STATISTICS GUIDED NOTEBOOK/FOR USE WITH MARIO TRIOLA’S TEXTBOOK ESSENTIALS OF STATISTICS, 3RD ED.

8.1 REVIEW AND PREVIEW

DEFINITION
In statistics, a hypothesis is a t\m or S C about a
_pro\pe..r -\'u\ of the o ov vﬂa:hb”\-f

A hypothesis test (aka test of significance) is a APYOW for testing a

‘ﬁ .
c\oam about a _ervfd‘\"j of a 4)::1? J AN
8.2 BASICS OF HYPOTHESIS TESTING

PART 1: BASICS CONCEPTS OF HYPOTHESIS TESTING
The methods presented in this chapter are based on the fd" W\T quﬂ. for

nFerentiod  shHehces

RARE EVENT RULE FOR INFERENTIAL STATISTICS M
bok\i | P
If, under a given assumption, the ?TQ \\ \“x of a particular observed is extremely
Smau , we conclude that the O\SSMﬂlph o is probably not
corve d’

WORKING WITH THE STATED CLAIM: NULL AND ALTERNATIVE HYPOTHESES
The null_hypothesis denoted by Hg isa_ S N&"\J‘d‘ that the value of a
Dop uﬂaﬁ\ o _?Mo«md'n. C is Qq MGQ- to some
LI |
cla MO‘ value. The term anR is used to \"\d\CO*Q_ no
0‘\ m%’. or @ R“"FLO" or N\O A\ Wpfﬂ.’“w .
The alternative hypothesis denoted by jﬁ or H\ or l‘\-— is the 6+a+¢ﬂ\ud_'

that the _FM W has a value that somehow _d if‘ﬁbrs from the
ndl L\&Pg“v.m )
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For the methods of this chapter, the 53 r“bO\lc' form of the o&’ﬂa(naﬁve.
"\3';0‘\"\15 i S must use one of these symbols: < , > , # .

IDENTIFYING HQ AND HO—

START

= Identify the specific _C|ain
or \hupwo¥$15  to be tested

. Expré§3‘ itin “3’“"0\“' form

* Give the symbolic form that must be "l'rua- when the

6Y 1 i nal Ao is
- Using the two . sumb ol & expressions\
obtained so far, idéfitify the v\
o R, andthe
ok L v \nj pothao's
G-
. H o isthe symbolic expression that does
nok contain __ £ quafi k)
‘R, Is the symbolic expression that the
29uol s the Fixed value being
CoNsidered /
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Example 1: Examine the given statement, then express the null hypothesis and the alternative hypothesis

in symbolic form.
a. The Majority of college students have b. Theléan weight of plastic discarded by

credit cards. households in one week is less than 1 kg.

. & \ .
h: P° =% Ho,-?.':l
- A
W: B 7 = H_ W< |

CONVERTING SAMPLE DATA TO A TEST STATISTIC

Test statistic for proportion:

Z= f-:-ﬁ- P s H\Lproporhon We ASSUM2
V[ +o be e wndar The ml .
? s stkahshic from Samp\e.,,

le. waesr~
Test statistic for mean: '/ Sw
X = @ X~ M

Z = T OL t = r
" w
i dhe vl 2F o e e o be

Example 2: Find the value of the test statistic. The claim is that less than{zbf adults in the United
States have carbon monoxide detectors. A KRC Research survey of 1005ladults resulted in462/who have

@ carbon m(‘JI‘IOXIde dete/‘tors o r\::\oo‘s
HO:P?..wL il XUl o= 0.5
. L 04e-0-5 9= 1-P
Ha' Y ‘T L—- =z — ~ -
73 0. 5)(0 97 1" I«%b

" = wo 9> 0.
~Nox oo E_f_{_L_
P~ — o005
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TOOLS FOR ASSESSING THE TEST STATISTIC: CRITICAL REGION, SIGNIFICANCE LEVEL,
CRITICAL VALUE, AND P-VALUE

‘l'a5“' 48_{35}'\ SH C alone usuallydL rjt)l give us enough
information to make a decision about the being _1'3&‘ E(! . The following tools
can be used to M m Fd‘
_sraishc

n The critical region (aka rejection region) is the ﬂ of all
va-ﬂww of the Te_s’r S iﬁ‘l S‘h C that cause us to
ok e @0 ‘nﬁ{m theoiv It

n  The significance level (denoted by ©& ) is the | bt that the

h.s\' Sj;(iisti(, will fall in the _ & '\'-\Ca.g"’

Lg%]_yvv when the ﬂu-QQ-' %Fo_’tbolm is
actually rue  ifthe \'ﬂé“' _,ﬁ:d;sﬁo falls in the

crihca)- fegion we_feyect e

nulf kjpo\‘%ojo oo _isthe
Mi\i‘h of making the _pruSYaKas o reézo\ie*v
the WIS h:)?o\'\\w\o when itis_FroQ

n A critical value is any value that QMA-_QS_ the CX| h(ﬁ.&-/

L%im from the _V Qg wo of the “'(5\’

K\ "&h S’n C  that d !Q! lead to _&! gg:h

of the _rwI Jusgaim,m o) The _cCifica
v eduvas depend on the nature of the \'NQSL
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\"%Po}hmi P the S(LILP_\LBa, st_tnmtm that

applies, and the 5\3"\\%(@“(& ,Qn.\fa.\ & OL  The procedure
can be summarized as follows:
T ERS
Critical region in the left tail:
. P .
"\a' P fa HO}L‘}’MCJ el
o (- B
— - HG": P< ‘Do Ha,"M<M'o H:}J?—Mo dgs
2, 0 2 , unknown
if g iskoaon | Ho- M= Mo
Critical region in the right tail: -
Hd:Pf‘— P, \‘\0\' wEM, Ho"Mi M,
ot
U Hot W> My R Mo,
2
o tJﬂt-,cﬂ
. Critical region in two tails: - T
H : H : Ho" p= Mo
6 P"FO bv G'M‘-Ma Ha"Miy“é
r fepzp Hop#Mo | L 6 is unkwown
~Zu, “ g (s )Jnown “tagd, tarde L

