 nva =14.876, which we round down to 14. The p-value for a
) | )
7 9

lower tailed test isP(t < -2.2) =P(t>2.2)=.022. Sincethisp-valueislarger than the
specified significance level .01, we cannot reject H,. Therefore, this data does not support the
belief that average weight gain for the control group exceedsthat of the steroid group by more
than5g.

a. Following the usual format for most confidence intervals: statistic * (critical
value)(standard error), apooled variance confidence interval for the difference between

io(%. v 141
twomean3|s(x- y)ita/Z,m+n-2 X, 4lm -

b. The sample means and standard deviations of the two samplesare X =13.90,
s, =1.225, y=12.20, s, =1.010. The pooled variance estimate is Sf) =

m-1 ¢ n-1 & 4-1 ¢ 4-1
- 0,2 %2 =& Q12257 + E2" = 010)?
em+n-2g° ém+n-2g° ¢g4+4-2g g4+4-2g
=1.260, so s, =1.1227. Withdf =m+n-1=6for thisinterval, t 5,5 = 2.447 and
the desired interval is (13.90 - 12.20)+ (2.447)(1.1227), /2 + 1

=172£1.943= (- .24,3.64) . Thisinterval contains 0, so it does not support the
conclusion that the two population means are different.

c. Using thetwo-sampletinterval discussed earlier, we use the Cl asfollows: First, we need
2
= 208 6302

to calculate the degrees of freedom. N = 4 =
(1.225Z )2 (ﬁ )2 .0686
+\4

=9.19»9 so

7

3 3

o0 = 2.262 . Thentheinterval is
(13.9- 12.2)+ 2.262; /125 + 102 =170+ 2.262(7938) = (- .10,3.50). This

interval is slightly smaller, but it still supports the same conclusion.

273



35.

Chapter 9: Inferences Based on Two Samples

There are two changes that must be made to the procedure we currently use. First, the
| o= (X-Y)- (D) .
equation used to compute the value of thet test statisticis: t = ~——====" where Spis

1
S, .| —+=

P
m n
defined asin Exercise 34 above. Second, the degrees of freedom=m + n—2. Assuming
equal variancesin the situation from Exercise 33, we calculate s, asfollows:

S = §1g2.6)2+(3’egg2.5)2 = 2544 . Thevalueof thetest statisticis, then,
* \él6g gl6g

(32.8- 405)- (- 5)

1 1

2544 = +—

8 10
valueisP(t<-2.2)=.021. Since.021 > .01, wefail torgect H,. Thisisthe same

conclusion reached in Exercise 33.

t=

=-2.24» - 2.2. Thedegrees of freedom = 16, and the p-

Section 9.3

36.

d =725, s, =11.8628
Parameter of Interest: M, = true average difference of breaking load for fabricin
unabraded or abraded condition.
2 Hy:m, =0
3 H,:m, >0
d-m, _d-o0
s, //n s,/

5 RRt3 tg,, =2.998

4 t

7.25-0
6 =——— =173
11.8628//8
7 Fail torgiect Hy,. The data does not indicate a difference in breaking load for the two

fabric load conditions.
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Thisexercise callsfor paired analysis. First, compute the difference between indoor and
outdoor concentrations of hexavalent chromium for each of the 33 houses. These 33

differences are summarized asfollows: n=33, d = - .4239, s, =.3868, whered =

(indoor value - outdoor value). Then t .., = 2.037, and a 95% confidence interval

for the population mean difference between indoor and outdoor concentration is

- 4239+ (2.037)%8@9 =-.4239+ .13715= (- .5611,- .2868). We can be

V33 5
highly confident, at the 95% confidence level, that the true average concentration of
hexavalent chromium outdoors exceeds the true average concentration indoors by
between .2868 and .5611 nanograms/nt.

A 95% prediction interval for the differencein concentration for the 34™ house is
0 £t (5,17 2 ) = - 4239+ (2.087)(3868,/1+ 5 ) = (- 1.224,.3758).

This prediction interval means that the indoor concentration may exceed the outdoor
concentration by as much as .3758 nanograms/nt and that the outdoor concentration may
exceed the indoor concentration by amuch as 1.224 nanograms/n?, for the 34" house.
Clearly, thisisawide prediction interval, largely because of the amount of variation in

the differences.

