CHAPTER 8

Section 8.1

a. Yes. Itisan assertion about the value of a parameter.

b. No. The sample median X isnot aparameter.
c. No. The sample standard deviation sis not a parameter.

d. Yes. Theassertionisthat the standard deviation of population #2 exceeds that of
population #1

e. No. X and Y arestatisticsrather than parameters, so cannot appear in ahypothesis.

f. Yes. Hisan assertion about the value of a parameter.

: a. These hypotheses comply with our rules.
b. H,isnotanequdlity claim (eg. S =20), so these hypotheses are not in compliance.
c. H, should contain the equality claim, whereas H, does here, so these are not |egitimate.
d. Theasserted valueof M - M, inH, should also appear in H,. It does not here, so our
conditions are not met.
e. Each S’ isastatistic, so does not belong in a hypothesis.
f.  Wearenot allowing both H, and H, to be equality claims (though thisis allowed in more
comprehensive treatments of hypothesistesting).
g. These hypotheses comply with our rules.
h. These hypotheses arein compliance.
3. In thisformulation, H, states the welds do not conform to specification. This assertion will

not be rejected unless there is strong evidence to the contrary. Thus the burden of proof ison
those who wish to assert that the specification is satisfied. Using Ha: ™ < 100 resultsin the

welds being believed in conformance unless provided otherwise, so the burden of proof ison
the non-conformance claim.
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Chapter 8: Tests of Hypotheses Based on a Single Sample

When the alternativeisHy ™ < 5, the formulation is such that the water is believed unsafe

until proved otherwise. A typel error involved deciding that the water is safe (rejecting Ho)
whenitisn't (Ho is true). Thisisavery serious error, so atest which ensuresthat this error is
highly unlikely isdesirable. A typell error involvesjudging the water unsafe wheniitis
actually safe. Though aseriouserror, thisisless sothanthetypel error. It isgeneraly
desirable to formulate so that the type 1 error is more serious, so that the probability of this
error can be explicitly controlled. UsingHa: M > 5, thetypel error (now stating that the

water is safe when it isn't) isthe more serious of the two errors.

Let S denotethe population standard deviation. The appropriate hypotheses are
H,:s =.05vs H, :s <.05. Withthisformulation, the burden of proof ison the data

to show that the requirement has been met (the sheaths will not be used unless H,, can be
rejected infavor of H,. Typel error: Conclude that the standard deviation is < .05 mm when
itisreally equal to .05 mm. Typell error: Conclude that the standard deviationis.05 mm
whenitisredly <.05.

H,:m=40vs H_, : m* 40, where IT isthe true average burn-out amperage for this

type of fuse. The alternative reflectsthe fact that adeparture from 1 = 40 in either

direction isof concern. Noticethat inthisformulation, it isinitially believed that the value of
IT isthe design value of 40.

A typel error hereinvolves saying that the plant is not in compliance when infact it is. A
type Il error occurs when we conclude that the plant isin compliance when in fact itisn't.
Reasonabl e people may disagree as to which of the two errorsis more serious. If in your

judgement it isthe type |1 error, then thereformulation H, : m=150 vs H, : m<150
makes the type | error more serious.

Let M = the average amount of warpage for the regular laminate, and M, = the anal ogous

value for the special laminate. Thenthe hypothesesare H, :m =m, vs H, :m >m,.

Typel error: Conclude that the special |aminate produces less warpage than the regular,
when it really doesnot. Typell error: Conclude that there is no differencein the two
laminates when in reality, the special one produces less warpage.
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Chapter 8: Tests of Hypotheses Based on a Single Sample

R; ismost appropriate, because x either too large or too small contradicts p = .5 and
supportsp 1 5,

A typel error consists of judging one of the tow candidates favored over the other when
in fact thereisa50-50 split in the population. A type Il error involves judging the split to
be 50-50 when it is not.

X hasabinomial distributionwithn=25and p=0.5. & =P(typel error) =
P(X £ 7orX 3 18 when X ~Bin(25, .5)) = B(7; 25,.5) + 1 - B(17, 25,.5) = .044

b(.4)=P(8£ X £17whenp=4)=B(17; 25,5) - B(7, 25,4) = 0.845, and
b(.6)=0.845 aiso. b(.3) = B(17;25,.3) - B(7;25,.3) =.488=b(.7)

X =6isinthergectionregion Ry , so Hy isrejected in favor of H,.

H, :m=1300 vs H, :m>1300

X isnormally distributed with mean E(X) = m and standard deviation
S 60

2
P(X 3 1331.26 when Hoistrue) =
, 1331.26- 1300

2=p(z3 2.33)=.01
13416 g

=13.416. WhenH, istrue, E()_() =1300. Thus

5
8l

bel

a

8

P

DO
N

When m =1350, X hasanormal distribution with mean 1350 and standard deviation
13.416, s0 b (1350) = P(X <1331.26 when nr = 1350) =
& . 1331.26- 1350 9

PCZE 2=P(z£ - 1.40) = .0808
& 13416 g

¢- 1300 =1.645 (since

Replace 1331.26 by ¢, where c satisfies
P(z 3 1.645) =.05). Thusc=1322.07. Increasing@ givesadecreasein b ; now
b(1350) = P(z £ - 2.08) =.0188.

