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(B) Take a simple random sample of 100
sophomore students in your major at your college or
university. For each of these samples you will record the
amount spent on textbooks used for classes during the fall
semester. Which sample should have the smaller margin

of error? Explain your answer.

3
6.20 hﬂbﬁ Average starting salary. The National
Association of Colleges and Employers (NACE) Fall Salary
Survey report shows that the current class of college
graduates earned an average starting salary offer of
$48,633.° Your institution collected an SRS {(n = 2500) of
its recent graduates and obtained a 95% confidence
interval of ($45,330, $46,156). This interval is below the
NACE average. Using this information, compute the 99%
confidence interval of the difference between the average
starting salary from recent graduates at your institution

and the overall NACE mean.

ar-sweetened beverages. A
S. per capita consumption of
g adults 20 to 44 years of
dard deviation of the

(c) The margin of error is slightly less than a half hour. or university.

To reduce this down to 15 minutes, Gary says the sample
size needs to be doubled to 200. What is wrong with this

statement?

f recreational sports. The National
Sports Association (NIRSA)

k at the value of recreational
sports on college campuses.’ A total of 2673 students were
asked to indicate how important (on a 10-point scale)
each of 21 factors was in terms of their college
satisfaction and success. The factor “recreational sports
and activities” resulted in a mean score of 7.5. Assume a

standard deviation of 3.9.

6.15 Importance O
Intramural-Recreational
performed a study to loo

(a) Give the margin of error and find the 95% confidence

interval for this sample.

culations for a 99% confidence

(b) Repeat these cal
results compare with those in

interval. How do the
part (a)?

6.21 Consumption of sug
recent study estimated the U.
sugar-sweetened beverages amon
age to be 289 kcal/day with a stan
mean equal to 7 kecal/day.!?

_99.7 rule says that the probability is about
kcal/day of the population

6.16 Inference based on integer values. Refer to
his study are integer values

Exercise 6.15. The data for t
between 1 and 10. Explain why the confidence interval
based on the Normal distribution should be a good

approximation.

6.17 Mean serum TRAP in young women. For many
important processes that occur in the body, direct °
measurement of characteristics of the process is not
possible. In many cases, however, we can measure a
biomarker, a biochemical substance that is relatively easy
to measure and is associated with the process of interest.
Bone turnover is the net effect of two processes: the
breaking down of old bone, called resorption, and the
building of new bone, called formation. One biochemical
measure of bone resorption is tartrate resistant acid
phosphatase (TRAP), which can be measured in blood. In
a study of bone turnover in young women, serum
TRAP was measured in 31 subjects.® The units are units
per liter (UN). The mean was 13.2 U/l. Assume that the
standard deviation is known to be 6.5 U/ Give the margin
of error and find a 95% confidence interval for the mean
for young women represented by this sample.

(a) The 68-95
0.95 that % is within
mean . Fill in the blank.

(b) About 95% of all samples will capture the true mean
of kcals consumed per day in the interval % plus or minus
kcal/day. Fill in the blank.

6.22 Apartment rental rates. You want to rent an

unfurnished one-bedroom apartment in Dallas next year.
The mean monthly rent for a random sample of 10
apartments advertised in the local newspaper is $980.
Assume the monthly rents in Dallas follow a Normal
distribution with a standard deviation of $290. Find a 95%
confidence interval for the mean monthly rent for

unfurnished one-bedroom apartments available for rent

in this community.

6.23 More on apartment rental rates. Refer to the
previous exercise. Wwill the 95% confidence interval
include approximately 959% of the rents of all unfurnishe
one-bedroom apartments in this area? Explain why or

young women. Refer to the previous
why not.

one formation measured in the

(OC), measured in the blood. e,
The units are nanograms per milliliter (ng/ml). For the 31 6.24 Inference based on skewed d
subjects in the study the mean was 33.4 ng/ml. Assume OC for the 31 subjects in Ex
that the standard deviation is known to be 19.6 ng/ml. our calculations, we assume
Report the 95% confidence interval. was known to be 19.6 ng/ml.

6.18 Mean OC in
exercise. A biomarker for b
same study was osteocalcin

d that the standar
Use the 68-95-99.7 rule

Chapter 1 (page 56) to find the approximate bounds o

ihe values of OC that would include these percc?nts or
population. If the assumed standard deviation is cort®

d and margins of error.
it would appear that this distribution may be hig

os. (A) Take a simple
tudents at your college

6.19 Populations sample
Consider the following two scenari
random sample of 100 sophomore s

ata. Themead

ercise 6.18 was 33.4 ng/ml- In
d deviation"

skewed. Why? (Hin
! t: The measured
s . e values f i
slklgx}:/ 1211: thlS‘ are all Posmve.) Do you think t}?;ti;;.anable
inte ls-s will invalidate the use of the Normal i]sﬁ
rval in this case? Explain your answer confidence

6.25 :
Sroude 2Vf4l;)age hours per week on the Internet Th
100 colle nitor surveys 1200 undergraduates fr(;m ©
college Sti?eiirslill?lil{lually to understand trends among
. ecently, the S ;
th y, the Student M
at the average amount of time spent per g’;:f’;;ea?rted
e

Internet was 19.0 h
. -U hours. Ass
deviation s 5.5 hotrs, ume that the standard

(a) Givea 95%
confidence interv: .
spent per week on the Internet al for the mean time

(b) Is it true that 959
% of the students
. 07 s
;E‘.v eeidy times that lie in the interval yOullfI(;veysq reported
xplain your answer. und in part (a)?

