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Project Flow

Stages

0T

1T

4

Objective

Z-Test

T-Test

T-Test 2 Sample

T-Test Paired

One Sample Proportion

Two Sample Proportion

One-Way Anova

Two-Way Anova

Goodness-of-Fit

Test-of-Independence

One Sample Variance

Acme

Activities

Compare sample mean

against infinite population

mean

Compare sample mean
against finite population
mean

Compare two sample
means with EQUAL
variances

Compare two sample
means with UNEQUAL
variances

Compare sample means of

two paired samples

Compare sample

proportion against infinite

population proportion

Compare sample

proportion against another

sample proportion

Compare sample means

against finite population
mean

Compare two groups of
sample means against
finite population mean

Compare how well a data

fits the expected data

Compare two samples to
see if they are independent

Chi-square test for

difference in one sample

variance

F-test for differences in two

Deliverables

Sample mean < test;
sample mean = test or
sample > test

Sample mean < test;
sample mean = test or
sample > test

Sample mean < test;
sample mean = test or
sample > test

Sample mean < test;
sample mean = test or
sample > test

Sample mean < test;
sample mean = test or
sample > test

Sample mean < test;
sample mean = test or
sample > test

Sample mean < test;
sample mean = test or
sample > test

Sample means are
different (or not)

Groups are different (or
not)

Significant fit (or not)

Indepentdent (or not, i.e.

related)

t-Test 2=

HYP

J\

t-Test Paired

HYP

i

Proportion 1=

HYP

Proportion 2=
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Applet Introduction

Z-Test
Z-Test Sample

Example for Z-Test
Bawani Thambu
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Hypothesis Testing Acme Z-Test Sample
Zz - Test Data
Mode of selection Sample Data
Summary Data Data
 Population  Sample  Population  Sample

Size {Infinity} 20 -1 27.00

Mean 25.00 25.65 2 25.00

Variance (Estimated) 3.61 3 24.00

Alpha 0.05 4 23.00

5 25.00

6 24.00

7 27.00

8 29.00

9 24.00

10 26.00

11 28.00

12 26.00

13 28.00

14 24.00

15 23.00

16 25.00

17 27.00

18 27.00

19 28.00

20 23.00




Hypothesis Testing

z - Test
Summary Data
Population Sample
Size (Infinity) 20
Mean 25.00 25.65
Variance 3.61 3.61
Alpha 0.05

Normal Distribution

Assumption
Population is normally distributed
Population has known mean

B Populaion B Sample

35
304 A
- w@%

-
201
151
104

5 4

1]

0 2 10 13 20

Hypothesis
Left Tail
Ho : p>=25.00 [Claim]
Ha: p< 25.00 [Alternative]

Distribution of Test Statistic

Acme
03 B Population B Sample
1 4
I.I
0.8 f
[ |
0.5
[ |
0.4 1
| |
0.2+ |
|
I:I 1 T A 1
15 20 23 30
Both Tails

Ho : p=25.00 [Claim]
Ha: p#25.00 [Alternative]

3o

B Populahon

B Sample

Right Tail
Ho : p<=25.00 [Claim]
Ha:p> 25.00 [Alternative]

Z-Test Sample
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If Ho is true;
Ua is normally distributed

Decision Rule

Left Tail
Alpha =0.05
U =1.65

a
Accept Ho if ~ Uq< Usample
Reject Ho otherwise
W Population

0.45
0.4
0.35
0.5
0.25
0.2
015
0.1
0.05

Calculate Test Statistic

(% u
g
)
Ho Accept

Test Statistic is not significant at 0.05

Conclusion

Not enough statistical evidence that the true

mean is < than 25.00 .

Acme
If Ho !s true; o
Ua/2 is normally distributed
Both Tails
Alpha =0.05
Uo(/2 =1.96
Accept Ho if ~Ugp< Usample< Yar

Reject Ho otherwise

B Population
045

0.4
0.35
0.5
0.25
0.2
015
0.1

-4 -2 1] 2
(% - u
)
Ho Accept

Test Statistic is not significant at 0.05

Not enough statistical evidence that the true
mean is not 25.00 .

.03+ \¥
]

If Ho is true;
Ua is normally distributed

Right Tail
Alpha =0.05
u =1.65

a

Accept Ho if Usamp|e< Uc(
Reject Ho otherwise

B Populabon
0.45

0.4
0.35 -
0.3
0.25
0.2
015
01
0,05

Ho Accept
Test Statistic is not significant at 0.05

Not enough statistical evidence that the true
mean is > than 25.00 .

Z-Test Sample
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Applet Introduction

t-Test 1s
t-Test 1s

One Sample t-Test
Bawani Thambu

05-Mar-2007

Not Completed

1sTeam
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t-Test 1s

t-Test: 1 - Sample Data

Mode of selection : Sample Values [Mean, Variance]

Summary Data

Size {Infinity} 20

Mean 24.000 24.650

Variance (Estimated) 3.608
Alpha 0.05
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t-Test: 1-Sample

Summary Data
Samplel Sample2

Size (Infinity) 20

Mean 24.00 24.65

Variance 0.00 3.61
Alpha 0.05

Normal Distribution

Assumption
Population is normally distributed
Population has known mean

B Sample]

0.43
0.4+
0.35
0.3+
0.25 1
0.2+
.13
0.1+
.05+

13 20 23 30

Hypothesis
Left Tail Both Tails
Ho : p>=24.00 [Claim] Ho : p=24.00 [Claim]
Ha: p< 24.00 [Alternative] Ha: p#24.00 [Alternative]

Distribution of Test Statistic

3o

B Sample!

