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The Distribution
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The Loglc of
Hypothesis Testing

Population
1Q of All
Individuals in

n=16
106, 101, 98,
102, 100, 99,

111, 92,108, 95,

110, 104...

Two Possible Explanations:

1. There is no effect of
ginseng on IQ scores and
the 6-point increase is due

to sampling error, €

. There is a real effect of
ginseng on IQ scores, T +&
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Z-Score for Sample Mean
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Proportion More Extreme Value

2
)

a.k.g. p-value

A p-value is way of describing how extreme a score is
in a distribution. A p-value is the proportion of a
distribution more extreme than a given score.

Proportion of distribution

ne-Tailed P-Value: - :
One-Tailed ot more extreme in one tail

Proportion of distribution

Two-Talled P-value: more extreme in both tails
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Help | More Information Restart Demo

imp

1/19/15



i
‘»‘"

\-—/
The Distribution
of Sample Means

The Logic of
Hypothesis Testing

i
‘»‘"

\-——/
The Distribution

i
9
=

The Logic of Hypothesis Testing

The Logic of
of Sample Means Hypothesis Testing
Hypothesis Test

A hypothesis test is a statistical method
that uses sample data to evaluate a
hypothesis about a population
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Population
1Q of All
Individuals in

the USA
w=100
o=15

| Treatment

Sample
n=16

106, 101, 98, Sample Statistics

102, 100, 99,
111, 92,108, 95,
110, 104...

X =106
s=152

Form Statistical
Hypotheses

Predict and
Establish Standard
of Evidence

{—Test Hypotheses
{- Evaluate

|

Form Statistical
Hypotheses

Predict and
Establish Standard
of Evidence

(Test Hypotheses
( Evaluate

Statistical Hypotheses

Null Hypothesis (H,)

Alternative Hypothesis (H,)
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Null Hypothesis

(Ho)
In the population there is no change, no
difference, or no relationship. For an
experiment, this means no effect of treatment

Null Hypothesis

(Ho)
In the population there is no change, no
difference, or no relationship. For an
experiment, this means no effect of treatment

The difference observed
is due to sampling error only

Alternative Hypothesis

(H)
In the population there is a change, a
difference, or a relationship. For an
experiment, this means an effect of treatment

Alternative Hypothesis

(H)
In the population there is a change, a
difference, or a relationship. For an
experiment, this means an effect of treatment

The difference observed
is due to sampling error
AND a real effect

1/19/15



Statistical Hypotheses

ew

Null Hypothesis (Ho)
the treatment does not have an effect

Alternative Hypothesis (H,)
the freatment has an effect

Statistical Hypotheses

ew

Null Hypothesis (Ho)
the treatment does not have an effect

Alternative Hypothesis (H,)
the freatment has an effect

Mutually Exclusive and Exhaustive

Statistical Hypotheses

e

Null Hypothesis (Ho)
the treatment does not have an effect

the freatment has an effect

Statistical Hypotheses

Null Hypothesis (H)

Mireatment = Mwithout treatment

the freatment has an effect
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Statistical Hypotheses

Null Hypothesis (Ho)

Mireatment = Mwithout treatment

Alternative Hypothesis (H,)
Mireatment # Mwithout treatment

Population
1Q of All
Individuals in

the USA
w=100
o=15

Treatment

le
n=16

106, 101, 98,
102, 100, 99,
111, 92,108, 95,
110, 104...

Sample Statistics

X =106
s=152

Population
1Q of All
Individuals in

the USA
=100
o=15

TeonayiodApy

n=16
106, 101, 98, Sample Statistics

102, 100, 99,
11 ]],]902,11&8, 95, X =106
! s=152

Population
1Q of All
Individuals in

the USA
=100
o=15

n=16
106, 101, 98,
102, 100, 99,

111, 92,108, 95,
110, 104...

Sample Statistics

X =106
s=152

TesnayiodApy




Population
1Q of All
Individuals in

the USA
w=100
o=15

n=16
106, 101, 98,

102, 100, 99,
111, 92,108, 95,
110, 104...

