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Lecture 25

Agenda
*  Continue Chapter 9 lecture
— Chapter 9, Case 2
*  Chapter9, Case 1 2-sided Practice Problems (assigned 11/20/2025, due 11/25/2025)
*  Chapter9, Case 1 Lower Practice Problems (assigned 11/20/2025, due 11/25/2025)
*  Chapter 9, Case 1 Upper Practice Problems (assigned 11/20/2025, due 11/25/2025)
. NEW: Chapter 9, Case 1 2-sided Quiz (assigned 11/25/2025, due 12/2/2025)
* NEW: Chapter 9, Case 1 Lower Quiz (assigned 11/25/2025, due 12/2/2025)
*  NEW: Chapter 9, Case 1 Upper Quiz (assigned 11/25/2025, due 12/2/2025)
*  NEW: Chapter 9, Case 2 2-sided Practice Problems (assigned 11/25/2025, due 12/2/2025)
*  NEW: Chapter 9, Case 2 Lower Practice Problems (assigned 11/25/2025, due 12/2/2025)
*  NEW: Chapter 9, Case 2 Upper Practice Problems (assigned 11/25/2025, due 12/2/2025)
*  Attendance
*  Questions?



Handouts
e Lecture 25 Slides
e Lecture 25 Slides - marked
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Tuesday Lecture Thursday Lecture

11/27 - Thanksgiving Holiday (no
class)

14 12/2 - Chapter 9, Case 3 12/4 - Linear Regression @
15 12/9 - Review Session 12/11 - Study Day (no class)




The final exam for MANE 3332.01 is Thursday December 18,
2025 at 1:15 - 3:00 PM.



Summary of One-Sample Hypothesis-Testing Procedures

{1 Hy:li=Ho e Ht# o 12015 Za P=201— ‘t‘, d=lp-pol/o ab
i o° known o/n Hy:u> W, 20> Za Probability above z, d=(L-mg)/c e.d
i P=1-®(z)
| Hyip< o %< =2 Probability below z, d=Zw /o ¢d
i "
2 Hy:p=p, S - Ko Hy:p#p, 7Itol>la,2.,,_,
o= A
o’ unknown siNn :
Hy >, to > lg ne1 P s Probability above f,
Hy <y SN Probability below 7,
§ . Hy:6° =0} ,_(n=Ds’ H,:06’ #0; X5 > Xzt
i 2 or
9 2 R
X0 < Xi-ar2.n-1
H,:0* >0} iy s i L=o0/0, k1
H,:6°<0; 1B <Aana A=o0/0, m,n
i+ Hy:p=po X npy Hy:p#po 121> 2012 p=201-Ofk)] 34 34
w= g
\_/"Po(l‘l’o) Hy:p>po 20> 2Za Probability above z, 34 34
p=1-9(z)
Hy:p<po 20<=2Z Probability below zo 34 34
P=®(z)
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Summary of One-Sample Confidence Interval Procedures

L Mean 1, variance 6~ known x ¥ = 2an0/n SPE<E+ 2anGiNn

i; 2. Mean 1 of a normal distribution, variance 6 unknown x X—tgpnaasin SPEE+ tapsnasin

3

i

3 Variance 6> of a normal distribution s? (n— l)s (n 1)s*

; Xalz n—1 XI~a12 n-1

4. Proportion or parameter of a binomial distribution p P T 1=
% P Zan 2 p)<p5p+z.m p(np)
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Chapter 9, Case 2

Hypothesis Test on the-Mean, Variance Unknown

A case than vard'ance known

e Substitute S for o @
e The test statistics is now a t random variable
X — U

"= SR



Summary of Case 2
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Descriptive Statistics
x<-c(23.01,22.22,22.04,22.62,22.59)

library(psych)
describe(x)
A 5
## vars n mean sd median trimmed mad min max range skew kurtosis
se
## X1 15 22.5 0.38 22.59 22.5 0.55 22.04 23.01 0.97 0.68 -1.84

0.17
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Boxplot

boxplot(x)
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Classical Approach



t-test

t.test(x,alternative="two.sided", 22.5; ‘ 0.95)
Hypothesis Test | pon

## One Sample t-test

s

## data: x

## t = -0.023642, df = 4, p-value = 0.9823

## alternative hypothesis: true mean is not equal to 22.5

## 95 percent confidence interval: J}

## 22.02625 22.96575 M O

## sample e§Timates: \xgvhj>

##

f - N N
meagzc_)49; ‘(< pDQLSS\Qf}LQ/ : U}
\



Normal Probability Plot

Ha . M\lf WM

Normal Probability Plot
library(car)