The median of the“Normal” datais 46.80 and the upper and lower quartiles are 45.55
and 49.55, which yields an IQR of 49.55— 45.55 = 4.00. The median of the “High” data
i$90.1 and the upper and lower quartiles are 88.55 and 90.95, which yields an IQR of
90.95 - 88.55 = 2.40. The most significant feature of these boxplotsisthe fact that their
locations (medians) are far apart.
Comparative Boxplots
for Normal and High Strength Concrete Mix

e ———

1 ==

T T
High: Normal:
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b. Thisdatais paired because the two measurements are taken for each of 15 test conditions.
Therefore, we have to work with the differences of the two samples. A quantile of the 15
differences shows that the data follows (approximately) a straight line, indicating that it is
reasonabl e to assume that the differences follow anormal distribution. Taking

differencesin the order “Normal” — “High” , wefind d = - 42.23, and S, =4.34.

With t ., = 2.145, a 95% confidenceinterval for the difference between the
population meansis

- 42.23+(2.145 ?ﬁ O 4223+2404= (- 44.63- 39.83). BecauseOiis

S
not contained in thisinterval, we can conclude that the difference between the population
meansisnot O; i.e., we conclude that the two population means are not equal .

a. A normal probability plot showsthat the data could easily follow anormal distribution.

b. Wetest Hy:m, =0vs. H, :m, ' O, withtest statistic

1= d-0 _1672-0 521,27, Thetwo-tailed p-vaueis2[ P(t>2.7)] =

s, /<n  228/14
2[.009] =.018. Since.018<.05, wecanrgect H, . Thereis strong evidence to support
the claim that the true average difference between intake values measured by the two
methodsisnot 0. There is a difference between them.

a Howill bergjected infavor of Hyif either t3 t ., = 2.947 or t £-2.947. The
- .544

summary quantitiesare d = - .544, and Sy =.714,so0t=————=-3.05
Because - 3.05£ - 2.947, H, isrgjected in favor of H,.
2 544
b. s,=731,5,=270,andt = TZ - .57 ,whichisclearly insignificant; the

incorrect analysis yields an inappropriate conclusion.

Wetest Hy:m, =0 vs. H, :m, >0 . withd = 7.600, and s, =4.178,
_ 7.600-5 _ 26

4.178//9 1.39

corresponding p-vaueisP(t>1.9) =.047. Wewould reject H, at any alphalevel greater
than .047. So, at thetypical significancelevel of .05, we would (barely) reject H,, and
conclude that the data indicates that the higher level of illumination yields a decrease of more
than 5 seconds in true average task completion time.

=1.87 » 1.9. With degrees of freedom n—1 =8, the
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Parameter of interest: M), denotes the true average difference of spatial ability in
brothers exposed to DES and brothers not exposed to DES. Let

m = nL(posed - rrlme(posed.
Hyo:m, =0
H,:m, <0
_d-m, _d-o0

s, //n s,/
RR: P-value< .05, df =8
. (12.6-13.7)- 0

0.5
Reject Hy. The data supports the idea that exposure to DES reduces spatial ability.

t

= - 2.2, with corresponding p-value .029 (from Table A.8)

Although thereisa*“jump” in the middle of the Normal Probability plot, the datafollow a
reasonably straight path, so thereis no strong reason for doubting the normality of the

population of differences.

b. A 95% lower confidence bound for the population mean differenceis:

d- tmg‘%%: -38.60- (1.761)%%3: -3860- 10.54=- 49.14.

Therefore, with aconfidence level of 95%, the population mean differenceis above (—
49.14).

c. A 95% upper confidence bound for the corresponding population mean differenceis

38.60+10.54 = 49.14

We need to check the differencesto seeif the assumption of normality isplausible. A
probability chart will validate our use of thet distribution. A 95% confidence interval:

d+ t_%,lsg%@: 2635.63+ (1.753)%%% 2635.63+222.91
nNg a

b (¥,285854)

The differences (white— black) are—7.62, -8.00, -9.09, -6.06, -1.39, -16.07, -8.40, -8.89, and
—2.88, fromwhich d =-7.600, and S; =4.178. The confidence level is not specified in

the problem description; for 95% confidence, t ,,s s = 2.306, andthe C.I. is

- 7.600+ (2.306)§M$: -7.600+3.211=(- 10.811- 4.389).

R

with (%, ;) =(65), (X,, ¥,) =(1514) (%, ¥5) = (10), and (x,, y,) = (21,20),
J =1 and Sy = O (thed;sarel, 1, 1, and 1), whiles; = s, =8.96,s0s, =896 andt =.16.
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Section 9.4

47,

48.

49.

Ho will bergjectedif Z £ - 2, = - 2.33. with p, =.150, and p, =.300,
~ _ 30+80 _ 210

P = 500+600 800
150- .300 - 150 _

= =-4.18. Because - 4.18 £ -2.33,H, is
J(263)(737)(% ++%5) 0359

rejected; the proportion of those who repeat after inducement appears lower than those who
repeat after no inducement.

