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Introduction to Hypothesis Testing

Mae Slec)s ion ﬂ/\\CPf@an

Decision Making for a Single Sample

@ Inferential statistics consists of methods used to make decisions or draw
conclusions about a population using information contained in a sample
@ Inference is divided into two major areas:
@ Parameter estimation (both point and interval)
@ Hypothesis testing
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Overview of Statistical Hypotheses

@ Many engineering problems require a decision to be made regarding
some statement about a parameter
@ The statement is called a hypothesis
@ The decision-making process about the hypothesis is call hypothesis
testing
@ Statistical hypothesis testing is usually the data analysis stage of a
comparative experiment
@ A procedure leading to a decision about a particular hypothesis is
called a test of hypothesis
@ Testing the hypothesis involves taking a random sample, computing a
test statistic from the sample data and then using the to make a
decision

I 57
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Statistical Hypathesis

o A statistical hypothesis is a statement about the parameters of one /_7/0 , O)grwuﬂor\ = UuL,,L
or mere populations

@ A statistical hypothesis has two parts a null hypothesis (denoted Hp)

and an alternative hypothesis (denoted Hy) N/'ﬂ H # s/
@ The null hypothesis contains an equality statement about the value of +€ ~ lw{ i%l) =5

parameter. For example Hp @ = 12 ounces.

@ There are three possible alternative hypoth T Hy o pF 12,

Hyip<12, or Hy = 12 H Sy H’Q,
@ The goal of the research will determine the appropriate alternative [

hypothesis

‘ b, F>iz (u@vooeh one&id’d)
A, //4 12 ( Jower One - ded)
s MEZ (s ikt o e les)

Chapter 9 Page 3



Null
Case Hypothesis “Test Statistic Hypothesis
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@ Whether a correct decision is made depends upon the true nature of
Ho and the decision arrived at.

@ A type | error occurs when the null hypothesis is true and the
outcome of the test is to reject Hy. The probability of a type | error is
denoted as o

@ A type Il error occurs when the null hypothesis is false and the
outcome of the test is to fail to reject Hy. The probability of a type Il
error is denoted as /7.

@ The power of a statistical test is the probability rejecting the null
hypothesis Hy when the alternative hypothesis is true. Power =1 — 3

Errors in hypothesis testing

Rect Fal to Reject Hy 1 Table 91 Drecisi

/

P

‘—qf(o() o-,c/l,rxj

oce

Drcision H, s True False
L ./ Hy Is False
Figure 9-1  Decision criteria for testing H,: L',' 5 ;‘“\”" el ype | eror
50 centimeters per second versus H,: u # S0 centime cgect Hy K il o0 £
ters per second.
4
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General Procedure for Hypothesis Testing

The following sequence of steps is recommended

© From the problem context, identify the parameter of interest, Y, ’,Q

@ State the null hypothesis, HD,C h@tu@ = S jn g S(jDG < v‘]& Q@/ K-/\é)%

© Specify an appropriate alternative hypothesis, Hy, 5.3 P"S/Z/Qf é

@ Choose a significance level 0 .— \/ ﬁ Ojﬁé /p e

@ State an appropriate test statistic, z (e /C~ M{

@ State the rejection region for the (test) statistic, |

@ Compute any necessary sample quantities, substitute these into the
equation for the test statistics, and compute that value,

@ Decide whether or not Hy should be rejected and report in the problem
context

[ )

[ wmeuma]
Chapter 9, Case 1

Inference on the Mean of a population, variance known

@ Assumptions:
Q Xy X:,.... X, is a randem sample of size n from a population L@
@ The population is normal, or i) it is not normal, the cenditions of the @ e CA_/M ( g% GJ’ o ]
central limit theorem apply(" lo @ < S‘w’?)e n> SO)
@ The parameter of interest is u

@ The null hypothesis is Hy © jt =ﬂ/\/ﬁ1/lﬂe o fum &“’ )(__ 2147;‘5 /Vf A/\’f Z\(/Z FI%(\\

@ The test statistic is

X — o

Zy= =
0= 7T

and has a standard normal distribution

[ 2/
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@ The altergétive hypotheses and corregponding critical value(s) are
shown in figure 9-11 on page 20

Too-tailed et Usper taled test

The distribution of Z, when Hys i = g is true whth critical region for (a) the iwo-sided alternative H,/0 # py,
1) the one-sicbedd abternative 8,1 g > pg, and (c) the one-sided shiernative 5, < 1.