0.45
0.4+
0.35 1
0.3+
0.25 1
0.2+
015

Right Tail
Ho : 1 <=24.00 [Claim]
Ha: p> 24.00 [Alternative]

10

t-Test 1<



Hypothesis Testing

If Ho is true;
ta v is t-distributed with v degrees of freedom

Decision Rule

Left Tail
Alpha =0.05
ta, v =1.73
Accept Ho if ~ tq, ve tsample
Reject Ho otherwise
W Sample]
045 e
0.4+ A
0.35 1 rII Ill
I:I-S ] ] \
0.25 1
l:l-z 1 / \
0154 ’
014
0.05 1
0 T T !
10 5 a 3

Calculate Test Statistic

i — (f B I'H) — 153
Smnple 2
5
Fl
Ho Accept

Test Statistic is not significant at 0.05

Conclusion
Not enough statistical evidence that the true
mean is < than 24.00 .

10

Acme

If Ho is_ true; _
ta/2, vis t-distributed with v degrees of freedom
Both Tails
Alpha =0.05
ta/2, v =2.09
Accept Ho if ~toyn v tsample a2, v
Reject Ho otherwise
W Sample]
045 e 3
0.4+ =
0.35 1 r'l |'1
I:I-3 | ] \
0.25 1
l:l-z ] / \
0151 ’
0.1+
0.05
0 T T T
-10 -5 1] 5 10
¢ _ [I B .H) — 153
Smnple 2
5
Fl
Ho Accept

Test Statistic is not significant at 0.05

Not enough statistical evidence that the true
mean is not 24.00 .

If Ho is true;
ta . is t-distributed with v degrees of freedom

3

Right Tail
Alpha =0.05
ta, v =1.73
Accept Ho if tsamp|e< tu, v
Reject Ho otherwise
W Sample]
045 hd
0.4+ o
0.354 rII II1
0.3 ] \
0254
0.2 / \
0154 }l
0.1
0.05+
] T T !
0 -5 o 3
; _ (I - ) _ 153
Smple 2
hy
¥
Ho Accept

Test Statistic is not significant at 0.05

Not enough statistical evidence that the true
mean is > than 24.00 .

10
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t-Test 2s-Eq

Applet Introduction

t-Test 2s

t-Test 2s -Eq
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t-Test 2s-Eq

t - Test: 2 - Sample Data

Mode of selection : Sample Data

Summary Data Sample 1 Data
Size 20 20 !1 5.50
Mean 5.51 5.66 2 5.40
Variance 0.01 0.02 3 5.60
Alpha 0.05 4 5.50
5 5.40
6 5.50
7 5.50
8 5.60
9 5.40
10 5.50
11 5.70
12 5.60
13 5.50
14 5.60
15 5.40
16 5.50
17 5.60
18 5.40
19 5.60
20 5.40

Sample 2 Data

1 5.50
2 5.70
3 5.80
4 5.70
5) 5.50
6 5.60
7 5.80
8 5.60
9 5.70
10 5.60
11 5.90
12 5.80
13 5.60
14 5.50
15 5.70
16 5.60
17 5.50
18 5.70
19 5.80
20 5.50
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t Test : 2 Sample (Variance)

Assumption
Population is normally distributed. Population is normally distributed. Population is normally distributed.
Population has known mean. Population has known mean. Population has known mean.
Sample is randomly selected. Sample is randomly selected. Sample is randomly selected.
Observations are independent. Observations are independent. Observations are independent.
—+— Samplel —— SampleZ
i 12 12
5894 1 14 14
584 + T #
fl [ Pl ns 0.5 S
5T+ 't -
0.5 - 0.5
5.6 5
s 0.4 - 0.4 -
54 0.2 0.2 4
53 1T T T T 1T 17T 17T 17T T T 1T 1T T1TT1TT |:| T T T T I:I T T T T
123436789100 NAIHNI6 030 1] 2 4 G g 10 0 2 4 G g 10
Hypothesis
Left Tail Both Tails Right Tail
Ho:p = 0.01 [Alternative] Ho:p = 0.01 [Claim] Ho:p = 0.01 [Alternative]
Ha:p < 0.01 [Claim] Ha:p ? 0.01 [Alternative] Ha:p > 0.01 [Claim]

Distribution of Test Statistic

_ 2 2 _ 2 2 _ 2 2
Fa,nl,nz - (slarger) / (ssmaller) Fa,nl,nz - (slarger) / (ssmaller) I:o(,nl,nZ - (slarger) / (Ssmaller)
If Ho is true If Ho is true If Ho is true
F is F-distributed with v degrees of freedom F is F-distributed with v degrees of freedom F is F-distributed with v degrees of freedom
a,vl,v2 a/2,vi,v2 a,vl,v2
Decision Rule
Alpha = 0.95 Alpha = 0.975 0.025 Alpha = 0.05
Flaninz = 049 Flaninz = 039 255 Faninz = 218

Accept Ho if F AcceptHoif F

1—(1/2,v1,v2< I:sample< I:(xlz,vl,vz sample< I:or,vl,vz



Hypothesis Testing

. 2
Accept Ho if Fl-a,vl,v2< F sample
Reject Ho otherwise
1.2
1 -
fi
[\
08 | \
o [| \
|
0.4 \
0.2 1 K
I:I JI T T T T
] 2 ) 5] 5] 10
Calculate Test Statistic
H
5
"1 _ .
'F.'S:tmpde === 1.83
I3

Statistical Decision

Ho Accept
Test Statistic is not significant at 0.05%

Conclusion

Not enough statistical evidence that the true
variance is < than 0.01.

Acme

Reject Ho otherwise
1.2
1 -
fi
(\
0.5 |\

0.6 [ \

n.4—| \
NN

0 2 4 = g 10
1
5
1
Jﬁ.‘s&np!d=_2= CHEE
5
Ho Accept

Test Statistic is not significant at 0.05%

Not enough statistical evidence that the true
variance is not 0.01.

t-Test 2s-Eq

Reject Ho otherwise
1.2
1 -
fi
[\
0.5 ||\
6] [| |

0.4 || \
n.z—JII K
2

ol
=21 _ 183
Sdtm e Fl

5
Ho Accept

Test Statistic is not significant at 0.05%

Not enough statistical evidence that the true
variance is not 0.01.
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t-Test: 2 - Sample

Summary Data (Equal Variance)

Samplel Sample2 Alpha | 0.05
Size 20 20 vl 19
Mean 5.51 5.66 v2 19
Variance 0.01 0.02 F val 2.18
Alpha 0.05 F-Ratio 1.83

Normal Distribution

Assumption
Population is normally distributed
Population has known mean

B Sample ! B Sareple? B Sample] B Sireple?

