Statistics 410, Fall 2011
Solutions to homework 9, due 11/23/11

12.22 Let p be the mean thickness of the plastic sheets being manufactured.
(a) Hp:p = 1.2mm.
(b) Hg : p# 1.22mm.
(¢) The significance level is a = .05.
(d) The test statistic is 1.2275, and we expect a t-distribution with
11 degrees of freedom if we standardize. So assuming Hy

1.2275 = 1.22
.03864//12
(e) For a 5% hypothesis test, the critical value is 2.201. Since

|.67238| < 2.201, we retain Hy.

There is not sufficient evidence to conclude the mean thickness
of the plastic sheets is not equal to 1.22.

t= = .67238.

12.23 (a) Hp:m=.9.
(b) Hy:m< .9
(¢) a=.07
(d) To get our test statistic, do 210 trials, and let K be the number
of successes. By the normal approximation to the binomial
distribution,
- K—-210-9 K —189
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We can write K in terms of zZ as well:
K — 189 = 4.357 so K = 4.35Z + 189.

(e) We'll reject Hy if P(z <Z) < .07. Consulting our table, we see
this corresponds to z < —1.475.
Expressing this in terms of K, this corresponds to

K <4.35-(—1.475) + 189

i.e. to K <182.

12.27 (a) p is the mean lifetime of the lightbulbs made under the new
process. Hg : p = 750 hours, with ¢ = 50 hours. H, : p > 750
hours.

(b) To sketch the power curve, we want to examine (for different
actual value of p) the probability of rejecting Hy. We reject
Hy if T > 761.63. We’ll want to calculate P(z > 761.63) for
different value of p.
To do this, consider
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T > 761.63 iff and only if
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We'll give values for P(z < 152.326—u/5) for p = 751,753, 755,...773,775.
w |71 7h3  7b5  7HT 7H9 761 763 765 T67 T69 TVl TV3 TS
P .017 .042 .092 .177 .299 .450 .608 .750 .859 .930 .970 .989 .996
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= 152.326 — 11/5.
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(c) This is P(z < 152.326 — 750/5) = P(z < 2.326) =~ .99.
(d) This is P(z > 152.326 — 760/5) = .3722 and P(z > 152.326 —
770/5) = .9529.
13.14 The mean is 24 and s = 1.8708. So the standard error is 1.8708/v/5 =
.8366. We have t g5 = 2.1318 for a two-sided 90% confidence interval
with 4 degrees of freedom. So

22.2165 = 24 — 2.1318 - .8366 < p < 24 + 2.1318 - .8366 = 25.7835

with 90% confidence, where p is the mileage.
The 95% confidence interval is p > 22.165.
13.15 (a) The mean is 924.8 hours and the sample standard deviation is
136.606.
(b) tgs = 1.8331 for 9 degrees of freedom. The standard error is
136.606/4/10 = 43.1986. So if p is the mean lifetime of the
lightbulbs, we get

@ >924.8 — 1.8331 - 43.1986 = 845.613

with 95% confidence.
(c) To answer this we test the hypothesis Hyp : p = 1000 against
H, : 1 < 1000 at the .05 significance level. We end up rejecting
H, if
T < 1000 — 1.8331 - 43.1986 = 920.813.

Based on the data we have (Z = 924.8), we retain Hp, so we do
not reject the manufacturer’s claim.



13.16 The sample mean is T = 852.4 and the sample standard deviation

is s = 79.01. Then the standard error is 79.01/\/@ = 7.901. For

a 99% confidence interval, we use tg95 = 2.6259 for 100 degrees of
freedom (we should use 99 df, but that isn’t in our table).

So if u is the speed of light minus 299,000 kilometers per second,

831.653 = 852.4 — 2.6259 - 7.901 < p < 852.4 4 2.6259 - 7.901 = 873.147

with 99% confidence.
13.24 The standard error for the conservative method is .5/ V150 = .0408.
For a one-sided 95% confidence interval, we use z.g5 = 1.6448.
So p > 66/150 — 1.6448 - .0408 = .44 — .0671 = .3729. with 95%
confidence.
For the bootstrapping method (noting we have at least 5 failures
and at least 5 successes) we use standard error
66 84
150 ~ 150

V150

= .0405.

This gives
> .44 — 1.6448 - .0405 = .3734.

13.29 (a) Our critical value is z g5 = 1.6448. Our sample proportion is
p = .4118. Let 7 be the proportion in the theoretical large
population of such people who would find improvement from
the treatment regimen. Then

D
m™T>p— 1.6448ﬁ = .4118 — .141 = .2708.

(b) We ask, if 7 = .5, what is the probability that p > .4118. That
is approximatly

4118 — .5
Plz> ——M
(22 5/v/34

13.40 (a) zg95 = 1.6448. The conservative standard error is .5/1/900 =
.01667. The sample proportion is p = 486/900 = .54. So our
estimate is

W > .54 —1.6448 - .01667 = .5126
with 95% confidence.
(b) Yes.

13.43 (a) 50/v/9 = 162 micrograms.
(b) This corresponds to one standard deviation either way. So

) = P(z > —1.03) = .84849.

.17165-10 §M§.1+16§-10

grams with 68% confidence.



