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Robin Sparrow Wagtail 
Foster Species 

Ho: p.s  — /-' R = 0 Vs. HA:p.s —p.  0 0. 
t = 1.641, df = 21.60, P-value = 0.115. 

Since P > 0.05, fail to reject Ho. There is no evidence of a 
difference in mean cuckoo egg length between robin and 
sparrow foster parents. 
Ho: is  — = 0 vs. HA: iks — ir,w 0 0. 
t = 0.549, df = 26.86, P-value = 0.587. 

Since P > 0.05, fail to reject Ho. There is no evidence of a differ-
ence in mean cuckoo egg length between sparrow and wagtail 
foster parents. 
Ho: — = 0 Vs. HA: — ktw 0. 
t = —1.012, df = 23.60, P-value = 0.322. 

Since P > 0.05, fail to reject Ho. There is no evidence of a differ-
ence in mean cuckoo egg length between robin and wagtail foster 
parents. 

In general, we should be wary of doing three t-tests on the same 
data. Our Type I error rate is not the same for doing three tests as 
it is for doing one test. However, because none of the tests 
showed significant differences, this is less of a concern here. 

CHAPTER 25 

1. a) Randomly assign 50 hens to each of the two kinds of feed. 
Compare production at the end of the month. 

b) Give all 100 hens the new feed for 2 weeks and the old food 
for 2 weeks, randomly selecting which feed the hens get first. 
Analyze the differences in production for all 100 hens. 

c) Matched pairs. Because hens vary in egg production, the 
matched-pairs design will control for that. 

2. a) Randomly assign half the volunteers to do the puzzles in a 
quiet room and half to do them with MTV on. Compare times. 

b) Randomly assign half the volunteers to do a puzzle in a quiet 
room and half to do a puzzle with MTV on. Then have each 
do a puzzle under the other condition. Look at the differences 
in completion times. 

c) Matched pairs. People vary in their ability to do crossword 
puzzles. 

3. a) Show the same people ads with and without sexual images, 
and record how many products they remember in each group. 
Randomly decide which ads a person sees first. Examine the 
differences for each person. 

b) Randomly divide volunteers into two groups. Show one 
group ads with sexual images and the other group ads with-
out. Compare how many products each group remembers. 

4. a) Select a random sample of freshmen. Weigh them when col-
lege starts in the fall and again when they leave for home in 
the spring. Examine the difference in weights. 

b) Weigh a random sample of freshmen as they enter college in 
the fall to determine their average weight. Repeat with a new 
sample of students at the end of the spring semester. Compare 
the mean weights of the two groups. 
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5. a) Matched pairs—same cities in different periods. 
b) There is a significant difference (P-value = 0.0244) in the labor 

force participation rate for women in these cities; women's 
participation seems to have increased between 1968 and 1972. 

6. a) Two-sample. Clouds are independent of one another. 
b) Based on these data, there is some evidence of a difference 

(P-value = 0.0538) in the amount of rain between seeded and 
unseeded clouds. 

7. a) Use the paired t-test because we have pairs of Fridays in 5 dif-
ferent months. Data from adjacent Fridays within a month 
may be more similar than data from randomly chosen Fridays. 

b) We conclude that there is evidence (P-value 0.0212) that the 
mean number of cars found on the M25 motorway on Friday 
the 13th is less than on the previous Friday. 

c) We don't know if these Friday pairs were selected at random. 
If these are the Fridays with the largest differences, this will 
affect our conclusion. The Nearly Normal Condition appears 
to be met by the differences, but the sample size is small. 

8. a) The paired t-test is appropriate since we have pairs of Fridays 
in 6 different months. Data from adjacent Fridays within a 
month may be more similar than data from randomly chosen 
Fridays. 

b) We conclude that there is evidence (P-value 0.0211) that the 
mean number of admissions to hospitals found on Friday the 
13th is more than on the previous Friday. 

c) We don't know if these Friday pairs were selected at random. 
Obviously, if these are the Fridays with the largest differ-
ences, this will affect our conclusion. The Nearly Normal 
Condition appears to be met by the differences, but the 
sample size is small. 