## Loading required package: carData

##
## Attaching package: 'car’

## The following object is masked from 'package:psych':
#i#

## logit
qqPlot(x)
S
o -
~N
©
N o 2
x N —
~N
o 0.
~N

-1.0 -0.5 0.0 0.5

norm quantiles

# [1] 13

1.0




P-values

 More difficult to calculate since the t-tables only contain a
few quantiles

* Can use tables to generate bounds on the p-value

* Software will provide p-values



P-values from R

t.test(x,alternative="two.sided",mu=22.5,conf.le 0.95)

One Sample t-test

##
##
##
## data: x

## t = -0.023642, df = 4, p-value = 0.9823

## alternative hypothesis: true mean is not equal to 22.5
## 95 percent confidence interval:

## 22.02625 22.96575

## sample estimates:

## mean of x

## 22.496



Power Calculations

 Are much more complicated

* The true distribution is now a non-central t

e Use tables to solve (Chart VIl in appendix) or software



Power Calculation using R

Power

power.t.test(n-5,deltas

g g g g g g g g g g

Two-sample t
n=
delta =
sd =
sig.level
power =
alternative =
NOTE: n is number

test power calculation

oo wn

«25
.38

= 0.05

0.1491624
two.sided

in *each* group

0.25,5d=0.38,sig.level=0.05,t)

“two.sample")



Sample Size using R

Sample Size

power.t.test(power=0.9,delta=0.25,5d=0.38,sig.level=0.05,type="two.sample")
#i#

## Two-sample t test power calculation
i

#H# n = 49.53305

## delta = 0.25

## sd = 0.38

##t sig.level = 0.05

#it power = 0.9

#it alternative = two.sided

He

## NOTE: n is number in *each* group



Chapter 9, Case 2 2-sided Practice Problems



Question 1 (2 points)

== of) Listen | P |

Calculate the test

() t0=-1.6137
L

() t0=7.0341
L

() t0=1.463
L

A o

stic for a test of hypothesis for the mean of single samle with

Y,




Question 2 (2 points)

== o) Listen | P |

Construct the rejection region for a test of hypothesis for the mean of single sample
with variance unknown. The null hypothesis is mu=25.8 versus mu not equal to 25.8
using alpha=0.2. The sample statistics are n=22, xbar=28.65, 5=7.411.

- . . _ \
() Reject Ho if t0<-0.859 @_Q_J <A Hy f
() Reject HO if [t0]>0.859

() Reject Ho if t0<-1.323 7 20/ > 27-9\/2/,\_/ - lz,;

N
(1 Rejec T 323
e . = 52>
(UrReject HO if [t0[>1.323 .

() Reject Ho 1f t0>0.859



@\JM Queogtiony 73 o tion 1
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Question 3 (2 points)

o) Listen

> |

Which is the correct conclusion for a test of hypothesis for the mean of single
sample with variance unknown. The null hypothesis is mu=132.3 versus mu not equal
to 132.3 using alpha=0.001. The sample statistics are n=2, xbar=144.97, 5=0.301.
The value of t0 is 59.5285 and the rejection region is reject HO if [t0|>636.619

() Fail to reject HO &2\( J J‘JD | 7[ /}Q) > é 56619

(" Reject HO
L

<

[ S 575285 630
,7 /b)w%o MJJL/C)



Question 4 (2 points)

= | ¢ Listen | P |

Using the p-value from a test of hypothesis for the mean of single sample with
variance unknown, determine the correct conclusion for the hypothesis test. The null
hypothesis is mu=132.3 versus mu not equal to 132.3 using alpha=0.05. The sample
statistics are n=5, xbar=130.75, 5=15.112. The results of hypothesis test include tO=

-0.2293 and p-value=0.829883.
P —~ \JC'»(/&J_Q — . gl C’ J 7 5
.@ffail to reject HO O( _ -

(:) Reject HO >
s P-velun Lo 7 ;@JUQ:QjO

2] e



Chapter 9, Case 2 Lower Practice Problems



Question 2 (2 points)

== o) Listen | |

Construct the rejection region for a test of hypothesis for the mean of single sample
with variance unknown. The null hypothesis is mu=0.5 versus mu less than 0.5 using
alpha=0.01. The sample statistics are n=12, xbar=0.48, 5=0.062.