0.45
5.9 041
0.354
5.8 4
0.3+
a7 0.25
55 0.24
0154
3.3
0.1+
*H] 0.05
53 T T T I:I T T T
0 3 10 15 20 -3 0 3 10 15
Hypothesis
Left Tail Both Tails Right Tail
Ho : p>=5.51 [Claim] Ho : u=5.51 [Claim] Ho : p<=5.51 [Claim]
Ha: p< 551 [Alternative] Ha: p#5.51 [Alternative] Ha:p> 5.51 [Alternative]

Distribution of Test Statistic
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If Ho is true;

Decision Rule

ta v is t-distributed with v degrees of freedom

Left Tail
Alpha =0.05
ta, v =1.69
Accept Ho if -~ tq’ (n1+n2-2)< tsample
Reject Ho otherwise
045 W Samplel
0.4+
0.35 4 I(\II
a
0.25 1 || ||
0.2+
015
0.1+ |
005+ \
1] T T T
-10 -5 1] 5 10

Calculate Test Statistic

— [‘fﬂ _EI:I 4.23

f’.‘:‘ampies - 7 =
| S?fr 5

Ho Accept
Test Statistic is not significant at 0.05

Conclusion

If Ho is true;

t

Acme

a2, v is t-distributed with v degrees of freedom

Both Tails
Alpha =0.05
ta/2, v =2.02
Accept Ho if ~toyn v tsample a2, v
Reject Ho otherwise
W Sample]
045 e 3
0.4
0354 I[\I
4 -
03 [
0251 .
0.2
0154
0.1
| |
. J k
1] T T
-10 -5 0 5 10
i = I:.'-’Ez _ xlj — 423
By les 7
ng—:q
Ho Reject

Test Statistic is significant at 0.05

If Ho is true;

3

Alpha

t
a, Vv

ta . is t-distributed with v degrees of freedom

Right Tail
=0.05

=1.69

Accept Ho if tsample< t, (n1+n2-2)

Reject Ho

0.45

otherwise
W Sample!

0.4
0.35 -
0.3
0.25
0.2
015

Ho

Reject

Test Statistic is significant at 0.05

10

t-Test 2s-Eq



Hypothesis Testing Acme t-Test 2s-Eq

Not enough statistical evidence that the true Enough statistical evidence that the true Enough statistical evidence that the true
mean is < than 5.51 . mean is not 5.51 . mean is > than 5.51 .
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t-Test 2s (Uneq)
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t-Test 2s
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t-Test 2s (Uneq)
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t-Test 2s (Uneq)

t-Test: 2 - Sample Data

Mode of selection : Sample Values [Mean, Variance]

Summary Data

Size 20 20

Mean 5.495 5.655

Variance 0.080 0.015
Alpha 0.05
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Acme

t Test : 2 Sample (Variance)

Assumption

Population is normally distributed.
Population has known mean.
Sample is randomly selected.
Observations are independent.

Hypothesis
Left Tail
Ho:p = 0.02 [Alternative]
Ha:p < 0.02 [Claim]
Distribution of Test Statistic
_ 2 2

Fa,nl,nz - (slarger) /(ssmaller)
If Ho is true
F is F-distributed with v degrees of freedom

a,vl,v2
Decision Rule
Alpha = 0.95
Fl—a,nl,n2 = s

Population is normally distributed.
Population has known mean.
Sample is randomly selected.
Observations are independent.

1.2
1 -
0.5+
0.5 -
0.4 -
0.2+
I:I T T T T
0 2 4 G i 10
Both Tails
Ho:p = 0.02 [Claim]
Ha:p ? 0.02 [Alternative]
_ 2 2
Fa,nl,nz - (slarger) /(ssmaller)
If Ho is true
Fa/2,v1,v2 is F-distributed with v degrees of freedom
Alpha = 0.975 0.025
Fl—a,nl,nz = 0.39 2.55
Accept Ho if F

1—(1/2,v1,v2< I:sample< I:(xlz,vl,vz

Population is normally distributed.
Population has known mean.
Sample is randomly selected.
Observations are independent.

1.2

0.5 S

0.5+

0.4+

0.2+

Right Tail
Ho:p = 0.02 [Alternative]
Ha:p > 0.02 [Claim]

_ 2
I:o(,nl,nZ - (slarger) / (Ssmaller)
If Ho is true
F is F-distributed with v degrees of freedom
a,vl,v2
Alpha = 0.05
Fa,nl,nz = 2.18

Accept Ho if Fsample< Fa,vl,vz

t-Test 2s (Uneq)
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. 2
Accept Ho if Fl-a,vl,v2< F sample
Reject Ho otherwise
1.2
1 -
fi
[\
08 | \
o [| \
|
0.4 \
0.2 1 \
I:I JI T T T T
] 2 ) 5] 5] 10
Calculate Test Statistic
H
5
"1 _ .
'F.'S:tmpde =1-= 5.33
I3

Statistical Decision

Ho Accept
Test Statistic is not significant at 0.05%

Conclusion

Not enough statistical evidence that the true
variance is < than 0.02.

Acme

Reject Ho otherwise
1.2
1 -
fi
(\
0.5 |\

0.6 [ \

n.4—| \
L\

ol
=21 _ 533
Edm ple F]
5
Ho Reject

Test Statistic is significant at 0.05%

Enough statistical evidence that the true variance is
not 0.02.