I B/

Summary for hypothesis test on the mean, variance known P: 22] -

o See the material on the inside cover of |your textbo

PP 1

Wmom ——> fa o319 PR <k
Prcbabilty e 2, ot ot
> Pelos)
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T
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Problem 1

Example 11-1
The burning rate of a rocket propellant is being stuified. Specifications require that the mean burning

rale mus be 40 cmfs. Funhermore, suppose that we know that the standard deviation of the burmning
rate is imately 2 emy's, The i decides to specify aW

and he will base the test on a random -.ampl: of size n = 25, The hypotheses we wish 1o test arc

=40 emfs,

H,: Lt 40 cms,
Twenty-five specimens are tested, and the sample mean burning rate obtained

Source: U8, Hotgomarg, brolelsma, Bormr( 300 3) . Preboubilily

aval Stadishies in, Engince-iy, RS

b '~

e fos sty Cuo- . hol et

Kiew £ = .05 0= =2, 51520,

=4 asT
@ T+ Sttshic

XA Y125 =4°

DT oin T

3138

Problem 2

9.2.10 The bacterial strain Acinetobacter has been tested for its
adhesion properties. A sample of five measurements gave read-
ings of 2.69, 5.76, 2.67, 1.62 and 4.12 dyne-cm?. Assume that
the standard deviation is known to be 0.66 dyne-cm’ and that the
scientists are interested i at least 2.5 dyne-cm?).
a. Should the ullemalive hypm sis be one-sided or
two-sided?
b. Test the hypothesis that the mean adhesion is 2.5
dyne-cm’,
¢. What is the P-value of the test statistic?

Summary Statistics
x<-¢(2.69,5.76,2.67,1.26,4.12)

18/70
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Connection between Hypothesis Tests and Cl

There is a close connection between confidence intervals and
hypothesis tests

Consicler a 100{1 — )% confidence interval on p and a hypothesis test A) N ‘)'P/W //bu.s_e/
Cof i onNeQ I

of size o shown below
Hy @ = g ! +1Q_Q Q(CQ(%%’”/‘Q

/
Hy \
Lip# @QJfﬂVl
The conclusion to reject Hy will be reached if jp is not contained ]‘ Q oL a f‘e
</

within the confidence interval p—

\

' fl/aj

o If pg is within the confidence interval, we fail to reject Hy ‘) Gont C |0/~PW/'€ ! /P/-LO

@ The 100{1 — a)% confidence interval on p is the acceptance region }
é)@wﬁﬂ) \OL“‘-/ C/V\{ N &=

—— rrm Qﬂ”{"’é""”\ @6” o

/10“)[‘ »‘n

[ vwesma]
by Hsas
<= .08
P-values ﬂ CC% € S
let > * e fan
@ Is a widely used alternative to the traditional hypothesis test / ol ? ;
@ Definition: The p-value is the smallest level of significance that would I8 M/ 6 N

lead to reject of the null hypothesis Hy with the given data
o Formulas are given below

1 z~- /. G e lusion
2[1 — &(|z])] for a two-tailed test Tatd 0= / égj o
P=1¢ 1-9(z) for a upper-tailed test @Q\) chL ?—)a

®(z) for a lower-tailed test

- ! .
o Usage: if p-value<a then the conclusion is reject HO, otherwise fail to 7'/@‘#; ZO < /. 6 A/J Gare &610‘!\ .
reject HO @ﬂ‘\, ) Yo fﬂ- e ~L)
& Prudo
Jepsssss—— ] 18/70

=)

Chapter 9 Page 9



Practice Problem Chapter 9, Case 1 2-sided J

I 9/

Practice Problem Chapter 9, Case 1 Lower J
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Practice Problem Chapter 9, Case 1 Upper J

[ a1

\ B
| g ol 2y
Type |l error and sample size for a two-tailed test

@ Probability of type Il error for the two-tailed test Vl&?LQ C& }’c ‘2;
§y/m NG
.f=¢(zr.,-z "") w( Zas2 ‘”’)
' a ! a

where it = g + 4
@ The sample to detect a difference between the true and hypothesized
mean of & with power at least 1 — 7 is
(Zay2 + z3)%0”
42

where § = 1 — g

I 2/
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Type Il error and sample size for the one-tailed tests

@ For an upper-tailed test
A= (z‘. - f)—\/—E-)
a

o For a lower-tailed test

:1rl—®(—;.—67ﬁ)

o The sample size required to detect a difference between the true mean
and hypothesized mean of 4 with power at least 1 — 7 is

52
If n is not an integer, round up to the nearest integer

R: Chapter 9 Case 1 Hypothesis Testing

Z-test
1ibrary(BSDA)

## Loading required package: lattice

: Attaching package: "BSDA’

## The following object is masked from ‘package:datasets’:

: Orange
2.test(x,alternatives'greater’,m=2.5,signa.x~0.66,conf. level»0.95)

One-sample z-Test

data: x
z = 2.7184, p-value = 0.00336
alternative hypothesis: true mean is greater than 2.5
95 percent confidence interval:
2.814503 NA
sample estimates:
mean of x
3.3

24710
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Power using OC-Curve

Find the power when the true mean value is 3.325
A18 APPENDIX A Statistical Tables and Charts

1.00

0.80

s

Probability of xc&l\n Ho
&

e

R: Chapter 9 Case 1 Power

Power

1ibrary(asbio)

#2 warning: package ‘asbio’ was built under R version 4.2.3
#8 Loading required package: tcltk

ae
% Attaching package: “asbio’

A%
#% The following object is masked from 'package:psych’: /
Ll

L skow 6'- /\ a

power 2. test(s | £na=8.66,05,21005-0.85, ¢ ect-0.JPS, test="one. tall")
# Ssigma

