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Exercises

Section 23.2 2. Shoot to score A'college hockey coach collected data
from the 2010-2011 National Hockey League season.
-He hopes'to convince his players that the number of shots
taken has an affect on the number of goals scored. The
coach performed a preliminary analysis, using the scor-
ing statistics from 293 offensive players who play. profes-
sional hockey. He predicts Goals from number of Shoss
(taken for the season), Discuss each of the conditions and
assumptions required for him to proceed with the tegres-
sion analysis. (www.nhl.com)

L. Graduation rates A prestigious‘college is inferésted
in factors that:might be associated with better :graduation
rates. The administrators wonder whether there is
a relationship. betweén acceptance rates and graduation
rates. Before procéeding with their regression inference,
what conditions and a55u_1nptiqns._must be satisfied?
Are'they? (Source: US News and World Repoit National
University Rankings October 2011. http://colleges.
usnews.rankin gsahd_revi‘ews,-comfbést—co]legesfrarﬂdﬁgs{._

nationa1~uni'_\’ersi_ti'e&’.datafspp%ZBS_Olpage‘-!-l_')' ‘Dependent variable is Goals
] _ . _ R-souared = 63.4%
Dependent variable i 6-Year Graduation Rate s = 5.13with 293 — 2 = 291 degrees of frecdom
R-squared = 69.6% -
8 =286 with 50 ~ 2 =48 degraes of freedom Yariable Coefficient SE(Coeff) t-Ratio  P-Valup
. . . o _ Intercept  ~1.77095  .9087 —19488  0:052
Variahle  Coefiicient SE{Coeif) t-Ratio. _P-Value Shats 0.11938  0.0053 57250 <0.0001
intercept 970663 084406  114.999. <0.0001 B o '
Acceptance  —0:25101 0023951 —10480 <0.0001 50 i ;
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rection 23.3

3. Graduation rates, part I Using the regression output.
‘in Exercise 1, identify the error standard deviation-and
explain what it means in the context of the problem.

4. Shool.to score another one Using the regression output
from Exercise 2, identify the error standard deviation. and

explain its me_anmtr_ with 4 senfence in context.

5..Graduation rafes, part ¥ Continuing with the
regression of Exercise 1, wrife a sentence that explains
the meaning 6f the standard error of the slope of the
regression line, SE{b,} == 0.0240.

6. Shoot to'score, hat trick Returning to the results of
Exercise 2, write a sentence to explain the meaning of
‘the: standard error of the slope of the regression line,
SE(b)) = 0.0053.

section 23.4

7. Graduation, part IV The college administrators in
Exercise 1 tested the hypotheses Hy: 8 = O vs, Ha:
B, # Oand rejected the mull hypothesis because the.
P-valite was less than 0.0001. What can they conclude
about the relationship between adimission rates and
graduation rates? '

8. Shoot to score, number four What can the hockey
coach in Exercise 2 conclide about shooting and scor-
ing-goals from the fact that the P-value < 0.0001 for
the slope of the regression line? Write 4 sentence in
context,

‘9. Graduation, part V. The college administrators in
‘Exercise 1 constructéd 2 95% cenfidence interval for the
slope-of theil regression line. Interpret the meaning of

their iriterval {—0.299%, ~0.203% ) within the context of

the problem.

:0. Shioot to score, overtime The coach in Exercise 2 foiind

4.95% confidence interval for the slope of his regression
line. Recall-that he is trying to predict total goals scored
based on shots taken. Interpret with a sentence the
meaning of the interval 0,12 & 0.01.

Section 23.5

{1. Gradnation, part VI The college described in Exercise

1 admits about 33% of applicants each year. Which will

be larger, the standard error of the predicted 6-Year Grad-

uation Rate of this college, or the standard .error of the
'mean 6-Year Graduation Rate of all colleges admitting
33% of their applicants? Explain briefly.

(2. :Sheoi;_.to_.score,.double overtimeé One of the coach’s
best players has been in a slump, and the coach'is trying

1o convinée him to take more shots. Last year, the player

took. 104 shots. Would the standard error of the prg-
dicted number of goals he shot be larger-or.smaller than
the standard error of the mean predicted number of all
players who took 104 shots? Explain briefly.

Section 23.6

13.

14.

15,

16.
 his sixpérstar from Exetcise 12, went on £&'suggest the
‘player shoot more. Hopeful for 150 shots for the:season,

Graduation, part VE As in-Exercise 11, the college

.described in Exercise 1 admits about 33% of applicants

each yedr. Using their regression model, the administra-
tors calculated 2 95% confidence interval for the medn
0-Year Graduation Rate for all top colleges who admit
33% of students. The interval was (87.96%, 89.60%).
Interpret the meanitig of this interval with a sentence.

Shoot to.score, triple overtime As in Exercise 12, ang
of the coack’s best players has been in-a slump, and the
coach is trying to convince hiin to take-more shots: Last.
year, the player took 104 shots. The.coach calculated a
95% confidence interval for the mean number of goals a-
player weuld score if 104 shots were taken. The interval
turned out to.be 9.8 to 11.5 goals; Summarize, the interval

‘with a sentence in context.

Graduation, part VIII The administrators from
Exetcise 1 also determmined a 95% prediction 1 interval for

‘the graduation rate of a school admittinig 33% of appli-

cants to be (82.98%, 94.59%). Carefully explain what the
95% indicates. for this interval,

Shoot to score, again 'Ihe._coach, still working with

he calcvlaied a 95% prediction intefval for the number
of goals this player might score. If the prediction interval
for goals scored was (6.03; 24.25), interpret the meaning
of this interval with a sentence in context.

Chapter Exercises

17.

18

&% 19.

Graduation party Would it be wise for the administra-

tors. at the college described in’Exercise | to conclude

that lowering their-admission rate (i.e., making it harder
to get in) would help to increase their graduation rates?
Why or why. not? '

Shoot to score, shoofout The coach from Exercise 2

‘called a'teamn meeting to summarize t_h_e results ﬁom'his_

study. Wolil_c_i it be:a.good_ strategy to te_]l the players that
-alf they need to'do is to shodt more and the goals will
follow?.

"Tracking hurricanes 2016 In Chapter 8, we looked at data
from the National Oceanic and Atmospheric Administration
‘ahout their success in predicting hurricane tracks, On-'ttle.'fqi—
Towing page is a scatterplot of the error (in nantical miles) for
predicting butticane locations 24 hours in.the future vs. the:
year in which the prediction (and the hurficanc) occurred.
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In Chapter 8, we.could describe this relationship only
- in general terms. Now we car learn miore. Here is the.

regression analysis:

Dependent. vatiableis 24Errar

R-squared = 68.7% _

s = 16:44 with 41 — 2 = 39 degrees of freedom.

Variable Coefficient  SE(Caeff) 1-Ratin  P-Value
Intercept 1323 5043 262 =0.0001
Years Since 1970  —2.0% 0.217 ~025 ={.0001

a) Explain in. words and numbers what the regression
5ays.

b).State the hypothesis aboutt the siope (both numerically
and in words) that describes how hurricane prediction
-quality has changed.

c) Assuming that the assumptions for inference are
satisfied, performi the hypothiesis test and state your
conclusion, Be $ure to state it in tems of_prcdiéti'on
‘errors and years.

d} Explain what the R-squared means in terms-of thig
regression,

. Drug use. The 2011 World Drug Report investigated the
prévalence of drug use as a percentage of the populatlon
aged 15 to 64. Data from 22 European countries are

shown in the followin g scatterplot and regression analyms.

(Source: World Drug Report, 2011, www.unode.org/
unode/en/data- and -analysis/WIDR-2011.html)
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Dependent variable is Sogaine.
R-squared- = 38.1%
s = [1.724 with 22 — 2 = 20 degices of freedom-

Variable  Coefficient . SE(Coeff) t-Ratio  P-Value
Intercept: 0.35707 0.2757 1295 021
Cannabis%  0.14264. 00406 3512 0.007

&5 21,

‘Movie budgets'™
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a) Explain in coritext what the regression says.

b) State the hypothesis about thie slope (both numerically
and in. words) that describes how use of marfjuana is
-associated with other diugs,

¢) Assuming that the assumptions for inference are.
satisfied, perform the hypothesis test and state your
conclusion in context,

d) Explain what R-squared means in context.

&) Do these results indicate that marijeana use leads to
‘the use of harder drugs? Explain.

* How does the cost of a movie depend

o its ength? Data on the cost (millions of dollars) and

the running time (minutes) for major release films of

2005-are summarized in these plots and computeroutput:
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Riin Time {mins)
Dependent variable is Budget($million)
R-squared = 27.3%
§ = 32.95 with 120 — 2 = 118 degress of freedom

Variable  Coefficient  SE(Cosff) t-Ratio  P-Value
Intercept 63,9981 17.12 -3.74 0.0003
RunTime 107648 01540  6.66  =0.0001
L
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“Data have been corrected since previous editicns.
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‘ay Explain in context whit the regression says.

B) The intercept is-negative, Discuss its value:

¢) The output reports s = 32.95. Explain what that
means in this context.

d) What’s the vajue of the standard error.of the slope of

the regression line?
e} Explain what that raeans in this context.
22. Saratoga house prices How does-the price of a house.
depend on its size? Data from Saratoga, New York,
on 1064 randomly selected houses that had been sold
tnclude data-on price ($1000s) and size {$1000s ft%),.
producing the-following graphs and compnter-output:
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200 1 +

250 375 500

Size {1000 )

1,25

Dependent variable is Price
R-sguared = 59.5% _
s = 53.79.with 1064 — 2 == 1062 degrees of freedom

Yariable.  Coefficient:  SE{Cueff)  t-Ratin P-Value
Infercept —_3_.1'1__53_6 4,633 —0.665 '0;50_5'_31
Size 94.4539 2:393 395 "=0.0001.
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a) Bxplain in context what the regression says.

b) The intercept is negative. Discuss iis value, taking-note

of its P-vatue.
¢) The output reports s == 53.79. Explain what that
means in this-context.

&3 25.

& 26.

&9 27,

Gy 24,

d) What’s the value of the standard error of the slope of
the regression line?
e} Explain what that means in this-context,

3. Movie badgets, the sequel Exercise 21 shows computer

output Examining the association betiween the lerigth of 5.

‘novie and its cost,

a) Check the assamptions and cqnc__iiﬁons;'for inference,
b) Find a 5% confidence interval for the slope and
interpret.it in cohtext

Second home Exercise 22 shows computer-outptit

examinifig the association between the sizes of houses
and their sale prices.

a) Check the a‘s‘sump_tion's and condifio_ns for inference..
b) Find a 95% cenfidence interval for the slope and

interpret it in context:
Hot dogs Healthy eating probably doesn’t include hot
dogs, bat if you are going to have one; you "d-probably
hope it’s low in both cafories and sodium. Recently,
Consumer Reports listed the number of calories and

_sodivm content (in milligrams) for 13 brands of all-beef

hot dogs it tested. Examine the association, assuming that

the data satisfy the conditions for inferénce..

