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35. a) Dr. Alpha Dr. Beta 

A 6.667 5.333 
12.778 10.222 
12.222 9.778 

Below C 8.333 6.667 

All expected frequencies are now larger than 5. 
b) Decreased from 4 to 3. 
C) X2  = 9.306, P-value = 0.0255. Because the P-value is so low, 

we reject Ho. The grade distributions for the two professors 
are different. Dr. Alpha gives fewer A's and more grades be-
low C than Dr. Beta. 

36.a) Combine Violent and Domestic abuse into one category (or 
Violent and Other). 

b) X2  = 2.877, df = 3, P-value = 0.4109. Because the P-value is 
so high, we do not reject Ho. These data do not provide any 
evidence of a difference in type of illegal activity in different 
moon phases. 

37. x2  = 14.058, df = 1, P-value = 0.0002. With a P-value this low, 
we reject Ho. There is evidence of racial steering. Blacks are much 
less likely to rent in Section A than Section B. 

33. X2  = 453.476, df = 1, P-value <0.0001. With a P-value this low, 
we reject Ho. Survival was related to gender. Females were much 
more likely than males to survive (72.98% to 21.20%). 

39. a) z = 3.74936, z2  = 14.058. 
b) P-value (z) = 0.0002 (same as in Exercise 25). 

40. a) z 21.29498. b) z2  = 453.476. 
c) Both P-values are near 0. 

41. X2  = 5.89, df = 3, P = 0.117. Because the P-value is >0.05, these 
data show no evidence of an association between the mother's 
age group and the outcome of the pregnancy. 

42. xl  = 178.453, df = 12, P-value <0.0001, Because the P-value is 
so low, we reject Ho. There is a difference is education level 
among the different age groups. The largest component indi-
cates those 35 to 44 were less likely to have only a high-school 
diploma. The second-largest indicates the same age group is 
more likely than other age groups to have at least four years of 
college. 

CHAPTER 27 

1. a) Error = 453.22 - 8.37 YearSince1970; according to the model, 
the error made in predicting a hurricane's path was about 453 
nautical miles, on average, in 1970. It has been declining at a 
rate of about 8.37 nautical miles per year. 

b) 110: pi  = 0; there has been no change in prediction accuracy. 
HA: gi 0 0; there has been a change in prediction accuracy. 

c) With a P-value < 0.001, I reject the null hypothesis and con-
clude that prediction accuracies have in fact been changing 
during this period. 

d) 58.5% of the variation in hurricane prediction accuracy is 
accounted for by this linear model on time. 

2. a) %Other = -3.068 + 0.615% Manjuana. The percentage of 
ninth graders in these countries who have used other drugs 
is estimated to have increased 0.615% for each 1% increase in 
the percentage of ninth graders who have used marijuana. 

b) Ho: There is no (linear) relationship between use of marijuana 
and other drugs, pi  = 0. HA: There is a relationship, si o. 
t = 7.85, P-value = 0.0001. With such a low P-value, we reject 
Ho. Percentage of teens using other drugs seems to be posi-
tively related to percentage using marijuana. 

d) Percentage using marijuana accounts for 87.3% of the varia-
tion in other drug usage for ninth graders in these countries. 

e) The use of other drugs is associated with marijuana use, but 
there is no proof of causality. There may be lurking variables. 

3. a) Budget = -31.387 + 0.714 RunTiine. The model suggests that 
movies cost about $714,000 per minute to make. 

b) A negative starting value makes no sense, but the P-value of 
0.07 indicates that we can't discern a difference between our 
estimated value and zero. The statement that a movie of zero 
length should cost $0 makes sense. 

c) Amounts by which movie costs differ from predictions made 
by this model vary, with a standard deviation of about 
$33 million. 

d) 0.154 $m/min 
e) If we constructed other models based on different samples of 

movies, we'd expect the slopes of the regression lines to vary, 
with a standard deviation of about $154,000 per minute. 

4. a) Price = -0.312 + 94.5 Size. The model suggests that Saratoga 
houses cost about $94.5 per square foot. 

b) The P-value for the intercept is 0.50. That means that we can-
not discern a difference between the intercept value and zero. 
A value of $0 for a house of zero size makes sense. 

c) Amounts by which house prices differ from predictions made 
by this model vary, with a standard deviation of about 
$54,000. 

d) $2.393/sq. ft. 
e) If we constructed other models based on different samples of 

houses, we'd expect the slopes of the regression lines to vary, 
with a standard deviation of about $2.39 per square foot. 

