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1.25 (a) The cases are 200 randomly sampled men

and women. (b) The response variable is attitude to-

wards a fictional microwave oven. (c) The explana-

tory variable is dispositional attitude. (d) Yes, the

cases are sampled randomly. (e) This is an observa-

tional study since there is no random assignment to

treatments. (f) No, we cannot establish a causal link

between the explanatory and response variables since

the study is observational. (g) Yes, the results of the

study can be generalized to the population at large

since the sample is random.

1.27 (a) Simple random sample. Non-response bias,

if only those people who have strong opinions about

the survey responds his sample may not be repre-

sentative of the population. (b) Convenience sample.

Under coverage bias, his sample may not be represen-

tative of the population since it consists only of his

friends. It is also possible that the study will have

non-response bias if some choose to not bring back

the survey. (c) Convenience sample. This will have

a similar issues to handing out surveys to friends.

(d) Multi-stage sampling. If the classes are similar

to each other with respect to student composition

this approach should not introduce bias, other than

potential non-response bias.

1.29 (a) Exam performance. (b) Light level: fluo-

rescent overhead lighting, yellow overhead lighting,

no overhead lighting (only desk lamps). (c) Sex:

man, woman.

1.31 (a) Exam performance. (b) Light level (over-

head lighting, yellow overhead lighting, no overhead

lighting) and noise level (no noise, construction noise,

and human chatter noise). (c) Since the researchers

want to ensure equal gender representation, sex will

be a blocking variable.

1.33 Need randomization and blinding. One possi-

ble outline: (1) Prepare two cups for each participant,

one containing regular Coke and the other contain-

ing Diet Coke. Make sure the cups are identical and

contain equal amounts of soda. Label the cups A

(regular) and B (diet). (Be sure to randomize A and

B for each trial!) (2) Give each participant the two

cups, one cup at a time, in random order, and ask

the participant to record a value that indicates how

much she liked the beverage. Be sure that neither

the participant nor the person handing out the cups

knows the identity of the beverage to make this a

double- blind experiment. (Answers may vary.)

1.35 (a) Observational study. (b) Dog: Lucy. Cat:

Luna. (c) Oliver and Lily. (d) Positive, as the popu-

larity of a name for dogs increases, so does the pop-

ularity of that name for cats.

1.37 (a) Experiment. (b) Treatment: 25 grams of

chia seeds twice a day, control: placebo. (c) Yes,

gender. (d) Yes, single blind since the patients were

blinded to the treatment they received. (e) Since this

is an experiment, we can make a causal statement.

However, since the sample is not random, the causal

statement cannot be generalized to the population at

large.

1.39 (a) Non-responders may have a different re-

sponse to this question, e.g. parents who returned

the surveys likely don’t have difficulty spending time

with their children. (b) It is unlikely that the women

who were reached at the same address 3 years later

are a random sample. These missing responders are

probably renters (as opposed to homeowners) which

means that they might be in a lower socio- economic

status than the respondents. (c) There is no control

group in this study, this is an observational study,

and there may be confounding variables, e.g. these

people may go running because they are generally

healthier and/or do other exercises.

1.41 (a) Randomized controlled experiment.

(b) Explanatory: treatment group (categorical, with

3 levels). Response variable: Psychological well-

being. (c) No, because the participants were volun-

teers. (d) Yes, because it was an experiment. (e) The

statement should say “evidence” instead of “proof”.

1.43 (a) County, state, driver’s race, whether the

car was searched or not, and whether the driver was

arrested or not. (b) All categorical, non-ordinal.

(c) Response: whether the car was searched or not.

Explanatory: race of the driver.

2 Summarizing data

2.1 (a) Positive association: mammals with longer

gestation periods tend to live longer as well. (b) As-

sociation would still be positive. (c) No, they are not

independent. See part (a).

2.3 The graph below shows a ramp up period. There

may also be a period of exponential growth at the

start before the size of the petri dish becomes a fac-

tor in slowing growth.
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2.5 (a) Population mean, µ2007 = 52; sample mean,

x̄2008 = 58. (b) Population mean, µ2001 = 3.37; sam-

ple mean, x̄2012 = 3.59.