" (1) 0.66

s

2 $n

(1] s

"

#% Spower
x [1] 0.8749757
s

22 Salpha
e 1] 0.05
"

#% Seffoct
#% (1) 0.825
s

Chapter 9 Page 13
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Type Il Error Rate and Sample Size

@ You will not be required to calculate or use OC-curves
@ You must understand the concept and be able to correctly identity type
I and type Il error

I 2/t
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Chapter 9, Case 2

Hypothesis Test on the Mean, Variance Unknown

@ Much more commen case than variance known
@ Substitute S for o
@ The test statistics is now a t random variable

X —

T = -
S/v/n

I a1/
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Problem 9.3.6

9.3.6 An article in the ASCE Journal of Energy Engineering
(1999, Vol. 125, pp. 59-75) describes a study of the thermal
inertia properties of autoclaved aerated concrete used as a build-
ing material. Five samples of the material were tested in a
structure, and the average interior temperatures (“C) reported
were as follows: 23.01, 22.22, 22.04, 22.62, and 22.59.

a. Test the hypotheses Hy: p = 22.5 versus H,: p # 22.5,

using a = 0.05, Find the P-value.

b. Check the assumption that interior temperature is nor-

mally distributed.

¢. Compute the power of the test if the true mean interior

temperature is as high as 22.75

d. What sample size would be required to detect a true mean

integior temperature as high as 22.75 if you wanted the power

of the test to be at least 0.9?

e. Explain how the question in part (2) could be answered

by constructing a two-sided confidence interval on the mean

interior temperature.

2/

92
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Ho N
H V74
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Descriptive Statistig
x<-c(23.81,22.22 /
library{psych)
describe(x)

- vars n(mea gdian trimsed mad min max range skew kurtosis

& X1 1 22.59 22.5 @.55 22.84 23.21 ©.97 0.88 -1.84

I sy

Boxplot
boxplot(x)

23.0
1
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Classical Approach J

[ /1

Hypothesis Test Using R

t-test
t.test(x, t ed” ,mi=22.5, 8.95)

#% One Sample t-test

##% data: x

#% t = -0.023642, df = 4, p-value = ©.9823

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

#% 22.02625 22.96575

## sample estimates:

#% mean of x

W 22.496

[rissssssssssal /10
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Normal Probability Plot

Normal Probabdity Plot
1beacy(car)

¥2 Loading requlred packige: carOat

™
# Mtaching package: “car’

% The following object s masked from 'mackage;psych’
"

® ot

sPlot(x)

226
o

22

norm quantiles

35770

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

Chapter 9 Page 18



P-values from R

t-test
t.test(x, ed”, 22.5, 0.95)

==
b

One Sample t-test

oy

#¥ data: x

#% t = -0.023682, df = 4, p-value = 8.9823

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

#%¥ 22.02625 22.96575

## sample estimates:

#% mean of x

ne 22,496

Power Calculations

@ Are much mare complicated
@ The true distribution is now a non-central t
@ Use tables to solve (Chart VIl in appendix) or software

I -/
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Power Calculation using R

FEESSSERuEs:

Two-sample

n
delta

sd
sig.level
power
alternative

t

NOTE: n is number

test power calculation

oown

.25
.38
0.05
0.1491624
two.sided

in *each* group

Sample Size using R

Sample Size

power. t.test( e.

il
ua
uw
£
L
Ll
Lo

#a
28
um

Two-sample t

n
delta

sd
sig.level
power
alternative

## NOTE: n is number

8.25,50-0,38,

test power calculation

49.53305
8.25
8.38
8.85

0.9
two.sided

in *each® group

8.5,

39/70
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Chapter 9, Case 2 2-sided Practice Problems J

I a/m

Chapter 9, Case 2 Lower Practice Problems J

I 2/
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Chapter 9, Case 2 Upper Practice Problems J

L]

Cl\o?%ﬁr* 9) Qfes /| 2
fest s fASHC

Case 3. Hypothesis Test b ormal Population

o The test statistics is a y? random variable

Fests an the Variance

Nall hypothesis:  Hj o* =%

of a Normal |
Distriution | T ()8 ‘
Test statistic: T =
Alemative Hypothesis Rejection Criteria ,
! ™
ol eal RS L A
s 3 ]
H o' >0, P Mg S
2
H o' <o} : K3 IO

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

Chapter 9 Page 22
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Figure 9-17

Reference distribution for the test of H,: o = o7 with critical region values for (u) - el
() 0 > ol and ic) M o < o,

I a1

Test Summary

@ See summary in your textbook

oot medl -t oyt and
2

oo o e
oot < degle.

I w10
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Problem 7.108

Problem taken from Ostle, Turner, Hicks and McElrath (1996). Engineering

Statistics:_The Industrial Experience. Duxbury Press.
7.108 Incoming coal o a coking plant is routit
samples taken from barges Joaded with coal

of 0,83, 0.79, 0,77, 0.81, and 0.80.