(c) He should use a standard error of 100/3 = 331 micrograms, and
t 975 for 8 degrees of freedom, which is 2.306. This gives

1 1
.0999231 = .1 — 2.306 - 33510_6 <p<.142.306- 33§10_6 = 1.00077

with 95% confidence.
(d)
P(|lz—p| < 64) = P(|z| < 64/50) = P(|2| < 1.28) = 1-2&(—1.28) = 1—2-.10027 = .79946.
(e) 73,
(f) K is a binomial random variable with unknown parameter 7.
The expected value of K if Hy is true is .9-10 = 9. The variance
isnr(l—-m)=10-.9-.1=.09.
(g) A type I error is rejecting Hy when Hj is true. So we need to
assume H, and calculate

7
1
PE<T)=>" < 0> 9% 110k — 0702

k=0 k
Now if 7 = .8, we wish to ask about the probability of retaining
Hy. This is
2 /10
P(K >8) = 8F.210-F — 6778,
(K >8) §<k>8 6778

14.3 We have a sample mean of 1.58 hours, with a sample standard
deviation of 1.23. The standard error s thus 1.23/y/16 = .3075.
t.995 = 2.9467 for 15 degrees of freedom. So if p is the mean increase
in sleeping time, we get

67389 = 1.58 — 2.9467 - .3075 < p < 1.58 4 2.9467 - .3075 = 2.48611

with 99% confidence.

14.4 The mean change in time was -6 seconds with a sample standard
deviation of 5.06 seconds. The standard error is 5.06/v/6 = 2.066.
t.o95 = 4.0321 with 5 degrees of freedom. So we get

—14.3303 = —6 — 4.0321 - 2.066 < p < —6 +4.0321 - 2.066 = 2.33032.
14.7 (a)

6.42 52
SE = 10 + 95 2.2574.
(b) (i) Ho:px = py.
(il) Hy : px > py.
(i) a = .05.
(iv) Our test statistic is T —y = 4. We get a t statistic by

t= =1.57

2.2574
with 9 degrees of freedom.



(v) Using our table,
P(t > 1.57) > P(t > 1.8331) = .05.

(vi) We retain Hj since our p-value is greater than our signif-
icance level.

14.8 (a)
1.82  1.52
SE =4/ — 4+ — = .830T7.
6 + 15
(b) (1) Ho:px =py
(11) Hgy:px 7é Ky -
(i) a = .05.
(iv) Our test statistic is T —y = 3. We get a t statistic by
_ 3
t=——=23.6114
.8307

with 5 degrees of freedom.

(v)
P(|t| > 3.6114) < P(|t| > 2.7565) = .04 < .05.

(vi) We reject Hy.
14.9 Let pux be the mean salary for union workers, and py be the mean
salary for non-union workers.

(a) Ho:px = py-

(b) Hq: px # py-

(c) Our significance level is .05. We'll use a t-statistic with 80
degrees of freedom. Then tg75 = 1.9901. If [¢] > 1.9901 we
reject Hy, otherwise we retain Hy.

(d) Our standard error is

/10002 12002
E= = .
S 100 + 31 500/3

Our t-statistic is

7 26240 — 25930 _ 136
500/3
So we retain Hy and find there is no significant difference be-
tweem the average salaries of union and nonunion workers per-
forming these tasks.

14.12 Let pp be the mean the the entire population of boys would receive
on the spelling test, and g be the mean that the entire population
of girls would receive on the spelling test.

(a) Ho: pup = pa-
(b) H,:ug > up.
(c) a=.03




(d) Our test statistic is

I= B R 1.4287.
103.9 | 90.6
40 50

with 39 degrees of freedom.
(e) tog7 = 1.9371. Our test statistic is smaller than this, so we retain
Hy. There is not enough evidence to conlude that the mean for
all girls would be higher than the mean for all boys at the 3%
significance level.
14.24 Our control mean is 1 = 15. Our treatment mean is xo = 20. Our
sample variances are s? = 13 and s3 = 9.5. So using the formula for
pooled variance we get

, 2-1344-95 2
Sy = S = 103,
so s, = 3.266. We have a pooled df of 3—1+5—1 = 6. Finally, t o5 =
1.9432. py is the mean weight increase for mice if they were subjected
to the conditions of the control group. us is the mean weight increase
for mice if subjected to the conditions of the treatment group.

. 102 102 2
(a) Our standard error is \/ —* + —3 = 2%.

Our 90% confidence interval is

2 2
—.1819 =5—-1.9432- 25 <o —pr <5+41.9432 . 2§ = 10.1819.

(b) () Ho:p1 = p2
(i) He :p1 < o
(i) o = .05
(iv)

Tro9 — T1 15
/3 8 1.875.
(v) tgs = 1.9432. Since 1.875 < 1.9432, we retain Hy and we
don’t have sufficient evidence to conclude that the treat-

ment increases weight gain at the 5% significance level.
14.25 Since we assume the population variances are equal, we find the

pooled df is 53 = 55 — 2, and the pooled sample variance is
5 24-15.322 +29-18.232
= 24 1 29
50 sp = 16.97. t.g95 = 2.6778 (I'm using 50 df since it is close to 53,
and it is in our table).

Let p1 be the mean systolic blood pressure from men that age
who drink at least 16 ounces of carbonated soft drinks per day, and
o be the mean systolic blood pressure from men that age who don’t
drink soft drinks.

(a) Ho:,ul—;zg:O.
(b) Hq :p1 — p2 # 0.

= 288.123




(¢) a= .01
(d) Our test statistic is

_ 129.87 — 119.71
t= 987 il = 2.210.

1 1
\/(% + 55)288.123
(e) Since |t| < t.g95, we retain Hy. There is insufficient evidence

to conclude that these two groups have different mean systolic
blood pressures at the .01 significance level.