6.26 Average mi
minutes per wee
o the previous exercise, k on the Internet. Refer

a) Giv
(a) e the mean and standard deviation in minutes

(b) Calculate the 959
% confid : . .
from your answer to part (a).ence Interval in minutes

(¢) Explai

in:erv:lp ﬁ;;h&t gg; C-Oltﬂd have directly calculated this
bi

previous exercise. nterval that you calculated in the

6,27 i i
‘ workiigtalzgid V\];lth your job? A Gallup Poll asked
 porking adul s 1-? out thelr job satisfaction.!2 One
ity To;;v satlsﬁed or dissatisfied are you
o !‘so}n he poss%ble answers were “complete]
- “Cor;'lp]ete] e\g. at s'atlsﬁed," “somewhat dissatisﬁec}i’ ”
bt (o y dissatisfied.” Ninety percent respond. d
they were somewhat or completely satisﬁed.p Mat:rial

Re
1, ()S(;lQZtrsl;t];eo ba;ed on telephone interviews with
ug. 7-10, ;’lgogdults, aged 18 and older, conducted
ample of,n t . For results based on the total
o) [6;1 ional adult‘s, one can say with 95%
rror is 43 eat the maximum margin of sampling
e sample é’erC;ntage points. For results based on
ime, the e 7 adults employed full or part-
3 percent aximum margin of sampling error is

age points.

allup P,
saﬁqpﬁjl l::ses a complex multistage sample design
percent has approximately a Normal =

g distribution.
€ ann
ounced poll result was 90% + 5%. Can we be

that the ¢
- true population pe . -
Explain your answer. percent falls in this
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(b) Explain t
0 someone who kno _—
announced result 90% + 5% mearzs no statistics what the

(¢) This confid ;
€nce interv.
met earlier: al has the same form we have 4

estimate + %0501

What is the st
andard deviati
percent? ation Oegiimate Of the estimated

(d) Does
the announced margin of error include errors

due to i
practical proble
ms suc
nonresponse? h as undercoverage and

6.28 F i
Calculatl:ee\za‘;fgslse;;y. t.Cf)mputers in some vehicles |

4 antities related t |
of t : o perfo
expil:::ezls the f}lel efficiency, or gas mﬁeagen?lzszﬁ. One
equipped iistﬁj'ﬂes per gallon (mpg). For oné vehiclz

is way, the m
N s pg were recorded e i
Her§ :r::atr}l1k was filled, and the computer was t?lce:}rll s 13
e mp’ug’hvalues for a random sampl S

these records: & GASMILEAGE ple of 20 of

41.5 507 36.6
: 6 373 342
432 4 2 450 480
4.6 484 464 468 392 373 235 ﬂ; j§2
) : - .3

Suppose that the
st s .
o= 3.5 mpg. andard deviation is known to be

(a) What is o, the standard deviation of %?

(b) Exami

nOL_NOarrrl;l)Hi'e the data for skewness and other signs of

Summan‘esa gy. Show your plots and numerical <
- Do you think it is reasonable to construct a

confidence interv.
5 al based on the N o
Explain your answer. e Normal distribution?

(c) Givea95% c .
onfid i
for this vehicle, ence interval for u, the mean mpg

6.29 i i

exercjfeu;(l) lji;ﬁcwncy_ln l_netric units. In the previous

rercise yo m(?lllnd an estimate with a margin of error f;

e Ofgerr iles per gallor.l. Convert your estimate andOr

s Chanor to the metric units kilometers per liter

s ge mpg to kpl, use the fact that 1 mile =
1lometers and 1 gallon = 3.785 liters e

6. .

in.:grvg ’_[l")}?er‘éent fioverage of 95% confidence
e iy Oofnﬁ eﬁnce Int(?rval applet lets you simulate
g pmbers thcon dence intervals quickly. Select 95%
o e and ?n sample 50 intervals. Record the ’
ol inter ia : }Ihat cover the true value (this appears
repeat 30 times. I\I/llak: :pslt)i:;)'lPresfs e e o and
the mean. Describe the resultf. (I); )(/)oshrigzzlig ;E(si find

experiment very many ti
y times, what
average number of hits to be? would you expect the
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6.31 Required sample size for specifed margin of
is being planned that will

error. A new bone study
measure the biomarker TRAP described in Exercise 6.17.
Using the value of o given there, 6.5 U/, find the sample
size required to provide an estimate of the mean TRAP

with a margin of error of 1.5 UA for 95% confidence.

ALLEY
3

6.32 o@ Adjusting required sample size for drop
out. Refer to the previous exercise. In similar previous
studies, about 20% of the subjects drop out before the
study is completed. Adjust your sample size requirement
to have enough subjects at the end of the study to meet

the margin of error criterion.

6.33 Radio poll. A college radio station invites listeners

to enter a dispute about a proposed “pay as you throw”

waste collection program. The station asks listeners to call

in and state how much each bag of trash should cost. A
all in. The station calculates the

total of 633 listeners
959% confidence interval for the average fee desired by city

residents to be $0.83 to $1.28. Is this result trustworthy?
Explain your answer.

f a laboratory scale. To assess the
scale, a standard weight known
ghed repeatedly. The scale
stributed with unknown mean

@

6.34 Accuracy O
accuracy of a laboratory
to weigh 10 grams is wei
readings are Normally di

ferent goal: to assess

A significance test is

the following examp

6.2 Tests of Significance

d The confidence interval is appropriate
parameters. The second common typ
the evidence provid

about the population parameters.

The reasoning of significance tests
a formal procedure for comparing o
hypothesis whose truth
the population parameters. The results

probability that measures
les to illustrate these concepts.

6.8 Credit card debt by U.S. region. One purpose of Sallie Mae's cI' e
usage studies describ he debt of
different subgroups o
student applicantsint
the West had an average
but we know that these numbers are es
different samples, w

(this mean is 10 grams if the scale has no bias). The
standard deviation of the scale readings is known to be

0.0002 gram.