Dependent-variable is Sodium

R-squared = 60:5%

§ = 58,66 with 13 — 2 = 11 dégrees of freedom

Variahle  Coefficient:  SE(Coeff)  t-Rafin  P-Value
Constant ~ 90.9783  77.69 117 0.2663
Calories 2.2995Y {.5607 4:10 0.0018

) State the appropriate hypotheses about the slope.
b) Test your hypotheses. and state your conclusion i the
‘proper cantext.

Cholesterel Does a person’s cholésterol level tend.
to change with age? Data collected from 1406 adults,
aged 45 1062 produced the regression analysis shown.
Assuriing that the data satisfy the'coniitions for.
inférence, examine the association between-age and

cholesterol level.

Dependent variable is Chof

s =.46.16

Variable Goefficient SE(Cdeff} 1-Ratio  P-Valie
Intercept. 194.232 13.55. 143 =00001
Age 0.771638 0.2574 3.00 {.0056-

a} State the-appropriate hypothesis for the slope.

'bY Test your hypothesis and state your cenclusion i in the

proper context.

Second 'frank Lock agaiti at. Exercizse 25°s reégression

output for the calorie and sodium content-of hot.dogs.

a) The output teports § = 59.66. Explain what that
means, in this context. -

b) What's the valueof the standard error of the slope of
the regression ling?

"¢} Explain what that means in this context.




3. More cholesterol Look again at Exercise 26’s regression
-output for age and chelesterol lavel.
a) The cutput reports-s = 46.16. Explain what that
means in this context.
b) What's the value of the standard error of the: slope of
the regression line?
¢} Explain whait that means in this contéxt,

e

. Last dog Based on the regression output seen in
Exercise 25, create a 95% confidence interval for the
slope of the regression line and interpret your interval in
context, -

. Cholesterol, finis Based on the regression output seén.
in Exetcise-26, create a 95% confidence interval for the
slope of the regression line and interpret it in context.

. ‘\ffarrnge age 2010 The scatterplot suggests a decrease.
in thedifference in ages at first marriage formen and

women since 1975. We want to examine the. Iegression o

see if this decrease is significant.
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Dependent variable is Men-Women

R-squared = 72 5%
§ = 0186 with.33 ~ 2 = 31 degrees of fraedom

Variahle Coefficient  SE{Coeff) t-Ratio  P-Value
Intercept £0.055 6.396 935 =00001
Yéar —0.029 0.0032 -8 05 =0.0001

a) Write apprapriate hypotheses.

b} Here is the residuals plot and-a histogram of the
residuals. Do you think the conditions for inference
afe satisfied? Explain,.
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:prices you did for Exercise 32, create 2 95% confidence
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c) Test the hypothesis and state your conclusion about
the trend in age at first marriage.

Used cars 2010 Vehix.corn offered several used Toyota
Corollas foy sale: Listed-below are the ages of the carg
and the advertised prices.

Age (yr) Price ($) -

Price($) = Age{yr)
P e e
1 13988 § 11388,
2 14488 7 8990
3 10995 8 5488
3 13998 8 8995
4 13622 9 599(
4 12810, 10 41080
5 5988 12 2995

4) Make a scatterplot for these data,

b) Do you think a linear model is appropriate? Explain.

¢) Find the equation of the regression line.

tl} Check the residuals io see if the conditions for
inference are met;

‘\/Llrrlage age 2016, again Based on the analysis of

marriage ages since 1975 given in Exercise 31, find a

95% confidence interval for the rate at which the age

gap is-closing. Explain what your confidence intervat

means,

Used cars 2010, again Based on the anialysis of used.car

interval for the slope of the regression line and explain
what your interval means in context.
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2% 35, Fuel e¢onomy A consumer oOrganization hjas'rcporté_ﬂ ?,f? 36. SAT scores’ How strong was the_ association between
‘test data for 30 car mnodels. We will examing‘the: student scores on the Math, and Veérbal sections of the
‘association between the weight of the caf (in thousands old SAT? Scores on each ranged frem 200 to 800 and
of pounds). and the Fue) efficiency (if miles per gallon), were widely used by college admissions offices. Here are
Here are the scatterplot, summary statistics, and regres- summaries and plots of the scores for a graduating class
.sion analysis; at Ithaca High School:
Variable Count  Meam  Median StdDev  Ramge  Int@Range.
Bat “Verbal 162 _596_.-295 B10. 99.5199 A90 140
5‘.28 Math 162 6 1'2_',0_99_ ‘630 981343 440 150
é Dependent variable is Math
il Rsquared = 469%
E 20+ s = 71.75with 162 — 7 = 160 &f
. Variable  Coefficiant- SE(Coeff) 1-Ratie  P-Value
’ ! ' N ! Intercept  .209.554 34.35 6100 =0.0001 A3
20 25 30 35 A o _
Weight (16005) Vérbal 0.575 0.0568 11:3 =0.0001
Lo 8001 » s ®° ER
Variahfe  Count  Meai  StdDev _ R q:
MPG 50 250200 483394 700+ R S -
WE(1000'sY 50 288780 0511656 EBUU" - .._t: & Qj::::e: .
Dependent variable is MPG so0l* . e B0l
R-squared = 75.6% I
5= 2413 with 50 — 2 = 48 df Lo 3
Vafishle Coefficient SE(Coeff) t-Ratin P-Value s o ,7.50' 0
Intercept 48,7393 1.976 247 =0.0001 Verba)
Weight —8.2136 g.674 —-122  =0.0001
° 200+
G 34, ° © 5 e @ i RTINS
& 0 B %he, 4% %00 B 7 et "
g'- : . i o. Cﬂé‘ ot .. ¥ f' ":ez"“i:?:.'l'.‘_'gu
5 3 ¢ o & Hgeg R . WS
&« 5+ =100 bl ™ . % a". vz a
2}) 215 BIG : + — — 1
Predicted {mpa) 450 525 GO0 675
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i 20 |- N
2
L g; EE] o
g g w0k
5 B
5 |-
} e - —0
“ -180. -80. 20 120. 220
Rasiduals (mpg) Residuals
. . e ) a) Is there evidence of an association between Math and _
a} Is there §trong cvidence of an association between 4

‘Verbal scores? Write-an appropriate hypothesis.
b) Discuss the assumptions for inference.
c) Test your hypothesis and state an appropriate
conclusion..

the weight of acar and its gas mileage? Write an
appropriate hypothesis.

b) Are the assumptions for Tegression satisfied?

¢) Test your hypothesis and state your coniclusion.




§ 37.

¢ 38,

39.

4.

41.

Fiel economy, part I Consider again the data in

Exercise 35 about the gas mileage and weights of cars,.

a) Create a 95% confidence interval for the slope of the
regression line.

b) Explain in this context what your confidence iriterval
means.

SATs, parl IT Cogsider the high school SAT scores data

from Exercise 36,

a) Find a 90% confidence interval for the slope of the
true line describing the association betwesn Math and
Verbu] Scores.

b) Explain‘in this context what-your corifidénce. interval
means,

Fuel economy, part I Consider again the data in

Exercise 35 abotit the gas mileage and weights of cars.

a) Create a 95% confidence interval for the average fuel
efficiency among cars weighing 2500 pounds, and
explain what your interval means.

b) Create a 95% prédiction interval for the gas mileage
yoiz might get driving your new 3450-pound SUV, and
explain what that interval means,

SATs, again. Consider the high school SAT scorés data

from Exercise 36 once moré.

) Find a 90% confidence interval for the méan
SAT-Math score for all studeqts with an SAT-Verbal
score of 500.

b) Find a Y0% prediction intefval for the Math scoré of
the senior-class president if yon know she scored 710
o the. Verbal section:

Cereals A healthy cereal should be low in both calories
and sodinm. Data for 77 cereals were examined and judged
acceptable for inference. The 77 cereals Liad between 50
and 160.calories per serving and between 0 and 320 mg of
sodium per serving. Here’s the regression analysis:

‘Depéndent variable l_s_.S_o_dlum_
R-§quared = 9.0%.

§ = 8049 with 77 — 2 = 75.degrees of freedom

Varialle  Coefficient  SE(Coeff)  t-Ratio P-Vilue
Intercept  21.4243 51.47 0.416  D.6786
Calories 1.29357 0.4738 2,73 0.0079

-4) Is there anassociation between the number of calories-

and the. sodmm content of cereals? Explain.
b} Do you think this association is strong encugh fo be
useful? Explain.

2. Brain size Does your IQ depeni on the size of your

brain? A group of female college students fook a test
that measured their verbal IQs and also underwent an.
MRI scan to measure the size of their brains (in 1000s
of pixels). The scatterplot and Tegression analysis are
showti, and the assumptions for inference ‘were satisfied.

CHAPTER 23 Inferences for Regression 679
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Dependent variable s {0_Verbal
R-squared = 6.5%

Variable.  Coefficient  SE{Cueff)
lntercept 24,1835 76.38.
Size: 11,0988 $.088

a) Test an appropriate hypothesis about the. association
between brain size and 1Q.

b} State your conclusion about the strength-of this association,
+ Cereals, part 2 Further analysis of the data for the.

breakfast.cereals in Exercise 41 ‘looked for an associa-

tion between Fiber content and Calories. by attemptmtr to

construct a linear model. Here: are-several graphs, Which
of the assumptiops for inference are violatad? Explain..
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44, Winter The output shows an att€mpt to model the asso-
ciation betveen average Janitary Temperdture {in degrees

Fahrenheit) and Lazitide (in degrees north of the equator)
for 59 U.S. cities. Which of the. assumptions for inférence
do you think are violated? Explain.
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© 45, Streams Biologists studying the effects of acid rain on

'W‘l]dhfe collected data from 163 streams in the Adiron-
dack Mountains. They recorded the pH (acidity) of the
wateér afid the BCY, a measure of biological diversity.
Here's a scatterplot.of BCI against pH: '
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‘And here is part of the regression analysis:
Dependent vatiable is BCI

R-squared = 27.1% _
s = 140.4 with 163 ~ 2 =161 degrees of freedom

Variable  Coefficient  SE(Coeff)

Intercept  2733:37 187.9

pH ~197.694 25.57

a)-State the null and alternative hypotheses under
investigation.

b} Assuming that the assumptions for regression infer-
ence are reasonable, find the t--and P-values.

) Stdte your conclusios:

» Climaté change and CO; 2011 Data collected from

around the: globe show that the earth is getting warmer.
The most common theory relates climate change to an
increase in atmospheric levels of carbon dioxide (COr,)

.a greenhouse gas. The mean. annual CO; concentration in,

thé atmosphere (parts per million) is measured at the top
of Mauna Loain Hawaii (away fromi any local contami-
nants) and available at ftp:/ftp.cmdl.noaa.goviceg/co2/
trends/co2_annmean_mlo.tx”

The mean surface air ter_npera_ture-_;_is reco;ded:as the
change in °C relative to a base period of 1951 to 1980. It is
available at data.giss.nasa.gov/gistemp/graphs_v3/

Here are a scatterplotand regression for the years from
1959 to 2011:
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Dependent variable is Temp
R-squared = 82.3% _
$.= 0.0985 with 53 — 2 = 5] degrees of freedom.