5 1331.26- 1300 ieiff z3 2.33.
13.416

X3 1331.26 iff z
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11.

Chapter 8: Tests of Hypotheses Based on a Single Sample

H,:m=10vsH_ :m? 10

a = P( rgjecting H, when Hyistrue) = P(X 3 10.1032 or £ 9.8968whenr =10).
Since X isnormally distributed with standard deviation

S = 32 =.04,a = P(2°® 2.580r £ - 2.58) = .005+.005= .01

An

when =101, E(X) =10.1, so b(10.1) = P(9.8968 < X <10.1032 when
nm=10.1 = P(-5.08 < 2<.08) =.5319. Smilaly,

b(9.8) = P(2.42 < z<7.58) =.0078

c=x2.58
Now S - —2 =.0632. Thus 10.1032 is replaced by ¢, where c- 10 =
Jn  3.162 0632

and so ¢ =10.124. Similarly, 9.8968 is replaced by 9.876.

X =10.020. Since X isneither 3 10.124 nor £ 9.876, itisnot in the rejection
region. H, isnot rejected; it isstill plausible that I =10.

X2 10.1032 or £ 9.8968 iff z3 2.58 or £ - 2.58.
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13.

Chapter 8: Tests of Hypotheses Based on a Single Sample

Let IM =true average braking distance for the new design at 40 mph. The hypotheses are
H, :m=120 vs H, :m<120.

R» should be used, since support for His provided only by an X value substantially
smaller than 120. ( E(Y) =120 when H, istrueand , 120 when H,istrue).

s 10

S; =——==—=16667,s0a =P (X3 115.20 when m =120) =
6 ( )

p‘é%g MQ: (z£ - 2,88)2 .002. Toobtaina =.001, replace
e 1.6667 g

11520 by ¢ =120- 3.08(1.6667) =114.87, so that P(X £ 114.87 when
m=120) = P(z £ - 3.08) =.001.

b(115) = P(X >115.2 when I = 115) = P(z >.12) = .4522

a =P(z £ -2.33) =.01, because when H, istrue Z has a standard normal

distribution ( X has been standardized using 120). Similarly P(z £ - 2.88) =.002,
so this second rejection region is equivalent to R,.

& g’m) 12335 %2

- - p% ng+
whenm=m)) = Pcz® S +
&

= P(Z 3 2.33) = .01, where Z isastandard normal r.v.

S

Jn

P(X3 m, +2.33

P(rejecting H, when i = 99) = P(X 3 102.33 when nr = 99)

= p&%e 102- 995 - P(z 3 3.33)=.0004. Similaly, a (98) = P(X 3 102.33
e (%]

when m=98) = P(z3 4.33) = 0. Ingeneral, we have P(typel error) < .01 when
this probability is calculated for avalue of " lessthan 100. The boundary value

nm =100 yieldsthelargest a .
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Chapter 8: Tests of Hypotheses Based on a Single Sample

a Sy =.04,s0 P(X? 10.10040r £ 9.8940 when

m=10) = P(z * 2.51or £ - 2.65) =.006 +.004 = .01

b(10.1) = P(9.8940 < X <10.1004 when

nm=10.1) = P(- 5.15 < z <.01) =.5040, whereas

b (9.9) = P(-.15< z<5.01) =.5596. Since M =9.9 and i = 10.1 represent
equally serious departures from H,, one would probably want to use atest procedure for
which b (9.9) =b (10.1) . A similar result and comment apply to any other pair of
alternative values symmetrically placed about 10.

Section 8.2

15.

16.

a = P(z 3 1.88 whenzhasastandard normal distribution) =1- F (1.88) =.0301
a =P(z £-2.75 whenz~N(0,1) = F (- 2.75)=.003

a=F(-288)+(1- F(288))=.004

a = P(t 3 3.733 whent hasat distribution with 15 d.f.) =.001, because the 15 d.f.
row of Table A.5 showsthat t o115 =.3733

df.=n-1=23,s0a =P(t £ - 2.500) =.01

df.=30,and @ = P(t 3 1.697) + P(t £ - 1.697) =.05+.05=.10
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18.

Chapter 8: Tests of Hypotheses Based on a Single Sample

_ 20,960- 20,000

1500,
s

b(20,500): F ?33+

= 2.56 > 2.33 soreject H,.

20,000- 20,5000

Z=F (1.00)=.8413
1500/~/16 & (1.00)

_ €1500(2.33+ 1.645) 1

& 0 =142.2,sousen =143
& 20,000- 20,500

b(20,500)=.05:n

a =1- F(2.56)=.0052

72.3- 75 ) =
T =-15s0723is1.5SD's(of X ) beow 75.