(a} Using o = 0,05, does the sample variance provide sufficient cvidence o conclude that the re
sults from the new analyst indicate more variability than in the past? State all assumptions

(b} Based on these data, is an assumption of normality reasonable? Justify by wsing a nomal quan-
tile plot and a formal test such as the Shapiro-Wilk W est.

nely analyzed for sulfur content (in percent). In the past,
| from a particular mine have had a variance of 0.000196 |
When a new analyst was hired, the results of an assay of coal from the mine produced percentages

D
HJ" r,r": ~OOOI7(0

H 0> . wose
g% = ©lf6

& =

o5
—rsp- (L2236

Statistics for Problem 7.108

x¢-c(9.83,08.79,8.77,0.81,0.80)
library(psych)
describe(x)

Ed

e vars n mean  sd median trimmed mad min max range skew kurtosis

se
15 8.880.82 8.8 .8 8.81 9.77 ©.83 0.86 -]

-1.69 8.81
print{var{x}))

#i [1] Se-84

AT/

, 000/7 @

|

| D g2.0H]

@ﬂe\[e,ﬂ Ho ;'-C
7;>Xén~/ - :;L/
@ @\GJ'P@L/\A ST

X

»

a8/
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Classical Approach J

I i

Problem 7.108 Plots

o«
w0 —
(=] '
i
=1 '
]
b '
[=]
[=2]
~
]
< '
— '
'
P~ i
~ —_—
o
I @/
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| wesno ] ] ,
Problem 7.108 Plots ) OK
Do Q@M ol fm“g

/ Calculste the test statistic for a test af hypathesis for the varance of normal distribution. The nul hypathesis is sigma®2=324.0 versus sigma®2 nat equal to
(= 324.0 using alpha=0.2. The sample STatisTics are n=28, xbar=126.28, 5-50.933.

ChiSquaredi=76.3995
Chisquared0=216.1805
Chifquaredi=3 3722
ChiSquared=5.5417

83

0.81

Screen clipping taken: 4/24/2025 11:21 AM

0.79

0.77

T T T T T
-1.0 -0.5 0.0 0.5 1.0

norm quantiles

Problem 7.108 Shapiro-Wilks Test
e [1] 31
shapiro.test(x)

wit
## Shapiro-wilk normality test

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

I 52/
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p-values

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

variance unknown

o Difficult to calculate since the y?-tables only contain a few quantiles
@ Can use tables to generate bounds on the p-value

o Software will provide p-values

Test on Variance using R (EnvStats)

varTest(x,alte “greater”,

Results of Hypothesis Test

Null Hypothesis:
Alternative Hypothesis:
Test Name:

Estimated Parameter(s):
Data:

Test Statistic:

Test Statistic Parameter:
P-value:

95% Confidence Interval:

SEERLELEEREERERESERERS

1-0.95, 5 1gma. squared-0.,008196)

variance = 0.800196

True variance is greater than 0.000196
Chi-Squared Test on Variance

variance = 5e-84

x

Chi-Squared = 10.20408

df = 4

0.83712675

LCL = 0.09002107986
wL = Inf

53/ 70
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Power Calculations

@ Can be done with OC curves found in Table Vil=n
@ Can be done in software such as R

Test on Standard Deviation

@ What about test on standard deviation?

58 /10

Chapter 9 Page 28



Chapter 9, Case 3 2-sided Practice Problems J

I w10

Practice Problem Chapter 9, Case 3 Lower J
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Practice Problem Chapter 9, Case 3 Upper J
| W/
]

Case 4. Hypothesis Test on a Population Proportion

P _Qi\om 13; W L
us }%@ (\mszQ WCMWG@L
@ The test statistics for the hypothesis test is

x — npy

vnpo(1 = po)

Chapter 9 Page 30
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Problem 9.5.2

952 Suppose that of 1000 customers surveyed, 850 are sat-
isfied or very satisfied with a corporation’s products and services.
a. Test the hypothesis Hy: p = 0.9 against H;: p # 09 at
a = 0.05. Find the P-value
b. Explain how the question in part (a) could be answered
by constructing a 95% two-sided confidence interval for p.

Chapter 9 Page 31



Problem 9.5.2 Classic Approach J
| 6370
[ vwesmn]

Power Calculations

@ For the two-sided alternative hypothesis

.- 0(90 P+ zy2vPo(1 = po); /n)
V(1= p)/n

Y (i za2VPo(1 = po
Ve(l—p)/n
o If the alternative is Hy : p < po

R =m)/n
g=1 aa("“ P~ Zay/Po(1 — o) i’)

N 1 /(- p)/n
@ and finally if the alternative hypothesis is H; : p > py
=0 (PBV;"’J'L\@(,I;,PE,;{’])

V(1 -p)/n

[rissssssssssal /70
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Sample Size

@ Sample size requirements to satisfy type 11(3) error constraints for a
two-tailed hypothesis test is given by

r, ; 2
o |Zzvpoll = po) + 2ay/p(1 — p)
P~ Po '