(a) The weight is measured five times. The mean result is
10.0023 grams. Give a 98% confidence interval for the
mean of repeated measurements of the weight.

(b) How many measurements must be averaged to geta

margin of error of +0.0001 with 98% confidence?

6.35 vﬂbﬁ More than one confidence interval. Aswe
prepare to take a sample and compute a 959% confidence
interval, we know that the probability that the interval we
compute will cover the parameter is 0.95. That's the
meaning of 95% confidence. If we use several such
intervals, however, our confidence that all of them give
results is less than 95%. Suppose we take

amples each month for five months and
ch set of data.

correct
independent s
report a 95% confidence interval for ea

(a) What is the probability that all five intervals cover the

true means? This probability (expressed as a percent) is
our overall confidence level for the five simultaneous

statements.

(b) What is the probability that at least four of the five
intervals cover the true means?

when our goal is to estimate population
e of inference is directed at a quite dif-
ed by the data in favor of some claim

bserved data with a

we want to assess. The hypothesis is a statement about
of a test are expressed in terms ofa

how well the data and the hypothesis agree. We use

edit card

ed in Example 6.4 (page 349) is to compare t

f student applicants. For example, the averag® dke,btkf’

he Midwest is $3260, while those student applicantS :

debt of $3817. The difference of $557 is fairly Jarg

timates of the true means. - weL
ude fro

e would get different estimates. Can we conel
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these data that the a
A verage credit card debt ;
two (r)eglons of the United States are differenstao £ student applicants in these
ne w. ; : )

aining a d?f}fletr(; r.;:lnswelr this question is to compute the probability of ob

e ceC:1 as large or larger than the observed $557 assumi - that

cause this rcils) n];)'l- ifference in the true means. This probabilit im(;nl%lthat’

difference I())f $ 5;1571 Ity is not particularly small, we conclude tha’f oi)s i o

data do not provi dlz no.tdvery SIf.lrprising when the true means are eqli:flr{*gha
' evidence for us to conclud . L he

for student applicants in the Midwest and West eaufe}:l ?igftfl’ell?eciedlt card debts

nt.

Here i i i
e is an example with a different conclusion

6.9 Credi

09 e a:/ :;rdedsb; by undergraquate grade level. This study also r

e juniorSgIS ti etai?ong csie{)uor applicants is $4138, while it is ;I;C;IS

. rage debt among seni icants hi

amor > av : or applicant

2 wegli ::rll); C?ljnoglg junior applicants? The observef)(f differesnhclet:g }ilseg I ggn he

as we learned 1:ufﬁe previous example, an observed difference in me ° bL'lt

not necessa y a cient for us to conclude that the true means a d'ffanS .

o PEC;V; e ev1fience that there is a difference in debtgeA : .Crent-

answer this (il - i{ ;g[; e\:l/lth a pl:obability calculated under the éssﬁ?rig’ti‘gz

‘ ce in the true means. Th ility i

that th : ns. The probabil

e isrr\;;ngi fj31f£;fference of mean debt that is $1226 or rr;(t)};el Sw%(e)OOt(})lOO4
nce. Because this probability is so small, we have sul;ﬁ ot

, cient

]. 1 ] ]

What are the key steps in these exampies? .

* We starte i .
debts. In g ;:;h IWI;hga question about the difference between two m
Midwest. In Exg rrel 1- ,6 v;e compare student applicants in the West anec;m
applicants. In bothpczse:s ’ “;,"ee ::l:npﬁrgunior applicants with senior
i ; ’ whetner or n .
with no difference, that is, a difference of $0 ot the data are compatible

Next we compared the d i
_ ata, $557 in the fi i
with the value that comes from the queesti(l;i[ ?I)Se and 31226 In the second,

y

S ’ ’

1. W i
e have observed something that is very unusual, or

. p
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The z test assumes an S

RS of size n, known population standard deviation

o, and either a Normal population or a large sample. p-values are computed

from the Normal distribution (Table A). Fixed a tes

ts use the table of standard

Normal critical values (Table D).

SECTION 6.2 Exercises

For Exercises 6.36 and 6.37, see page 363; for Exercises 6.38
and 6.39, see pages 366—367; for Exercises 6.40 to 6.42, see
page 369; for FExercises 6.43 and 6.44, see page 373; for
Exercises 6.45 and 6.46, see page 375; and for Exercises
6.47 to 6.49, see page 377.

6.50 What’s wrong? Here are several situations where
there is an incorrect application of the ideas presented in
this section. Write a short paragraph explaining what is
wrong in each situation and why it is wrong.

(a) A researcher tests the following null hypothesis:
H()I x = 23.
(b) A random sample of size 30 is taken from a

population that is assumed to have a standard deviation of
5. The standard deviation of the sample mean is 5/30.

(c) Astudy withX = 45 reports statistical significance for
H, : > 50. "

(d A researcher tests the hypothesis Hy: =350 and
concludes that the population mean is equal to 350.

6.51 What's wrong? Here are several situations where
there is an incorrect application of the ideas presented in
this section. Write a short paragraph explaining what is
wrong in each situation and why it is wrong.

(a) A significance test rejected the null hypothesis that
the sample mean is equal to 500.

(b) A test preparation company wants to test that the
average score of their students on the ACT is better than
the national average score of 21.2. They state their null

hypothesis to be Hy:p>21.2.

(c) A study summary says that the results are statistically
significant and the P-value is 0.98.

(d) Thez statistic is equal to 0.018. Because this is less
than « = 0.05, the null hypothesis was rejected.