Hoisrejectedif Z £ - 2.33;sincez=- 1.5 isnot £ - 2.33, don’t reject H,.
a = areaunder standard normal curve below —2.88 = F (- 2.88) =.0020

7 700_ (. 1)=.4602 so b(70) = 5398

(%]

F& 288+
e

, 2
= e9(2.88 hl 2'33)9 =87.95,s0usen =88

n=~~~ - 7
g8 75-70 H
a(76) = P(Z < - 2.33 when m=76) = P(X < 72.9 when r = 76)

—p @290 £ (L 344)= 0003
1]
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20.

21.

22.

23.

Chapter 8: Tests of Hypotheses Based on a Single Sample

Reject H, if either 23 2,58 or Z £ - 258: —— =0.3, 50

Jn
94.32- 95 . . .
Z2=———=-2.27. Since—2.27 isnot < -2.58, don’t reject H,.
1 s 1 s
b(04)=F&58- —2 F& 258- —2=F(- .75)- F(- 5.91)=.2266
e 03g e 0.3g

z 52
n= 61.20(2.58+1.28)y" _ 21.46, sousen = 22.

8 095-94 f

With He: =750, and Hy 1M < 750 and asignificance level of .05, we rgject Ho if z< -
1.645; z=-2.14 <-1.645, so we reject the null hypothesis and do not continue with the
purchase. At asignificancelevel of .01, wergject H, if z<-2.33; z=-2.14>-2.33, sowe
don’t reject the null hypothesis and thus continue with the purchase.

WithHo: m=.5,andHa M1 .5 wereject Hoif t >t,,, yort<-t ,,

a 16<ts12=2.179,s0don’t reject Hy
b. -16>-tos12=-2.179, sodon't rgject Ho
C. —26>-tgps24=-2.797, s0don’t reject Hy
d. -3.9<thenegativeof al t valuesin the df = 24 row, so wereject H, in favor of H,.
a. It appearsthat the true average weight could be more than the production specification of
200 Ib per pipe.
b. Ho: m=200,andHs M > 200 wergject Hoif t>1,,4 =1.699.
206.73- 200 _ 6.73
t= = =5.80>1.699, soreject Ho. Thetest appearsto
6.35/4/30 1.16
substantiate the statement in part a.
X - 360
Ho: M =360 vs.Hy M > 360; t = ——— rgject Hy if t >t . =1.708;
s/</n ’
370.69- 360
t=—————=2.24>1.708. ThusH, should berejected. There appearsto bea
24.36/+/26

contradiction of the prior belief.
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25.

26.

27.

28.

Chapter 8: Tests of Hypotheses Based on a Single Sample

Ho: M =3000 vs. H; I 3000; t = X- 3000, reject Ho if [t| >t g5, = 2.776;
s/+/n '
t= M =-2.99<-2776,sowereject H, . Thisrequirement is not
84/./5
satisfied.

a Honm=55vs.Hs; ml 55; foralevel .01 test, (not specified in the problem

description), reject H,, if either 23 2.58 or Z £ - 258. Since

z _525-55_ 3.33£ - 2.58, reject Ho.
075

b. 1- b(5.6)=1- F&2.58+ Yo, F&E 258- s
é 075 & 075 g

=1- F(1.25)+F (- 3.91)=.105

. ¢3(2.58+2.33)i
g -1 H

= 216.97, sousen = 217.

Reject Hy 122 1.645; —= = 7155, so 7= 22/~ 20

Jn 7155

3 1.645, reject H, at level .05 and conclude that true average penetration exceeds 50 mils.

=3.77. Since3d.77is

Wewishtotest Hy: M =75 vs. Hy M <75; Usinga =.01,H, isrejected if
73.1- 75 _

9//42

t£ -ty ,, »-2.423 (fromthedf 40 row of thet-table). Since t = -2.09,

whichisnot £ - 2.423, H, isnot rejected. Thealloy is not suitable.

With IT = true average recumbency time, the hypothesesare Ho: ™ = 20 vsH, < 20.

- : X- 20 , .
The test statistic valueis Z = , and H, should berejected if Z£ - 2,, = - 1.28
s/</n
Since Z = w =-1.13, whichisnot £ - 1.28, H, isnot rejected. The sample
8.6/73

data does not strongly suggest that true average timeisless than 20.
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Chapter 8: Tests of Hypotheses Based on a Single Sample

a Forn=8n-1=7andt,, =1.895,s0H,isreectedat level .05if t 3 1.895.
Since — = 15 442t = % =.498; thisdoes not exceed 1.895, so

Jno 8

Ho is not rejected.

J- m, - nj _[3:50- 4.00 _
s 1.25

40, andn=8, sofromtableA.17, b (4.0) » .72

n=115 X=113, s=6.43

1 Parameter of Interest: M = true average dietary intake of zinc among males aged 65
— 74 years.
Null Hypothesis: Ho: m =15

Alternative Hypothesis: Hy: Im <15

4 S = X-m _X-15
s/Jn s/n
5 Rejection Region: No value of a was given, so select areasonable level of
significance, such asa=.05. z£z orzE-1645
11.3-
6 z=—— 1 -.g17
6.43//115
7 —6.17 <-1.645, so rgject H,. The data does support the claim that average daily

intake of zinc for males aged 65 - 74 years falls below the recommended daily
allowance of 15 mg/day.