Variahle”  Codfficient  SE(Cogff)  t-Rafio P-Value
litercept ~ —2.98861 0.2086 =143 =00001

G0, 0.0092 0.0006 154 =0,0001

) Write the equation of the regression line.
b) Is there evidence of an association between CO; level
and global temperature?
¢) Do you think predictions made by this regression will
be very accurate? Explain,
d) Does this regression prove that incre‘as’in‘g CQy levels
_are causing global warming? Discuss. ’




47.-Ozone The Environmental Protection Agency is examin-
ing the relationship between the ozone level (in parts per
million§ and the Population (in. mllhons) of U.S. cities,
Part of the regression analysis is shown.
Dependent variabieiisfﬂznne_
R-squared = 84.4%
$ = 5454 with 16 — 2 = 1 df

Variable: Coefficient SE(Coeff)
intercept 18.392 2.395
Pop 6.550 1.810

a) We suspect thiat the greater the population-of a city, the

higher its 6zone-level. Is the relationship statistically
significant? Assuming the conditions for inference are
satisfied, test an appropriate hypothesis and state your
conclusion in context. _

b) Do you think that the population of a city is a useful
predictor of ozorne level? Use the values of both B*
and s in your explanation.

! 48, Sales and profits A business analyst was inwerested in
the relationship between 4 company’s sales and its profits.
She collected data. (in millions of dollars) from a random
%amplc of Fartupe 500 compames and created the regres-
sion analysis and sumunary statistics shown, The assump-
tions for regression:inference appeared to be satisfied.

Profits Sales Dependent variable is Prafits
Gount 79 9 Resquaréd = B6.2% s = 4662
Mean 209:839 417829 . Variahle Coefficient SE(Coeff)
Variance 635,172 49163000 Intercept —176544 6L.16
StdDev 796977 7011.63 Saies 0.092498  0.0075

) Istherea statistically s_i'gniﬁ_cant.as;s'ociatioh between:
sales:and profits? Test an appropriaté hypothesis and
state your conclusion in context: '

by Do you think that'a company’s sales serve as a useful
predictor of its profits? Use the values of both 82 and s
in-your explanation.

49. Oz0ne, again Consider again the relationship between
the population.and ozone level of U.S. cities that you
analyzed in Exercise 47.

a) Give a 90% confidénce interval for the approximate
increase in ozone'level_.associated. with each additional
miilion city inhabitants.

b) For the cities studied, the mean population. was
1.7 million people. The population of Boston is.
approximately 0.6 million people. Predict the mezn
ozone level for cities of that size with an interval in -
which you have 90%.confidence.

50 More sales and profits Coosider again the relationship.
between the sales and profits of Fortune 500 companies
that you analyzed in Exercise 48.
a)Find a 95% confideice interval for the $lope of the.

tegression line. Interpret your intérval in context,
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b) Last year, the drug manufacturer Eli Lilly, Inc., reported
gross sales of $23 billion (that’s $23,000 million}).
Create a 95% prediction interval for the company’s.
profits, and interpret your interval in context.

. Tablet computers In October 2011, cnet.com listed the

battery life (in hours) and luminous intensity (i.e., screer
brightness, incd/m?) for a sample.of tablet computers:
We want to know if brighter screeiis drain the battery
more quickly: (http://reviews;cnét.com/8301-19736_7-
20080768-251/cnet-updates-tablet-test-results/
Ptag=contentBody,contentHighlights)

Dependent variabla is Video battery life (in hours)

R-sguared = 27.9%

8 = 1913 with 23 — 2 =21 degrees of freedom

Variable G__ueﬁlm_._nt SE(Coeff) t-Ratio P-Yalue
Intercept 2.8467073 1.6628386 17119566 0.10163
Brightness  0.01408054% 0. 00493?3503 2.851843  0.00955
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(continued)
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1) How miany tablet computers were tested? 43 53, Body Fat Do the data shown in the table below indicate
1) Azé-the conditions for inference satisfied? Explain. an association between Waist size.and %Body Fat?
:) Is there evidence of 4an @ssociation between maxi- a) Test an appropriate liypothesis and state your
murn brightness of the -screen and battery life? Test-an conclusion.
~ appropriate hypothesis and state your conclusion. b) Give a 95%. confidence interval for the mean %Body
1) Is the association strong? Explain. Fat found in people with a 40-inch Waist.

=) What'is the equation of the regression line? _
) Create a.90% confidence interval for the §lope of the C _
true line, Waist Weight BedyFat  Waist  Weight Body Fat

g) Interpret your interval in this context. (i“_-) (l_ﬁ) _(%_} _Uﬂ-) (Ib} '(%)_ js{s_:'
Crawling Researchers at tHe University of Denver 32 175 6 33 188 10
[nfarit Study Center-wondered whether temperature. 36 181 21 40 240. 20

might influence the age at which babies-learn to crawl. 38 2.00 15 - 36 175 22

Perhaps the extra clothing that babies wear in cold .3.3 1_59: _ 8 32 _158' _9

weather would restriet movement and delay the age at 39 196 2_2 4 246 ?{3
which they started crawling. Data were collected on 40 192 :31“ 33 160 10 3‘ L
208 boys and 206:girls. Parents reported the month of 4l '_2_05-' 32 4l 213 27 %;
the baby’s birth and the.age (in weeks) at which their 35 178 21 3 153 12 :
child first crawled. The table gives the average Tempera- 38 187 23 34 _145 10 1
ture (°F) when the babies were 6 montlis old and average: 38 ‘188 30 4 218 28 a
Crawling Age (in weeks) for each month of the year. . ' ' 3
Make the plots and.compute the analyses necessary %3 54, Body fat, again Use the data from Exeicise 53 to exam-

to answe the following questions. ine the-association between Weight and %Body Fat.

-a) Find a 90% confidence interval for the slope of the
regression line of %Body Fat on Weight.

Birth Month Te?n:::':::re Er:':llair'nagg :ﬁa b) Interpret your inferval in context, - :
S o ' e ) Give a'95% prediction interval for the %Body Far of
JF ag- gg gggg an individual who weighs 165 pounds.
Mear 79 29:?0 43 55, Grades The data set below shows midterm scores from
April o3 31.84- an Introdnctory Statistics course.
m‘; :g ﬁii FirstMame  Midterm©  Midterm2  Homework
July 3. 33.64 Em_ut_hy g; :g grlz
Aug, 30 3282 \3Ten
Segt. 33 ‘33.83 Yeréna 5 82 69
Oct: 27 3335 Jenathan 89 9z 84
Nov. 43 -33.38 Elizabeth- 88 86 84
Dec. 57 3232 Patrick 93 81 7
' Julia 90 83 9
Thomas ) R )|
a} Would this association appearto be weaker, stronger, Marshal! 58 : 62 58
or the same if data had been plotted for individual Justin 8 . W 79
babies instead of using monthly averages? Explain. . Mlexandra - 83 - B 78
b) Is there evidence of an association between Tempera- Christapher 95 75 P
fure and Crawling Age? Test an appropriate hypothesis - Justin 81 66 66
and state your-conclusion. Don't farget to check the ’ Miguel 86 63 74
assumptions. Brian. 31 86 76
¢} Create-and interptet.a 95% confidence inlerval for the Gregory il 87 75
slope of the tre relationship. Kristina. 9% % 84 a} k

Timathy: 50 27 20 t




CHAPTER 23 Infetences for Regression 683

regression. Is the coefficient for the slope statistically

FirstName ~ Midterm 1 Midterm 2 Homewar significant?
Jason 91 83 n c) A student comments that because the P-value for the
Whitney 87 83 85 slope is very small, Midterm 2 is very well predicted
Alexis %0 A 63 : from Midterm 1. So, he reasons, next term the
Nichotas % 82 68 professor can give just one midterm. What do you
Amandeep 1 37 54 _ think?
Irena 83 81 82 B
Yvon 88 66 P £ 50, (yradeq" The professor teaching the. Introductory
‘Sara ag 90 17 Statistics class discussed in Exercise.55 wonders whether
Annie 24 " - Pgrfo_mance on homework can accurately: predict.
Benjamin 87 52 72 m’dtem- scores.
David 47 6 73 a) To investigate it, she fits & regression of the sum: of
Josef 57 3 56 ‘the two midterms scores on homework scores. Fit the:
Co . oy regression model.
ii!;]eu':;a' g: g; : gg b)-Comment on the model including a discussion of
B 93‘ o 66 the assumptions and conditions for regression. Is the.
Katharice 99 e 77 coefficient for the slope “statistically significant™?
En.li.if o 0l 9% 83 ¢) Do-you think she can aceurately judge a student’s
'Brfén ™ a6 8 performance without giving the midicring? Ex_piam.
Shad 61 58 85 #% §7. Strike two Remember the Little League instructional
Michaei 55 65 51 video discusséd in Chapter20? Ads claimied. it would
Iseael 76 88 67 imnprove the performances of Little League pitchers. To
Iris 53 §7 67 test this claim, 20 Little Leaguers threw 50 pitches each,
Mark '8¢ 66 7 : and we recorded the number of strikes. After the players
Peter 91 7 6. participated in the training program, we repeated the test.
Cathefine a0 85 78 - The table shows the number of strikes each player threw
Chrigtina 75 62 77 before and after the training. A test of: paired differences
Enrique 75 16 77 failed to show that this training improves ability to throw
Sarah 91 65 77 strikes. 15 there any evidence thatthe effectiveness of the
Thomas 84 M 70 : video (After — Before) depends on the player’s initial abil-
Sonya 0. 92 81 ity to throw strikes. (Before)'? Test an appropriate hypoth- :
Michael 93 78 72 esis and stafe your conciusnon Propose an explanation ;
Wesley 91 58 56 for what you find:
Mark- 9. 51 79 :
Adam 89 86 62 . Number of Sirikes (out of 50)
Jared 08 92 83 Befare. -After  Before . After
Michiel 06 51 83 o wm o m m
Kathiyn .55 9.5 87 2 3 33 15
Nicole 98 89 77 : B o 2 g
Wayne 8 7 4 oo’ MW "
Elizabeth 93 89 73 R R 34 - 33
John 7 b 72 2 3. 3B . 3
Valentin 87 46 80 ;_ 3 ) 3 . 36 37
David 94 .90 83 2 34 3 33
Marc 81 89 62 : : R T 35
Sa_mqel 94 8% 76 : 33 3G 37 3
Braoke 97 90 86 : :
L o _ . _ &% 58. All the Lfﬁuencv money can huv 2011 Asample
a) Elt a mo'dal predicting the sécond midierm score from of 84 mod el-2011 cars from an online information-
the first. ) L . service was examined to. see how fuel efficiency
b) Comment on the model you found, including a (as highway mpg) relates to. the cost (Manufacturer’s

discussion of the assumptions and conditions for

{continued)
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Suggested Retail Price fn dolfars) of cars, Here are
displays and computer output:
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Dependent variable s MPG
R-squared = 0.0216%,

s = 3.54
Variable  Coefficient  SE(Coeff)  t-Ratio  P-Value
Infercept  36.514 1.495 20406 <0.0001
Slope -8089E—6  GA439E—5  —-0.1256 0.500
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4) State what you want o know, identify the variables,
and give the appropriate hypetheses.

b) Check the assumptions and conditions.

c).If the condititns are miet, complete the analysis.

