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Comparing two populations — Some Examples

T

Two-sample Tests of Hypothesis and
Confidence Interval

» [s there a difference in the mean number of defects
produced on the day and the afternoon shifts at Kimble
Products?

» [s there a difference in the mean number of days absent
between young workers (under 21 years of age) and
older workers (more than 60 years of age) in the fast-
food industry?

= [s there an increase in the production rate if music is
piped into the production area?
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m 3K =€ /-] 7 E&ﬂ\ﬁﬁﬂ”ﬁ St PP %:Q‘h:
T T E30% G b

FAgcadl o BRE AL 139 B (s 4l
£4A R IS I EN T

(E* A5 ¥ AR > B¥KE005)7?

58

Ex. 1111 a5 ¢ wehd % 5 (2)

2139 g Eogis Hiz o7
F4 58 | FHME | RULHE HEL D?
X1 X2 D=X1-X2
1 75 65 10 100
2 82 68 14 196
3 61 53 8 64
4 62 57 5 25
5 77 62 15 225
Sum(D)=52 | Sum(D?)=610

59

Ex. 1111 a5 ¢ wehd % 5 (3)

|
[RELRLAY SR TR 5 NI S R S B D
2 B B
0 D SRR B R L o B
B RS EEE D o e B gl
ZD 52 104

\/ZD —(ZD) /n_ [610-(52)°/5 _, 59
= 51

B o i 5~ So 139 o

R .
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| Ex. 111157 ¢ e cnd 3 0 (4)
|
a=0.05 > fﬁ a/2=0.025 - W%J?E?@EJE!H?[I ’ F?U t 53l
KA £ 7S 4 B 1 g5 =2.776 -
i 95% (FAGHRAIES
Dt,5S; = 10.4£2.776x1.86 = 10.4+5.163 = 5.237 ~ 15.563
WHE’%I?]»%F DRI 95 lFElBAlH]

5237~ 15.563 7507 | BRI B U R D

5232007 RAIHET S D 15,5627

61

‘ T A B R T
|

Hy:uy =0, Hy:p, <0, H,:u, 20,
H, :p, %0, H, :py >0, H :py, <0,
a)«ﬁa¢’%ﬁma%@ﬁﬂﬁnz:(ﬁﬂgm%
(2) “ET —J?ﬂ;@ygjﬁ A ( -1, )/s,13
3) [+ w’ym%;lggu[;p ( A )/(yﬁ

@) PR - VB <, =(Do ) /S5

62

| Ex.13.12 5w ¢ e 3 3 et 2 (1)

|
I TEx. 1300 b $ 2
BEAE ASYE 0=0.05"" > Agriny S g i
R 0 (1 35 9
(@{wﬁﬁmmﬂmﬁﬁﬁa>

63

Ex.11.12 jre ¢ o e 3 H ede 7_(2)

|
FPEx. 13,11 pusdfd 4 :
D =104, S, =4.159,n=5
L Py
H oy = 00 325 1 SRS 0)
Hp gy, # O(R% 5250 9 S5 E7900)
2. WA Lk
n <3087 At W%*ﬁ%“ﬁﬁm@EW%@,
PUIF=ZS M) ¢ 57 el s |E’V‘|E§%ﬁ%£

64
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Ex.11.12 joe ? o e 3 H a0 7_(3)

3 HCEAFREIE R IR i FIS T )
[NEBE IR 0 ARG -
M| @=005" a/2=0.025 FIflik df=n-1=4-
PRI RFRE B (5T 4, 05 = -2.776
? 40025 2 776

65

Ex.11.12 joe ? o e 3 H eie 7_(4)
|

4. 5 Frbs ER B (R AR AR EE B R P PR
TR SR B A A AR
- (D-py) 1040
Sp. 4159
Vo V5
P BT RL S5 {5 P £
Pifi =2 xP(t, >5.59)

=5.59

P EG P(t, >4.604) = 0.005 ¢ fi 1 P(t, >5.59) ] 0.005 -

{5 P il = 2xP(t, >5.59) J# 2><0 005 =0.01

66

Ex.11.12 jre ? o e 3 H e 7_(5)