The hypotheses of interest are Hy: MW =7 vsH, M < 7, so alower-tailed test is appropriate;

ﬁ =-1.24. Because -1.24is
1.65/+/9

not£ - 1.397, H, (prior belief) is not rejected (contradicted) at level .01.

H, should berejected if t£-t,,=-1.397. t=
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Chapter 8: Tests of Hypotheses Based on a Single Sample

32. n=12, X =98.375, s=6.1095

a
1 Parameter of Interest: M = true average reading of this type of radon detector when
exposed to 100 pCi/L of radon.
Null Hypothesis: H,: m =100
Alternative Hypothesis: H,: Im1 100
4 = X-m _ X-100
s/An s/n
5 t£-2201ort3 2201
98.375- 100
6 t=———=-.9213
6.1095/4/12
7 Fail torglect Hy. The data does not indicate that these readings differ significantly
from 100.

b. s=75b=0.10. Fromtable A.17, df » 29, thus n»30.

33. b(rn)-D):F(g,z+D\/ﬁ/s)-F(- za,z-D\/ﬁ/s)
=1-|F( z,,- D/n/s )+F(z,,- DIn/s )| =b(m +D)

(sincel-F(c)=F(-c)).

34. For an upper-tailed test, = b(m) = F(Zﬂ1 +\/E(I’T1) - m)/s ) Sincein this case we are
considering M>m,, IM, - M is negative so «/ﬁ(m) - m)/s ® -¥ asn® ¥ . The

desired conclusion follows since F (- ¥) = 0. Theargumentsfor alower-tailed and tow-
tailed test are similar.

Section 8.3
35.
1 Parameter of interest: p = true proportion of carsin this particular county passing
emissionstesting on thefirst try.
2 Ho:p=.70
3 Ha pt .70
4 _ P- P — b - .70
Z= =
Jp.l- po)/n 70(30)/n
5 eitherz3 1.960rz £-1.96
124/200- .70
6 z= =-2.469
4/.701.30 )/ 200
7 Reject Hy. The dataindicates that the proportion of cars passing the first time on

emission testing or this county differs from the proportion of cars passing statewide.
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36.

37.

b(15)=F &

200, b(.15)=F &

€1,
n:§
e

Chapter 8: Tests of Hypotheses Based on a Single Sample

1 p = true proportion of all nickel platesthat blister under the given
circumstances.
2 Ho:p=.10
3 Hq p>.10
4 _ P- P — b_ 10
zZ= =
Jp.(t- po)/n  /10(90)/n
5 Reject Ho if z3 1.645
14/100- .10
6 Z= —————=1.33
A /.10{.90 )/100
7 Fail to Reject Hy. The data does not give compelling evidence for

concluding that more than 10% of all plates blister under the
circumstances.

The possible error we could have madeisaType |l error: Failing to reject the null
hypothesiswhen it is actually true.

€10- .15+1.645,/.10(.90)/200 U
z 0=F (- .02)=.4920. whenn=

& ,J15(85)/100 g

€10- .15+1.645,/.10(.90)/ 200U
& u=F(- .60)=.2743

& |J15(.85)/200 §

2

.10(.90) +1.28,/.15(.85) U

645 0(90) 8 5(85)(1 =19.01° = 361.4, sousen =362
15- .10 G

p = true proportion of the population with type A blood
Ho: p=.40
Ha pt 40
L= p- P, __ p-40
Jpo(1- p,)/n  4.40(.60)/n
Reject Hy if z3 258 orz £-2.58
_82/150- .40 _ .147

Z= =
4/.40‘.605/150 .04

Reject Hy. The data does suggest that the percentage of the population with type A
blood differs from 40%. (at the .01 significancelevel). Sincethe z critical value for
asignificance level of .05 islessthan that of .01, the conclusion would not change.

= 3.667
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Chapter 8: Tests of Hypotheses Based on a Single Sample

38.
a Wewishtotest Hy: p=.02vsH, p<.02; only if Hy can be rejected will the inventory be
postponed. The lower-tailed test rejects H, if z £ -1.645. With P = £ =.015,z=
-1.01, which isnot £ -1.645. Thus, H, cannot be rejected, so the inventory should be
carried out.
€02- .01+1.645,/.02(.98)/1000U
b. b(01)=Feé G=F (5.49) »1
é ,/.01(.99)/1000 a
€02- .05+1.645,/.02(.98)/1000 U
c. b(05)=Feé 4= F (- 3.30)=.0005, soisp=
é \/-05(.95)/1000 g
.05 it ishighly unlikely that H, will be rejected and the inventory will almost surely be
carried out.
39.

L et p denote the true proportion of those called to appear for service who are black. We wish to
p-.25
test Ho: p=.25vsHy p<.25. Weuse Z= _P- , with therejection region z £ -
4/.25i.755/ n
177

Zo1 =-2.33. Wecalculate ﬁ = —=.1686,and Z= M —
1050

=-6.1. Because—
.0134
6.1<-2.33, H, isregjected. A conclusion that discrimination existsisvery compelling.