5. a) The scatterplot looks straight enough, the residuals look ran-
dom and nearly normal, and the residuals don't display any 
clear change in variability. 

b) I'm 95% confident that the cost of making longer movies in-
creases at a rate of between 0.41 and 1.02 million dollars per 
additional minute. 

6. a) The scatterplot looks straight enough, the residuals look ran-
dom and nearly normal, and the residuals don't display any 
clear change in variability. 

b) I'm 95% confident that Saratoga housing costs increase at a 
rate of between $89.8 and $99.2 per square foot. 

7. a) Ho: pi  = 0; there's no association between calories and sodium 
content in all-beef hot dogs. HA: Pi 0 0: there is an association. 

b) Based on the low P-value (0.0018), I reject the null. There is ev-
idence of an association between the number of calories in all-
beef hot dogs and their sodium contents. 

8. a) flo: There is no linear relationship between Age and Cholesterol 
Level, pi = 0. HA: Cholesterol levels change with age, 0, 0 

b) t = 3.00, P-value = 0.0056. Because the P-value is so small, we 
reject Ho. These data show a significant positive relationship 
between Age and Cholesterol Level. 

9. a) Among all-beef hot dogs with the same number of calories, the 
sodium content varies, with a standard deviation of about 60 mg. 

b) 0.561 mg/cal 
c) If we tested many other samples of all-beef hot dogs, the slopes 

of the resulting regression lines would be expected to vary, with 
a standard deviation of about 0.56 mg of sodium per calorie. 

10. a) Among adults of the same age, cholesterol levels vary with a 
standard deviation of about 46 points. 

b) 0.2574 pts/yr 
c) If we tested many other samples of adults, the slopes of the 

resulting regression lines would be expected to vary with a 
standard deviation of 0.26 cholesterol points per year of age. 

11. I'm 95% confident that for every additional calorie, all-beef hot 
dogs have, on average, between 1.07 and 3.53 mg more sodium. 

12. I'm 95% confident that, on average, adult cholesterol levels in-
crease between 0.27 and 1.28 points per year of age. 

13. a) Ho: Difference in age at first marriage has not been changing, 
= a HA: Difference in age at first marriage has been chang-

ing, 131 * 0. 
b) Residual plot shows no obvious pattern; histogram is not par-

ticularly Normal, but shows no obvious skewness or outliers. 
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c) t = -7.04, P-value 
ject Ho. These data 
marriage is decreasing. 

14.a) 

12500 

a, 10000 
-2 

<0.0001. With such a low P-value, we re-

 

show evidence that difference in age at first 

• • 
- 

- • 
• 

20. a) (0.581, 0.769) 
b) Based on the sample, we are 90% confident that average SAT 

Math scores increase between 0.58 and 0.77 points for each 
additional point scored on the SAT Verbal test. 

21. a) We are 95% confident that 2500-pound cars will average 
between 27.34 and 29.07 miles per gallon. 

b) Based on the regression, a 3450-pound car will get between 
15.44 and 25.36 miles per gallon, with 95% confidence. 

7500 - • 

   

22. a) We are 90% confident that the mean Math score for students 

5000 

• • • 

• 
- 

• 

 

• 

with a Verbal score of 500 is between 534.0 and 560.18. 
b) Based on the regression, we are 90% confident that the Math 

score for the valedictorian will be between 569 and 800 (SAT 
scores cannot be higher than 800). 

     

23. a) Yes. t = 2.73, P-value = 0.0079. With a P-value so low, we re-
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12 

 

ject Ho. There is a positive relationship between Calories and 
Age (yr) 

   

Sodium content. 

b) Yes, the plot seems linear. 
14286 - 959 x Age 

• 

 

• 

 

b) No. R2  = 9% and s appears to be large, although without see-
ing the data, it is a bit hard to tell. 