% The P-value (aka p-value or probability value)'is the Mof
getting a vl of the {'gb‘\' .Sj]m.ﬁsjh C that

is G\.\' ﬂo.m" (1Y) _@d‘fEm” as the one representing the
S m?‘c dajﬁ; , assuming that the I]LI.Q-Q ‘\%%“_‘AM
is ‘\'\'lu- . P-values can be found aﬂ‘e( finding the

Grec ‘a.w‘\,OnJ\ the _Yest Srahistic
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DECISIONS AND CONCLUSIONS

P-value method:  Using the %QL&MLM_; A
If P-value -4- °< , tg%ig gﬁ ﬁ o
If P-value > Lol fa.l\ to _(gd#.L _&o_

Traditional method: If the _‘h_s"' “I’ajﬁgh C rals _lpt%lf\v the

eritica &tlg(‘\uh (ec\\ovn N g‘:lccs ﬂ! . If the

Yook S"w\'ls\'\c S ot fan_LWhane
the OrhCats _@?,ien, i to re.}ler:\'

L\

Confidence intervals: A 0hdrdenct indrevall _!l.-_S{"'ﬂ"aI"’ of a
?O\'O\Ald‘i on__pPot amnadaC contains the _M
values of that parmmh( Ifa Lc_mﬁ_olg&v
inferval  des o incdwde -

C \ a'umgd value of a _EQM@ ?NO-M#W
Lc;);s.}_ that_Claden

Example 3: Use the given information to find P-value.
a. The test statistic in a right-tailed test is z = 2.50

P(2>2.50) =\ -0.945%

/n L 00(47-]{—(3 valug

- - or

test st is 2=1.50
P(z7150)P(z<-1%0)
=|Q.00<-Z
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b. The test statistic in a two-tailed test is z = -0.55 ’Ygﬁ\' 5

ol Povalu=1p (24255 )
= 2. (0.124)

3 2 1 0 1 2 3 zo

c. with H;: pﬁz » the test statistic is z = 0.35

¢YW

’?—\KGQNL =2f (z > 9__’_5_6_ )

= z[l P (z<075)]

5 2 a o)1 o2 3 e ﬂz(la-o,@%@)
-~ 220
= Z(O.’))(o%t)

=

d. with H;: p<0.777, the test statistic is z = -2.95
l 0 T2 |

p-value = P (2 4’__2,,35-)

3 2 1 0 1 2 3 o ==g0.00l(of

Example 4: State the final conclusion in simple non-technical terms. Be sure to address the original claim.
Original claim: The percentage of on-time U.S. airline flights is less than 75%. Initial conclusion: Reject

the null hypothesis.
Hoop €075 = B was rejeched

’ﬂmrzis Sian';-ficamj avidence to SuPPcr"' ‘I“‘\QC[M')
WIhd P PL.(CMJ’UK?L of: em-Hme (.3, aiviine 7Cii5U5
15 Jass than 15), .
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ERRORS IN HYPOTHESIS TESTS

TRUE STATE OF NATURE

THE NULL THE NULL
HYPOTHESIS HYPOTHESIS
IS TRUE IS FALSE
We decide to TYPE I CORRECT
reject H, ERROR DECISION
DECISION
We fail to CORRECT TYPE 1T
ERROR
reject H, DECISION

Example 5: Identify the type 1 error and the type 11 error that correspond to the given hypothesis.
The percentage of Americans who believe that life exists only on earth is equal to 20%.

HO: p= 6 L0 Type 1 ervor - 2@6@%“"’14[1(,[0;){“%@1‘ Wl of Awredons

H o p# 6.20 beliey = Jife @<y enly ovy Eacth wren
[y oY Q(GPOVﬁOh \9 rue .

/(SPQE axyox - Fé&fnﬁb Veyect Y ¢lowmo et 195 o, FrN2Cians loefliove

A edsts saly on Bandin winen The provoHon is eall
Ai#uwwm??,oz when T piogerfon s

COMPREHENSIVE HYPOTHESIS TEST

CONFIDENCE INTERVAL METHOD

For L' ‘b& \-!-* hypothesis tests ggnﬁ*'[%z a (Qr\'P\ MC& interval with a
(nn&’id%u M of l"' A : but for a l"l'ﬂﬂil

hypothesis test with Si ﬁh.l 'F( CamCe _j@v Q& ‘« , construct a
onSidmce  antecval o -7
A_(oafidence intervad 2shvnale, ofa_P_oMjm

%f_q_eo{ h on contains the & Q% values of that parameter. We should
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’ -
therefore (2 5 e cj a f,lﬂm that the population parameter has a 3{@0&/
that is na\' included in the mnf_tdm_q |ﬂ+£._| VG-Q- .