2. Edocation and mortality The foIloWi_n’g saftware output:
is based on the mortality rate {deaths per 100,000 peopie)
arid the education level (average number of years in
school) for 58 U.S. ¢ities, '

Variable Couitt Mean StdDev
Mertality 58& $42.501  61.8490
Education 58 110328 0793480

Dependent variable is Mortality
R-squared = 41.0%
$ = 47.92 with 58 —~ 2 = 56 degrees of freedom

Variahle  Coefficient SE{Coeff)
Intercept  1493.26 8848
Education  ~49.9202 8.000

53 60.

Value 18
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a) Comiment on the agsumptions for inference.

b} 15 there avidence of-a strong assbciation between

the level of Educatipn'in a city and the Mortality
rate? Test an appropriate hypothesis and state your.
conclusion.

¢) Can we conclude that, getting more education is likely
(on average) to prolong your life? Why or why not?

) Find a 93% confidence interval for the .siop{;_'of the.

true relationship.

&) Bxplain whiat your interval means.

f) Find 2 95% corfidence interval for the average
Mortality rate in cities where-the adult population
‘completed an average of 12 years of schoel.

Property dsseéssments The following software outputs.

provide information about the Size (in square feet) of |

18 homes ir Ithaca, New York, and the city’s assessed

Value of these homes,

Varishle  Count Mean  StdDev  Range:
Size I8 200339 264727 890
500467 5527.62 19710




Dependent varablg is Value
R-squared = 32.5%
5 = 4682 with 18— 2 = 16 degrees of {reedom

Variahle  Coefficient  SE(Coeff)
Intefcegt  37108.8 8664
Size: 11.8987 4:290
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4) Bxplain why inferénce for linear regression is-
appropriate with these data.

b} Is there a significant association between the Size of
ahome and its. assessed Vadue? Test an dppropriate:
hypothesis and state your conclusion.

<) What percentage-of the vrmabﬂity i assessed Vilue is
expldined by this regression?

d) Give a 90%: .confidence interval for the. slope of the
true regression line, and explain its: meaning in the
Pproper context.

-} From this-analysis, can we conclude that adding a
room to your house will increase its assessed Value?.
Why or why not?

£) The owner of 4 home measuring 2100 squart feet filés
anappeal, claiming that the $’?0 200 assessed Value is
too high. Do you agree? Explam your reasoning.
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#61. Right-to-work laws Are so-called “right-to-work”
laws related to the percént of public sector employees.
in unions and the péicent of- ‘private.sector employees in
unions? This-data set Jooks at these- percentages for the
states in the United States in 1982, The dependent vari--
able is whether the state had a right-to-work law or tiot.
The computer output for the' logistic regression is given
here. (Source: N, M. Meltz, “Interstate and Interprovin-
cial Differences in Union Density,” Industrial Relations,
28:2 [Spring. 1989], 142-158 by way of DASL.)

Lugl_strc-.Regre_ss_mn Table

Predictor ~ Coeff  SE(Coeff) Chisg P

Intergept- 61995  L78724. 1204  0.001

puhi ~0.1062  0.0475 502 0.025

pvt —=0.2230  0.0811 7.56  0.006

a) Write out the estimated regression equation.

b) The following are scatterplois of the response vatiable
against each-of the explanatory variables. Does logistic:
regression seem appropriate here? Explain.
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*62. Cost of higher education Are there fundamental differ-
eirces between liberal arts colleges and univeisities? I
this case, we have information on the ‘top.25 liberal arts
colleges and the top 23 aniversities in the Unites States:
‘We will consider the type of school.as ouf response vaii-
able and will use the percent of stidents who were in
the top 10% of their high school class and the amount.of
noney spent per student by the college or university as
our explanatory variables, The ontpiat from this logistic
regression is given on the following page.

(continued)
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Logistic Reg_re's'sitm Table.

Predictor  Goeff SE(Coeif) Chisy P
Intercept 13,1461  3.98628  10:83 0,001
Top 10% 00845 0.0396345. 454 0.033
$/Student  0.0003  0.0000860 8.2 G003

a) Write out the estirnated regression equation.

b) Is percent of students in the top 10% of theit high
schiool class. statistically significant in predicting
whether or not the school is a university? Explain.

c)ls the amount of money spent per student statistically
&gm‘ucant in predicting whether or not the schoot is a
university? Explain.

. A high t-ratio of 3.27 indicates that the slope is

. Not really. The R* for this regression is only 15.3%,

3. The value of s tells the staridard deviation- of the re-
sidnals; Mouth sizes have a mean of 60.3: cubic centi:
meters. A standard . deviation of 15. 7-in the residuals
indicates’ that the errors made by this- regressum
model can be- quite large rélative to what we are esti-
matihg. Errors of 15 10:30 cubic céntimeters would be
common.

Just Checking answers

different from zero—that is, that there is a linear
relationship between height and mouth size. The
small P-value says that a-slope this large would be
very unhke_ly to occur by change if, in fact, thére was
no linéar relationship betweer: the vatiables. '

so height doesn’t account for very much of the vari-
ability in mouth size.




Review of

Assessing Associations Between Variables

Quick Review

We now turn our focus to relationships between variables.
‘This is where the effectiveriess of Statistics becomes clear
Statistica] inference about How variables are related is
essential to sciénce, social science, health, and business. In
this part we have considered comparing groups- with means
-and propeortions; compariag groups that have.a natural pairing;
comparing proportions in several categories and between.

two. categoncal variables, and inferential decisions abont
linear regression. That may seem like a2 wide variety of ideas,
but they are all held together by thé gentra} concept that by
understanding the ways in which variables and groups relate to
each other, we can undérstand how the world works. Here’s a4
brief summary of the key.concepts and skills:

‘& A confidence interval uses a saimnple statistic to estimate
arange of poss;ble values for the parameter of a popula-
tion model.

z A hypothesis test, proposes a model for the: population,
then exarnines the observed statistics to.see if the model
1s plaumble

w Statistical inference procedures for- comparing proportions
are based on the. Centrai Limit Theorem. We caii make
inferences abont the difference of two proportions using
Normal models.

s Statistical inference procedures for COMpAring mesns
and for estimating regression coefficients are afso based
on the Central Limit Theores, but'we don’t usually

-know the population standard deviation, Student’s
1-models take the additional uncertainty of: independently
estimating the standard deviation into. account,

« We can make inferences about the difference of two
independent means, the mean of paired differences, or the
infercept or slope of a linar regression using ~models.

= No inference procedpre is valid unless the underlying
assumptions are true. Always think about the assump-
tions and check the conditions before proeeeding, For
regression, take care to chieck them in the ri ight order,

« Because t-models assume that samples are drawn from
Normal populations, data in the. sample (or, for regres-
siox; the residual$) should appear to be nearly Normal.
Skewness and outliers are particularly problematic.

» To.identify the appropriate statistic for comparing the
means of groups, you mast think carefully about how
the data were collected. You may:use two-sample
t procedures only if the groups are independent;

# Unléss there is some obvious reason.to suspect thit
two independent populations have the samie standard

deviation, you should not pool the variances. It is never
‘wrong to-use unpooled ¢ procédures,

= If two groups are paired, the data are nof from: indeperdent.
groups. You must use matched-pairs ¢ ‘procedures and test
the mean difference rather than the dlfferencem the means.

= Linear regression inference:is only valid if the. relationship
between the two variables is straight. Examine a-scatterplot.

= Not all sampling distributions are unimodal, symmetric,
or bell-shaped. Inferences-about distributions of counrs
use chi-square models; which are unimodal but skewed
1o the high end. Nevertheless, the: sampling distribution
plays the same rolé in inference, helping us 10 translate
between probabilities-and values.based on data;

= To see if an observed distribution is consistent with a
proposed model, use a:chi-square goodness-of-fit test,
= To see if two or more observed distributions could haye

arisen frofn populations with the same modzl, use a test
of homogeneity.

« Tosee if two categorical variables are independent,
perforin a chi-square test of independence.

m You can now use statistical inference to.answer questions
about means, proportions, distributions, associ ations, and
h_nea: regression models.

« No'inference procedure is valid unless the underlying
-assumptions are true. Always check the. conditions
before proceeding.

» You can rhake inferences about the difference between
two proportions using Normal models.

* You can fiake inférences about the difference:between
‘two independent means, or about the- mean of paired
differences using tmodels.

* You can make inferences about distributions: ising
chi-square models.

» You-can make inferences about. agsociation betweer
categorical variables using chi- -square models.

« You can make inferences about the coefficients ina
linear regression model using r-models.

Now for some opportunmes to review these concepts Be care-
ful. You have-a lot of thinking {0 do. These review exercises
mix questions about proportions; means, chi square, and regres-
sion. You have to determine which of our inference. pmcedure:s
15 .appropriate in each sitvation. Then you have to check the
proper assumptions and conditions. Keeping: track of those'can
be difficult, so first we summarize the many procedures with
their corresponding assumptions and conditions on the pext
page. Look them over carefully . . . then, on to the Exercises!

687



688 PART V| Accessing Associations Belween Variables

- - Assumptionis for Inference - _ And the Conditions that Suppart of Dvercide them
Proportions ()
« {Ine sample
1. Individuals are independent. 1. 3RS:and # <<"10% of the population:
Z. Sample is sufficiently large, 2. Successes and failures = 10,
- '_Twu:samp!e- _
1. Samples are independent.. L. (Think-about how the data were collected.)
2. Datain each sample are independent. 2. Bothare SRSs and # < 10% of populations OR random allecation.
3. Both samples aré sufficiently large. 3. Successes.and failures = 10 for both.
Weans ()
= One sample (4f = n — 1)
1, Individuals are independent. 1. SRS and n:< '10% of the population.
2. Population has a Normial model. 2. Histogram is unimuodal and symmetric.*
w _Twu-ind_ependent Samples (df from t’et:’hnuibgy) _ _
L. Samples.are independart, o 1. {Think about the design.) _
2. Data in each sample are independent. 2. SRSs and n-<< 10% OR random allogation,
3. Both populatians are Normal. 3. Both-histograms are unimodal and symmetric.*
# Matched pairs (df-= a1 — 1) N
1. Data are maiched; 7 pairs. L _(Think_abuut the design:) _
2. Indwiduals are independent. 2. SRSs and 7 << 10% OR random allocation.
3. Population of differénces is Nofmal. 3. Histogram of differences is unimodal and symmetric.

