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Concepts of Hypothesis Testing

e The critical concepts of hypothesis testing.

Example:

An operation manager needs to determine if the
mean demand during lead time 1s greater than 350.

If so, changes in the ordering policy are needed.

There are two hypotheses about a population
mean:
H,: The null hypothesis u=2350 (ZFHFF—ERNE)
H,: The alternative hypothesis y > 350 (H H 1Y)



A spouse suspects that the average amount of

Example 1

money spent on Christmas gifts for immediate
family members 1s above $1,200. The correct set
of hypotheses is:

a. HO: y=1
b. HO: u>1
c. HO: uy=1

d. HO: uy <]

200 vs. H1:
200 vs. HI:
200 vs. H1:

1200 vs. H1:

<1200
u=1200
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Example 1 . 158 & FtgEE T

A new billing system for a department store will be
cost- effective only if the mean monthly account is
more than $170. A sample of 400 accounts has a
mean of $178.

If accounts are approximately normally distributed
with o = $65, can we conclude that the new system
will be cost effective?

Stpe1: 5 IR Stpe3: | E4EE
HO:u =170  RejectHO in favorH1
H1:u>170 « [WHEC I AEE 170, FrAEATA B S8 iE B My 51

Stpe2: KA (— 2 R )

X +Zy+==178+1.96+=(171.63, 184,37

ﬂlq
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Example 1, Rejection Region/critical point ¥5 | 22

A new billing system for a department store will be
cost- effective only if the mean monthly account is
more than $170. A sample of 400 accounts has a

mean of $178.

If accounts are approximately normally distributed
with o = $65, can we conclude that the new system

will be cost effective?

® Stepl: sE B
¢ Ho:u=170,H1:u>170

e Step2::{Eicritical point (value)
o Zoos = 1.645

o Step3: H4:T=

X—u _ 178-170 _

_ X
© Ieg= o= 246

e Step4: Don’t reject Ho

u=170
ZO.OS —_ 164‘5

Since Z = 2.46 > 1.645, reject the null
hypothesis, in favor of the alternative
hypothesis.
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LT EIRELIEY  Areas of the Standard Normal Distribution

The entries in this table are the probabilities that a random variable with a
standard normal distribution assumes a value between 0 and z; the proba-
bility is represented by the shaded area under the curve in the accompany-
ing figure. Areas for negative values of z are obtained by symmetry.

Second Decimal Place in z

z 0.00 0.01 0.02 0.03 0.05 0.06 0.07 0.08 0.09

0.0 0.0000 0.0040 0.0080 0.0120 0.0160 0.0199 0.0239 0.0279 0.0319 0.0359
0.1 0.0398 0.0438 0.0478 0.0517 0.0557 0.0596 0.0636 0.0675 0.0714 0.0753
0.2 0.0793 0.0832 0.0871 0.0810 0.0948 0.0987 0.1026 0.1064 0.1103 0.1141
03 0.1179 0.1217 0.1255 0.1293 0.1331 0.1368 0.1406 0.1443 0.1480 0.1517
04 0.1554 0.1591 0.1628 0.1664 0.1700 0.1736 0.1772 0.1808 0.1844 0.1879
05 0.1915 0.1950 0.1985 0.2019 0.2054 0.2088 0.2123 0.2157 0.2190 0.2224
0.6 0.2257 0.2291 0.2324 0.2357 0.2389 0.2422 0.2454 0.2486 0.2517 0.2549
0.7 0.2580 0.2611 0.2642 0.2673 0.2704 0.2734 0.2764 0.2794 0.2823 0.2852
0.8 0.2881 0.2910 0.2939 0.2967 0.2995 0.3023 0.3051 0.3078 0.3106 0.3133
0.9 0.3159 0.3186 0.3212 0.3238 0.3264 0.3289 0.3315 0.3340 0.3365 0.3389
1.0 0.3413 0.3438 0.3461 0.3485 0.3508 0.3531 0.3554 0.3577 0.3599 0.3621
11 0.3643 0.3665 0.3686 0.3708 0.3729 0.3749 0.3770 0.3790 0.3810 0.3830
12 0.3849 0.3869 0.3888 0.3907 0.3925 0.3944 0.3962 0.3980 0.3997 0.4015
13 0.4032 0.4049 0.4066 0.4082 0.4099 0.4115 0.4131 0.4147 0.4162 0.4177
14 0.4192 0.4207 0.4222 0.4236 0.4251 0.4265 0.4279 0.4292 0.4306 0.4319
15 0.4332 0.4345 0.4357 0.4370 0.4382 0.4394 0.4406 0.4418 0.4429 0.4441
1.6 0.4452 0.4463 0.4474 0.4484 0.4505 0.4515 0.4525 0.4535 0.4545
17 0.4554 0.4564 0.4573 0.4582 0.4591 0.4599 0.4608 0.4616 0.4625 0.4633
18 0.4641 0.4649 0.4656 0.4664 0.4671 0.4678 0.4686 0.4693 0.4699 0.4706
19 04713 0.4719 0.4726 0.4732 0.4738 0.4744 0.4750 0.4756 0.4761 0.4767
20 0.4772 0.4778 0.4783 0.4788 0.4793 0.4798 0.4803 0.4808 0.4812 0.4817
21 0.4821 0.4826 0.4830 0.4834 0.4838 0.4842 0.4846 0.4850 0.4854 0.4857
22 0.4861 0.4864 0.4868 0.4871 0.4875 0.4878 0.4881 0.4884 0.4887 0.4890
23 0.4893 0.4896 0.4898 0.4901 0.4904 0.4906 0.4909 0.4911 0.4913 0.4916
24 0.4918 0.4920 0.4922 0.4925 0.4927 0.4929 0.4931 0.4332 0.4934 0.4936
25 0.4938 0.4940 0.4941 0.4943 0.4945 0.4946 0.4948 0.4949 0.4951 0.4952
26 0.4953 0.4955 0.4956 0.4957 0.4959 0.4960 0.4961 0.4962 0.4963 0.4964
27 0.4965 0.4966 0.4967 0.4968 0.4969 0.4970 0.4971 0.4972 0.4973 0.4974
28 0.4974 0.4975 0.4976 0.4977 0.4977 0.4978 0.4979 0.4979 0.4980 0.4981
29 0.4981 0.4982 0.4982 0.4983 0.4984 0.4984 0.4985 0.4985 0.4986 0.4986
3.0 0.4987 0.4987 0.4987 0.4988 0.4988 0.4989 0.4989 0.4989 0.4990 0.4930