8.3 TESTING A CLAIM ABOUT A PROPORTION
PART 1: BASIC METHODS OF TESTING CLAIMS ABOUT A POPULATION PROPORTION p

| OBJECTIVE

Ak o down doond o pop. ’?(Oporh‘o"\/

NOTATION

n= Sample Size o # of hrialo p= pop. proportion
asswmad frue wedar’ I,

ﬁz% =7 Sample Pra\Oo\q"\O""’ = I-p

REQUIREMENTS

1. The {'G\A’V\\{o \e observations are a wg 2 (amdra—

sampIe). . _ ' ) _
2. The CO\(\AI‘\’\H\-../S for a \3‘\"0\"\‘!&9‘ J\%’fh\g\,j]s’v\ are

satisfied. L
and gach tricd hao L oo Cﬁ*@oﬂw

3. The conditions 'r\? ->-5 and th?_ g are \no'nu satisfied so the ‘Olf\mﬂ\;og\

dl 3 i’ of 5 AR IPI" proportions can be 010:9( OEARMJL;L/ by a

Y\D("ma& dist. with M= nf and _q = {niloqy— . Note that _\0_ is the

_@QM_L Fro?o()(ie’v‘ used in the Y\ug-g-
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TEST STATISTIC FOR TESTING A CLAIM ABOUT A PROPORTION

' f

N
7=—F

P P —values: P\"/Z/
Ch

3Is

Critical values:

FINDING THE NUMBER OF SUCCESSES x

-

Computer software and CGLQC U_ch‘\'()( designed for \ma‘ga l &3 P _tests of ﬁym ioOA'Is'h/-’

usually require __{ h? Ud’ consisting of the jounf\f)l#_ SQ% " and the

number of Suc e sS85 X, but the (Gm‘o\.e_.f .‘oro Por hor~ is often given

A
instead of Y . i)

(s

xX N
& x=nre

Example 1: Identify the indicated values. Use the normal distribution as an approximation to the binomial
distribution. In a survey, 1864 out of 2246 randomly selected adults in the United States said that
texting while driving should be illegal (based on data from Zogby International). Consider a hypothesis
test that uses a 0.05 significance level to test the claim that -than 80% of adults believe that
texting while driving should be illegal. X \‘%Lq

n = 2124G
P =0.%0

q’ = '-0'9:0,7_

2 19e4
P =
N

a. Wha}t\is the test statistic? FD 1 - %EJL\'MO

2 -
p = 0.$14949

f‘

npz5s v
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b. What is the critical value?

I-Yaled test (right rad) o= 099

N =2  =|1.LH5
0.05

c. What is the P-value?

vAue = P (= >3529 z=55U
P ( )) wWhich W
=|-P (<4350 P in fejectiom
= [-0,4991 j’@a% egen -
:! O.(DOO ( l '_:; _é ] 0 1( 2 ; -_z—» 000140,05
d. What is the conclusion? 2,057 1.4 P(#?3 529) :2‘ (Q\‘jgpjf Ho

Ahate s significant endence o the 58 Qovel fo rzjec] tha
Nl L\mJo W Gmd swpPort the Clawm thot moe than 500
o} adul¥ < belwwe Ynak Yoxtung Wi fo diiving Shadd e
N egold

Example 2: The company Drug Test Success provides a “1-Panel-THC” test for marijuana usage. Among
300 tested subjects, results from 27 subjects were wrong (either a false positive or a false negative).
Use a 0.05 significance level to test the claim that lessjthan|10% of the test results are wrong. Does the

test appear to be good for most purposes? X = L_f
a. ldentify the null hypothesis _
. > n - 300
HOJ P — 0. \ S =2
P =55z 0.0
b. l1dentify the alternative hypothesis P O. |
1°0.9
“: P< O.\ npzS%%@o
- ng2 5 geo
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c. ldentify the test statistic > 7 \ S g 7!./1 \
I~
-e-f

ag -@ |1 Spogelesr | - - - [k

- O.Oq -0. | 1-ProrpZTest
2= pr‘op(@ 1
] =-0.5773502692
: *(Q,Q(_"_‘i_) o=0. 2818513864
%00 p=0.09
-n=30@
d. ldentify the P-value or critical value(s)
__/j—— Ho P‘\ﬁou
2: z
06 =P (24-05T4)
= ‘I.‘e"ls 15 _ q\ . 1 o :
ST T b P (2405)—= -1[0 TR
A Shddd 2:-051 = 02310

e. What isyour final conclusion’ )
0.2416> 0.0S syd i
/YWJ(Q, 'S hot S hl |(c1/h.1' w;glu-\c,q,od' S e oL o 22 L
Ve 57, SILWQ bo SuﬂooH the o Ryect” f, -
Wk Lo tham |0?¢ ‘F‘H’Lﬂ +LS+6 oL \:J(Ong J,fup&c[deﬁm Muﬂ-l-fuds‘afo

cs—S: n~ comMmp aun:%
Example 3: In recent years, the town of Newport experienced an arrest rate of 25% for robberies

(based on FBI data). The new sheriff compiles records showing that among 30 recent robberies, the

arrest rate is 30%, so shemclaimsthatheraFrestiratenisigreatenthanithiéi25% rate in the past. Is there

sufficient evidence to support her claim that the arrest rate is greater than 25%?

a. ldentify the null hypothesis n= 20
H pLOAS  or p=0.25 p=0.25
6 ‘ .
A —— hawif'cgiden (o 9° 0.5
b. Identify the alternative hypothesis honeuor
np= 30(29) >¥
— ng= 20 (29 >5/
= 9.%0
PE 309
o - ned for 7 7= 9
CREATED BY SHANNON MARTIN GRACEY caau,&a:lv{ 124

erenan o Joel)
(‘ m&dﬁ»ﬁeﬁ (righ)



STATISTICS GUIDED NOTEBOOK/FOR USE WITH MARIO TRIOLA’S TEXTBOOK ESSENTIALS OF STATISTICS, 3RD ED.