40.
a. P =trueproportion of current customerswho qualify. Ho: p=.05vsHg pt .05,
_ p-05 .
= ———rgectHyifz3 258 orz £-258. p =.08, so
J05(.95)/ n
.03 . o
=———=3.073 258, s0 H,isrejected. The company’spremiseisnot correct
.00975
€.05- .10+ 2.58,/.05(.95)/500 U
b. b(10)=Feé 4= F(- 1.85) =033
8 ,/.10(:90)/500 :

¢}
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41.

42.

43.

Chapter 8: Tests of Hypotheses Based on a Single Sample

a. Thealternative of interest hereisHy: p > .50 (which states that more than 50% of all
enthusiasts prefer gut), so the rejection region should consist of large values of X (an
upper-tailed test). Thus (15, 16, 17, 18, 19, 20) isthe appropriate region.

b. a =P(@U5£ X when p =.5) =1-B(14; 20, .05) = .021, so thisisalevel .05 test.

For R={14, 15, ..., 20}, a = .058, so this R does not specify alevel .05 test and the
region of aisthe best level .05 test. (a £ .05 along with smallest possible b).

c. b(:6)=B(14; 20, .6) = .874, and b(:8) = B(14; 20, .8) = .19%.

d. Thebest level .10test isspecified by R = (14, ..., 20} (witha =.052) Since 13isnotin
R, H, isnot rejected at thislevel.

The hypotheses are Hy: p=.10vs. Ha: p> .10, so R hastheform{c, ...,n}. Forn=10,c=3
(i.,e R={3,4,...,10}) yiddsa =1-B(2; 10, .1) =.07 whileno larger R hasa £ .10;
however b(.3) =B(2; 10, .3) =.383. Forn=20,c=5yieldsa =1- B(4; 20, .1) =.043, but
again b(.3) = B(4; 20, .3) =.238. Forn=25, c=5yieldsa =1—B(4; 25, .1) = .098 while
b(.7) = B(4; 25, .3) =.090 £ .10, so n = 25 should be used.

p-.035

4/.0351.9655/ n

Zo1=-2.33. With p = % =.03,z= _—005 =-.61. Because -.6lisn't£-233 H,

+/.0082

isnot rejected. Robots have not demonstrated their superiority.

Ho: p=.035vsH, p<.035. Weuse Z = , with therejection region z £ -

Section 8.4

44,

Using a = .05, H, should be rejected whenever p-value < .05.
a P-vaue=.001<.05, sorgect H,

b. .021<.05, soreject Ho.
c. .078isnot< .05, sodon't regject He.
d. .047<.05,sorgect Hy (aclosecal).

e. .148> .05 s0H, can't beregjected at level .05.
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45.

46.

47.

48.

Chapter 8: Tests of Hypotheses Based on a Single Sample

p-value=.084>.05=a, so don't reject H,.
p-vaue=.003<.001=a, so reject H,.

498 >> .05, so H, can't beregjected at level .05
084 < .10, soreject H, at level .10

.039isnot < .01, sodon't reject H,.

p-value = .218 > .10, so H, cannot be rejected.

In each casethe p-value= 1- F (Z)

a

b.

C.

0778

d. .0066
1841

e. 4562
0250
.0358

d. .1586
.0802

e O
5824

Inthedf = 8row of table A.5, t = 2.0 is between 1.860 and 2.306, so the p-value is
between .025 and .05: .025 < p-value< .05.

2201 <|-24|<2718,50 .01 < p-value < .025.

1341<|-1.6|<1.753,50.05< P(t<-1.6) <.10. Thusatwo-tailed p-value: 2(.05 < P(t
<-1.6) <.10), or .10< p-vaue< .20

With an upper-tailed test and t = -.4, the p-value = P(t > -.4) > .50.
4.032 < t=5<5.893, 50.001 < p-value < .005

3551<|-4.8|, s0 P(t <-4.8) <.0005. A two-tailed p-value = 2[ P(t < -4.8)] < 2(.0005),
or p-vaue< .001.
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50.

51.

52.

53.

Chapter 8: Tests of Hypotheses Based on a Single Sample

An upper-tailed test
a Df=14,a=05 ty,, =1.761:32> 1761, soreject H,,.

b. ty,15 = 2.896; 1.8isnot > 2.896, so don't reject Ho..

c. Df=23 p-vaue> .50, sofail toreect Hy at any significance level.

The p-valueis greater than the level of significance a = .01, therefore fail to reject H, that
I = 5.63. The data does not indicate a difference in average serum receptor concentration

between pregnant women and all other women.