585 ']?r%
PREDAR ARG B t=5.59 ARGl > FE A4 SEe i
PP i1 = 0.05 > PNILRE B H, -
ot o LR AYE a= 005 SRS ERL
+ HE’(T [l 0 oy AW PR e R B

67

Ex.11.13 = &35 % J 2 2% g 2
Clh#s~=*8#¥ L) (1)
|
t@i‘;}-,@i*”?g Ilgujﬁsrg\l ,%yg it ri@“é&?, IF @?’,f,& J
St F' 17 aas Fﬂj (1oomﬁn) ?WJD?&F’%
™5t ,;L £135 (2=0.05)

R 908r | SR | SEE DI Din2

X1i X2i

64 65 -1

24 26 -2 4
42 46 -4 16
38 35 3 9
62 67 -5 25

Sum(D)=-9 | Sum(D"2)=55 68
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Ex.11.13 2 235 % B 2 2c % ey 2
ClfEA*T L) ()
|
PeOET RLRY SHAE R AR o PSS [ B A RS B D %
’lﬁ’ﬂ&“ﬁﬁ'ﬁ%%ﬁ' e
4 D LUV 4 ] v s A G B R
R EE D F'” S loemagh Bl glo g
p-ZD 0

n 5
sD:\/ZD ~(XD)Y/n_ [55-0% s L,

n-1 5-1

69

Ex.11.13 2 735 § § £ %% thfg &
CPR*>=*#¥ &) (3
|
L PR
5 PRl L B LYY SR R
i o PR U Y5 Y %Juér
o LB HVRY M ) 5800 B
#DEVFK:@{ Y
B EE - He opp =0 (u-p,=0 1 71 F) ﬁ%f SR )
Hi pp <0 (y- 'u2<0¥lk/?4flﬂﬁil‘%|] ? %J)
2. B g EARE B
n=5<30 Kl ARA o ERE L E R B Bt
PSS ] 15T e e Wlﬁé?#ﬁi

70

Ex.11.13 2 & 25 % B £ 22 % ek 7
ClRA=*MT ) @)
|
3SR SR T B G )
PURBEST BRI < RS ST - ) =005 -
FIE 1 df = -1 =4 o PGS FRPORE B TG -t 5= -2/132
4. FF e AR B (R A R R R P T E)
IR PR A AR RS ¢
(D fp) _46-47.8 _-1.8
Sp 311139

NrRN

=-1.29

71

Ex.11.13 2 725 % B 2 s % i %
Cr 1‘?*4'?“"#7,’?)(5)

m'«g:Fsr':
PR EL €= -1.20 BRI 2312 0 TEECRE O -
[P S Hy R A ETE T 0= 005
R F“#N %ﬂ?’lf['ﬂt A L
TR

72
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Notation

1

R 2T k {2 PPy 1]

P 5T K (A pur=f

Ny £ 5T K (R OB

IR A A (0 B>S: n (- B)>S)
o

A CLT P(O-P
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74

| HE S B-B

.~ . CLT )
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o
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Ex. 11.14 7 &4t 53 & (1)

|

AL P 360 K B avih b e T 5
T 135 MB364 BTN @amaer
S 91 B o P& g § M iE o pRAR
Bl Gl B G RT L P (fkE
90%) ?

7

Ex. 11.14 7 &4 593 8 (2)
|
9 by KRETE | PR A B [V
vy SR B BT S )
D, D, HEAfI SRV PR
©I41:n, =360 p, =135/360=0.375 q, =1-p, = 0.625
n,=364 p,=91/364=025 q,=1-p, =075
[ n,p,=360x0.375 =135, n,q,=360x0.625 = 225
n,p,=364x0.25=91, n,q,=364x0.75 =273
ﬁ?t@&;}f‘ii o

78

Ex. 11.14 % 545 ¢ 51503 & (3)

[ = [P T 53 PRt i) 5 2 51 p, — o, B F] ff =

s %ﬂ

s . [P, PG, [(0375)(0.625)  (0-25)(0.75) _ 434
pe \n,n 360 364

1 2
[ R YE 90% » i AT Z, 05 =1.645 -
p1 pz IEU lf %E‘E FE'Jt

P~ D) £2,,5; - =(0.375-0.25)1.645x0.034

=0.125+0.056 =0.069 ~ 0.181

79

Ex. 11.14 i 545t )0 & (4)