() Reject Ho if t0<-3.106 .\_\\ " N 00D
{::. Reject HM >2.718 OQ c L
‘ ey

O) RejeWZ.?lB
L

e
O RejectHDWT]Uf’ /b)jD L B ‘\:%)Y\h( '/ ;ldf\,%



Chapter 9, Case 2 Upper Practice Problems



Question 2 (2 points)

= | ¢ Listen | P |

() Reject Ho if [t0]>3.286
() Reject Ho if t0<-2.947
() Reject HO if [t0]>2.947

() Reject Ho if t0<-3.286
/f Reject HO if 10>2.947



Case 3. Hypothesis Test on Variance
of Normal Population

The test statistics is a y? random variable
(n—1)s2

2 _
Xo = 2
)

Tests on the Variance
of a Normal
Distribution

Null hypothesis:  H;: 6> =07

: 2 (n— l)S 2
Test statistic: % = T
Alternative Hypothesis
H,:0% #0;
H,:0’ >0,
H,:0% <0,

et S

Rejection Criteria
2 2
L > Lo O Yo <Kiorza-

2 2
XO % X'(x.n-l

x(zl S ﬁ—a.n—l



- The table below summarizes the three possible hypothesis
tests. The rejection regions are clearly shown in Figure 9-17 on
page 222



Figure 9-17



Test Summary
See summary in your textbook



Problem 7.108

Problem taken from Ostle, Turner, Hicks and
McElrath (1996). Engineering Statistics: The
Industrial Experience. Duxbury Press.



Statistics for Problem 7.108

x<-c(0.83,0.79,0.77,0.81,0.80)

library(psych)

describe(x)

HE vars n mean sd median trimmed mad min max range skew kurtosis se
## X1 15 0.8 8.02 @.8 ©.8 0.21 8.77 ©.83 0.06 %] -1.69 0.01
print(var(x))

## [1] 5e-04



Classical Approach



Problem 7.108 Plots

0.79 0.81 0.83

0.77
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Problem 7.108 Plots
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Problem 7.108 Shapiro-Wilks Test

# [1] 3 1
shapiro.test(x)

##
## Shapiro-Wilk normality test

#H
## data: x
## W = 8.99929, p-value = ©.9998



p-values

Very similar to the case for the mean of a normal population
with variance unknown

Difficult to calculate since the y?-tables only contain a few
guantiles

Can use tables to generate bounds on the p-value
Software will provide p-values



Test on Variance using R (EnvStats)

varTest(x,alternative="greater",conf.level=0.95,sigma.squared=0.000196)

Results of Hypothesis Test

Null Hypothesis:
Alternative Hypothesis:
Test Name:

Estimated Parameter(s):
Data:

Test Statistic:

Test Statistic Parameter:
P-value:

95% Confidence Interval:

P HHEEEREEEER B

variance = ©.08080196

True variance is greater than 0.800156
Chi-Squared Test on Variance

variance = 5e-684

X

Chi-Squared = 10.20408

df = 4

0.83712675

LCL
ucL

08.0802107986
Inf



Power Calculations
e Can be done with OC curves found in Table Vlli—n
e Can be done in software such as R



Test on Standard Deviation
e What about test on standard deviation?



Chapter 9, Case 3 2-sided Practice Problems



Practice Problem Chapter 9, Case 3 Lower



Practice Problem Chapter 9, Case 3 Upper



Case 4. Hypothesis Test on a Population Proportion

* The test statistics for the hypothesis test is
X — NPy
Zo

) \/npo(l — Po)







Problem 9.5.2



Problem 9.5.2 Classic Approach



Power Calculations

For the two-sided alternative hypothesis
g = o (Po —p+t Za/Z\/po(l - Po)/n)
Jr@ =p)/n
_d (Po 2 Za/2\/'P0(1 - 'Po)/n)
Jp@=p)/n

If the alternative is Hy:p < py
B Po — P — Zay/Po(1 — Do) /1
p=1—-0
Jp(l —p)/n

and finally if the alternative hypothesisis Hy: p > p,
b (po =P+ Za/po(1 - Po)/n>
Jp@=p)/n




Sample Size

* Sample size requirements to satisfy type Il(f) error constraints
for a two-tailed hypothesis test is given by

Za/2\/Po(1 — Po) + Zﬁ\/P(l —p) i

P — Do |
* For a sample size for a one-sided test substitute z, for z, /,.
* Problem 9.95




Testing for Goodness of Fit

Material is presented in section 9-7 of your textbook

Procedure determines if the sample data is from a specified
underlying distribution

Procedure uses a y* distribution

Example 9-12 presents a y? goodness of fit test for a Poisson
example

Example 9-13 presents a y? goodness of fit test for a normal
example



Procedure

1.