Bistrihuions/Associatin ( )
= Gootiness of fit [df = # of cells —1;.cne variable, one sample compared with poputation model]

1. Dataare counts. L. {Are they?)
2.. Data in sample are‘independent, 2, 8RS and-w <= 10% of the population:
3. Sample is sufficigntly large. 3. All expécted counts =5,
= Homogeneity (df = (v — 1){¢ — 1); samples from many populations compared-on one variable]
1. Data aie counls, ' 1. (Are they?).
2.. Data in samples ara independent, 2. SRSs:dnd m-<< 10% OR random allacaticn,
3. Groups.are sufficiently Jarge. 3. All'expected cotints = 5,
« Indegendence [df = (r —~ 1){¢ — 1); sample from one population classified on two variables)
1.. Daia are counts; ' 1; {Are they?)
2. Data‘are independent, 2:'SRSsand 4 < 10% of the population.
3. Groupis sufficiently large. 3. Al expected courifs = 5.
Repressian with One Ouantitative Predictor (+ df = n— 2)
1. Form of relationship'is linear, 1. -Statterdlot df y against xis straight enouvgh. Scatterplot of residuals
against predicied values shaws no special structure,
2.. Errars are independent. 2. No apparent pattern in plot of residuals against predicted values,
3. Variability of efrors fs constant, 3. :'Plot- of residuals against predicted vaties has constant spread,
doesn’'t “thicken.”
A.. Errers follow'a Normal madel. 4. Histogram-of residuals is approximately unimodal ard symmetric, or

Normal probiability plot is resonably straight *

. *Less critical as mrincreases:




PART VI Review Exercises 689

1. Herbal cancer. A report in the New England Journal

of Medicine notes growing evidence that the herb
Aristolochia fargchi can cause urinary tract cancer in
those who take it. Suppose you-are asked to desi gn

an experitnent to study this claim. Imagine that you
have data on urinary tract cancers in subjects who have
used this herb and similar subjects who have not used

it and that you can measure incidences of cancer and
precar;cerous_les;ons in these subjects. State the null and
alternative hypotheses you would usé in your stuady.

- Birth days During a 2-month period, 72 babies were
born at the Tompkins Community Hospital in upstate
New York. The table shows how. mdny babies were botn
on each.day of the week..

Day Births
.Mﬁ_n. . ?.
Tues, 17
Wed. 8
Thurs, 12
Fri. g
Sat. 10
Sun, 9

a) If births are uniformnly distributed across all days of
‘the week, how many would yoi expect on each day?

b) Test the hypothesis thai babies are equally likely to be:
horn on ariy of the days of the week.

¢} Given the results of part'b, do you think that the
7births on Monday and 17 births on Tuesday indicate
that women might be less likely to give birth on
Monday, or more likely to give birth on Tuesday?

-d) Can you think of 4ny reasons why births: may not

oceur completely at random?

3. Surgery and germs Joseph Lister (for whom Listerine

is named!) was a British physician who was interested in
the role of bacteria in human infections. He suspected that
germs were involved in transmitting infection, so he. tried
using carbolic acid as an operating room. dlsmfectdnt. In
75 ampuitations, hie used carbolic acid 40 times, OF the.

40 amputations using:carbolic acid, 34 of the patients lived.

Of the 35 amputations without carbolic acid, 19 patients lived.
The question of interest is whether carbolic acid is effective in

increasing the chances of strviving an amputation,

a) What kind:of a study is this?

b} What do you'con__c_ludc? Support your conclusion by
testing an appropriate hypothesis.

¢) What reservations do you have: gbout the design of
the study?

Treatment

‘4. Free throws 2011 Dunng the 2010-2011 NBA season,

Stephen Curry led the league by making 212 of 227 free

throws, for-a success rate' of 93:39%. But Chauncey

Billups was close behind; with 384 of 419 (9]. 65%).

a) Find .a 95% confidence inierval for the difference in
their free. throw percentages.

b) Based on your confidence intérval, is it certain that
Curry is better than Billups at making free throws?

.. Twins There.is soime indication in‘medical literature that

doctors may have become more aggressive in inducing
labai or doing preterm cesarean sections when a woman
is carrying twins. Records at a large hospital show that,
of the.43 sets of twins born i 2000, 20 were delivered
‘before the 37th weck of pregrancy.. In 2010, 26 of 48 sets
of twins were bomn preterm. Does this mdtcate an in-
crease in'the incidence of éarly births of twins? Test an

.appropriate hypothesis and state your conclusion,

. Eclampsia [t's estimated that 50,000 pregnant women
‘worldwide die each year of eclampsza a condmon -

volving elevatéd blaod pressure and seizures, A research
team from 175 hospitals in 33 countries investigated the
effectiveness of magnesium sulfate in preventing the
occurrence of eclampsia in at-risk patients. Results are
summarized below. (Source: Lancet, June 1,.2002)

Total Reported  Develaped
Suhj_ér:ts- Side Effects’ Eclampsia ~ Deaths

Magnesium

Sulfate © 4499 1201 (R
Placeho 4393 228 96 20

a) Write.a 95% confidence interval for the increase in the
proportion of womeén who may develop side effects
from this tréatment. Interpref your interval.

b) Is there-evidence that the treatment may be effective

in preventing the development of eclampsia? Test an:
appropriate hypothesis and state your conclusion.

. Eclampsia deaths Refer again to the research sim-

marized in Exercise 6, Is there any evidence that when
eclampsia does.occur, the magnesium sulfide reatment

nay help prevent the woman’s deatfi?

2) Write an appropriate hypothesis.

b) Check the assumptions and coriditions.

c) Fmd__the P- value of the test,

d) What.do you conclude-about the magnesiumi sulfide
treatment?

e} If your conchision is wreng, which type of érror have
you made? '
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10.

11.

) Namie two things yoir could do to increase the power -
of this tést.
g) What are the advantages and disadvantages of those
“two. options? '

. Perfect pifch A recent study of perfect pitch tested 2700
-students in American music conservatories. It found that

7% of non-Asian and 32% of Asian students have perfect
pitch. A test of the difference in proportions resulted in a

P-value of < .000%.

a) What are the researchers’ null and alternative hypotheses?

b) State your conclusion.

¢) Explain in this context what the P-value means.

d) The researchers ¢laimed that the data prove that
genetic differences between the two populations catse
a difference in the frequency of ‘occurrénce:of perfect:
pitch. Do youwagree? Why or why not?

. Maore errors A corporation with a fleet of vehicles.
wanted to tegt the cost-effectiveness.of using Motor Silk

oil additive. For'-the_.study,_ 6100 delivery and passenger
vehicles were. tested for the samie 3-moiith period in 2007

-and then again in 2008, In 2007, the fleet was driven

without Motor Silk. Then in 2008, Motor Silk was used
accerding to the standard Thstructiens. The average fuel

‘economy increased from 18.97 mpg to 21.72 mpg.

a) What kind of astudy is this?
b) Will thiey do a one-tailed or a two-tailed test?

&) Explain in this'context what a Type T efror would be.

) Explain in this-context what a Type II error would be.
¢} Which type-of error would the additive manufacturer
“consider more serions?

£) Tf the vehicles with the additive are indeed statistically
significantly better, can the company-conclude-it is an
effect of the additive? Can they generalize this resiult
and récommend the additive for all cars? Explaii.

Preentiés Among 242 Cleveland-area children born

prematurely at low birth weights between 1977 and

1979, only-74% graduated from high school: Among

@ comparison group of 233 children of normal birth

weight, 83% were high schocl graduates. (Source: “Out-

comes in Young Adulthood for Very-Low-Birth-Weight

Infants,” New England Journal of Medicine, 346, io. 3)

a) Create a2 93% confidence interval for the differénce.
in graduation rates between children of notmal and
childrenof very low birth weights. Be sure to check
the ap pippl_‘iatb assumptions-and conditions.

'b) Does this provide evidence that premature birth may

be atisk factor for not finishing high school? Use-your
canfidence interval to test an appropriate hypothesis.
c) Suppose your conclusion is incorrect. Which type-of
_error did you make?

Crawling A study found that babies born at differerit
times of the yedr may develop the ability.to crawl at

‘diffeérent ages: The author of the study suggested that

these differences may be related to the temperature at

the time the infant is 6 months old. {(Source: Bensén and

Janette, Infant Behavior and Developmerit)

a) The study found that 32 babies. bom in January crawled
@t an average age of 29.84 weeks, with a standard
-deviation of 7.08 weeks. Among 21 July babies, crawl-
ing.ages averaged 33.64 weeks, with a standard devia-
tion of 6:91 weeks. Is this difference significant?

b} For 26 babies born in April, the méan atd standard
dCVIatIOH were 31.84 and 6.21 weeks, while for
44 Qctober babies the mean and standard deviation
of crawling ages were 33.33 and 7.29 weeks, Is this
difference significant?

¢} Are these results.consistent with the-researcher’s claini?

. Mazes and smells Can pleasant smells improve

learning? Researchers timed 21 sabjects as-they tried

to complete paper-and-pencil mazes. Each subject at-
tempted a maze hoth with and without the presence of a
fioral aroma. Subjects were randomized with respect to
whether they did the scented trial first or-second. Some
of the datd collected are showr in the table. Is there any

-evidénce that the floral scent improved the subjects’

ability to complete the mazes? (Source: A, R. Hirschand
L. H. Johnston, #QOdors and Learning.” Chicagg: Smell
and Taste Treatment and Research Foundation)

Time to Comgilete the Maze {sec)

Unscented Scented Unsceénted = Scerted

Ly 302 615 0 484
417 567 4.6 32.0
51.9 424 35.3 481
322 344 37.2 33.7
64.7 A48 39.4 426
314 423 174 543
40.1 42.7 52.8 4.5
432 218 63.6 43.1
339 25.1 56.6 528
404 59.2 58.9 443
58.0 422

g2 13, Pottery Archaeologists can use the chemical

composition of clay found in pottery artifacts to

determine whether different sites were populated by

the same ancient people. They collected five samples
of Romano-British pottery from each of two sites
in Great Britain—ihe Ashley Rails site and the New

'Forest_mte—and measured the pércentage of alu.mm_um'

oxide in each. Based on these data, do you think the

same people used these two Kiln sités? Base your

conclision.on a 95% confidence interval for the differ-

‘efice in alumifium oxidé content of pottery made at the




14,

15.

sités. (Source: A, Tubb, A. J. Parker, and G. Nickless,
“The Analysis of Romano—Bnush Pottery by, Atomic:
Absorption Spectrophotometry.” Archaeometry,
22[1980]:153-171)

Ashley Rails - 19.1 148 167 183 177
New Forest 208 180 180 158 183

Grant writing Does race matter when applying for

National Institutes of Healttr grants? A new study

found that of 58,148 applications submitted by white

researchers, 15,700 were acc'epte'd and funded by

the-NTH. Additionally, 198 of the 1164 applications

submitted by black researchérs weré funded.

(Source: Science; August 19, 2011)

) Is there evidence that the chance for funding is higher
for white researchers?

b) What kind of study is this? How does that. affect the
inference you made in part a?

Feeding fish In the midwestern United States, a large

aquaculture industry raises largemouth bass. Researchers
wanted to know whether the fish would grow better if fed
a Ratural diet of fathead minnows or an artificial diet of

food pellets. They stocked six-ponds with bass fingerlings-
weighing about 8 grams; For ohe year, the fish in three
of the ponds were fed minncws, and the others were fed

the: commerma]ly prepared pellets. The fish were then
harvested, weighed, and measured. The bass fed a'natural

food source had a lii gher average len gth (19.6 cm) and
-weight (93.9 g).than those fed the commercial fish food

(17.3 om and 72.0 g, respectively). The researchers

reported P-values for bath measurements 1o be less:

than 0.001.

a) Explain to someone who has not studied Statistics
what the Pzvalugs mean here:

b) What advice should the researchers give the people
who raise largemouth bass?