=.263, and § =.737. The calculated test statistic is

a  Howill berejectedif |2 3 1.96. with P, = 83 - 2100, and P, = = s67,
300 180
- 63+ 75 = 2875 7= 2100 - .4167 _- 2067 __
300 +180 J(2875)(7125)(5; +25) 0427
Since - 4.84£ - 1.96, H, isrejected.
b. P=.275 andS =.0432, so power =
. SF 23(1.96)(.0421)+.2]6 c ab- (1.96)(0421) +.2) 001 _
§ & 0432 g & 0432 :
1- [F(6.54)- F(2.72)] = .9967 .
1 Parameter of interest: p1 — p; = true difference in proportions of those responding to
two different survey covers. Let p; =Pain, p, = Picture.
2 Ho:ip,- p, =0
3 H,:p,- p, <0
4 7= P- P
Jpa(E+3)
5 Reject H, if p-value< .10
o 1910
6 zZ= =-. ; p-vaue = .4247
JERNE o + )
7 Fail to Reject H,. The data does not indicate that plain cover surveys have alower
response rate.
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Leea =.05. A95%confidenceintervalis(f)l- f)z)i' Z, 4/ |22 + P2

o

224\(171) (126 )(140) 5
= (- ) 1.96\/ ?ﬁl(;%) + (26;)65266); =.0934 +.0774 = (.0160,.1708).

a Hgy:p, = p,will bergectedinfavorof H, : p, * p, if either 23 1.645 or

) ) . 011
7£-1645. With p. =.193, and p, =.182. p = .188, z =
P and P2 P 00742

=148

Since 1.48isnot 3 1.645, H, is not rejected and we conclude that no difference exists.

b. Usingformula(9.7) withp; =.2,p,=.18,a =.1, b =.1,and z,,, =1.645,

= (1.645 5.38)1.62) +1.281.16 +.1476
.0004

)2 = 6582

Let p; = true proportion of irradiated bulbs that are marketable; p, = true proportion of
untreated bulbs that are marketable; The hypothesesare H, : p; - P, =0 vs.

’pl - ﬁz 153

— L2 with p, = = = .850, and
(AL +1) 180

s MO o s 22 . 850- 661 189,

P =180 7 P T 360 - |J(756)(244)( % + &) 045

Thep-value= 1- F (4.2) » 0, soreject H, at any reasonable level. Radiation appearsto be
beneficial.

Hy Py - P, >0. Thetest statisticis z =

a. A 95% large sample confidence interval formulafor In(q) is

~ m-xX n-y ) )
Inig )+ Z + . Taking the antilogs of the upper and lower bounds
mx ny

givesthe confidence interval for q itself.

189

b. q =22 =1818, Inlg)=.598, and the standard deviation s

11,037
10,845 10,933
! ’ =.1213, In(g) i
\/ (11032)(189) * (11.037){04) sotheC for Ing) i
598+ 1.96(. 1213) = (.360,.836) . Then taking the antilogs of the two bounds gives
the Cl for q to be (1.43,2.31).
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54,

a  The“after” success probability isp; + p3 while the “before” probability isp; + p2, sop; +
p3 > p1 + P2 becomesps >py; thuswewishtotest H, : p; = p, versus
H,:ps> P,

X, + X, )- (X, + X X,- X
b. Theestimator of (p1+p3)—(pl+p2)is( L 3) ( L 2) =3 72
n n
- X s +
c. WhenH,istrue, p2=p3,SOVarg 3 29= P, * Ps , Which is estimated by
e n g n
Xs' Xz
D, +p T h X.- X
u. The Z statistic isthen — n — = 3 2.
n \/pz"'ps «/Xz"'xs
n
200- 150
d. Thecomputedvalueof Zis —————==2.68,s0 P=1- F (2.68) =.0037. At
/200+150
level .01, H, can berejected but at level .001 H, would not be rejected.
. 15+7 " 29
55. p, =———=.550, p, = o =.690, and the 95% C.I. is

(.550- .690)+1.96(.106) = - .14+ .21= (- .35,.07).

56. Usingpi =1 =p>.=02=.5 L = 2(1.96) é‘eé + EQ = 27119 , S0 L=.1requires n=769.
\én ng  n

Section 9.5

57.
a FromTableA.9, column5,row 8, Fy ;5 = 3.69.

b. Fromcolumn8,row5, Fy 55 =4.82.
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Foi00 == =——=;=.212.