9. Adding variances requires that the variables be independent. These 
price quotes are for the same cars, so they are paired. Drivers 
quoted high insurance premiums by the local company will be 
likely to get a high rate from the online company, too. 

10. Adding variances requires that the variables be independent. 
The wind speeds were recorded at nearby sites, so they are likely 
to be both high or both low at the same time. 

11. a) The histogram—we care about differences in price. 
b) Insurance cost is based on risk, so drivers are likely to see 

similar quotes from each company, making the differences 
relatively smaller. 

c) The price quotes are paired; they were for a random sample 
of fewer than 10% of the agent's customers; the histogram of 
differences looks approximately Normal. 

12. a) The outliers are particularly windy days, but they were windy 
at both sites, making the difference in wind speeds less unusual. 

b) The histogram and summaries of the differences are more 
appropriate because these are paired observations and all we 
care about is which site was more windy. 

c) The wind measurements at the same times at two nearby sites 
are paired. We should be concerned that there might be a lack 
of independence from one time to the next, but the times were 
6 hours apart and the differences in speeds are likely to be inde-
pendent. Although the sample is not random, we can regard a 
sample this large as generally representative of wind speeds at 
these sites. The histogram of differences is unirnodal, symmet-
ric, and bell-shaped. 

13. Ho: ti,(Local — Online) = 0 vs. HA: ih(Local — Online) > 0; with 
9 df, t = 0.83. With a high P-value of 0.215, we don't reject the 
null hypothesis. These data don't provide evidence that online 
premiums are lower, on average. 

14. Ho: p,(2 — 4) = 0 vs. HA: kt,(2 — 4) 0; t = 2.667 with 1114 df. 
The P-value of 0.008 is very low, so we reject the null. There's 
strong evidence that the average wind speed is higher at site 2. 
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Data are paired for each city; cities are independent of each other; 
boxplot shows the temperature differences are reasonably sym-
metric, with no outliers. This is probably not a random sample, 
so we might be wary of inferring that this difference applies to all 
European cities. Based on these data, we are 90% confident that 
the average temperature in European cities in July is between 
32.3°F and 41.3°F higher than in January 

16. We are 90% confident that the average women's winning 
marathon time is between 16.25 and 17.45 minutes higher than 
the men's based on this sample. 

17. Based on these data, we are 90% confident that boys, on average, 
can do between 1.6 and 13.0 more push-ups than girls (independ-
ent samples—not paired). 

18. a) HO: ANC — Ac = 0 VS. HA: ANc — Ac 0 0; µNc is the mean 
for nonconfined inmates, Ac is the mean for inmates confined 
to solitary 

b) Groups are independent of each other, not paired; random as-
signment to groups, less than 10% of all inmates, boxplot 
shows no outliers in either group. 

11 — 

9 
Confined Nonconfined 

c) Two-sample t-test statistic: 3.357, df = 19.6, P-value = 0.0038. 
d) Because the P-value is so small, we reject Ho. Solitary confine-

ment makes a difference in mean alpha-wave frequencies; it 
seems those subjected to confinement have lower frequencies. 

19. a) Paired sample test. Data are before/after for the same work-
ers; workers randomly selected; assume fewer than 10% of all 
this company's workers; boxplot of differences shows them to 
be symmetric, with no outliers. 

20. a) Ho: µD = 0 VS. HA: AD  > 0. t = 1.75, df = 5, P-value = 0.0699. 
Because P > 0.05, we fail to reject Ho. These data do not pro-
vide enough evidence to conclude that the summer school 
program is worthwhile, at a = 0.05. 

b) Type II 
21. Ho: jD = 0 vs. HA: µD 0 0. Data are paired by brand; brands are 

independent of each other; fewer than 10% of all yogurts (ques-
tionable); boxplot of differences shows an outlier (100) for Great 
Value: 
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With the outlier included, the mean difference (Strawberry — 
Vanilla) is 12.5 calories with a t-stat of 1.332, with 11 df, for a 
P-value of 0.2098. Deleting the outlier, the difference is even smaller, 
4.55 calories with a t-stat of only 0.833 and a P-value of 0.4241. With 
P-values so large, we do not reject Ho. We condude that the data do 
not provide evidence of a difference in mean calories. 