I
Al fﬁ?ﬁéﬂ‘ﬁ% 90% ™ o PRI Y fﬁﬂ‘%ﬂ&a fii]
£% 0.069 ~ 0.181 W[Mﬁf B0 T TR L

ST VI B fp 4 B {%'FUI i 6 5 5 0.069 ~ 0.181
I r| [P YE90% S o E lfﬁtﬁm =SS VI B ) &
Fuﬁﬂﬁ Eh 12.5% » [F‘rf?‘{'% B, +5.6% ° lﬁ’” B
A R PIE S VIR ET - R R E 6.9%
‘E‘H@Hﬁm 18.1% -
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81

Ex.11.15 * ‘I&_%f%i:i" PRAT i 4+
v 013 9 B 01 2 (1)

CEx.1114 ) Tyl I - i

RER TS =01 > SiIIl JRERY Rk~ Zffnk

PP P R ST VBB
e =] 10% -

82

Ex.11.15 % |4+ 43438 ¢ PRAF 545

‘ BT T ML e 2 (2)
4 oy K EERA BT VI =)

p, ELHTE|PIAE SHEL VIR i L]

Dy, D, EAFIEPIEIOREA Ffy]
n =360 p, =135/360=0.375 q, =1-p, =0.625
n,=364 p,=91/364=025 q,=1-p,=0.75
1R
Hy' pj-p, <10%(% &SP EH L5 7 @i £ 31%10%)
Hi pyp, > 10%(E B SFRAIIERIRR 0%

Ex.11.15 * ‘I“_JL_%L%@T" PRAT 1By 45
ol d T R 6 2 (3)
|
2.2 B B E E

PUEL N EE > Bl 2SI Z 5T il s W@%ﬁ£°

3 HCR FELRGT IS A0 (15 U O f“J RRER D)
POEREF B YLD > R AR
P @=0.01 > i fiE 73 0 1 B9 Z 4 1.28 -
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Ex.11.15 & {2 38 v PRAF i 4+
| % T BIsE 2 (4)
|

4. FF irte SR F B (VR A8 SR FE BN R Y PR
fRYE S (5
s [pa, PG, [(0.375)(0.625)  (0.25)(0.75) _ o34
pee \n, o, 360 364

4 8
(P, =P2)= P, -
PRI 3R A

P.-Z,S; - =0.1+1.28x0.034 =0.1435
(p, —p,) > 0.1435[4fi5 H, ARl S He

85

Ex.11.15 % [ $F:8 v PRAF 5 4F
Bl F T R 6 2 (5)

4 FH TR AR T

(=) =(,=ps) _ (0375:0.25)0.1 _ .
S. - 0.034

Pi=p2
PUERRLT A P S -
Pfifi = P(Z>0.735) = 0.5-0.2704 = 0.2296

7=

5 *%’@“‘.Iﬁ

PEL p,—p, = 0.125 /40 01435 » TRH5HE 05k 1 [N Z = 0.735 /45
E&ﬁﬁ#l;ai 1128 TEHCEEDI S BN P il > o = 0.1 > PIPS Ol (R
S PEEREL VIRAEY I 0 10%

86

Ex.11.16 & # & MBp F g3t 2 (1)
|
m F3EAAM O PEHF 1IFEEY 2iE4 ARDE
o REA ARG DBERF AT £ 0 FBR 204

AR X EFApR 7 (5 4k #95%)

4 A BRI T Tl iy
Y- 4 B S P ¥
4 Asl 6 50
4 A M2 6 40

87

Ex.11.16 & # & MBp F k31 72 (2)

|
) oy FBE AL T AR

D, ¥D% ALY e | TR
PSR
n =50 p,=6/50=0.12 n,=40 p, =6/40=0.15
Lt Py
Hy Db, =0 (YFS A [T 2 B)
Hy pyop, 0 (PYFE2 A0k B =2 2 1)