¢) If that advice turns out to'be incorrect, what type-of
error oceurred?

. Driving fatalities The U.S. Census compited data from

each state in 2009 io record the number of deaths per
100 millign vehicle miles-traveled: Wondering if the
death rate is different in New England when compared
to the. Southwestern states, we hope-to create a 05%

. canfidence iriterval for the difference in death rates. Are

these data appropriate for inference? If so, create the
interval and make a concluding remark.

NewEighand 07 L1 06 09 10 19
Southwestern 13 13 14 1.2
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17. Age In a study of how depression may affect one's ability
10 survive a heart attack, the researchier$ reported the '
ages-of the two groups they examined. The mean age
of 2397 patients without ca_irdi'_ac.- disease was 69.8 j(_e_arg
(SD. = 8.7 years), while for the 450 patients with cardiac
disease, the mean and standard deviation of the ages were
74.0 and 7.9, fespectively..

2) Create a 95% confidence interval for the difference in

- mean ages of the two groups. '

b) How might an age: difference confound these research
ﬁndmgs about the relationship between depression and
-ability to survive aheart atrack?

18. Smoking In the depression and heast attack research-de-
scribed in Exercise 17, 329% of the diseased group wére

“smokers, compared with oitly 23.7% of those free of

heart disease.

a) Create & 35% confidence interval for the difference in.
‘the proportions of smokers'in the two groups.

"b) Is this-evidence that thetwio groups in the study were
different? Explain.

¢) Could this be.a problem in apalyzing the results of the
study? Explain. :

19. Eating disorders A study conducted in the multicul-
tiral Spanishi city of Ceita investigated the. relationship
between religion and the prevalence of eating disorders.
Students aged 12-20.were selected from three public
schools; In the study, suppose there were 150 Muslim
students and 46 were diagnosed with eating disorders.
Of the 200 Christian students, 17% were diagnosed the
same way. '

a) Create a 93% confiderice interval for the difference
in eating disorder rates when comparing Muslims to
Christians.

b) Based on your'interval, are you convinced that there
is a true différeace when comparing rétes between the
religions? Explain.

20. Cesareans Some people fear that differences in insurance

coverage can affect healthicare decisions. A survey of
several randomly selected hospitals found that 16:6% of
223 recent births in Vermont involved cesarean deliveries,
compared to 13.8% of 186 births in- New Harmpshire. Is
this evidence that the rate of cesarean hirths in the two
states is different?

21.Feach for America Several programs attempt to ad-

(dress the shortage of qualified teachiers by placing un-
certified instructors in schools with acute needs—often
in inner cities. A study compared stadents taught by’
certified teachers to others taught by uncertified teach-
ers in the same schools. Rc_admg_s_cores of the students
of certifiedl teachers averaged 35.62 points with stan-
dard deviation 9:31. The scores of students instructed
by uncertified teachers had ingan 32438 points with
standard deviation 9.43 points on the same test.
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There were 44 students in each group. The appropriate
t procedure has 86 degrees of freedom. Is thiere
evidence of lower scores with uncertified teachers?

‘Species

© Versicelor | Virginica

Discuss. (Source: The Effectiveness of “Teach for Count 50 50
America”™ and Other Under-certified Teachers on Stu- . Mean 58 59 4377
dent Academic Achievement; A Case ofHarmﬁzl Public Median 5550 4400
Policy. Education Policy Andlybls Archives) _ -

" ' SD 5519 5.362

22, Legionnaires” disease In 1974, the Bellevue-Stratford Min 15 30 ;
Hotel in Philadelphia was the scene of an‘outbreak of- _ '
what later became known &s legionnaires’ disease. The Hax 65_ 36 : 3
cause of the-disease was finally discovered to be bacteda tower Quartile =~ 51 A0
that thrived in the air-conditioning units of the hotel,. Upper fuartile 59 47

Owners of the Rip Van Winkle Motel, hearing about the
Bellevue-Siratford, replace théir air-conditioning system.
The following data are the bacteria counts in the air of
eight rooms, before.and after a new-air-coaditioning
system was installed {measured in colonies per cubic
-foot of air). The objective is to find out whether the new
system has succeeded in lowering the bacterial count,
You are the statistician assigned to report to the hotel
whethér the stratégy has worked. Base your analysis on a
confidence interval. Be sure to-list all your assumptions, - Insulin and diet A study published in the Journal of
methods, and conclusions, the American Medical Association examined people to
see if they showed any signs-of IRS {insulin resistance
syndrome) involving major risk 'facto_rs--fo_r_ Type 2

a) Make parallel boxplots of petal lengths for the
two species.

b) Deseribe the differences seen in the boxplots,

¢) Write 2 95% conﬁdencc interval for this dlfference

d) Explain what your: interval means.

e) Based on your confidence interval, is there evidence of
a-difference in petal length? Explain.

(]
th

Room Numher  Before: After diabetes and heart disease. Among 102 subjects who
171 1.8 {81 consumed dairy products. more than 35 times per week,
163 8.7 77 24 were.identified with IRS. In comparison, IRS was
125 74 38 identified in 85 of 190 individuals with the lowest-dairy
264 140 120 consumption, fewer than 10 times per week:
' . a) Is this strong evidence that IRS risk is differert in,
233 10.3 8.3 NS . ; A

people who frequently consume dairy products-thanin

218 10.1 -'1_0--5 those who:do not?
324 146 121 b} Does this prove thit diary consumption influences the
175 148 137 development of IRS? Explain. '

26. Rainmakers? In 4n experiment to determine whether
seeding clouds with silver iodide increases rainfatl,
52 clouds were randomly assigned to be seeded ar not.
The amount of rain they generated was then measured
(in acre- -feet). Create a°95% conﬁdence iriterval for the

. average amount of additional rain created by seeding

Math_f:mat:lc_.s _ clouds. Explain what your interval means.

T-TESTOF Mu(l) ~ Mu(2) =0

Mu(Cert) — Mu(NoCert) =453 t(86) = 295 p.= 0.002

23, Teach for America, part 11 The study described in
Exercise 21 also locked at'scores in miathematics and:
language: Here are software cutputs for the appropriate
tests. Explain what they show.

Unsesded clpuds Seeded Clouds

Langnage 0 _ _ ~ Bount 26 | Z6

T-TEST OF Mu(1) — Mu(2) = 0 - (£ £a. 1 o
Mu(Cert) ~ Mu(NoCert) = 2.13 t(88) = 171 p = 0.045' Meal 164,588 441,985

_ _ _ _ Metidn 44200 221,600

## 24, Irises Can measurements of the petal Tengthi-of flowers sp 278.495 B50.787
be of value when you need (o determine the:species of R e .
" a.certainflower? Here are the summary statistics from IntﬂRange 13_8'5_0_[_} 3'3'?‘30?'

25 %ile. 24.400 92.440

measurements ‘of the petals of two species of irises.
(Source: R. A. Fisher, “The Use of Multiple Measurements 157%ile- 163 . 430
in Axohomic Problems.” Ansials of Eugenics 7

[1936]:179-188) -
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27. Gencties Two human traits controlled by a single gene 2000 _]_ "
-are the ability to roll one’s tengue and whether orie’s ear g .
lobes are free or attached to the neck. Genetic theory says g 1800+ ggg o g °
that people will have neither, one, or-both of these traits z 1800 - & PN @
imtheratio 1:3:3:9 (1. altached, riencurling; 3 attached, %; - |e g@e v . o : @
curling; 3 free, noncurlirig; 9 free, curling). An Introduc- o+ % *? a0 o
tory Blology class of 122 students collected the-data § oo ° ° ° a.é% °
shown. Are'they consistent with the genetic theory? Test ' s

ai appropriate hypothesis and state your conclusion. T t i ¥

40 80 0 120
Calcium {ppm}
Trait-
_ _ a) Is there an-association between the hardness of the water
Attached, Attached, Fres, Free, and the mortality rate? Write the appropriate hypothesis,
N Noncurling Bu.r!\l.ng Nencurling ~ Curling _ 1b) Assuming:the assumptions forregression inference are:
Eount 10 22 )2 L1 met, what do-you conclude?

¢} Create a 95% confidence interval for the slope-of the

true fine relating calcium concentration apd mortality.
% 28. Tableware Nambe Mills manufactares plates, bowls, and dY Interpret your ixterval in context.

other tableware made from dn alloy of several metals.
Each item must go through sevéral steps; including
polishing. To better unde_fstand the production process
and its impact on-pricing, the company cliecked the
polishing time:(in minutes) and the retail price (i US$)
of these items. The regression analy31s 18 shown below.
The scatterplot showed a linear pattern, and residuals
were deemed suitable for inference.

£5 30, Wealth distribution The following table is based on
a June 2011 Gallup Poll in which Américans werc
classified. as high income (over-$75,000), middle income
($3Gk $75K); or low-income {(less than $30k). Those
polled were asked for their views on redistributin g
U.S. wealth by hieavily taxing the rich. The datx are.
summarized it the table below.

Dépendent variable is-Price

R-squared = §4.5% _ Should Redistribute _ _ _
s = 2050 with 59 — 2 = ‘57 degrees of fréedom . Wealth Should Not  Ha Opinion
Variahle  Coefficient  SE(Coef) - High Income 170 a7 %
Intercept  —2.89054 5.730 Middle Income 306 282 12
Time 249344 0.1416 Low Income 362 18 23
a) How many different products were included in this _
analysis?- Is there any evidence thdtincome level is associated with
b) What fraction of the variation in retaif price is feelings toward the wealth distribution in the United
explained by the polishing time? States? Test an appropriate hypothesis about this table,
c) Create a 95% confidence interval for the slopé of this and state your conclusions.
I f;lat.mns.hl.p L . % 31, Wild horses Large herds of wild horses can become a
d) Interpret your interval in this-context. problem on sore federal lands in the West. Research-
% 29, Hard water In an investigation of environmental causes ershoping to improve the management of these herds
of disease, data were collected on the annual mortality collected data to see if they could predict the niamber
rate (dcaths per 100 ,000) for males in'61 large towns in of foals that-would be born based on the size of the
En_oland and Wales: In addition, the water hardness was current herd. Their attempt to. model [hlS herd.growth.
_r_e;:orded__a_s the calciom concentration ‘(parts per million, is:summarized in the output shown.

or.ppm) i the drinking water. Here are the scatterplot
and regression analysis of the telationship between

mortality and calcium. concentratior. =
=]
Dependent variable is Martality b
: R-squared = 43% e
£l s = 1430 with 61 — 2. = 59 degrees of freedam
] Variable  Coefficient  SE(Coeff) P
Intercept 1676 29'.3!_} ; : . i
Calcium -323 0.48 50- 100 150 200

% of Adults
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®
10 +
F ° a
..8 5L ) g -4 a
=3 o % ]
i ) o e e
o0 L)
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‘wm f ]
&5+ s o o
* @
75 150 225 800
Predicted (¥ of foals)
8 e
E —
§ L
2 =
AL . T
-100 00 100.
Residuals {# of foals)
Variahia Courit Mean Stdey
Adufts 38 110.237 71.1809
Foals 38 15.3947 11,9945

Dependent variable is Foals
R.-Sﬂuar_ed = B3 h% . _
= 4 .941 with 38 — 2 = 3frdegrees of fréedom

Variahle Coefficient SE(Coeff) 1-Ratin P-Value
‘Intercept —1.57835 1482 ~1.06 0.2970
Adults 015369 (0114 135 =00001

a) How many herds of wild horses were studied?

b) Aré the conditions necessary for inference satisfied?
Explain.