@ For a sample size for a one-sided test substitute z, for z, 5.
@ Problem 9.95

I 6s/10

L MmEnnn ]
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 Hy ;5% 1SSa

; meig fls

)
@ Example 9-12 presents a y* goodness of fit test for a Poisson example

1SSom
o Procedure uses a 2 distribution \_\

o Example 9-13 presents a y* goodness of fit test for & normal examp

I o7
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Procedure

© 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 O,

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

© Calculate the test statistic

(0 -E)
E
@ Reject the null hypothesis if the calculated value of the test statistic
X3 = X2 k_p1 where p is the number of parameters in the
hypothesized distribution

Xo =

I 67/

Example 9.12, part 1

EXANPLE $.12 | Priated Circult Board Defects— estimate of the mean number of defects per board is the sas-
Poleson Distribution ple average, that s, (32 - 04 15 1 49244 - 3360w 075
board From the Poisson distribation with pacsmeter 0.75, we msy

0 folkow 4 Poisson distribution. A random sample of # = 60 compute , the theoretical, hypothesized probability ssoci-

printed circuit boards has been collected, wnd the following  ated with the ith class interval. Bocawse each class interval

smarmber of defects observed. carrespands o & pacticular number of defocts, we may find
the p, a8 follows:

0 n
! 15 P..;x.\'-x.u“+””-nm
2 v
3 3 PR Y L. SRR
The mean of the assumed Puisson distribution in this example
s unknorwn and mast be estimated from the saergile data. The o POCE 31 1= (py 4y + py) = 008
[rissssssssssal 8710
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Example 9.12, part 2

The expected frequencies e compuied by makiplying the
sample slze = 60 times the probabilities , That is, &, = np,

The seven-step iypotheais-testing procodure may now e
wpplied, using @ = 0,05, a follows

L. Pursnweter of interest: The varisble of interest is the

Nl hypothesis: 1, The form of the disribution of
defects is Poisson

The acpactod iquancies fallow A Alternative by H: The foem of the dist
it s s tecaro
. - (0, ~
0 0472 nn & Teststatisfic: The sest saivsic is 7 = E
! 9334 224 S Reject H, I Bocusse the mean of the Poisscn distr
3 a1 798 bution was ewimatod.the peeceling chi-sqare stistc
3 {oc moee) [ 246 will have & = p = 1 =3 = 1 =1 =1 degree of freedom
Consider whether the P-value |s kews than 0.05,
Because the expected fraqueacy in the bt cofl I less than 3, ¢ ¢ 3
we coashine the last (wo cells i s
5 (32-2832° ’¢IS~:I:AV (13 = 1044y
*TEn I R T YT I
=294
0 n w3 7. Conclusions: We feu froem Appendix Table T thas
0 T Y By = 271 Mg, = 384, Because 1) = 294 liex
= Detween these valies, we coaclude that the P-vabue is
s mos) B 1044 Detween 1.0 20 0,10, Therefore, because the /'.valse

eaceeds 0.05, we are unable %o reject the null hypoch-
esis that the distribution of defects in pristed circult
boards Is Poisson. The exact P-valoe computed from
softwiee is 0.0864

form of the distribution of defects ka peimed ciscuit
oants.

/70

[ wmeuma]
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 questioned
with multiple choice
@ MName 3 ways to test if data is from a normal distribution

| dendace ;|-

0/
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One-sided example PKVM
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Chapter 9 case 1 lower

Thursday, April 17, 2025 11:43 AM
)-)0 '/(J‘: |Z
) VL2

~—

- _
I 3% a7 — =/

O z0=-3.4397
o— =337/

QUESTION 1
Calculate the test statistic for a test of hypothesis for the mean of single sample with variance known. The null hypothesis is mu=12.0 versus mu less than 12.0
using alpha=0.1. The sample statistics are n=21, xbar=11.11, sigma=2.331.
O 20=1.7497 — // ) /} /2. = )
O 20=-8.018 2 — Y= /{/% ;L L) %'z
O —/, y) - )

Screen clipping taken: 4/17/2025 11:45 AM
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Ch9, Case 1 Lower

Thursday, April 17, 2025 11:48 AM

QUESTION 3

Construct theTejectioimregion for a test of hypothesis for the mean of single sample with variance known. The null hypothesis is mu=32.0 versus mu less than
alpha=0.005. Thesample statistics are n=20, xbar=32.11, sigma=2.972.

32.0 using
O Reject Ho if 20<-2.807
O Reject HO if 20»2.576
O Reject Ho if |20|>2.807

( ~Reject HO if 20<-2.576

Screen clipping taken: 4/17/2025 11:49 AM

@QJQC;L J—)o HC =l = =205

Chapter 9 Page 38
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Ch 9, Case 1 Lower

Thursday, April 17, 2025 11:51 AM

QUESTION 5
Which is the correct conclusion for a test of hypothesis for the mean of single sample with variance known. The null hypothesis is mu=12.0.xersus mu less than
12.0 using alpha=0.0025. The sample statistics are n=11, xbar=11.61, sigma=1.067. The value of Z0 is -1.2123 and the rejection region is reject HO if 20=:2:807

O Fail to reject

) Reje

Screen clipping taken: 4/17/2025 11:52 AM

€7 2‘0*:-/\02/3
| ‘ e chion Repion © /10
s <) 213 i~ (eechron Kgrion ]
C,uﬂC'\JSl' [i]7A) h—ﬁ é:ﬂ‘\( o ijecf 7L‘/o
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Ch9, Case 1 Lower

Thursday, April 17, 2025 11:54 AM

QUESTION 7

Find the p-value for a test of hypothesis for the mean of single sample with variance known. The null hypothesis is mu=32.0 versus mu less than 32.0 using
alpha=0.001. The sample statistics are n=29, xbar=31.1, sigma=3.849 and the value of the test statistic, Z0, is -1.2592.