c. ldentify the test statistic

2 =

z2~=0.0%

a%&K_J
Z:f’_

25) (0 %)
e
o

N
W®

9
d. Identify the P-value or critical value(s) 0- vl = P(Z S ers" 5‘[‘61) » %?SM
(V. 2_&-_- Zo c - | LU

o

.0 = P(%?O,bg> \ "
- L > AZON 2l
c;t 6’ Qe :\‘\OCZ‘O-V@ N
feony & z =645 = >
inthe crit /ﬂ 0 s _1-00357 -3
eo o ";;. | (I} : L; 3 =0. 7.(0"‘3 - O.243 7053-0'5 =t
£ fau | resect ¥, 2 q‘;, fes¥ g'(‘-‘j SO w=e to o2
e. What is your final conclusion? Prop)@
/fkm»,‘s het ngm‘f"lCMWW\%d«lﬂo-}_’f‘];\ﬁ. ;Eg:gggggigggl
5% Javed "’a Sup ot the rew shari '—5. n=30
cil;m Yhed ;\./fmnw’r mate for (obkeraq ¢afeulote

P=0.2635

Jram
SHof  Hest | propriest

XY 5rea7fw *H’\M'L 25% .

8.4  TESTING A CLAIM ABOUT A MEAN: SIGMA KNOWN

1-PropZTest
2=0.6325

i TESTING CLAIMS ABOUT A POPULATION MEAN (WITH O KNOWN)
OBJECTIVE

—>

NOTATION
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n= gam\ogu SF2 Hy = pop. yrean of Q% SQ/("\?QL
M (assumed, fue wnder

X = Smmpj_(ww\, c = Pop. S Yandard doviadi o

REQUIREMENTS

1. The SGKY\P._QL is a _{fl’Y‘\Pﬂ-ﬂ- ndom SGJY\P/QL
SKS),
2. The Valuw of the fcf ) S trondour o

C}Wi&&{mx G is_ Yhow . (M\Q;w),:) ;,\(L&uovlol)

3. The ‘QOFI/;QQ}',G’W is V’LGYW\-Q_,UZN& d] S’h’l\:ujzﬂ{ and/or N 7 30.

TEST STATISTIC FOR TESTING A CLAIM ABOUT A MEAN (WITH O KNOWN)

S S
~
,_ X = X P —values: /\5)0\9/\&)( Xl

n g'\r(‘
g2

Critical values:
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p 315, X =19515 ,n=40, ¢ = |1019 =005  7=yaiedifost

Example 1: When a fair die is rolled many times, the outcomes of 1, 2, 3, 4, 5, and 6 are equally likely, so
the mean of the outcomes should be 3.5. The author drilled holes into a die and loaded it by inserting
lead weights, then rolled it 40 times to obtain a mean of 2.9375. Assume that the standard deviation of
the outcomes is 1.7078, which is the standard deviation for a fair die. Use a 0.05 significance level to
test the claim that outcomes from the loaded die have a mean @ifféFént from the value of 3.5 expected
with a fair die.

a. ldentify the null hypothesis b. Identify the alternative hypothesis

Hi py = 55 o' po # 3.5

c. ldentify the test statistic

—

)("‘M;, ?, 0‘3115-31%_
- - - z:--17.0¢
z — 7 o 3 = X

i o --'Scahsﬁzl VSRR RRRE
o fret) (2l e B 1%

d. lIdentify the P-value or critical value(s) HZE3.5 \J
=-2.083125874
@"\‘G&W‘ =) P (z < Yoshstot) o=0. 0372396217 ,(,5"4
Q ) x=02.9375 & “
,_zlo (2:4 -7 .0 n=40 ?L T
. 0 .03 ¢
—,Zé).mﬂ@ SN @;ﬁ%<%’g§ \3( —
= ».02¢C . Q. A2 a0 1 2
e. What is your final conclusion? W= rQQ er ) o o<

Ahace's signifi lawm et
)W{Sﬂ nFlcaad idence o the 55 bg 0t ﬂ\a.C, .
J(\\). h\.w-?s/é';w ﬂo:;m dQ 'S dif{ﬂrerd'm Hu_ WW\OP%&JCWFGIK

Example 2: Listed below are recorded speeds (in mi/h) of randomly selected cars traveling on a section
of Highway 405 in Los Angeles (based on data from Sigalert). That part of the highway has a posted
speed limit of 65 mi/h. Assume that the standard deviation of speeds is 5.7 mi/h and use a 0.01
significance level to test the claim that the sample data is from a population with a mean greater than
65 mi/h.

68 68 72 73 65 74 73 72 68 65 65 73 66 71 68 74 66 71 65 73
59 75 70 56 66 75 68 75 62 72 60 73 61 75 58 74 60 73 58 75

a. ldentify the null hypothesis b. Identify the alternative hypothesis
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c. ldentify the test statistic

d. ldentify the P-value or critical value(s)

e. What is your final conclusion?
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85 TESTING A CLAIM ABOUT A MEAN: SIGMA NOT KNOWN

}' TESTING CLAIMS ABOUT A POPULATION MEAN (WITH O NOT KNOWN)
OBJECTIVE

)K We 0"\‘3\“‘%\' \S} r\.O'\' o

n= _Snrn‘;»& Sin)p Hy = pop meon of ‘H\LW?Q?.W
asswred kg vudar K,

X = SG.IY\PQLW\QWY\ S= Sja;n‘oh, S‘Fm«dafd— doviahan

REQUIREMENTS

1. The Sam?u_ is a Slm‘n& MM

(5&5).
2. The velur of the _eapmlgje’h Shundordy

daJtﬂ*‘G’Y\ G is_nol” _kr\O\U(‘

3. The POPU-QGJ’\CS\'\/ isM dtgh‘lloujeol. and/or
n>20 .
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TEST STATISTIC FOR TESTING A CLAIM ABOUT A MEAN (WITH O KNOWN)