22. a) Ho: AD  = 0 vs. HA: AD  > 0. t = 4.47, df = 9, P-value = 0.0008. 
Because of the very small P-value, we reject Ho. These data pro-
vide strong evidence that cars get significantly better mileage, on 
average, with premium than with regular gasoline. 

b) (1.18, 2.82) miles per gallon 
c) Premium gasoline costs more than regular. 
d) t = 1.25, df = 17.89, P-value is 0.1144. Would have decided no 

difference. The variation in the cars' performances is larger 
than the differences. 

23. a) Cars were probably not a simple random sample, but may be 
representative in terms of stopping distance; boxplot does not 
show outliers, but does indicate right skewness. A 95% confi-
dence interval for the mean stopping distance on dry pave-
ment is (131.8, 145.6) feet. 

b) Data are paired by car; cars were probably not randomly cho-
sen, but representative; boxplot shows an outlier (car 4) with a 
difference of 12. With deletion of that car, a Normal probabil-
ity plot of the differences is relatively straight. 
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b) Ho: AD  = 0 vs. HA: 1D>  0. t = 3.60, P-value = 0.0029. 
Because P < 0.01, reject Ho. These data show evidence that 
average job satisfaction has increased after implementation 
of the program. 

c) Type I  

Retaining the outlier, we estimate with 95% confidence that the av-

erage braking distance is between 38.8 and 62.6 feet more on wet 

pavement than on dry, based on this sample. (Without the outlier, 

the confidence interval is 47.2 to 62.8 feet.) 
24. a) Not a simple random sample, but most likely representative; 

stops most likely independent of each other; boxplot is sym-

metric with no outliers. 
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Based on these data, with 95% confidence, the average brak-
ing distance for these tires on dry pavement is between 133.6 
and 145.2 feet. 

b) Not simple random samples, but most likely representative; 
stops most likely independent of each other; less than 10% of 
all possible wet stops; Normal probability plots are relatively 
straight. Based on these data, with 95% confidence, the aver-
age increase in distance for these tires on wet pavement is be-
tween 51.4 and 74.6 feet 

25. a) Paired Data Assumption: Data are paired by college. Random-
ization Condition: This was a random sample of public col-
leges and universities. 10% Condition: these are fewer than 
10% of all public colleges and universities. 
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Normal Population Assumption: U.C. -Irvine seems to be an 
outlier; we might consider removing it. 

b) Having deleted the observation for U.C.-Irvine, whose differ-
ence of $9300 was an outlier, we are 90% confident, based on 
the remaining data, that nonresidents pay, on average, be-
tween $2615.31 and $3918.02 more than residents. If we retain 
the outlier, the interval is ($2759, $4409). 

c) Assertion is reasonable; with or without the outlier, $3500 is in 
the confidence interval. 

26.Using a t-test for paired differences, t = -0.86 and two-tailed 
P = 0.396. With a P-value so high, we fail to reject the null 
hypothesis of no mean difference. There is no evidence that 
sexual images in ads affects people's ability to remember the 
product being advertised. 

27. a) 60% is 30 strikes; Ho: = 30 vs. HA: p > 30. t = 6.07, 
P-value = 3.92 X 10-6. With a very small P-value, we reject 
Ho. There is very strong evidence that players can throw more 
than 60% strikes after training, based on this sample. 

b) Ho: iLD  = 0 vs. HA: pr > 0. t = 0.135, P-value = 0,4472. With 
such a high P-value, we do not reject Ho. These data provide 
no evidence that the program has improved pitching in these 
Little League players. 