Reject Ho otherwise
1.2
1 -
fi
[\
0.5 ||\
6] [| |

0.4 || \
n.z—JII I\
2

ol

Foo =21 _ 533
Edm ple F]
5
Ho Reject

Test Statistic is significant at 0.05%

Enough statistical evidence that the true variance
is not 0.02.

t-Test 2s (Uneq)
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t-Test: 2 - Sample

Summary Data (Unequal Variance)

Samplel Sample2 Alpha | 0.05
Size 20 20 vl 19
Mean 5.50 5.66 v2 19
Variance 0.08 0.02 F val 2.18
Alpha 0.05 F-Ratio 5.33

Normal Distribution

Assumption
Population is normally distributed
Population has known mean

B Sample] B Sireple?

0.43
0.4+
0.35
0.3+
0.25 1
0.2+
.13
0.1+
.05+

-3 0 2 10 13

Hypothesis
Left Tail Both Tails Right Tail
Ho : p>=5.50 [Claim] Ho : p=5.50 [Claim] Ho : p<=5.50 [Claim]
Ha: p< 550 [Alternative] Ha: p#5.50 [Alternative] Ha:p> 5.50 [Alternative]

Distribution of Test Statistic
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If Ho is true;
ta v is t-distributed with v degrees of freedom

Decision Rule
Left Tail
Alpha =0.05

ta, v =171
Accept Ho if ~ tq’ (n1+n2-2)< tsample
Reject Ho otherwise

A W Samplel

0.4
0.35
0.5
0.25
0.2
015

2.32

Acme

If Ho is true;
ta/2 v is t-distributed with v degrees of freedom

Both Tails
=0.05

=2.06

Alpha

ta/2, s
Accept Ho if
Reject Ho

t

) t<:(/2, ve sample< tu/2, v

otherwise

A W Samplel

0.4
0.35
0.5
0.25
0.2
015

-10 -5 0 3 10

2.32

If Ho is true;

3

Alpha

t
a, Vv

Right Tail

=0.05
=171

t-Test 2s (Uneq)

ta . is t-distributed with v degrees of freedom

Accept Ho if tsample< t, (n1+n2-2)

Reject Ho

0.45

otherwise

W Sample!

0.4
0.35 -
0.3
0.25
0.2
015

=) 10

2.32




t-Test 2s (Uneq)

Hypothesis Testing Acme
2 2
2 2 2 2
L I L
df = z : z - df = z : z -1
2 2 2 2
5 1 55 1 5 1 53 ]
Ml om+l I m+l o+l Ml M+l
Ho Accept Ho Reject Ho Reject
Test Statistic is significant at 0.05

Test Statistic is not significant at 0.05 Test Statistic is significant at 0.05

Enough statistical evidence that the true

Conclusion
Enough statistical evidence that the true
mean is > than 5.50 .

Not enough statistical evidence that the true
mean is < than 5.50 . mean is not 5.50 .
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Objective
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Paired T-Test for Paired Samples

To provide a method for Paired T-Test

A Paired T-Test is used when the samples have a before-after relaltionship.
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Not Completed

Paired T-Test
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Paired T-Test for Paired

Samples

t - Test : Paired Data

Sample Data

Mode of selection

Summary Data

samplez  Difference
20 40

Size 20
Mean 5.51 5.52 5.51
Variance 0.01 0.02 0.01

Alpha 0.05

Data
 samplel  Sample2  Difference -
2 5.40 5.30 -0.10
3 5.60 5.70 0.10
4 5.50 5.60 0.10
5 5.40 5.30 -0.10
6 5.50 5.40 -0.10
7 5.50 5.50 0.00
8 5.60 5.60 0.00
9 5.40 5.50 0.10
10 5.50 5.60 0.10
11 5.70 5.60 -0.10
12 5.60 5.70 0.10
13 5.50 5.60 0.10
14 5.60 5.50 -0.10
15 5.40 5.30 -0.10
16 5.50 5.60 0.10
17 5.60 5.50 -0.10
18 5.40 5.40 0.00
19 5.60 5.60 0.00
20 5.40 5.50 0.10




Hypothesis Testing Acme Paired T-Test for Paired Samples

t - Test : Paired

Summary Data
Samplel Sample2 Difference

Size 20 20 40.00

Mean 5.51 5.52 5.51

Variance 0.01 0.02 0.01
Alpha 0.05

Normal Distribution

Assumption
Population is normally distributed
Population has known mean

B Semple] B Sample B Simple] B Siample? O Differernce
575 k2 4 045 i k2 015 2
5.7 1 & % 0.4
5 65 4 s 0.1 Lty Gl £
351 0.3 0.05+
5.55 1
0.25 4
5.5 04— Lo o
0.2+
5454
54 0154 -0.05
J 0.1+
335 014 Gl G Gl
g3 0.05 1
525 T T T I:I T T T 'I:I1 5 T T T
0 a2 10 15 20 -5 ] = 10 15 ] ] 10 13 20
Hypothesis
Left Tail Both Tails Right Tail
Ho : ul - p2 >=5.51 [Claim] Ho : pl-p2 =551 [Claim] Ho : pul - p2 <=5.51 [Claim]
Ha: pl-px< 551 [Alternative] Ha: pl-px #5511 [Alternative] Ha:pl-px> 551 [Alternative]

Distribution of Test Statistic
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If Ho is true; If Ho is true; If Ho is true;
ta v is t-distributed with v degrees of freedom ta/2 v is t-distributed with v degrees of freedom ta . is t-distributed with v degrees of freedom