¢) Create a 95% confidence interval for the slope of this
rélationship.

-d) Explain in this context what that slope means.

€} Suppose that a new herd with 80 adult horses is lo-
cated. Estimate, with a 90%prediction interval, the
number of foals that may be born.

32. Lefties and mwsic In an.experiment to see if lefi- and
right-handéd people have différent abilities in music,
subjects heard a tone and were then asked 1o identify

‘which-of several other tones matched the first: Of 76 right-
handed stbjects, 38 were successful'in completing this
test, compated with 33 of 53 lefties. Ts this strong evidence
of a differeiice in musical abitities based on handedness?

# -33. AP Statistics scores 2040 - In 2010, almost 130,000
-Statistics students nationwide took the. Advanced
Placement Examination in Statistics: The national
distribuution of scores and the results at fthaca High
School are shown in the table.

Level of

T

4

s

‘Ithaca High Sehual
National o
Scare  Distribittion Ngmher'uf Boys - Number of Girls
5 o 128% 13 13
4 S 2A% 21 15
3 235% 5 13
2 18.2% 7
{ RBI% 9

-a} Is the distribution. of scores-at this high school
significantly different from the national results?

b) Was there a significant different between the
performances of boys and girls at this school?

4, Twins In 2000, the Journal of the American Medical

Association published a study: that examined a sample of
pregnancies that resulted:in the birth: of tiving, Births were
classified as preferm with intérvention (induced labor ot
tesarean), preterm without such procedures, or term or pogt-
tefm. Researchers also classified the pregnancies by the level
of prenatal medical care the mother received (inadequate,
adequate, or intensive). The data, from the years 19951997,
are summarized in‘the table below. Figures are in thousands
of births. (Source: JAMA 284 [2000]: 335-341)

Tuia Births, 1835-1887 (in thousands)

Preterm ~  Preterm.
{induced or - (without  Termor
cesarean) precedures} Postterm  Total

o |rtensive. 18 15 28 . 6
S pdequate 46 43 65 15
S Inadequate - 12 13 3% - B3
E W n 13t 278

Is thcre. evidence of an assqc_iation'betwe‘_en the.duration of
the pregnancy and the level of care received by the mother?

."Twins, again After reading of the JAMA study in

Exercise 34, a large city hospital examined their re-
cords of twin births. for several years and found the data
summarized in the table: below, Is thére evidence that the
way the hospital deals with pregnancies involving twins
miay have changed?
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The Statistics students analyzing the data were agked to

2000 2005 201D study the relationship between eye and hair color.

- Preterm a) One group of students produced the output shown

5 5 {induced or cesarean) 11 13 18 below. What kind of analysis is this? What are the

§ g Preterm _ _ _ null and alternative hiypotheses? Is the analysis

= (without pr.ar:edures) B 14 18-_ : appropriate? If so, summarize the findings, beirig
Term or Pastterm 27 26 32 suie to include any -assumptions: you’ve made and/or

limitations to the analysis. If it’s not an appropriaté

36. Retirement planning According to the 2011 Retirement analysis, state explicitly why not.

Confidence Survey, rua by the Employee Benefit Re- 5t & ° o e
search Institute, 37% of menreported being “a.lot behind 5 4de . . o .
schedule” while 43% of women answered in the same g8 '
way. Is this evidence that in general, thore women are g3 1/"/",/"——’—”'
feeling this way when it comes to retirerent planning? Hods s . @ ° o
Assuming the study had 722 men arid 761 women, run 14e ° o ° o
the appropriate hypothesis test. - ! - 3 !

B o 1 2 3 4 5

7. Age and party 2011 The Pew Reésearch Centet aif {calor)
conducted a representative telephone suivey during Dependent variable is Eyes
2011.-Among the reported results was the following R-squared = 3.7% _ _
table concerning the preferred political par_ty affiliation s = 1.112 with 1021 — 2.~ 1019 degrees of fréedom
of respondents.and their ages for while voters. Is there Variable  Coefficient  SE(Coef)  tRatic  P-Value
‘evidence of age-based differences in party affiliation-in . 0.08346 o
‘the United States for white voters? Interoept 1.33541 S 4 23'9 =0.0001

' : ' T T Hair 0.211809 0.03372 0.28 =0.0001

b} A second group of students used the same data to

R;‘siﬂ;;g“ nléeni:::t]ét  Bther  Total produce the odtput shown below. The table displays
- ST o e . counts and standardized residuals in each cell.
18-28 a4 216 3 526 What kind of.analysis is. this? What ate the null and
049 ° 28 a8l 146 1615 alternative hypotheses? Is the analysis appropriate?
50-64 - 1173 962 211 2346 If so, shnmarize thé findings: being sureé te include
B5+ 1062 812 200 2083 any assumptions you've made and/or limitations to
Total _3'39? 25?]' E’UZ 5570 the anal_ysié. If it’s not an appropriate analysis, state
' ' B o ' explicitly why not.
a} Will you conduci a test of homogeneity or Eye Color
independence? Why? _
b} Test an appropriate hypothesis. : 1 Z 3 4 a
) State your conclusion, including an analysis of : 1 143 kI 58 _ 15: 1z _
ditferences you find (if any). 767540 041799 .—588169 063925 031451
. Eye and hair color A survey of 1021 SCthl*ag'B 2 90_ 45 215 30 2 .
children was conducted by randornly. selecting childrén o —2.57141  0.2901% 172235 049189 —0.08246
from several large urban elementary schools. Two of the s 31 28 B 190 T R 1
guestions concerned eve and hair color. In the survey, the = —5,39425 234780  6.28154 —176376 —0.80382
foliowing codes were used: S B 15 10 10 5
206116 271588 —4.05540 2.37402 0.75993
- T 5 15 5 5
Hair Color . Eya Color : 052085 033262 —094192 136326 2007578

1=Biond 1= Blue

2 = Brown © 2 = Green. o )

3= Black 3 = Brown = (Gbsem?q’ — Expecied)
Expected-

4= FRed : 4= Grey -

= Ofher . 5 = Other

= 2236 P-ialue <0,00061
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39.

40.

Depression and the Internet The September 1998

issue of the American Pyychologist published-an article
reporting on an experiment examining “the social and
psychologu:al impact of the Internet on 169 people in

73 households during their first I to 2 years online.” In the.

‘experiment, a sample of households was offered free Inter-

net access for one or two years in return for allowing their
time and activity onling to be iracked. The members of the.
households who participated-in the.study were also given
a battery of tests at the beginning and again at the.end of

the study; One of the tests measured the subjects’ levels

of depression on a 4-point scale; with higher nufibers
meaning the person was more de_pr_essed Internet usage
was measured in average number of hours per week. The
Tegression analysis examines the association between the
subjects”™ depression levels and the amounts-of Internet

‘use. The conditions for inférence - were satisfied,

Dependent variable is Depression After

‘R-squared =: 4.6%

§ = 0:4563 with.162-— 2 = 160 degrses of freedom

Variable Loefficient SE(cceff} t-Ratio Proh
Constant '0.565485 0.03%9 142 =0.0001
tntr_use 0.019948 0.0072 276 0:0064

é.) Do these data indicate that there is an-association

between Internet use and depression? Test an appropri-

ate'hypothesis and state your conclusion cléarly..

b)-One conclusion of the study was that those wiio speat
more time online tended to be more depressed at the
end of the experiment. News headlines said that too
much time-on the Internet. can lead to depression.
Does the study support this-conclusion? Expiain,

<) As'noted, thie subjécts’ depression levels were tested
at both the beginning and the end of this:study; higher
scores indicated the person was more: depressed.
Resulfs are summarized in the table. Is there évidence
that the depression level of the subjects changed
during this study?
Depression-Level

167 subjects

Variable Mean Stdley
DeprBfore 0.730378 0.487817
Deprhfter 0.611914 0461932
Difference —0.118457 0.552417

Pregnancy A San Diego reproductive clinic reported

42 Tive:births to 157 womien.under the age of 38; but

only 7 successes for 89 clients aged 38 and older. 1s

this evidence of a difference inthe effectiveness of the:

clinic’s methods for older women?

a) Test the-@ppropriate hypotheses, using the.
two-proportion z-proceduré.

b) Repeat the analysis, using an. appropnate <hi-sgnare
procedure.

c) Explain how the two.results are.équivalent.

41. Family planning A 1954 study of 1438 preunant women,

-examined the association between the woman’s education
level and the occurrence-of unplanned pregnancies,
producing these data:

Education Level

_  <3YrHs 3+ VrHS Some.'cnllegu
Number of Pregnancies 591 608 239
% Unplanned 66.2% 55.4% 42.7%

Do these data provide evidence of an association between
family planning and education level? (Source: Fertility
Planning and Ferility Rates by Socio-Economic Status,
Sodial dnd Psychological Pactors Atfecting Fertility, 1954}

2. Old Faithful Old Faithful _erupti'ons do ot oceur at
uniform intervals and may vary greatly, Can we.improve
our ¢chances of predicting the time of the next eruption if
we know hov/-long the previous efuption lasted?

a) Describe what you see in.this scatterplot.

‘Intéeval-{rmiin)

225 400 375 450
Puration {rin)
b) Write an appropriate hypothesis.
¢) Here are a histogram of the residuals and the residuals
plot. Do you think the assumptions for inference are.
met? Explain,
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d) State a conclusion based on this regression analysis: cy Did the control group show a significant improvement
Dependent-variable is Interval intesiscores?
R-squared = 77.0% 4 Wel;e. gains significantly higher -fOr'thc_Accel_erated
§ == 6,159 witli 222 — 2 = 220 degrges of freedom Math group than for the control group?
Variahle  Coefficient”  SE(Coeff)  t-Ratie  P-Value : :
Intercept  33.9668 1.428 238 =0.0001 Instractional Method
Duration: 10:3582 0.3827 271 =00001 Number of  Ace-Math  Control
Variabie' Mean StdDey o  Studeats - 237 245
Diration 357613 1.08395 - Prefest Mear 56001 54965
Inteval 710090 127992 | | SK Dav 8429 7468
) The sécond table shows.:the summary statistics for the Postiest Mear 637.55. 588.76
two variables. Creéate a 95% confidence interval for _ S5 Dev 82.9 8320
tic toedn ength of tine thyt will clapse following o niitelGan Men 7753 381l
_ Tminute eruption. . St Dev 78.01 .25
f) You arrive at Old Faithful just.-as an eruption ends, e : .
Witnesses say it-Tasted 4 minutes, Create a 95%
prediction interval for the length of time you will wait 45, Juvenile offenders According to a- 2011 article in the
to see the nexteriiptiofn, Journal of Consulting and Clinical Psychology, Charles
Togetherness Are good grades in high schoel associated Borduin pionecred 2 treatment called Multisystemic
with family togethemess? A simplé ratidom sample.of Therapy (MST) as a way to prevent serious mental
142 high-school students was asked How many meals health problems in adolescents. The. therapy involves
per week their families ate together. Their responses a total support network including family and commu-
produced a mear: of 3.78 meals per week, with a standard nity, rather than the more common individual therapy
deviation-of 2.2. Researchers then matched these re- (e.g., visits to-a therapist). After a 22-year-long study,
sponses against the students’ grade point averages. The. one notable fact was that while 15.5% of ju_venil_e's Wwho
scatterplot appeared to be reasonably linear; so they received individual therapy were arrested for a violent
went.ahead with the regression analysis, seen below. felony, only 4.3% of the juveniles treated with MST
No apparent pattern enterged in the residuals plot. had done so.