6.52 Determining hypotheses. State the appropriate
null hypothesis Ho and alternative hypothesis H, in each

of the following cases.

(a) A 2008 study reported that 88% of students owned‘a
cell phone. You plan to take an SRS of students to see if
the percentage has increased.

(b) The examinations in a large freshman chemistry class
are scaled after grading so that the mean score is 75. The
professor thinks that students who attend early morning
recitation sections will have a higher mean score than the
class as a whole. Her students this semester can be
considered a sample from the population of all students
she might teach, so she compares their mean score

with 75.

(c) The student newspaper at your college recently
changed the format of their opinion page. You take a
random sample of students and select those who regularly
read the newspaper. They are asked to indicate their
opinions on the changes using a five-point scale: —2 if the
new format is much worse than the old, —1 if the new
format is somewhat worse than the old, 0 if the new
format is the same as the old, 41 if the new format is
somewhat better than the old, and +2 if the new format is

much better than the old.

6.53 More on determining hypotheses. State the null
hypothesis Hp and the alternative hypothesis H, in each
case. Be sure to identify the parameters that you use o
state the hypotheses.

(a) A university gives credit in first-year calculus to
students who pass a placement test. The mathematics
department wants to know if students who get credit
in this way differ in their success with second-year
calculus. Scores in second-year calculus are scaled so
the average each year is equivalent to a 77. This year
21 students who took second-year calculus passed the

placement test.

(b) Experiments on learning in animals sometimes "
measure how long it takes a mouse o find its way_throug
a maze. The mean time is 20 seconds for one pa:rtlcfﬂar
maze. A researcher thinks that playing rap music

cause the mice to complete the maze slower. She
measures how long each of 12 mice takes with the rap

music as a stimulus.

(c) The average square footage of one-bedroom

i - i opment is
apartments in a new student. housing develop s

advertised to be 880 square feet. A student group t b

that the apartments are smaller than advertisec. T t?s’t
an engineer to measure a sample of apartments to .

their suspicion.

6.54 Even more on determining hypotheses. In each
of the following situations, state an appropriate null
hypothesis Hp and alternative hypothesis H,. Be sure to
identify the parameters that you use to state the
hypotheses. (We have not yet learned how to test these
hypotheses.)

(a) A sociologist asks a large sample of high school
students which television channel they like best. She
suspects that a higher percent of males than of females
will name MTV as their favorite channel.

(b) An education researcher randomly divides sixth-grade
students into two groups for physical education class. He
teaches both groups basketball skills, using the same
methods of instruction in both classes. He encourages
Group A with compliments and other positive behavior
but acts cool and neutral toward Group B. He hopes to
show that positive teacher attitudes result in a higher
mean score on a test of basketball skills than do neutral
attitudes.

(c) An education researcher believes that among college
students there is a negative correlation between time
spent at social network sites and self-esteem. To test this,
she gathers social networking information and self-esteem
data from a sample of students at your college.

6.55 Translating research questions into hypotheses.
Translate each of the following research questions into
appropriate Hy and H,.

(a) Census Bureau data show that the mean household
income in the area served by a shopping mall is $42,800 per
year. A market research firm questions shoppers at the
mall to find out whether the mean household income of
mall shoppers is higher than that of the general population.

(b) Last year, your online registration technicians took
an average of 0.4 hours to respond to trouble calls

from students trying to register. Do this year’s data show
a different average response time?

656 Computing the P-value. A test of the null
ypothesis Hy: u = po gives test statistic z = 1.63.

a) What is the P-value if the alternative is Hz: > 1o?

) What is the P-value if the alternative is Hy: u < pg?

é); What is the P-value if the alternative is Hy: s # po?

7 More on computing the P-value. A test of the null
:thesis Hy: 1 = po gives test statistic z = —1.82.

What is the P-value if the alternative is Hy: 1 > 19?

at is the P-value if the alternative is Hy: p < o?

hat is the P-value if the alternative is Hy: p # io?
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6.58 A two-sided test and the confidence interval. The

P-value for a two-sided test of the null hypothesis
Hy: 1 = 3015 0.032.

(a) Does the 95% confidence interval include the value
30? Why?

(b) Does the 90% confidence interval include the value
30? Why?

6.59 More on a two-sided test and the confidence
interval. A 90% confidence interval for a population
mean is (25, 32).

(a) Can you reject the null hypothesis that p = 24 against
the two-sided alternative at the 10% significance level?
Why?

(b) Can you reject the null hypothesis that ¢ = 30 against
the two-sided alternative at the 10% significance level?
Why?

6.60 Use of bed nets. A study found that the use of bed
nets was associated with a lower prevalence of malarial
infections in the Gambia.!” A report of the study states
that the significance is P < 0.001. Explain what this
means in a way that could be understood by someone who
has not studied statistics.

6.61 Peer pressure and choice of major. A recent
study followed a cohort of students entering a
business/economics program.!8 All students followed a
common track during the first three semesters and then
chose to specialize in either business or economics.
Through a series of surveys, the researchers were able to
classify roughly 50% of the students as either peer driven
(ignored abilities and chose major to follow peers) or
ability driven (ignored peers and chose major based on
ability). When looking at entry wages after graduation, the
researchers conclude that a peer-driven student can
expect an average wage that is 13% less than that of an
ability-driven student. The report states that the
significance level is P = 0.09. Can you be confident of this
statement regarding the wage decrease? Discuss.