’ 3

Decision Rule

Left Tail Both Tails Right Tail
Alpha =0.05 Alpha =0.05 Alpha =0.05
tav =1.69 ta, v =2.02 ta v =1.69
Accept Ho if ~ly (n1+n2-2)< 'sam Accept Ho if -t <t <t Accept Ho if t <t
, - ple p a/2,v ‘sample  a/2,v p sample ~ ‘q, (n1+n2-2)
Reject Ho otherwise Reject Ho otherwise Reject Ho otherwise
W Samplel W Sample] W Sample]
045 4 045 i .45 i
0.4+ 0.4+ 0.4+
0.35 4 Ir/-\ll 0.35 4 Iml 0.35 1 Iml
0.5 |Jl| 0.5 |Jl| 0.3 |Jl|
0.25- (1 0.25- 1 025 [
0.2+ i 0.2+ i 0.2+
015 i 015 i 0154
0.1+ 0.1+ i 014
| | | |
0.05- \ 0.05- j | i\ 005 /
I:I I:I T T T I:I T T T
-10 -5 1] 5 10 -10 -5 0 5 10 -10 -5 0 = 10

Calculate Test Statistic

_ Iif _fl) — 015

i — 0.15
Eamples

Ho Accept Ho Accept Ho Accept
Test Statistic is not significant at 0.05 Test Statistic is not significant at 0.05 Test Statistic is not significant at 0.05



Hypothesis Testing Acme Paired T-Test for Paired Samples

Conclusion

Not enough statistical evidence that the true Not enough statistical evidence that the true Not enough statistical evidence that the true
mean is < than 5.51 . mean is not 5.51 . mean is > than 5.51 .
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To provide a method of One Sample Proportion.

To compare a sample proportion to a population proportion.
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Hypothesis Testing Acme One Sample Proportion

Proportion : 1 - Sample Data

Mode of selection : Sample Data

Summary Data Data

Size {Infinity} 20
Number {Infinity} 8.00
Proportion 0.50 0.40
Alpha 0.05

© 0o N o o b~ W N P

[N
[N

[y
N

[y
w

[N
i

=
a1

[uny
(o)

-
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=
e}

=
©
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o
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Hypothesis Testing Acme One Sample Proportion

Proportion : 1 - Sample

Summary Data

Size (Infinity) 20

Number 0.00 8.00

Proportion 0.50 0.40
Alpha 0.05

Normal Distribution

Assumption
Population is normally distributed
Population has known mean

13 m # 0

14
40.00%
0.3+
0% a0.00
0.6+
00%
0.4+
0.2+

04
Hypothesis
Left Tail Both Tails Right Tail
Ho : w>=0.50 [Claim] Ho : w=0.50 [Claim] Ho : w<=0.50 [Claim]
Ha: mw< 0.50 [Alternative] Ha: mw# 0.50 [Alternative] Ha: 1> 0.50 [Alternative]

Distribution of Test Statistic




Hypothesis Testing

If Ho is true;
Ua is normally distributed

Decision Rule

Left Tail
Alpha =0.05
Za =1.65
Accept Ho if ~ Uq< Usample
Reject Ho otherwise
W Sample]
045 e
0.4 n
0.35 1 rII Ill
|
03 ||
0.25 1 l

—

0.15 ’ \

= -

Calculate Test Statistic

(p—7)

H

Ho Accept

-0.89

Test Statistic is not significant at 0.05

Conclusion

Not enough statistical evidence that the true
mean is < than 0.50 .

10

Acme
If Ho !s true; o
Ua/2 is normally distributed
Both Tails
Alpha =0.05
Za0 =1.96
Accept Ho if ~Ugp< Usample< Yar
Reject Ho otherwise
W Sample]
045 e 3
0.4+ y
0.35 1 r'l |'1
[ 1
0.3+ |I
0.25 |
l:l-z ] / \
0151 ’ \‘
0.1+
0.05
0 T T T
-10 -5 1] 5
7 - (p—7) — -0.89
Sample
1-
H
Ho Accept

Test Statistic is not significant at 0.05

Not enough statistical evidence that the true
mean is not 0.50 .

10

If Ho is true;
Ua is normally distributed

Right Tail
Alpha =0.05
Za =1.65
Accept Ho if Usamp|e< Uc(
Reject Ho otherwise
W Sample]
0.45 i
0.4 S =
0.35 1 r'l |'1
I
0.3 7 ||
0.25

e

0151 }‘ \

Ho Accept
Test Statistic is not significant at 0.05

Not enough statistical evidence that the true
mean is > than 0.50 .

10

One Sample Proportion
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Hypothesis Testing Acme Two Sample Proportion

Proportion : 2 - Sample Data

Mode of selection : Sample Data

Summary Data Sample 1 Data Sample 2 Data
Size 20 20 40 !1 0 -1 0
Number 9.00 14.00 23.00 2 0 2 0
Proportion 0.45 0.70 0.58 3 0 3 0
Alpha 0.05 4 0 4 0
5 0 5 0
6 0 6 0
7 0 7 0
8 0 8 0
9 0 9 0
10 1 10 0
11 1 11 0
12 1 12 0
13 1 13 0
14 1 14 0
15 1 15 1
16 1 16 1
17 1 17 1
18 1 18 1
19 1 19 1
20 1 20 1




Hypothesis Testing Acme

Two Sample Proportion

Proportion : 2 - Sample

Summary Data

Size 20 20 40.00

Number 9.00 14.00 23.00

Proportion 0.45 0.70 0.58
Alpha 0.05

Normal Distribution

Assumption
Population is normally distributed
Population has known mean

4:5.00¢
Hypothesis
Left Tail Both Tails
Ho : p2-pl>=0.45 [Claim] Ho : p2-pl1=0.45 [Claim]
Ha: p2-pl< 0.45 [Alternative] Ha: p2-pl#0.45 [Alternative]

Distribution of Test Statistic

Right Tail
Ho : p2-pl<=0.45 [Claim]
Ha: p2-pl> 0.45 [Alternative]




Hypothesis Testing

If Ho is true;
Ua is normally distributed

Decision Rule
Left Tail
Alpha =0.05

Za =1.65
Accept Ho if ~UgS Upz_pl
Reject Ho otherwise

A W Samplel

0.4
0.35
0.5
0.25
0.2
015

L]