24. a) Ho: No linear relationship between Brain Size and IQ, 131  = a 
HA: There is evidence of a relationship, 131  0 0. t = 1.12; 
this will not be significant. 

c) Advertised Price = 
d) 

1000 

 

• • a 

 

• 
• 

• b) With R2  = 6.5%, the relationship is very weak. There seem to 
be three students with large brains who also scored high. 
Without them, there seems to be no association at all. ct' • 

   

-1000 
• • 

• 

  

25. Plot of Calories against Fiber does not look linear; the residuals 
plot also shows increasing variance as predicted values get large. 

     

The histogram of residuals is right skewed. 

     

26. Scatterplot of Temperature against Latitude shows curvature 
3000 6000 9000 

Predicted 

 

12000 

  

(downward). Histogram of residuals is right skewed; residual 
plot shows decreasing variance as predicted values increase. 

-2000 -1000 0 1000 2000 
Residuals 

The residual plot shows some possible curvature. Inference 
may not be valid here, but we will proceed (with caution). 

15. Based on these data, we are 95% confident that the average dif-
ference in age at first marriage is decreasing at a rate between 
0.039 and 0.021 years per year. 

16. Based on these data, we are 95% confident that a used car's Price 
decreases between $819.50 and $1099 per year. 

17. a) Ho: Fuel Economy and Weight are not (linearly) related, 
f3i  = 0. HA: Fuel Economy changes with Weight, pi  0 0. 
P-value < 0.0001, indicating strong evidence of an association. 

b) Yes, the conditions seem satisfied. Histogram of residuals is 
unimodal and symmetric; residual plot looks OK, but some 
"thickening" of the plot with increasing values. 

c) t = -12.2, P-value < 0.0001.These data show evidence that 
Fuel Economy decreases with the Weight of the car. 

18. a) Ho: There is no (linear) relationship between SAT Verbal and 
SAT Math scores, /31 0. HA: There is a relationship, /31 0 0. 

b) Assumptions seem reasonable, since conditions are satisfied. 
The scatterplot suggests a positive linear relationship. Residual 
plot shows no patterns (one outlier); histogram is unimodal 
and roughly symmetric. 

c) t = 11.9; P-value < 0.0001. These data show evidence of a 
positive relationship between SAT Verbal and SAT Math scores. 

19. a) (-9.57, -6.86) mpg per 1000 pounds. 
b) Based on these data, we are 95% confident that Fuel Efficiency 

decreases between 6.86 and 9.57 miles per gallon, on average, 
for each additional 1000 pounds of Weight. 

27. a) Ho: No (linear) relationship between BCI and pH, 131 = 0. 
HA: There seems to be a relationship, pi  0. 

b) t = -7.73 with 161 df; P-value < 0.0001 
c) There seems to be a negative relationship; BCI decreases as pH - 

pi  = o. HA: Ozone increases with Population, pi  > o. t = 3.48, 
P-value = 0.0018. With a P-value so low, we reject Ho. These 
data show evidence that Ozone increases with Population. 

b) Yes, Population accounts for 84% of the variability in Ozone 
level, and s is just over 5 parts per million. 

30. a) Ho: No linear relationship between Sales and Profit, Pi = 0. 
HA: There is a relationship, pi  o. t = 12.33; P-value -0. 
There seems to be a relationship between Sales and Profit. 

32. a) Based on this regression, average Profits increase bet:

.
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0.078 and 0.107 million dollars ($78,000 and $107,000) for 
every million dollars in sales, with 95% confidence. 

b) Yes. The scatterplot is roughly linear with lots of scads 

Normal probability plot of residuals is reasonably 

increases at an average of 197.7 BCI units per increase of 1 pH. 
28. a) Temp = 15.31 + 0.004 X CO2 

b) Yes; t = 4.44, P-value = 8.5 X 10-5 
c) The standard deviation of the residuals is 0.0809°C, so we 

don't expect the model to predict to an accuracy greater than 
about ±0.16°C. 

29. a) Ho: No linear relationship between Population and Ozone, 

although s is nearly a half million dollars, the mean Profit fq 
these companies is over $200 million. 

31. a) Based on this regression, each additional million residents c 

responds to an increase in average ozone level of between 
and 10.01 ppm, with 90% confidence. 

b) The mean Ozone level for cities with 600,000 people is be 
18.47 and 27.29 ppm, with 90% confidence. 

b) Somewhat. Sales accounts for 66% of the variability in Profits 

$1,592,800,000), with 95% confidence. This interval 
that it's really useless. 