Fossa = 6.16, 50 P(F £ 6.16) =.95.

Since F.99,10,5 = % =.177,

P(177£F £ 4.%4) =P(F £4.74)- P(F £.177) =.95- .01=.94.

Since the given f value of 4.75 falls between F 5,0 =3.33 and F, 5,, = 5.64, we
can say that the upper-tailed p-valueis between .01 and .05.

Sincethe given f of 2.00islessthan F,5,, = 2.52, the p-value>.10.

The two tailed p-value = 2P(F 3 5.64) = 2(.01) =.02.

For alower tailed test, we must first use formula 9.9 to find the critical values:

1 1
F.90,5,10 = F— = 30301 F-955,10 = F— = 2110,
.1010,5 05,105
1
Foos10 = =.0995. Since .0995<f=.200<.2110, .01 < p-vaue< .05 (but
.01,10,5

obviously closer to .05).
Thereisno column for numerator d.f. of 35in Table A.9, however looking at both df =

30 and df = 40 columns, we see that for denominator df = 20, our f value is between F o,
and Fgo;. Sowe cansay .001< p-value<.01.
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Wetest H, S f =s 22 vs. H, :512 s 22 The calculated test statistic is
(2.75)
(4.44)
1=5-1=4,werdectHoif f 3 F,, =6.00 or

fE£Fge,= }{:.05’4’9 = %.63: 275 . Since 384 isin neither rejection region, we do

not reject Hp and conclude that thereis no significant difference between the two standard
deviations.

f = = .384 . With numerator d.f.=m —1=10—1 =9, and denominator d.f. = n—

With S | = true standard deviation for not-fused specimensand S , = true standard

deviation for fused specimens, wetest H, 1S, =S , vs. H, :S; >S ,. Thecalculated

2
—ggggz =1.814. with numerator d.f.=m—-1=10-1=9, and

denominator d.f. =n-1=8-1=7, f =1.814<2.72=F 4. Wecan say that the p-

value > .10, whichisobviously > .01, so we cannot reject H,. Thereisnot sufficient
evidence that the standard deviation of the strength distribution for fused specimensis smaller
than that of not-fused specimens.

test statisticis f =

LetsS 12 = variancein weight gain for low-dose treatment, and S 22 = variancein weight

gain for control condition. Wewishtotest H, :S > =s Zvs. H_ :S? >S 2. Thetest
2

statistic is f =—Slz ,and wereject H, at level .05if f >F . ,,, » 2.08.
52 19,
f= (32)2 =2.853 20.8, sorgject H,, at level .05. The data does suggest that there is

more variability in the low-dose weight gains.

H,:s, =s , will berejectedinfavorof H, :S, 1 s, ifeither f £ Fq,,,, » .56

orif f3 Foeru »1.8. Because f =1.22 H,isnotrejected. The datadoes not
suggest adifferencein the two variances.
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& S*ls? 0 . L
63. PgFl-a/Z,m-Ln-l £ —=——EtF ,nin12=1-a . Thesetof inequalitiesinsidethe
S;ls; {7/

2 2 2
S Fl»alz,m—l,n—l £ S, £ S Fa/z,m-l,n-l

2 2 2
Sl

parenthesesis clearly equivalent to . Substituting

2
S
the sample values 512 and 522 yields the confidence interval for —22 , and taking the square
S 1

S
root of each endpoint yields the confidence interval for 2  m=n=4,soweneed

S

1
Fosss =9.28 and F g5 ; =——=.108. Thenwiths; =.160and s, =.074, the C. I.

9.28

sy s,
for —2-is(.023, 1.99), and for —= is(.15, 1.41).
S 1 S 1

2F 2
64. A 95% upper bound for 52 is > '025'9'9 = (3'59) (3'18) =8.10. Weare
s, | ¢ (79)

confident that the ratio of the standard deviation of triacetate porosity distribution to that of
the cotton porosity distribution is at most 8.10.