P —values: /\w\ﬁf P\OD

o o o

(°
Critical values:

CHOOSING THE CORRECT METHOD

When /{j’iﬁ“'[hﬁ a_( (&mr\ about a PODU\-QQ-L\_Q’“ NG\, first be sure

that the sample data have been collected with an appropriate Saﬂ'\o\ UV\G\ method. If we
havea __§ lW\aP-ﬂ-L i &/ ASE QGW\QQQ‘ "\ test
ofa_ C, \ GAn  about M might use the S_‘jl IA&Qd C dl S ,

the _ NOY W\CRQ distribution, or it might require ___Nown DWWI‘TIC'
\
methods or \)60 \’_S’*Yapmtﬁesamplmg techniques.
To test a d&m\ about a faf Jaa— yse the
SX’MM E - A ij . when the sample is a
. ; @S . G s _nef
kr\buor\ , and o or ‘oO‘H\/ of these conditions is
satisfied:

The fo?u&aﬁmis r\ormaﬂﬂf‘cﬂr distributed or > 20O
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Example 1: Determine whether the hypothesis test involves a sampling distribution of means that is a
normal distribution, Student t distribution, or neither.

U= 678, —, X = 719, S= 92.The sample

a. Claim about FICO credit scores of adults
data appear to come from a and O is not known.

/——_

NELT HER

b. Claim about daily rainfall amounts in Boston:

1 <0.20 in-,@, X =0.10 in.,, s=0.26 in. The sample data appear to come from

a population with a distribution that is very far from normal, and O is known.
e —————

NoenaL DisT. |

FINDING P-VALUES WITH THE STUDENT t DISTRIBUTION

1. Use software or a f\)\’cut‘)\’vw\ﬁ CUJLCU\K(D\' g

is not available, use Table A-3 to identify a YM\V‘U

of

2. If /Lcc\f\r\o\oqxf\
JJ
U&QU\-{D as follows: Use the number of dzj(em of jF(ULO“G’V\« to

/J ocC 6\*-9-' the (ﬁ,q{.\/ G‘M“’ row of Table A-3, then determine where the "'wi’
é‘l’d‘l S‘hc— lies (1\03‘:\\/9‘ tothe  T.- \/dm in that __ Y Qw2 .
Based on a comparison of the t tw-i_ Sw\ 5*’1 < and the i

VO\QU\.QP in the row of Table A-3, lds?/htl fﬂ a (am%}-' of
VG\ﬂU&p given at the

Valuen by referring to the @A ¢&~

5:6 e of Table A-3.

131

CREATED BY SHANNON MARTIN GRACEY



STATISTICS GUIDED NOTEBOOK/FOR USE WITH MARIO TRIOLA’S TEXTBOOK ESSENTIALS OF STATISTICS, 3RD ED.

Example 2: Either use technology to find the P-value or use Table A-3 to find a range of values for the
P-value.

a. Movie Viewer Ratings: Two-tailed test with N =15, and test statistic t =1.495.
_—_—-—-.—-_

\O.l < p-vadua & O'Z‘W a.f. = |

b. Body Temperatures: Test a claim about the mean body temperature of healthy adults. Left-tailed

testwith N =11 and test statistic t = -3.518. d.f =10
l P-va.!wz 0. ooa ® :ﬂu pasiﬁw £ -vodues
L o mthe fable gidd the same

Example 3: Assume that a SRS has been selected from a normally distributed population and test the areas
given claim. A SRS of 40 recorded speeds (in mi/h) is observed from cars traveling on a section of’ﬁ.u\.l {
Highway 405 in Los Angeles. The sample has a mean of 68.4 mi/h and a standard deviation of 5.7 mi/h

(based on data from Sigalert). Use a 0.05 significance level toeSttherclaimithatsthe;mean;speediofiall

a. ldentify the null hypothesis b. Identify the alternative hypothesis
: = n= 40
D Mo 2 uS or s =65 :
dHo X x He M, 265 g = 3.4
c. ldentify the test statistic
_ X = Mg (% 4-065 @
t- S Sst=—T<57 >tx 37| Mg = 63

= T « - 0.05
\JI I-'}'di leal teost

d. Ic;centif}:;he P-value or critical value(s) ((- 4 )
47. p-\oQoL t-test
(i

i 2d

EDIT CALC
1:2-Test..

4:2-SampTTest..
S5:1-ProrZTest..
6:2-ProrZTest...
7:Z2Interval..
8:TInterval..

’(*\d P—*vo\Qw@ 4 0.005
p-value < 0 095 ¢ .06 Eimdine

\ ;| ; == 50 M (e,&-ﬂ_,c* HG
at 4t
2 g 609 =095 H>65
e. What is your finalgc’onclusion. t=3.77254177
. . . o E=2. 68532122 -4
/|Wf- > S(jm ‘g'l.(' a..v'\"( .Q,\/-Utu\QSLJ Yo 5613 i‘]/ Hr\g_ "=98-4
] . Sx=5.7
Clawm Yot Car§ are frav Jcaoﬂr ﬂ«d‘,ﬂ/ n=40