S P vetue =B 7N = T/~ [.257)

O p-value=0.896165

Screen clipping taken: 4/17/2025 11:54 AM < ?é/' / . ,26>
= 8% /03938
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Ch9, Case 1 Lower

Thursday, April 17, 2025 11:57 AM

QUESTION 9

Using the p-value from a test of hypothesis for the meape
null hypothesis is mu=18.5 versus mu less than 18.5 u
include 20= -1.7295 and p-value=0.04186.

2 mple statistics are n=21, xbar=17.21, sigma=3.418. The results of hypothesis test
N Lo T
A
i Py <=, ey

Screen clipping taken: 4/17/2025 11:57 AM E/.SQ '/‘G /\e\} ecﬂ 7L/D
pf‘\}a./Q/!J\Q = R0

o\ = .0l s .od/g%<.C)/‘?/|/ ~>

o
,/‘@\{'ec%%

ple with variance known, determine the correct conclusion for the hypothesis test. The
e

2 Fail to reject HO
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Chapter 9, Case 2 2-sided

Tuesday, April 22, 2025 11:31 AM

QUESTION 1 Mot M= €

H Mg $

Calculate the test statistic for a test of hypothesis for the mean of single sample with variance unknown. The null hypothesis is mu=0.5 versus mu not equal to
0.5 using alpha=0.001. The sample statistics are n=18, xbar=0.51, 5=0.051.

) =3, s pa —
0=08349 <" “OsL P
O t0=-0.8319

= O.°g5,5)7

———
Screen clipping taken: 4/22/2025 11:32 AM
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Chapter 9, Case 2 2-sided

Tuesday, April 22, 2025 11:34 AM

QUESTION 3

Construct the rejection region for a test of hypothesis for the mean of single sample with variance unknown. The null hypothesis is mu=18.5 versus mu not equal

S—Reject .

O Reject HO if [£0[>2.205

Screen clipping taken: 4/22/2025 11:34 AM

to 18.5 using alpha=0.02. The sample statistics are n=20, xbar=19.35, 5=4.813,

oyt Moo

Chapter 9 Page 43
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Chapter 9, Case 2 2-sided

Tuesday, April 22, 2025 11:37 AM

QUESTION 5
Which is the correct conclusion 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=0.01. The sample statistics are n=26, xbar=30.28, 5=5.3. The value of t0 is 4.3101 and the rejection region is reject HO if |t0|>2.787
) Fail to reject HO

CLre ™ b= eh 209
Q )fo)>2’;zg);
T . BI0> RSER

Yos —> Reyrtit

Screen clipping taken: 4/22/2025 11:37 AM

~A 7L +

4.7p
1y =450/
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Chapter 9, Case 2 2-sided

Tuesday, April 22, 2025 11:39 AM

QUESTION 7

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=0.5 versus mu not equal to 0.5 using alpha=0.1. The sample statistics are n=7, xbar=0.52, 5=0.038. The results of hypothesis test include
O Fail to reject HO

- P-viduo = 215

Screen clipping taken: 4/22/2025 11:40 AM W [ ’

2)3< ./
l% P/QQ)L%

t0=1.3925 and p-value=0.213186.
O Reject HO
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Chapter 9, Case 2 upper
Tuesday, April 22,2025 11:42 AM - '0 Mo 3. 3

F), "N >132.2

Calculate the test statistic for a test of hypothesis for the mean of single sample with variance unknown. The null hypothesis is mu=132.3 versus mu greater than
132.3 using alpha=0.0025. The sample statistics are n=24, xbar=139.02, 5=20.204.

2, - X -, 139.02 - )32.3
O 10=7.9826 $ /}7], p— QO 2 04 /‘ d;/

Screen clipping taken: 4/22/2025 11:42 AM
—
[ G

QUESTION 1
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Chapter 9, Case 2 Upper

s ez @ ey e dlan ﬁe@ EYSRNE leof L)
QUESTION 3 H /J > & 5

Construct the rejection region for a test of hypothesis for, an of single sample with variance unknown. The null hypothesis is mu=18.5 versus mu greater
than 18.5 using alpha=0.05. The sample statls .;1)14 xbar=T9.72, 5=3.905.