258 R LB
PORRRRE BV SR SR Z PR e L -
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Ex.11.16 & # & MBp F g3t 72 (3)

|

3L AR I 0 I (7 s RS P D
[l £, S50 @;?gm PR = F’I’Yﬁ‘ e i o
R Y =0.05 [ - [l Y [ £ -1.96 = 1.96 -

4. FH R A E B (YR A A R R )
AR BT
5= NP P, | (0012 +(40)(0.15) 12 _ 55

n, +n, 50+40 90

q=1-0.133=0.867

e 7 i

— 1 1 1 1
S. .= —+—)=,/(0.133)(0.867)(—+—) =0.072
Pi-P2 \/pq(nl nz) \/( X )(50 40) 8

Ex.11.16 & # & MBp F g3t 7 (4)

|
g LA T B RS

7=Pi=P) =, =py) _(0.12-0.15)-0 _ 1,
S 0.072

wfﬂ%&ﬁ%iz_ szl'S!j £
Pifi=2x P(Z <-0.417)=2x 0.3372=0.6744
5.7 ﬁ%ﬁ
PG Z=-0.417 ““HTRE Pl -1.96 » {% AT i -
fY P[> =005 - PN SRR L R e
ST ER: Tt R AT R %

Ex.11.17 (1)

The U-Scan facility was recently installed at the Byrne
Road Food-Town location. The store manager would
like to know if the mean checkout time using the
standard checkout method is longer than using the U-
Scan. She gathered the following sample information.
The time is measured from when the customer enters
the line until their bags are in the cart. Hence the time
includes both waiting in line and checking out.

91

Ex.11.17 (2)

|

Step 1: State the null and alternate hypotheses.
Ho: ps < py
Hp: ps>py

Step 2: State the level of significance.
The .01 significance level is stated in the problem.

Step 3: Find the appropriate test statistic.

Because both samples are more than 30, we can use z-
distribution as the test statistic.

92
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Ex.11.17 (3)

Step 4: State the decision rule.
RejectHyif Z>Z ,ie. Z>2.33

Hy
He
- N
',/ N\ Region of
/5000 4900 N rejection
7 N\ 01
/ N
L L
0 2.33  Scaleof 2
Critical value

93

| Ex.11.17 (4)

[
Step 5: Compute the value of z and make a decision

Population Standard
Customer Type Sample Mean Deviation Sample Size
X - X Standard 5.50 minutes 0.40 minutes 50
= % U-Scan 5.30 minutes 0.30 minutes 100
o, n o,
ng n, The computed value of 3.13 is larger than the critical
55_53 value of 2.33. Our decision is to reject the null

hypothesis. The difference of .20 minutes between

0.40 * + 0.30° the mean checkout time using the standard method is
50 100 too large to have occurred by chance. We conclude

0.2 the U-Scan method is faster.

94

Ex.11.18 (1)

Manelli Perfume Company recently developed a new fragrance
that it plans to market under the name Heavenly. A number of
market studies indicate that Heavenly has very good market
potential. The Sales Department at Manelli is particularly
interested in whether there is a difference in the proportions of
younger and older women who would purchase Heavenly if it
were marketed. There are two independent populations, a
population consisting of the younger women and a population
consisting of the older women. Each sampled woman will be
asked to smell Heavenly and indicate whether she likes the
fragrance well enough to purchase a bottle.

95

Ex.11.18 (2)

Step 1: State the null and alternate hypotheses.
Hy: my=m,
H:m, #mn,

Step 2: State the level of significance.
The .05 significance level is stated in the problem.

Step 3: Find the appropriate test statistic.

