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Please use the following R output in answering the
appropriate exam problems.

> pnorm(c(1.0,1.1,1.2,1.3,1.4,1.5,1.6))
[1] 0.84 0.86 0.88 0.90 0.92 0.93 0.95
> pt(c(1.0,1.1,1.2,1.3,1.4,1.5,1.6),9)
[1] 0.83 0.85 0.87 0.89 0.90 0.92 0.93
> pt(c(1.0,1.1,1.2,1.3,1.4,1.5,1.6),10)
[1] 0.83 0.85 0.87 0.89 0.90 0.92 0.93

1. A mixture of pulverized fuel ash and Portland ce-
ment should have a compressive strength of more
than 1000KN/m3. The mixture will not be used
unless experimental evidence indicates that the
strength specification has been met. Suppose com-
pressive strength for specimens of this mixture is
normally distributed withσ2 = 982. The sample
mean of compressive strength for 10 specimens is
x̄ = 1050.
(1) What are the appropriate null and alternate hy-
pothesis (5 points)?
(2) What would be the appropriate test statistic for
the hypothesis testing? What is the probability dis-
tribution of your test statistic whenH0 is true? (5
points each)
(3) Do hypothesis testing at85% level. Has the
strength specification been met (10 points)?
(4) Compute theP -value (5 points).

Solution. (1) Let µ be the population mean of
compressive strength. ThenH0 : µ = 1000 and
H1 : µ > 1000. (2) Since the population variance
is known, the test statistic should be theZ statistic
Z = (X̄ − µ)/(σ/

√
n). UnderH0, Z ∼ N(0, 1).

(3) z = 50/(98/
√

10) = 1.61. From R output,
85% level rejection region isz > 1.1. So we reject
H0. (4) P-value= P (Z > 1.61) = 1 − P (Z ≤
1.61) = 0.05.

2. A farmer want to know if there is any difference

in weight gain from young male and female pigs
when both sexes are subjected to identical feeding
program. He measured the weight gain for 7 fe-
male pigs (xi) and 5 male pigs (yi) and observed
x̄ = 9.8, ȳ = 9.2, sx = 0.62, sy = 0.86. sx and
sy are the sample variance of female pigs and male
pigs respectively.
(1) State the appropriate null and alternate hypoth-
esis (5 points).
(2) Compute the pooled sample variance (5 points).
(3) What is the probability distribution of the test
statistic underH0? What are the statistical assump-
tions on measurements to get this distribution? (5
points each).
(4) Compute theP -value. Based on theP -value,
do hypothesis testing atα = 0.05 (5 points each).
Solution. (1) Let µX andµY be the weight gains
for female and male pigs respectively. ThenH0 :
µX = µY vs. H1 : µX 6= µY . (2) The pooled
variance is

s2
p =

(n− 1)s2
x + (m− 1)s2

y

n + m− 2
= 0.53.

(3)

T =
X̄ − Ȳ

Sp

√
1/n + 1/m

∼ t10.

We need to assume thatxi come fromN(µX , σ2)
andyj come fromN(µY , σ2). Further,xi andyj

should be independent observations. (4)P -value
= P (|T | > 1.41) = 2(1 − P (1.41)) = 2(1 −
0.9) = 0.2. Since ourP -value is bigger than the
givenα, we do not rejectH0.

3. A study found that of 238 individuals with coro-
nary heart disease (CHD), 145 smoked cigarettes;
of 476 in the same age group butwithout CHD,
192 smoked cigarettes. The researchers want to
know if the proportion of cigarettes smokers is the



same in the population of individulas with CHD as
in the population with no CHD.
(1) State the null and alternate hypothesis. (5
points)
(2) What’s your test statistic and its distribution un-
der the null hypothesis? (5 points)
(3) Perform the hypothesis test using a significance
levelα = 0.14. (10 points)
(4) Calculate a 86% confidence interval for the dif-
ference between the two proportions. (10 points)
Solution. (1) Let pC and pN be the propotions
of smokers in CHD group and non CHD group
respectively. ThenH0 : pC = pN vs. H1 :
pC 6= pN . (2) The point estimator forpC − pN

is p̂C − p̂N = X/n − Y/m, whereX,Y are the
total number of smokers in CHD group and non
CHD group respectively andn = 238,m = 476.
Then underH0 : pC = pN = p, the test statistic is

Z =
X/n− Y/m√

p(1− p)(1/n + 1/m)
∼ N(0, 1).

Sincep is unknown, you estimate it by pooling the
samples:p̂ = (x + y)/(m + n). (3) p̂ = (145 +
192)/(238 + 476) = 0.472 and z = 5.20. We
rejectH0 if |z| is large. Sinceα = 0.14, the cutoff
value should bezα/2 = z0.07 = 1.5 from the R
output. (4) Althoughqnorm values are not given,
we can estimatez0.07 from the R output. Note that
P (Z > z0.07) = 0.07.S Soz0.07 = 1.5. A 100(1−
α)% confidence interval is

p̂C−p̂N±zα/2

√
p̂C(1− p̂C)/238 + p̂N (1− p̂N )/476.

With p̂C = 145/238 and p̂N = 192/476, we get
[0.15, 0.26].
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