Here we might be concerned with departures above as well as below the specified weight of
5.0, so therelevant hypothesesareHy: M = 5.0 vsH, 1 5.0. Atlevel .01, rgject H,, if

S =035, 2= 32371 whichis
/n 035

£ - 2.58, so H, should be rejected. Because 3.71is*“off” the ztable, p-value < 2(.0002) =
.0004 (.0002 correspondsto z = -3.49).

gither z3 258 or Z £ - 258. Since

a. Fortesting Hy: p=.2VvsHg, p> .2, an upper-tailed test is appropriate. The computed Z is
z=.97,0p-vaue=1- F (.97) =.166. Becausethe p-valueisrather large, H, would

not be rejected at any reasonable a (it can't be rejected for any a < .166), SO ho
modification appears hecessary.

b. Withp=.5,1- b(5)=1- F[- 3+2330516))/.0645 =1- F(- 2.79)=.9974

p = proportion of all physicians that know the generic name for methadone.
Ho: p=.50VsHg p<.50; Wecan use alarge sampletest if both Np, 3 10 and

n(l- p,)?3 10;102(50) = 51, sowe can proceed. P =L so0

102
590 -.039 . , .
=-.79. Wewill rgject Hy if the p-value < .01. For thislower

a [ (50)(50) a 050
102

tailed test, the p-value = F (2) = F (-.79) =.2148, which isnot < .01, so we do not reject Hy at
significance level .01.
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55.

56.

57.

58.

Chapter 8: Tests of Hypotheses Based on a Single Sample

IT = the true average percentage of organic matter in thistype of soil, and the hypotheses are

Ho: M =3 vsHy M1 3. Withn =30, and assuming normality, we use thet test:
_ X-3 _2481-3_ - 519
“s/dn 295 295

=.082. Atsignificancelevel .10, since .082 = .10, we would reject Hp and conclude that the
true average percentage of organic matter in thistype of soil is something other than 3. At
significance level .05, we would not have rejected Hy.

=-1.759. Thep-vaue=2[P(t>1.759)] = 2(.041)

The hypotheses to be tested are Hy: IT = 25 vsHy IT > 25, and H,, should be rejected if
t3 o, =1.782. Thecomputed summary statisticsare X = 27.923, s=15.619, so

S =155 andt = % =1.88. Fromtable A.8, P(t>1.88) " .041, whichis less

n

than .05, so H, isrejected at level .05.

a. Theappropriate hypothesesare Ho: Im =10 vsH, <10

b. P-vaue=P(t>2.3)=.017, whichis= .05, so wewould reject H,. The dataindicates
that the pens do not meet the design specifications.

c. P-vaue=P(t>1.8)=.045, whichisnot=.01, so wewould not reject Hy,. Thereis not
enough evidence to say that the pens don’t satisfy the design specifications.

d. P-vaue=P(t>3.6)".001, which gives strong evidence to support the alternative
hypothesis.

IT = true averagereading, Ho: =70 vsHy 1 70, and
(= X- 70 _755-70 _ 55

Ts/dn 76 286

~2(.058) =.116. At significancelevel .05, there is not enough evidence to conclude that the
spectrophotometer needs recalibrating.

=1.92. Fromtable A.8, df =5, p-value = 2[P(t> 1.92)]

With Ho: i =.60 vsHx 1 .60 ,and atwo-tailed p-value of .0711, wefail to reject H, at

levels .01 and .05 ( thus concluding that the amount of impurities need not be adjusted) , but
wewould reject H, at level .10 (and conclude that the amount of impurities does need
adjusting).
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Chapter 8: Tests of Hypotheses Based on a Single Sample

Section 8.5

59.

60.

& Jnd
a  Theformulafor b is1- F G- 2.33+ —1, which gives.8980 for n= 100, .1049 for
9.4
n =900, and .0014 for n = 2500.

b. Z=-5.3, whichis"off theztable,” so p-value <.0002; thisvalue of z is quite statistically
significant.

c. No. Even when the departure from H,, isinsignificant from apractical point of view, a
statistically significant result is highly likely to appear; the test istoo likely to detect
small departures from H,,

® o b 6
01+.9320/n¢_ ot Onn+o8200 o

4073/n 4073 5
.0944, and 0 for n = 100, 2500, 10,000, 40,000, and 90,000, respectively.

a Heeb =F

b. Heez= .025«/H which equals .25, 1.25, 2.5, and 5 for the four n’s, whence p-value =
4213, .1056, .0062, .0000, respectively.

c. No; thereasoning isthe same asin 54 (c).

Supplementary Exercises

61.

62.

Because n = 50 islarge, we use az test here, rejecting Ho: ™ = 3.2 infavorof Hy 1 3.2
if either 23 Z,s =1.96 or Z£ - 1.96. The computed z valueis

zZ= M =-3.12. Since-3.12is £ - 1.96, H, should be rejected in favor of H,.
34//50

Here we assume that thickness is normally distributed, so that for any n at test is appropriate,

3.2-
and use Table A.17 to determine n. Wewish P (3) =.95 whend = % =.667. By

inspection, n = 20 satisfies this requirement, so n =50 istoo large.
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63.

64.

65.

66.

n
1
2
3

4

Chapter 8: Tests of Hypotheses Based on a Single Sample

Ho: M= 3.2 vsHx 1 32 (Because Hy 1M >32 gives ap-value of roughly .15)

With ap-value of .30, we would reject the null hypothesis at any reasonable significance
level, which includes both .05 and .10.