T e a} Stippose the results are based on sample- sizes of
Dependent variable is GPA P e y .
R-squared = 11.0% 125 juveniles i each group.-Create a 99% confidence
= 0.6687 with 142 — ? == 140 df interval for the reduction in violent felony rate when
o comparing MST to the fraditional individual therapy,

Variahle: Coefficient SE(Coeif) b) Using your interval, is there evidence of a true

Intercept 2.7288; 0.1148 reduction for the:whole population? Which population
Meals/ik 0.1003 0.0263 is the.study investigating?
a) Is there evidence of an association? Test an appropriate % 46. Dairy sales. Peninsula Creameries sells both ¢ottage
hypothesis and state your conclusien. cheese and ice cream. The CEQ recently noticed that in
b) Do you think this association would be useful in menths when the company sells more cottage cheese, it
predicting:a student’s grade point average? Explain. seemns to sell more ice cream ds well. Two of his aides
¢) Aré your answers to.parts'a and b contradictory? were assigned to test whether this is true or not: The
Explain.. first aide’s plot and analysis of sales data for the past
Learning math Developers of a new math curriculum 12 months (in millions of pounds for cotfage cheese
called “Accelerated Math” cempared performances of and for ice cream) appear below.,
students taught by their system with control groups of o
sttltic_rlts. in the same schools who were taug'ht using = 750 -
traditional instructional methods and materials, Statistics s
about pretest and postiest scores are shown in.the table.. % 675+
(Source: J. Ysseldyke and 8. Tardrew, Differentiating E
Math Instriction, Renaissance Learning) & 600 -
a) Did. the groups differ in average math score at the-start’ g
of this study? 525 + .
b} Did the group taught us_i_p g the Accelerated Math pro- ' } 4 : ;
gram show a significant improvement in test scores? 7 75 80 84

Cottage Cheese {million' B}
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Dependentvariabla is lce‘creant
R-squared = 36:9% _
§= 8320 with 12 — 2 = 10 degrees of freedom

Variahle Goefficient  SE{Coeff}  t-Ratia  P-Valae
Intercept —26.5306 37.68 —0.704  0.4975
Cottage C-... 1.19334 0.4936 742 0.0362

The other aide l6oked at the differences in sales of ice”
ereamn.and coftage cheese foreach month and created the

following output:

8t

m.
|

£
!

# of Motiths

m.
i

Ll
=5 5. 1a
Coltage Cheese — lce Gream (mition b}

Lottage Cheese — lce Cream’

Count, 12

Mean 11,8000
Mediari 153500
StdDav 7.99386
IntQRange  14.3000
25th %tile  3,20000
75th %tile 17.5000

TestHg p(CC — 1€ = 0usHy fe(CE ~ IC) 5 0
‘Sampie Mean- = 11,800000 t-Statistic = 5.113 w/11 df

Prob = 0.0003
Lower 95% bound = 6.7209429

Upper 95% bound = 16.879057

a) Which analysis would you use to answer the CEO’s
-question? Why?

b) What would you tell the- CEO?

¢) Which analysis wonld you use to test whether the
company sells more cottage cheese or ice cream in a
typical yéar? Why?

d) Whiit would you.teil the CEO about this other réesult?

€) What assumptions are you making in thé analysisyou
chose in part a7 What assumptions are you making in
the analysis-in part c?

f) Next month’s coftage cheese sales are 82 million pounds.
ice cream gales are not yet available. How much ice
cream do you predict Peninsula Creameries will self?

g) Givea 95% confidence intérval for tha true slope-of
‘the regiession equation of ice‘cream sales by cottage
cheese sales. '

h) Explain what your interval means.

Infliximab In an article appearing in the journal The
Lancet, medical researchiers reported on the experimental

use-of the arthritis drug in_ﬂixima]ﬁ' in treating Croghn’s
disease. In a trial, 573 patients were given jniti_a_l
5-mg igjections of the drug. Two weeks later, 333 bad

-résponded positively. These patients were then'randomly

assigned to three groups. Group Lréceived continued.

injections of a placebo, Group II continued with 5 mg of

infliximab, and Group Il received 10 mg of the drug. Af-
ter 30 weeks, 23-of 110 Group I patients were in remis-
sion, compared with 44 of 113 Group II and 50 of 112

‘Group. III patients. Do these’data-indicate that continued

treatment with infliximab is of value for Crohn’s:disease
patients-who exhibit a positive initial response to the
drug?

. Education vs. income 2009 The information below

examines the median inéome and education level
(percent of population with at jedst a Bachelor's degree)
for several large U.S. cities in 2009.
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‘Summary Statisties:
Colunin n Mean Std. Dev.
Median Household Income 50 48521.22 15455,175.
Percentage Bacheior's.

Degrees -l 28.402 11,756
Dependent variable is Median Household Income
R-squared = 42.1% _ _
§ = 11,881.87 with 50 ~ 2. = 48 degrees-of freedom
Variahle Coefficient SE(Coeffj t-Ratio  PValue
Intercept 2229424 443167 503  <0.0001
Percentage -

Ea__che_[ur’s- Degrees 853.00 144.38. 581 . <0.0001

2) Do you think the assumptions for inference are met?
Explain,

'b) Does there appear to be an association between
education and income levels in these cities?

¢) Would this associatior appear to be weaker, stronger,
orthe same if data were plotted forindividual people.
rather than for cities in aggregate? Explain.

«d) Create and interpret a:95% confidence interval for the'
slope of the true line that describes the association be-
tween income-and education.

&) Predict the median household income forcities
where an dverage of 25% of residants have it least a
Bachelor’s degree. Deseribe. your-estimate with a- 90%
confidence interval, and interpret that result.

9. Diet Thirteeri overweight women volunteered.-for a study
to determine whether eating specially prepared crackers
before a meal could help thent lose weight. The sibjests
were randomly assigne‘d to eat crackers with different
types of fiber (bran fiber, gum fiber, bioth, and a control
crdcker) Unfortunatcly, some of the women-devéloped
uncomfortable bloating and upset stomachs. Researchers
suspected that some of the crackers might be at fault. The
contingency table of “Cracker” versus “Bloat” shows the
relationship between the four different’ types of crackers
and the reported bloating. The study was pald for by

the manufactrirers of the gum fiber, What would you
recornimend to them about'the prospects-for- marketin 13
their new diet cracker?

Bloat:
Little/Nong Moderate/Severe-
Bran 11 2
5 tum 4 k|
§. Gomha 1 6
Control ] 4

0. Cramming Students in two basic Spanish classes were
required {0 ledrn 50 new vocabulary words. Oné- group of
43 students received the list on Monday and studied the
words all week. Statistics sumnmarizing this group’s scores
on Friday’s quiz are given, The other group of 23 students

5
i
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did not get the vocabulaty list uniil Thursday They also.
teok the:quiz-on Fnday, after’ “crammmg ‘Thursday night.
Then, when they returned to class-the following Monday,
they were retested—without advance. warning, Both sets
of test scores for these stuidents are shown.

Broup 1

Fri,

Number of students = 45

Mean. == 43.2 {of 50)

StDey = 3.4

Students passing (scofé = 40) = 33%

Eruup 2

Fri.  Mon, Fri.  Man.
2 % 50 47
1 44 34 34
45 16 38 31
48 38 43 40
# 40 39 41
43 38 46 3
41 37 37 36
35 31 40 31
43 37 4 32
48 37 48 39
43 a1 37 3
45 kY] K
47 a4

a) Did the week-long study group have a mean score sig-
nificantly higher thari that.of the overnight crammers?

b) ‘Was there a significant difference i in'the percentages of

students who-passed the quiz on Friday?

¢) Iz there any evidence that when students cram for a
test, their “learning™ does not last for 3 days?

d) Use 2.95% confidénce interval io éstimate the mean:
number of words that mighitbe forgotten by crammers.

e) Is there any-evidence that how much students- forget.
depends on how much they “learned” to begm with?

. Hearing Fltnng someone for a hearing aid requm:s

as%cssmg the patient’s hearing ability. In-one method of
assessment, the patient listens to-a tape of 50 English
words. The tape is played at low volunig, and the patient
is asked to repeat the words. The patient’s hearing ability
score is the number of words perceived correctly. Four
fapes of equivalent difficulty are availablé so that each. ear
can be'iested with more thai one hearing-aid. These Tists.
were ereated to be equally difficult to perceive in silence,
but hearing aids roust work in the presence of” background
noise. Researchers had 24 subjects with normal hearing
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compare two of the tapes when a background noise Was. 52. Newspapers Who reads the newspaper more, men or

present, with the order of the tapes randomized. Is it women? Eurostat, an agency of the European Union (EU),
reasanable to assume that the two lists are still equivalent ‘zondiicts surveys on several aspects-of daily life-in EU
for purposes of the hearing test when there is background countries. Recently, the agency asked samples of 1000
noise? Base your decision on a confidence interval for respondents in each of 14 Earopean ‘countries whether
the miean difference in the number of words people might they read the newspaper-on'd daily basis. Below are the:
misundersiand. (Source: Faith Loven, A Study-of the Iit- data by country and gender.
terlist Equivalency of the CID W-22 Word List Presented
in.Quitt and in Noise. University of Towa [1981]) % Reading a
Newspaper Daily
Subject  ListA  ListB  Bountry Men  Women
T ou % Belgium 563 455
A VY © Denmark - 768 703
3 20 22 - Germany 799 768
4 14 18 . (reece 225 . 172
5 32 X Spain 162 M8
L 2 30 Ireland 580 540
7 0 - 2 italy 502 . 298
8 % 8 Luxembourg 710 © 67.0.
9 i 30 Metherdands. 713 . 63.0
w3 16 . pustriz. . 782 74l
1 3 18 © Portugal 583 241
12 16 3 © Fnland - 930 908
13 ¥ 32 © Swetlen 830 880
i 32 . UK 326 304
15 38 R :
16 14 I8 a) Examine the differences in the percentages for each
17 26 _g{}' country. Whlch of these countries seem to be outherb’?
13 14 24 What dothey bave in- c_omm_on?

b) After eliminating the outliers, is there evidence that:in

'_19 8 AL Burope men-are more likely than womien to read the
2{] 20 26 newspaper?

21 14 14

2 13 U

23 22 30
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