Treatment =———> | All Individuals in

Sample Statistics

X =106
s=152

Population
Treated IQ of

the USA

TesnayiodApy

Population
1Q of All
Individuals in

the USA
w=100
o=15

n=16
106, 101, 98,
102, 100, 99,

111, 92,108, 95,
110, 104...

Treatment =———> | All Individuals in

Sample Statistics

X =106
s=152

Population
Treated IQ of

the USA

p=2?
o="?

TesnayiodApy

Population
1Q of All
Individuals in

the USA
=100
o=15

Treatment

le
n=16

106, 101, 98,
102, 100, 99,
111, 92,108, 95,
110, 104...

Treatment =——>

e

Sample Statistics

X =106
s=152

Population
Treated IQ of
All Individuals in
the USA

u=2 :E
o=15 s o
. 2
2
. T
. @
=F
N
e
.

Population
1Q of All
Individuals in

the USA
=100
o=15

Treatment

le
n=16

106, 101, 98,
102, 100, 99,
111, 92,108, 95,
110, 104...

Treatment =——>

e

Sample Statistics

X =106
s=152

Population
Treated IQ of
All Individuals in
the USA

p=? A jae

0=15 s

: 2

« T

o

. 5

e
n=16 :
106, 101, 98, .
102, 100, 99, :
111,92,108,95, | :
110, 104... :
o
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Population
1Q of All
Individuals in

the USA
w=100

106, 101, 98,

102, 100, 99,
111, 92,108, 95,
110, 104...

Population
Treated IQ of
All Individuals in

)

le
n=16
106, 101, 98,
102, 100, 99.
111,92, 108, 95,
110, 104...

TesnayiodApy

Statistical Hypotheses

Null Hypothesis (Ho)

Mireatment = Mwithout treatment

Alternative Hypothesis (H,)

Mireatment # Mwithout treatment

Population
1Q of All
Individuals in

the USA

O =

106, 101, 98,

102, 100, 99,
111, 92,108, 95,
110, 104...

k Population
. ! uv Treated IQ of
Treatment =——> | All Individuals in

fassrssarEEaan

le
- n=16
Sample Statistics . 106, 101, 98,
: 102, 100, 99.
X =106 111,92, 108, 95,
s=152 110, 104...

TeonayiodApy

Statistical Hypotheses

Null Hypothesis (H)

Mireatment = Mwithout treatment

Alternative Hypothesis (H,)

Mireatment # Mwithout treatment
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Statistical Hypotheses

Null Hypothesis (Ho)

Mireatment = Mwithout treatment

Alternative Hypothesis (H,)

Mireatment # Mwithout treatment

Statistical hypotheses are always @)

about populations, not samples!

Population
1Q of All ! Treated IQ of
Individuals in Treatment =——> | AllIndividualsin |+
the USA .
...... \istrsass : E
o= 1
' S
s =
s =
_— B
‘ ‘i’"f : Trecﬁinenf .
le le
n=16 n=16
106, 101, 98, Sample Statistics 106, 101, 98,
102, 100, 99, 102, 100, 99.
111, 92,108, 95, Y — 111, 92, 108, 95,
110, 104... X_" o 110, 104...
s=152

Population

Population
Treated IQ of

Population

1Q of All
Individuals in All Individuals in
the USA the USA
nreees R : _

o=15

If Hy is true

le

TeonayiodApy

106, 101, 98,

102, 100, 99,
111, 92,108, 95,
110, 104...

Sample Statistics

X =106
s=152

n=16
106, 101, 98,
102, 100, 99.

111, 92,108, 95,
110, 104...

Statistical Hypotheses

Null Hypothesis (H)

Mireatment = Mwithout treatment

Alternative Hypothesis (H,)

Mireatment # Mwithout treatment

Statistical hypotheses are always @)
about populations, not samples!
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Statistical Hypotheses

Null Hypothesis (Ho)
=100

Mireatment

Alternative Hypothesis (H,)
Mireatment # 100

Statistical hypotheses are always
about populations, not samples!