2.7 Any 10 employees whose average number of days

off is between the minimum and the mean number of

days off for the entire workforce at this plant.
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2.9 (a) Dist 2 has a higher mean since 20 > 13, and a

higher standard deviation since 20 is further from the

rest of the data than 13. (b) Dist 1 has a higher mean

since −20 > −40, and Dist 2 has a higher standard

deviation since -40 is farther away from the rest of

the data than -20. (c) Dist 2 has a higher mean since

all values in this distribution are higher than those

in Dist 1, but both distribution have the same stan-

dard deviation since they are equally variable around

their respective means. (d) Both distributions have

the same mean since they’re both centered at 300,

but Dist 2 has a higher standard deviation since the

observations are farther from the mean than in Dist 1.

2.11 (a) About 30. (b) Since the distribution is

right skewed the mean is higher than the median.

(c) Q1: between 15 and 20, Q3: between 35 and 40,

IQR: about 20. (d) Values that are considered to be

unusually low or high lie more than 1.5×IQR away

from the quartiles. Upper fence: Q3 + 1.5 × IQR =

37.5 + 1.5× 20 = 67.5; Lower fence: Q1 - 1.5 × IQR

= 17.5− 1.5× 20 = −12.5; The lowest AQI recorded

is not lower than 5 and the highest AQI recorded is

not higher than 65, which are both within the fences.

Therefore none of the days in this sample would be

considered to have an unusually low or high AQI.

2.13 The histogram shows that the distribution is

bimodal, which is not apparent in the box plot. The

box plot makes it easy to identify more precise values

of observations outside of the whiskers.

2.15 (a) The distribution of number of pets per

household is likely right skewed as there is a natural

boundary at 0 and only a few people have many pets.

Therefore the center would be best described by the

median, and variability would be best described by

the IQR. (b) The distribution of number of distance

to work is likely right skewed as there is a natural

boundary at 0 and only a few people live a very long

distance from work. Therefore the center would be

best described by the median, and variability would

be best described by the IQR. (c) The distribution

of heights of males is likely symmetric. Therefore

the center would be best described by the mean, and

variability would be best described by the standard

deviation.

2.17 (a) The median is a much better measure of

the typical amount earned by these 42 people. The

mean is much higher than the income of 40 of the

42 people. This is because the mean is an arithmetic

average and gets affected by the two extreme obser-

vations. The median does not get effected as much

since it is robust to outliers. (b) The IQR is a much

better measure of variability in the amounts earned

by nearly all of the 42 people. The standard devi-

ation gets affected greatly by the two high salaries,

but the IQR is robust to these extreme observations.

2.19 (a) The distribution is unimodal and symmet-

ric with a mean of about 25 minutes and a standard

deviation of about 5 minutes. There does not ap-

pear to be any counties with unusually high or low

mean travel times. Since the distribution is already

unimodal and symmetric, a log transformation is not

necessary. (b) Answers will vary. There are pockets

of longer travel time around DC, Southeastern NY,

Chicago, Minneapolis, Los Angeles, and many other

big cities. There is also a large section of shorter

average commute times that overlap with farmland

in the Midwest. Many farmers’ homes are adjacent

to their farmland, so their commute would be brief,

which may explain why the average commute time

for these counties is relatively low.

2.21 (a) We see the order of the categories and the

relative frequencies in the bar plot. (b) There are no

features that are apparent in the pie chart but not

in the bar plot. (c) We usually prefer to use a bar

plot as we can also see the relative frequencies of the

categories in this graph.

2.23 The vertical locations at which the ideologi-

cal groups break into the Yes, No, and Not Sure

categories differ, which indicates that likelihood of

supporting the DREAM act varies by political ide-

ology. This suggests that the two variables may be

dependent.
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2.25 (a) (i) False. Instead of comparing counts, we

should compare percentages of people in each group

who suffered cardiovascular problems. (ii) True.

