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Example 2: Among 2739 female atom bomb survivors, 1397 developed thyroid
diseases. Among 1352 male atom bomb survivors, 436 developed thyroid diseases
(based on data from "Radiation Dose-Response Relationships for Thyroid Nodules
and Autoimmune Thyroid Diseases in Hiroshima and Nagasaki Atomic Bomb
Survivors 55-58 Years After Radiation Exposure,” by Imaizumi, et al., Journal of
the American Medical Association, Vol. 295, No. 9).

a. Use a 0.01 significance level to test the claim that the female survivors and

male survivors have different rates of thyroid diseases.

b noSi0 0=l e AL 5 aug

T An3sT
P, " “"’"" YA n,r WV 50992
@) 2-0°0 0 ——="=x )| ] me‘*%dm‘f
@ HD! pl: PL (_mq)_%}) + (,qqg)(.%w Mld@rabé
02 T H‘Qda\mﬁ\fﬂuﬁumﬁ,t
n b 0 O MaQg_ Sutvivors hae

@ -vane 1= 0 .000L dfforent
2p(2>141)7 Lt 2:4@;«@ooooz“?o‘ {W%

b. Construct the confidence intérval ‘corresponding to ‘r e Q/ othesis TesT
conducted with a 0.01 significance level.

£=7.515 (020049 | (0312)(0.679)

p =~ 0. 04 0%
(050 fo.%'n)——'o.oqoq L pp, 2 (6510-0322) 1 00400

EI p-p, ¢ o.zm

_/
c. What conclusion does the confidence interval suggest?

Ane LT Sl)l%(’lsl[g ot Y e e diffafent SINA-
Zexo 5 ot inchuded.
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9.3 INFERENCES ABOUT TWO MEANS: INDEPENDENT SAMPLES
Key Concept...

In this section, we present methods for using SGM?Q"

dota from __ L md;,fmndud'

samples to tw'\' hypotheses made about 2.
_QO_QAQOJ\"IOT\' OO or to construct
e, W’\\’M estimates of the
d\‘f ] onc between 2— population
oM

PART I: INDEPENDENT SAMPLES WITH 0, AND 0, UNKNOWN AND NOT
ASSUMED EQUAL

DEFINITION
SW\PQ“Q‘ are independent if the _ SOY !l)&
v oldueo from one population _Ghe mat.

f]&Qd(;Ol W or somehow_MhO-QQM _@&I\..Qd/
or W“@\ﬂAv with the __SQJYT\P-QL ﬂg@

from the other population.

Two Swmpﬂw are dependent if the sample values are

pined
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Inferences about Means of Two Independent Populations, With 0, and O,

Unknown and Not Assumed to be Equal
OBJECTIVES

Teot o, A 000k Lmdepvdfw% pap- (MegN0 07 construdt a (L
whnalg o1, the ob%@\mu, befumen. Lundspordart pop. mreamo.

NOTATION

Population 1:
i, = Popmmw QO 5, = 5M\€Qu§m\da/\d
ﬁ doxi oty
5, = populakion Stunclond
dovi g\
fl:SOUI’(\\OQL<‘f\r\tzsau«\/ ”1=5V?Q°'6ﬁ‘ém)r’omf3’ql

The corresponding notations for M- N} ,%7— ,\37— and o apply

to population 2/

REQUIREMENTS _
1. _@, and o are_upnloown.  and it is not GQOWMed  that

G\ and _S» are @'[/WQ—'

2. TheL samples are (QW

3. Both samples are 6\m0 0o NS
pﬁxm%ﬁm . \

4.  Either or both of these conditions are satisfied: The two &MP-QQ/

SV’aéO are both ﬂﬂf%& (with n>% and M2 220 yor both




samples come from populations having _mm&/ dStndione

HYPOTHESIS TEST STATISTIC FOR TWO MEANS: INDEPENDENT
SAMPLES

(Q,-?L)—(Ml»m) Whone M~ M, WU Aol
ot )r\g: ﬁbmﬂamouwwmuﬂ
N, Ny
Degrees of Freedom: When finding CJ(\JD Cﬁgv ALO'QlLQ)Q or

P‘ \/O\QUULO , use the following for determining the number of degrees of

freedom.

1. In this book we use the conservative estimate: df = LMU. of N~ l

and nl’ \

2. Statistical software packages typically use the more accurate but more
difficult estimate given below:

(A+B) 5 g8
A’ N B’ n, n,
n—-1 n,-1

df =

P-values and critical values: Use Table A-3.
CONFIDENCE INTERVAL ESTIMATE OF 4, —u,: INDEPENDENT SAMPLES
The confldence interval estimate of the difference M, — M is

) S MA()( “YE Where E= o(/i)-"rn

and the number of degrees of freedom df is as described above for hypothesis
tests.
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EQUIVALENCE OF METHODS

The P" \[&QM’U method of hypothesis testing, the +h.ad I‘HM
method of hypothesis testing, and _ (O ' %idﬂ;\g MG-QO all
use the same dlshl bd’\@’lr\ and J_tangL LA 0C

so they are QQUIL'IVOM in the sense that they result in the _S,amg
_@DQM}QIG’WQ . A null hypothesis of U= Mo or

Ml- M, * 9 can be tested using the ‘ ‘-s[(zﬂuﬁ, method, the
“'{ad\ hM method, or by determining whether the

Con‘f\dwq, n ‘\-Qf\/&i/ includes T2LQ

Example 1: Determine whether the samples are independent or dependent.
a. To test the effectiveness of Lipitor, cholesterol levels are measured in 250
subjects before and after Lipitor treatments.