Supplementary Exercises

65. Wetest Hy:m-m, =0 vs. H, :m - m,* 0. Thetest statisticis
t:(x-y)-(D)_ 807- 757 _ 50 50

= = =3.22. Theapproximate d.f. is
\/ ¢ ¢ \/272 412 +[241 15524
— 4= 10 +—

m n 10
_ (242)? _ .
n= > -~ = 15.6, which we round down to 15. The p-value for atwo-
(729) |, (168.9)
9 9

tailed test is approximately 2P( t > 3.22) = 2(.003) =.006. Thissmall of ap-value gives
strong support for the alternative hypothesis. The dataindicates asignificant difference.
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Comparative Boxplot of Tree Density Between
Fertilizer Plots and Control Plots

1400 —

1300 —

1200 —

Fertiliz

1100 —

1000 —

T T
Fertiliz Control

Although the median of the fertilizer plot is higher than that of the control plots, the
fertilizer plot data appears negatively skewed, while the opposite istrue for the control
plot data.

b. Atestof Hy:m-m, =0 vs. H, :m - m, * Oyieldsat value of -.20, and atwo-

tailed p-value of .85. (d.f. = 13). Wewould fail to reject Hy; the data does not indicate a
significant difference in the means.

c. With 95% confidence we can say that the true average difference between the tree density
of the fertilizer plots and that of the control plotsis somewhere between—144 and 120.
Sincethisinterval contains 0, 0 isaplausible value for the difference, which further
supports the conclusion based on the p-value.

Let p; = true proportion of returned questionnaires that included no incentive; p, = true

proportion of returned questionnaires that included an incentive. The hypotheses are

Ho:pi- P, =0vs Hy:p, - p, <O. Thetest statisticis z:%.
|/ +3)

p, = LR 682, and P, =% =.673. At thispoint wenoticethat since P, > p,, the

110
numerator of the z statistic will be > 0, and since we have alower tailed test, the p-value will
be>.5. Wefail torgect H,. This data does not suggest that including an incentive increases
the likelihood of aresponse.
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Summary quantitiesarem =24, X =103.66,s;=374,n=11, y =101.11,s, =360. We
use the pooled t interval based on 24 + 11 — 2 = 33 d.f.; 95% confidence requires

t 00533 = 2.03. With S =13.68 and s, =3.70, the confidence interval is

2,55+ (2.03)(3.70),/% + 4 = 255+ 2.73 = (- .18,5.28). Weare confident that the

difference between true average dry densities for the two sampling methods is between -.18
and 5.28. Becausetheinterval contains O, we cannot say that there isasignificant difference
between them.

The center of any confidenceinterval for M - mMyisaways X; - X,, so

_ _ -473.3+1691.9 ) . .
X - X, = > = 609.3. Furthermore, half of the width of thisinterval is

1 2

1691.9- (_ 473'3) =1082.6 . Equating thisvalueto the expression on the right of the

2

95% confidence interval formula, 1082.6 = (1 96) Sl —2 we find
n.n
S s; 10826
—+—= =———=05b52.35. Fora90% interval, the associated z valueis 1.645, so

n n, 1.96
the 90% confidenceinterval isthen 609.3 + (1.645)(552.35) =609.3+908.6
= (- 299.31517.9).

a. A 95% lower confidence bound for the true average strength of joints with a side coating

isi-t_0259§}g—6323 1833§J9_6; 63.23- 3.45=50.78. Thatis,

with a confidence level of 95%, the average strength of joints with a side coating is at
least 59.78 (Note: thisbound isvalid only if the distribution of joint strength isnormal.)

b. A 95% lower prediction bound for the strength of asinglejoint with aside coating is
X - togso(Sy1+ %)= 63.23- (1.833)[5.96,/1+ 5 ) = 63.23- 11.46 = 51.77.

That is, with a confidence level of 95%, the strength of asingle joint with a side coating
would be at least 51.77.

c. Foraconfidencelevel of 95%, atwo-sided tolerance interval for capturing at least 95%
of the strength values of joints with side coating is X % (tolerance critical value)s. The

tolerance critical valueis obtained from Table A.6 with 95% confidence, k = 95%, and n
=10. Thus, theinterva is

63.23+ (3.379)(5.96) = 63.23+ 20.14 = (43.09,83.37). That is, we can be

highly confident that at least 95% of all joints with side coatings have strength values
between 43.09 and 83.37.
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d. A 95% confidenceinterval for the difference between the true average strengths for the

(9.59) | (5.96)°

two types of jointsis (80.95 - 63.23) il \/

. The
10 10
(919681 + 355216)2
approximate degrees of freedomisn = (91.96;01)2 (;2.5216)2 =15.05, soweuse 15
10 + 110
9 9

df., and t o,5,5 = 2.131. Theinterval is, then,
17.72+(2.131)(3.57) = 17.72+ 7.61= (10.11,25.33) . With 95% confidence, we

can say that the true average strength for joints without side coating exceeds that of joints
with side coating by between 10.11 and 25.33 Ib-in./in.

m=n =40, X =3975.0,s,=245.1, § = 2795.0, s, =293.7. Thelarge sample 99%

245.1° 2937 2
40 40
(1180.0) +1560.5 » (1024,1336) . ThevalueOis not contained in thisinterval sowe can

state that, with very high confidence, the value of IM - M, isnot 0, which is equivalent to
concluding that the population means are not equal.