[©@

Hypotheses
Predict and

Establish Standard
of Evidence

{-Test Hypotheseq
{- Evaluate j

[ Form Statistical ]

Form Statistical * Hy Null hypothesis
Hypotheses * H, Alternative Hypothesis

Predict and
Establish Standard
of Evidence

Fest Hypothesesq
( Evaluate j

Form Statistical * Hy Null hypothesis
Hypotheses * H, Alternative Hypothesis

Predict and ’
Establish Standard
of Evidence

Fest Hypothesesq
( Evaluate j
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e
Null Hypothesis (Ho)
Hireatment = 100

Alternative Hypothesis (H,)
Hireatment # 100

.
Null Hypothesis (Hg)
Hfreofment =100

Alternative Hypothesis (H,)
Hireatment # 100

-
| ©® 0O O 132.239.182.178/~julianparris/sampling...2Rnum=4&Cnum=4&Snum=1.9&Mode=Normal 100

4x4=16

Total =1531.67
Mean = 95.7296
Expected Value = 100
o

e

57

L T
© O O 132.239.182.178/~julianparris/sampling.. 2Rnus 1=1.9&Mode=Normal100 "

S
]

Total = 1555
Mean =97.1872
Expected Value = 100
(@)

58

1/19/15

14



4x4=16

Total = 1606.92
Mean = 100.4324
Expected Value = 100
@]

4x4=16

Total =1718.09
Mean = 107.3809
Expected Value = 100
@]
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Population
1Q of All
Individuals in

the USA
w=100
o=15

Treatment

le
n=16

106, 101, 98,
102, 100, 99,
111, 92,108, 95,
110, 104...

If Hy is true

Sample Statistics

X =106
s=152

Population
Treated IQ of
All Individuals in
the USA

le

n=16
U3, TOT, 98

102, 100, 99:

111, 92,108, 95,
110, 104...

TesnayiodApy

Distribution of Sample Means

Distribution of Sample Means

25 -15 -1 -5
Distribution of Sample Means
2.5 -1.5 -1 =5
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Distribution of Sample Means —50 R
‘ =15

20 30 40 50 60 70 8 9% 100 118 130 130 140 150 160 170 180

n=16 py = 100
oz =3.7

LIS R e e e R R S S
20 30 40 50 60 J0 B8O 96 100 110 120 130 140 150 160 170 180

J 3
Zz 2 15 -1 -5 5 T 15 2 2’5 Ox

X 9063 925 9488 9625 U815 U0 01§88 10875 10563 1075 109.38

Distribution of Sample Means Distribution of Sample Means

74 -25 2 -15 -1 -5 5 1 1.5 2 2.5 Z -25 2 -15 -1 =5 5 1 15 2 2.5
X 9063 925 9438 9625 9813 100 10188 10375 10563 1075 109.38 X 9063 925 9438 9625 09813 100 10188 10375 10563 1075 109.38

Which samples do not support H,
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Distribution of Sample Means

74 5 =2 -15 -1 -5

0 1 15 2 2.5

X 9063 925 9488 9695 9813 100

101.88 103.75 105.63 107.5 109.38

Which samples do not support H,

Low
Probability
Samples
if Hyis True

Distribution of Sample Means

Low

Probability
Samples
if Hyis True

V4 5 2

-1.5 -1 -5 S 1 15 2

X 9068 925

94538 9625 9848 100 10183 10375 105.63 1075 109.38

Which samples do not support H,

Distribution of Sample Means

Low Low
Probability Probability
Samples - e Samples
if Hyis True High Probability Samples if Hyis True

if Hyis True

74 2.5 2 -15 -1 -5

9 1 15 2 2.5

X 9063 925 9438 9625 0813 100

10188 10375 10563 107.5 109.38

Which samples do not support H,

ev

Alpha Level, a

The probability value that is used to define
which sample outcomes are considered very

unlikely if the null hypothesis is frue

1/19/15
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Alpha Level, o

The probability value that is used to define
which sample outcomes are considered very
unlikely if the null hypothesis is true