65mph on Yhot Stk of Hhe 405
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df = \4 ! t= 1445

t Distribution

Sne 1716141445 ¢ 1,248
0.10< P—vaﬂw.éo,ZO

@
005 01 025 25
Degrees (one tail) (one tail) (one tail) (one tail)
of .01 J 05 50
Freedom (two tails) (two tails) (two tails) (two tails)
1 63.657 31.821 12.706 1.000
2 9.925 6.965 4.303 816
3 5.841 4.541 3.182 2.353 1.638 765
4 4.604 3.747 2.776 2132 1.533 741
5 4.032 3.365 257 2.015 1.476 727
6 3.707 3.143 2.447 1.943 1.440 718
7 3.500 2.998 2.365 1.895 1.415 711
8 3.355 2.896 2.306 1.860 1.397 706
9 3.250 2.821 2.262 1.833 1.383 703
10 3.169 2.764 2,228 1.812 1.372 700
11 3.106 2.718 2.201 1.796 1.363 697
12 3.054 2.681 2179 1.782 356 696
13 3.012 2.650 2.160 1.77 50 694
14 2977 2.625 2.145 1.7 1445 692
Sina -3.513 <-2)44
d4.= ) ' ’P—vtiﬂuqé 0.005
t Distribution
@
005 .01 025 05 .10 25
Degrees (one tai (one tail) (one tail) (one tail) (one tail) (one tail)
of . .02 05 .10 .20 .50
Freedom (two tails) (two tails) (two tails) (two tails) (two tails) (two tails)
1 63.657 31.821 12.706 6.314 3.078 1.000
2 9.925 6.965 4.303 2.920 1.886 816
3 5.841 4.541 3.182 2.353 1.638 765
4 4.604 3.747 2.776 2132 1.533 741
5 4.032 3.365 257 2.015 1.476 727
6 3.707 3.143 2.447 1.943 1.440 718
7 3.500 2.998 2.365 1.895 1.415 711
8 3.355 2.896 2.306 1.860 1.397 706
9 3.250 2.821 2.262 1.833 1.383 703
1 - 3.169 - 2764 — 2228 — 1.812 - 1372 ~— 700
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Example 2: Assume that a SRS has been selected from a normally distributed population and test the
given claim. The trend of thinner Miss America winners has generated charges that the contest
encourages unhealthy diet habits among young women. Listed below are body mass indexes (BMI) of
recent Miss America winners. Use a 0.01 significance level to test the claim that peCeREVISS'America

i i j , which was the BMI for winners from the
1920s and 1930s.

195 203 196 202 178 179 191 188 176 16.8
a. ldentify the null hypothesis b. Identify the alternative hypothesis

H03 Mg 22016 o Moo= 2016 H, M < 1016

c. ldentify the test statistic

b, Inet :BETE)
— - aDat tat
4 - X - My 1910 - 20.\0 Ho:20.16

- — List:L1

S - t | Iﬁ - t ~ ’3:‘12 Frea:1
—_— - H:Zle DU
\ﬁ: F Color: EEEN=EN
10 I D aw

7,
g H<20.16

. 3 . t=-3.732190813
C N ‘tq 0. 0l — ?,.97—\ Wi‘ ?‘VOQ“"" P=0.0023407995
] x=18.76
) P‘VOQ“‘Q £0.005 Sx=1.186217143
n=10

ot stat

d. ldentify the P-value or critical value(s)

Since -3 11 Z-2 .31V,

owr Yest stal falle in Gectivn] <IN 0.005 L0 37 aps.
p-valus <

(E,Sim So wa reject #

e. What is your final conclusion?
fhae's Sr'@nﬁcicaﬁ'mdwﬂ
Yo Suf’fé‘(kmcim ‘Hq@*'
1y BM.L. of recend Yliss

raycoowinned S 1S less 26S.
wWinners amﬂu to‘sa#v‘
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9.2 INFERENCES ABOUT TWO PROPORTIONS

OBJECTIVES
Tost a davm aoodh 7 Pop. qa(oeorjr‘neﬂ'\/D o (onstrtlt o (L
of -\Jm.d\ﬁww& e fuoeem Z,E)a]‘o. ﬁ‘am?a(\"\eﬂuo

NOTATION FOR TWO PROPORTIONS

~

= pap rogeron Secpup | Bi=
n, = Sample s12e fot pop. ) 6= -5
|

X\ = # of Successes inthe sample The corresponding notations

£ omn pop - | p,, N, X, P,, and g, apply to
population 2.

POOLED SAMPLE PROPORTION

The *)od\e ad SGWY'\P»Q&. fF@‘QQ[le!X is

denoted by E and is given by:

S - X tX. - _
y 4= \“ﬁ’

‘P:

nl-'—nL

REQUIREMENTS
1. The 5aurn'o|4..- ,lp.—afJ . are from __ 4 SIN\PJZ(_

yan dovf\ samples that are inéa?qv\d QT‘\T
2. For each of the 7 samples, the number of __ SKCCeS5LS s Oj/ Mr
E-) and the number of )Owlﬂ WL2 is at /QQQS{— 5 . That is,

Y\lb 2 5 and__ N ?..2 S for each of the two samples.
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TEST STATISTIC FOR TWO PROPORTIONS (WITH H : PL=Py)

~ ~ - o‘ \
(Pt-/l(;.)-({;l—_f.&z P1 PL 0 wnder J(t\anm\

N
b= ad orkp = Xz
= ot
\ \ > 1
P —value:
\ ‘}\ /ft/ (
/\ oo\t o
Critical values:
0¥
CONFIDENCE INTERVAL ESTIMATE OF pl p2
The confidence interval estimate of the d(H;Q(ezn(ﬂ- P -pP is:
A A ol
foP-E<r-p, <P +E
where the (Y\a(m N of  @xVor E— is given by
E "—Lz. ,J\I" SR P C‘L,._,
('\
"L
Rounding: Round the confidence interval limits to 5 significant digits.
CAUTION!!! When testing a claim about 7 population proportions, the P"‘\/GQ"“Q-/
method and the Cr-i \ Cck.Q method are equivalent, but they Q{2 ('10‘{'
equivalent to the COh‘PI 0124\0-1— , (\YM\/O\.Q/ method!!! 1f you
want to +A§Jg’ a claim about __ L P2 e %DF C"t{"}r‘hmﬁj
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use the C V. method or the 'IP" VG\QUL

method; if you want to

osfimot e the d‘. ff-ﬁf oNnC between L Pof
Uﬁbf‘bi‘DO(‘HG’h S , use a COYUC;O{Q—Y\CQ- l r\«'l'ef\/a.d/