O Reject Ho ift0<-1.761 & u)?f‘ .
(O Reject Ho if t0<-2.145
O Reject Ho if [0]>2.145 e\/ @/Lj l6) [

) Reject HO if t0>1.761

O Reject HO if [t0]>1.761 {
Screen clipping taken: 4/22/2025 11:47 AM o > éok/n../ = ‘6'05-) /)-/ - /; ZJ/
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Chapter 9, Case 2 Upper

Tuesday, April 22, 2025 11:50 AM

QUESTION 5

Which is the correct conclusion for a test of hypothesis for the mean of single sample with variance unknown. The null hypothesis is mu=12.0 versus mu greater
than 12.0 using alpha=0.05. The sample statistics are n=20, xbar=12.2, 5=1.928. The value of t0 is 0.4639 and the rejection region is reject HO if t0>1.729

O Reject HO

®> %o 104637

Screen clipping taken: 4/22/2025 11:50 AM p&\i "—()L HO I' f é() > /. ;729

s L3y > | AR C
ﬂO — Qq,/ Yo f@/e-c)(
N
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Chapter 9, Case 2 Upper

Tuesday, April 22, 2025 11:51 AM

QUESTION 7

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 greater than 132.3 using alpha=5.0E-4. The sample statistics are n=18, xbar=139.18, 5=24.068. The results of hypothesis
test include t0= 1.2128 and p-value=0.241791.

J RjectHO @—-\/ ( ) — .2 4’;9/

Screen clipping taken: 4/22/2025 11:52 AM —~ E - 5
L4
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Chapter 9, case 2 lower Wl
Tuesday, April 22, 2025 11:55 AM Caugé/?ﬂ %@{\06 W g

QUESTION 1

uging alpha=0Q01. The sample statistics are n=24, xbar=0.5,

Te~ S %""’C

\Z to = X-/ — S -5 = O.0
Screen clipping taken: 4/22/2025 11:57 AM % - . c)&//m

attulatethe test statistic for a test of hypothesis for the me«@sample with variance unknown. The null hypothesis is mu=0.5 versus mu less than 0.5
=0.061.

—
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Chapter 9, Case 2 Lower H, o N

Tuesday, April 22,2025 11:59 AM
Ho Ve 1a

QUESTION 3

Construct the rejection region for a test of hypothesis for the mean of single sample with variance unknown. The null hypothesis is mu=12.0 versus mu less than
12.0 using alpha=0.01. The sample statistics are n=6, xbar=11.79, 5=2.19.

O Reject Ho if |t0]>4.032

O Reject Ho if 10>3.365 QGJC’JQ 7L‘}b )l 70 f0°< \%Oq/l‘/ = Z/L

0T
(J Reject HO if t0<-3.365 c 8| S
() Reject HO if |t0|>3.365

-
O Reject Ho if t0<-4.032 —o- 5 . Bé 5
—

Screen clipping taken: 4/22/2025 11:59 AM
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Chapter 9, Case 2 Lower

Tuesday, April 22, 2025 12:01 PM

QUESTION 5

Which is the correct conclusion for a test of hypothesis for the mean of single sample with variance unknown. The null hypothesis is mu=25.8 versus mu less
than 25.8 using alpha=0.1. The sample statistics are n=5, xbar=16.98, 5=6.924. The value of t0 is -2.8484 and the rejection region is reject HO if t0<-1.533

: RejectHoeaHO ’EO - -Q?A)GDA/
coafise Rejed Hp 1 to<- 1533

s a2 <~ L S35C
= .99 l/PSJ Re\/‘ee‘ﬁ%
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Chapter 9, Case 2 Lower

Tuesday, April 22, 2025 12:04 PM

QUESTION 7

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=18.5 versus mu less than 18.5 using alpha=0.025. The sample statistics are n=7, xbar=15.44, 5=5.429. The results of hypothesis test include

alue=0.186478.
X = 028

Poedus = 186
)5 @»ngu.Q< O( >

by /965,025 7 flo —>

/L_;_ nre /- C

_____

Screen clipping taken: 4/22/2025 12:05 PM

1) 1o
e, el 7'7/0
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Chapter 9, Case 3 2-sided

Thursday, April 24, 2025 11:22 AM

Vool =32
QUESTION 1 )\) "' 0_’1 # 32\4

Calculate the test statistic for a test of hypothesis for the variance of normal distribution. The null hypothesis is sigma®2=324.0 versus sigma”2 not equal to
324.0 using alpha=0.2. The sample statistics are n=28, xbar=126.28, 5=50.933. _ 9_ 37
() Chisquared0=76.3995 I— V\ -

O ChiSquared0=9. § /0_1\52— (9\@/)\ [56\93753L

~
—

Q(b: Oz 37'17/
= 21618

Screen clipping taken: 4/24/2025 11:22 AM

Chapter 9 Page 54



Chapter 9, Case 3 2-sided

Thursday, April 24, 2025 11:24 AM

=0 - ¢ )
QUESTION 3

Nn=s
2gion for a test of hypp dy the variance of normal distribution. The null hypothesis is sigma®2=11.56 versus sigma”2 not equal to
ha=0.1. The sample statistics g Bar=32.03, 5=9.274.