6.62 Symbol of wealth in ancient China? Every society
has its own symbols of wealth and prestige. In ancient
China, it appears that owning pigs was such a symbol.
Evidence comes from examining burial sites. If the skulls
of sacrificed pigs tend to appear along with expensive
ornaments, that suggests that the pigs, like the ornaments,
signal the wealth and prestige of the person buried. A
study of burials from around 3500 B.C. concluded that,
“there are striking differences in grave goods between
burials with pig skulls and burials without them. ... A test
indicates that the two samples of total artifacts are
significantly different at the 0.01 level.”1? Explain clearly
why “significantly different at the 0.01 level” gives good
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reason to think that there really is a systematic difference
between burials that contain pig skulls and those that lack

them.

6.63 Alcohol awareness among college students. A
study of alcohol awareness among college students
reported a higher awareness for students enrolled in a
health and safety class than for those enrolled ina
statistics class.20 The difference is described as being
statistically significant. Explain what this means in simple
terms and offer an explanation for why the health and
safety students had a higher mean score.

6.64 Change in eighth-grade average mathematics
score. A report based on the 2009 National Assessment of
Educational Progress (NAEP)?! states that the average
score on their mathematics test for eighth-grade students
is significantly higher than in 2007. They also state that
the average score in Minnesota was not significantly
different from the average score in 2007. A footnote states
that comparisons are determined by statistical tests with
0.05 as the level of significance. Explain what this means
in language understandable to someone who knows no
statistics. Do not use the word “significance” in your

answer.

6.65 Sleep quality and elevated blood pressure. A
recent study looked at n = 238 adolescents, all free of
severe illness.22 Subjects wore a wrist actigraph, which
allowed the researchers to estimate sleep patterns. For
those subjects classified as having low sleep efficiency,
they are reported as having an average systolic blood
pressure that is 4 mm Hg higher than other children with
a standdrd deviation of the mean equal to 1.2 mm Hg.
Based on these results, test whether this difference is
significant at the 0.01 level.

NLER,
B G

6.66 Are the pine trees randomly distributed
north to south? In Example 6.1 we looked at the
distribution of longleaf pine trees in the Wade Tract. One
way to formulate hypotheses about whether or not the
trees are randomly distributed in the tract is to examine
the average location in the north-south direction. The
values range from 0 to 200, so if the trees are uniformly
distributed in this direction, any difference from the
middle value (100) should be due to chance variation. The
sample mean for the 584 trees in the tract is 99.74. A
theoretical calculation based on the assumption that the
trees are uniformly distributed gives a standard deviation
of 58. Carefully state the null and alternative hypotheses
in terms of this variable. Note that this requires that you
translate the research question about the random
distribution of the trees into specific statements about the
mean of a probability distribution. Test your hypotheses,
report your results, and write a short summary of what
you have found.

6.67 nﬁp Are the pine trees randomly distributed
east to west? Answer the questions in the previous
exercise for the east-west direction, where the sample

mean is 113.8.

6.68 Who is the author? Statistics can help decide the
authorship of literary works. Sonnets by a certain
Elizabethan poet are known to contain an average of

u = 8.9 new words (words not used in the poet’s other
works). The standard deviation of the number of new
words is ¢ = 2.5. Now a manuscript with six new sonnets
has come to light, and scholars are debating whether it is
the poet’s work. The new sonnets contain an average of
% = 10.2 words not used in the poet’s known works. We
expect poems by another author to contain more new
words, so to see if we have evidence that the new sonnets
are not by our poet we test

H(): w= 8.9
H,:pn > 8.9

Give the z test statistic and its P-value. What do you
conclude about the authorship of the new poems?

6.69 Attitudes toward school. The Survey of Study
Habits and Attitudes (SSHA) is a psychological test that
measures the motivation, attitude toward school, and
study habits of students. Scores range from 0 to 200. The
mean score for U.S. college students is about 115, and the
standard deviation is about 30. A teacher who suspects
that older students have better attitudes toward school
gives the SSHA to 25 students who are at least 30 years of
age. Their mean score is X = 127.8.

(a) Assuming that o = 30 for the population of older
students, carry out a test of

HO:I’L = 115
H,: > 115

Report the P-value of your test, and state your conclusion
clearly.

(b) Your test in part (a) required two important
assumptions in addition to the assumption that the value
of o is known. What are they? Which of these
assumptions is most important to the validity of your

conclusion in part (2)?

6.70 Nuiritional intake in Canadian high
performance athletes. Since previous studies have
reported that elite athletes are often deficient in their -
nutritional intake (e.g., total calories, carbohydrates;
protein), a group of researchers decided to evaluate
Canadian high performance athletes.2? A total of 7

athletes from eight Canadian sports centers partic1paff
in the study. One reported finding was that the averag
caloric intake among the n = 201 women was

l2{403.7 kcal/day. The recommended amount is 2811.5
ca]/day.' Is there evidence that female Canadian athletes
are deficient in the caloric intake?

(a) State the appropriate Hy and H, to test this.

(b) Assuming a standard deviation of 880 kcal/day, carry

out the test. Give the P-value i
. . . - , and then inte
o plerm e rpret the result

6.71 x.&re the mpg measurements similar? Refer to
Exerc1sc? 6.28 (page 359). In addition to the computer
computing mpg, the driver also recorded the mpg by
dividing the miles driven by the number of gallons at each
fill-up. The following data are the differences between the
computer’s and the driver’s calculations for that random
sample of 20 records. The driver wants to determine if
thesp galculations are different. Assume the standard
deviation of a difference to be ¢ = 3.0. @ MPGCOMPARISON

50 65 -0.6 1.7 37 45
. . . 8.0 22 4.
44 0.1 30 11 11 50 21 37 —0.2 —ig

(a) State the appropriate Hy and H, to test this suspicion.

'(b) Carry out the test. Give the P-value, and then
interpret the result in plain language.