0.45
0.05

n=170



P-value Method

The p-value provides information about the
amount of statistical evidence that supports the
alternative hypothesis.

" _ The p-value of a test is the probability of observing a A

test statistic at least as extreme as the one computed,
given that the null hypothesis is true.
\_ /
—[E i EGE L - B J T i B E 2 FR
—Let us demonstrate the concept on Example
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P-value Method oo

The probability of observing a
test statistic at least as extreme as 178,
given that u =170 is...

P(x >178 when u=170)
178 - 170)
65/~/400

= P(z > 2.4615) =,0069
A/x( )’

X =178 The p-value

= P(z>




Interpreting the p-value o0

Because the probability that the sample mean will

assume a value of more than 178 when u =170 is so
small (.0069), there are reasons to believe that u >

170. (FE( L1 78 KA {E AR )

Note how the event

X > 178 israre under
when . =170, but...
...It becomes more
probable under H;,
when u, >170

H

‘u. >170
A SR
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Example 1. p-value $|EE 0ce

A new billing system for a department store will be
cost- effective only if the mean monthly account is
more than $170. A sample of 400 accounts has a

mean of $178.

If accounts are approximately normally distributed
with o = $65, can we conclude that the new system

will be cost effective?

® Stepl: X EREY
¢ Ho:u=170,H1:u>170

e Step2::{Eicritical point (value)
o Zoos = 1.645

e Step3: B p-value

. 7= i(—u — 17685—170 — 246
Im o

o  P(Z>2.46)=0.0069
e Step4: Don’t reject Ho

P-value:0.069

u=170

Since P-value <0.05, reject the null
hypothesis, in favor of the alternative
hypothesis.
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LT EIRELIEY  Areas of the Standard Normal Distribution

The entries in this table are the probabilities that a random variable with a
standard normal distribution assumes a value between 0 and z; the proba-
bility is represented by the shaded area under the curve in the accompany-
ing figure. Areas for negative values of z are obtained by symmetry.