2.
3.
4

o

Collect a random sample of size n from a population with an unknown distribution,
Arrange the n observations in a frequency distribution containing k classes
Calculate the observed frequency in each class 0;,

From the hypothesized distribution, calculate the expected frequency in class i,
denoted E; (if E; is small combine classes)

Calculate the test statistic
k
Xz _ i=1(0i B Ei)z
0 E,
Reject the null hypothesis if the calculated value of the test statistic )(5 > Xczr,k—p—l
where p is the number of parameters in the hypothesized distribution




Example 9.12, part 1



Example 9.12, part 2



Chapter 9 Summary

You should be prepared to work any practice problems
assigned: Cases 1-3 with three different alternatives

All other information is conceptual knowledge that can be
qguestioned with multiple choice

— Name 3 ways to test if data is from a normal distribution



Table IV Percenrage Points t,, , of the t-Distribution

656

APPENDIX A STATISTICAL TABLES AND CHARTS

v 40 25 10 ANos o0z o1 005 0025 001 ;
U 325 1000 3078 | 6314 12706 31821 63657 12732 31831 636.62
2 | 289 816 1886 2920 4303 6965 9925 14089 23326 3159
30| 277 765 1638 2353 3182 4541 5g4] 7453 10213 12924
’7 271 41 1S3 2132 2776 3747 4604 5.598 7173 8610
€ /5 27 27 14 2015 . 3365 4032 4773 5.893 6.869
6 | 265 718 1440 1943 2447 3143 3707 4317 5.208 5959
7| 263 1 1415 1895 2365 2998 3499 4029 4785 5.408
8 | 262 06 1397 1860 2306 2896 3355 3.833 4501 5.041
9 | 261 703 138 1833 2262 2821 3250 3.690 4297 4781
10| 260 700 1372 1812 2228 2764 3169 3581 4.144 4587
10| 260 697 1363 1796 2201 2718 3.006 3497 4,025 4437
12 | 259 695 1356 1782 2179  Tmesl . 3.055 3428 3.930 4318
13| 259 694 1350 1771 2160 2650 3012 3372 3852 21
14 | 258 692 1345 1761 2145 2624 2977 3326 3.787 4.140
=715 | 28 61 L3I 178 2131 2600 2947 3286 3733 4073

16 | 258 690 1337 2120 2583 3.686

.257

21 .257
22 256
23 .256
24 256
25 256
26 256
27 256
28 256
29 256
30 256
40 .255
60 254
120 .254
® 253

(687
686
686
685
685
684
684
684
683
.683
683
681
679
677
674

1.323

1.319
1318
1316
1.315
1314
1313
1311
1.310
1.303
1.296
1.289
1.282

2.074
2.069
2.064
2.060
2.056
2.052
2.048
2.045
2.042
2.021
2.000
1.980
1.960

2,508
2.500
2492
2.485
2.479
2473
2.467
2462
2457
2423
2.390
2.358
2.326

2.807
2.797
2.787
2779
2771
2.763
2.756
2.750
2,704
2.660
2.617
2.576

3104
3.001
3.078
3.067
3.057
3.047
3.038
3.030
2971
2915
2.860
2.807

3.485
3.467
3.450
3.435
3.421
3.408
3.396
3.385
3.307
3.232
3.160
3.090

v = degrees of freedom.




APPENDIX A

i,

Table ITl  Percentage Foints ), of the Chi-Squared Distribution

«

\ 995 90 975 025
1 00+ 00+ 00+ 502
2 o1 02 05 738
3 7 it 22 9.35
4 21 30 AR JIRE)
3 A1 55 83 1283
6 68 87 1.24 1445
7 L] 1.24 169 16.01
1] 1.34 1.68 218 1753
9 173 2,09 270 19.02
10 218 2.56 325 2048
1 260 3.08 382 2192
2 307 357 4.40 2334
13 157 4.1 50 2474
14 407 4.66 5.63 2612
15 4.60 523 2749
16 514 581 2885
7 - 570 b4l 3019
13 6.26 7.01 3153
19 6.84 763 3285
20 743 826 3407
21 R 290 3548
n B.64 954 3678
n 926 1020 W08
4 9.89 1086 3936
2l 1052 11.52 1312 40.65
26 116 1220 1384 4192
Fa 1181 1288 1457 4319
i 1246 13.57 1531 4446
2 132 1426 16.05 4572
30 1379 14.95 16.79 4377 46,93
40 0.7 2,16 2443 3576 59.34
50 279 2271 3236 6750 742
60 3553 3748 4048 T9.08 8330
0 4328 4544 4870 0,53 9502
80 5117 5354 10188 10663
9«0 59.20 61.75 11314 11814

12434 12956 14017

100 6733 7006 7422
» = degrees of freedom
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