confidenceinterval for m - m, is (3975.0- 2795.0)i 2.58\/

Thisexercise callsfor apaired analysis. First compute the difference between the amount of
cone penetration for commutator and pinion bearings for each of the 17 motors. These 17

differences are summarized asfollows: n=17, d =-4.18, s, = 35.85, whered =
(commutator value— pinion value). Then t,s,q = 2.120, and the 95% confidenceinterval

for the population mean difference between penetration for the commutator armature bearing
and penetration for the pinion bearing is:

- 4.18+(2.120 ??5% -4.18+18.43= (- 22.61,14.25). Wewould haveto say

that the population mean difference has not been precisely estimated. The bound on the error
of estimation is quite large. In addition, the confidence interval spans zero. Because of this,
we haveinsufficient evidence to claim that the population mean penetration differsfor the
two types of bearings.
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Since we can assume that the distributions from which the samples were taken are normal, we
usethetwo-samplet test. Let M denote the true mean headability rating for aluminum killed

steel specimens and I, denote the true mean headability rating for silicon killed steel. Then
the hypothesesare Hy:m - m, =0vs. H, :m - m, 1 0. Thetest statisticis

- .66 - .66 .
t= = = - 2.25. Theapproximate degrees of freedom
./03888+.047203  /.086083
2
n= ('0286083) > =57.5, soweuse57. Thetwo-tailed p-value
(.03888)° , (:047203)
29 29

» 2(. 014) =.028, which isless than the specified significance level, so we would reject H,.
The data supports the article’ s authors' claim.

Let M denote the true average tear length for Brand A and let M, denote the true average
tear length for Brand B. Therelevant hypothesesare H, : M - m, =0 vs.

H_, :m - m, > 0. Assuming both populations have normal distributions, the two-sample t
test is appropriate. m=16, X = 74.0,s,=148,n=14, Yy =61.0,s, =125, s0the

(14.8Z 1252 )2

approximate df. isn = -2 14 = 27.97 , which we round down to 27. Thetest
(14.82)2 (1252)2
16 + 14
15 13
o 74.0- 61.0
statisticis t = ——— » 2.6. From Table A.7, the p-value= P(t> 2.6) =.007. Ata
148 4 125
16 14

significance level of .05, H, is rejected and we conclude that the average tear length for Brand
A islarger than that of Brand B.

a  Therelevant hypothesesare Hy :m - m, =0vs. H, :m - m * 0. Assuming

both populations have normal distributions, the two-samplet test is appropriate. m=11,
X=98.1,s,=142,n=15 Y =129.2,s,=39.1. The test statisticis

- 311 - 311 .
t= = = - 2.84. The approximate degrees of
\/18.3309+101.9207 +/120.252
2
freedomn = (1§0'252) > =18.64, soweuse 18. From Table A7,
(18.3309)° , (101.9207)
10 14

the two-tailed p-value » 2(. 006) =.012. No, obviously, the results are different.

287



76.

77.

Chapter 9: Inferences Based on Two Samples

b. Forthehypotheses Hy :m - m, =-25vs. H, :m - m, <-25, thetest statistic

M = - .556. With degrees of freedom 18, the p-value
120.252 T |

» P(t <- .6) =.278. Sincethe p-valueis greater than any sensible choice of a , we

fail torgject H,. Thereisinsufficient evidence that the true average strength for males
exceeds that for females by more than 25N.

changesto t =

a. Therelevant hypothesesare H , : rq - mz = 0 (which is equivalent to saying

m-m,=0)versus H, :m - m, 1 O (whichisthe sameassaying

m - m, * 0). Thepooledttestishasedond.f.=m+n-2=8+9-2=15. The
m_ 1 e n_ 1 .

pooled variance is Sf) = (i:;e 0 : +¢% 9522

em+n- 2g em+n- 2g

281 duop+ @1 9461222249 w05, = 4742, Thetest statistic
€8+9- 2g €8+9- 2g

X*-y* _ 18.0-11.0
S,E+i 4742 [1+1
associated witht = 3.0is2P(t>3.0) = 2(.004) = .008. Atsignificancelevel .05, H, is
rejected and we conclude that there is a difference between m_ and mz , Whichis

ist= =3.04 » 3.0. From TableA.7, thep-value

equivalent to saying that there is a difference between M and M, .

b. No. Themean of alognormal distributionis m= e"f +(S*)2/2 , Where m andS  are
the parameters of the lognormal distribution (i.e., the mean and standard deviation of
In(x)). Sowhensl* =S ;,then m_ = m2 would imply that M = M,. However,
when SI s 2 , then even if n1 = n12 the two means 1M, and 1M, (given by the
formula above) would not be equal .