'Dtpexw\m%

b. On each of 40 different days, the author measured the voltage supplied to
his home and he also measured the voltage produced by his gasoline powered

generator.

Example 2: Assume that the two samples are independent simple random samples
selected from normally distributed populations. Do not assume that the population
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standard deviations are equal. A simple random sample of 13 four-cylinder cars is
obtained, and the braking distances are measured. The mean braking distance is
137.5 feet and the standard deviation is 5.8 feet. A SRS of 12 six-cylinder cars is
obtained and the braking distances have a mean of 136.3 feet with a standard
deviation of 9.7 feet (based on Data Set 16 in Appendix B).
a. Construct a 90% CI estimate of the difference between the mean braking
distance of four-cylinder cars and six-cylinder cars.

%= 15,8769 nz=18 af -t =l
i p \a)(‘a‘% ) \Sq_: Ot:”‘)nlz \’L

7z

. £ 717790 (i ypu ook shocenn 1 )
F= 179 %* 0’% t =040 ([‘}Umloo]ga’m(m{h‘)/hﬂo)
Fx 5.8
(%15~ 1’5(,,@:_5_;@ <m- My < (1S 1563) 45 9

\:4.(0 MMy €710

b. Does there appear to be a difference between the two means?

UO"’ the (T includes zero.

c. Use a 0.05 significance level to test the claim that the mean braking
distance of four-cylinder cars is greater than the mean braking distance of

@H | Msix):ylinder' cars. @ ! (ihcal vadue st @TM S noJ[Su]%(imJ(
o (traditional ) widuhcr fo GporHhe

s Crit v = T Uourn 1 shemann
(D) - P12 7185 70 o st of
m W’@\if\d{( (0101 S
° i A0l lﬂ% ) c}(\gw X Sfm ‘H\M\

b 0472 N (Q,g\‘)‘“@ﬂ’ﬁ;ﬁxb Sic-cylindaf (@
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PART 2: ALTERNATIVE METHODS

Part 1 in this section dealt with situations in which the two ‘P_Qfﬂah&

S*Mdﬁnd A@\/j éd'lmrvo are WV\JUY\U\'O"\/ and

md’ assumed to be . InPart 2 we address two other

situations: (1) The two _@PM _&M

doNl Cd'lm are both KW\O\DN\ : (2) the two _P)D"‘%W
_Di—()‘”\dn/\d/ MW are MLW\D’V\/ but
_M&MA/ to be ‘e%&lﬂa

ALTERNATIVE METHOD WHEN o, AND o, ARE KNOWN

In reality, the population standard deviations are almost _M@V/QN
\LWV‘WV , but if they are known, the "‘GJQ'\" é_bhj 1IC

and _m'\gjdmu !Q‘ jggm@ are based on the N\MJ
dr\g}f“buhg L, ___instead of the _ t; dis " P|m

Inferences about Means of Two Independent Populations, With 0, and O,

Known
REQUIREMENTS

1. The two population standard deviations §, and 5 are both Kgwn .

2. The two SMP\Q are _zQ_dg,PmM‘_
3. Both samples are S\MPQ!. nQ’DdO'h\L ‘\MP&Q‘
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4. Either or both of these conditions is satisfied: The two sample sizes are

both large, with n> ?)0 and n1> %0 or both samples

come from .@Pﬂkﬁtﬂl& having M _d,!_ﬂﬂ_bm

HYPOTHESIS TEST

_ "'; _ B
Test statistic: 22~ . X-%) (“l M, ) Where M, ", =0 winded”
tha mad

%/@

P" \/0'00@0 and __CA -| ‘ 'I( G-Q, u&.QU@Q : Refer to TableAL .

CONFIDENCE INTERVAL ESTIMATE OF /U, — U,

(;(—f';(ﬁz,) “E< Mthz,A C)Z!J;ZZ>+E

E- Z"(/z m

ALTERNATIVE METHOD: ASSUME THAT O, =0, AND POOL THE SAMPLE
VARIANCES

Even when the specific values of _ T, and Oz are “Qt le\m\- if

it can be assumed that they have the 6_01"\-9-’ value, the sample variances

1 2 |
S, and L can be Pm@ to obtain an _€Sh f\’nﬁfb of

the _C YN W population \/w'\laﬂ\(!! (Yl . The

. R 2
_MAL m of _Q is denoted _\Sf_____. and
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- L
isa Ng:tatﬁgd _&%ﬂ/ of sf' and 3, . which is

shown below.