Calculate Test Statistic

M 1.60

E.‘Sampie = =
Sﬁ'l—h
ipemp = | AELTTPS }[1_*@1?1 +Hzm]x[r-'1+ﬂz]
- m o+ m ey Mg
Ho Accept

Test Statistic is not significant at 0.05

Conclusion

Not enough statistical evidence that the true

Acme

If Ho is true;
Ua/2 is normally distributed

Both Tails
Alpha =0.05
Z.0 =1.96
Accept Ho if - Uo(/z< Up2-p1< U01/2
Reject Ho otherwise
W Sample]
045 s
0.4+
0.35 1
0.3+
0.25 1
0.2+
0151
0.1+
0.05
0 T T T
10 -5 ] 5
O Lol B
Sampls -

Sﬁ'l—h

10

) g

o= antmem ) () antam )
Famh g g

Ho Accept
Test Statistic is not significant at 0.05

Not enough statistical evidence that the true

mnz

Two Sample Proportion

If Ho is true;
Ua is normally distributed

Right Tail
Alpha =0.05
Z =1.65
Accept Ho if Upz_p1< Yq
Reject Ho otherwise
W Sample]

0.45
0.4
0.35
0.3
0.25
0.2
015

(pﬂ_pl) 1.60

Z.‘:Tampse ==
Sﬁ'l—h

pep = | AELTTP2 [l_ﬂm +Hzm]x[ﬂl+ﬂz]
] = m g g

Ho Accept
Test Statistic is not significant at 0.05

Not enough statistical evidence that the true



Hypothesis Testing Acme Two Sample Proportion

mean is < than 0.45 . mean is not 0.45 . mean is > than 0.45 .
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Hypothesis Testing

AcCme

One-Way Anova

Analysis of Variance 1 Factor Data
| Response | Solderabilty

BB o

RAGHN oos

Sample Data

1 5.50 6.50 7.80
2 5.40 7.00 7.40
3 5.60 7.10 7.50
4 5.40 7.00 7.40
5 5.50 6.80 7.30
6 5.70 7.60
7 5.80 7.90
8 5.50 7.80
) 5.20

10 5.00




Hypothesis Testing

Acme

Analysis of Variance 1 Factor

120V
Size 10
Mean 5.46

Variance 0.05
Alpha 0.05

Graph of Factor Levels

140v
5
6.88
0.06

160V
8
7.59
0.05

Total
23
6.51
0.05

|
—— 1 20%
5 - —— < <+ 140%
' S - e - —— 160
T4 kS # k) =
E_
i
| e - i e _+---+ e ——
E 54 ——
=
S 41
3_
2_
-1 -
I:l T T T T T T T T
1 2 3 4 5 G 7 g 9 10
Factors
Source SS df MS F Ss Rho
Between Groups 21.00 2 10.50 197.95 20.94 94.95
Within 1.06 20 0.05
St 22.06 22
Sm 974.35 1
ST 996.41 23

One-Way Anova



Hypothesis Testing Acme One-Way Anova

Confidence Intervals
120V | 546 | 531 | 561 | 0.15

140V 6.88 6.67 7.09 0.21
160V 7.59 7.42 7.76 0.17

Comparision

796+

746+

.96

5.46

Values

3.96 4

546+

4 96 T T T
120% 140% 160%

Factor and Levels
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Hypothesis Testing

AcCme

Two-Way Anova

Anova 2 Factor Data

Solderability

Part per Million

w

Sample Data

1 | 350 | 290 | 3.40
@l 2 | 260 | 350 | 2.90

3 | 280 | 320 | 3.10

T 1 | 360 | 350 | 290
g ¥ 2 | 310 280 | 350
@ 3 | 290 | 240 | 3.30
1| 280 | 330 | 3.10

| 2| 290 | 28 | 330

3 | 270 | 260 | 3.10




Hypothesis Testing

Graph of Factor Levels

aq

AcCme

35 4=
3]
2.5

=

Values

1.54

14

0.5+

—— A1 B
e |
—— A5 B1
—+ | = A1 B2
A2 B2
A3 B2
&1 B3
A2 B3
A3 B3

Lo R

Factors

Two-Way Anova



Hypothesis Testing Acme Two-Way Anova
Anova 2 Factor Response Tables
| Response | Solderability
_| Part per Million

w

Confidence Intervals

A ] ]
- 0.40
-’ 0.40 | 0.40 0.40

’ 0.40 | 0.40 | 0.40




Hypothesis Testing Acme Two-Way Anova

Graph of Pressure
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Hypothesis Testing Acme Two-Way Anova

Graph of Temp

-~ B
35 e

= =@ B3

2 5
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Hypothesis Testing

AcCme

Two-Way Anova

Anova 2 Factor

Anova 2 Factor With Replication

_-------
Ctemp | o oz

0 0.20 0.10 | 0.92 0.20 | 0.07
0 0.14 2 | 0.07 0.61 0.14 | 0.05
1 0.30 4 | 0.08 | 0.68
1 213 18 | 0.12 1.07
243 22 | 011 1.00 243 | 0.88
2.77 26 2.77 1.00
252.08 1
254.85 27

Confidence Intervals

S Temp ~ Pressure
VAL 299 | 276 | 322 | 0.23 1Bl 310 | 287 | 333 | 023

(A2 300 277 | 323 | 023 B2 311 | 288 | 334 | 023

(A3 318 | 295 341 | 023 B3 296 273 | 319 | 023




Hypothesis Testing Acme Two-Way Anova

Response Graph of Factors | Levels

354

254

Solderability {Part per Million)

1 5 T T T T T T
A1 A2 A3 B1 B2 B3

Factorz and Levels
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Hypothesis Testing