We will use the z-distribution
96
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Ex.11.18 (3)

Step 4: State the decision rule.
RejectHyif Z>Z,, or Z<-Z,,
Z>1960rZ<-196

/N s

._/ \ Hemy # x;
Hyis /o st O\ Hyis

rejected / rejected rejected
/ A |
025 ~._ / L | 025
s> | a5 | S
-1.96 1.96 Scale of 2

97

Ex.11.18 (4)

Step 5: Compute the value of z and make a decision

Let oy = young women g, = older women

X, 19 Xz 62
AL A [ —=——=31
Pt = T q00 P2~ . T 200
X, +X, 19+62 81
= =_*% _ 2 _go7
Pe= h +n, ~ 100 + 200 ~ 300
Py — Pe 19 — .31
= = - 221
% bli-p) , pli—p)  [2I0-2n , 270 27
N n, n, v 100 200

The computed value of 2.21 is in the area of rejection. Therefore, the null
hypothesis is rejected at the .05 significance level. To put it another way, we
reject the null hypothesis that the proportion of young women who would
purchase Heavenly is equal to the proportion of older women who would
purchase Heavenly. 98

Ex.11.19 (1)

Owens Lawn Care, Inc., manufactures and assembles lawnmowers
that are shipped to dealers throughout the United States and
Canada. Two different procedures have been proposed for
mounting the engine on the frame of the lawnmower. The question
is: Is there a difference in the mean time to mount the engines on
the frames of the lawnmowers? The first procedure was developed
by longtime Owens employee Herb Welles (designated as
procedure 1), and the other procedure was developed by Owens
Vice President of Engineering William Atkins (designated as
procedure 2). To evaluate the two methods, it was decided to
conduct a time and motion study.

99

Ex.11.19 (2)

|
A sample of five employees was timed using the
Welles method and six using the Atkins method.
The results, in minutes, are shown on the right.

Is there a difference in the mean mounting times?
Use the .10 significance level.

Welles Atkins
(minutes) (minutes)
2 3
4 7
9 5
3 8
2 4

g

100
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Ex.11.19 (3)

|

Step 1: State the null and alternate hypotheses.
Hop: wi=n,
Hiop #

Step 2: State the level of significance. The .10 significance level

is stated in the problem.

Step 3: Find the appropriate test statistic.
Because the population standard deviations are not known but
are assumed to be equal, we use the pooled t-test.

101

Ex.11.19 (4)

Step 4: State the decision rule.
Reject Hy if t> 5 h14mp0 OF £< =ty niimas
t>1059 OF t<-tpsg
t>1.833 or t<-1.833

e Hy: g =
o~ i Hypg = g
e \\\

Region of / Region of
rejection / Do not \ rejection

05 reject H, 05

|~ N

il 1 M
=1.833 0 1.833  Scale of ¢
Critical Critical
value value
102

Ex.11.19 (5)

Step 5: Compute the value of t and make a decision
(a) Calculate the sample standard deviations

welles Method Atkins Method
* %
2 3
a 7
9 5
3 8
2 4
] 3
30
% oo =X 20 ¥, - ZXa 30
X = s = X = = =5
= — P !
(2 MR 3 saiss s, 2.0976

R Vs —1

(b) Calculate the pooled sample standard dewviation

— 182 + — )2 _ 2. 2
s = (ny — N)sT + (nx — Ns2 (5 — 1)(2.9155)° + (8 — 1)(2.0976)° _ 6.2292
n +n, — 2 5+8—2

[ Ex.11.19 (6)

|
Step 5: Compute the value of tand make a decision

{c) Determine the value of t
v _v The decision is not to
Xi — X, 4.00 — 5.00
t=— ‘1 21 =7 Ty - 0662 reject the null
o2l —+—) j62222( -+ hypothesis, because
NAn, n,) N 5 6 i i
1 0.662 falls in the region
between -1.833 and
1.833.

Hipy =,

O Hipz
Region of Region of We conclude that there
rejection rejection . . .
s I " is no difference in the

| mean times to mount

1833 0 1833 Scaleof t the engine on the

Ciitical Critical .

value \ v frame using the two
methods.

104
-0.662
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Ex.11.20 (1)

Personnel in a consumer testing laboratory are evaluating the
absorbency of paper towels. They wish to compare a set of store
brand towels to a similar group of name brand ones. For each
brand they dip a ply of the paper into a tub of fluid, allow the
paper to drain back into the vat for two minutes, and then evaluate
the amount of liquid the paper has taken up from the vat. A
random sample of 9 store brand paper towels absorbed the
following amounts of liquid in milliliters.