Most Common:

o =0.05

V4 5

Distribution of Sample Means

High Probab

o=0.05

ility Samples
if Hyis True

-2

-1.5 -1

-5 0 1 15 2.5

X  90.63

2.5

94.38 96.25

9813 10@ 10188 10875 10563 1075 109.38

Critical Region

The region of the sampling distribution that
contains the sample outcomes that are
considered very unlikely if Hy is frue

7 2.5

Distribution of Sample Means

High Probab

o=0.05

ility Samples
if H, is True

-2

-15 -1

-5 5 1 15 2.5

X 90.63

925

94.38 96.25

9813 100 10188 10375 10563 1075 109.38
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Distribution and Probability Calculator v2.037
RIS IR 2R

" Distribution Characteristics  Distribution
Distribution | Normal

Parameters

Mean [0
Std. Dev. [1

Reset

" Type of Calculation » ; p T T
Input Values and Calculate Probability Value

() Input Probability and Calculate Values v "
- Calculations

Percentile Options
Less than Probability Value ~_Input

Greater than Probability Value

Central Probability Value (R E 0

(#) Outside Probability Value

Low Value: -1.96 High Value: 1.96

Help | More Information | | Restart Demo

jmp

Distribution of Sample Means

o=0.05

0.025 High Probability Samples 0.025
if Hyis True
Z -2.5 - -15 -1 -5 5 il 15 25
X 90.63 925 94.38 96.25 98.13 100 101.88 103.75 10563 1975 109.38

Z critical

=-1.96 Zeritical = +1.96

Form Statistical * Hy Null hypothesis
Hypotheses * H, Alternative Hypothesis

Predict and
Establish Standard
of Evidence

Test Hypotheses

Evaluate

Form Statistical * Hy Null hypothesis
Hypotheses * H, Alternative Hypothesis

Predict and
Establish Standard |« Alpha Level
of Evidence

Test Hypotheses

Evaluate
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Form Statistical * Hy Null hypothesis
Hypotheses * H, Alternative Hypothesis

J

Predict and
Establish Standard |« Alpha Level
of Evidence

Test Hypotheses

Evaluate

Test Statistic

e

A test stafistic is a numerical summary of the
degree to which a sampile is unlike the
samples predicted by the null hypothesis

Population

Population
Treated IQ of

IQ of Al 2
Individuals in Treatment =——> | All Individuals in
the USA the USA

,

o=15

w=100
o=15

n=16 s n=16
106, 101, 98, Sample Statistics . 106, 101, 98,

102, 100, 99,

102, 100, 99,
11 ]],]902,11&8, 95, X =106
! s=152

111, 92,108, 95,
110, 104...

TeonayiodApy

Population

Population
1Q of All : = Treated IQ of
Individuals in Treatment =——> | All Individuals in
the USA the USA

,

o=15

=100
o=15

n=16 s n=16
106, 101, 98, Sample Statistics . 106, 101, 98,
102, 100, 99, s 102, 100, 99.

111, 92,108, 95,
110, 104...

111,92, 108, 95 ¥
72 199 75 X =106
110, 104... .

TesnayiodApy
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Z-Test Statistic

evw

Z-Test Statistic

e

.
© 0 0 132.239.182.178/~julianparri oo e G 1. 100 7|
+Row | -Row
+Col | -Col
+Size | -Size
Binomial | Normal 05 | Normal 100
100 (| 100 [ 100 100
75.49 12291 98.6 8.3
100 (| 100 [ 100 100
5482 89.57 9113 85.68
100 (| 100 100 100
9598, 79.13 816 man
100 || 100 || 100 100
232 9598, 9241 9632
4x4=16
Total = 1472.25
Mean =92.0158
Expected Value = 100
389

X o- value for p
X assuming Hy
is true
L] L]
6%2?
Population = (
1Q of All X, — s (o}
Individuals in ZY = O.=———

€

the USA

Treatment

Sample

106, 101, 98,
102,100, 99,
111,92, 108,
95,110, 104...