6.72 Adjusting for the cost of living. In Example 6.8
(page 360), we compared the average credit card debt-
between undergraduate applicants in the Midwest and
V\.Iest.‘In computing the difference, we did not adjust for
dlffer{ng costs in the two regions. Assuming that $1 in the
West is worth about $1.06 in the Midwest, redo the test
based on Midwest dollars. For simplicity, assume the
standard deviation is unchanged. ,

6.73 Level of nicotine in cigarettes. According to data
fr'om the Tobacco Institute Testing Laboratory, Camel
L1ght§ king size cigarettes contain an average c:f

0.9 rnl!ligtrams of nicotine. An advocacy group
;(i)mrplssmns an i.nde.pendent test to see if the mean
nicotine content is higher than the industry laboratory

laims.

(@) What are H, and H,?

) Suppose that th isti
: e test statistic is'z = 1.83. i
gnificant at the 5% level? 15 this result

) Is the result significant at the 1% level?

WPl

74 =

,gniﬁc?icgtanlges‘ of X on significance. The Statistical

- otai n.ﬁpp et illustrates statistical tests with a fixed

. stag (1;1 cance for‘Norrnally distributed data with

il Set?i ard deviation. Open the applet and keep the
" nis for the null (1 = 0) and the alternative

0ny(pot eses, the sample size (n = 10), the standard
o = 1), and the significance level (¢ = 0.05). In
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the “I have data, and the observed % is ¥ =” box enter the
value 1. Is the difference between ¥ and Lo significant at

the 5% level? Repeat for % equal to 0.1, 0.2,0.3,04,0.5

0.6, 9.7,.0.8, 0.9. Make a table giving ¥ and the ,resu’lts. o’f ‘
the significance tests. What do you conclude?

6.75. @ Changes of o on significance. Repeat the
previous exercise with significance level « = 0.01. How

does the choice of « affect the values of ¥ that.are. far
enoug}ifway from 4 to be statistically significant?

6.76 G Changes of ¥ on the P-value. The P-Value

of a T est of Significance applet illustrates P-values of
significance tests for Normally distributed data with

known standard deviation. Open the applet and keep the
default settings for the null (1 = 0) and the alternatiI\)/e

m > q) hypotheses, the sample size (n = 10), the standard
dev1:::1t10n (o = 1), and the significance level (@ =0.05).1
the “T have data, and the observed % is ¥ =” box en.ter t.hn
value 1. What is the P-value? Repeat for ¥ equal to 0.1 )
;)ni,1 (;).3‘;21(;;?6,80.% 0.6(,10.7, 0.8, 0.9. Make a table giving.f,

B . How - x |

P Moc:))es the P-value change as ¥ moves

6i7'7 Understanding levels of significance. Explain in
phalnolanguage why a significance test that is significant at
the 5% level must always be significant at the 10% level.

6.78 More on understanding levels of significance

You are told that a significance test is significant at the. 5%
level_. From this information can you determine whether 00 !
not it is signiﬁqant at the 1% level? Explain your answer. ' 1

6.7_9 Test statistic and levels of significance. ) Consider *
a 51gn1ﬁf:ance test for a null hypothesis versus a two-sided
a.lteljnatlve. Give a value of z that will give a result
significant at the 1% level but not at the 0.5% level

6.80 Using Table D to find a P-value. You have
performed a two-sided test of significance and obtained a

value of z = 2.52. Use Table D to find i
. th
P-value for this test. © spproximae

6.81 More on using Table D to find a P-value. You
have'performed a one-sided test of significance and
obtalne‘d a value of z = 0.63. Use Table D to find the
approximate P-value for this test.

6.82 ‘Using Table A and Table D to find a P-value
Cons@er a significance test for a null hypothesis vers.us a |
two-sided alternative. Between what values from Table D |
does the P-value for an outcome z = 1.92 lie? Calculate |
the P-value using Table A, and verify that it lies betwe
the values you found from Table D. -

6.83 More on using Table A and Table D to find a

P-value. Refer to the previous i ;
forz = —1.92. P exercise. Find the P-value
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USE YOUR KNOWLEDGE [N

i for home security
: i . A recent TV advertisement :
6.85 Home securdty sysems. it n alarm system are three times more

Tty te Ssldbt}cl)iteioirrrllf; ‘gl:gg‘olzea this conclusion was ob_tgined }ll)y Ex-

hke'ly' o Slris of police records of break-ins and determining w eth er

the perc af; f homes with alarm systems was significantly smaller than

;}ai/pe]g,i;rllaii why the significance of this study is suspect and propose
0.

i i alarm
an alternative study that would help clarify the importance of an

system.

Beware of searching for significance

i esired by researchers. It means
P Sigmﬁcr?)ntc}?a{csyi)rlll Ci‘;:j: Ifr(l)zrrlr:iuzg Sffect thaéti you were lool];irtlg ﬁfFZ;
(or ought to nze?zind statistical significance works well if you decide wha test “
Tgft Zerissoezzig edesign an experiment or sample to search 71‘;3; Czés :f;;zlcli :es:rihefor J

wei ] cause as

}Sligniﬁcfmc*? o Wlflgh Zlﬁrfgf (e;rfltﬁcenyggdgseivi?}‘lnsf;cistical significance, it is all toci
tom S(':lentlﬁc pk?:i) nificance itself the object of the sea?ch. Th.er6 are severa
te:}l';s)ttl: %i(t)otlr:il: noni of them acceptable in polite scientific society.
W ’