AcCme

Goodness-of -Fit

Chi - Squared GOF Data

-| Unequal Expected Values

Raishan oos

1 105.00 100.00 0.25 0.12 0.15 0.18

2 112.00 100.00 144 0.13 0.16 0.19 Ok
3 53.00 100.00 22.09 0.06 0.08 0.10 Ok
4 97.00 100.00 0.09 0.11 0.14 0.16 Ok
5 115.00 100.00 2.25 0.14 0.16 0.19 Ok
6 118.00 100.00 3.24 0.14 0.17 0.20 Ok
7 115.00 100.00 2.25 0.14 0.16 0.19 Ok

715.00 700.00 31.61




Hypothesis Testing Acme Goodness-of -Fit

Data Graph

O Ohsemnved O Expected

140

120 1

100

Frequency
[a)] [}
- _
1 1

=
=
1

)
]
1

L}
1




Hypothesis Testing Acme Goodness-of -Fit

Goodness of Fit

.22

0.2+

018 l
016 [
0144

0124

0.08

0.06 4

0.04 +

Frequency
[}
1

.02+

—
[gn)
Loy}
=
o
[my]
-1



Hypothesis Testing Acme Goodness-of -Fit

Chi - Squared GOF

Assumption
A key assumption of the chi square test of independence is that each subject contributes data to only one cell. Therefore the
sum of all cell frequencies in the table must be the same as the number of subjects in the experiment. Use of the chi-square

tests is inappropriate if any expected frequency is below 1 or if the expected frequency is less than 5 in more than 20% of
cells.

Hypothesis

Right tail (only)

Ho: There is a good fit [Claim]

Ha: Thereis notagood fit [Alternative]

Distribution of Test Statistic
If Ho is true;

X2V is Chi-square -distributed with v degrees of freedom

Decision Rule

Alpha = 0.05
Degree Of Freedom = 6
2 _
X y E 12.59
Accept Ho if = z < X2
sample a,v
Reject Ho = Otherwise

Calculate Test Statistic

XZVCaIcuIate = 31.61



Hypothesis Testing Acme Goodness-of -Fit

Chi - Square GOF

016

.14+

0124 f

o}
1
——

Frequency
(o} (o}
= [}
(my] (wn)

1 1

0.04 /

.02

Ho.

Statistical Decision
Ho : Reject
Test Statistic is significant at 0.05.

Conclusion
There is not a good fit
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Hypothesis Testing Acme Test-of-Independence

Chi - Squared TOI Data
" Alpha | 0.05 |

Observed Values




Hypothesis Testing Acme Test-of -Independence

Data Graph

20
B Lower

184 O Middle

164 B Upper

144

124

Frequency
=
1

2

6

1

2

n- - T
rﬁa‘ ‘@‘\ S& ‘ﬁ(@f
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Hypothesis Testing Acme Test-of -Independence

Data Graph
20

B Army
O ey
164 M Air Force
O marines

18+

144

—
]
1

Frequency
=
1

o
1

Class



Hypothesis Testing

Chi - Squared TOI

Assumption

A key assumption of the chi square test of independence is that each subject contributes data to only one cell. Therefore the
sum of all cell frequencies in the table must be the same as the number of subjects in the experiment. Use of the chi-square
tests is inappropriate if any expected frequency is below 1 or if the expected frequency is less than 5 in more than 20% of

cells.

Hypothesis
Right tail (only)

Ho: Choice and Class are independent.

Ha: Choice and Class are not independent.

Distribution of Test Statistic

If Ho is true;

X2V is Chi-square -distributed with v degrees of freedom

Decision Rule
Alpha
Degree Of Freedom
2

X
\"

Accept Ho if =
Reject Ho =

Calculate Test Statistic

1 Army
o 2 Navy
=3 .
| 3 Air Force
3

4 Marines

Class

0.05

6

12.59
2 < X2

sample a,v

Otherwise

Lower Middle
0.60 0.06
0.77 0.24
3.60 0.47
0.02 0.85
4.98 1.62

[Claim]

[Alternative]

Upper
1.77
0.36

11.56
0.88
14.57

2.42
1.37
15.63
1.75
21.18

Acme

Test-of -Independence



Hypothesis Testing Acme Test-of-Independence

Chi - Square TOI

016

.14+

0124

0.1+

.03

Class

0.06

0.04 - /

0.0z

T
] 5 10 15 20 25 a0
Choice

Statistical Decision
Ho : Reject
Test Statistic is significant at 0.05.

Conclusion
Choice and Class are not independent.



Hypothesis Testing

Chi-1s Variance

Bawani Thambu
Acme
2007-Mar-05: 20:18:24



Hypothesis Testing Acme Chi-1sVariance

Applet Introduction

Chi-1sVariance
Chi-1s Variance

Ch- 1 Sample variance

Bawani Thambu

05-Mar-2007

Not Completed

11 |IR0099 Phoana Thebes




Hypothesis Testing

Acme

Chi-1sVariance

Chi - Squared : 1 Sample (Variance) Data

Mode of selection :

Summary Data

Sample Data

Size {Infinity} 15

Mean 18.80

Variance 64.00 124.03
Alpha 0.05

Data
 Population  Sample2
!1 25.00
2 30.00
3 5.00
4 15.00
5 18.00
6 42.00
7 16.00
8 9.00
9 10.00
10 12.00
11 12.00
12 38.00
13 9.00
14 14.00
15 27.00
16
17
18
19




Hypothesis Testing

Acme

Chi - Squared : 1 Sample (Variance)

A

p
p
S

ssumption

opulation is normally distributed.
opulation has known mean.
ample is randomly selected.

Observations are independent.

—— Sample2
=0

40

30+

E

204

104

1]

T T T T T T T T T T T T T
012345678 91011121314

Hypothesis
Left Tail
Ho:pu = 64.00 [Alternative]
Ha:p < 64.00 [Claim]
Distribution of Test Statistic
X2 = (n-1) 52/52

a,n
If Ho is true

t

D

Al
X

v is t-distributed with v degrees of freedom

ecision Rule
Ipha = 0.95
2 = 6.57

\'

Population is normally distributed.
Population has known mean.
Sample is randomly selected.
Observations are independent.