33. a) 33 batteries. 

b) Based on the the profit for Eli Lilly, Inc, regression, s"° 
between -281.1 and 1592.8 million dollars (4281,100,000: 

is s° 

of residuals vs. predicted values shows no overt 
Petr

a: 
s 
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c) Ho: No linear relationship between Cost and Cranking Amps, 
13 3  = 0. HA: Cranking Amps increase with cost, 131  > 0. f = 3.23; 
p-value = R0.0029) = 0.00145. With a P-value so low, we re-
ject Ho. These data provide evidence that more expensive 
batteries do have more cranking amps. 

d)No. R2  = 25.2% and s = 116 amps. Since the range of amper-

 

age is only about 400 amps, an s of 116 is not very useful. 

e) Crank' amps = 384.59 + 4.15 X Cost. 
1) (1.97, 6.32) co d cranking amps per dollar. 
g) Cranking amps increase, on average, between 1.97 and 6.32 per 

dollar of battery Cost increase, with 90% confidence. 
34. 34 - 
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28  
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a) Weaker. Individuals are more variable than averages. 
b) The residuals plot shows a large negative outlier; the Normal 

probability plot is not very straight, but the sample size is 
small. We will proceed with the inference with caution. Ho: No 
linear relationship between 6-Month Temperature and Crawling 
Age, 131  = 0. HA: Linear relationship between 6-Month Temper-
ature and Crawling Age, 131  0 0. t with 10 clf is -3.10, with P-
value 0.0113. With a P-value so low, we reject Ho. There's evi-
dence of a negative relationship between temperature and 
crawling age. 

c) (-0.134, -0.022) weeks per °P. 
35. a) Ho: No linear relationship between Waist size and %Body Fat, 

= 0. HA: %Body Fat changes with Waist size, f3 # o. 
t = 8.14; P-value < 0.0001. There's evidence that %Body Fat 
seems to increase with Waist size. 

b) With 95% confidence, mean %Body Fat for people with 40-inch 
waists is between 23.58 and 29.02, based on this regression.  

36. a) (0.145, 0.355) `Yo per pound. 
b) Based on the regression, average %Body Fat increases between 

0.145% and 0.355% for each pound of weight. 
c) With 95% confidence, a person weighing 165 pounds will have 

between 0% (-1.61%) and 29.32% body fat. 
37. a) The regression model is 7idterm2 = 12.005 + 0.721 Midterml 

Estimate Std Error t-ratio 
Intercept 12.00543 15.9553 0.752442 
Slope 0.72099 0.183716 3.924477 

RSquare 0.198982 
16.78107 

fl 64 

b) The scatterplot shows a weak, somewhat linear, positive rela-
tionship. There are several outlying points, but removing them 
only makes the relationship slightly stronger. There is no obvi-
ous pattern in the residual plot. The regression model appears 
appropriate. The small P-value for the slope shows that the 
slope is statistically distinguishable from 0 even though the R2 
value of 0.199 suggests that the overall relationship is weak. 

c) No. The R2  value is only 0.199 and the value of s of 16.8 points 
indicates that she would not be able to predict performance on 
Midterm2 very accurately. 

38. a) The regression model is MT total = 46.062 + 1.580 Homework 

Estimate Std Error t-ratio P-value 
Intercept 46.06193 1 7 14.4606 B 74 3. 1852769 B 0.00226414 
Slope 1.5 8005 9 8 0. 197 7 15 7. 991 6030E3 4.0922e-1 1 

RSquare 0.507412 
18.30433 
64 

b) The scatterplot shows a strong, mostly linear, positive relation-
ship between midterm total and homework scores. There is a 
model outlier and a high influence point, but the model is not 
significantly changed by deleting both points. There is no 
obvious pattern in the residual plot. The regression model 
appears appropriate. The small P-value for the slope shows 
that the slope is statistically distinguishable from 0. 

c) The R2  value of 0.507 suggests that the overall relationship is 
fairly strong. However, this does not mean that midterm total 
is accurately predicted from homework scores, The error stan-
dard deviation of 18.30 points indicates that a prediction of 
midterm total could easily be off by 20 to 30 points or more. If 
this is a significant number of points for deciding grades, then 
homework score alone will not suffice. 