0 z
Second Decimal Place in z
z 0.00 0.01 0.02 0.03 0.04 005 L0068 | 007 0.08 0.09
00  0.0000 00040 00080 00120 00160 00199 00233 00279 00319 00359
04 00398 00438 00478 00517 00557 0059 00636 00675 00714 00753
02 00793 00832 00871 00910 00948 00987 01026 01064 01103 01141
03  0.1179 01217 01255 01293  0.1331 01368  0.1406 01443  0.1480  0.1517
04 0155 01591  0.1628  0.1664 01700 01736 01772 01808  0.1844  0.1879
05  0.1915 01950  0.1985 02019 02054 02088 02123 02157 02190 02224
06 02257 02291 02324 02357 02388 02422 02454 02486 02517  0.2549
07 02580 02611 02642 02673 02704 02734 02764 02794 02823 02852
08  0.2881 02910 02939 02967 02995 03023 03051 03078 03106 03133
08 03159 03186 03212 03238 03264 03289 03315 03340 03365 03389
10 03413 03438 03461 03485 03508 03531 03554 03577 03599  0.3621
11 03643 03665 03685 03708 03729 03749 03770 03790 03810  0.3830
12 03849 03869 03888 03907 03925 03944 0392 03980 03997 04015
13 0402 04043 04066 04082 04099 04115 04131 04147 04162 04177
14 04192 04207 04222 04236 04251 04265 04279 04292 04306  0.4319
15 04332 04345 04357 04370 04382 04394 04406 04418 04429 04441
16 04452 04463 04474 04484 04495 04505 04515 04525 04535 04545
17 04554 04564 04573 04582 04591 04599 04608 04616 04625 04633
18 04641 04649 04656 04664 04671 04678 04686 04693 04699 04708
19 04713 04719 04726 04732 04738 04744 04750 04756 04761 04767
20 04772 04778 04783 04788 04793 04798 04803 04808 04812 04817
21 04821 04826 04830 04838 04838 04842 04846 04850 04854  0.4857
22 04861 04864 04868 04871 04875 04878 04881 04884 04887  0.4890
23 0.4893 04896 04898  0.4901 0.4904 0.490 04911 04913 04916
7804918 04920 04922 04925 04927 04929 0.493] 04932 04934 04936
25 04938 04940 04941 04943 04945 04946 04948 04943 04951 04952
26 0.4953 04955 04955 04957 04959 04960 04961 04962 04963 04964
27 04965 04966 04967 04968 04969 04970 04971 04972 04973 04974
28 04974 04975 04976 04977 04977 04978 04979 04979 04980  0.4981
29 04981 04982 04982 04983 04984 04984 04985 04985 04986 04986
30 04987 04987 04987 04988 04988 04989 04989 04983 04930  0.4990

0.4931

n=170

7=2.46
P(Z>2.46)
=0.5-0.4931
=0.0069



1t
Z N _EERERE.... 0cs
o
Critical point
p= Uit X=175.34
Za:()'os — 1645
AR f# EEERRE
Threshold X X=178 (FEH%H) X=175.34
Critical point ( Z ) Z score=2.46 (:TE) Zg4—00s = 1.645 (BEF)

P-value (f#%3% ) P(Z > Z score)=0.069 a=0.05 (FEHHE%%M)
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Example 2., 15785 ffe EiE :5:
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Stpe1: 5% 17 E% Stpe3: H|E4EH
HO: u =5 Do notrejectHO
H1- u<5 « HEC 1 &5, FABMA AR B R e 2

Stpe2: K{EHEEH (—E 2R )
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N o 1.5_
. X Za/Z % ﬁ =4.8 i 1.96 * T_(431 ,529)
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Example 2, Rejection Region/critical point ¥ | 22°
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Rt MR EBSELOIERAFERATDALE - A

T EMR TR B MR FR o N R BB AR Z
PR E e TR S A, XERSHENHX =4.8,
Do =1.5% c R AT MM S
Z=-0.8
Step 1:3% € EER
« HO=5, H1<5
Step 1:51F critical point
* ZO.OS = _1645 ZO.OS == —1645
Step3:Ei4fist &
. 7= f—u_41-35—5 —_08 Do not reject HO
[yn e -0.8 > -1.645

Step 4: Do not reject Ho
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Example 2. P-value H|E¥E
A,
¢ — FaMREEAAENTRELFN L EIEIE|ook

J

ed

RANGNBERMEALEDFNEREIEY R AHITE 2
Rk » A48T XA LHIRAFERETIARE - B

T EMR TR B MR FR o N R BB AR Z
PR E e TR S A, XERSHENHX =4.8,
o =1.5%  REE T 5 M S
Z=-0.8
Step 1:3% € EER
« HO0=5, H1<5
Step 1:51F critical point
* ZO.OS = _1645 ZO.OS == —1645
Step3: Hp-value
L ¥ Do not reject HO
[yn T 0.2009> 0.05
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LT EIRELIEY  Areas of the Standard Normal Distribution

The entries in this table are the probabilities that a random variable with a
standard normal distribution assumes a value between 0 and z; the proba-
bility is represented by the shaded area under the curve in the accompany-
ing figure. Areas for negative values of z are obtained by symmetry.