Ho: = 2150 vsHy > 2150

;= X- 2150
s/«/ﬁ

;= 2160- 2150 _ 10 _ .
30//16 75

Since t 4,5 =1.341, p-value> .10 (actually » .10)

From d, p-value > .05, so H, cannot be rejected at this significance level.

Therelevant hypothesesare Ho: IT = 548 vsH, m1 548. Atleve .05, H, will be
rejected if either t3 t 5,0 =2.228 or t £ -t ., = - 2.228. Thetest statistic

., _587-548 39 _ _ . .
valueist = = =12.9. Thisclearly fallsinto the upper tail of the
10/411  3.02

two-tailed rejection region, so H, should be rejected at level .05, or any other reasonable
level).

The population sampled was normal or approximately normal.

=8,x=30.7875, £ = 6.5300
Parameter of interest: M = true average heat-flux of plotscovered with coal dust
Ho: M =29.0

Ha > 29.0
(= X-29.0
s/~/n
RRt3t, ,ort31.895
{= 30.7875- 29.0 — 7742
6.53/-/8

Fail torgect Hy. The data does not indicate the mean heat-flux for pots covered with
coal dust is greater than for plots covered with grass.
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67.

68.

69.

70.

Chapter 8: Tests of Hypotheses Based on a Single Sample

N =47, X =215 mg, s=235mg. Range5mgto 1,176 mg.

a.  No, thedistribution does not appear to be normal, it appears to be skewed to theright. It
is not necessary to assume normality if the sample size is large enough due to the central
limit theorem. Thissample sizeislarge enough so we can conduct a hypothesis test

about the mean.
b.
1 Parameter of interest: M = true daily caffeine consumption of adult
women.
Ho: =200
Ha: > 200
. , = X- 200
s/+/n
5 RR: 23 1.282 orif p-vaue £.10
215- 200
6 z2=2"""" = 44;pvaue=1- F(44)=.33
235/ /47
7 Fail to regject H,. because .33 > .10. The data does not indicate that daily

consumption of all adult women exceeds 200 mg.

At the .05 significance level, reject H, because .043 < .05. At thelevel .01, fail to regject Hy
because .043 > .01. Thusthe data contradicts the design specification that sprinkler activation
islessthan 25 seconds at the level .05, but not at the .01 level.

a Fromtable A.17,when M =9.5,d=.625,df=9,and b » .60, when m=9.0,d=
125, df=9,and b ».20.

b. FromTableA.17, b =.25,d=.625n» 28

A normality plot reveal s that these observations could have come from anormally distributed
population, therefore at-test is appropriate. Therelevant hypothesesare Hy: IT = 9.75 vs

Ha M > 9.75. Summary statisticsaren =20, X =9.8525, and s = .0965, which leadsto a
9.8525- 9.75

0965/ /20

output). With such asmall p-value, the data strongly supports the alternative hypothesis. The
condition is not met.

test statistic t = = 4.75, from which the p-value = .0001. (From MINITAB
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71.

72.

73.

74.

75.

Chapter 8: Tests of Hypotheses Based on a Single Sample

a. WithHg: p= %5 vsHp:pl %S,W(areject H, if either Z3 1.96 or Z£ - 1.96.
.02- 01333
V4
\/ .01333(.98667)

With p = 16 _ .02 =1.645, whichisnot in either

800

rejection region. Thus, we fail to reject the null hypothesis. Thereis not evidence that
the incidence rate among prisoners differs from that of the adult population. The possible
error we could have madeisatypell.

b. P-vaue= 2[1- F (1645)] = 2[.05] =.10. Yes, since.10 < .20, we could reject H,.

A ttestisappropriate; Ho: M =1.75 isrejected in favor of Hy M1 1.75 if the p-value
1.89- 1.75

42//26
P £€2(.05) =.10 (sincefor atwo-tailed test, .05 =a /2.), do not reject H,; the data does

not contradict prior research. We assume that the population from which the sample was
taken was approximately normally distributed.

>05. Thecomputedtist = =1.70. Since 1.70 &1.708 =t 5 s ,

Even though the underlying distribution may not be normal, a z test can be used becausenis
large. Ho: I = 3200 should be rejected in favor of Hy 11 < 3200 if

3107 - 3200 _

zE£-2,,=-3.08. Thecomputedzis Z=———— =-3.32£ - 3.08, so H,
o0t 188/+/45

should berejected at level .001.

Let p = the true proportion of mechanics who could identify the problem. Then the
appropriate hypotheses are Hy: p=.75vsH, p <.75, so alower-tailed test should be used.

Withpo=.75and p = % =583,z=-328and P=F (— 3.28) =.0005. Because this

p-valueis so small, the data argues strongly against H,, so wereject it in favor of H,,

X-4
WewishtotestHo: | =4 vsHy | >4 usingthetest statistic Z = . For the given
AJ4/n
sample,n=36and X = 160 =4444 0 2= 4444- 4 =1.33. Atlevel .02, wergject
36 4136

Hoif z3 z,, &2.05 (sincel- F (2.05) =.0202). Because 1.33isnot 3 2.05, H,
should not be rejected at thislevel.
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77.