©) Reject Hii5qu<34: or ChiSquare0>67. &K) J HQ Ir @
2
2 2
As D 9(93/2,,1_, = 7(00575'0 — éiS/D

) Reject Ho if chiSquarel

|

O Reject Ho if chiSquare0=63.17
O Reject Ho if ChiSquare0>67.5
' Reject HO if ChiSquare0<37.69 or Chisquare0=63.17

Screen clipping taken: 4/24/2025 11:25 AM

oy
2 2
<
/Xa < X/-o@/g N~/ 17(.75:5’0 = ?L/Zéﬂ

Vot A2
)=l 530 = X mogsv =X s
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Chapter 9, Case 3 2-sided

Thursday, April 24, 2025 11:30 AM

QUESTION 5

What is the correct conclusion for a test of hypothesis for the variance of a normal distribution. The null hypothesis is Sigma®2=0.0036 versus sigma”2 not equal
to 0.0036 using alpha=0.1. The sample statistics are n=9, xbar=0.54, 5=0.257. The value of ChiSquare0 is 146.7756 and the rejection region is reject HO if
ChiSquare0<2.73 or ChiSquare0=15.51

S ve <68 Qe b i L
Screen clipping taken: 4/24/2025 11:31 AM yo < 2 -76 Or
i G /s S]

275 155

s ey st ) e

|5

o6
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Chapter 9, Case 3 2-sided

Thursday, April 24, 2025 11:34 AM

QUESTION 7

Using the p-value from a test of hypothesis for the variance of a normal distribution, determine the correct conclusion for the hypothesis test, The null
hypothesis is Sigma”2=11.56 versus sigma”2 not equal to 11.56 using alpha=0.02. The sample statistics are n=2, xbar=34.08, 5=0.392. The results of hypothesis
test include ChiSquare0= 0.0133 and p-value=0.184. =

O Fail to reject HO I ? -UA.QU_L <. {a)L/
O Reject HO O< ~ o ;\
-— o

Screen clipping taken: 4/24/2025 11:35 AM { Q 03— \/djl‘%z . | Qev 6(72‘%
Js )9q L .02’ Mo —> WQJUD Yo (‘@\"wﬂ—ﬁa
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Chapter 9, Case 3 Lower

Thursday, April 24, 2025 11:37 AM

A .56
QUESTION 1 'L), ' 0_24// 5_5

Calculate the test statistic for a test of hypothesis for the variance of normal distribution. The null hypothesis is sigma”*2=11.56 versus sigma”2 less than 11.56
using alpha=0.005. The sample statistics are n=6, xbar=31.81, 5=1.509.

) ChiSquared0=11.2657

9 /M\SL Cé-)\ (1.507)%
D o= - -5

Screen clipping taken: 4/24/2025 11:38 AM —_— O % C' D / ) 9
—_— 17

O ChiSquared0=0.9849
O Chisqu
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Chapter 9, Case 3 Lower
Thursday, April 24, 2025 11:40 AM

Ho; o= 0036
=\ [laugew\ R

QUESTION 3 AL

0.0036 usifig alpha=0.1. The sample statistics are n=22, xbar=0.5, 5=0.024.
o~ s - T
) Reject Ho if chisquare0>29.62

O Reject HO if ChiSquare0>13.24 or ChiSquare0>29.62 R >
) Reject Ho if chiSquare0<11.59 e\( CIZ}A(_/ /

@Jea Ho if chiSquare0<13.24
O Reject HO if ChiSquare0<11.59 or ChiSquare0>32.67

O Reject Ho if ChiSquare0>32.67 9( Z < 9(1 _
e [~ n= Tyl

Screen clipping taken: 4/24/2025 11:41 AM
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Chapter 9, Case 3 Upper
Thursday, April 24, 2025 11:43 AM
Y |87
o

QUESTION 1

Calculate the test statistic for a test of hypothesis for the variance of normal distribution. The null hypothesis(is sigma®2=44.89 vergus sigma”2 greater than

44,89 using alpha=0.005. The sample statistics are n=18, xbar=26.32, 5=13.396.
2
(/g-/\fz 5.3%3

O Chisquared0=33.9899 2>
O Chisquared0=8.5025 4\ */S S
(O ChiSquared0=4.2525 —

: 0 2 —
- iSquared0=67.9594 —
=

Screen clipping taken: 4/24/2025 11:44 AM
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Chapter 9, Case 3 Upper

Thursday, April 24, 2025 11:44 AM

03/ o™ o8 = 0026
- /
QUESTION 3 A = H | g OL > 005 o £

Construct e rejection regioh for a test of hypothesis for the variance of normal distribution. The null hypothesis is sigmaf2=0.0036 versus sigma”2 greater than
0.0036 uking alpha=0.05. Th¢ sample statistics are n=10, xb 10, xbar=0.56, S=0.076.

O ReJect HO if ChiSquare0<2.7 or ChiSquare0>1 9 02

O if ChiSquare0<3.33 or ChiSquare0>16.92 @
() Reject Ho if chiSquare0>16. e\r 6@;01 b \ a > O(
T ey

O Reject Ho if chiSquare0<3.33
O Reject Ho if chiSquare0<2.7

O Reject Ho if ChiSquare0>19.02 /)(.Z > 9( 05~ ? ) éa ?Z

Screen clipping taken: 4/24/2025 11:46 AM
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