0 z
Second Decimal Place in z

2 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
0.0 0.0000 0.0040 0.0080 0.0120 0.0160 0.0199 0.0239 0.0279 0.0319 0.0359
0.1 0.0398 0.0438 0.0478 0.0517 0.0557 0.0596 0.0636 0.0675 0.0714 0.0753
0.2 0.0793 0.0832 0.0871 0.0910 0.0948 0.0987 0.1026 0.1064 0.1103 0.1141
0.3 0.1179 0.1217 0.1255 0.1293 0.1331 0.1368 0.1406 0.1443 0.1480 0.1517
0.4 0.1554 0.1591 0.1628 0.1664 0.1700 0.1736 0.1772 0.1808 0.1844 0.1879
0.5 0.1915 0.1950 0.1985 0.2019 0.2054 0.2088 0.2123 0.2157 0.2190 0.2224
0.6 0.2257 0.2291 0.2324 0.2357 0.2389 0.2422 0.2454 0.2486 0.2517 0.2549
:gb 0.2580 0.2611 0.2642 0.2673 0.2704 0.2734 0.2764 0.2794 0.2823 0.2852
0.2881 0.2910 0.2939 0.2967 0.2995 0.3023 0.3051 0.3078 0.3106 0.3133
0.9 0.3159 0.3186 0.3212 0.3238 0.3264 0.3289 0.3315 0.3340 0.3365 0.3389
1.0 0.3413 0.3438 0.3461 0.3485 0.3508 0.3531 0.3554 0.3577 0.3599 0.3621
11 0.3643 0.3665 0.3686 0.3708 0.3729 0.3749 0.3770 0.3790 0.3810 0.3830
12 0.3849 0.3869 0.3888 0.3907 0.3925 0.3944 0.3962 0.3980 0.3997 0.4015
13 0.4032 0.4049 0.4066 0.4082 0.4099 0.4115 0.4131 0.4147 0.4162 0.4177
14 0.4192 0.4207 0.4222 0.4236 0.4251 0.4265 0.4279 0.4292 0.4306 0.4319
15 0.4332 0.4345 0.4357 0.4370 0.4382 0.4394 0.4406 0.4418 0.4429 0.4441
1.6 0.4452 0.4463 0.4474 0.4484 0.4495 0.4505 0.4515 0.4525 0.4535 0.4545
1.7 0.4554 0.4564 0.4573 0.4582 0.4591 0.4599 0.4608 0.4616 0.4625 0.4633
1.8 0.4641 0.4649 0.4656 0.4664 0.4671 0.4678 0.4686 0.4693 0.4699 0.4706
19 0.4713 0.4719 0.4726 0.4732 0.4738 0.4744 0.4750 0.4756 0.4761 0.4767
20 0.4772 0.4778 0.4783 0.4788 0.4793 0.4798 0.4803 0.4808 0.4812 0.4817
2.1 0.4821 0.4826 0.4830 0.4834 0.4838 0.4842 0.4846 0.4850 0.4854 0.4857
2.2 0.4861 0.4864 0.4868 0.4871 0.4875 0.4878 0.4881 0.4884 0.4887 0.4890
23 0.4893 0.4896 0.4898 0.4901 0.4904 0.4906 0.4909 0.4911 0.4913 0.4916
24 0.4918 0.4920 0.4922 0.4925 0.4927 0.4929 0.4931 0.4932 0.4934 0.4936
25 0.4938 0.4940 0.4941 0.4943 0.4945 0.4946 0.4948 0.4949 0.4951 0.4952
2.6 0.4953 0.4955 0.4956 0.4957 0.4959 0.4960 0.4961 0.4962 0.4963 0.4964
2.7 0.4965 0.4966 0.4967 0.4968 0.4969 0.4970 0.4371 0.4972 0.4973 0.4974
28 0.4974 0.4975 0.4976 0.4977 0.4977 0.4978 0.4979 0.4979 0.4980 0.4981
29 0.4981 0.4982 0.4982 0.4983 0.4984 0.4984 0.4985 0.4985 0.4986 0.4986
30 0.4987 0.4987 0.4987 0.4988 0.4988 0.4989 0.4989 0.4989 0.4990 0.4990

0.2881

7=-0.8
P(Z<-0.8)
=0.5-0.2881
=0.2009
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e Assume the null hypothesisis true (u= 350). °

u =350

Two types of errors may occur when deciding whether to reject Hy based on the
statistic value.
* Type | error: Reject Hy when it is true.
« Type Il error: Do not reject Hy when it is false.
Example continued
» Type | error: Reject Hy (u = 350) in favor of Hy (u > 350) when the real value
of uis 350.
» Type Il error: Believe that Hyis correct (u = 350) when the real value of u is
greater than 350.
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ﬁ.\\
h aa JELLI\ /l%l
Null True Null False
Fail to Correct Decision | Type 1l error

reject null (Significant Level: 1-a) B)
Reject null Type I error | CorrectDecision
() (Power=1-B)

TR EN, Ay Bpowerl Ky, FRwEHo B850, BEAXIEARA