39. Ho: Slope of Effectiveness vs Initial Ability = 0; HA: Slope 0 

28 30 32 34 36 
Before 

Scatterplot is straight enough. Regression conditions appear to be 
met. t = -4.34, df = 19, P-value = 0.004. With a P-value this 
small, we reject the null hypothesis. There is strong evidence that 
the effectiveness of the video depends on the player's initial abil-
ity. The negative slope observed that the method is more effective 
for those whose initial performance was poorest and less so for 
those whose initial performance was better. This looks like a case 
of regression to the mean. Those who were above average initially 
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P-value 
0.454633 
0.000221 
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tended to be worse after training. Those who were below average 
initially tended to improve. 

40. a) We'd like to know if there is a linear association between Price 
and Fuel Efficiency in cars. We have data on 2004 model-year 
cars giving their highway mpg and retail price. Ho: 131  = 0 (no 
linear relationship); HA: pi  0. 

b) The scatterplot fails the Straight Enough Condition. It shows a 
bend and it has an outlier. There is also some spreading from 
right to left, which would violate the Plot Thickens Condition. 
We cannot continue the analysis. 

c) The conditions are not met; the regression equation should not 
be interpreted. 

41. a) Data plot looks linear; no overt pattern in residuals; histogram 
of residuals roughly symmetric and unimodal. 

b) Ho: No linear relationship between Education and Mortality, 
131  = 0. HA: pi  0. t = -6.24; P-value <0.001. There is evi-
dence that cities in which the mean education level is higher 
also tend to have a lower mortality rate. 

c) No. Data are on cities, not individuals. Also, these are observa-
tional data. We cannot predict causal consequences from them. 

d) (-65.95, -33.89) deaths per 100,000 people. 
e) Mortality decreases, on average, between 33.89 and 65.95 

deaths per 100,000 for each extra year of average Education. 
f) Based on the regression, the average Mortality for cities with 

an average of 12 years of Education will be between 874.239 
and 914.196 deaths per 100,000 people. 

42. a) Data plot looks linear; no obvious pattern in residuals; 
Normal plot of residuals is roughly linear. 

b) Ho: No linear relationship between Square Footage and Assessed 
Value, 131  = 0. HA: Larger houses have higher assessed values, 
pi > 0. t = 2.77; P-value = 0.0068. With the very low P-value, 
we reject Ho. There is evidence that larger houses do have 
higher assessed values. 

c) 32.5% 
d) I am 90% confident that average Assessed Value increases 

between $4.58 and $19.22 for each square foot. 
e) No. These are observational data, not an experiment. We can-

not conclude anything about the consequences of changes. 
Also, the data are for one city and may not apply to others. 

f) No. A 95% confidence interval for the assessed value of his 
2100-square-foot house is from $45,619 to $78,572. 

PART VII REVIEW 

1. Ho: The proportions are as specified by the ratio 1:3:3:9; HA: The 
proportions are not as stated. X2  = 5.01; df = 3; P-value = 0.1711. 
Since P > 0.05, we fail to reject Ho. These data do not provide 
evidence to indicate that the proportions are other than 1:3:3:9. 

2. a) 59 products b) 84.5% c) (2.21, 2.78) dollars per minute 
d) Average price increases between $2.21 and $2.78 for each extra 

minute of polishing time, with 95% confidence. 
3. a) Ho: Mortality and calcium concentration in water are not linearly 

related, pi= 0; HA: They are linearly related, /31 0 0. 
b) t = -6.73; P-value < 0.0001. There is a significant negative 

relationship between calcium in drinking water and mortality. 
c) (-4.19, -2.27) deaths per 100,000 for each ppm calcium. 
d) Based on the regression, we are 95% confident that mortality 

(deaths per 100,000) decreases, on average, between 2.27 and 
4.19 for each part per million of calcium in drinking water. 

4. a) Based on these data, with 95% confidence 5-year yields are 
between 3.15 and 5.93% higher than 3-year yields, on average 
(paired data). 

b) Yes (at least for this data set). The regression line is 
5-year = 6.93 + 0.719 3-year. Ho: pi  = 0 against HA: pi  0 
has t = 4.27; P-value = 0.0009. Since P is so small, we reject 
Ho. There is evidence of an association. (But we don't know 
that this was an SRS or even a representative sample of large 
cap funds.) 