Sample Statistics

106-100 6
b
' Ji6

=16
375

1/19/15

22



1/19/15

Form Statistical  |* H, Null hypothesis t Form Statistical  |* H, Null hypothesis t
Hypotheses * H, Alfemnative Hypothesis | Hypotheses * H, Alternative Hypothesis |
Predict and 5 Predict and
Establish Standard |« Alpha Level Establish Standard |« Alpha Level
of Evidence ) of Evidence

[ Test Hypotheses ‘ Test Hypotheses I: ?eC;IC;tgzlslggﬁon
, Evaluate l , Evaluate l

Distribution of Sample Means

{‘Form Sfofisficor] * H, Null hypothesis o= 0 05

Hypotheses * H, Alternative Hypothesis f

Predict and
Establish Standard |« Alpha Level
of Evidence

0.025 0.025
(Tesf Hypotheses ¢ Data collection |

 Test statistic

Z -2.5 - -15 -1 -5 S5 1 15 25
X  90.63 925 94.38 96.25 9813 100 10188 10375 10563 19§75 109.38
Evaluate Z o= 1196
- 1 :
{ Zcritical = 1% ctica
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Distribution of Sample Means

o=0.05

%
&30,

e

Proportion More Extreme Value

a.k.a. p-value

A p-value is way of describing how extreme a score is
in a distribution. A p-value is the proportion of a
distribution more extreme than a given score.

Proportion of distribution

ne-Tailed P-Value: - :
One-Tailed ot more extreme in one tail

Proportion of distribution

Two-Talled P-value: more extreme in both tails

[ ] 096

e

0.025 0.025
4 2.5 -A -1.5 -1 -5 5 it 1 .51 25
X 9068 925 9438 9625 9813 100 10188 10375 10568 1P75 109.38
e
Z critical = -1.96 Zeritical L
Xobserved =106
z;=1.6
L] L]
Distribution of Sample Means
0.025 0.025
Z 25 -A -1.5 -1 -5 5 il 1.5: 25
X 90.63 925 9438 9695 98.13 100 101.88 103.75 105.6p 1p7.5 109.38
e
Zritical = -1.96 Zeitical Lo
Xobserved =106
ze=1.6

Distribution and Probability Calculator v2.037
R ? & ¢ (8@ L @ £l%])

" Distribution Characteristics  Distribution
Distribution | Normal

Parameters
Mean [0
Std. Dev. |1

Reset

" Type of Calculation

4 k)
(&) Input Values and Calculate Probability

Input Probability and Calculate Values =
Calculations

Probability Options

Less than Value Input
Greater than Value
Value 1: [

Between Value 1 and Value 2
() Outside Value 1 and Value2 =~ V3¢

Probability = 0.1096

Help | More Information Restart Demo

jmp
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Distribution of Sample Means

a=0.05 Hypothesis Test

0.025 0.025
p-value < o p-value > o
EEpEEET T -5 5 T Ioh K 25 -
X 9063 925 9438 9625 9815 100 10188 10375 10568 1975 109.38 l l
Z g =-196 Tt g Reject H, Fail to Reject H,
X, =106 “Statistically Significant” or Retain HO
z;=1.6 g
Distribution of Sample Means Distribution of Sample Means

o=0.05 o=0.05

High Probab{ility Samples High Probab{ility Samples

0.025 . : 0.025 . :
if Hyis True if Hyis True

Z -25 By -1.5 -1 -5 5 il 1.5 [ 2.5 Z -2.5 By -1.5 -1 -5 5 il 1.5 [ 25

X 9063 925 9438 9625 9813 100 10188 10375 10568 1975 109.38 X 9063 925 9438 9625 98.13 100 101.88 103.75 105.6p 1p7.5 109.38
el L, =11,

Zcritical = -1.96 Zeritical Lo Zcritical = -1.96 Zaritical Lo
Xobserved =106 Xobserved =106
ze=1.6 ze=1.6
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The distribution of values In each column
et Col Cast Selected Columns into Roles