EXAMPLE

i i it i to assess
6.28 Genomics studies. In genomic experiments, 1t 1s common

i ds of genes. If each of these
2 i in expression for tens of tho.usan' . 1
the dlﬁerzr;izsrrlllilneé) separately and statistical significance declglleedafgezs‘
%}?25 ]i::iaP -values that pass the 0.05 standard, we “{g‘zlxci)}elj:fhzltnby .
i i u )

f any real biological effects, we WO pec , Oy Shanes

III1 th: a:;;ilgzi?natei]y 5% of these tests will show statistical significa

alone,

I“ILI' :]:l resear :11 mn gEIlZJIIll:S 18 dlI eC tE Cl’ tC war d‘ a‘FFI :leEltE “EL} S t: dEa’

i i roper
We do not mean that searching data for suggestlve .patflezr;s };Zerrll():n I;depby
entifi k. It certainly is. Many important dls.covenes 12 e
ecident WCE : than by design. Exploratory analysis of da.ta is an esse g
acmdept y ather d mgan that the usual reasoning of statistical mferer.l(; o
o StatlSUCS-}:Ne t}?e search for a pattern is successful. You cannot ligltzzamedy
o appy VIYL cio on the same data that first suggested that hypotheszs'ﬁT 1? rfor o
ljeStla hx?; pgrtlczs)zfi)u have a hypothesis, design a study to search specifically
is clear.

effect you now think is there. If the result
you have real evidence.

SECTION 6.3 Summary

P-values are more informative than the rej gf:tt_—ona
i ight on traditio
ware of placing too much weig trad
Be Very sfnall effects can be highly 51gn1.ﬁcant gsm'aﬁll P?[, e ad not
test is based on a large sample. A statistically significan ;
est i

ing, an
i u are seeking, a
i i ta to display the effect yo 7
1ly important. Plot the da o o
Ezzcsg:na}iiencg intervals to estimate the actual values of param

1values of o, suchaso =
especially when

of this study is statistically significant,

t.
r-not result of a fixed level o tes :

_
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On the other hand, lack of si

pecially when the test has low power.

Significance tests are not always valid. Faulty data collection, outliers in
the data, and testing a hypothesis on the same data that suggested the hypoth-
esis can invalidate a test. Many tests run at once will probably produce some

significant results by chance alone, even if all the null hypotheses are true.

SECTION 6.3 Exercises

For Exercise 6.84, see page 383; and for Exercise 6.85, see
page 386.

6.86 A role as a statistical consultant. You are the
statistical expert for a graduate student planning her PhD
research. After you carefully present the mechanics of
significance testing, she suggests using o = 0.20 for the
study because she would be more likely to obtain
statistically significant results and she really needs
significant results to graduate. Explain in simple terms
why this would not be a good use of statistical methods.

6.87 What do you know? A research report described
two results that both achieved statistical significance at
the 5% level. The P-value for the first is 0.048; for the
second it is 0.0002. Do the P-values add any useful
information beyond that conveyed by the statement that
both results are statistically significant? Write a short
paragraph explaining your views on this question.

6.88 Selective publication based on results. In
addition to statistical significance, selective publication
can also be due to the observed outcome. A recent review
of 74 FDA-registered studies of antidepressant agents
found 38 studies with positive results and 36 studies with
negative or questionable results. All but 1 of the 38
Positive studies were published. Of the remaining 36, 22
were not published with another 11 published in such a
Way as to convey a positive outcome.?? Describe how this
selective reporting can have adverse consequences on

‘health care,

89 What a test of significance can answer. Explain
hether a test of significance can answer each of the
llowing questions.

) Is the sample or experiment properly designed?

’) Is the observed effect compatible with the null
ypothesig?

Is the observed effect important?

‘Vitamin C and colds. In a study to investigate
€I vitamin C will prevent colds, 400 subjects are
Bued at random to one of two groups. The

experimental group takes a vitamin C tablet daily, while
the control group takes a placebo. At the end of the
experiment, the researchers calculate the difference
between the percents of subjecis in the two groups who
were free of colds. This difference is statistically

significant (P = 0.03) in favor of the vitamin C group. Can

we conclude that vitamin C has a strong effect in
preventing colds? Explain your answer.

6.91 How far do rich parents take us? How much
education children get is strongly associated with the
wealth and social status of their parents, termed
“socioeconomic status,” or SES, The SES of parents,
however, has little influence on whether children who
have graduated from college continue their education.
One study looked at whether college graduates took the
graduate admissions tests for business, law, and other
graduate programs. The effects of the parents’ SES on
taking the LSAT test for law school were “both statistically
insignificant and small.”

(a) What does “statistically insignificant” mean? °

(b) Why is it important that the effects were small in size
as well as insignificant?

6.92 Do you agree? State whether or not you agree with
each of the following statements and provide a short
summary of the reasons for your answers.

(a) If the P-valueis larger than 0.05, the null hypothesis
is true.

(b) Practical significance is not the same as statistical
significance.

(c) We can perform a statistical analysis using any set of
data.

(d) If you find an interesting pattern in a set of data, it is

appropriate to then use a significance test to determine its
significance.

6.93 Practical significance and sample size. Every
user of statistics should understand the distinction
between statistical significance and practical importance.
A sufficiently large sample will declare very small effects

gnificance does not imply that H, is true, es-
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statistically significant. Consider the study of elite female
Canadian athletes in Exercise 6.70 (page 380). Female
athletes were consuming an average of 2403.7 kcal/day
with a standard deviation of 880 kcal/day. Suppose a
nutritionist is brought in to implement a new health
program for these athletes. This program should increase
mean caloric intake but not change the standard
deviation. Given the standard deviation and how coloric
deficient these athletes are, a change in the mean of

50 kcal/day to 2453.7 is of little importance. However,
with a large enough sample, this change can be
significant. To see this, calculate the P-value for the test of

Hy: = 2403.7
H,: p > 2403.7

in each of the following situations:

(a) A sample of 100 athletes; their average coloric intake
isx = 2453.7.