Population is normally distributed.
Population has known mean.
Sample is randomly selected.
Observations are independent.

B Zample? B Zample?

.09 .09
0.05 + 0.05 +
0.07 4 0.07 4
0.06 - 0.06 <
0.05 4 0.05 4
0.04 4 0.04 4
0.03 1 0.03 1
0.02 4 0.024
0.01 4 0.01 4

1] 1]

T T T T T T I T T
0 5 10 15 20 25 30 35 40 45 50

Both Tails
Ho:p = 64.00 [Claim]
Ha:p ? 64.00 [Alternative]

2 -
X al2n
If Ho is true
ta/2 v is t-distributed with v degrees of freedom

(n-1) 52 / 52

Alpha = 0.975 0.025

X2 5.63 26.12

\

T T T T T T I T T
0 5 10 15 20 25 30 35 40 45 50

Right Tail
Ho:pu = 64.00 [Alternative]
Ha:p > 64.00 [Claim]

X2 = (n-1) 52 / 52
a,n
If Ho is true

ta v is t-distributed with v degrees of freedom

Alpha = 0.05

X2 = 23.68
Y

Chi-1sVariance



Hypothesis Testing Acme

8 2 2 v 2 2 - 2 2
AcceptHo if X 1-u,v< X sample Accept Ho if X 1-0(/2,v< X sample< X a2y Accept Ho if X sample< X o
Reject Ho otherwise Reject Ho otherwise Reject Ho otherwise

W Sample? B Zample? B Zample?
0.09 0.03 0.09
0.05 0.03 S 0.08 4
N N N

0.07 4 0.07 4 0.07 4
0.05 / 0.06 / 0.06 /
0.05 { 0.05 - { 0.05 - {

| \ | \ | \
o044 o4+ 0044

| |
0.035+ 0.035 | 0.03 |
0.02+ 0.02 4 0.02 4
0.01 4 0.01 5 0.01 5
04 04 04

T T T T T T 1 T T
0 5 1015 20 25 30 35 40 45 50
Calculate Test Statistic

2
n=1]s
bie rﬁf( g] = 27.13

Statistical Decision

Ho  Accept
Test Statistic is not significant at 0.05%

Conclusion

Not enough statistical evidence that the true
variance is < than 64.00.

T T T T T T I T T
0 5 10 15 20 25 30 35 40 45 50

(n=1)s _ 2713

2 =
X&Tmﬂe‘

Ho Reject
Test Statistic is significant at 0.05%

Enough statistical evidence that the true
variance is not 64.00.

T T T T T T I T T
0 5 10 15 20 25 30 35 40 45 50

2
n=1]s
34 ﬂf': g] = 27.13

Ho Reject
Test Statistic is significant at 0.05%

Enough statistical evidence that the true
variance is not 64.00.

Chi-1sVariance
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Hypothesis Testing

Acme

Ch-2 Sample

Chi - Squared : 2 - Sample (Variance) Data

Mode of selection :

Summary Data

Size 14 16

Mean 5.56 5.71

Variance 0.50 0.45
Alpha 0.05

Sample Values [Mean, Variance]




Hypothesis Testing

Acme

Chi - Squared : 2 Sample (Variance)

Assumption

Population is normally distributed.
Population has known mean.
Sample is randomly selected.
Observations are independent.

Hypothesis

Left Tail
Ho:p = 0.50 [Alternative]
Ha:p < 0.50 [Claim]

Distribution of Test Statistic

_ 2 2
Fa,nl,nz - (slarger) /(ssmaller)
If Ho is true
F is F-distributed with v degrees of freedom
a,vl,v2
Decision Rule
Alpha = 0.95
Fl—a,nl,n2 = 038

Population is normally distributed.
Population has known mean.
Sample is randomly selected.
Observations are independent.

Population is normally distributed.
Population has known mean.
Sample is randomly selected.
Observations are independent.

1
0.5 0.5 1
0.5+ 0.6~
0.4 0.4
0.2 0.2+
I:I T 1 T T I:I T 1 T T
1] 2 4 (o] g 10 0 2 4 (o] g 10
Both Tails Right Tail
Ho:p = 0.50 [Claim] Ho:p = 0.50 [Alternative]
Ha:p ? 0.50 [Alternative] Ha:p > 050 [Claim]
_ 2 2 _ 2 2
Fa,nl,nz - (slarger) /(ssmaller) I:o(,nl,nZ - (slarger) / (Ssmaller)
If Ho is true If Ho is true

Fa/2,v1,v2 is F-distributed with v degrees of freedom F

Alpha = 0975 0.025
Flanine = 031 296

Accept Ho if F

1—(1/2,v1,v2< I:sample< I:(xlz,vl,vz

a,vl,v2

Accept Ho if Fsample< Fa,vl,vz

is F-distributed with v degrees of freedom

Ch-2 Sample



Hypothesis Testing

. 2
Accept Ho if Fl-a,vl,v2< F sample
Reject Ho otherwise
1

0.5 |(\
e ||

o4 |

0.2+

Calculate Test Statistic

.5'2
A= 11
Sdm ple 7

52

Statistical Decision

Ho Accept
Test Statistic is not significant at 0.05%

Conclusion

Not enough statistical evidence that the true
variance is < than 0.50.

Acme

Reject Ho otherwise

0.5+ |(\I
o] |

n.4-| l

0.2+

Ho Accept
Test Statistic is not significant at 0.05%

Not enough statistical evidence that the true
variance is not 0.50.

Reject Ho

otherwise

Ch-2 Sample

0.5 ||r\
o ||

n.4-| \

I:I.2-|

10

=
ta
=
u)
oo

ol
F s S B K
Sdtm e Fl

5
Ho Accept

Test Statistic is not significant at 0.05%

Not enough statistical evidence that the true
variance is not 0.50.