28. If this group is representative of all students, we can be 95% con-
fident that freshmen gain a mean of between 1.40 and 2.43 
pounds during their first 12 weeks at college. That's strong evi-
dence of a weight gain, but it's unlikely that it amounts to 15 
pounds for the whole first year. 

PART VI REVIEW 

1. a) Ho: Pian = 0; HA: FLJul # Ut = -1.94, 
di = 43.68, P-value = 0.0590, Since P < 0.10, reject the null.  

These data show a significant difference in mean age to crawl 
between January and July babies. 

b) Ho: ti•Apr POct = 0; HA: P,Apr P•Oct # a t = -0.92; 
df = 59.40; P-value = 0.3610. Since P > 0.10, do not reject the 
null; these data do not show a significant difference between 
April and October with regard to the mean age at which 
crawling begins. 

c) These results are not consistent with the claim. 
2. Ho: /AD  = 0; HA: > 0. t = 1.36; df = 20;P-value = 0.0949. 

Because the P-value is high, we do not reject Ho. These data do 
not show that floral scent improved the average maze completion 
time between scented and unscented. 

3. Ho: p = 0.26; HA: p 0.26. z = 0.946; P-value = 0.3443. Because 
the P-value is high, we do not reject Ho. These data do not show 
that the Denver-area rate is different from the national rate in the 
proportion of businesses with women owners. 

4. a) We are 95% confident the average savings in Canada for 
prescription drugs is between $77.57 and $174.43. 

b) We are 95% confident that the average savings in Canada for 
prescription drugs is between 40.1% and 64.2%. 

c) Using percents makes the histogram more unimodal and 
symmetric. 

d) Probably would change. The pharmacy may have listed only 
the 12 drugs with the "best" savings. 

5. Based on these data, we are 95% confident that the mean differ-
ence in aluminum oxide content is between -3.37 and 1.65. Since 
the interval contains 0, the means in aluminum oxide content of 
the pottery made at the two sites could reasonably be the same. 

6. We are 95% confident that the proportion of streams in the 
Adirondacks with shale substrates is between 32.8% and 47.4%. 

7. a) Ho: PALS  - pother  = 0; HA: PALS  - pother  > 0. Z = 2.52; 
P-value = 0.0058. With such a low P-value, we reject Ho. This 
is strong evidence that there is a higher proportion of varsity 
athletes among ALS patients than those with other disorders. 

b) Observational retrospective study. To make the inference, one 
must assume the patients studied are representative. 

8. Paired samples; boxplot shows no strong skewness or outliers. 
One might wonder how the individuals in the study were se-
lected. We are 95% confident that average percentage of 15-year-
old males who have been drunk is between 4.5% and 11.4% more 
than 15-year-old females for these countries. We cannot infer that 
these percentages are true for other countries. 

9. Ho: j.c = 7.41; HA: p, 7.41. t 2.18; dl = 111; P-value = 0.0313. 
With such a low P-value, we reject Ho. Assuming that Missouri 
babies fairly represent the United States, these data suggest that 
American babies are different from Australian babies in birth 
weight; it appears American babies are heavier, on average. 

10. a) 88.6% b) 82.2% 
c) The petition would be certified when there are not enough 

valid signatures. 
d) A correct petition is not certified. 
e) Ho: p = 0.822; HA: p> 0.822. z = 7.48; P-value = 3.64 x 10-14 

With such a low P-value, we reject Ho. This sample provides suf-
ficient evidence for certification of the petition. 

f) Increase sample size. 
11. a) If there is no difference in the average fish sizes, the chance of 

seeing an observed difference this large just by natural sam-
pling variation is less than 0.1%. 

b) If cost justified, feed them a natural diet. c) Type I 
12. We have two independent samples, but we don't know how 

these vehicles were chosen. Even if we consider them representa-
tive, the samples are small, and the data for SUVs are skewed to 
the right. These data are not appropriate for inferences. 

13. a) Assuming the conditions are met, from these data we are 95% 
confident that patients with cardiac disease average between 
3.39 and 5.01 years older than those without cardiac disease. 
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