78.

79.

Chapter 8: Tests of Hypotheses Based on a Single Sample

Ho: M =15 vsHy r >15. Because the sample size isless than 40, and we can assume the

distribution is approximately normal, the appropriate statistic is

{= X-15_ 175-15_ 25
s/x/n 2.2/432 390

column of Table A.8, and sois approximately O < .05, so H, isrejected in favor of the
conclusion that the true average time exceeds 15 minutes.

=6.4. Thusthe p-valueis“off the chart” in the 20 df

Ho:S 2 =.25vsHy S 2 >.25. The chi-squared critical value for 9 d.f. that captures

. . o _9(58)° .
upper-tail area.01is21.665. Thetest statistic valueis 2—5 =12.11. Because 12.11is

not 3 21.665, H, cannot be rejected. The uniformity specification is not contradicted.

The 20 df row of Table A.7 showsthat C _59’20 =8.26 <8.58 (H, not rejected at level .01)

and 8.58< 9.591= C 55 ,, (Ho rejected at level .025). Thus .01 < p-value< .025 and H,

cannot beregjected at level .01 (the p-value isthe smallest al pha at which rejection can take
place, and this exceeds .01).

a E(X+2.335)=E(X)+2.33E(S) =m+2.3% ,s0q = X +2.33S is
approximately unbiased.

2 2

b. V(X +2338)=V(X)+2332V(9) =2+ 5.42892—. The estimated
n n
S

n

c. Morethan 99% of al soil samples have pH lessthan 6.75 iff the o5th percentileisless
than 6.75. ThuswewishtotestH,: M+ 2.33 =6.75vs Hy m+ 2.3 <6.75.

standard error (standard deviation) is 1.927

H, will bergjected at level .01if Z £ 2.33. Since Z = 0

385
berejected. The o5t percentile does not appear to exceed 6.75.

< 0, H, clearly cannot
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80.

81.

Chapter 8: Tests of Hypotheses Based on a Single Sample

X,

When H,istrue, 2| SX, = Zé —— has achi-squared distribution with df = 2n. If
m,

the alternativeisHa: M> M, , large test statistic values (large SX , since X islarge)

a.2n givesa

X
suggest that H,, be rejected in favor of H,, so rejecting when 2a —L3 2
m,
test with significancelevel a . If thealternativeisHx M< M, rejecting when
Za - £ 7, , givesalevel A test. Therejection region for Hx M M), iseither

[ Xi

2a E 3 Ca2/2,2n or £ Clz-a/2,2n'

2(737)
75

Ho: M =75 vsHg < 75. Thetest statistic valueis =19.65. Atleve .01,

Ho isrejected if Za m') £ € %950 =8.260. Clearly 19.65isnot inthe rejection

region, so Hy should not be rejected. The sample data does not suggest that true average
lifetimeislessthan the previously claimed value.

P(type| error) = P(either Z3 z, or Z£ z, ) (whenZ isastandard normal rv.) =
F(— za_g)+1- F(zg):a -g+tg=a.

sz,
Jn

b(m)=P(X 3 m)+\/zﬂorX£rnJ-

9 when thetruevalueis nm =

F L L
s/J’g % s/JﬁB

D
Let | :«/—— thenwewmhtoknowwhenp(m) + )
S

ng +

1-Flz-1)
+F(-z.,-1)>1-F(z +1 )+F( z_, +1 )=p(m - D). using the fact
that F (- C):l- F (C),thisinequality becomes
F(Zg +1 )- F(Zg - )> F(Za_g + 1 )- F(Zd_g - ) Thel.h.s. isthe area under
the Z curve above the interval (Zg +l,z, - | ),whilether.h.s. isthe areaabove

(za_g S A ) Bothintervalshave width 2| , but when z, < Z,_, thefirst
interval is closer to O (and thus corresponds to the large area) than isthe second. This

happenswheng >a - g ,i.e,wheng >a /2.
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Chapter 8: Tests of Hypotheses Based on a Single Sample

a a =P(X £ 5 whenp=.9)=B(5; 10, .9) =.002, so theregion (0, 1, ..., 5) does
specify alevel .01 test.

b. Thefirst valueto be placed in the upper-tailed part of atwo tailed region would be 10,
but P(X = 10 when p = .9) = .349, so whenever 10isin therejection region, a 3 .349.

c. Using thetwo-tailed formulafor 3(p’) on p. 341, we calculate the value for the range of
possible p’ values. Thevaluesof p’ we chose, aswell asthe associated 3(p’) arein the
table below, and the sketch follows. R(p’) seemsto be quite large for agreat range of p’

values.
P Beta
0.01 0.0000
0.10 0.0000
0.20 0.0000
0.30 0.0071
0.40 0.0505
0.50 0.1635
0.60 0.35%4
0.70 0.6206
0.80 0.8696
0.90 0.9900
0.99 1.0000
1.0
@
% 05 —
m
0.0 —

| | | | | | | | | | |
00 01 02 03 0.4 05 06 07 08 09 1.0

p prime
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