(b) A sample of 500 athletes; their average coloric intake
is X = 2453.7.

(c) A sample of 2500 athletes; their average coloric intake
is x = 2453.7.

6.94 Statistical versus practical significance. A study
with 7500 subjects reported a result that was statistically
significant at the 5% level. Explain why this result might
not be particularly important. )

6.95 More on statistical versus practical significance.
A study with 14 subjects reported a result that failed to
achieve statistical significance at the 5% level. The P-value
was 0.051. Write a short summary of how you would
interpret these findings.

6.96 o@n Find journal articles. Find two journal
articles that report results with statistical analyses. For
each article, summarize how the results are reported and
write a critique of the presentation. Be sure to include
details regarding use of significance testing at a particular
level of significance, P-values, and confidence intervals.

6.97 Create example of your own. For each case,
provide an example and an explanation as to why it is
appropriate.

(a) A set of data or experiment for which statistical
inference is not valid.

(b) A set of data or experiment for which statistical
inference is valid.

siLer,
SR

6.98 Predicting success of trainees. What
distinguishes managerial trainees who eventually become
executives from those who, after expensive training, don’t

succeed and leave the company? We have abundant data
on past trainees—data on their personalities and goals,
their college preparation and performance, even their
family backgrounds and their hobbies. Statistical software
makes it easy to perform dozens of significance tests on
these dozens of variables to see which ones best predict
later success. We find that future executives are
significantly more likely than washouts to have an urban
or suburban upbringing and an undergraduate degree in a
technical field.

Explain clearly why using these “significant” variables
to select future trainees is not wise. Then suggest a
follow-up study using this year’s trainees as subjects that
should clarify the importance of the variables identified by
the first study.

6.99 Searching for significance. Give an example of a
situation where searching for significance would lead to

misleading conclusions.

6.100 More on searching for significance. You perform
1000 significance tests using & = 0.05. Assuming that all
null hypotheses are true, about how many of the test
results would you expect to be statistically significant?
Explain how you obtained your answer.

6.101 Interpreting a very small P-value. Assume that
you are performing a large number of significance tests.
Let 7 be the number of these tests. How large would n
need to be for you to expect about one P-value to be
0.00001 or smaller? Use this information to write an
explanation of how to interpret a result that has

P = 0.00001 in this setting.

o
B 1

6.102 An adjustment for multiple tests. One way
to deal with the problem of misleading P-values when
performing more than one significance test is to adjust the
criterion you use for statistical significance. The
Bonferroni procedure does this in a simple way. If you
perform two tests and want to use the « = 5% significance
level, you would require a P-value of 0.05 /2 =0.025to
declare either one of the tests significant. In general, if you
perform k tests and want protection at level a, use a/k as
your cutoff for statistical significance. You perform six :
tests and obtain individual P-values 0.083, 0.032, 0.246,
0.003, 0.010, and < 0.001. Which of these are statistically
significant using the Bonferroni procedure with & = 0.05%

aLey
S

6.103 Significance using the Bonferroni
procedure. Refer to the previous problem. A research
has performed 12 tests of significance and wants 10 apply
the Bonferroni procedure with « = 0.05. The calculatec.
P-values are 0.041, 0.569, 0.050, 0.416, 0.002, 0.006,0
0.021, 0.888, 0.010, < 0.002, and 0.533. Which of these
tests reject their null hypotheses with this procedul'e-‘ ‘

———
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6.4 Power and Inference as a Decision*

Although we prefer to use P
fixed « significance test, the 1
and for understanding statis
topics in this section.

;‘;?i?es' rather thap the reject-or-not view of the
ate (xilleva 1s very important for planning studies
ecision theory. We will discuss these two

Power

Fixed level ¢ signi
gnificance tests are clos
ely r i
fact, we saw that a two-sided test can e o confidence e —in

. . b ; .
interval. The significance level, like ¢ e carried out directly from a confidence

o he confid

method ence level, sa ;

s in factlts r:;; rilpeat_(leld use. If we use 5% significance tests rZIS);(‘)t‘gd;ﬂeha}lile the

(the test wil , We wi })e wrong (the test will reject Hy) 5% of the ti y when Hy
est will fail to reject Hy) 95% of the time »/ 27 ot the time and right

e b when an alte ive i .
probability is, the more sensitive the test is rative 1s true. The higher this

POWER

The ili
probability that a fixed level significance test will reject Hy when a

particular alternative val
ue of the parameter i i
of the test to detect that alternativg eris fruels called the power

- 6.29 Power of TBBMC significance test.

increase the total bod i |
A toam of rosoncher y bolne mineral content (TBBMC) of young women? f
on the resulie of ¢ rs 1s planning a study to examine this question. Bas d f |
the percent chang epi EV;%JBS l\s/[tlédy, the})lr are willing to assume that o = 2 fir | ’J
change i 1% over the six-month period. Th X
ge in TBBMC of 19 is important, so they would ike to hoc « corr |

n..

g ]
Zlble Cllarlce Of d'e tECtlll a Clla'rlge tllls lzllge Or llegEI‘ IS 25 SubJECtS a IElIgE f{

Can a six-month exercise program

We will an i .
test that will b: ﬁ:gdt};se%:fs:fnﬂlzy é:alculating the power of the significance
: e
sists of three steps: e data to be collected. The calculation con-

1. State H, ;
0, H,, the particular alternati
L m |
significance level . ative we want to detect, and the o
|

- Find the values of % that will lead us to reject Hy ;:

3. Calculate the probabili

of ob i _
alternative is true. ty serving these values of ¥ when the

t"}/lllthough the t_opics in this section are importa;
ey can be omitted without loss of continuity.

nt in planning and interpreting significance tests