(iii) False. Association does not imply causation. We

cannot infer a causal relationship based on an obser-

vational study. The difference from part (ii) is subtle.

(iv) True.

(b) Proportion of all patients who had cardiovascular

problems: 7,979
227,571

≈ 0.035

(c) The expected number of heart attacks in the

rosiglitazone group, if having cardiovascular prob-

lems and treatment were independent, can be cal-

culated as the number of patients in that group mul-

tiplied by the overall cardiovascular problem rate in

the study: 67, 593 ∗ 7,979
227,571

≈ 2370.

(d) (i) H0: The treatment and cardiovascular prob-

lems are independent. They have no relation-

ship, and the difference in incidence rates between

the rosiglitazone and pioglitazone groups is due to

chance. HA: The treatment and cardiovascular prob-

lems are not independent. The difference in the in-

cidence rates between the rosiglitazone and pioglita-

zone groups is not due to chance and rosiglitazone

is associated with an increased risk of serious car-

diovascular problems. (ii) A higher number of pa-

tients with cardiovascular problems than expected

under the assumption of independence would provide

support for the alternative hypothesis as this would

suggest that rosiglitazone increases the risk of such

problems. (iii) In the actual study, we observed 2,593

cardiovascular events in the rosiglitazone group. In

the 1,000 simulations under the independence model,

we observed somewhat less than 2,593 in every single

simulation, which suggests that the actual results did

not come from the independence model. That is, the

variables do not appear to be independent, and we

reject the independence model in favor of the alterna-

tive. The study’s results provide convincing evidence

that rosiglitazone is associated with an increased risk

of cardiovascular problems.

2.27 (a) Decrease: the new score is smaller than

the mean of the 24 previous scores. (b) Calculate a

weighted mean. Use a weight of 24 for the old mean

and 1 for the new mean: (24×74+1×64)/(24+1) =

73.6. (c) The new score is more than 1 standard de-

viation away from the previous mean, so increase.

2.29 No, we would expect this distribution to be

right skewed. There are two reasons for this:

(1) there is a natural boundary at 0 (it is not possible

to watch less than 0 hours of TV), (2) the standard

deviation of the distribution is very large compared

to the mean.

2.31 The distribution of ages of best actress win-

ners are right skewed with a median around 30 years.

The distribution of ages of best actor winners is also

right skewed, though less so, with a median around

40 years. The difference between the peaks of these

distributions suggest that best actress winners are

typically younger than best actor winners. The ages

of best actress winners are more variable than the

ages of best actor winners. There are potential out-

liers on the higher end of both of the distributions.

2.33

●

60 70 80 90
Scores

3 Probability

3.1 (a) False. These are independent trials.

(b) False. There are red face cards. (c) True. A

card cannot be both a face card and an ace.

3.3 (a) 10 tosses. Fewer tosses mean more variabil-

ity in the sample fraction of heads, meaning there’s a

better chance of getting at least 60% heads. (b) 100

tosses. More flips means the observed proportion

of heads would often be closer to the average, 0.50,

and therefore also above 0.40. (c) 100 tosses. With

more flips, the observed proportion of heads would

often be closer to the average, 0.50. (d) 10 tosses.

Fewer flips would increase variability in the fraction

of tosses that are heads.

3.5 (a) 0.510 = 0.00098. (b) 0.510 = 0.00098.

(c) P (at least one tails) = 1 − P (no tails) = 1 −
(0.510) ≈ 1− 0.001 = 0.999.

3.7 (a) No, there are voters who are both indepen-

dent and swing voters.

(b)

(c) Each Independent voter is either a swing voter or

not. Since 35% of voters are Independents and 11%

are both Independent and swing voters, the other

24% must not be swing voters. (d) 0.47. (e) 0.53.

(f) P(Independent) × P(swing) = 0.35×0.23 = 0.08,

which does not equal P(Independent and swing) =

0.11, so the events are dependent.
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