Thisis paired data, so the paired t test isemployed. Therelevant hypotheses are
Ho:m, =0 vs. H, :m, <O, where IM, denotes the difference between the population

average control strength minus the population average heated strength. The observed
differences (control — heated) are: -.06, .01, -.02, 0, and-.05. The sample mean and standard

deviation of the differencesare d = - .024 and s, =.0305. Thetest statistic is
- .024
t —

.oso/yJE
value associated witht =-1.8isP(t<-1.8) = P(t>1.8) =.073. Atsignificancelevel .05, H,

should not be rejected. Therefore, this data does not show that the heated average strength
exceeds the average strength for the control population.

=-1.76» - 1.8. From Table A.7, withd.f. =5—1 = 4, the lower tailed p-
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Poor Visibility

Let M denote the true average ratio for young men and I}, denote the true average ratio for
elderly men. Assuming both populations from which these samples were taken are normally
distributed, the relevant hypothesesare Hy :m - m, =0vs. H, :m - m, >0. The

747- 6.71
value of thetest statisticis t = ( - )2 =7.5. Thed.f.= 20 and the p-valueis
(22 (28
J A T G
13 12

P(t>75) » 0. Sincethep-valueis <a =.05, wergect H,. We have sufficient evidence
to claim that the true average ratio for young men exceeds that for elderly men.

1.5 —

Good Visbility

0.5 - . @

Normal Score
Nomal Score

A normal probability plot indicates the data for good visibility does not follow a normal
distribution, thus at-test is not appropriate for this small asample size.

The relevant hypotheses would be 1M, = M versus M, * M. for both the distress and
delight indices. Thereported p-value for the test of mean differences on the distressindex
waslessthan 0.001. Thisindicates astatistically significant differencein the mean scores,
with the mean score for women being higher. The reported p-value for the test of mean
differences on the delight index was > 0.05. Thisindicatesalack of statistical significancein
the difference of delight index scoresfor men and women.
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Wewishtotest Ho: M =M, versusHxz M 1 m,

Unpooled:
WithHe: M - M, =0 vs.Hy M - m, * O, wewill rectH,if p- value<a .
(E + 1522)2
n =22 =1595% 16, and the test statistic
L)
14 + 12
13 11

,_848-936 - .96
- JE s 4869

14 12

» 2(.031) » .062

Pooled:

=-1.97 leadsto ap-vaueof 2[ P(t > 1.97)]

Thedegreesof freedomn =m=n- 2=14+12- 2 =24 and the pooled variance

isaéE(.—:j(Jg)2 + ¢‘é'_19(1_52)2 =1.3970,s0 S, =1.181. Thetest statisticis
e24 g e24 g
a - .96 _-.96
t= = » - 2.1. Thep-vaue=2[ P(ty, >2.1)] =2(.023) = .046.
1.18L /% +& 465

With the pooled method, there are more degrees of freedom, and the p-value is smaller than
with the unpooled method.

Because of the nature of the data, we will use apaired t test. We obtain the differences by
subtracting intake value from expenditure value. We are testing the hypotheses Ho: pg = 0 vs

o 1.757 _
Ha hg ?0. Test statistic t = ———— = 3.88 with df = n—1=6leadsto ap-vaueof 2[ P(t>

1.197‘17
3.88) 7 .004. Using either significance level .05 or .01, we would reject the null hypothesis
and conclude that there is a difference between average intake and expenditure. However, at
significance level .001, we would not reject.

a.  With n denoting the second sample size, thefirstism = 3n. Wethen wish

/900 400
20= 2(2.58) ey + - , Whichyieldsn =47, m = 141.

, , L 900 400 ,
b. Wewishtofind the n which minimizes Z(Zd,z) ———— +——, or equivalently, the
400-n n
L 900 400 _ o
n which minimizes 00 + —— . Taking the derivative with respect to n and
-n n

equating to 0 yields 900(400- n)? - 400n"2 =0, whence 9n? = 4(400- n)*, or
5n? +3200n - 640,000 = 0. Thisyieldsn = 160, m =400 — n = 240.
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84. Let p; = truesurvival rateat 11°C ; p, = true survival rateat 30°C ; The hypotheses are
ﬁl B ﬁz
. 713 102 ~ 175

= °-802 and P, =—==.927, p=—"=.871,G=.129 .
P1= 91 P2 =110 P= %01 9

Ho:Pi- P, =0vs H,:p,- p,t 0. Thetest statisticis Z = . With

_ .802- .927 _-.125
J(872)(129)(& + &) 0320

F (- 3.91) <F (- 3.49) =.0003, so reject H, at any reasonable level. The two survival
rates appear to differ.