0,=0,
REQUIREMENTS

1. The two population standard deviations are not. Knawn | but they are

assumed to be % Thatis, 1= 02

2. The two _Smplm_ are iﬂ)dﬂ?’w\w .
3. Both samples are SiNY\PﬂL Jondom mmfj_m_

4. Either or both of these conditions is satisfied: The two sample sizes are

both large, with [L_) 50 and n),) 30 or both samples

come from ‘@PM"Q ) having _M\3D NY\G\Q\ _d,[J_“ﬂhM

HYPOTHESIS TEST

Test statistic: )E - (

where

and the number of degrees of freedom is given by Nt Mo - L
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CONFIDENCE INTERVAL ESTIMATE OF U4, — U,
Confidence interval:

(3 -X, ) -F ¢m-m, ¢ (4%, ) FE

where E to% ,f_ i _B/

and § [ is as given in the above test statistic and the number of degrees

of freedom is 1. N, — =

TI-83/84 PLUS
STAT
TESTS
Lo SApTEest  (hypetfesio oo

or
1-SAampTing  (c1)
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Example 3: Assume that the two samples are independent simple random samples

selected from normally distributed populations. Also assume that the population

standard deviations are equal. The mean tar content of a simple random sample of

25 unfiltered king size cigarettes is 21.1 mg, with a standard deviation of 3.2 mg.

The mean tar content of a SRS of 25 filtered 100 mm cigarettes is 13.2 mg with a

standard deviation of 3.7 mg (based on Data Set 4 in Appendix B).

a. Construct a 90% CI estimate of the difference between mean tar content

of unfiltered king size cigarettes and the mean tar content of filtered 100
mm cigarettes.

20 8,732,055 A5 154152 )

=188 37, 0,7 B S ) F M (5"
f W12y

S, = 11.4¢5

(2).\ - l%.’l)'l-(a < MJM# (2[,\47)_1)1,1‘(, f
= 4 11.46S
[essurmeas | l.bzc,&_;ﬁ;
.

iltered cigarettes have less tar than

1

A )

3m M
200

b. Does the result suggest that 100 m
unfiltered king size cigarettes?

ﬂeg- H/u (L eShmate O1C Tff\z W\W s IQOS’{HJQ,_

c. Use a 0.05 significance level to test the claim that unfiltered king size
cigarettes have a mean tar content greater than that of filtered 100 mm
cigarettes. What does the reslt suggest about the effectiveness of
cigarette filters? @

e P-volu < 0.00S = 0.005 <005

o eqeck Ko

IRESR2 S @ rure's oot aidonct ot
@ (ua-B-0 ¢ o1S the foum ot WMWS‘%

1-%D-0 |
T s Ci96net1on |ngue 6. vraan. Yo Corand
15 55 @QM@/\%MW%“Wd lsOmm

Cl9onetten.
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9.4 INFERENCES FROM DEPENDENT SAMPLES
Key Concept...
In this section we present methods for testing hypotheses and constructing

confidence intervals involving the of the
of the of two
. With samples, there is some

whereby each value in one sample is

with a value in the other sample. Here are two typical

examples of dependent samples:
n Each pair of sample values consists of two measurements from the

subject

n Each pair of sample values consists of a

Because the hypothesis test and CT use the same and

, They are in the

sense that they result in the

Consequently, the hypothesis that the

can be tested by determining

whether the includes

There are no exact procedures for dealing with
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samples, but the serves as a reasonably good

approximation, so the following methods are commonly used.

Inferences about Means of Two Dependent Po

OBJECTIVES

NOTATION
d - Sd =

S
Il

S

Il

REQUIREMENTS
1. The data are

2. The samples are

3. Either or both of these conditions are satisfied: The number of

of is ( ) or the pairs of values

have that are from a population that is approximately

HYPOTHESIS TEST FOR DEPENDENT SAMPLES
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Degrees of Freedom:
P-values and critical values: Use Table A-3.

CONFIDENCE INTERVALS FOR DEPENDENT SAMPLES

where

and

Example 1: Assume that the paired sample data are SRSs and that the
differences have a distribution that is approximately normal.
a. Listed below are BMIs of college students.
April BMI 20.15 19.24 20.77 23.85 21.32
September BMI 20.68 19.48 19.59 24.57 20.96

i. Use a0.05 significance level to test the claim that the mean change in
BMI for all students is equal to O.




GRACEY/STATISTICS CH.9

ii. Construct a 95% CI estimate of the change in BMI during freshman
year.

iii. Does the CI include zero, and what does that suggest about BMI
during freshman year?

b. Listed below are systolic blood pressure measurements (mm Hg) taken from
the right and left arms of the same woman. Use a 0.05 significance level to
test for a difference between the measurements from the two arms. What
do you conclude?

Right arm 102 101 94 79 79
Left arm 175 169 182 146 144
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