5. 404 checks 
6. a) (36.21, 60.51) feet. b) Yes, 40 is in the interval. 

c) Wider; we'd need to have a wider interval to be more confident. 
d) Roughly 4 times as big-44 flights. 

7. Ho: Income and Party are independent. HA: Income and Party are 
not independent. x2  -= 17.19; P-value = 0.0018. With such a 
small P-value, we reject Ho. These data show evidence that in-
come level and party are not independent. Examination of com-
ponents suggests Democrats are most likely to have low incomes; 
Independents are most likely to have middle incomes, and 
Republicans are most likely to have high incomes. 

8. a) 38 
b) Yes. Data plot looks linear; residuals plot shows random scat-

ter; histogram of residuals approximately Normal. 
c) (0.131, 0.177) foals per adult. 
d) Based on this regression, we have 95% confidence that for 

every adult horse, an average of between 0.131 and 0.177 foals 
will be born. 

e) A herd with 80 adult horses will have between 2.27 and 19.21 
foals, with 90% confidence. 

9. Ho: PL  - PR = 0; HA: PT. - PR 0. z = 1.38; P-value = 0.1683. 
Since P > 0.05, we do not reject Ho. These data do not provide 
evidence of a difference in musical abilities between right- and 
left-handed people. 

10. a) Combining boys and girls, df = 4, X2  = 42.80; P-value 
<0.0001. Reject Ho. These data show evidence that the 
distribution of scores at this school is significantly different 
from national results. 

b) Pooling scores of 2 or 1, df = 3, X2  = 5.59, P-value = 0.1336. 
There is no significant difference in the distribution of scores 
for boys and girls. 

11. a) Ho: po = 0; HA: AD  0 0. 
Boxplot of the differences indicates a strong outlier (1958). 
With the outlier kept in, the t-stat is 0, with a P-value of 1.00 
(two sided). There is no evidence of a difference (on averag of 
actual and that predicted by Gallup. With the outlier taken 
out, the t-stat is still only -0.8525 with a P-value of 0.4106, so 
the conclusion is the same. 

b) Ho: There is no (linear) relationship between predicted and ac-
tual number of Democratic seats won (pi  = 0). HA: There is a 
relationship (/31  0 0). The relationship is very strong, with an 
R2  of 97.7%. The t-stat is 22.56. Even with only 12 df, this is 
clearly significant (P-value < 0.0001). There is an outlying 
residual (1958), but without it, the regression is even stronger. 

12. Conditions are met; di = 4; x2  = 6.14; P-value = 0.1887. Since 
P> 0.05, we do not reject Ho. We do not have evidence of an 
association between duration of pregnancy and level of care. 

13. Conditions are met; df = 4; X2  = 0.69; P-value = 0.9526. Since 
P > 0.05, we do not reject Ho. We do not have evidence that the 
way the hospital deals with twin pregnancies has changed. 

14. Conditions are met. Ho: pp - pN  = 0; HA: pp - pN  > 0. z = 1.96; 

P-value = 0.0249. With such a small P-value, we reject 110. These 

data provide moderately strong evidence to suggest that pre; 
emies are more likely than babies of normal weight to be of ' sub-
normal height" as adults. 

15. a) Based on these data, the average annual rainfall in LA is 
between 11.65 and 17.39 inches, with 90% confidence. 

b) About 46 years 

2:_ 

X Year c) No. The regression equation is Rain = -51.684 + 0.033 
R2 0.1%. For the slope, t = 0.12 with P-value = 0.9029. 

16. a) Independence-individuals classified on two variables: 
e_

 

b) Ho: No relationship between Age and Party; HA: There is 
lationship. df = 6, x2  = 16.66; P-value = 0.0106. With.5ucl:1-` 

small P-value, we reject Ho. These data indicate a relationslu 

between Age and Party. • The 
c) There seems to be a relationship between age and partY 

"largest" standardized residual is for Republicans 18  to 
._ 

(-2.07). The next-largest is for Independents in the same 8 

17. 

18 

19 

2( 

2: 
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