=-3.91. Thep-value=

85.
a Wetest Hy:m-m =0vs H, :m - m,* 0. Assuming both populations have

normal distributions, the two-samplet test is appropriate. The approximate degrees of
(.042721)°

(0325125)°  (.0102083)°
7 11
tooos1r = 4437, sowergject Hoif t3 4.437 or t £ - 4.437 Thetest statisticis
.68

t = —— » 3.3, whichisnot 3 4.437, so we cannot reject H,. At significance
042721

level .001, the data does not indicate adifferencein true average insulin-binding capacity

dueto the dosage level.

freedomn =

=11.4, soweusedf = 11.

b. P-vaue=2P(t>3.3)=2(.004) = .008 whichis> .00L.

86 $2 = |_(n1‘ 1)812"'(”2 B 1)522 +(n3' 1)332 +(n4 B 1)821
. nl+n2+n3+n4'4
E(S"Z): |_(ni' 1)512"'(“2' 1)522"'(”3' 1)S§+(n4' 1)5 EJ:S 2
n+n,+n;+n,- 4

the given datais = [15(.4096) + 17(.6561)54(; 7(.2601) +11(.1225)]

. The estimate for

=.409
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& o)
D, =05, =5, =10.de15 = |20 WM & o 9
V'n n ? 14.142

giving b = .9015, .8264, .0294, and .0000 for n = 25, 100, 2500, and 10,000 respectively. If

the M'S referred to true average | Q' s resulting from two different conditions, m - m, =1

would have little practical significance, yet very large sample sizeswould yield statistical
significance in this situation.

Hy:m- m =0istestedagainst H, :m - m, 1 O usingthetwo-samplet test,
rejecting H, at level .05if either t 3 t . o = 2.131 orif t £ - 2.131. with X =11.20,

§=268,Y=9.79,s, =321, andm=n=8,s,=296,andt=.95,s0 H, is not

rejected. In the situation described, the effect of carpeting would be mixed up with any

effects due to the different types of hospitals, so no separate assessment could be made. The
experiment should have been designed so that a separate assessment could be obtained (e.g., a
randomized block design).

Hy 1 p; = P, will berejected at level @ infavorof H, 1 p, > P, if either
z3 z,,=1.645. with p, =22 =10, p, = 2% =.0668, and p =.0834,

2500 2500
.0332 . . : .
z=———=4.2,s0H,isrejected . It appearsthat aresponseismore likely for awhite

.0079
name than for ablack name.

_ 34- 46 ,
The computed value of Z is Z=—————= =-1.34. A lower tailed test would be
34+ 46
appropriate, so the p-value = F (- 1.34) =.0901> .05, so we would not judge the drug to

be effective.
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a Let m and M, denote the true average weights for operations 1 and 2, respectively. The

relevant hypothesesare H, :m - m, =0vs. H, :m - m, 1 0. Thevaueof the
test statistic is

_ (1402.24- 1419.63) _ - 17.39 __ 1739 _ g
\/ (10.97)° , (9.96)° © \/4011363+3.30672 /7.318083 '
30 30
Thedf.n = (7.318083) =57.5,sousedf = 57. t e o, » 2.000,
(4.011363)* | (3.30672)° '
29 29

so we can reject H,, at level .05. The dataindicatesthat thereisasignificant difference
between the true mean weights of the packages for the two operations.

b. H,:m =1400 will betested against H, : m >1400 using aone-sample't test

_ o X-1400 _ _
with test statistic t = —————. With degrees of freedom = 29, wereject H,, if

e

1402.24- 1400 2.24
t> 1,0 =1.699. Thetest statistic valueist = - —

w09~ 200

Because 1.1 < 1.699, H, is not rejected. True average weight does not appear to exceed
1400.

~ —_ A —_ ~ _+ V2
o m n m+n
X-Y
Z= . With X =1.616 and Y = 2.557 ,z=-5.3 and p-value =
Lyl

Z(F (- 5.3))< .0006 , so we would certainly reject Hy @1, =1, infavor of
Hyo:1,t1

a

N

~ ~

- I
|, =xX=1.62, I =y =256, P F =1.77, and the confidence interval is

- .94+ (1.96)(1.77) =- .94+.35 = (- 1.29,- .59)
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