Example 1: In a 1993 survey of 560 college students, 171 said they used illegal drugs during the previous
year. In a recent survey of 720 college students, 263 said that they used illegal drugs during the
previous year (based on data from the National Center for Addiction and Substance Abuse at Colombia

University). Use a 0.05 significance level to test the claim that the proportion of college students using
illegal drugs in 1993 was less than it is now.

N =5eo
Pl: Pz' Ha.: lD‘<EL ;(‘:-\—H
~ o
fi-f,=0 P s =0
q.° 0.695
~ N n.~ o
Z:(Plﬂloz,)f (P;—P'r_) XL: 25
Pr,rd o
N, N, .7 O
) ( oL = 0.05
0.%5646 — 3(05 - O)
5 (0355 -0 P <G
— o . XX
(5%2;@:9_@24— (2.339)(0.c6)) P = Ty

1w

Qor\du&% | Pxo

’/ﬂ\ﬂus Slahl’(j:lm)(\rgmm q- ~ 0. G_G;—\#_—
0* HM'570 Sovell fo wp‘oad- e oo

%gweoﬁ\ s of ollage shudardS
nsta

N 1ag% wad
| Ve from i s ok I
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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.

ﬂ:Pz A= 0.0\
W,o¢ = P, ve W F F= (’1, P-f,=0 z—#d\\eé"r@r
‘(’é‘,— e.)-(e-¢,) z >~ |1.Y] ‘ n=17%
P volh AP (2 > 15t 5et) %2 1A
Pl 474 p-votw ¥ 30
n, e Adexdl 1)

%'."_

~
P 2
(05\0_0/@-’(3] ___2[]#9(14\\.’51)]*% ? 2

wplss) | 7 5aaqt) @
IR I e PLass Zﬁ,ogo\P*:

, @ o suPP ,
m%ﬁﬂsmwrs & male SwVi

’l Slo- 0312 L—-—-x‘fXI
O'5|0_05124F1’f1.< 0. 0 e NN

O.|‘B%*0-°u°°\ { fi-ﬂ_é 0 .15% T 0 0Uo

2.z — 5. IM1MEe

N P~
= “x, (P 41 7139+
O 141l < P -P, £§2.199 6 L\ f«i
- -?bz sioX4ad JM -(5 ~ 0 449
E - 0.005 )| 2734 1252 -f'T_ - 05561
- X —

c. What conclusion does the confidence interval suggest?

We are 947 confidamt the the difftrena befween i‘i}i«{dﬁ

e
e na M
d diceans betWe@M fom 7 SWrVivors | .
?fr\rlﬂ\ro(voS (i botwen O |41 and 0.22%4 . Sln:; 0 ainT
o~ likeldy di ffecene-, the (T sujjesf P these tales are
di fFfarentf
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9.3 INFERENCES ABOUT TWO MEANS: INDEPENDENT SAMPLES

INDEPENDENT SAMPLES WITH O; AND O, UNKNOWN AND NOT ASSUMED EQUAL
DEFINITION

Two 500‘(‘/\ iO\ﬂ- p) are independent if the 50*\’\(\{)&/ \fGKQMQD

from one population A2 not el cs-‘\'{& 1o or somehow

hrﬂ(wa%g ‘pa)((*-t?\ or mod"f.zhil.«d with the S@:m{)&:

Vo RQuw2  from the other population.

Two (}C\V"\\lo (25 are dependent if the sample values are Qou (G_d .
\

A}

Inferences about Means of Two Independent Populations, With O; and O, Unknown and Not

Assumed to be Equal

NOTATION

Population 1: J‘ .

= mebn of pop. | aoowme® s = gample standasd deviadion fon
oo wnder Paa nul pog - !

o, 19 Ln Kaswn

% = Qample Mean Jrom n, = Sample size of pop. |
pog -

The corresponding notations for '}‘A%— , S. , 7(1,- , Qo and Ne apply to population 2’

REQUIREMENTS
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1. G_I and Q1L are W\\U\G\O\’\ and it is not G\SSW{T\Q.D\ that O and Oz are

Q0 020\0& .

2. The L samples are inde Pmdﬂlﬂ‘\'

3. Both samples are ql‘(\"\(‘ﬁ |-« Conddm SMY\?QUO

4. Either or both of these conditions are satisfied: The two sgﬂ )‘2% §(/*19’° are both
J

,@ E'),L (with_Nn; > 30 and N7 gO ) or both samples come from populations having

N « dictr budions

HYPOTHESIS TEST STATISTIC FOR TWO MEANS: INDEPENDENT SAMPLES

n, n.
Degrees of Freedom: When finding _ C{ (hCClQ» \/G\.QU\Q/O or

P—' \}O\,\U\‘L , use the following for determining the number of degrees of

freedom.

1. In this book we use the conservative estimate: df = Sm(‘z\-%of A \ \

and Y\L"\ .