88319755 12

An independent random sample of 12 name brand towels absorbed
the following amounts of liquid in milliliters:

121110 6 8 9 9 10 11 9 8 10

Use the .10 significance level and test if there is a difference in the
mean amount of liquid absorbed by the two types of paper towelss

Ex.11.20 (2)

The following dot plot provided by MINITAB shows
the variances to be unequal.

Dot Plot of Amount of Absorption for Store and Name Brand Paper Towels

Ex.11.20 (3)

|
Step 1: State the null and alternate hypotheses.
Hol by = 1,
Hitpy # 1y
Step 2: State the level of significance.
The .10 significance level is stated in the problem.

Step 3: Find the appropriate test statistic.
We will use unequal variances #test

107

S . . : . 2 — .
Name . : s s 3 .
2 4 6 ] 10 12
Data
106
Ex.11.20 (4)
[s/ny) + (¥ [3.327/9) + (1.682F/12F 144367

Step 4: State the decision rule. Sy Gy @37 (R 175+ 008
Reject Hy if me1om=1 91 12-1
E>tongr OF E<-Typqr

Descriptive Statistics: Store, Name
t>tgs10 OF T<-1ps5 19

N Mean  StDev

> <-
t>1.812ort<-1.812 i 3 T 5%
Name 12 9.417 1.6

Step 5: Compute the value of t and

make a decision X +X 44 - 947
t='—;=§=9'= —0.478
(& 8% [3827 1621

| | ks
Nn, n, V9 12

The computed value of t is less than the lower critical value, so our decision
is to reject the null hypothesis. We conclude that the mean absorption rate
for the two towels is not the same.

10.88

108
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Ex.11.21 (1)

Nickel Savings and Loan wishes to
compare the two companies it uses to

Ex.11.21 (2)

Step 1: State the null and alternate hypotheses.
Hp: g =0
Hyi:ipg # 0

Step 2: State the level of significance.

The .05 significance level is stated in the problem.

Step 3: Find the appropriate test statistic.
We will use the #test

110

. X X Home Schadek Bowyer
appraise the value of residential homes. 3 75 228
Nickel Savings selected a sample of 10 2 210 205
residential properties and scheduled both 3 23 219
firms for an appraisal. The results, g ;gg 2 ;g
. 1
reported in $000, are shown on the table : =
! 6 230 223
(right). 7 231 227
At the .05 significance level, can we : ;;g ;;g
conclude there is a difference in the 10 249 245
mean appraised values of the homes?
109
Step 4: State the decision rule.
RejeCt HO lf TABLE 11-2 A Portion of the ¢ Distribution from Appendis B.2
t>10 00 OF T<-1,5,, Confidence Intervals
B 20% 9% % Lo 909.9%
> <-
t>1gs9 OF t tozs, o Level of Significance for One-Tailed Test
t>2.262 0rt<-2.262 o 00 | 0080 0o oo 0005 00
Level of Significance for Two-Tailed Test
020 010 s o 0.01 oom
1 o078 6314 12706 G3.657 636619
2 1.886 2920 4303 9.925 31599
3 1638 2353 3182 54 5841 12924
4 s am 2776 7o asm 610
5 1.476 2ms 25M 368 432 L]
6 1.440 1.943 2447 3043 anr 5950
T 1415 1.885 2365 2598 3489 5408
8 1397 1.880 2306 289 3355 041
9 | 13 | 188 2mz) | 282 32 | 478
0 1372 182 2 2764 3188 4587

111

Ex.11.21 (4)

|
Step 5: Compute the value of t and make a decision
Home Schagek Bowyer Difterence, of - 2~ af
1 s Frid 1 24 ine
2 0 Foi-] L] LT} e
i m 09 17 .
1 22 240 : The computed value of tis
H a6 1= .
5 - oy greater than the higher
T m m e
8 20 75 : critical value, so our
" = = b decision is to reject the
b null hypothesis. We
gola_b o conclude that there is a
D W difference in the mean
e e appraised values of the
homes.
d 4.6
t=——=——"" = 3305
s,/vn  4.402/v10 112




Exercises

»1,3,7,9 11, 13, 15, 17, 19, 21, 23, 25, 27,
29, 33, 35, 37, 47, 49, 51, 55
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