410 l [ Y. Columns | 410

[ Weight ] optional numeric

[ Histograms Only

aptional numeric
o) ovon

v [~IDistributions
v [FiQ

[~IColumns (1/0)
410

n
Display Options
Histogram Options
Normal Quantile Plot
Outlier Box Plot
Quantile Box Plot
Stem and Leaf

CDF Plot

vvy

jJ JJ[LL [T
90 100 110 120 130 140

Test Std Dev
Confidence Interval »

v Moments

;d:ia;“ }gsl.g;gg Prediction Interval
Std Err Mean 3.7963223 Tolerance Interval

Capability Analysis
Continuous Fit

Upper 95% Mean  114.10986
Lower 95% Mean  97.926521
N 16

-
‘%\\ .
-
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0060 [+ Ginsing mp.
=IGinsingjmp  »[< =
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e 2 & ]
108
106 v =IDistributions

[~IColumns (1/0)
410

v =i

rows H 066 Test Mean
&
Specify Hypothesized Mean
Enter True Standard Deviation to do z-test rather than t
test
If you also want a nonparametric test:
[ | Wilcoxon Signed Rank
i ® (e [0R
. .

Population
1Q of All
Individuals in

the USA
u=100
o=15

Treatment

|

Sample
n=16
106, 101, 98,

102, 100, 99,
111, 92,108, 95,
110, 104...

If Hy is frue
. —
- -

-

.

.

Sample Statistics E
X =106 \ i

s=152 s

Population
Treated IQ of
All Individuals in

N A

o=

n=16

106, 101, 98,
102, 100, 99,
111, 92,108, 95,

10, 104...

o L
&

reonaygodAry

000 [7) Ginsing.jmp

~lGinsingjmp »[ <

[=IColumns (1/0)
410

Specify Hypothesized Mean
Enter True Standard Deviation to do z-test rather than t
test

If you also want a nonparametric test:
[ Wilcoxon Signed Rank

@ | cancel @

000

[7) Ginsing jmp

~IGinsingjmp »[ <

[ Columns (1/0)
410

v [~IDistributions
v [=iQ

- - S
| © O O Ginsing: Distribution of IQ

TNy

v Moments
Mean
Std Dev
Std Err Mean

v [~ITest Mean

Actual Estimate
DF

Std Dev
Sigma given

Test Statistic
Prob > |z|

Prob > z
Prob <z

——T T
90 100 110

106.01819
15.185289
3.7963223

Upper 95% Mean 114.10986
Lower 95% Mean  97.926521
N

16

Hypothesized Value 100

106.018
15
15.1853
15

z Test
1.6049
0.1085
0.0543
0.9457

T T T
120 130 140
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v [~IDistributions
v [=iQ

90

v Moments

Actual Estimate
DF

std Dev
Sigma given

Prob <z

0.9457

100 110 120 130 140

Mean 106.01819
Std Dev 15.185289
Std Err Mean 3.7963223
Upper 95% Mean  114.10986
Lower 95% Mean ~ 97.926521
N 16
v [=ITest Mean

Hypothesized Value 100

106.018

15
15.1853
15

z Test
Test Statistic ~ 1.6049
Prob > |z| 0.1085
Prob > z 0.0543

Form Statistical
Hypotheses

v [~IDistributions
v [=iQ

90 100 110

v Moments

Actual Estimate
DF

std Dev
Sigma given

Prob <z

Mean 106.01819
Std Dev 15.185289
Std Err Mean 3.7963223
Upper 95% Mean  114.10986
Lower 95% Mean ~ 97.926521
N 16
v [=ITest Mean

Hypothesized Value 100

106.018

0.9457

120 130 140

15
15.1853
15

z Test
Test Statistic ~ 1.6049
Prob > |z| 0.1085 .
Prob > z 0.0543 .

.

Form Statistical
Hypotheses

of Evidence

_

o

.
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