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

A+B)’ 2 2

df = (2 )2 L A=2 B=2

A N B ) n,
n-1 n,-1

P-values and critical values: Use Table A-3.
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CONFIDENCE INTERVAL ESTIMATE OF H; — l,: INDEPENDENT SAMPLES

The confidence interval estimate of the difference M.. - is

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

EQUIVALENCE OF METHODS

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.

’DQ,P-E/Y\O‘-(/\T

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.

ndupndert”
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Example 2: Assume that the two samples are independent simple random samples selected from normally
distributed populations. Do not assume that the population 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-

cylind_e_r cars and six-cylinder cars. _ _ _ 0 13 ]&
‘Szt'-')(_zv'-F_ éMl"M-;_(X\_X?"l'b ;Z‘:liﬂ.6
37~ 5.5 5900 Ly p L(B1=[h6 DS 5 Q-53

b. Does there appear to be a difference between the two me
No since O 18 & QIKUW
JaQult of Yo A FHerones

. s. ) N
P ?apuﬂm.hg‘f\ Moo ) E't”'d.dsm

- - £ -1 a0 (22293)2 590

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 six-cylinder cars,

A |- daded test oF X=0.05 Wil el The SUMe concluslen
o the 0% (T For the dff of mh\aam()z)]d‘}v .
“ g rufr domee of The 55 lweX Jo Supo
/“Hhie c/li i{ff ﬁé}mﬂﬁiﬁﬂ brodewg) disTones of four-cylinder
(ars i gruchor than the mean bradong diotence of
Six ~¢ylunder (a0 .
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T1-83/84 PLUS

EDIT CALC
21T-Test... Inpt:Data (-4.405,6.8051)
3:2-SamplTest... x1:137.5 df=17.69228221
4:2-SampTTest.. Sx1:5.8 %x1=137.5
S5:1-PropZTest.. N1il3 x2=136.3
6:2-PropZTest... 35213673 Sx1=5.8
7:2Interval.. n2:12 Sx2=9.7
8:TInterval.. C-Level:0.9 ni=13
9:2-SampZInt... LPooled:[{d Yes n2=12
[2-SampTInt.. i

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

involving the YY\2 GAN of the O“ f’fQﬁﬂCJbO of the \/0\94%0— of

twoﬂ{,‘wﬂ_&,/ SG/(Y\p.Q.Q/D . With W samples, there is

some _:n.Q/QOD"'l G’Y\w whereby each value in one sample is FQM‘LQ,OI with a

CoYYe g_ip_np\i_v\% 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 SC&IY\SL
subject

n Each pair of sample values consists of a _yY) fﬁ‘ gghﬂd :Pcw\/ .
Because the hypothesis test and CI use the same _d_( §h { buhQ’V and SM,OU\OL

dea) G-h QW they are QG{/UQI vaDchf in the sense that they result in the

_SW CGnaAwieno . Consequently, the f\u_,Qg_/ hypothesis that
the _pnfg N\ dl"ﬂ:ﬂ/ﬂﬁ\ G —QQUU-a-Q)O 0 can be tested by determining
whether the _¢ ¢ h-?'{ dence tnbrvo.Qv includes Q . There are no exact

procedures for dealing with Adgg‘gg/y\dgl\r samples, but the t d t S +ﬂ lowhmv

serves as a reasonably good approximation, so the following methods are commonly used.
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\ Inferences about Means of Two Dependent Populations
NOTATION

d= indivicua? diffuesnce s, = @mple standard dov. of The paivede
koo~ the 1T voelivso 10~ AT oroncen

JZNM Vaﬂu_q_ojfﬂr\n.fa;hﬂd n:-ﬂ:o{' FG-M/Q ag' Acz*‘aa

REQUIREMENTS

1. The _(amnp e dataare _Pajl’ﬂd Zagfmfﬂ-
- S
2. The samples are 6 ?\

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

of ,'.10\»{'0-' is \WCSQ/ (0> yor the pairs of values

have &l S'hl \DU\hQ‘n S that are from a population that is approximately

NaVv MaJ‘“

HYPOTHESIS TEST FOR DEPENDENT SAMPLES

t = d-Md
4
\n

Degrees of Freedom: Nn-\
P-values and critical values: Use Table A-3.
CONFIDENCE INTERVALS FOR DEPENDENT SAMPLES

E___E (}Ja‘édfﬁ

B} J
E - td-?‘-)'%' %)

df.= n-|

where

and
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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 a 0.05 significance level to test the claim that the mean change in BMI for all
students is equal to O. : =0
Ho u a

p= 4% Homzd ListiLs |
) FreaList: [ =y
S d Calculate |77
\‘ n — 1-Var Stats] EEESEE
-t ﬁ O ‘Oé‘g“’ /, d_» §=0-002 - tat _I.:._Lz L2 Ly |
zx_a 01 | 20.15 2068 PRNTEN . ___
007— $x2=2,3997 | 3037 1588 |is
t O P" valdwe 7 O 10 SR i 3 G0, 7745450277 15395 | %050 |os
and 010> 0 .05 05 ﬁxge .6927741335 |
..-F""-——-_-_ 1
V= We ol do @peck oo MM ot
Not Sig-aovid @ 5% Qovel o Clam that e 6ML (s difforent.

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

~0.45a1< p, £ 0TI E?Zti

Frea:1
C-Level:0.95
|

Tlntervall
(-90.9597.0.96372)
%x=0.002
Sx=0.7745450277
n=S

iii.  Does the CI include zero, and what does that suggest about BMI during freshman year?
Ahe CT inCluden Zero wonich € uﬁ%oOTs Fhat Yhoe s

no gignif icard diffeonce in BMT Jrap Septomber
4!’0 P\P(I l a)\"h"S?o ./Q-‘U/QJZ
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